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Dear Readers!

In front of you the next issue of the magazine devoted to the promising direction of building
materials science — nanotechnology in construction. The Editorial Board in cooperation with
leading Russian scientists from regional higher educational institutions have prepared it for
presentation at the VII International Conference «Nanotechnologies in Constructiony with which
we have cooperate for several years. We are pleased that the works of Russian scientists, a lot
of young people among them, consistently get the high appreciation of foreign colleagues. The
nature and level of the articles presented in the magazine indicate that the works in the field of
nanotechnology, especially in relation to concrete, acquire applied nature. We sincerely hope
that they will be of interest to specialist-production men and, perhaps, after some time will find
application at modern enterprises.

Reports of the VIl International conference «Nanotechnologies in construction»,
28-30 March, Sharm-el-Sheikh, Egypt
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OLeHKa aKTUBHOCTW HAHOCTPYKTYPUPOBAHHBIX BAKYLLIUX

TepMogMHaMu4yeckum meTogom*

MpoaHanuaupoBaH NPOLLECC NOMY4eHUs HAHOCTPYKTYPUPOBAHHOO BKyLLEro (HB) Ha OCHOBE Chbipbsi PA3NMYHOTO FreHEeTYecKoro Tuna. MokasaHo
YBENNYEHNE AUCTIEPCHOCTI BSXKYLLIMX HE3aBMCMMO OT X COCTaBA B MPOLIECCE MeXaHOaKTMBaLMIU TBEPAON (hasbl, a TaKXKe (PopMUpoBaHie dpaKLum
HaHOANCNepCHOro AuanasoHa. MoaTeepxaeHa aeKTUBHOCTb TEPMOAMHAMUYECKOrO METO/1A OLIEHKIN SHEPTETUYECKOr0 COCTOSHIS MaTepuanos,
pa3paboTaHHOro y4eHbIMi CADY, Ans NPorHo31poBaHus hOPMMPOBAHNS aKTUBHBIX CBSI3EH W, KaK CNeaCTBUE, BSXYLUMX CBOCTB N3y4aeMbIX BELLECTB.
MoKa3aHo, YTO KUHETUKA aKTUBHOCTM B CIly4ae CUMMKATHOrO HB HOCUT BONHOO6pA3HbIA XapakTep, Yepeays SKCTPEMYMbl aKTUBHOCTU CUCTEMbI B LIENOM.
Mpu 3TOM MUHUMYM aKTUBHOCTM COBMafaeT C aTanami [03arpy3ku TBEPA0ro BELLECTBa Npy NOMONe, 0AHaKO OTMEYAeTCA rOTOBHOCTb CUCTEMbI

K TpaHcchopmaLmu. B cnyyae anioMocHiMKaTHOMO BSXKYLLIErO YBENNYEHNe aKTUBHOCTU NPOUCXOAMT HEMPEPbIBHO 1 OCTUIaeT MakcuMyMa npu

n3menbyeHun B TeqeHne 1011 y.

KnioueBble CNoBa: HAaHOCTPYKTYPUPOBAHHOE BSXKYLLEe, aHeprus Mnb6ca, MexaHOaKTUBaLWSA, CUUKATHOE, antoMOCUIMKATHOE.
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Activity Evaluation of Nanostructured Binders with Using Thermodynamic Method*

This paper analyzes the process of obtaining nanostructured binder (NB) on the basis of materials of different genetic types. An increase in dispersion of binders aside from their com-
position during the process of mechanical activation of the solid phase and the formation of fraction in nanosized range was shown. Effectiveness of the thermodynamic method for
estimating the energy state of the materials developed by scientists NArFU to predict the formation of active connections and, as a consequence, the binding properties of the studied
materials were confirmed. It was shown that the kinetics of the activity in case of silicate NB has a wavelike nature, alternating extremes of system activity in general. Herein minimum
of activity coincides with the reloading of solid phase when grinding, however it is noted that the system is ready for transformation. In the case of the aluminosilicate binder an increase

in activity occurs continuously and reaches its maximum during grinding for 10-11 hours.

Keywords: nanostructured binder, Gibbs energy, mechanical activation, silicate, aluminosilicate.

MHOTrOYHUCIEHHBIMU UCCJIEIOBAHUSIMU POCCUNCKUX U
3apyOeXXHBIX YYEHBIX JloKa3aHa 3((PEeKTUBHOCTh MPUMEHE-
HUST MaTepHaioB, COMEPXKAIIUX B CBOEM COCTaBe HAHOKOM-
TTOHEHTHI Pa3IMYHON Mpupoasl. HaHOCTpYKTyprpOBaHHbBIE
Marepvajbl OTJIUYAIOTCS HE TOJbKO TOBBIIIEHHBIMU
TEXHUKO-IKCIUTyaTallMOHHBIMU CBOMCTBaMM, HO W TPUH-
LIUTTMAJIBHO HOBBIMM CBOMCTBaMU, KaK MPaBUJIO, HE XapaK-
TEPHBIMU /11 KOHKPETHOTO BUIa MaTepUaiOB.

Vaensimu BI'TY nM. B.I. IllyxoBa 6b110 pa3padboraHo
HaHOCTPYyKTypupoBaHHoe BsKyiee (HB), momyuaemoe 1o
TEXHOJIOTMU MOKPOTO MOCTaAMINHOrO IOMOoJia CUIMKATHOTO
(aJIIOMOCHJIMKATHOTO) ChIPbSI.

CornacHo npenioxeHHoMy onpeneieHuto [1] HB mpen-
cTaBJisieT co0Ol BSDXYILIME MaTepuasbl, copepKaliie mpo-
TO- U (WJIM) CUHTEHETUYECKNE HAHOCUCTEMBI, IPUBOISIIIINE
K (hOpMHMPOBAHMIO SMUTEHETUIECKNX HAHOCKCTEM, obecITe-
YMBAIOIIMX MPOYHOCTHBIE CBOMCTBA MaTepuasa B TBEPAOM
cocrosHuM. s HB xapakTepHbl: moaumepu3alliOHHO-
MOJUKOHJIEHCAIMOHHBIN TUI TBEPACHUSI; HAIMYKUE HaHO-
pa3MEepHOIi COCTaBJISIONICH; peOTEXHOJOTMUECKNEe OCOOEH-
HOCTH, BbIpaXXEHHbIE B TUKCOTPOITHOM XapaKTepe TeUeHus,
TepeXosIIeM B HhIOTOHOBCKUIA.

O61acTh IPpUMEHEHUS JaHHOIO BSDKYIIErO pacIpocTpa-
HSIETCS Ha CTPOUTEbHbIE MaTepUuasibl Pa3IMUHOIO (OYHKIIM-
OHAJIBHOTO HA3HAYEHUSI U MOXKET UCTOIb30BAThCS KaK B Ka-
YeCTBE OCHOBHOTO BSIXYIIIETO KOMITOHEHTA, TaK 1 B KAUECTBE
Mmoaudukatopa. B ¢BsI3u ¢ moctaTrouyHO HMIMPOKOU cdepoit
noTeHUrajabHOro npuMeHeHus HB ¢opmupyercst morpeo-

In numerous research works carried out by Russian as
well as foreign scientists was confirmed an application effi-
ciency of materials, involving nanosized components of dif-
ferent virgin. Nanostructured materials are not only the ma-
terials with improved operational performance, but with
fundamentally new characteristics, which are not typical for
a special type of material.

Nanostructured binder (NB) was developed by research
group of BSTU named after V.G. Shoukhov. Technology of
NB is of step-by-step wet milling of silicate (aluminosilicate)
materials.

According to a given definition, [1] NB is binder materi-
als, consisting of proto- and (or) synergetic nanosystems,
lead to formation of epigenetic systems, which are responsi-
ble for strength performance of materials in solid condition.
NB characterized by polymerization-condensation curing
type; presence of nanosized substance; specific rheotechno-
logical properties, where thixotropic flow transforms to
Newtonian flow.

Application field of the binder is expanded to construc-
tion materials of different functional area that can be used
as a basic binder and as a modifier as well. Taking into ac-
count pretty wide sphere of potential application of NB, it
is required to develop a variety of new raw materials used in
the production. Traditional mineral components for NB
production are silicate and aluminosilicates. In recent
works [1—3], NB based on quartz sand and perlite was de-
veloped.

* PaboTa BBITIOTHEHA MTPY (HMHAHCOBOM TMoIepXXke MUHUCTEPCTBa 06pa3oBaHust U Hayku PD B hopMe rocymapCTBEHHOTO 3aIaHUsI, MPOEKT

Ne 979.

* The research work is accomplished under the financial support from Ministry of Education and Science of Russian Federation in framework of

State Assignment Ne 979.
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HOCTb B PacIIMPEHUM CIIEKTpa ChIpbs, 4 60
TIPUMEHSIEMOTO IS €T0 TTPOU3BOJICTBRA.
TpaaMMOHHBIM MUHEPAJbHBIM Cbl- 50 -
pbeM IJISI TIOJIyYEeHMS] HAHOCTPYKTYpH-
POBaHHOTO BSIKYILIETO SIBJISTFOTCSI CUJTH-
KaTHbIE U ATFOMOCUJIMKATHBIE TTOPOIbI.
Panee Obu1u moyuensl HB Ha ocHoBe
KBapleBoro necka u nepiaurta [1-3]. B
HacTosiiee BpeMsl BeleTcsl pabora Io
nosryyeHuo HB Ha ocHOBe rpaHUTHOTO
oTceBa [4], Tpolecc IMOIYyYeHUsT KOTO-
pOro BO3MOXHO TPOBOAMTH OJHOCTa-
JIUITHO 1 6e3 UCTIOIb30BaHUS TOTTOJTHHU-
TeJIbHbIX UHTEeHCU(UKATOPOB U CTaOKM-
JIN3aTOPOB TOMOJIA, YTO OKa3biBaeT
BJIMSIHUE HA €ro ce0ecTOMMOCTb.

Tem He MeHee, HEeCMOTpS Ha J1ocTa-
TOYHYIO M3YYEHHOCTb KOHEUHBIX Xa-
pPaKTepUCTUK MaTepuaia B 3aBUCHMO-
CTHU OT COCTaBa ChIPhEBLIX KOMITOHEH- 40
TOB U CIocoba ero MoJjy4yeHusi, BOIpocC
(bopMUpoOBaHUS BSIXKYIIMX CBONCTB Ha
3Tanax ero Mpou3BOJICTBA OCTAETCS OT-
KPBITBIM. OTU CBEIEHUS TO3BOJSAT
ONTUMM3UPOBATh CHUHTE3 HAHOCTPYK-
TYpPUPOBAHHOTO BSIXKYIIETO, YTO CKa-
JKETCSl Ha €r0 9KOHOMUYECKOIM U TEXHO-
JIOTMYECKOi 3(D(eKTUBHOCTH.

st uzyyeHust MmexanusaMa hopmMu-
poBaHUs BSKymMX cBoiictB HB mpu
HCIIONBb30BAaHUN CHJIMKATHOTO M aJlio-
MOCHWJIMKATHOTO CHIPbSI B KQUeCTBE MC-
XOIHBIX KOMIIOHEHTOB B paboTe HcC-
MOJIb30BAIMCh KBapLIEBbIN TMECOK Kak
HauboJjiee U3ydYeHHOE U MPUMEHSIEMOe
coippe miasa monydeHus HB, a taxkke
TPAaHUTHBI OTCEB B KAYeCTBE HOBOTO 3(D(EKTUBHOTO CHIPhSI.

B mpoiuecce BBIMONHEHUSI 3KCIEPUMEHTAIbBHBIX PaboT
MIpU IIOMOJIe OTOMpPAIUCh MPOOBI BSIKYIIETO Yepe3 paBHbIC
MPOMEXYTKU BPEMEHU — IO CEMb MPOO Uyepe3 Kaxable ABa
yaca. [Ipu 3Ttom B cinyyae cunukatHoro HB nepBast mpoba
ObL1a OTOOpaHa yepes ABa yaca oT Hauajia nomosa. B ciyuae
amomMocuinkaTHoro HB or6op nepBoii mpo6sl 0611 cMelleH
Ha OIMH 4Yac, YTO CBSI3aHO ¢ OoJjiee BBICOKOM HayaJbHOI
TPOYHOCTBIO CBHIPBSI.

IIpu nmonyyenun HB u3yyanuce rpaHyJloMeTpUYECKUIA
coCTaB MpOo0, CTEMEeHb CTPYKTYpOOOpa30BaHUSI U SHEPIeTHU-
YECKOe COCTosiHME BenlecTBa. [locienHee oleHUBaIOCh MO
BEJIMUMHE U3MEHEHUS M300apHO-U30TEPMHUUECKOTO ITOTEH-
nuaja cuctemsl (aHeprun ['m66ca). JlaHHbBII MeTOI IToKa3at
CBOI0 3(P(HEKTUBHOCTD KaK MTPU U3YYEHUU UCXOMAHBIX ChIPb-
€BbIX KOMIIOHEHTOB [5], TaK M MpU aHAJIU3e CBOMCTB rOTO-
BbIX MaTepUaIOB C TPUMEHEHUEM HETPAAUILIMOHHBIX ChIPb-
€BBIX KOMITOHEHTOB [6]. Bce mcciaenoBaHust MpOBOIUINCH C
HCTIOJIb30BaHWEM OOOpPY/IOBaHUSI YHUKAJIbHON JiabopaTo-
pun «DUBUKOXMMUS TOBEPXHOCTH HAHOMUCTICPHBIX CH-
creM» CADY uMm. M.B. JlomoHocoBa, a Takxke LleHTpa BbI-
cokux TexHosoruii BI'TY um. B.T. IllyxoBa.

st onpeaeneHusi rpaHyJIOMETPUYECKOro COCTaBa MC-
MOJIb30BAJICS JIA3€PHBIM aHaJIU3aToOp pa3Mepa YacTUIL
Lasentec D600L, mo3Bonsiiolyii ©3y4ath pa3MepHbIe Xa-
PAaKTepUCTUKY YacTHUIl B nuamna3oHe ot 0,5 MKM 10 2,5 MM.
H3MepeHne Mpou3BOAUTCS B IIOCTOSTHHOM peXUMe TIPUHY-
NIATEILHOTO TIepeMeIlIMBaHUs, UTO MPETSTCTBYET OCEAaHUIO
YacTUIl U, B CBOIO OYepe/ib, MOBBIIIAET TOCTOBEPHOCTh pe-
3ynbTatoB. [1pubop pacrnipenesnsieT pacro3HaHHbIE YaCTUIIBI
Ha BoceMb (Dpakiinii, Kak moKa3aHo Ha puc. 1.

AHanu3 pe3yslbTaTOB TPaHYJIOMETPUUECKOTO COCTaBa
HB nByx TUMIOB ITO3BOJISIET OTMETUTD OJIM3KMIA pa3MEpHBII
PO U XapakTep paclpeneieHus 4YacTull Mo (pakiusM.
OTMeuyeHO cMellleHue pa3MepoB YacTh B 00jacTb OoJjee
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Puc. 1. PacnpepeneHvie no pasamepam 4acTul, HAHOCTPYKTYPUPOBaHHOMO BSXYLLENO B 3aBUCUMOCTU
OT BUAA CbIpbsi U BpEMEHN 0TOOPa NPobbl: a8 — Necok; b — rpaHUT

Fig. 1. Particle size distribution for NB depending on type of raw components and time of sample
taking: a — quartz sand; b — granite stone scattering dust

Currently, the research work on obtaining NB based on
granite stone screening dust is in the process [4], the produc-
tion process of which is possible to perform step-by-step
without extra catalysts and stabilizers for milling intensifica-
tion, that effects on manufacturing cost of NB.

Nevertheless, even with a good knowledge about final
characteristics of a material depending on mineral composi-
tion of raw materials and production method, the matter of
binding properties formation on the stages of it production is
still not uncovered. This information can help in optimizing
of synthesis of nanostructured binder that will have an impact
on economical and technological efficiency.

In order to study mechanism of formation of binding
properties for NB with using silicate and aluninosilicates, as
initial components in this work was used quartz sand that is
well studied and commonly used component for NB produc-
tion and granite stone scattering dust, which is a new effective
raw material.

On the stage of experimental work during milling process
it was taken 7 samples of a binder after each two hours. In this
case of producing silicate-based NB, the first sample was
taken in two hours after starting of milling process. In the case
of producing aluminosilicate-based NB, because of high
strength of raw material, the first sample was taken in three
hours after starting milling process.

When producing of NB was analyzed following param-
eters: particle size distribution, structurization degree and
energy state of the substance. The last parameter was evalu-
ated by changing of Gibbs function. Given method demon-
strated its efficiency when studying initial raw materials [5]
as well as when analyzing properties of end materials,
which composed of non-traditional raw components [6].
All investigations were carried out with using equipment in
the lab «Surface physicochemistry of nanodispersed sys-
tems» at Northern (Arctic) Federal University (NArFU)
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MeEJIKMX YaCTHULl B MPOLIECCEe U3MEIbUCHUSI. 900
IIpu 3TOM TIpaHyJIOMETPUYECKHUI COCTaB 800
rpanutHoro HB xapaktepusyercs OoJee 700
IMUPOKMM JMAINa30HOM Pa3MepOB YACTHII,
a TaKXe HaJIUuMeM IpydoaucrepcHoii co- 3 ¢ 600
crapJisttonieii ¢ pazmepamu 6ojee 100 MKM. g = 500
Hamume yactun B quanasone 0,5—1 MKM 8% 499
BO Bcex Ipobax He 3adpukcupoBaHo. B cBs- %é 200
31 C 9TUM JVCHIEPCHOHHBII aHAIN3 TOTION- & §

a 200

HEH uccileloBaHUSIMM Ha Tpubope
DelsaNano C B HaHOpa3MepHOM JIHAaITa30- 100
He oT 0,6 HM 10 7 MKM MeTOIOM (DOTOHHO-

KOPPEJSIIIUOHHON crieKTpockonuu. s ) 3

JIOCTOBEPHOCTU Pe3yJIbTaTOB Kaxnas Mmpo-
0a cCHUMaJach ABAX/bl, U TPEICTaBIEHHBIC
3HAYEHUsI TOKa3aqu BBICOKYIO CXOIU-
MocTb. CBOmHBIE pe3ybTaThl 3aBUCUMO-
CTU pa3Mepa 4YacTHUIl OT BPEMEHM IoMoJa
TpencTaBIeHBI Ha pUC. 2.

PesynbraTel monrBep:kaaoT Hamuure B HB o6oux BumoB
YacTUI] HAHOPa3MEPHOTro AMarna3oHa. Pa3mMepsl yacTuil cuiu-
katHoro HB nHaxomsitcsi B uHTepBaje oT 550 mo 850 HM.
Pa3mepsl HaHOIMCITEPHOI COCTABIISIONIEH TPAaHUTHOTO BSI-
KyIIIero Jexar B rpeaeiax 170—520 am. @opMupoBaHUe M-
KOB TIOBBIIIICHUSI pa3MepOB YacTUIl B HAHOAMAIIA30HE B CITy-
Yae BSIKYIIIEro Ha OCHOBE TTeCKa CBSI3aHO ¢ 103arpy3Koii TBep-
Joli a3kl B Ipoliecce norydyeHust HB, 4To npuBoauT K ux He-
JIOCTAaTOYHOMY M3MEJIbYEHUIO U, KaK C/IeJCTBUE, CMEIIEHUIO
JIACTIEPCHOCTH BCEi CUCTEMBI B 00JIACTh OOJIBIIIMX Pa3MEPOB
yacTull. TeM He MeHee OTMEUYEHO CHUKeHUE KOHLIEHTPALIUU
YacTUIl B HAHOMWCIIEPCHOM 00JacTH B Ciiydac KOHEYHOTO
npoaykra (HB) 1o cpaBHeHUIO ¢ JaHHBIMU, IOJYYEHHBIMU B
Hayajie MexaHoakTuBauuu. I1pu aToM rpanutHoe HB xapak-
TEpU3YeTCsl MEHBIIUM Pa3MePOB YACTHUIIL, YTO OYIET CIOCo0-
CTBOBATh TMOBBIIICHNIO €r0 aKTUBHOCTU B CJlyyae MpUMEHe-
HUSI €70 B Ka4eCTBe MOAUMDUIIMPYIONIETO KOMITOHEHTA.

DHEPreTUIeCcKoe COCTOSTHUE MPOO M KOHEYHBIX TTPOIYK-
TOB OLIEHUBAJIOCH MO TEPMOIMHAMUYECKUM IapameTpam.
J17151 9TOr0 U3MEPSUIOCh 3HaYeHNE KPaeBOro yrjia cMayuBa-
HMSI TIOBEPXHOCTU Ha I'paHMlle pazaena a3z, Mo KOTopomy
paccuMThHIBAIACh BEJWYMHA TMOBEPXHOCTHOTO HATSKEHUS
TBepIOoi (asbl.

HccrenoBaHusT MPpOBOIWIINCH C UCITOJIB30BAaHUEM TIpH-
6opa EASYDROP. IlpenBaputenbHo obpasibl hopMoBa-
JIMCh B METAJUIMYECKHUX 11aiidbax auamerpoM 10 MM U BBICY-
IIMBAJIUCh IO MOCTOSTHHOM MaccChl.

CyTb METOIVKM COCTOUT B cienytoiieM. McciemyeMplii
Marepuajl B BUIIE YIUJIOTHEHHO#W (opMbl TOMellaeTcsl Ha
npeameTHbI ctos mpubopa EASYDROP. Ha o6pasenr Ha-
HOCHUTCS Karuisl pactBopa. Jlajee uamMepsieTcst KpaeBoit yroj
CMa4yuBaHUS B 3aBUCUMOCTHU OT BUa padboyeil XKUAKOCTH.

TepMmoauHaMUUYECKUil TIOAXOI B OIpeAeaeHun 3pdek-
TUBHOCTHU ocyiecTBisieTcss MetogoM OBPK (metoa OyHca,
Bennra, Pa6ens u Kovennbiie), mpu KOTOPOM YYUTHIBAIOTCSI
MOJISIpHAsI U TUCIIEPCUOHHAsI COCTABJISIIONIME MaTEPUAJIOB.
B ocHOBe maHHOI METOAMKM JICKUT TUCOATAaHC MEXMOJIe-
KYJISIPHBIX CWJI, TACTIEPCHOHHAS YacTh MOBEPXHOCTHOTO Ha-
TSDKEHMS CKIIAJIbIBAETCSl U3 BHYTPEHHE 9HEPTUU MOJIEKYT,
COCTaBJISIIOIINX TOBEPXHOCTHBIN CJION MaTepuaia. DTOT Ma-
paMeTp OKa3bIBaeT BIUSHME Ha MOBEPXHOCTHYIO SHEPIUIO
Marepuaia. [lonspHast 4acTh MOBEPXHOCTHOM 3HEPTUY BO3-
HMKAET 3a CUET DJIEKTPOCTATUIECKUX CHJI, UICTOUHMKOM KO-
TOPBIX SIBJISIIOTCS TOJISIPHBIE TPYIIIBI, 00pa3yeMble JIUIIUB-
IIMMMCS YACTU aTOMOB MOJIEKYJIIPHBIMU CTPYKTYpPaMU U 3a
CYeT XMMMUYECKUX CBsI3el, (hOPMUPYIOIIMX JIEKTPUUECKU
HeHlTpaJibHbIe TUMOJU. B KauecTBe OCHOBHOIT MaTeMaTnye-
CKOi1 3aBUCUMOCTU MCIIOJIb3YETCS CJEAYIOIee YpaBHEHUE:

csL(cosO-H):\/@\/c?

(M

(N POVIEIIBHBIE

4 5 6 7 8 9 10 1 12 13 14
Bpems nomona, 4
Milling time, h

Puc. 2. 3aBucumocTb pasmepa Hactuy, HB Ha pas3nvyHoOM Cbipbe OT BpemeHu nomosna: 1 — Ha
KBapLIEBOM Mecke; 2 — Ha rpaHnTe

Fig. 2. Dependence of particle size of NB with using different types of raw materials on milling time:
1 — on quartz sand; 2 — on granite stone scattering dust

and in the High-Tech Center at BSTU named after
V.G. Shoukhov.

For particle size distribution analysis was used laser par-
ticle analyzer Lasentec D600L allowing evaluation dimen-
sional characteristics of particles in the range of 0,5 pm to
2,5 mm. Measurement runs in constant regime of forced stir-
ring, that prevents particle sedimentation and in such a way
improves data validity. The equipment distributes recognized
particles for 8 fractions as it shown on Fig. 1.

Analysis of the data of particle size distribution for NB
both types demonstrates similar size range and fractional
particle size distribution. It was noted shifting sizes in the
range of more fine particles during milling process. At the
same time, particle size distribution for NB is characterized
by more wide range of particle size as well as by presence of
coarse grains with the size of more then 100 um. Presence
particles with size in the range of 0,5—1 pm was not found in
all samples. In this regard, one more equipment DelsaNano
C was used to run dispersion analysis by photon correlation
spectroscopy method to detect particles with size in the range
of 0,6 nm to 7 um. For data validity, each sample was run
twice and presented values showed a high repeatability.
Summary results particles size vs. milling time dependence
presented on Fig. 2.

The obtained results confirm a presence of nanosized
particles in NB composition of both studied types. Size par-
ticles for silicate-based NB are in the range of 550—850 nm.
At the same time, nanosized particles for granite-based
binder correspond to the range of 170—520 nm. Appearing of
the peaks which indicate shifting in the region with bigger size
for quartz sand-based NB related to additional loading of
solid phase during milling process. This leads to deficient
milling extent and, as a consequence, shifts the dispersity to
the region with bigger particle sizes.

Nevertheless, it was noticed a decreasing concentration
of particles in nanosized region for the final product (NB) in
comparison with the particle size distribution data at the be-
ginning of mechanoactivation process.

It should be noted, that granite-based NB is characterized
by smaller particle size that will provide more high chemical
activity when using it as a modifying component.

Energy state of samples and final products was evaluated
with thermodynamic parameters. For this purpose was mea-
sured contact angle on the surface followed by calculation of
surface tension of solid phase.

The test was run with using the equipment EASYDROP.
For probe preparation, all the samples were casted in metallic
pellets with 10 mm in diameter and were dried until constant
weight.

The method consists of following stages. Studied material
in the form of pellet is placed on a position table of the equip-
ment EASYDROP. After that a drop of solution is placed on
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TaGnuua 1
Table 1
Pa6oune MoBepxHOCTHOE MonsipHas cocTasnsowas JuncnepcroHHasi cocTaBnsiowas
XXMOKOCTN HaTsXeHue O, MH/M MOBEPXHOCTHOIO HaTsXeHUst 6/, MH/M MOBEPXHOCTHOrO HaTsxeHus 67, MH/m
Working liquids | Surface tension 6,, mN/m | Polar part of surface tension 6/, mN/m | Dispersion part of surface tension 6/, mN/m
Bona
Water 72,8 51 21,8
OTUNEHTINKOSb 48,8 16 32.8
Ethylene glycol
Aekan 23,8 0 23,8
Decane
OTaHon
Ethanol 21,4 2,6 18,8
Tabnuua 2
Table 2
HaHoCTpyKTypnpoBaHHOE BsiXyLLlee Ha OCHOBE KBapL,EBOro necka
Quartz sand-based nanostructured binder
Bpews, 4 2 4 6 8 10 12 14
Time, h
Pabouyas xnoKoctb
Working liquid
Bona 9,45 12,92 15,5 11,13 9,88 20,2 11,93
Water
SruneHramkon, 37,28 34,76 34,65 42,03 34,6 40,33 39,32
Ethylene glycol
Aexan 10,6 16,1 12,04 12,5 16,87 11,43 11,83
Decane
Sraron 17,18 15,98 15,58 16,06 14,57 16,78 16,28
Ethanol
HaHoCTpyKTyprpoBaHHOE BsiXylliee Ha OCHOBE rpaHuTa
Granite-based nanostructured binder
Bpews, 4 3 5 7 9 11 13 14
Time, h
Pabouyas xnaKoctb
Working liquid
Bopa 14,4 26,27 18,27 22,4 13,72 16,47 20,28
Water
SruneHramkons 41,93 46,82 47,13 37,8 51,07 38,08 36,3
Ethylene glycol
Aexan 13,57 13,18 13,7 12,12 12,3 12,75 11,2
Decane
Sraron 17,53 18,20 17,1 18,87 16,53 17,3 18,47
Ethanol

rjie G, — IIOBEPXHOCTHOE HATSKEHUE PAOOUMX XKUIKOCTEM;
G£ — IMCIIEPCUOHHAS COCTABIAIOIIAS TOBEPXHOCTHOTO Ha-
TSDKEHUS pabodMX XUAKOCTel; 6 — TOspHas COCTaBIsA-
IOLLIasi TOBEPXHOCTHOIO HATSKEHUS pabOUUX KUAKOCTE;
Gé) — JUCIIEPCUOHHAs COCTaBIAIOLIAs TOBEPXHOCTHOIO Ha-
TSKEHUS UCCIEAYEMOTO MaTepuaia; (5§ — TIOJISIpHas CO-
CTaBJISIONIAs] TTOBEPXHOCTHOTO HATSXKEHUS MCCIELyEMOTO
MaTepuana; § — KpaeBou yroj cMa4yMBaHUS UCCIELyEMOTO
Marepuasa. 6,(cos® +1) G LP

OyHKIMOHANIbHAS 3aBUCUMOCTh —————= (—D)

2 cD GL

UMeeT JIMHEeNHBIA XapakTep. YIioBoi KoadhduuUeHT mpsi-
MO IIpeCTaBJIsIET COOOM IMOJISIPHYIO YaCTh IOBEPXHOCTHO-
IO HATSKEHMS MCCIEAyeMOro MaTepuaia, a Touka rnepece-
YEeHUS NPSIMOI C BEPTUKAJIBbHOM OChIO XapaKTEpU3YET AUC-
TIEPCUOHHYIO YaCTb.

[ToBepXHOCTHOE HATSKEHME MCCIELYEMOro MaTepuaja
OIPENEIISIETCS KaK CYMMa JUCIIEPCUOHHOM U MOJISIPHOM Ya-
cTeit:

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

the surface of the sample and then contact angle value is mea-
sured depending on type of working liquid.

Thermodynamic approach in evaluation of efficiency
was performed with free surface energy method, where polar
and dispersion characteristics of the materials should be
considered. The method is based on disbalance of intermo-
lecular forces. Dispersion part of surface tension composed
of inner energy of molecules, building up an upper layer of a
material.

This parameter effects on surface energy of material.
Polar part of surface energy occurs due to electrostatic forces,
the source of which is polar groups, formed by molecular
structures loosed some portion of atoms and due to chemical
bonds, forming electrostatically neutral “dipoles”. As a math
model following equation was applied:

GL(COSQ-f—l):\/g\/(?

M
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Ta6nuua 3
Table 3
KBapueBblin necok paHuT
Quartz sand Granite
Bpemsa nomona, 4 YpenbHasi TOBEpPXHOCTb, M2/T Bpemsa nomona, 4 YpenbHasi TOBEPXHOCTb, M2/T
Milling time, h Specific surface area, m?/g Milling time, h Specific surface area, m?/g
2 7+0,5 3 4,3+0,2
4 8,4+0,5 5 5,3+0,4
6 6,6+0,3 7 70,4
8 7,2+0,4 9 7,2+0,3
10 8,1%0,4 11 8,5%0,3
12 6,9+0,4 13 9,2+0,6
14 7,60 14 9,5+0,5
0;=0 f +0 é) . (2)  where o, —surface tension of working liquids; GLD — dispersion

Pacuer TEPMOIAMHAMUYCCKUX MMapaMETPOB UCCIICAYEMbIX
MaT€puaJIoB IIPOU3BOJAUTCA IO YPABHCHUIO!:

S,
AGg= Aog+ogln Sy—”“ 3)
yal

B mopo6HBIX BSXKyIIMX cucTeMax HauboJjiee Leneco-
00pa3HO MPUMEHSITh B KAUeCTBE pabOUMX KUIKOCTE roMO-
JIOTMYECKUE psiibl XXuakocteid. s uccienoBaHuii MCXos
M3 YACTHBIX 3HAYEHU TTOBEPXHOCTHOTO HATSIKEHMS U pa3-
JIMYHOTO XMMUYECKOTO CTPOCHUST MOJIEKYJT OBLITM BBIOPAHBI:
BOJIa, STUJICHTJIMKOJIb, IeKaH, 3TaHOJI.

Jnsa pacyeToB IUCIIEPCUOHHBIX (6P) ¥ monsipu3aluoOH-
HbIX (6F) COCTaBISIIOLIUX MOBEPXHOCTHOTO HaTsKeHUs (Os)
00pas3lIoB UCIOJIb30BAINCH aHAJIOTUYHbBIE XapaKTePUCTUKHU
DU CMayuBalOIMUX XuakocTed (tadn. 1). M3MepeHHbIe
3HAYCHUST KPAeBOro yrjia cMadyuMBaHus 0 B 3aBUCUMOCTH OT
BMJa HAHOCTPYKTYPHMPOBAHHOT'O BSIXKYILIETO U TUIIA pabodeit
KUIKOCTU KaXXI0M MPoObI TIpeACTaBICHBI B Ta0I. 2.

PacueThl, BBIITOJHEHHBIE B COOTBETCTBMU C MaTeMaTH-
YECKUM alnapaToM MeTo/a, MO3BOJWIN ONPEIeTUTh 3HaYe-
HMS TIOBEPXHOCTHOTO HATSDKEHUS G C YUETOM TOJIIPHBIX 1
TIMCTIEPCUOHHBIX COCTaBIAOMNX. CTOUT OTMETUTD, YTO JJIS
BCEX OKCIEpUMEHTOB OTMeUeHa JIMHEeHHas 3aBUCHUMOCTb
MeXIy mapameTpamu pabouero ypaBHeHust Metona OBPK ¢
BBICOKMM 3Haue€HUeM Ko3(hdUIIMEeHTa TOCTOBEPHOCTH all-
npokcumauuu (0,91—-0,93), yto moaTBEpXKIAET JOCTOBEP-
HOCTh MaTeMaTUYECKOW MOJEIU, ONMCHIBAIOIIEN IKCIIepU-
MEHTaJbHbIC PE3yIbTATHI.

Janee ObLIM OIlpeAe/ieHbl 3Ha4eHUSI aKTUBHOM YIeJIbHOMI
nosepxHocTu. MccnenoBaHus BBITTOJHSUIMCh Ha TMpUbope
cepuu Sorbi-MS Metomom BOT. PesynbraThl MoKa3bIBaloT,
yto HB Ha KBaplieBOM necKe Mpu pasjIudHbIX CTAAMSIX T10-
MOJIa UMeeT YICTBHYIO TOBEPXHOCTb 6,6—8,4 M%/T U, KaK U
rpaHyJIOMETPUYECKUII COCTaB, HOCUT KOJeOaTeIbHBIM Xa-
pakrep (1abJ. 3). YaeabHasi IOBepXHOCTb TPAHUTHOTO BSIXKY-
1IET0, HAMPOTUB, OTJIMYAETCS] BIPAXKEHHON BO3pacTalolieit
3aBUCUMOCTBIO € 4,3 110 9,5 M2/T. DTO MOXET GbITb BBI3BAHO
TexHojioruei nonyuyeHust HB: Ha kBap1ieBoM recke — rocra-
NIAHAS 3arpy3Ka NU3MeTbYaeMOTO ChIPhsI; Ha TPAHUTHOM ChI-
pbe — OMHOCTAAUNAHBIA TOMOJI.

IMonyyeHHBIC 3KCIIEpUMEHTAIbHbIC AaHHbIe (Tabu. 4)
MO3BOJIWJIM PAcCUMTaTh BEJIWYMHY W3MEHEHUS] DHEPTUM
['n66ca (A G) MUHEPAJIBHOTO BSIXYILETO HA OCHOBE MecKa.

IMonyyeHHbIe pe3yabTaThl MOKAa3bIBAIOT, YTO MaKCH-
MaJIbHOE TTOJIOXKUTETbHOE 3HaUeHUEe U3MEHEHUST N300apHO-
M30TEPMUYECKOTO MTOTEHIIMAIa UMEET CUCTEMA ITOCTIe YEThI-
pex 4yacoB momoJia. JaHHbINA (PaKT MOXET CBUIETEIbCTBO-
BaTb O HauOoJiee CTaOMJIBHOM COCTOSSHUM Bsikyliero. B
MMPOTUBOITOJIOXHOCTh 3TOMY OTMEYaeTCsl OTpUIIATEIbHOE
3HayeHue A G 1st BpeMeHM 6 1 12 4, YTO CBUIETEIBCTBYET O

(N PONIEIIBHBIE

part of surface energy for working liquids; 6 — polar part of
surface energy for working liquids; ? — dispersion part of
surface energy for studied material; og — polar part of surface
energy for studied material;  — contact angle of studied ma-
terial. c,(cos® +1) or

The function ———"=f (—IL)) has linear character.

c? o,
Angular coefficient of the line is of a polar part of surface ten-
sion of studied material, and a cross point the line with a
vertical axes characterized a dispersion part.

Surface tension of studied material can be calculated as a
sum of dispersion and polar parts:

=08 +0p. 2

Calculation of thermodynamic parameters of studied
materials performed with the equation:

AGS _ AGS + 051}’1 :S;fpeciﬁc surface areall . (3)
specific surface areal

In similar binder systems it is more reasonable to apply

homologous series of liquids as working liquids.

Taking into account of data points of surface tension and
different chemical structure of molecules, for the experiment
was chosen a few liquids: water, ethylene glycol, decane, and
ethanol.

For calculation of dispersion (5?) and polar (c”) parts of
surface tension (Gs) for samples was used the same character-
istics of wetting liquids (Table 1). Contact angle depending
on type of NB and type of working liquid of each sample are
shown in Table 2.

The calculations made in compliance with math appara-
tus of the method allowed evaluation of surface tension ¢ in-
cluding polar and dispersion parts. It is necessary to noted,
that for all run experiments was observed a linear dependence
between the parameters of the working equation of free sur-
face energy with high validity coefficient of approximation
(0,91—-0,93), that confirms an accuracy of the applied math
model, describing experimental results.

After that the values of active specific surface area were
determined by Sorbi-MS machine, using BET method.

The experiment data (Table 3) demonstrate, the quartz
sand-based NB with different millin% time has specific sur-
face area in the range of 6,6—8,4 m-/g and have wave-like
dependence (similarly like data of particle size distribution
for this system).

By contrast, specific surface area for granite binder
grows in interval 4,3—9,5 m?/g. It can be associated with
following NB production technology: quartz sand — step-
by-step loading of milled raw material (granite) — single-
stage milling
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Tabnuua 4
Table 4
Bpems nomona, 4 G5-10%, H/m 67108, H/m 62108, H/m AG-10%, Ox
Milling time, h G5-10%, N/m 67108, N/m 6?-10%, N/m AG-10%,J
2 66,79 55,5 11,29 0
4 66,42 55,06 11,36 11,74
6 65,58 53,88 11,7 -5,07
8 65,87 54,91 10,96 0,94
10 67,09 55,8 11,29 10,09
12 63,11 51,55 11,56 -4,59
14 66,07 54,91 11,16 4,71
Tabnuua 5
Table 5
Bpems nomona, 4 G5-10%, H/m 67103, H/m 62108, H/m AG-10%, Ox
Milling time, h G5-10%, N/m 67108, N/m 62:10%, N/m AG-103,J
65,19 54,17 11,02 0
5 59,8 48,44 11,36 7,11
7 63,24 52,42 10,82 28,87
9 62,6 50,84 11,76 29,68
1 64,32 54,02 10,3 42,96
13 64,65 53,29 11,36 48,63
14 63,6 51,84 11,76 48,82

MOBBIIIEHHOW CKJIOHHOCTY CUCTEMBI K CAMOTIPOU3BOJIbHBIM
TpaHCHOPMAIIMOHHBIM MTPOLIECCAM.

3HaueHue U300apHO-U30TEPMUYECKOTO IMOTEeHIIMaza
MPO0 rPaHUTHOTO BSIKYIIIETO UMEET MOJIOXUTEIbHOE 3HaUe-
HUE, KOTOpPOe C MOBBIIIEHMEM BpPEMEHU IOMOJIa pacTeT
(Tabi1. 5). DTO CBUAETENBCTBYET O HAIMUMU CTAOUIIBHO He-
U3MEHSIEMOM CUCTEMBI, XapaKTePU3YIOLIECHCS YCTONYUBBIM
PaBHOBECHBIM COCTOSIHUEM.

AHanu3 NOJyYEHHBIX JaHHBIX CBUACTENBbCTBYET O CyIIE-
CTBEHHOW MEXaHOAKTUBALIMM MCXOMHBIX ChIPHEBBIX KOMIIO-
HEHTOB B MpolIecce UX M3MebueHUs. Tak, iBMeHeHUe aKTUB-
HOCTH B CJTydae KpeMHE3EMUCTOTO ChIPhsl HOCUT BOJIHOOOpa3-
HBII XapakTep, T. €. YepeJoBaHUE TMOBBILIEHUS U CHUKEHUS
aKTUBHOCTU. MakcuMaibHble 3HAUEHUSI U3MEHEHUS SHEPTUU
I'n66ca cBUAETENILCTBYIOT O CTA0MIM3aLIMM CUCTEMbI (3aBep-
IIEHUU TIPOLIECCOB MEXaHOAKTUBALIMOHHOTO BO3AEHCTBUS)
HapsIay ¢ YCWJIEHUEM BSDKYIIUX CBOWCTB. MUHUMYMBI 9HEP-
run ['mbbca coBmamarT C 3TanmamMu 103arpy3ky ChIPbEBOTO
Marepuaia B TIPOLIECCe MOMYyYEHUs BSKYIIETO U MIPUBOIST K
GOpMUPOBAHUIO YCIOBUM UISI €ero TpaHchopMalluyd M, Kak
CJIeACTBUE, JAJbHEHIIIEMY MOBBIIIEHUIO aKTUBHOCTH CUCTE-
MBI B LIEJIOM 32 CUET U3MEJIbYEHUS] TBEPAOTO BEIIECTRA.

B ciryuae aoMoCUIMKAaTHOTO HAHOCTPYKTYPHUPOBaHHO-
TO BSIKYI11eT0o (hOpMUPOBaHUE aKTUBHBIX CBSI3€i1 Ha IMTOBEPX-
HOCTM BEIIECTBA MPOUCXOAUT MPAKTUYECKU HA TPOTSIKE-
HUU BCEro MOMOJIa U JAOCTUTAeT MakKCUMyMa B pe3yJbTare
MexaHoaKTuBaluuu B TedyeHue 10—11 4. JanbHeitlee u3-
MeJIbYeHNe MaTepuasa IMPUBOLNT K YMEHBLICHNUIO pa3MEPOB
YacTUIl TBepAOil ¢ha3bl U CMEIIEHUIO UX B 00JIaCTh yJbTpa-
NUCTIEPCHBIX YaCTUII, OMHAKO BIUSHUS HAa aKTUBHOCTb CU-
CTEMBI B 1I€JIOM JJaHHBIE TIPOIIECCHI HE OKA3bIBAIOT.

HccrnenoBanusi MO3BOJIUIM YCTAHOBUTh MPUMEHUMOCTb
TEPMOJUHAMMUYECKOU MOIENU 11 MUHEPATbHBIX BSKYIIMX
CHCTEM Ha OCHOBE DPa3JIMYHBIX CHIPbEBBIX KOMIIOHEHTOB.
OrnpeneieHre 1 OlieHKa SHEPIeTUYECKOro COCTOSIHYS TIOJI -
TMACTIEPHBIX U TIOJIMMUHEPAIbHBIX BSLKYIIMX CUCTEM TTO3BO-
JISITOT HaWTA HEOOXOMMMYIO TIEPEXOAHYIO CTaJMIO Tpoliecca
IOMoJIa, PU KOTOPOU MaTepua yxe JOCTUT BbICOKOTO 3Ha-
YEHUSI aKTUBHOCTU W HAJIbHEHMIIEE MEXaHUYECKOE BO3ICH-
CTBUE Hellenecoobpa3Ho. B pesynbrate cTasio BO3MOXHBIM
OTNTHUMU3UPOBATh TEXHOJOTUYECKUI MPOLIECC MOJYyYCHUS

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

The obtained experimental data (Table 4) allow calcula-
tion of Gibbs energy parameter changing (A G) for the sand-
based mineral binder.

The obtained results (Table 4) show the maximum positive
value of Gibbs thermodynamic potential changing for the sys-
tem after 4-hours milling. That can be related to more stable
state of the binder. On the other hands, for the system after 4-
and 6-hours milling A G value is negative, which demonstrates
higher liability of system to self-transformation processes.

Value of Gibbs thermodynamic potential for granite-
based N B samples is positive that grows at increasing of mill-
ing time (Table 5). That shows stability of the system, charac-
terized with stable equilibrium.

Analysis of data shows significant mechanoactivation of
initial raw materials during milling process. For example, reac-
tivity changing for quartz-bearing raw has wave-like character
i.e. interchanging of increasing and reducing of reactivity is
observed. Maximum changing of Gibbs energy parameter as-
sociated with the system stability (finish of mechanoactivation
process) along with improvements of binding properties.
Minimum values of Gibbs energy parameter are be in phase on
the stages of additional loading of raw material when the
binder production and lead to formation of required terms for
its transformation and subsequent increasing in system chemi-
cal activity due to milling of solid substance.

In the case of aluminosilicate NB, the formation of active
bonds on substance surface takes place almost during all mill-
ing process and achieves the maximum value after 10—
11 hours of milling. Further milling process leads to reducing
of particle size of solids and their replacement to ultrafine size
area. However, this process not effects significantly on chem-
ical activity of the system.

The investigations allowed to approve an adaptability of
thermodynamic model for mineral binders different based on
different raw components. Calculation and assessment of
energy state of polydispersed and polymineral binders allows
finding an appropriate transformation stage of milling pro-
cess, when the material already reached high chemical activ-
ity extent, when further mechanoactivation is not reasonable.

In the result of the experiment was confirmed that is pos-
sible to optimize technological process of free-cement min-
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0eCLIEMEHTHBIX MUHEPAIBbHBIX BSKYIIMX CUCTEM Ha TIPUMepe
HAHOCTPYKTYPHUPOBAHHOTO BSDKYILETO CUJIMKATHOTO (Ha
OCHOBE KBaplIeBOTO IMecKa) U aTlOMOCHIMKATHOTO (Ha OCHO-
BE TPaHUTA) COCTABOB, BBIIBUB HanboJjee 3(hheKTUBHBIC Bpe-
MEHHBIE TTMKW. DTO MO3BOJISIET CHU3UTh SHEPTOEMKOCTh IPO-
M3BOJICTBA BSIXYIIETO M COOTBETCTBEHHO KOMITO3UIIMOHHBIX
MaTepuajoB Ha ero ocHoBe. /lokazaHa 3((eKTUBHOCTD TEP-
MOJIMHAMUYECKOTr0O TOAX0/a sl OLIEHKU SHEPreTUYecKOoro
COCTOSIHUSI BelllecTBa IMpu nojydyeHun HB. Bto mosBosut
pa3paboTaTh KCIPecC-METOAUKY OLEHKM KayecTBa ChIPhs
JUISl TIOTyYEeHMST BSDKYILETO, a TakxkKe 3apaHee CHpPOTHO3UPO-
BaTh JJTUTEJIBHOCTh U 9HEProd(hHeKTUBHOCTb MEXaHOAKTUBA-
LIMOHHBIX TIPOLIECCOB MOJYYeHHMS] HAHOCTPYKTYPHUPOBAHHOTO
BSDKYIIIETO Ha OCHOBE KOHKPETHOTO BU/IA CHIPBSI.
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eral binders production through the example of silicate NB
production with using quartz sand and aluminosilicate NB
with using granite stone scattering dust, knowing the most ef-
fective time peaks. This allows decreasing of energy demand
in binder production and composite materials on its base.

The efficiency of thermodynamic approach for assess-
ment of energy state of substance when NB production was
declared. This provides the opportunity to develop express
method to evaluate quality of raw materials for the binder
production and forecast durability and energy efficiency of
mechanoactivation, when nanostructured binders produc-
tion with using a certain type of raw components.
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O6pa3oBaHue HaHOCUCTEM B NpoLecce ruaparauum
LLISTAKOLLENO0YHOr0 BSXKYLLEro

PaccmoTpeH npolecc 06pa3oBaHns HAHOCUCTEM MPW B3aUMOZEACTBAN NOHOB LLENOYHOr0 aKTMBN3aTOpa C YacTMLaMi JOMEHHOr0 rpaHynpOBaHHOMO
Lunaka B pactsope. [poaHanu3npoBaHo BANSHUE MOHOB LLEN0YHbIX MeTannos K*, Na* Ha CBOMCTBA M CTPYKTYpPY BOAHbIX PacTBOPOB. 10f06paHbI
ONTUManbHbIe KOHLEHTPaLUun pacTBopoB-akTuBu3aTtopos NaOH, KOH ¢ y4eTom CTPYKTYPHbIX N3MEHEHMIA XNOKOCTM 3aTBOPEHMs. MpeacTaBneHsbl
3aBUCUMOCTM NPOYHOCTU LUINAKOLLENOYHOrO KaMHS OT KOHLEHTpaLmMu 1 BUAA akTuem3aTopa. [10Kka3aHo, 4TO aKTMBW3aTOPbI, CoAepXalLme 0TpuLaTensHo
rNapaTUPYIOLLMECS KAaTUOHbI, NO3BONSIOT YBENNYUTb Kak CKOPOCTb HAb0pa, Tak 1 KOHEYHYH0 NPOYHOCTb LUNAKOLLENOYHOr0 KamMHs. NPOYHOCTb 06pasLoB
LULLK, TBEpAeBLUMX B HOPMASbHBIX YCI0BUSX HA 0CHOBe pacTsopa KOH, Ha 27% Bblwue, 4em Ha ocHoBe pacTBopa NaOH.

KntoueBble ¢noBa: [JOMEHHbIA rpaHynMpPoOBaHHbIN LLUNAK, HAHOCMCTEMA, LLNAKOLLEN0YHOE BSXKYLLLEe, aKTUBM3ATOPbI, MEXAHNU3M ruaparaumm.

E.A. KHUDOVEKOVA', Engineer (Khudovekova_ea@mail.ru); M.S. GARKAVI?, Doctor of Sciences (Engineering),

Deputy Chief Engineer for Science and Innovation

" Magnitogorsk State Technical University named after G.I. Nosov (38, Lenin Avenue, Magnitogorsk, 455000, Russian Federation)
2 ZAO «Ural-Omega~ (structure 7, 89, Lenina Avenu, Magnitogorsk, 455037, Chelyabinskaya Oblast, Russian Federation)

Formation of Nanosystems During Slag-Alkaline Binder Hydration

The process of nanosystem forming during interaction alkali activator ions with particles of ground-granulated blast furnance slag have been discussed. The effect of positive and nega-
tive hydration of ions on the properties and structure of water solution has been analyzed. Taking into account structural changes of mixing liquid, optimal concentration of activators
were selected. It was shown that activators having as a part of ions with negative hydration promote to increase as curing rate and 28-age strength of stone. The strength of samples

prepared from GGBFS and KOH solution is 27% higher, then strength of sample on a base of NaOH solution (under normal curing conditions).

Keywords: ground-granulated blast furnance slag, nanosystems, slag structure, slag-alkaline binder, activators, mechanism of hydration.

B Hacrosiiiee Bpemsi B CTpOMTENIbCTBE HAOII01aeTCs TEH-
NIEHIMS K CHUXKEHUIO MaTepuago- U 9HEProeMKOCTH U3Je-
JIMIA, paclIMPEeHMI0 MUHEpPaJIbHO-CHIPhEBOI 0a3bl, co3ma-
HUIO aJlbTEPHATUBHBIX MOPTIAHALEMEHTY BSXKYIIUX Be-
mectB. OCHOBHBIMU MTOOYIUTEIbHBIMA MOTUBAaMU B TTIOMCKE
TaKOU aJIbTEPHATUBBI SIBJISIIOTCS B OOJIBIIEN CTENEHU 9KOJIO-
ruyeckre M SKOoHomuuyeckue Gakropsl. [IponsBoacTBO
MOPTJIAaHILIEeMEHTA, KOTOPbIi HA JaHHBII MOMEHT SIBJISIETCS
OCHOBHBIM TUJPABIMYECKUM BSKYIIMM, CBSI3aHO C BbICO-
KWM NOTpeOIeHUeM NMPUPOAHBIX MUHEPAIbHBIX U SHEPTeTU-
YECKHUX PECYPCOB U COMPOBOXIAETCS BBICOKUMU O0ObEMaMU
BBIOPOCOB B OKpyxXatolnyto cpeny. [losToMmy HeCOMHEHHa
HEOOXOAMMOCTb Pa3pabOTKK U Pa3BUTHSI TPOU3BOICTBA Oec-
KJIMHKEPHBIX TUIPABINYECKUX BSIKYIIUX, MO TEXHUYECKUM
XapaKTepPUCTUKaM He YCTYMaloLIUX MOPTJIaHILIEMEHTY.

OnHOIl U3 pa3sHOBUIAHOCTEH OCCKIMHKEPHBIX T'MApPAB-
JIMYECKUX BSDKYIIUX SIBJISIIOTCS TaK Ha3blBaeéMbl€ TeOlle-
MEHTHI, TTOJlydaeMble HA OCHOBE aJTIlOMOCUJIMKATOB TEXHO-
TEHHOTO U MPUPOJHOTO MPOUCXOXKICHUS MyTEM 3aTBOpE-
HUS UX 1IEJOYHBIMU aKTUBU3aTopamu. Haubosee uccie-
JIOBaHbI IO CBOMCTBAaM, COCTaBaM U CTPYKTYPE U3 T€OTMOJIM -
MEPHBIX MaTepUasoB ILJAKOIIEJOYHbIEe BSIKYIIUE, pa3pa-
o6otanHble B.JI. [myxoBckuM B 1957 r., HO Mo psiAy NpUYUH
HE HallleAlie IMUPOKOro MPUMEHEHUS B CTPOUTEIBCTBE.
Paznuunbie pa3paboTKu M pa3BUTHE MMPOU3BOACTBA TaKUX
BSDXYIIIUX M CTPOUTEbHBIX MaTepuajoB Ha WX OCHOBE —
aKTyajibHag 3ajaya B YCJIOBUSIX COBPEMEHHBIX MUPOBBIX
TEHACHLIMIA, B paMKax KOHUEIMLMWUA YCTOMYMBOIO pa3BHU-
™ [1, 2].

Hecmotpst Ha 601blI0e KOJTMYECTBO UCCIEIOBAaHUHN BIU-
STHUSI COCTaBa U CTPYKTYPhI aKTUBU3ATOPA Ha MPOLECCHI THI -
paTaluuu M TBEPACHMS IUIAKOILIEIOUYHOTO BSIKYILETO, MpPU
BBIOOpE €ro BUAAa U KOJMYECTBA 3a4acCTYIO HCMOJIb3YIOTCS
SMITUPUYECKHE TTOAXOAbI. TpanulIMOHHBINA MOAXOMA K CUHTE-
3y QJIIOMOCUJIMKATHBIX IIJTAKOIIEJIOYHBIX BSKYIIUX CBSI3aH
C BBIOOPOM KOHIIEHTPALMU IIETOYHOIO aKTUBATOPA UCXOIST

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Currently in construction there are a tendency to reduce
material and energy intensity of productions, to extend min-
eral raw material base, to develop Portland cement alterna-
tive binders. The main motivations to find this alternative are
generally environmental and economic factors. Production
of Portland cement, which is the main hydraulic binder cur-
rently, is accompanied by a high volume of emissions into the
environment due to the high consumption of natural mineral
and energy resources. Therefore, the development and ex-
pansion of clinkerless hydraulic binders, which are not come
short of their technical characteristics to Portland cement,
are very actual.

One of the varieties clinkerless hydraulic binders is the so-
called «geocements» obtained on the basis of aluminum sili-
cates anthropogenic and natural origin, by mixing them with
alkaline activator. Slag-alkaline binders (AAS) are the most
investigated variety of geopolymeric materials. They had de-
veloped by Glukhovsky V.D. in 1957, but for various reasons
had not found wide application in construction. Continuation
of design and development of such binders and building ma-
terials based on them is urgent task in up-to-date global trends
within the concept of «sustainable development» [1, 2].

Despite the large number of studies about the effect acti-
vator’s composition and structure on the hydration and hard-
ening processes of slag-alkaline binders, type and quantity of
activator are chose by empirical approaches often. The tradi-
tional approach to the synthesis of aluminosilicate slag-alka-
line binders is related to the choice of concentration of alkali
activator judging from the molar alumina content in the raw
components and the need to reach a sufficiently high pH of
mixing substance for efficient hydrolysis of aluminosili-
cates [3].

The aim of this work is to analyze the impact of the struc-
ture and composition of the mixing liquid for an initial period
of hydration and kinetics of structure formation slag-alkaline
binders.

(CNPOVIEIIBHBIE
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Maccosas pons, %
Mass fraction, %

Sio, CaOo MgO | AlL,O; | Fe,03 | MnO SOy

35,7 40,1 5,5 14,4 0,9 1 1,2

13 MOJISIPHOTO COfIEPXXaHUs TIIMHO3eMa B CHIPheBOM KOMIIO-
HEHTE M HEOOXOMUMOCTHU JOCTUKEHHSI TOCTATOUHO BBICOKO-
ro 3HadeHus pH cpenbl 3atBopeHust aiasl 3HGEKTUBHOTO
TUIPOJIN3a aTIOMOCWIMKATOB [3].

Lenbro gaHHOI paboOTHI SIBJSIETCS pACCMOTPEHUE BJIUS -
HUSI CTPYKTYPHI M COCTaBa XXUIKOCTH 3aTBOPEHUs Ha Ha-
YaJIbHBIM TTepUOJ TUAPATALlUM U KHUHETUKY CTPYKTYpooOpa-
30BaHUS UIAKOIIETOUYHOTO BSIKYIIETO.

MexaHu3M 1 KUHETYKa THAPaTooOpa3oBaHus B IIIJIAKO-
IIEJOYHBIX BSDKYIIMX CHUCTEMax OIPEAessIOTCS XUMUYe-
CKHMM COCTaBOM U CTPYKTYpPO#1 1IIaKa, C OMHON CTOPOHBI, U
MpUPONON aKkTMBU3aTOpa — C Apyrod. Ha kaxnom srtame
TBEPACHMS NCKYCCTBEHHOTO KaMHS POJIb aKTUBU3aTOpa He-
OIIHO3HAYHA M OTPEEISIeTCS €T0 BEIIeCTBEHHBIM COCTaBOM
1 KOJIMYECTBEHHBIM COIEPXKAHUEM.

B Hacrosieii pabore paccMOTpEeHO aKTUBMpYIOILIee
Biusinue pactBopoB KOH u NaOH B HavayibHBIN TTepUo
rupartaly JOMEHHOTO rPaHyIMPOBAHHOTO IILJIaKa C MOy~
JeM ocHoBHocTH M =0,91; Monynem akrusHoct M,=0,4;
koadduirentom kauecrsa K, =1,68. Xumuueckuii cocra
1IU1aKa MPUBEAEH B TaOIUIIE.

[ToMoJ 1IaKa OCYILECTBJSUICS B MEJbHUILIE LIEHTPO-
0GeXXHO-YIAPHOTO NEWCTBUSI OO0 YIAEAbHOW ITOBEPXHOCTH
470 M2/xT.

Kak m3BecTHO, MO XMMUYECKOMY COCTaBY JAOMEHHBII
IpaHyJMPOBAHHBIN 1UIAK OJM30K K MOPTIaHALIEMEHTHOMY
KJIMHKEPY, OHAKO UMEIOTCS 3HAYUTENbHbIE PA3IMUUSI B UX
CTPYKTYpP€E ¥ COOTHOIIIEHUY KOMITOHEHTOB. CTpyKTypa Iia-
Ka TJIaBHBIM 00pa30M CTEKJIOBUIHAS Y TIPEAICTABIISIET COOOM
MIPAaKTUYECKU HETPEPHIBHYIO CETKY KPEMHEKUCIOPOTHBIX
TETPa’pOB C BKIIIOUEHUSIMM PA3JIMIHBIX 3yeMeHTOB: Ca,
Mg, Al, S, Mn. ITpu stom uonsl A" u Mg?* moryr BblcTy-
MaTh He TOJIbKO B KaUeCTBE MOHOB-MOAUGDUKATOPOB, HO U B
KayecTBe ceTKooOpa3oBareieil. bosblas crerneHb CBI3HO-
CTU KPEMHEKHMCIIOPOAHBIX TETPA3APOB B CTPYKTYpeE IILIaKa
10 CPaBHEHUIO C TAKOBBIMU B CTPYKTYpE TOPTIAHIIIEMEHT-
HOTO KJIMHKEpa OOBSICHSETCS TIOHMXKEHHBIM CONEp>KaHUEeM
B HeM MOHOB Ca’", crocoGCTBYIOLIMX JeNoIMMepU3auu
CTPYKTYp®HI [4, 5].

B cTpyKType 11I1aKoB Ipeo61agaloT MOHHO-KOBAJICHTHbBIE
cBs3U —Si—O—Si— 1 HeKoTOpoe KoMnuecTBo cBsizeit O—M*
C BBICOKOH moJieif MOHHOCTU. B cTpyKType K¢ BBICOKO-
OCHOBHBIX KJIMHKepHBIX MUHepanoB C;S u C,S cBa3u no
npeobagaioiieMy xapakrepy uoHHble: —Si—0—Ca—0O—
Ca—0-Si—, —Si—0—Ca—0-—Si—. B Takux cuctemax oTcyT-
CTBYIOT MOCTUKOBBIE KUCIOPOIbI Y COOTBETCTBEHHO CBSI3U
—Si—0—Si—. Ilpu rugparaimu pacTBOpeHUs] KpeMHe3ema
He HabJIonaeTcsl, BO3MOXEH TONBKO Bbixox SiO, U3 perer-
KM MUHepaJa IIpu pa3pbiBe cBsizeit Ca—O.

Honnas cBsa3p Ca—O paspbiBaeTcs 3a CUeT IIPOTOHMU3A-
LIMM OKCUIHOTO MoHa B cBsi3u Si—O—Ca, nmepepacnpenesne-
HUSI B HEll 3JIEKTPOHHOI TIOTHOCTU TaKUM OOpPa3oM, 4TO
sHeprus cBsi3u Si—O yBenuuuBaercs, a cBsizu Ca—O yMeHb-
maetcs. B pesynbrare monsipusytomiero BiusiHuss OH™ mpo-
ucxoaut paspsiB cBsi3u Ca—O.

B nurakax mist o6pa3zoBaHusl TUAPOCUIMKATOB HEOOXO-
NMUMO DPa3pylIuTh Oosiee MPOYHbIE CUJIOKCAHOBBIE CBS3U
Si—O—Si 1 MoHHO-KOBaJeHTHbIE —Si—O0—M*,

Xopolllo HM3BECTHA KjacTepHasi CTPYKTypa BOJIbI.
Hanoxnactepbl Bombl 061agaloT OOJBIIMM 3aItacoM BHep-
MU, OHM aTaKylOT aKTUBHBIC IIEHTPHI Ha TTOBEPXHOCTH Ya-
CTHUII IIJTAKOBOTO CTEeKJIa M OTAAIOT MM YaCTh CBOEI SHEPTUH,
BCJIEICTBYE Yero KojebaHusi aTOMOB YCUJIMBAIOTCSI U TTPO-
HCXOANT Pa3pblB XUMUYECKUX CBsI3eil KaTHMOHOB CTEKJIO-
obpasoBareeil ¢ aToMaMu Kuciiopoaa [6]. OgHako moJsp-

(N POVIEIIBHBIE

The mechanism and kinetics of hydrate formation in
slag-alkaline cementitious systems are determined by the
chemical composition and structure of the slag on the one
hand, and the activator nature on the other hand. At each
hardening stage of artificial stone role of activator is ambigu-
ous and determined by its material composition and quanti-
tative content.

In this paper activating effect of KOH and NaOH solu-
tions in the initial period of hydration of granulated blast
furnace slag was considered. Granulated blast furnace slag
with the following features was used: lime factor 0,91, Al,O5/
Si0,=0,4, quality coefficient = 1,68. The chemical composi-
tion of the slag is shown in Table.

Slag grinding was carried out in a centrifugal impact mill
to the specific surface area of 470 m?/kg.

As you know, in their chemical composition granulated
blast furnace slag is close to Portland cement clinker, but
there are significant differences in their structure and compo-
nents ratio. Structure of slag is primarily glassy and represents
almost a continuous network of silicon-oxygen tetrahedrons
with inclusions of different elements: Ca, Mg, Al, S, Mn. The
oxide of Al and Mg can act not only as a modifiers, but also
as network-forming oxides. A large degree of connectivity of
silicon tetrahedrons in the structure of slag, as compared with
those of Portland cement clinker structure, is explained by
reduced content of ions Ca?*, promoting depolymerization
of structure [4, 5].

In the structure of slag ion-covalent bonds —Si—O—Si—
and some O—M™* bonds with a high degree of ionicity. In the
structure of the highly basic clinker minerals such C;S and
C,S the bonds have predominantly ionic character: —Si—O—
Ca—0—-Ca—0-Si—, —Si—0—Ca—0-—Si—. In such systems,
bridging oxygen’s are absent and respectively bonds —Si—O—
Si— are absent too. During the hydration silica dissolution is
not observed, only emission of SiO, is possible when bonds
Ca—O0 are broken.

Ionic Ca—O bond is broken due to the protonation of an
oxide ion in Si—O—Ca bond, redistribution of electron den-
sity in it so that the binding energy of Si—O increases, and the
binding energy of Ca—O decreases. In response to the polar-
izing influence of OH" the break of the Ca—O occurs.

In the slag for the formation of hydrosilicates it is neces-
sary to destroy strong siloxane bonds Si—O—Si and ion-cova-
lent —Si—O—M™.

Well-known cluster structure of water. Water nanoclus-
ters have a large amount of energy, they attack the active sites
on the slag glass surface and give them some of their energy,
so that vibrations of the atoms amplify and break of chemical
bonds between glass-forming cations and oxygen atoms oc-
cur [6]. However, the polarity of water molecules in this case
is insufficient to break said bonds.

Therefore, the mechanism of dissolution of the slag is
somewhat different from that of the clinker minerals. Decisive
role in the process of destruction is played by OH™ anions.
The hydroxyl groups of the activator have great polarizing
effect, they form a donor-acceptor bond with glass-forming
atoms — Si*",AI’*, Mg?* and break their links with the oxy-
gen of the scheme:

°r
=Si—0-Si=+OH - -[=Si—0—Si=]- -Si—OH'+ Si—O,

Bonds Si—O—Si are broke due to complexation with OH-
ions and increasing coordination number Si** to 5—6 at a
higher pH [7].

In turn, the alkali metal cations inhibit the reverse silox-
ane bond formation reaction and contribute to the removal of
the reaction products in a solid phase [8]:

=Si—-O"+Na"- -=+4+Si—0O—Na.

HAayuHO-MeXHU4ecKuil U NPOU3800CMBEeHHbILL HCYPHAN
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HOCTHU MOJIEKYJI BOJIbI B 3TOM CJIydae HEOCTaTOYHO IS pas3-
pbiBa YKA3aHHBIX CBI3EH.

CrenoBatebHO, MEXaHU3M PAacTBOPEHHUS IIIaka He-
CKOJIBKO OTJIMYAeTCsl OT TAKOBOTO JUTSI KIMHKEPHBIX MUHE-
panoB. Omnpenessiiollylo pojib B IMpolecce AeCTPYKUIUU
3nech urpailoT aHnoHbl OH™. TMApOKCUIBHBIE TPYIITHI
akTUBaTtopa o0JIamaloT OOJBIIMM IOJSIPU3YIOIIUM OCii-
CTBHUEM, 00pa3yloT JOHOPHO-aKIIENTOPHYIO CBSI3b C aTOMa-
MM cTekoo6pasoBareneit Sit", AT, Mg?" u paspeIBatot ux
CBSI3U C KUCJIOPO/IOM 10 CXEMe:

°r
=Si—0-Si=+OH - -[=Si—0—Si=]- -Si—OH'+ Si—O",

Css3u Si—O—Si pByTCS B pe3yabTaTe KOMILIEKCOo0pa-
3oBaHusa ¢ OH™ MoHaMM 1 MTOBBILIEHUST KOOPAUHALIMOHHOTO
yucia Si 10 5—6 nipu 6osee BbicokoMm 3HayeHun pH [7].

B cBolo ovepenb, KaTMOHBI IIETOYHBIX METAJUIOB TIpe-
MSITCTBYIOT IIPOTEKAHUIO OOpaTHOM peaklnyd oOpa30BaHMUS
CUJIOKCAHOBOM CBSI3U U CITOCOOCTBYIOT BBIBOIY ITPOAYKTOB
peakiuuu B TBepayio ¢asy [8]:

=Si—0O +Na'--=+Si—0—Na.

TakuM 06pa3oM, I MOBBITIIEHUS TUAPABITNICCKON aK-
TUBHOCTH 1IJIaKa HEOOXOIMMO BBEIEHHE JOTTOTHUTEILHOTO
koiunuectBa OH™, cmocoOCTBYIOIIMX AUCHIEPraly TBEpAOK
da3zml.

OIHUMU U3 TPAOIULIMOHHBIX aKTMBU3aTOPOB B CiIydyae
LB sBasitorest pactBopsl KOH 1 NaOH. bosbiiast yactb
HCCeMOBAaHMIT HallpaBjieHa Ha BBHISIBJICHUE ONMTUMAaTbHOMN
pH cpenpr 3atBOpeHus [9, 10]. TIpu onuHaKOBOI KOHLIEH-
tpauuu noHoB K™ u Na™ B pactBope ero pH u uoHHas cuia
HMMEIOT OJMHAKOBOE 3HAUCHUE.

OmHaKO 3TH MOHBI MO-Pa3HOMY BIIUSIIOT Ha CTPYKTYPY
BOJIBI M COOTBETCTBEHHO €€ peaKIMOHHbIE CBOWCTBA.
CornacHo [11] Bce xxunkodasHbie peaklinu CleayeT TpaK-
TOBaTh KaK peaklMd B HaHOpeaKTopax. boiee Toro, cama
XUMUYecKas peakiys ¢ yJdacTMeM BOJbI MJIM BOIHBIX pac-
TBOPOB MOXET CTUMYJMPOBATb OPraHU3allMl0 MOJIEKYJT B
HaopeakTopbl. B cuibHOIIIEI0UHOI cpelie KpeMHUeBast KKc-
JIOTa CYIIeCTBYeT B BUAEC aKBaruapoOKCUOHOB THIIA
[H,0-Si(OH);], [Si(OH)s], [Si(OH)G]z‘. DTO CYIIECTBEHHO
MOBHIIIAET CKOPOCTh 00pa30BaHUS TUAPATHHIX (a3.

Bo-nepBbIX, JaHHBIE MOHBI UMEIOT Pa3HbIe YKMCJIA COJIb-
BaTalluu, 4YTO CBSI3aHO ¢ pa3inyueM ux paanycos. [1o naH-
HeiM [12], st Na* unciio MosieKys Bofsl B IepBoii ruapar-
HOi1 o6ostouke cocTasser 6, 111 KT — 8. Yucio conbBara-
muu anmona OH", mo manusM [13], paBHo 3. Takum obpa-
30M, CYILECTBYET TaKasl KOHIIEHTpAIIMSI MOHOB, TIPU KOTO-
pOIi CTPYKTYpa 3JEKTPOJIUTA OYIET COCTOSITh TOJIBKO U3 OfI-
HOCJIOMHO TUAPATUPOBAHHBIX KATUOHOB M aHUOHOB, HEIO-
CpPEICTBEHHO COMPUKACAIOMIUXCSA CBOMMHU TUAPATHBIMU
000J10YKaMK. DTU XapaKTepHble KOHIIEHTPAllUU ObLTN Ha-
3panbl K.I1. Mumenko n A.M. CyXOoTMHBIM TpaHUIIAMA
nonHo#t ruapartamuu (I'TIT) [14]. T'TI cayxuTt nepexon-
HOI TOYKOI OT pa30aBIeHHBIX pACTBOPOB K HACBIIIIEHHBIM.
IIpu yBesMueHMM KOHLIEHTPALUU JIEKTPOIMTA BbILLE JaH-
HOI KOHLIEHTpAILIMK CTPYKTYPY pacTBOpa yxke paccMaTpu-
BalOT KaK CTPYKTYPY KPUCTAJUIOTUApATa, BUIOU3MEHSIE-
MYI0 HUTMYUEeM U30BITOYHBIX MOJIEKYJT BOIbI. Takum o6pa-
30M, YBeJIMYEeHUE KOHIIEHTPAllMM pacTBOpa aKTHBU3aTopa
BBIIIE KOHIEHTpauuu, cooTBeTcTBylomeid I'TIIT, Heuene-
coobpa3Ho.

Hcxonst u3 BIIEU3TIOXKEHHOTO OB PACCUUTAHbBI KOH-
HeHTpauu pactBopoB 3iekTpointoB NaOH u KOH, coot-
BerctBytomue ['TIT. Hns pactBopa NaOH Takasi KoH1ieH-
Tpauusi coctanisier 3,94M, nnsg KOH — 4,94M.

Ha puc. 1 npuBeneHa 3aBUCUMOCTb IIPOYHOCTU 00Opa3-
noB I K oT KoHLIeHTpaluy pacTBOpa aKTUBMU3aTOpa.

IIpuBeneHHbIE JaHHbIE YKa3bIBAIOT Ha TO, YTO MPH yBe-
JIMYEHUM KOHIIEHTPALIMM aKTUBU3aTOpa B PacTBOpE BEIIIIE

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Thus, to increase the hydraulic activity of slag is necessary
to introduce an additional quantity of OH™ promoting disper-
sion of the solid phase.

One of the traditional activator in case AAS is water solu-
tion of KOH and NaOH. Much of the research is aimed at
identifying the optimum pH of the medium mixing [9, 10]. At
equal concentrations of K* and Na* in solution its pH and
ionic strength have the same value.

However, these ions have different effects on the struc-
ture of water and, accordingly, its reactive properties.
According to [11] all liquid-phase reactions should be inter-
preted as a reaction in nanoreactors. Moreover, the chemi-
cal reaction with water or water solution can stimulate orga-
nization of the molecules in naoreactors. In a strongly alka-
line environment, silicic acid exists as a type hydrated ions
such as [(H,0-Si(OH)s], [Si(OH)s]", [Si(OH)]*. This sig-
nificantly increases the speed of formation of hydrated
phases.

Firstly, these ions have different solvation number that is
associated with the difference between their radii. According
to [12] the number of water molecules in the first hydration
shell of Na* is equal to 6 is, for K™ it is 8. The solvation num-
ber of OH™ anion according to [13] is equal to 3. Thus, there
is a concentration of the ions wherein electrolyte structure
consist of monolayer-hydrated cations and anions which are
in direct contact with each other. These distinctive concen-
trations were called complete-solvation limit [14]. Complete-
solvation limit is transition point from dilute solutions to
saturated solutions. When the concentration of the electro-
lyte is above complete-solvation limit solution structure can
be considered as crystalline structure modifed by excess water
molecules. Thus, increasing of activisator solution concen-
tration concentration above complete-solvation limit is not
advisable.

Based on the foregoing, concentration of NaOH and
KOH corresponding complete-solvation limit solution were
calculated. For NaOH solution such a concentration is equal
to 3,94M for KOH — 4,94M.

Fig. 1 shows the strength of the AAS samples as a function
of activator type and solution concentration.

These data indicate that increasing of activator solution
concentration above the corresponding complete-solvation
limit is lead to considerable strength reduction of AAS stone.
The optimum concentration for sodium activator is 2,5 mol/l,
for the potassium activator is — 1,76 mol/l. Moreover,
strength of the patterns based on the solution with optimum
concentration of KOH is 27% higher than patterns based on
the NaOH solution.

This difference may be cause by different effects of K*
and Na™ on the structure of water. Sodium ion has a strong
orienting influence on the molecules of water, i. e. it has a
positive hydration. Potassium has a minimal effect on the first
sphere of water molecules as compared with sodium, which is
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Puc. 1. MNpoYHOCTb LUNAKOLLENOYHOrO KaMHsl B 3aBUCMMOCTU OT BMAa u
KonunyecTea aktuemaatopa: 7 — NaOH; 2 - KOH

Fig. 1. Compressive strength of the AAS samples as a function of activator
type and solution concentration: 7 — NaOH; 2 — KOH
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I'PaHMIIBLI TIOJTHOM TUAPATAIIMY IIPOYHOCTD IITAKOIIEIOUHO-
IO KaMH$I 3HAUUTEIbHO YMEHbIIIAETCSI.

OnTuMaabHas KOHLUEHTpalus 1Sl HATPUEeBOTO aKTUBH-
3aTopa COCTaBjsieT 2,5 MOJb/1, [Js1 KaJueBOro —
1,76 monb/n. [TpndyeM IpOYHOCTH 0Opa3IIOB HAa OCHOBE pac-
tBopa KOH mpy onTtumanibpHOM KOHIIeHTpauuu Ha 27%
BBIIIIE, YeM Ha ocHOBe pacTtBopa NaOH.

Takoe paznnure MOXeT ObITh BBI3BAHO Pa3IUYHbBIM B~
auueM K* u Na* Ha ctpykTypy Bonsl. MoH HaTpus obnaga-
€T CWIbHBIM OPUEHTUPYIOIIUM JEHCTBUEM Ha MOJEKYJIbI
BOJIbI, T. €. 00JIaaeT MOJIOXUTEIbHOI TuapaTauueit. Kanuit
OKa3bIBaeT MEHbIIIee OPUEHTHUPYIOIee NeiCTBUE Ha MOJIe-
KYJIBI BOZBI TIEPBOI Chephl IO CPAaBHEHMIO C HATPHUEM, YTO
00YCJIOBJIEHO yIalleHHeM BOAbI OT KaTMoHa. boJiblioil noH
K" BbI3bIBaeT yBeIMYEHHUE MTOABHKHOCTH MOJIEKYJT BOABI IO
CPaBHEHMUIO C YMCTOM BOMOM. DTO SIBJIECHME HA3bIBAE€TCS OT-
punaTenbHO# ruaparauueit. B atom ciyyae KOH no ompe-
JIeJICHHON KOHIICHTPALIMU UTPaeT IO OTHOIIEHMIO K «CBO-
0omHOI» BOAE KaK ObI pOJIb IOBBIIIEHHON TeMIIEpaTyphl,
«IIpeapaspyliiasi» ee CTPYKTypy.

KuHeTnka Habopa MPOYHOCTH BSIKYIIETO MpeacTaBIeHa
Ha puC. 2, OTKY/a CJIEyeT, UTO B TEYEHUE MEePBBIX 7 CYT CKO-
pocTh Habopa MPOYHOCTH OOPa3IIOB Ha KAJIMEBOM aKTHUBU-
3aTope 3HAYMTENbHO BhIlIE, YeM Ha HaTpueBOM. BeposiTHO,
5TO BBI3BAHO 00Jiee BBICOKON TMOIBMKHOCTBIO MOJIEKYJT
Boabl B pactBope KOH 1 cOOTBETCTBEHHO CKOPOCTHIO ITepe-
MemieHuss noHos K¥ u OH’, urpamomux onpeiensionyio
pOJIb Ha paHHUX 3Tallax ruapartaluu [8], rue uCKIoYnuTeIb-
HO BaXKHO€ 3HaY€HKEe UMeeT 00pa30BaHUe HAHOAUCTIEPCHOM
cucteMbl. IMEHHO Ha 3TOM 3Talle THApaTallii 00pa3yroTCst
YacTMIBl HAaAMOJIEKYJSIPHOTO YPOBHSI JTHMCIIEPCHOCTHU
(1—5 HM), cocTosILIME HE MEHEe YeM 13 TPeX dJIEMEHTapHbIX
s;yeek M obnamaiolye CBoWcTBaMM ha3bl, KOTOpbIE BIO-
CJIEICTBUY TIPEBPAIIAIOTCSI B MAKPOCTPYKTYPHBIC.

Jns monyyeHus: BBICOKOIPOYHOTO IUIAKOIIEJIOYHOTO
KaMHsI HEOOXOAMMO, YTOObI B HaYaJIbHOW CTaJuW B3aMO-
NIEMCTBUSI ¢ MIOHAMU KaJIbLIMSI KPEMHHUEBasl KUCI0Ta Haxo-
JIWJIach B AMCCOLIMMPOBAHHOM COCTOSIHUM, a TTOJIMMEpU3a-
LIMS1 KPEMHEKMCJIOPOAHBIX aHUOHOB MIPOMCXOANIIA MTO3THEE
— B NepuojA OObEOIUHEHUS 3apOAbIIIell THIPOCUIUKATOB
kaneuus. [Tocnemytomiast Hu3KoTeMreparypHas oJuMepu-
3aums B cucteme MeO—(Al—-Si)O, npuBoouT K obpa3zoBa-
HUIO IIEOJUTOBBIX (a3 ¢ HAHOPA3MEPHON BEIUUYMHON KpPH-
CTAJJTUTOB, @ HaHOpa3MepHblEe YACTUIIbI TMAPOCUIMKATOB
KaJIbLIMST UTPAIOT POJIb IEHTPOB KpUCTAJUIM3aLUH [ 3].

Bojiee BbIcOKasi KOHEYHasi TPOYHOCTh 00pa31oB, 3aTBO-
peHHbix pactBopoM KOH, ckopee Bcero siBisieTcst ciiefi-
CTBUEM CTPYKTYPHBIX Pa3u4vii B 3aTBepICBIIEM KaMHE.
Kaxnprii n3 menoynsix KatnoHOB (Na, K) 1erko pacrBopsi-
€TCsl B BOoJie M 0e3 TpyJda BHeIpsieTCsl B TPOJAYKTHI IMapara-
uu 1aka. [Ipu aToM u3MeHsieTcst MopdoJIOTHs TeJist TUI-
pocunrkara Kanblus (C—S—H) ¢ 6ecriopsinouHoii Ha 1ia-
cruHYaryto. [lracTuHYaThie MPOAYKTHI IMApATALIN OJIOKH-
PYIOT KalnwuISIpHbIE MOPbI TTPY 3HAYUTETbHO O0Jiee HU3KOMH
CTETICHU TUIpaTalvi, YeM 3TO HabJogaeTcs Uil TMPOAyK-
TOB T'MApaTallly IpU 0€CIIOPSI0YHOI MOP(HOJIOTUU, UYTO CO-
MPOBOXIAETCSI POCTOM MPOYHOCTU. [1py 3TOM MPOAYKT TH-
JpaTallii C MEHbIIUM MOJISIPHBIM OOBEMOM MOXET O0Y-
CJIOBJIMBAaTh MEHBIIYIO MPOYHOCTb, YTO HAOJIOMAETCS JUIS
CHUCTeM, TIOJIyUeHHBIX ¢ ucroib3oBaHueM NaOH [15].

Ha ocHoBaHMM M3JI0XXEHHOTO MOXHO 3aKJIIOUYMTh, YTO
omnpenesioniee 3HaYeHUE JIsT IeCTPYKIIUH aJTIOMOCUINKAT-
HOW CTPYKTYPHI 1IlJIJaKa UMEeT pa3pblB KOBAJIEHTHBIX CBSI3ei
—Si—0—-Si—, —Si—0—Al—, —Al-O—Al- 3a c4eT KOMIUIEK-
coobpazoBanus ¢ OH™. CTpyKTypHbIe pa3jInuus XXUIKOCTH
3aTBOpeHMs, BhI3BaHHBIe MoHamMu K™ u Na®, sausior Ha
CKOPOCTb BBIBOJIA TTPOJAYKTOB AECTPYKIIUN M3 PEaKIIMU U CO-
OTBETCTBEHHO Ha KMHETHMKY IMapaTaiuu nuiaka. [Ipyu atom
HCMOJIb30BaHWE KaJIMEBbIX aKTUBU3AaTOPOB IMO3BOJISIET IMO-
BBICUTh KaK CKOPOCTh Ha0Opa, TaK U KOHEYHYIO ITPOYHOCTh
LUTAKOUIEJIOYHOTO KaMHSI.
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Fig. 2. Kinetics of curing the binder hardening in normal humidity conditions:
1 - NaOH; 2 - KOH

caused by the removal of water from the cation. Big K* ion
causes an increase in the mobility of water molecules in com-
parison to pure water. This phenomenon is called negative
hydration. In this case, relative to «free» water , KOH until
defined concentration plays role of elevated temperature and
prefractures its structure.

Kinetics of curing the binder is shown in Fig. 2. It can
be seen that during the first 7 days strength development
rate of the samples on potassium activator is significantly
higher than on the sodium activator. Probably this is cause
the higher mobility of water molecules in a solution of
KOH and thus, the speed of movement of ions K* and
OH’, which play a crucial role in the early stages of hydra-
tion [8], when formation of nanosystem is very important.
At this stage the particles of supramolecular hydration
level of dispersion (1—5 nm) consisting of at least three
unit cells and having the properties of the phase are
formed. These particles will be convert subsequently in
macrostructural.

For obtaining of high-strength AAS stone it is necessary
to being of'silicic acid in a dissociated state during initial stage
of'its interaction with calcium, and polymerization of silicon-
oxygen anions occurs later during the association of hydro-
silicates calcium nucleus. Follow low-temperature polymer-
ization in system MeO—(Al—Si)O, leads to the formation of
zeolite phase with nanoscale size of the crystallites, and na-
no-sized particles of calcium hydrosilicates play the role of
nucleation [3].

Higher final strength of the patterns on a base of KOH
solution is likely a consequence of the structural differences
in the hardened stone. Each of the alkaline cations (Na, K) is
readily-soluble in water and easily introduced into the slag
hydration products. With that morphology of calcium silicate
gel (CSH) is change from disordered to laminar. Laminar
hydration products block the capillary pores at a substantially
lower degree of hydration than that observed if structure is
disordered. It contributes to strength increasing. At that hy-
dration products with a smaller molar volume can be respon-
sible for smaller strength that is observed for the systems ob-
tained using NaOH [15].

Based on the above facts it can be concluded that break-
ing covalent bonds —Si—O—Si—, —Si—O—Al—, —Al-O—Al—
by complexing with OH" is crucial for destruction of the alu-
minosilicate slag structure. Structural differences of mixing
luquid caused by ions K* and Na* affect the output speed of
the destruction products of the reaction and kinetics of slag
hydration. The use of potassium as an activator increases the
rate of set and final strength AAS stone.
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O6opynoBanme Komnanuu «Bcenyr» ycnewHo paéoraet npu npoussopctee GGG 'K KHAYD

B 2014 r. Ha 3aBoge «KHAY® runc Kanyaraii» (KasaxcTtaH)
npoBoaunach MoaepHU3aums NPOU3BOACTBEHHOW FMHUWM MO
BbIMYCKY CYXMX CTPOUTENbHLIX CMECeM Ha OCHOBE rumnca.
OCHOBHbIM NOCTaBLUMKOM 060pyAoBaHMs 6bina BeibpaHa poc-
cuiickaa MaluMHoCTpouTesibHas koMmnanus «Bcenyr». Ha 3a-
Boge 'K KHAY® B r. Kanyaran yctaHOBEH KOMMSIEKC 060-
PyOOBaHMWS, KOTOPbIN MO3BOMUI YBENNYUTL NMPOU3BOLACTBEH-
HY0 MOLLHOCTb NpegnpusaTus ¢ 15 go 20 1/4 runcosbix CCC.
CmeluvBaHMe KOMMOHEHTOB MPOM3BOAUTCA B CMecuTene
TopHano KK 300 o6bemom 3 M2, MonyasToMaTnieckas InHUS

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

YMaKOBKM CMeCel 3aMeHeHa Ha NMoSTHOCTLI0 aBTOMaTUHECKYHO
C 3anavBaHWEM KJanaHoB MeLLKOB. Takxe yCTaHOBMeHa aB-
TOMaTn4eckas NMHUSA KoMnaHum «Bcenyr» gna yknagku npo-
OYKUMM B MeLLKax Ha NOOAOHbI.

my6okas MmoaepHM3aLmMs Takxke 3aTpOoHyna CaHUTapHO-
rMrMeHNYeckKne BOMPOCHI: Ha 3aBOAE 3aMeHeHa cucTema
obecnbiMBaHus, KoTopas no3sonset 6onee 3(pHeKTUBHO
ynaenvBatb BbicokoancnepcHble Yactuubl CCC n3 Bo3gyxa.

lo marepnanam MK «Bcenyr»
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WccneposaHue yecTOWYUBOCTH BOHOW CYCNEH3UM
oKcupaa rpagpeHa

OfHUM 13 HOBbIX NPUEMOB PEryNMpOBaHUs CBOMCTB BETOHHLIX CMECE 1 6eTOHOB ABNAETCA YNpaBneHne CTPYKTypoo6pa3oBaHMeM LLEMEHTHOMO 6eTOHa
Ha HaHOYpPOBHe. [1ns TOro YT06bl PaCcKpPbITb NPUPOAY YNPABNEHMS CTPYKTYPOIi LLIEMEHTHO MaTPULbl HA HAHOYPOBHE C LIeNIbH0 NOMY4YeHNUs KOMNO3UTOB
HOBOrO MOKOMEHUS, HEOOXOAMMO 06beUHUTb YCUNS CELMANNCTOB PadHblX NPodeccuit. VIMEHHO No3TOMy, y4uTbiBas, 4TO B nabopatopuu
«[pacheHoBble HaHOTexHONOrum» CBDY nony4eH okcup rpadpeHa, B HacTosLeli paboTe 6bina NOCTaBeHa 3a4aqa yCTaHOBUTb NEPCNEKTUBHOCTb
npoBeJeHNs UCCNEA0BAHNIA N0 MOAUCMKALMM LLEEMEHTHON MaTpuLbl OKCUAOM rpadheHa. B cTaTbe nokasaHa nepcnekTMBHOCTb NPUMEHEHNS oKcnaa
rpagheHa B Ka4ecTse MoandnKaTopa LEeMEHTHON MaTpuLibl. MpuUBeAEHbI pe3ynbTaTbl MI3MEPEHUS Pa3MePOB HAHOMMCTOB OKCUAA rpadieHa, a Takxe
pesynbTaTthl OLEHKM YCTORYMBOCTI BOAHOM CyCNeH3nn oKcuaa rpadeHa.

KntoueBble €noBa: HaHOMOANMUKATOP, BLICOKOMPOYHbIA GETOH, LLEMEHT, KOMMO3WULMOHHOE BXYLLEe, MaTpuLLa, OKCUE rpadheHa.

G.D. FEDOROVA, Candidate of Sciences (Engineering) (fedorovagd@mail.ru),
G.N. ALEXANDROQOV, Undergraduate, S.A. SMAGULOVA, Candidate of Sciences (Physics and Mathematics)
North-Eastern Federal University in Yakutsk (58, Belinskogo Street, Yakutsk, 677000, Russian Federation)

Research of Stability of Water Suspension of Graphene Oxide

One of new regulation techniques of concrete mixes and concretes behaviors management of structurization of cement concrete on a nanolevel. To open the nature of structure manage-
ment of cement matrix on a nanolevel for the purpose of receiving composites of new generation, it is necessary to combine efforts of different professions experts. For this reason,
considering that in «Graphene Nanotechnologies» laboratory of North-Eastern Federal University graphene oxide is received, in this work the task was to establish prospects of carrying
out researches on modification of cement matrix by graphene oxide. Prospects of graphene oxide use as modifier of a cement matrix are shown in the article. Results of sizes measure-

ment of graphene oxide nanosheets and also results of assessment of stability of water suspension of graphene oxide are given.

Keywords: cement, matrix, nanomodifier, graphene oxide, size, water suspension, optical density, colloidal stability.

CoBpeMeHHBI YPOBEeHb HayKW M TEXHUKHW BHEC 3HAUYM-
TeJIbHbIE U3BMEHEHUS B 00JIACTU TEXHOJIOTUM OETOHOB 3a TI0-
clegHUe AecsATb—IMATHAALATh JeT. [IpakTuyeckue AOCTH-
JKEHMSI TIOCJIeIHUX JIET B JaHHOM 00J1aCTH MOKa3bIBaIOT, UTO
OETOH MO TpaBy OCTaeTcsl HamboJiee IUPOKO MPUMEHSsIE-
MBIM CTPOUTEIbHBIM MaTepuaioMm B XXI B. A moTpeOHOCTb
IIeMeHTa Ha JyIly HaceJIeHH, TI0 TIPOTHO3HBIM JaHHBIM, B
Poccun moBbicutcest Ha 55% k 2025 T. [0 OTHOILIEHHUIO K
2010 . [1].

OmHYM M3 TJIaBHBIX HaNlpaBJeHUI pa3BUTUST OETOHHBIX
TEXHOJIOTUI sIBJIsIETCSl pa3paboTKa M BHEIPEHUE CaMo-
VIUTOTHSIIOIIUXCS, BEICOKOMPOYHBIX U CBEPXITPOYHBIX Oe-
ToHOB. B Poccun peanuzoBanbl 6eToHbI Kitacca B40—B90
13 BBICOKOIIOABIKHBIX M JINTHIX OETOHHBIX cMeceid [2—4].
DTO CcTajJo BO3MOXHO 3a CUET MCIOJb30BAaHUS BHICOKO-
MPOYHBIX IIEMEHTOB W 3aNOJHUTENeH, BSKYIIMX HU3KOM
BOJOMOTPEOHOCTU, XMMHUUYECKU AaAKTUBHOTO TOHKOAU-
CMEPCHOTO MUKPOKPEMHEe3eMa C yIeTbHOMN MTOBEPXHOCTHIO
10 20 M?/T, MUKPOBOJIOKOH, 3((hEKTUBHBIX CYIIepILIacTU-
(GUKATOPOB U TUMEPCYIIePILIACTU(UKATOPOB, CIIOCOOCTBY-
IOIIMX TIPUTOTOBJIEHUIO BBICOKOIMOABUXKHBIX, JUTHIX Oe-
TOHHBIX CMeceli ¢ MUHMMAaJIbHO BO3MOXHOU BEJIMYMHOM
B/Ll B coueraHuu C THIATEJIbHBIM IepeMelllMBaHUEM U
yIJIoTHeHeM 6eToHHo# cMecu. [Toabop cocrtaBa BBICOKO-
MPOYHBIX OETOHOB 3HAYUTEIHLHO OTJIIMYAETCS OT Moadopa
cocTaBa TpaIMIIMOHHOTO OeToHa. B mepBylo ouyepenb 3TO
CBSI3aHO ¢ MHOTO(AKTOPHOCTBIO TEXHOJIOTMYECKUX OCHOB
MoJy4yeHusl 6€ToOHA, KOTOPbIe T1OCTATOYHO MOAPOOHO pac-
CMOTpEHEHI B pabore [3].

Jlo HemaBHero BpeMeHU B Poccuu OeTOH CUMTaM BBI-
COKOIIPOYHBIM, €CJIM TMPOYHOCTb Ha CXaTue TSIXKeIoTo
OeToHa TpeBbIlIaNia aKTUBHOCTb MPUMEHSIEMOTO 1IEeMEHTA.
C 1 wiona 2013 r. B HoBoit penakuuu ['OCT 25192—-2012
«beronnl. Knaccugukanust u odie TeXHu4eckue Tpedo-
BaHUsI» BBelleHa HOBasl Kilaccudukanysi 6eTOHOB MO MpoY-
HOCTH, COTJIACHO KOTOPOIi (11. 2.8 JaHHOTO CTaHAapTa) K BbI-

(N POVIEIIBHBIE

Modernlevel of science and equipment made considerable
changes in technology area of concrete for the last ten-fifteen
years. Practical achievements of the last years in the field
show that concrete by right remains the most widely applied
construction material in the XXI century. And the
requirement of cement per capita according to expected data
in Russia will increase by 55% by 2025 in relation to 2010 [1].

One of the main directions of concrete technologies
development is development and deployment of self-
condensed, high-strength and heavy-duty concrete. In Russia
class B40—B90 concrete from high-mobile and cast concrete
mixes [2—4] are realized. It became possible due to use of
high-strength cements and fillers, binding low water
requirement, chemically active fine microsilicon dioxide
with a specific surface to 20 m?/g, microfibres, effective
supersofteners and hyper supersofteners promoting
preparation of high-mobile, cast concrete mixes with
minimum possible size W/C in combination with careful
hashing and consolidation of concrete mix. Selection of
composition of high-strength concrete considerably differs
from selection of composition of traditional concrete. First of
all it is connected with a lot of factors of technological bases
of receiving concrete which are rather in detail considered in
work [5].

Until recently in Russia concrete was considered high-
strength if durability on compression of heavy concrete
exceeded activity of applied cement. Since July 1, 2013 in the
new edition GOST 25192—-2012 «Concretes. Classification
and general technical requirements» new classification of
concrete by durability is introduced according to which (item
2.8 of this standard) concrete with a class on durability on
compression of B55 (more than 70,4 MPa) and more belong
to high-strength concrete. In update standard GOST 26633—
2012 «Heavy-weight and sand concretes. Specifications» (it
is introduced since 01.01.2014) concrete class on durability
on compression at design age is raised from B80 to B100.
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COKOITPOYHBIM OETOHAM OTHOCSTCSI OETOHBI C KJIACCOM T10
MpoyHocTH Ha cxatue B55 (>70,4 MIla) u 6osee. B akrya-
ymsupoBaHHoM ctangapte 'OCT 26633—2012 «beToHbl T-
JKEJIbIe Y MEJIKO3epHUCThIe. TeXHUUecKue ycaoBus» (BBe-
neH ¢ 01.01.2014 r.) kiracc 6eToHa Mo MPOYHOCTU Ha CXKaTHe
B IMPOEKTHOM Bo3pacTe rnosbiiieH oT B8O no B100.

BaxxHbIM HampaBiaeHHUEeM Pa3BUTHUS OCTOHHOI TEXHO-
JIOTUM TaKXe SBJISETCS Mepexoll OT MPUMEeHEHHs B Kaue-
CTBE BSIKYIIIETO 1IeMEHTOB Ha OCHOBE MOPTJIaHAIIEMEHT-
HOTO KJIMHKepa K NMPUMEHEHUI0 KOMITO3UIIMOHHBIX BSI-
KYIIIUX.

Takum o0Opa3oMm, aKTyaJbHOCTh pa3pabOTKM OETOHOB
HOBOTO TTOKOJIEHUSI TpeOyeT HOBOTO IMOAXO0JAa K PEIICHUIO
MaHHOU MpobyieMbl. ONTUMU3ALMS COCTABOB JI0JIKHA OCY-
IIECTBISITHCSI HE TOJBKO Ha MaKpO- U MUKPOYPOBHSIX, HO U
Ha HAaHOYPOBHE, IPYTMMM CJIOBaMU, HEOOXOIAMMO YIIpaB-
JISITh CTPYKTYpOOOpa30BaHUEM IIEMEHTHOW MaTpUIIbI B 3a-
JTaHHOM HarpaBJieHu1. HecoMHEHHBIN MHTEpEC MPU 3TOM
TIpeACTaBIIsIeT MPUMEHEHUE YIJIEPOIHBIX HAHOYACTHII, Ha-
HOTPYOOK M HAHOBOJIOKOH, KOTOPBIE, KaK CUMTAIOT UCCIIe-
JIOBaTeJIM, MOTYT JaTh COBEPIIIEHHO HOBbIE BO3MOXHOCTH
B MOBBILIEHUU MPOYHOCTHBIX XapaKTePUCTUK, TOJTOBEY-
HOCTM M CHUXEHMU aedOpMallMOHHBIX CBOWCTB U T. II.
MHeHue uccienoBarelsieit 0 MUKpoapMupytoieMm 3¢ dekTe
VIJIEPOIHBIX HAHOTPYOOK €IMHO, a MOBBIIIEHUE TTPOYHOCTH
3aBHUCHUT OT MHOTUX (pakTOpoB [6—14]. AHanu3 ommyoInKo-
BaHHBIX UCCJIEJOBAaHUI MOKa He AaeT YOenUTeIbHbIX TaH-
HbIX O 3HAYUTEJLHOM IMOBBIIIEHUU MPOYHOCTHBIX CBOMCTB,
32 UCKJIIOUYEHUEM DPOCTa MPOYHOCTU B paHHEM BO3pacTe.
[IpyunHOi 3TOTO, TMO-BUAMMOMY, SIBJISIETCS OTCYTCTBME
¢ dekTUBHOTO crocoba BBeAeHUS U paBHOMEPHOTO pac-
Mpee/IeHUsT YITIepOAHBIX HAHOTPYOOK B LIEMEHTHOM KaM-
He. OTKPBITHIM SIBJISIETCSI TAKXKE BOIIPOC O BIUSIHUU pa3Me-
POB YIJIEPOIHBIX HAHOTPYOOK Ha MOBBIIIIEHUE TPOYHOCTU U
JI03UPOBKY. MUKPOCKOMMYECKUMU UCCIIETOBAHUSIMU YCTa-
HOBJICHO, YTO MPU BBEIEHUU YIJIEPOAHBIX HAHOTPYOOK B
MaJIbIX ¥ CBEPXMAJIbIX KOHIICHTPAIUAX B IIEMEHTHBIC KOM-
MO3UTHl HAOJIIOMAIOTCSI HEKOTOPhIe M3MEHEHUS B (DOpPMU-
POBaHUU CTPYKTYpPbl LIEMEHTHOTO KaMHs: OoJjiee TJIOTHas
yIakoBKa HOBOOOpa3oBaHUii, Gojiee BbICOKAsl CTEMEHb
KPUCTALTMYHOCTH TMAPOCHIMKATOB Kajiblius. Bee aTo yka-
3bIBAET Ha MEPCIEKTUBHOCTD lieJIEHAIIPaBJICHHOTO BO3AEH -
CTBHUS C TIOMOIIBIO YTIEPOAHBIX HAHOYACTHUII Ha TTPOIIECCHI,
MpoTeKaInre B meproa hOopMUPOBAHUS CTPYKTYPHI lie-
MEHTHOM MaTpulibl, CBOMCTBA KOTOPOM MMEIOT OTPOMHOE
3HayeHue B (hOpMUPOBAHUU CTPYKTYPhI LIEMEHTHBIX pac-
TBOPOB U OETOHOB.

Hapsiny ¢ uccienoBaHUSIMM OJHOCJOWHBIX U MHOTO-
CJIOMHBIX YTJIEPOIHBIX HAHOTPYOOK B JIMTEPAType MMEIOTCS
CBeficHUs 00 McCIeIoBaHUSIX BIUSHUS OKcHaa TpadeHa Ha
TOBBIIIEHUE TPOYHOCTHBIX CBOMCTB LIEMEHTHBIX KOMITIO3H-
ToB [15—18].

ABTopHI [15] uccnenoBanu posib oKcuaa rpadeHa B 1o-
BBIIIEHUU MEXaHWYECKUX CBONCTB IIEMEHTHON KOMIO3U-
MU, DKCIIEPUMEHTHI TTPOBOAWIM Ha MEJIKO3EPHUCTOM Oe-
ToHe mpu cooTHomenuu II:I1=1:3; B/I1=0,5. B kauecTBe
cynepruiacTuduKaTopa HCIIOAb30BAIM MOJIMKApOOKCUIAT
(0,5% ot maccel ieMeHTa). Pacxonm okcuaa rpadeHa Bapbu-
posaiu ot 0,1 10 2% ot maccel iemMeHTa. [1pu ucmonb3oBa-
HUU OKcHa rpadeHa B Koiaudectse 1,5% oT Macchl lieMeH-
Ta JOCTUTHYTO MOBBILIEHUE MPEea MPOYHOCTU Ha PacTs-
KeHMe (BpeMeHHOe CONpPOTUBJICHUE pa3pbiBy) Ha 48% 10
CPaBHEHMIO C IIPOYHOCThIO oOpa3lia 0e3 okcuma rpacdeHa.
ITonyyeHHbIE TPU 3TOM Pe3yJIbTaThl TAKXKE CBUAETEIbCTBRY-
10T O MOBBIIIEHUU 00beMa TMAPOCUIMKATOB KaJblvs B 00-
pasiiax c cogepxxaHueM okcuaa rpadena. [To MHeHUIO aBTO-
poOB, okcua rpaeHa 6aronapsi BRICOKO 9HEPruy MOBEepX-
HOCTU B IIEMEHTHBIX (Da3ax JEUCTBYET KakK SIAPO, CIIOCO0-
CTByIOIlee AajbHEMINel TUApaTallid LIeMeHTa, YIUIOTHSIET
MMKPOCTPYKTYPY KaMHsI, paboTaeT Kak apMarypa B MUKpPO-
TpelrHax.

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

The important direction of concrete technology
development is also transition from application as binding
cements on the basis of Portland cement clinker to application
composite binding.

Thus, relevance of concrete development of new
generation demands new approach to solution of this
problem. Optimization of structures has to be carried out not
only on macro — and microlevel, but also on a nanolevel, in
other words it is necessary to operate structuring of a cement
matrix in the set direction. Undoubted interest thus represents
application of carbon nanoparticles, nanotubes and
nanofibres which as researchers consider, can give absolutely
new opportunities in increase of strength characteristics,
durability and decrease in deformation properties, etc. The
opinion of researchers on the microreinforcing effect of
carbon nanotubes is uniform, and increase of durability
depends on many factors [6—14]. The analysis of published
data doesn’t give convincing data on substantial increase of
strength properties, except for growth of durability at early
age. Apparently, lack of a good way of introduction and
uniform distribution of carbon nanotubes in a cement stone
is the reason of it. Also the question of influence of carbon
nanotubes sizes on increase of durability and on a dosage is
open. By microscopic researches it is established that at
introduction of carbon nanotubes in small and midget
concentration in cement composites some changes in
formation of structure of a cement stone are observed: more
dense packing of new growths, higher degree of crystallinity
of hydrosilicates of calcium. All this indicates prospects of
purposeful impact by means of carbon nanoparticles on the
processes proceeding during formation of cement matrix
structure which properties have huge value in formation of
structure of cement mortars and concrete.

Along with researches of single-layer and multilayered
carbon nanotubes in literature there are data on graphene
oxide influence researches on increase of strength properties
of cement composites [15—18].

Authors [15] investigated a graphene oxide role in increase
of mechanical properties of cement composition. Experiments
were made on fine-grained concrete at C:S=1:3, W/C=0,5.
Polycarboxylate was used as supersoftener (0,5% of cement
mass). Consumption of graphene oxide was varied from 0,1
up to 2% of cement mass. During graphene oxide use in
number of 1,5% of cement mass they reached increase of
strength on stretching (tensile strength) for 48 % in comparison
with sample durability without graphene oxide. The results
received thus also testify hydrosilicates volume increase of
calcium in samples with the content of oxide. According to
authors, graphene oxide, due to high energy of a surface in
cement phases, works as the kernel promoting further
hydration of cement, condenses a stone microstructure,
works as fittings in microcracks.

It is also noted in work [16] about increase of crack
resistance of a cement composite in the course of curing at
introduction of graphene oxide. Researchers consider that
introduction of graphene oxide improves thermal properties
of a cement stone therefore it is possible to eliminate a high
gradient of temperature on the section of massive design. The
last develops as a result of heat and can cause full stretching
strain in concrete, i. e. lead to thermal cracking. The graphene
oxide consumption in experiments made 0, 1, 5 and 10% of
cement mass. Sizesof nanosheet 110x110x0,12 of nanometer.

Also researches conducted at Monash’s University in
Australia (Monash University) [17] point to positive influence
of graphene oxide on properties of cement composites.
According to their data graphene oxide introduction in
number of 0,05% of cement mass increases durability on a
bend of cement matrix for 41—-59%, on compression — for
15—-33%.

Researches [18] showed that nanosheets can reduce
fragility, increase the hardness, durability of cement stone on
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O MOBBIICHUY TPEIIIMHOCTOMKOCTH
IIEMEHTHOTO KOMIIO3MTa B TIpoliecce
TBEpAEHUS MPU BBEACHUU OKCUA Ipa-
(ena takke orMeuyeHo B paGote [16].
HccnenoBarenu cuuTaloT, 4TO BBeEIE-
HUE OKcuaa rpadeHa yaydinaeT Terio-
BBl CBOMCTBA LIEMEHTHOTO KaMHs, B
pe3yabTaTe Yero MOXXHO YCTPAHUTD BbI-
COKWIA TpaJueHT TeMIIepaTyphl Mo ce-
YEHUI0 MACCUBHOW KOHCTPYKIIWM.
IMocnenHee pasBuBaeTcsl B pe3yJibTaTe
9K30TepMUY M MOXET BbI3BaTh OOJIb-
IIMe PACTATUBAIOIINE HANpPSKeHUs B
OeToHe, T. €. MPUBECTU K TEPMUYECKO-
My pacTpecKuBaHUIO. Pacxon okcuaa
rpadeHa B akcriepumMeHTax coctaBui 0;
1; 51 10% ot maccel LieMeHTa. Pa3zmepsl
HaHosnucta 110X110x0,12 HM.

O TOJTIOXKUTETLHOM BIIUSTHUM OKCH -
na rpadeHa Ha CBOICTBA LIEMEHTHBIX
KOMITO3UTOB CBUIETEILCTBYIOT TaKXkKe
uccaenoBaHusl, MpoBeaeHHbIE B YHUBepcuTeTe MoHala B
Asctpanuu (Monash University) [17]. I1o ux naHHBIM, BBe-
JeHre okcuaa rpacdenHa B kommdecTtBe 0,05% oT Macch 1ie-
MEHTA TOBHIIIAET TMTPOYHOCTh MPU M3rMOe LIEMEHTHOW Ma-
Tpulbl Ha 41—59%, Ha cxatue — Ha 15—33%.

HccnenoBanus [18] mokasaiu, 4To HAHOJMCThl MOTYT
YMEHBIIUTh XPYMKOCTb, MOBBICUTh TBEPIOCTb, MPOYHOCTD
IIEMEHTHOTO KaMHs Ha pacTsbKeHWe W MpU U3rube, AaroT
BO3MOXHOCTb PEryJIupoBaTh (POPMUPOBAHUE CTPYKTYPHI
IIEMEHTHOTO KaMHsl.

Kak BUIIHO 13 BbIIIEyKa3aHHOTO, ITyTeM BBEICHUS B Lie-
MEHTHYIO MaTpMIly oKcuia rpadeHa, BEpOSITHO, MOXKHO
npuaaTh 6eTOHYy HOBBIE CBOMcTBa. sl Toro ytobbl pac-
KPBITh TIPUPOJY YIPABJICHUsI CTPYKTYPOI LIEMEHTHOM Ma-
TPUIIBI HA HAHOYPOBHE C IIEJIbIO TIOJIy4YEHUSI KOMITO3UTOB
HOBOTO TIOKOJIEHUST, HEOOXOAMMO OObETMHUTD YCUITUS CITe-
LIMAJIUCTOB pa3HbIX IMpodeccuii, HaIpUMep XUMUKOB, PU-
31MKOB, TEXHOJIOTOB-OETOHIIMKOB U T. . UMeHHO moaToMy,
YUUTBIBAsI, YTO B JabopaTtopun «I'pacdeHOBble HAHOTEXHO-
norun» CBDY monydeH okcua rpadeHa, B HACTOSIIIEN pa-
O0ore ObLUla MOCTaBjeHa 3aJaya yCTAHOBUTH MEPCIEKTUB-
HOCTb TPOBEACHUS MCCICIOBAHUM MO MOIUMUKAIIUN 1ie-
MEHTHOI MaTPUIIbI OKCUIIOM rpacdeHa.

Xumnueckasi CTpykrypa okcumpa rpagdena (OI') Touno
HE YCTaHOBJIEHA, TPEIJIOXEeHO HEeCKOJbKO Mopeneil [19],
OJIHOI 13 KOTOPBIX SIBJISIETCS MOJIE/Ib, MPEACTaBICHHAsT Ha
puc. 1 (http://www.sigmaaldrich.com/catalog/product/aldri
ch/777676?lang=en&region=RU). B okcune rpacdeHa He-
KOTOPBIE aTOMBI YIJIEPOa COSTUHEHBI C KHCIOPOICOIepKa-
My rpyrnamu. [Ipu 3ToM B oTiiMume ot rpadeHa y aTo-
MOB YIJiepoJia BO3HUKAET YeTBepTasi KOBaJEHTHAs CBSI3b B
pesyJbTaTe Mepexojia aToMa yriepoaa U3 COCTOSIHUS Sp2- B
COCTOSIHUE SP3-TUOPUAN3ALINN.

Kaxk BunHo 13 puc. 1, mo Hapy>KHBIM KpasiM IIJIOCKOCTHU
U MO BHYTPEHHUM KpasiM Je(deKTOB ILTIOCKOCTU I'padeHa B
BUJIe pa3pbIBOB pacnoJjaraiorcs KapookcuibHbie (—COOH)
n KetoHHble (=CO) rpynmbl, a Hal W MOJ IJOCKOCTbIO
rpacdeHa — runpokcuiabHble (—OH) u snokcugnsie (=0)
TPYIIITBL.

I'padeHoBas m1ockocTh AeopMUpOBaHA 3a CUET Mepe-
XO0Jla aTOMOB YIVIEPOAA U3 SP2- B Sp3-rMOpUAM30BaHHOE CO-
crosHue. TonmuHa cios okcuaa rpadeHa B CpeHEM CO-
crapisieT 1 HM, yTo OoOJbliie, 4yeM Y oOblYHOTO rpadeHa
(0,335 HM), u oOBsICHsIETCS HamuurMeM (BYHKIIMOHAIbHBIX
rpyni. CycrieH3usi okcuaa rpadeHa mpeacraBisieT coOoit
B3BECh HAHOJMCTOB OKCHUaa TpadeHa B BOIe ¢ KOHIIEHTpa-
uueit or 1 go 4 mr/mia. baaromapsi runpoduIbHBIM CBOT-
CcTBaM OKcuj rpadeHa jierko odbpasyeT B Boie YCTOWUYUBbIE
KOJUIOUJHbIE IUCTIEPCUM 33 CUET 0Opa30BaHMs BOAOPOIHBIX
CBsI3el MeXJ1y MOJIEKYJIaMU BOJbl U KUCJIOPOICOIEPXKAI-

(Y PONIENBHBIE

Puc. 1. Mogenb okcupa rpadeHa
Fig. 1. Graphene oxide model

stretching and a bend, give the chance to regulate formation
of structure of cement stone.

As is seen from above, probably it is possible to give to
concrete new properties by introduction to cement matrix of
graphene oxide. To open the nature of structure management
of cement matrix on a nanolevel for the purpose of receiving
composites of new generation, it is necessary to combine
efforts of different professions experts. For example, chemists,
physicists, technologists-concreters, etc. For this reason,
considering that in «Graphene Nanotechnologies» laboratory
of North-Eastern Federal University graphene oxide is
received, in this work the task was to establish prospects of
carrying out researches on modification of cement matrix by
graphene oxide.

The chemical structure of graphene oxide (GO) is not
established definitely, some models [19], one of which is
model presented in fig. 1 (http://www.sigmaaldrich.com/
catalog/product/aldrich/777676?lang=en&region=RU) are
offered. In graphene oxide some atoms of carbon are
connected with oxygen-containing groups. Thus unlike
graphene, atoms of carbon have the fourth covalent bond as
a result of transition of carbon atom from condition of sp2- in
condition of sp3-hybridization.

As s seen from fig. 1, on outer edges of plane and on inner
edges of plane defects of graphene in the form of strains,
settle down carboxyl (—COOH) and ketone (=CO) groups,
and over and under graphene plane hydroxyl (—OH) and
epoxy (=O) groups.

Graphene plane is deformed due to transition of carbon
atoms from sp2 in sp3-hybridized state. Graphene oxide layer
thickness, on average, makes 1 nanometer that is more, than
at usual graphene (0,335 nanometers) and is explained by
existence of functional groups.

Suspension of graphene oxide represents a suspension of
graphene oxide nanosheets in water with concentration from
1 to 4 mg/ml. Due to hydrophilic properties, graphene oxide
easily forms in water steady colloidal dispersions due to
formation of hydrogen bonds between molecules of water
and oxygen-containing groups. The possible model of
hydrogen bonds formation (dotted lines) is given in fig. 2
(https://ru.wikipedia.org/wiki/Oxcun_rpacdura).

For carrying out measurements of lateral sizes nanosheets
of graphene oxide have to be located on a substrate separately
from each other. At usual transfer of OG-suspension on a
substrate the continuous OG-film is formed. Therefore the
sample preparation meeting the requirements for
measurement of lateral sizes was carried out as follows:

The silicon substrate suspended on a thread by means of a
clip with an oxide layer fell to a low glass for weighings and
water of slightly below level (1 mm) of top edge of a substrate
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Puc. 2. BoamoxHasa moaens obpa-
30BaHNAa BOAOPOAHbIX cBA3en B
Or-cycneHsun

Fig. 2. Possible model of hydrogen
bonds formation in OG-suspension

HbIX paaMepoB HaHonncTos O

lateral sizes of OG nanosheets

MU rpyrmnaMmu. Bo3moxHas Moaenb o0pa3oBaHUS BOIOPOMI-
HBIX CBsI3ei (NMyHKTUpbI) NpuBeneHa Ha puc. 2 (https://
ru.wikipedia.org/wiki/Oxcun_rpacdpura).

Jlist mpoBeieHUSI U3MEPEHUI JlaTepaibHbIX pa3MEpPOB
HAHOJIMCTBI OKcuaa rpadeHa JOKHBI ObITh PaCIOJIoXe-
HBl Ha MOJUIOXKE pas3nesibHO Apyr oT apyra. [Ipu oObu-
HoM mepeHoce OI'-cycmeH3um Ha MOMIOXKY 00pa3yeTcst
cromHas OI'-muienka. [Toatomy mpo6onoAroToBKa, OT-
Bevawonias TpeOOBaHUSIM IJII U3MEPEHUS JaTepalbHbIX
pa3MepoB, MPOBOAMUIACH CAEAYIOLIUM 00pa3oM: B HU3KUIA
CTakaH ISl B3BEIIMBAaHUI OIycKajach MOJABEIICHHAs Ha
HUTKY C TIOMOUIbIO 3aXMMa KpeMHMeBasl IMOJIOXKA C
OKHCHBIM CJIOEM W HaJWBajach BOAA IO YPOBHS 4YyThb
Huxe (1 MM) BepxHeli KpoMKU IomIoXKu. Mccinenyemas
CYCIIEH3UsI ¢ KOHLeHTpauueid 1—4 mr/mi nepeMeninBa-
JIach C OTWIOBBIM CIIUPTOM B OOBEMHOM OTHOILIEHUM 1:1
mo 100 mkia. CMech CYCIIEH3MM CO CIIUPTOM B oObeme
100 MKJI TIepeHOCHJIach Ha TTOBEPXHOCTh BOJBI C BEPTU-
KaJJbHO TIOABEIICHHOW MOMJIOXKOMW. 3aTeM TOIJIOXKY C
aIcopOMpYIOIIMMUCS Ha €€ IMOBEPXHOCTh HAHOJMCTa-
MM oKcuaa rpadeHa MOJHUMAaJIM BBEPX CO CKOPOCTHIO
2 MM/MuH (puc. 3).

M3mepeHus naTepaybHbIX pa3MepoB (IMaMeTpOB) HAHO-
JINCTOB OoKcuia rpacdeHa MpOBOAWIMCH Ha ONITUYECKOM Me-
taymorpadudeckoMm mukpockone Ainpramu MET 5C ¢ 00b-
ektruBoM 100%/0,85 1 okynsipoM 10X Ha OTpaskeHHOM CBeTe.
IIpumep poTocHUMKA HAHOJIMCTOB OKCUaa rpadeHa mpem-
CTaBJIeH Ha puc. 4.

PacnipeneneHre HaHOMMCTOB oKcuaa rpadeHa 1o jate-
pajbHBIM pa3dMepaM ObIJIO MOCYUTAHO C MCMOJb30BaHUEM
nporpaMMHoro obecrieueHust Imagel (puc. 5).

Kaxk BumHo u3 puc. 5, yalie BCero BCTpe4aroTCsl HAHOJIM -
cthl OI ¢ natepanbHbIMU pa3mepamu 1 MkM (Moza). CpenHee
B3BellleHHOe apudmeruueckoe cocrapisieT 1,3+0,1 MKM,

Puc. 3. Cxema I'IpOﬁOI'IO,EI,FOTOBKI/I ANna nsMmepeHusa natepanb-

Fig. 3. Scheme of sample preparation for measurement of

Puc. 4. CHUMOK HaHONMCTOB okcupaa rpadeHa Ha
ONTMYECKOM MeTannorpaduyeckoM MUKpOCKone
Anbtamu MET 5C

Fig. 4. Graphene oxide nanosheets picture on
optical metallographic microscope Altami MET 5C

was poured. Test suspension with concentration of 1—4 mg/
ml mixed up with ethyl hydroxide in volume relation 1:1 on
100 mkl. Suspension mix with alcohol in volume of 100 mkl
was transferred to a water surface with vertically suspended
substrate. Then the substrate with nanosheets of graphene
oxide which are adsorbed on its surface was lifted with a speed
of 2 mm/min. (fig. 3) up.

Measurements of lateral sizes (diameters) of graphene
oxide nanosheets were taken on optical metallographic
microscope Altami MET 5C with a lens 100x/0,85 and
eyepiece 10X on reflected light. The picture example of
graphene oxide nanosheets is presented in fig. 4.

Distribution of graphene oxide nanosheets by lateral sizes
was counted with use of software ImageJ (fig. 5).

As is seen from figure 5, OG nanosheets most often meet
with lateral sizes of 1 micron (mode). Weighted arithmetic
mean is 1,3+0,1 microns, amount of particles selection is
584 pieces. Mode of distribution is less than weighted
arithmetic mean that is explained by limited permission of
optical microscope depending on the wavelength of visible
light.

Thickness of graphene oxide nanosheets was measured on
scanning probe microscope Solver NEXT at contactless
mode of scanning by probe NSG10 (fig. 6).

Minimum thickness of graphene oxide nanosheets by
results of ASM-measurements made 1,5 nanometers that will
be coordinated with literary data [20]. On average thickness
of separately lying graphene oxide nanosheets varied in the
range from 1,5 to 2 nanometers.

Stability of graphene oxide suspension (colloidal stability)
as property to resist to a tendency to aggregation of particles,
was estimated by means of measurements of its optical
density. Thus it was offered to investigate colloidal stability of
suspensions with various concentration of graphene oxide to

pa3Mep BbIOOpKM yacTull 584 mr. Mozaa 70
pacrnpeiesieHus] MEHbIlEe CPEAHEero
B3BEIICHHOTO, YTO OOBSICHSIETCS Orpa- 60l
HUYEHHBIM pa3pellieHeM OINTHYECKO- "
rO MUKPOCKOTIA, 3aBUCAIIMM OT IUIMHBl  _ & 50|
BOJIHBI BUIMMOT'O CBETA. =T
TonuMHA HAHOIMCTOB OKCUAA Ipa- .2 40
(deHa M3MepsIach Ha CKaHMpYIOLIEM 2 2
30HA0BOM MukKpockorne Solver NEXT ;s_"é 30
Mpyu OECKOHTAKTHOM pPEXMMe CKaHU- a

poBanug 3oH10M NSG10 (puc. 6). 201

MuHuMaIbHas TOMIIMHA HAHOJM-
CTOB OKcua rpadeHa mo pe3yiabraTam
ACM-u3mepenuii coctaBuia 1,5 HM,
YTO COTJIaCyeTcs ¢ JINTepaTypHBIMU
maHHeiMA [20]. B cpemneM TomimHa
OTIEJIbHO JIeXKaIIuX HAHOJMCTOB OKCH -
na rpaceHa BapbuUpoBaja B AMana3oHe
ot 1,5 1o 2 HM.
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YcToMUMBOCTE CyCIIEH3UM OKcHia rpadeHa (KOJUIOMI-
Hasl CTaOMJIBHOCTD) KaK CBOMCTBO IIPOTUBOCTOSITH TEHICH-
LIMM K arperaiyy 4acTull OLleHUBAJIACh MOCPENCTBOM U3Me-
peHuit ee onTudeckoi riotHocTu. [1pu 3ToM OBLIO MpenIo-
>KE€HO MCCJIeIOBaTh KOJJIOMAHYIO CTaOUILHOCTD CYCITIEeH3UI
C Pa3IMYHON KOHIIEHTpaluel okcuaa rpadeHa, Al TOro
YTOOBI YCTAHOBUTH CTETICHb BJIUSHUSA KOHILIEHTPALUM CY-
CTIEH3MU Ha €€ KOJJIOMIHYIO CTaOMIIbHOCTD.

H3mepeHus onTUYeCcKOl MIOTHOCTU CYCIeH3UI OKCH-
na rpadeHa TmpoBoawianuchk HaHodotomerpom IMPLEN
P330 B nuanasone aiauH BoiH oT 200 mo 900 HM Ha psae
koHueHTpauui (mr/min): 0,01; 0,05; 0,1; 0,25; 0,5; 1; 1,5;
2;2,5;3; 3,5, 4 (puc. 7). JlnrHa oNTUYECKOTO ITYyTH B KIOBE-
Te 1 MM. O0beM 11poOsl 4 MKJI. KoHLIEeHTpaliusI UCXOIHOMU
cycrneH3uu okcuaa rpadeHa Oblaa u3MepeHa BECOBbIM Me-
TOIOM: UBMEPEHUEM MaCChl CyXOTro OCcTaTKa Mocje ucnape-
HUs Boabl Tipu Temriepatype 170°C 1 mpoaoKuTeIbHOCTH
5 MUH.

JlanHbple puc. 7 CBUOETEIBCTBYIOT, YTO B AMAara3oHe
J1vuH BojiH 200—400 HM U ripu KoHLieHTpauusx 0,5 Mr/mi u
BbIIIIE OMTUYECKHUE MJIOTHOCTU 3alIKaJIMBAIOT, T. €. TIPEeBbI-
matT BenunHy 2. Takum o6pa3oM, MpeaIokeHO U3MEPSITh
ONTUYECKHE TUIOTHOCTHM Ha JABYX JJIMHAX BOJH: 230 HM mpu
KoHIeHTpauusx 1o 0,5 mr/ma u 450 HM Mpu KOHILIEHTpaU-
sx 0,5 Mr/MJi ¥ BbIIIIE.

OnTuryeckasi IJI0THOCTb ISl OLIeHKU ycToiunBocT OI'-
CYCIEH31M U3MEPSLIACh Ha IMpobe ¢ 00beMOM 4 MKJT U3 BepX-
Heil 4yacTu CyCIeH3UU B HEMOJBMXKHO CTOSIIIEN MpOOUpKeE.
H3mepenunst mpoBoauinch Ha aiarHax BoiaH 230 u 450 HM B
TeUEHHUEe JIBYX MECSlLEeB C MHTEPBAJIOM B OJHY HEJIENI0
(Tabmn. 1).

ITo pesyiabTataM sKCIepUMeHTa ISl CYCIIEH3UI ¢ pa3-
JIMYHOM KOHILIEHTpalleil okcuaa rpacdeHa ObUIM BhIYMCIIS-
HbI CpelHMe 3HAYEHUSI ONTUYECKUX IJIOTHOCTEN B TeUeHUE
BCETr0 BPEeMEHM M3MEPEHUIl, a TaKKe CTaHIApPTHBIE OTKJIO-
HEHUS OT CpeHero 3HaueHus (TabJ. 2).

Jlannabie Ta01. 1 1 2 ITOKA3BIBAIOT, YTO ONTHYECKAS TIJIOT-
HOCTb CYyCTIeH3U# oKcraa rpadeHa pa3IMuyHbIX KOHIIEHTpa-
LM C TeYeHWEeM BpPEMEHM MPaKTUUECKU HE MEHSIOTCH,
CTaHAAPTHBIE OTKJIOHEHHUSI U3MEPEHHbIX ONTUYECKMX IJIOT-
HOCTEH OT CpeHMX 3HAUEHUII OYeHb Majbl (KpoMe obOpas-
11oB ¢ KoHueHtpamuei 0,01; 0,25 Mr/mit), 4To CBUIETENIb-
CTBYET TOJBLKO O HAJWMYMU MPUOOPHON MOTPEITHOCTH TTPU
MpoBeAeHUU u3MepeHuid. JIist o0pa3loB ¢ KOHIEHTpaLIMsI-
mu 0,01 1 0,25 Mr/mMJ cTaHAAPTHBIE OTKJIOHEHUS SIBJISIIOTCSI
JIOCTaTOYHO OOJIBIIMMU, TaK KaK UX ONITUYECKas TUIOTHOCTh
JIEKUT y TPAaHUIbI YYBCTBUTEJIBHOCTH TpUbOpa U orpese-

2,6
2,4

OnTunyeckas NIOTHOCTb
Optical density

T T T T T T T T T T T T T T T
200 300 400 500 600 700 800 900
JlnnHa BOMHbI, HM
Wavelength, nm

Puc. 7. OnTnyeckas nnoTHOCTb psiga pasbaBneHuii cycneHsum (Mr/mn)
okcupa rpadeHa

Fig. 7. Optical density of suspension dilution number (mg/ml) of graphene
oxide
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Fig. 6. ASM-picture of graphene oxide nanosheets and profile on height
along s1 line

establish extent of influence of suspension concentration on
its colloidal stability.

Measurements of optical density of graphene oxide
suspensions were taken by IMPLEN P330 nanophotometer
in the range of waves lengths from 200 nanometers to
900 nanometers on a number of concentration (mg/ml):
0,01; 0,05; 0,1; 0,25; 0,5; 1; 1,5; 2; 2,5; 3; 3,5; 4 (fig. 7).
Length of an optical way in a ditch is I mm. Volume of test is
4 mkl. Concentration of initial graphene oxide suspension
was measured by a weight method: measurement of dry mass
solid after evaporation of water at temperature of 170°C and
duration of 5 min.

As is seen from fig. 7, in the range of waves lengths of
200—400 nanometers and at concentration of 0,5 mg/ml and
above, optical density go off scale, i. e. exceed size 2. Thus, it
is offered to measure optical density on two lengths of waves:
230 nanometers, at concentration to 0,5 mg/ml, and
450 nanometers at concentration of 0,5 mg/ml and above.

Optical density for stability assessment of OG-suspension
was measured on test with capacity of 4 mkl from the top part
of suspension in immovable standing test tube. Measurements
were taken on waves lengths of 230 nanometers and
450 nanometers within two months with an interval of one
week (tab. 1).

By results of experiment for suspensions with various
concentration of graphene oxide average values of optical
density during the whole time of measurements, and also
standard deviations from average value (tab. 2) were
calculated.

From tables 1 and 2 it is visible that optical density of
graphene oxide suspensions of various concentration
practically don’t change eventually, standard deviations of
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Ta6nuua 1
Table 1
JnnHa BONHbI, HM
Waves lengths, nm 230 450
KOHLI,eHTpaLI,I/II‘;IOKCI/I,EI,arpad).eHa,MF/MJ'I 0,01 0,05 0.1 0.25 0.5 1 15 5 25 3 3.5
Graphene oxide contsentration, mg/ml
0,112 | 0,491 | 0,984 | 0,128 | 0,239 | 0,426 | 0,605 | 0,811 | 1,044 | 1,284 | 1,442
0,096 | 0,48 | 0,982 | 0,132 | 0,22 | 0,423 | 0,612 | 0,802 | 1,029 | 1,278 | 1,43
OnTryeckasi NIOTHOCTb, U3MEPEHHAs
C UHTEPBAIOM B OJHY HeOesno 0,09 | 0,485 0,976 | 0,12 | 0,232 | 0,429 | 0,601 | 0,819 | 1,056 | 1,291 | 1,421
Optical density, measured with interval | 0,124 | 0,498 | 0,99 | 0,124 | 0,223 | 0,415 | 0,608 | 0,789 | 1,05 | 1,274 | 1,435
f k
oronewee 0,098 | 0,475 | 0,954 | 0,111 | 0,24 | 0,43 | 0,605 [ 0,804 | 1,037 | 1,265 | 1,43
0,128 | 0,483 | 0,97 | 0,13 | 0,236 | 0,412 | 0,597 | 0,798 | 1,033 | 1,268 | 1,426
Tab6nuua 2
Table 2
KonuenrTpaums okcnna rpadena, Mr/mn 001 [005]| 01 o025 05| 1 | 15| 2 | 25| 3 | 35
Graphene oxide concentrations, mg/ml
CpepnHee 3Ha4YeHne ONTUYECKOWN NIIOTHOCTH
pacTeBopa 0,108 | 0,48 | 0,976 | 0,124 | 0,232 | 0,423 | 0,605 | 0,804 | 1,042 | 1,277 | 1,431
Average mean of optical suspension density
[0)
CTaH,u.apTHoe_ OTKJIOHEHWe OT CpeaHero, % 146 | 37 1.3 6.2 36 1.8 0.9 1.3 1 0.8 05
Standard deviation from average, %

JisieTcsl ¢ OoJibllied TOrpelIHOCTbIo, YeM JISi PacTBOPOB
¢ OOJIBLLIMMY KOHLIEHTPALIUSIMU.

[TonyyeHHBIE JaHHBIE CBUIETENBLCTBYIOT O KOJJIOMIHOMN
CTaOMJIBHOCTU pacTBopa okcuia rpacdeHa B TeUeHUE Kak
MUHUMYM 1,5 MecslieB HE3aBUCUMO OT KOHIIEHTpalUuu
okcuna rpadena. HabGromaeMyo KOUIOMAHYIO CTaOWUJIb-
HOCTb MOXHO OOBSCHUTH JOCTATOYHBIM 3apsilOM TOTEH-
1Mago0pa3yluuX MOHOB KHUCIOPOACOAEPXKALUUX TPYII
okcuna rpadeHa u o6pa3oBaHUEM YCTOWUYMBBIX BOIOPOI-
HBIX CBS3€EH.

Ha ocHoBe 0030pa auTepaTypbl B 00JaCTh UCCIIE10Ba-
HUs BIWSIHMSI OoKcuna TpadeHa Ha CBOMCTBA 1LIEMEHTHBIX
KOMITO3UTOB M OLEHKU YCTOMYMBOCTU BOAHON CYCIIEH3UU
okcuaa rpadeHa, pa3paboTaHHOI B 1abopaTopuu rpageHo-
BBIX TEXHOJIOTHIA, YCTAaHOBJIEHA MEPCIIEKTUBHOCTb NTPOBE/IE-
HUST UCCeNOBaHUI B 00JacT MOAU(UKAIUUA [IEMEHTHOM
MaTpullbl OKCUIIOM rpadeHa. DTo HaIpaBieHUE SBISIETCS
HOBBIM, TaK KaK O MIPOBEJEHUHU MOJAOOHBIX UCCIENOBAHUN B
Poccuu naHHbBIX HeT.
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measured optical density from average values are very small
(except samples with concentration 0,01, 0,25 mg/ml) that
testifies only to instrument error existence when carrying out
measurements. For samples with concentration of 0,01 and
0,25 mg/ml standard deviations are rather big as their optical
density lies at limit of sensitivity of device and decides with a
bigger error, than for solutions with big concentration.

Obtained data testifies to colloidal stability of graphene
oxide solution within, at least, 1,5 months irrespective of
concentration of graphene oxide. Observed colloidal stability
can be explained with a sufficient charge of potential
generating ions of oxygen-containing groups of graphene
oxide and formation of stable hydrogen relations.

On the basis of literature review in the field of graphene
oxide influence research on properties of cement composites
and assessment of stability of graphene oxide water suspension
developed in laboratory «Graphene technologies» prospects
of carrying out researches in the field of modification of
cement matrix are established by graphene oxide. This
direction is new as carrying out similar researches in Russia
isn’t established yet by us.
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X UA U W
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W3MEPUTENW NPOYHOCTU BETOHA, KUPMUYA

CKB CTPORIPHEOP

NPHBEOPbI HEPASPYLLIAIOLLIETO KOHTPOAR

M3MepeHni

ananaaou 3...100 MNa

noc-2mr4 n
UCnbiTaHNe NPOYHOCTH
AYEUCTbIX 6EeTOHOB

npegensHoe
~ ycunue BeipbiBa 2,5 kH
NNOTHOMEPLI FPYHTOB

M nay-mra “un mMnynsc”
onpegenedHue oMHaMU4yecKoro
MOAYNA YNpYrocT rpyHToR

1 OCHOBaHWK AOPOr

MeToAoM WTamMna,

anasoH: 5...370 MH/m*("Yaap”)
T 5--300 MH/m? ("Mmnynic”)

U3MEPUTENH
TEMNIOMNPOBOAHOCTH

WTTI-MI4 “100” /250" | “3oma”

CTauMoHapHbIA
W 30HAOBLIN PEXUMbI

awanasod 0,02...1,5 Br/m:K
W3MEPUTEIW BNAXHOCTH

BNATOMEP-Mr4

ANA U3MEPEHUN BNaXHOCTH
BeToHa,

ChIMy4UX,
ApeBecHHbI
awvanasoH 1...45 %

WNA-Mr4

OUaMeTp KOHTPONMPYEMOW

apmatypbi 3...40 mm
J AWanasoH U3MepeHus
* 3awwuTHoro cnos 3...140 mm

npoasyynsasune

- yacrtora 60...70 kl'y

ﬁuanasou 10...2000 mkc
MNpeccel ucnbiTatensHbie
manorabapuTHbie

nrM-100Mr4 / Nrm-s0omr4
= / MrM-1000Mr4
C rMapasnuy4yeckum NpUBOLAOM
ANA ucnbiTaHua 6eToHa,
acchansrobeToHa, Kupnuya
npegenbHas Harpy3ska
100/ 500/ 1000 xH
macca 70/120/ 180 kr

NMM-1Mr4 / nNmMm-2Mmr4 /nv-3mr4
/ TIM-5MrI4 / MM-10MI4
C PY4YHbIM / 3NeKTPUYECKUM NPHUBOZOM
ANA NCTNLITAHWA yTennuTenen Ha uarnb
1 oxatne npu 10% nuHeiiHon aedopmaim
npeaenbHas Harpyska 1/2/3/5/10 kH
m macca 20/ 25 kr

.

AHEMOMETPEI, TMTPOMETPbI
WUCN-Mr4 / UCM-Mr4.01
aHeMOMeTp-TEPMOMETP

AuanasoH 0,1...20 (1...30) m/c |
-30...+100 °C |

Tru-mr4 /Tru-mr4.0
TEPMOTUrpoOMeTP

AwvanasoH 0...99,9 % / -30...+485 °C

TEPMOMETPbI
TMP-Mr4 / TU3-Mr4 / TU3-Mr4.01

MoaynbHbIe perucTpupyowue
ANA 3MMHero 6eTOHUPOBaHUA
] M NpoMnapoyYHLIX Kamep

& (no 20 mogyneil B KOMNNEKTe)

. 30HAOBLIE | KOHTAKTHbIE
1...2-KaHanbHble
awvanason-40...+100/ 250 °C

| cxartua / pacTskeHus
npegensHas Harpyaka
1...1000 kH

WMc-Mr4.01/UnNc-mr4.03 YKC-Mr4/YKC-Mr4 c Noc-50Mr4/noc-somMr4 /
YAAPHO-UMMYNBCHBIN YNLTPa3ByKoOBOW noc-50Mr4 “Cxon”
aBTOMaTun4yeckas oﬁpaﬁorua NOBEpPXHOCTHOE U CKBO3HOE OTPLIB CO CKanbiBaHMuem

1 CKanblBaHue pebpa

npeaensHoe
ycunue 60 kH %
AwanasoH 5...100 MM

l [ICO-10MI4 K1l

;'fli_'_cnbrral-me NPOYHOCTH
CLENnneHnna B KaMeHHOM
Knapke

TnpenensHoe ycunue
oTpbiea 15 kH
AOrE3UMETPbI

nco-mr4

MChNbiTaHKe NPoYHOCTHU ;
CUENNeHUs NOKPLITUA
C OCHOBaHWeM

fpeaenkHas Harpy3ka
1/25/5/10 kH

W3MEPWUTENW NNOTHOCTKH

_ TEMNOBLIX MOTOKOB U TEMINEPATYPhI

“
M3MEPUTENW CUINbl HATAXXEHWUA
APMATYPbI

J[10-40 / 60 / 80MI 4

MeToA Mnonepe4Hon OTTAXKN
AWanasoH KOHTPONUpPYeMbIX
yeunuid 2...120 kH

AvameTp
apmarypbi 3...12 mm

U3MEPUTESNIA HAMPSKEHUM
B APMATYPE

OUH-MIr4
YacTOTHLIW MeToq

AvameTp
apmatypbl 3...32 Mm

Awvana3soH 100...1800 MMMa

r NPOMU3BOLAUM: U3MEPUTEN BUBPALIMK, MOPO30OCTOMKOCTH, TONWHOMEPbI, TMAPOCTATUYECKWUE BECHI U [P.
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KazaHCcKunin rocyaapCTBEHHbIN apXUTEKTYPHO-CTPOUTENbHLIN YHUBEPCUTET (420043, r. KasaHb, yn. 3eneHas, 1)

06L1aa KOHLEHTpaLWOHHAsA 3aKOHOMEpHOCTb 3h(heKToB
HaHOMOAN(hMLMpPOBAHUA CTPOUTENbHBIX MaTEepuanoB”

MpnBefeHbl Pe3ynbTaThl 3KCNEPUMEHTANbHBIX NCCeS0BAHNA HAHOMOANMUKALMM PA3ANYHbIX BULOB CTPOUTENbHBIX MATEPHUaoB: NOSMMEPHbIX

(MBX, anokcuapl), Kepamuku, NOPTNAHALEMEHTA, BUTYM-MONMMEPHBIX BSXKYLLMX NPOMbILLAEHHBIMU HAHONPOAYKTAMU-KOHLIEHTpaTaMu U NpeMuKcami,
COLlEPXKALLMMN YIIepOfHbIe HAHOTPYOKM, METANNOYINEPOAHbIE KOMMO3MTbI, KDEMHE30MN. YCTAHOB/EHA YETKO BbIPAKEHHAN («0CTpas») aKCTpeManbHas
3aBMCUMOCTb TEXHOOMMYECKIX 1 3KCMYaTaLUMOHHO-TEXHUYECKNX CBOMCTB OT KOHLIEHTpaLn HaHoA06aBOK, HOCALLAA 06LLMIA XapaKTep: MakCUManbHble
3HaYeHns nokasatenen matepuanos gocturatotca npu 0,001-0,01 mac. %.

KntoueBble CNOBa: HAHOTEXHOMOMK, HAHOMOANMKATOPbI, [1BX, Kepamnka, anOKCUaHbIE NONNMEPbI, BUTYMHO-NONUMEpPHbIE BXyLwme, YHT,

KPEMHE30MM.

V.G. KHOZIN, Doctor of Sciences (Engineering) (hozin@ksaba.ru), L.A. ABDRAKHMANOVA, Doctor of Sciences (Engineering) (laa@kgasu.ru),

R.K. NIZAMOV, Doctor of Sciences (Engineering) (Nizamov@kgasu.ru)

Kazan State University of Architecture and Engineering (1, Zelenaya Street, 420043, Kazan, Russian Federation)

Common Concentration Pattern of Effects of Construction Materials Nanomodification*

The article covers the results of experimental researches of nanomodification of different types of construction materials: polymer materials (PVC, epoxides), ceramics, Portland
cement, bitumen-polymer binders with industrial nanoproduct concentrates and premixes, containing carbon nanotubes, metal-carbon composites, and silica sols. The definite
(«acute») extreme dependence of technological, performance and technical properties on the concentration of nanoadmixtures is established: the peak values of indices of materials

are attained at 0,001-0,01 wt. %. The dependence has a general character.

Keywords: nanotechnologies, nanomodifiers, PVC, ceramics, epoxy polymers, bitumen-polymer binders, CNT, silica sol.

HenaBHO oOmnMyOJIMKOBAaHHBIA aHAIUTUYECKUIA 0030p
170 crateit B XypHaiyie «CTpoUTeIbHbIE MaTeprasibl» O HAHO-
TEXHOJIOTUSIX B CTPOUTEIBHOM MaTepuaioBeneHuu [ 1], 6e3y-
CJIOBHO, JejlaeT 4eCTh €ro aBTopy — A-py TeXH. HaykK
E.B. KoponéBy, IOCKOJIbKY B HEM JaHa U Kjlaccudukamus
CIOCOOOB YIpaBJeHUs] CTPYKTypooOpa3oBaHUEM MaTepua-
JoB ¢ y4yactueM HaHouactull (HY) pasHoil xumuueckoii
MPUPOJIbI, U METOAOB aKTUBALIMU, U MEXaHU3MOB MOIUGU-
Kauuu (MonuduimpoBaHus). JJaHel 000CHOBaHHBIE OPUEH-
TUPBI IS JATbHEUIIX UCCISIOBAaHUI B 3TOM MEePCIIEKTUB-
HOM HampaBJieHUU MarepuaioBeneHus. KoHeuHo, nmpume-
HMTEJIBHO K CTPOUTENbHBIM MaTepuaiaM, He BCe TTOJOXKEHHUSI
3TOro 0030pa 6eCcCOPHbI, HATIPUMED: «OMAUYUMEAbHOU 0CO-
OEHHOCMbIO HAHOMEXHOAORUU ABAAEMCS YRPABAAEMOe CIPYK-
mypoobpazoeanue Mmamepuaia Ha amoMHO-MONEKYAAPHOM
ypogHe, obecnevusaioujee HanpasieHHoe QopmMuposanue geuje-
cmea ¢ 3a0aHHbIMU ceolicmeamu...». Bo-tiepBbIX, «hopmMupo-
BaHMe» BellleCTBa Ha aTOMHO-MOJIEKYJISIPHOM YPOBHE — pa3-
MEPHOCTb aHTCTPEMOB, U 3TO — XMMUYECKUI CUHTE3, CBOM-
CTBa TBEPABIX MPOAYKTOB KOTOPOrO MOXHO pacCuMTaTh Ha
OCHOBE TIPMHIIMMA aAIUTUBHOCTU BKJIAZIOB CBSI3ei W TPy
XarruHca [2], 4To XOpOoIIo U3BECTHO B OPraHUYECKUX TTOJIH -
Mepax [3]. Bo-BTOphBIX, BelIeCTBO HEJb3s OTOXIECTBIISATH C
MatepuajioM. B To e BpeMs ypaBHeHUE MPOYHOCTU KOMIIO-
3ULIMOHHOTO Matepuana Rg,,, B BUIE «cymmb 6K1a0086, 03~
dasaembix omodeavubimu s1emenmamu» ([1] ctp. 49) He Mo3Bo-
JISIET, TI0 MHEHUWIO aBTOPOB, pPaCCUMTATh (PAKTUUECKYIO IIPOY-
HOCTb PeaJIbHOTO MaTepuaia, TOCKOJIbKY He YIUTHIBACT Teo-
METPpUYECKU (aKTOp CTPYKTYPhl, Ae(POpMaLIMOHHbBIE CBOM-
CTBa KOMIIOHEHTOB (MOIYJIb YOPYrocTH, KodbduuueHT
[Tyaccona) u apyrue, Harpumep aaresuto. [TpuHumn agau-
TUBHOCTH 3/IECh HETIpUEMJIeM, TaK KakK 3 dekT KoMmmnos3ura
OCHOBAaH Ha CUHEpPIU3Me.

W3 [1] ogHO3HAYHO CliemyeT, YTO COBpEMEHHAas HaHO-
TEXHOJIOTUSI CTPOUTETBHBIX MaTepUaIOB — 3TO TEXHOJIOTHS

The analytical review of 170 articles about nanotechnolo-
giesin materials science recently published in the «Stroitel'nye
Materialy» (Construction Materials) Journal [1] is obviously
an honour of its author — E.V. Korolev, as it highlights the
classification of methods of controlling the materials struc-
ture formation with nanoparticles (NPs) of different chemi-
cal nature alongside the methods of activation, and the
mechanisms of modification. Reasonable guidelines for fur-
ther investigations in this promising branch of materials sci-
ence are suggested. Evidently, not all the concepts of this re-
view are indisputable in relation to construction materials.
For example: «The controlled structure formation of the mate-
rial at the atomic-molecular level providing the guided forma-
tion of the substance with targeted properties is a differential
characteristic of nanotechnologies ...». Firstly, the «formation»
of the substance at the atomic-molecular level (at the ang-
strom level) is the chemical synthesis, the properties of solid
products of which may be worked out by reference to the
Huggins principle of additivity of links and groups contribu-
tions [2], which is well-known in organic polymers [3].
Secondly, the substance cannot be identified with the mate-
rial. At the same time, the equation of composite material
strength R, as «the sum of contributions made by separate
elements» ([1]p. 49), in our opinion, does not let calculate the
real strength of the real material, because it does not take into
account the geometric factor of the structure, the deforma-
tion properties of components (modulus of elasticity,
Poisson’s ratio) and other things, such as, adhesion. The ad-
ditivity principle cannot be sufficient here, as the composite
effect is based on synergism.

According to the [1], the modern nanotechnology of con-
struction materials is the technology of their modification by
nanoscale admixtures, and, as a matter of fact, comes down
to the technology of introducing admixtures of «primary»
nanometerials into well-known types of construction materi-

* PaboTa BBITIOJIHEHA B paMKax IPOEKTa 0 TOCYIapCTBEHHOMY 3anaHuio MuHoopHayku PO B chepe HayuHoit nesitesibHOcTH Ne 7.1955.2014/K.
* The research is done within the project as per the order of The Ministry of Education and Science of the Russian Federation Ne 7.1955.2014/K.
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UX MOIM(MUIIMPOBaHUSI HAHOpa3MePHBIMU J00aBKamMu 1, o als, i.e. according to the classification of the Government of
CyTH, CBOIIUTCS K TEXHOJIOTMU BBeNeHUS B U3BecTHbIE BUIbI  the Russian Federation Ne 1192-p of 07.07.2011 concerning
CTPOUTENIBHBIX MaTepualoB J00aBOK «IIepBUYHBIX» HaHO-  manufacturing of the group «B» products which contain
MaTepuaoB, T. €. o Kiaccudukauuu [IpaButeascTBa PO group «A» nanoproducts.
Ne 1192-p o1 07.07.2011 1. — K TTOJIy4eHHU IO TOBAPOB I'PYTIIIHI The specificity of construction materials nanomodifica-
«b», comepxanimx HAaHOTIPOMYKTHI TPYIIITHI «A». tion technology is in the complexity of statistically regular
Cnenuduka TtexHonorun HaHomomaudunmpoBanusa  distribution of low doses of primary nanoparticles in them,
CTPOUTENILHBIX MaTePUAJIOB 3aKJII0YAETCS B CJIOXKHOCTH cTa-  which also tend to the clustering. The complexity and re-
TUCTUYECKM PAaBHOMEPHOTO pacmpelesieHus B HUX Majblx  source consumption of the technologies of producing pri-
J103 TIEPBUYHBIX HAHOYACTUII, CKJIOHHBIX K TOMY e K arpe-  mary nanomaterials, for example carbon nanotubes, as-
rupoBaHuto. CJIOXHOCTb U peCypco3aTpaTHOCTh TexHoo-  tralenes, fullerenes, etc. cause their high their high prime cost
TUI TMOJyYeHMs TIepBUYHBIX HaHOoMaTepuaioB, HarpuMep  and a higher price on the market. Therefore, the coefficient
YIJIEpOMHBIX HAHOTPYOOK, acTpajieHOB, (pyuiepeHoB u ap., of technical and economic efficiency of nanotechnology ap-
00YCJIOBJIMBAIOT MX BBICOKYIO Ce0ECTOMMOCTD U ellie 6oyib-  plication suggested in [4] is so important. The coefficient
LIy 1HeHy Ha pbiHKe. [ToaTomy cTONb BaxkeH mpemioxkeH-  characterizes, in essence, the effect value:

Hblil B [4] KOB3DULMEHT TEeXHMKO-3KOHOMUYECKON 3- SF
(peKTUBHOCTH TTPUMEHEHUST HAHOTEXHOJIOTUY, KOTOPHIN Xa- ke = 5C°
pakTepu3yeT, B CYIIIHOCTH, CTOMMOCTh d(pekTa:
k= 9F where 0 F is the relative change of the integrated index of the
IT5C material quality, 6C is the relative change of its cost. The

rae 8 F — OTHOCUTEIbHOE U3MEHEHHE MHTETpaIbHOTO IToKa-  problem of optimized concentration of the modifying na-
3arelis KayecTBa Matepraia; O C — OTHOCUTEIbHOE M3MeHe-  noobject becomes crucial here. It is determined depending
Hue ero crouMmoctd. M 3mech KioueBbIM CTaHOBUTCS BOo-  on the concentration or on the basic index of nanomodified
poc 00 ONTUMaIbHON KOHLIEHTPAIlMM HAHOOObEKTa — MO-  construction material, for example mechanical strength or
mudukaTopa, onpeneasieMblii U3 3aBUCUMOCTH OT Hee WM any combination of other properties, including technological
OCHOBHOTIO MoOKa3zaresisi HaHoMoauguuupyemoro crpou- ones. In their turn, these concentration dependences are de-
TEJLHOTO MaTepuayia, HallpuMep MeXaHM4ecKoil mpouyHo-  termined by the mechanisms of nanomodification of a defi-
CTH, WJIK TOTO WJIM MHOTO COYETaHUs APYrux, B TOM uucie  nite material. They become evident in the localized zones of
TEXHOJIOTMYECKMX CBOMCTB. B cBOIO ouepenn, 3Tn KOHIIEH-  the material structure which are most defective, poorly or-
TpallMOHHbBIE 3aBUCUMOCTH oTpenesstorcs mexaHusmamu  dered and amorphous.

HaHOMOAMGUIMPOBAHMSI KOHKPETHOIO MaTepuaa, IposiB- It is well-known that in nanoparticles surface properties
JISIOIIMMUCS B JIOKAJIbHBIX 30HAaX ero CTpyKTyphl, Haubonee  dominate bulk ones, therefore with their vast specific surface
ne(eKTHBIX, MAJIOYIOPSI0YCHHBIX U aMOP(HBIX. area its energy per unit volume or weight is equally high. It is

M3BecTHO, 4TO B HAHOYACTHUIIAX ITOBEPXHOCTHBIE CBOIi-  commonly known [5] that it is possible to divide nanoobjects
CTBa mpeobjagaloT Haja OOBEMHBIMM, TO3TOMY INpU MX into three groups taking into account the proportion size of
OTPOMHOM YIebHOI TTOBEPXHOCTU e¢ 3Heprus B enuHulle  the surface area (8,) or a corresponding diameter of spherical
o0beMa MJIM MacChl CTOJIb Xe Beiauka. Ilo BenmmumHe moau  nanoobjects. The first group of nanoobjects have the size of
IMOBEPXHOCTH () WJIM [0 COOTBETCTBYIOIIEMY eif mnaMeTpy  1—3 nm and the proportion 8, is 99—50%; the second one is
c(hepruecKuXx HAaHOOOBEKTOB MOCIeAHNE, KaK U3BecTHO [5]  3—50 nm and 8, is 50—4%; the third one is 50—100 nm and 3,
MOXHO pa3aeJuTh Ha Tpu rpymmbl. IlepBas rpymnma HaHo-  is 4—2%. The surface layer is characterized by the higher en-
00BEKTOB UMEET pa3Mephl OT 1 10 3 HM, U I0Jis O, COCTaBsI-  ergy in comparison with the volume.
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Ta6nuua 1
Table 1

MokaszaTenn NOAMBUHUAXIOPUAHbIX HAHOKOMIMO3UTOB
Indices of polyvinylchloride nanocomposites

PaspaboTaHHble cocTaBbl, Ha 100 M. 4. MBX
Developed compositions, per 100 wt. of PVC
100 M. 4. opeBECHON MyKKn
MokaszaTenb 0,001 M. u. 100 wt. of wood flour
Index 6e3 no6askn | cyxux MYHT | 0,003 m. 4. K3 +2.45m. 4. K3
without additive | 0,001 w. t. of | 0,003 wt. SS 6e3 no6asku +2 M. 4. StCa
dry MCNT without additive | + 2,45 wt. of SS
+ 2 wt. of StCa
Mpo4yHOCTbL Npu pacTaxeHnn, MMa
Longitudinal strength, MPa 36 41 40 28 32
Mogaynb ynpyrocTtu npu pactsxxeHmn, MMa 2981 3080 2998 _ _
Tension modulus, MPa
BoponornoweHne, % 3a 24 4
Water absorption, % per 24 hours 0.21 0,15 0.15 8.6 7.6
MNTP, r/10 muH npn 190°C
MFI, g/10 min at 190°C 0.28 0.39 0,39 0.1 1.8
TepmMocTabunbHOCTb, MUH Npu 200°C
Thermostability, min. at 200°C 64 180 150 100 160
McTnpaemocTb, MKM 113 64 73 77 70
Durability, um

et oT 99 1o 50%; BTopasg — ot 3 1o 50 HM, &, oT 50 10 4%;
TpeThbst — oT 50 1o 100 HM, 1 8, oT 4 10 2%. [1oBepXHOCTHBII
CJIOM XapaKTepU3yeTCs ITOBBIIICHHOM B CPaBHEHUU C 00be-
MOM SHEPIrueiu.

B ocHoBe MexaHU3MOB AEWCTBMSI HAHOYACTHUIL JIeXaT
cJiemyolIe MMOBepXHOCTHbBIC 3G (EKThI: aacopOLust ¢ oopa-
30BaHMEM I'PaHUYHBIX CJIOEB BEIIeCTBA (MAaTPULIbI), OKpYXa-
OIIIeTO YaCTHUIIbl C UBMEHEHHOM CTPYKTYPOUl U CBONCTBAMH,
— Hamboisiee 3¢ (GEKTUBHO 3TO IIPOSIBIISICTCS B ITOJIMME-
pax [6]; xeMOCOpOLMs — XUMHUUYECKUE PEAKIMU OKPYXKaro-
el TUCIIePCUOHHOM Cpelibl C MOBEPXHOCThIO HAHOYACTHII,
Harnpumep HaHovactull SiO, ¢ Ca(OH), B ieMeHTHOM KaMm-
He [7]; Toronornyeckuit apdekT — JIoKanu3alus HaHoYa-
CTHII B AeheKTaxX U yIbTPaMUKPOITYCTOTaX (hOPMUPYIOIIEHi-
Cs, B YaCTHOCTU KPUCTAJIU3YIOIIEICS, TUCTIEPCHOM CUCTE-
Mbl [8]. Kaxnplii 13 3TuX 3(h(HEeKTOB MOXKET MPOSIBJISITHCS OT-
JIeJIbHO, HO Yallle BCEr0 COBMECTHO, TPUBO/IST K CUHEPTU3MY.

Lleabio qaHHO# CTaTbU SIBUJIOCH MOKAa3aTh 3aKOHOMEP-
HOCTb UBMEHEHUSI TeX WJIM MHBIX CBOMCTB Pa3IMYHbIX BUOB
CTPOUTENIbHBIX KOMITO3UTOB UM UX MaTPUIL TIPY BBEACHUU
HaHOMATEPHUAIOB Pa3NIHON XUMHWYECKOMN MPUPOALI, T. €.
XapakTep KOHIIEHTPAIIMOHHBIX 3aBUCUMOCTENl HAaHOMOIM-
(uuupoBaHus. DTO — MOJAUMEPHBIE KOMIIO3UThHI HA OCHOBE
[1BX, smokcuaoB, KapOaMUIHBIX CMOJI; CTPOUTEIbHAS Ke-
pamMuKa, OUTyMHO-TIOJIMMEPHBIC BSDKYIIWE, TOPTJIAHILIC-
MEHT, KOTODPbIE «I1OABEPTAIUCH» HAHOMOAUGDULIMPOBAHUIO.

HauyneM ¢ HaHOMomuduKauy TMOJIMMEpPOB, TOYHEE, C
MOJIy4eHUsI MOJIMMEpPHBIX HaHokommo3uToB (ITHKM).
HanomuuM, uTo KOMIo3uMoHHbIi Marepuan (KM) — ato
MOHOJIUT, KOTOPbIf COCTOUT U3 AIBYX U OoJiee ¢as, pa3aesieH-
HbBIX TPaHULICH pa3ziesa, B3auMOJEHCTBIE MO KOTOPOM MpU-
BOIUT K TOSIBJICHUIO CBOMCTB, OTJIMYHBIX OT CBOMCTB KaXKI0-
TO TIPY COXpaHEHWU MHAMBUIYATbHOCTH KaXXI0T0, KaK Tpa-
BWJIO, K OTKJIOHEHUIO OT YCJIOBUS aIIUTUBHOCTU CBOKCTB,
T. €. K CHHepru3my [9]. A mocKoJibKy CBOICTBa HAHOYACTULIBI
(HY) «T015KO MOBEPXHOCTHBIC», TO U 3(PDEKT MOJIMMEPHBIX
HAHOKOMITO3UTOB OCHOBAaH Ha aJCOPOIIMOHHBIX WJIM XeMO-
COPOLIMOHHBIX sIBIEHUSIX. [ToMMepbl — BHICOKOMOJIEKYJISIP-
HBIE BEIIEeCTBa, M MX TPAHUYHBIE CJIOM Y TIOBEPXHOCTH TBEP-
JIBIX YACTHI] TOCTATOYHO MPOTSIKEHHBIE (MKM), a CTPYKTYpa
1 CBOICTBA OTJIMYHBI OT TAKOBBIX B 00BbEME MTOJIMMeEpa.

B nocnenHee BpeMsi moJiMMepHbIE HAHOKOMITO3UIIMOH-
Hble MaTepuajbl CTAJIM BBIACISITh KaK 0COOBIN Kjacc Mare-

(N POVIEIIBHBIE

The following surface effects form the basis of the mecha-
nism of actions of nanoparticles: adsorption with the forma-
tion of the boundary layers of the substance (matrices), sur-
rounding the particles with permanent structure and proper-
ties — it is most sufficiently used in polymers [6], chemisorption
— chemical reactions of the dispersive medium with the sur-
face of nanoparticles (for example, nanoparticles SiO, with
Ca(OH), in cement stone [7]), topological effect — localiza-
tion of nanoparticles in the defects and ultramicropores of the
developed dispersion system, in particular a crystallizing
one) [8]. Every of these effects may occur separately, but more
often they occur combined leading to synergism.

In this article we intend to show the dependence of
change of any properties of different types of construction
composites or their matrices at the introduction of nanoma-
terials of different chemical nature, i. e. the character of
concentration dependences of nanomodification. These are
PVC-, epoxide- and carbamide resin-based polymer com-
posites; ceramics; bitumen-polymer binders and Portland
cement which we exposed to nanomodification.

The first to be considered is the nanomodification of
polymers, to be more precise producing polymer nanocom-
posites (PNCs). It should be reminded that the composite
material (CM) is a monolith consisting of two or more phases
divided by the interface interaction at which causes the for-
mation of properties different from those of individual com-
ponents saving their characteristics. As a rule it leads to the
departure from the condition of properties addidivity, i. e. to
synergism [9]. As the properties of the nanoparticle (NP) are
«merely surface characteristics», the effect of the polymer
nanocomposites is based on the adsorption and chemisorp-
tion phenomena. Polymers are high-molecular substances
and their boundary layers at the surface of solid particles are
rather extended (um), and their structure and properties are
different from those within the polymer.

Recently, polymer nanocomposite materials began to be
distinguished as a particular class of materials opening new op-
portunities of modification in which microdoses of NPs lead to
the transition of the whole polymer into the state of boundary
layers with high density, heat resistance, and strength.

The most widespread industrial polymers are used as ma-
trices in PNCs [10]. Many nanosized products are manufac-
tured on a commercial scale and are a new class of alternative
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pUAJIOB, OTKPHIBAIOIINIT HOBbIE BOZMOXHOCTH MOIUMDULIM-
poBaHusI, Ipu KoTopoM MUKpoao3sl HY npuBoasT K nepe-
BOJIy BCETO MOJIMMepa B COCTOSIHME I'PaHUYHBIX CJIOEB C MO-
BBILLIEHHOM TJIOTHOCTBIO, TEIJIOCTOMKOCTBIO, TIPOYHOCTHIO.

B kauectBe matpun B [IHKM wucnons3ytor Haubosee
pacTmpocTpaHeHHbIe TMPOMBIIIJIEHHbIE TMoauMepsl [10].
MHorue HaHOpa3MepHbIe MTPOIYKTHI TPOU3BOASATCS B KOM-
MepUecKrX MaciuTabax v MpeacTaBIsiOT HOBBIM KJIAcC ajlb-
TEPHATUBHBIX HAMOJHUTENEH ISl TosuMepoB. Cpeau HUX
MEePCMEKTUBHBI U MPENCTABISIOT 0O0JIbIION UHTEPEC TS UC-
clienoBaresieii: OpraHOTJIMHbBI, CHHTETUYeCKE HAaHOHATIOJ-
HUTEJM Pa3IMYHOro XMMUUeckoro cocrasa (Si0,, Al,O;,
TiO, u np.), yriaeponHsle CTPyKTypbl (dyuiepeHsl, rpadur,
HAHOHUTH, OJHO- U MHOTOCTEHHbIE HAHOTPYOKHM, (yiepe-
HOBasl YepHb, HaAHOCAaXa), MeTaJuIMuyeckue HaHodasbl (Ha
OCHOBE KeJjie3a, MeIM, IIMHKa, cepedpa, KaaMmus U Jp.),
CUHTETUYECKUE TJIOOYJISIpHBIE ACHAPUMEDPHI, TUTIEppa3BeT-
BJICHHBIE TIOJTUMEPHI U IIp.

K ocHoBHbIM noctouHctBaM [THKM MoxHO oTHecTu:
TOBBIIIIEHHbIE 3HAYEHUsI IKCILTyaTallMOHHBIX CBOICTB, Ta-
KHX KakK MeXaHW4yecKash MPOYHOCTb, MOIYJb YIIPYTOCTH,
TEIJI0- U TEPMOCTONKOCTb, TPEIIMHOCTOMKOCTb, CTaOUIb-
HOCTh pa3MepoB M3JIEJNii, a TAKXKE CTOMKOCTh K arpeccuB-
HbIM cpenam. Ho y ITTHKM umetrorcest cBou HepocTtaTku, 00-
YCJIOBJIEHHBIE CJIOKHOCTBIO PABHOMEPHOTO pacIipeaeIeHUs
HY B nmonumepHoOit MaTpulle U AUCIEPrUPOBAHMS UX arpe-
ratoB wiu arjaomepartoB. IloaTomy 3amaya crabwimzaluud
HY kak mepBUYHBIX MOAU(DUKATOPOB SIBJSIETCS OAHOUN U3
BaXKHEHIIINX B HAHOTEXHOJIOTU .

HecMoTpsi Ha CIOXHOCTU TIOJIyde€HUsI, HEOCIIOPUMBbIE
npeumyiectsa [IIHKM nepen ITKM crmoco6CcTBYIOT TOCTO-
STHHOMY POCTY PbIHKA MX IMPOM3BOJCTBA U MTOTPEOIEHMS.

IIBX sBisieTcs OMHUM M3 CaMbIX MHOTOTOHHAXHBIX T10-
JIUMEPOB Cpeu TepPMOILJIACTOB, MPEBOCXOMASIIMM BCE APY-
rve mo pa3HooOpa3uio BO3MOXHOCTEH mepepaboTku (IKc-
TPYAUPOBAHUE, TIPECCOBAHME, KajlaHAPUPOBaHUE, JINThE
TI0/1 JaBJICHUEM, TTOJTyYeHHE U3 TTaCT ¥ BaKyyM-(OpMOBaHUE
13 JIMCTOB U TJICHOK) Y KOJIMYECTBY BBIMTYCKAeMbIX TTPOAYK-
ToB (Oonee 3500 BumoB m3nenuit). Hukakoit apyroii ria-
CTUK HE MOXET CPAaBHUTBCS C HUM IO ONTUMATbHOMY COOT-
HOIIIEHUIO CTOMMOCTH M BKCIIyaTallMOHHBIX CBOMCTB
(npouHocTk nipu u3rude [1BX obpasios B 1,5—2 pa3za Bhiiiie,
MOJIYJIb YIIPYTOCTHU IIpY M3THOe B 2—2,5 pa3a BbIIIE, YeM Y
[II1 u I13). OH MUPOKO UCHOIb3YETCS B TEXHUKE, CTPOU-
TEIbCTBE, CETHCKOM XO3SIMCTBE U METULIHE.

B mupoBoMm MmacmTabe moutu 60% ITIBX cocraBisiet
«CTpOMTEbHAsI» MPOAYKLIMS, TiprueM 6ojiee 90% u3 HUX —
MaTepualibl M u3aenus u3 HerutactuduimposanHoro [1BX
(TpyOBI, GUTUHTHY, OKOHHEIE, IBEPHBIC 1 (hacagHbIe Tpodr-
JIA, TIOMOKOHHUKU, CTEHOBbIE W TIOTOJIOYHBIC MAHEN, caii-
JIVHT, TUTMHTYCBI, OTAEJIOYHbIC TTAHEIU U T. 11.).

B nocienHue roabl Bo BCeM MUPE MHTEHCUMBHO pa3BUBa-
eTcsl MPOM3BOJICTBO JIPEBECHO-MOJUMEPHBIX KOMITO3UTOB —
JATITK (rmonumepsl, HamoJIHEHHBIE IpeBECHO Mykoii). B
EBponie momuuupyrot JII1K Ha ocHoBe 11D u I1I1, 3 CILIA
— Ha ocHoBe [1BX.

Hanomomudukanus [IBX u AITK-IIBX npencrasisier
UHTEpPEC HE TOJbKO C 1eJbl0 TMOBBIIIEHUSI (U3UKO-
MEXaHUUYECKUX CBOMCTB, BOOOCTOMKOCTU U TEPMOCTAOMIIb-
HOCTH, HO Y TEXHOJIOTMYHOCTH, olleHruBaeMoii 1o [1TTP (mo-
KazaTeJib TEKy4eCTH pacruiaBa).

B xayecTBe mepBUYHBIX HAHOMOIU(PUKATOPOB OBLIN HC-
MOJIb30BaHBl MHOTOCJIOMHBIE YIJEPOIHbIE HAHOTPYOKU
(MYHT tuna «cBurok» mapku «C-100» Graphistrength™
dupmbl «Arkema») B BHMIE CyXOro IMopollKa U cTabu-
JIM3UPOBAHHOW BOJHOM CYCHEH3MM U KPEMHE30JIb
(OAO «KazXumHWMW») — kosmouaHblii BOIHBIN pacTBOP
okcuaa KpemMHus, cradbwimsupoBaHHbIE NaOH. MYHT
uMeror 10—15 cimoeB TpyOOK ¢ BHEIIHUM JIUAMETPOM
10—15 HM, cpenHeit mIoTHOCTBIO 50—150 Kr/M%, ynenbHoI
HoBepXHOCTHIO 119,33 M%/T. KpeMHe301b NMeeT IUIOTHOCTb

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

fillers for polymers. The following ones are promising and
interesting for the researchers: organoclays, synthetic nano-
fillers of different chemical composition (SiO,, Al,03, TiO,,
etc.), carbon structures (fullerenes, graphite, nanowires, sin-
gle- and multi-wall nanotubes, fullerene black, nanosoot),
metal nanophases (iron, copper, zinc, silver and cadmium-
based, etc.), synthetic globular dendrimers, hyperbranched
polymers, etc.

The increased value of performance properties, such as
mechanical strength, modulus of elasticity, heat resistance,
thermostability, cracking resistance, stability of product siz-
es, and resistance to aggressive environments may be regard-
ed as the basic advantages of PNCs. However, PNCs have
their disadvantages caused by the complexity of regular distri-
bution of NPs in the polymer matrix and dispersion of their
aggregates and agglomerates. Therefore, the aim of stabiliza-
tion of NPs, as primary modifiers, is one of the most impor-
tant in nanotechnology.

In spite of the difficulty of their production, the undeni-
able advantages of PNCs over PCs promote the continuous
growth of the market of their production and consumption.

PVC is one of the most large-tonnage polymers among
the thermoplastics surpassing all the rest in the variety of
processing opportunities (extrusion, press moulding, calen-
daring, reaction injection moulding, production from pastes
and vacuum moulding from sheets and films) and the number
of manufactured products (more than 3500 types of prod-
ucts). No other plastic can be compared with it in optimal
ratio of cost and performance properties (flexural strength of
PVC samples is 1,5—2 times higher, the modulus of elasticity
in flexure is 2—2,5 times higher than those of PP and PE). It
is widely used in engineering, construction, agriculture, and
medicine.

Worldwide, almost 60% of PVCs are «construction»
products, and more than 90% of them are materials and
products made of the Rigid Polyvinyl Chloride (RPVC)
(pipes, fittings, window, door and facade profiles, window
sills, wall and ceiling panels, sidings, baseboards, finishing
panels, etc.).

Recently, all over the world the production of wood-
plastic composites (WPCs) (polymers filled with wood flour)
has been developed intensively. PE- and PP-based WPCs
dominate in Europe, PVC-based WPCs — in the USA.

Nanomodification of PVC and PVC-based WPC is of
interest not only with the purpose of improvement of physi-
comechanical properties, water resistance, thermostability,
but also workability measured by MFI (melt flow index).

The multilayer carbon nanotubes (MCNTs of the «scroll»
type of the trademark «C-100» Graphistrength™ produced
by Arkema in the dry powder form and stabilized aqueous
slurry) and silica sol (Kazan Chemical Research Institute,
0JSC), which is silicon oxide aqueous colloid, stabilized with
NaOH were used as primary nanomodifiers. MCNTs have
10—15 layers of tubes with outer diameter of 10—15 nm, aver-
age density — 50—150 kg/m?, specific surface area —
119,33 m?/g. The density of silica sol is 1200 kg/m3, pH —
10,3, viscosity — 20 cSt, the micelle diameter is 5—9,5 nm.

They were introduced in the polymer matrix with the help
of PVC concentrate premixes with nanoparticles or «by
means of a filler» — wood flour, preliminarily mixed with
MCNT water ultra-dispersion or silica sol, and dried after-
wards.

The results of nanomodification are presented in the
Fig. 1 and 2 and in the Table 1 [11, 12], which prove that
concentration dependences of properties have well defined
extremes at 0,001 wt. of «dry» MCNT per 100 wt. of PVC and
at 0,003 wt. of water slurry of nanotubes. The similar regular-
ity occurs in the modification of PVC with silica sol (SS):
extreme curves with more acute maximums of strength, melt
fluidity and water resistance occur at 0,003 wt. of SS per
100 wt. of PVC.

(PO IBHBIE
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Fig. 3. Dependence of compression strength
of epoxyamine polymers on the CNT concentration:
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1200 kr/m?, pH — 10,3, Bsizkoctb — 20 cCT, AMaMETp MHU-

et — 5—9,5 Hm.

BBeneHue MX B MOJMMEPHYIO MATPUILY OCYIICCTBIISLIN
yepe3 KoHUeHTpaTel-TipeMukchl [IBX ¢ HaHowactuiamm
WU «depe3 HAMOJHUTENb» — OPEBECHYIO MYKY, TIpeIBapy-
TEJIbHO CMEIIaHHYIO C BOOHO! yiabTpagucnepcueii MYHT
WM KPEMHE30JIEM U 3aTeM BBICYIIIEHHYIO.

PesynbraThl HAaHOMOAMGULIMPOBAHUS TTPEACTABIECHBI Ha
puc. 1 u2u B Tadm. 1 [11,12], u3 KOTOPBIX BUTHO, UTO KOH-
LIEHTPAIMOHHbIE 3aBUCMOCTH CBOCTB UMEIOT SIPKO BbIpa-
KeHHble aKcTpeMyMbl mipu 0,001 M. 4. «cyxux» MYHT Ha
100 mac. 4. [I1BX u mpu 0,003 M. 4. BOZHOI CyCIIEH3UM Ha-
HOTPYOOK. AHAJOTMYHAasl 3aKOHOMEPHOCTD IIPOSIBIISIETCS U
npu moaudukaiuu [TBX kpemuesonem (K3): akcTpemaib-
Hble KPUBbIE ¢ Oosiee pe3KMMU MaKCUMyMaMu MPOYHOCTH,
TEKY4YeCTU pacruiaBa U BOMOCTOMKOCTHU TIPOSIBIISIIOTCSI TIpU
0,003 m. 4. K3 1a 100 m. 4. [1BX.

«OcTphIii» XapakTep KOHIICHTPAIIMOHHBIX KPUBBIX Tpe-
OyeT TIIATeJIbHOCTU COOJIONEHUS TeXHOJOIMYEeCKUX Itapa-
MeTpoB aucrieprupoBanusi HY (MX KOHLEHTpAaToB) B Ma-
TpUle nojuMepa 1 KoMnozuta. DpdeKTHBHOCTb HAHOMO-
nudunuposanus AITK-TIBX nmpu pa3HbIX BapuaHTax BBe-
neHus HY (B maHHOM ciiydyae KpeMHE30J151) — B IPEBECHYIO
MyKy, B [IBX 1 coBMecTHOro BBeIeHUS B APEBECHYIO MYKY
n I1BX, nokaszana B ta6i1. 1 u 2. I3 HUX BUIHO, YTO MOKHO
JIOCTUYD OOJIBIIION CTEIeHW HAlOJIHEeHUs (MacCOBOM U 00b-
€MHOI1) TPY OHOBPEMEHHOI MOAUGDUKALIMM KPEMHE30JIeM
kak 3epeH [1BX, Tak u yactun npesecHoit Myku. CTeneHb
HAIlOJHEHUS! 3HAYUTEIBHO BBIIIE, YeM B KOMITO3ULIMSIX
TIPOMBIIIIJICHHBIX aHAJIOTOB POCCUICKMX TTPOM3BOAMTENICH,
rae oHa cocrapisier 66—100 m. 4. Ha 100 m. 4. [IBX. A 3T0
— CYILIECTBEHHbII CTOUMOCTHBIU (haKTop.

KoabduimeHT TeXHUKo-3KOHOMUYECKo 3(pheKTUBHO-
ctu Hanomoaupukarmu [TBX-ITK kpemHesomeM Ko =12.

[lepeitnem k BrIcOKOTpoYHBIM [IKM KOHCTpYKIIMOH-
HOTO Ha3HAYeHUs, a UMEHHO K TIOJIMMEPKOMIIO3UIIMOHHOM
apmatype (IIKA) Ha OCHOBE 3MOKCHUIHBIX CBSI3YIOILIUX.
HccnenoBanusi HaHOMOAMMUIIMPOBAHUS TTOCIEAHUX ObUTU
ornucaHbl paHee B [13]. g MoauduKaluy MCHoib30BaIu
cjenylole HaHoMaTepuabl:

1. ToHKOmMCTIEPCHBIE CYCIIEH3UU METaJUIOYTJIEPOTHOTO
"HaHokommo3uta (MC 1, 2, 3, 4) B oTBepauTelie 310K~
cugHoit  cmoubl u30-MTI'®PA  (mpousBoaCTBO
000 «MBM3 Kymoin»).

2. TBepaplil KOHLIEHTPAT MHOTOCTOMHBIX YIIEPOIHBIX HAHO-
Tpyook mpmMbl Arkema (@Ppaniwmst) Graphistrength C S1-25
— xkoHueHTpaT YHT B opranmnueckoit MaTpuiie, comep-
xameir MoHomep DGEBA, 6ucdenon A (comepxkaHue
JIVCIIEPIUPOBAHHBIX MHOTOCTOMHBIX YHT 25%).
HawuGosnbime mokasareayd MPOYHOCTU HaOJI0Ia0TCs B

YCIOBMSIX TepMooOpaboTku cBg3ymomiero mpu 130°C.

IIpoyHOCTh MpU CXATHUM, aAre3usi K CTAIM U TEIUIOCTOM-

(N PONIEIIBHBIE

CopepxaHue nnactudukaropa, %

Puc. 4. NameHeHne NnacTUYHOCTU Mn-
HSHOroO cbipua nNpu mMoamdukaumun nna-
ctudukatopom Arkema

Fig. 4. Plasticity change of non-burnt clay
in the modification with the Arkema

KoHueHTpauua JA, %

Content plasticizer, % Content devulcanizin agents, %

Puc. 5. 3aBucnumocCTb renb-ppakLumm oT KOH-
LeHTpauMmM [OeBYNKaHM3YIOWNX areHToB:
1 — KOMMNO3ULUS C HEO30HOM; 2 — C aLeToHa-
HWUIOM; 3 — C KPDEMHE30NEM

Fig. 5. Dependence of the gel-fraction on the

concentration of devulcanizing agents:

1 - composition with neozone; 2 - with

acetone anil; 3 — with silica sol

The «acute» character of concentration curves demands
accuracy in the technological parameters of dispersion of NP
(their concentrates) in the matrix of polymer and composite.
The efficiency of nanomodification of PVC-based WPCs at
different variants of NPs introduction (in this case, silica sol)
— in wood flour, in PVC and combined wood flour and PVC
— is shown in the Tables 1 and 2. They give evidence that it is
possible to attain a higher degree of filling (mass and volume)
at the simultaneous modification of both PVC grains and wood
flour particles, with silica sol. The degree of filling is much
higher than that in the composites of industrial analogues of
Russian manufacturers in which it is 66—100 wt. per 100 wt. of
PVC. That is an essential factor influencing the cost.

The coefficient of technical-and-economic efficiency of
PVC-based WPC nanomodification with silica sol ks =12.

The next to be considered are high-strength structural
PCs, to be more precise the epoxide binders-based polymer
composite reinforcement (PCR). The researches of the modi-
fication of epoxide binders were described earlier in [13]. The
following nanomaterials were used for the modification:

1. Fine suspensions of metal-carbon nanocomposite (MC 1,
2, 3, 4) in the epoxy hardener Iso-MTGFA (produced by
«Izhevsk Electromechanical Plant Kupol», JSC).

2. Solid concentrate of multilayer carbon nanotubes made
by «Arkema» (France) Graphistrength C S1-25 is the
CNT concentrate in organic matrix containing the mono-
mer DGEBA, bisphenol A (the content of dispersed
multilayer CNTs is 25%).

The highest indices of strength are observed in the heat
treatment conditions of the binder at 130°C. The compres-
sion strength, adhesion to copper and heat resistance of ep-
oxy binders modified with MC epoxy-carbon nanocompos-
ites attain the peak values at 0,001 wt. % of the curing agent:
strength — by 16%, adhesion to steel — by 25%, and heat re-
sistance — by 28%.

In the modification of epoxide binders with CNT
(Graphistrength C S1-25) at a rate of 0,001—0,005 wt. % the
adhesion to steel increases by 18—23%, and strength — by 15%.

In the modification of epoxyamine binders the CNTs
were introduced into the ED-20 resin, as the curing agents
— 370U and 370UP aromatic amines («Epital», LLC) — have
high viscosity and it is rather difficult to regularly distribute
nanoparticles in them.

The Fig. 3 illustrates that the maximum strength is ob-
served at the introduction of the ultra-small concentrations:
for ED-20+370U, it is 145 MPa at the CNT concentration of
0,005%, for ED-20+370UP — 146 MPa at 0,007% of the
binder mass at the strength of non-modified samples of 127 u
125 MPa respectively.

The construction ceramics was nanomodified by the in-
troduction of the water soluble surfactant, an aqua solution of
a craft-copolymer of acrylic polycarboxylate and polyethyl-
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Tabnuua 2
Table 2

OCHOBHbIE NOKa3aTenn pa3paboTaHHbIX APeBeCHO-HanoJIHEeHHbIX MBXkKoMmnoanunii
c cooTHoweHuem NBX/AM=100/100 (mac. 4.)
Basic indices of developed wood-filled PVC composites with the ration PVC/wood flour (WF) =100/100 (wt.)

PaspaboTaHHble cocTaBbl
MNoka3zaTenb Developed compositions
Index |'|BX+,£|,M+1’75 M. 4. K3 I-IBx+O,7 M. 4. K3+fD|M an+0,7 M. 4.K3 M+1,75 M. 4. K3
PVC+WF+1 ,75 wt. SS Pvc+0,7 wt. SS+WF Pvc+0,7 wt. SS+WF+1 ,75 wt. SS
MpoyHOCTb Npu pacTsxeHuu, MlMa o8 34
Longitudinal strength, MPa
BoponornoweHue, %
Water absorption, % 8,6 7.5
MNTP, r/10 MuH
MF1, g/10 min 0.06 0.15
TepMocTabunbHOCTb, MUH
Thermostability, min 105 9 108
NcTupaemocTb, MKM
Durability, pm 74 77 68
MukpoTBepaoCTb No Bukkepcy, |<rc/MM2
Vickers microhardness, kgf/mm? 15,7 14,3 16,5
MakcumanbHasa CTeNeHb HANOMHEHWS, M. 4.
Maximum degree of filling, wt. 160 180 200
MakcumarnbHas 06beMHas fona HanonHutens, % 82 84
Maximum volume percent of the filler, %

KOCTh 3TIOKCUIHBIX CBA3YIOIINX, MOIUMDUIINPOBAHHBIX Me-
NBYTIEPOAHBIMU HaHOKOMITO3UTaMu MC, MOCTUTAIOT MaK-
cuManbHbIX 3HadeHuit mpu 0,001 mac. % oT oTBepaUTENS:
MPOYHOCTh — Ha 16%, agre3ust K craiau — Ha 25%, a Terio-
CTOMKOCTb — Ha 28%.

Ilpn Momudukanmu >sHOKCUAHBIX cBsa3yommx YHT
(Graphistrength C S1-25) B kommmdectse 0,001—0,005 mac. % an-
re3us K cTany BospacrtaeT Ha 18—23%, a mpouHocTb — Ha 15%.

IIpu MoauduKay 3MOKCUaMUHHBIX cBsI3yomnx YHT
BBOIMIIUCH B cMoJy DI1-20, Tak KakK OTBEpAUTENIN — apOMa-
tnueckre aMuHbl 370Y u 370YI1 (OO0 «Bnurtainy) umeroT
BBICOKYIO BSI3KOCTh M PABHOMEPHO pacrpene/uTh HaHOoYa-
CTUILIBI B HUX BeChbMa CJIOKHO.

Kax BunHO u3 puc. 3, MakcruMajIbHasI IPOYHOCTh HAOJIIO-
JAaeTCsl MPY BBEACHWM YJIbTpaMasIbIX KOHUEHTpALWi: It
B-20+370Y orB. oHa paBHa 145 MIla npu KOHUEHTpaLUX
YHT 0,005%; mia D4-20+370VI1 ors. — 146 MIla npu
0,007% ot Macchl CBS3YIOLIETO MPU MTPOYHOCTH HEMOAN Y-
LMPOBAHHBIX 00pa3noB 127 u 125 MIla cooTBeTCTBEHHO.

Hanomonudukanmsi cTpouTebHON KepaMUKKU OCYIIIeCT-
BJISIaCh HaMU BBeJeHUeM BogopacTBopumMoro ITAB — BogHo-
IO pacTBOpa MPUBUTOIO COIOIMMEPA aKpPUIOBOTO IMOJMKAp-
OokcuaTa v MOJUATUICHIIMKOJIS, CTAOMIM3UPOBAHHOTO XJIO-
pumoM Hatpus U conepxkarero 0,1% MYHT. DtoT runepruia-
ctudukatop (rmo knaccudukauuu [MAB — pazxukureneit 1ie-
MEHTHBIX OETOHOB) Ipou3BeacH pupmoit Arkema (PpaHius).

ITAB, nonupoBannoe MYHT, BBoauIu B «BOLy 3aTBO-
pPEHMS» TJMHBI ISl TIOJyYeHUsI TIIACTUUECKOM Macchl (Te-
CTa) C BIaXHOCTBIO 28%. Pe3ynbTaThl BBeAeHMS IIacTU()U-
kaTopa ¢ MYHT (0,01%) npeacraBieHbl Ha puc. 4.

KoHleHTpanmoHHast KpyBast HOCUT 9KCTPeMaJIbHBII Xa-
pakTep [ 14], pacTeT YMCII0 MIACTUYHOCTU TJIMHSIHOTO TeCTa.
Cumxaetcs (npu 0,01% YHT) ycanka ceiplia, pacTeT cpe-
HSIS TIJIOTHOCTD ChIpIia U Yepenka, mpuieM MPOYHOCTh Ye-
penika mipu cxatuu pu BBenenun [1AB ¢ 0,01% YHT Bo3-
pactaet Ha 30% (Tabi. 3).

Brito mpoBeneHO HaHOMOIMGMUIIMPOBAHNE TIWHSIHOU
Macchl, colepxXalleil 000oramalonii KOMITOHEHT — KBap-
LIeBBII TIecoK B KonmuuecTBe 15%. [Mnactudukarop, comep-
xamuit YHT, BBonwiv no AByM BapuaHTaM: B IJIMHY U B Ie-
coK. Pesynbrathl npencrasieHsl B Tab. 4. Beenenue 0,01%
[TAB c yraepoaHbIMU HAaHOTPYOKaMHU CylIiecTBeHHO (Ha 40

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

ene glycol, stabilized by the sodium chloride and containing
0,1% of MCNTSs. This superplasticizer (according to the
classification of surfactants — fluxing agents for cement con-
cretes) is produced by Arkema (France).

The surfactant doped by MCNTs was introduced into the
«gauging water» for clay for producing the plastic material
(paste) with humidity of 28%. The results of plasticizer with
MCNTs (0,01%) are presented in the Fig. 4.

The concentration curve is of extreme character [14], the
index of clay puddle plasticity is increasing. The shrinkage of
non-burnt clay is decreased (at 0,01% of CNTs), the average
density of the non-burnt and burnt clay is growing, and the
compression strength of the burnt clay at the introduction of
surfactant with 0,01% CNTsresultsina 30% increase (Table 3).

The clay mass containing an enriching component —
quartz sand at the rate of 15% — was nanomodified. The
plasticizer containing CNTs was introduced in two variants:
into the clay and sand. The results are presented in the Table
4. The introduction of 0,01% of surfactants with carbon
nanotubes results in a significant increase of the strength of
the burnt clay (by 40 and 80% respectively).

The results of the industrial tests at the brickmaking plant
showed that at the retention of the technology of the solid
brick preparation by the method of plastic moulding the in-
troduction of 0,01% plasticizer containing 0,1% of CNTs lets
improve the mark from M100 to M175.

Thus, the high technical and economic efficiency of
nanomodification of the ceramic brick with the carbon nano-
tubes is also attained at their introduction of only 0,01 % (wt.)
without any change in the production technology. The nano-
modification efficiency coefficient is k,,=86 at the introduc-
tion of the plasticizer with CNTs into the clay, and k=171
— into the sand.

The increase of number of the processed automobile tyres
is one of the global ecological problems. Though there are
many ways of their recycling, the most attractive one is the
road construction, in particular, the usage of tyres recycled
into crumb rubber as a component of asphalt concrete pave-
ment. The well-known experience of «Rusnano» — the
«Unirem» bitumen-rubber binder used in road pavement in
The Skolkovo Innovation Center — did not show any benefi-
cial effect. In 1,5—2 years the pavement began to fail. We see
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Ta6Gnuua 3
Table 3

BnunsHmne YHT Ha cBoWicTBa ChipLia U Yepenka
The influence of CNTs on the properties of the non-burnt and burnt clay

CopepxaHue nnactudukaTopa CpenHsis ycapka, % CpeaHsist NAIOTHOCTb, Kr/M° CpeaHas Npo4HHOCTbL
cBepx Mac. % Average shrinkage, % Average density, kg/m3 npv cxatun, MrMa
The content of plasticizer above chipel, yepenok chipel, yepenok Average compressive
the mass, % non-burnt clay burnt clay non-burnt clay burnt clay strength, MPa
- 9,9 11 1680 1690 35,7
Arkema 0,01% 6,9 12,1 1770 1910 45
Ta6nuua 4

Table 4

BnunsiHme cnoco6oB8 HaHOMOAMGULMPOBAHUA HA CBOMCTBA MNIMHAHOIO ChipLa U 000XOKEeHHOr o Yepenka
The influence of nanomodification methods on the properties of the non-burnt and burnt clay

X X L CpepHssa ycagka, % CpepHsist NA0THOCTb, Kr/MS 2 ©
éﬁ S‘ ® ° s 8 % g Average shrinkage, % Average density, kg/m? 'g g 2
| 9 s o g2 o
Cnoco6 BeefeHNs E€| et I5:22% z E =S
nnactudwukatopa o 2 oE| X s 8§58 g SSEC
Plasticizer introduction | £ 8| I G &,g S &% g chipetl Yepenok chipel vepenok | £ § S 2
method Xz ég 8% g g ‘GEJ non-burntclay | burntclay | non-burntclay | burntclay | & 2 © £
S < s w
2°1 80| =238 gee
O O < <
BBeneHue B rIVHY 85 15 - 5,9 10,6 1790 1870 30
Introductionintotheclay | 85 | 15 0,01 7,2 11,8 1790 1800 42
BBe,u,eng B Mecok 85 15 0,01 6 11,8 1840 1850 54
Introduction into the sand

u 80%) yBeaMUMBaeT MPOYHOCTh OOOXKEHHOTO Yeperika,
COOTBETCTBEHHO BapMaHTY BBeICHUS MOAM(MUKATOPA.

Pe3ynbTaThl TPOMBIIIIEHHBIX UCTTBITAHWIA HA KUPITUYHOM
3aBOJIe TIOKA3aJI1, YTO MPU COXPAaHEHUN TEXHOJIOTUH TTOTyJe-
HMSI TIOJTHOTEJIOTO KUPITMYa METOAOM TUIACTHUUYECKOTO (hopMo-
Banus BBemeHne 0,01% mnactugukaTopa, COmEPXKaIero
0,1% YHT, no3Bonmuto yBeTmIuTh MapKy ¢ M100 mo M175.

Takum o6pa3oM, BbICOKAsT TEXHUYECKAST U 9KOHOMMYE-
ckast 3((HEeKTUBHOCTh HAHOMOAN(DHUKALINY KEPAMUIECKOTO
KUpIYa YIJAepOAHBIMM HAHOTPYOKaMU HOCTUTAETCS TIpU
ux BBeneHuu Takke Becero 0,01% (mac.) 6e3 UBMEeHeHUs TeX-
Hosioruu Tipou3BoncTBa. KosadduimeHt agpgekTuBHOCTU
HaHoMoaubuIpoBaHusl k=86 IpU BBEIEHNUH IIACTU(DU-
katopa ¢ YHT B ruHy u ks=171 — B 1ecok.

OHOI 13 9KOJIOTUYECKUX MPoOJieM BO BCEM MUPE SIBJISI-
eTCsl pOCT 0ObeMa OTpabOTAaHHBIX ABTOMOOWJIBHBIX IIIVH.
XOTs CyIIeCTBYeT MHOXECTBO TyTel MX YTWIN3allUM, Ha-
0oJiee MpUBIEKATEIbHBIM SIBJISIETCS TOPOXKHOE CTPOUTEIb-
CTBO, 2 UIMEHHO MCMOJb30BaHUE MepepaboOTaHHbIX B Pe3U-
HOBYIO KPOIIKY IIWH B Ka4eCTBe KOMIIOHEHTA JTOPOKHBIX
MOKPBITUH U3  acdanbTdéeToHa. WM3BECTHBIN  OMBIT
«POCHAHO» — 6uTyMHO-pe3MHOBOE BSIKYIIEe «YHUPEM>»,
MIPYMEHEHHOE B MOKPBITUU 1oporu B CKOJKOBO, HE Al IO-
JIOXKHUTEJILHOTO pe3yibTaTa: Hauyajio pa3pylieHUs MOKPBITUS
HACTYMWJIO Yepe3 MoJTOpa—/aBa roia. ABTOPHI MpenjiaraloT
Ooosee 3(p(eKTUBHBIA TMyTh TNOJAYYeHUS OUTYMHO-
PE3VHOBOTO BSTKYIIIETO — 3TO IEBYJIKAHU3AIUS IO CEPHBIM
«MOCTMKaM» PEe3WHOBOI KPOIIKM, CMEIIaHHOM ¢ pacruia-
BoM OutyMa [15]. B KauecTBe neByIKaHU3NPYIOIIETO areHTa
OonpoOoBaH KPEMHE30J1b, OITMCAHHBI BBIIIIE.

Ha puc. 5 mokazaHbl KOHIIEHTPAlMOHHBIE 3aBUCUMOCTU
reJib-(hpakiyu (OCTaBLIErocs CIIUTOTO BYJIKaHU3aTa) B IPUCYT-
CTBMM J€BYJIKaHM3MPYIoluX areHToB ([1A): Heo3oHa ( /), atieTo-
HaHuna (2), kpemHesoss (3). BunHa HanGosiee BbICOKasT IEBYJI-
KaHU3UPYIOLIas CoCcOOHOCTh KpeMHe301s rpu 0,1% (mac.).

M3 puc. 6 BUIHO, YTO 3JIaCTUIHOCTh OUTYM-IIOJTMMEPHBIX
KOMIIO3UIIMI C AeBYJKaHU3aTaMU JTOCTUTAET HAUOOJBIINX
3HaYeHUI Mpyu UX KoHeHTpauu 0,1 Mac. %, B TOM 9uciie 1
KpeMHe30J1s1 (KpuBasi ).

(N PONIEIIBHBIE

a more efficient way of producing the bitumen-rubber binder
which is devulcanization of the crumb rubber, mixed with
bitumen melt, by sulfur «bridges» [15]. The above described
silica sol was tested as a devulcanizing agent.

The Fig. 5 shows the concentration dependences of the
gel-fraction (of the retained crosslinked vulcanizate) over the
devulcanizing agents (DA): neozone (), acetone anil (2),
silica sol (3). The highest devulcanization capacity of the sil-
ica sol at 0,1% (wt.) is observed.

The Fig. 6 shows that the elasticity of bitumen-polymer
compounds with devulcanizates attains its peak values at their
concentration of 0,1 wt. %, including the silica sol (curve 3).

The Table 5 shows the technical characteristics of the
road bitumen (BND 90/130) and its modifications with the
crumb rubber (CR) and CR+DA (silica sol and neozone).
The high efficiency of the bitumen modification with the CR
devulcanizates — silica sol (composition 3) and neozone
(composition 4) — is observed, which is evident from the
significant increase of heat resistance (T), elasticity (E,5 and
E,) and freeze thaw resistance (brittle point).

The cement concrete is the main construction material all
over the world and, therefore, a lot of researches are dedi-
cated to its nanomodification. The results are published in
journals including the «Stroitel'nye Materialy» Journal (see
References in [1]). The binder — Portland cement — is the
first to be modified, as it essentially determines the techno-
logical properties of the concrete mix and performance and
technical properties of the solidified stone (being a matrix
which is a continuous phase of the concrete conglomerate).

The Table 6 presents the technical characteristics of the
industrially produced silica sols used in this research for the
nanomodification of the Portland cement CEM 1 42,5B
(«Mordovcement», JSC).

The common pattern of the influence of the KZ-TM
(introduced with the superplasticizer) on the 24 hours
strength R} (MPa) of the cement stone (Fig. 7) is evident in
the «acute» extreme dependence with the maximum at
0,001 wt. % of cement. The strength gain (ARY) is 48%; the
efficiency of modification is evident (k,s=592).
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CeoiicTBa 6MTyMa 1 pa3paboTaHHbIX GUTYM-MOIMMEPHbIX BSXYLLUX
The properties of bitumen and developed bitumen-polymer binders

Tabnuua 5
Table 5

CocTas, M. u. Ty, °C | Mos | Mo, 0,1 MM | Oos, oM | [g cM | g5, % | Bg, % | Ty, Mo Ppaacy, °C
Content, wt. Ts, °C | Pos | Py, 0,1 mm | Dys, cm | Dy, cm | Eos, % | Ep, % | Fraas brittle point, °C
BHAO 90/130
Bitumen BND 90/130 44 97 50 9 0 13 - -19
BHZ 90/130 - 100; PK -20
Bitumen BND - 100; CR -20 58 56 15 14 0.5 55 65 -21
BHZ, 90/130 - 100; PK -20; kpemHe3onb — 0,1 )
Bitumen BND - 100; CR -20; Silica sol - 0,1 76 50 st 7 5 79 75 35
BHZ 90/130 — 100; PK -20; Heo30H — 0,1 )
Bitumen BND - 100; CR -20; Neozone - 0,1 76 45 36 9.7 5 83 73 33
PK — pe3nHoBas kpoluka, Tp — TemnepaTtypa pasmsardeHus, N — neHetpauus, [ — AyKTUABHOCTb, 3 — 3N1aCTUYHOCTb.
CR - crumb rubber; Ts — softening temperature; P — penetration; D — ductility; E — elasticity.
B Tabiu. 5 mokazaHbl 1OPOXKHO-TEX- Ta6nuua 6
HUueckue cBoiicTBa 6utyma bBHJ190/130 Table 6

U ero MoauduKauuil ¢ Pe3UHOBOM
kpoikoi (PK) u PK+IA (kpeMHe30,1b
1 Heo30H). BuaHa Beicokast a¢hdexkTuB-
HOCTb MoAu(UKalMy OUTyMa AEBYJIKa-
Huszatamu PK — kpemHesonem (co-
craB 3) 1 HE030HOM (cocTaB 4), 4TO Mpo-
SIBJISIETCSI B CYIIIECTBEHHOM YBEJIMYEHUU
reriocroiikoct (T,), amacTuyHOCTH
(35 1 B) u MmoposoctoiikocTu (Tyy).

IleMeHTHBIIT OETOH — IJIaBHBINA KOH-
CTPYKILIMOHHBIN CTPOUTE/IbHBIA MaTepu-
a1 BO BCEM MUpPE U TIOTOMY €ro HaHOMO-
ITUGUIMPOBAHNIO TTOCBSAIIEHO MHOXE-
CTBO MCCJIEIOBaHUM, pe3yabTaTbl KOTO-
PBIX OITYOJTMKOBaHbBI B TOM YHMCJIE U B XKYp-
Haste «CTpouTenbHbIE MaTepHuaibl» (CM.
cnucok JarepaTypsl B [1]). B mepByro
ouepenb MOAUMUILIMPYETCS] BSIKYIlee —
MOPTJIAHILIEMEHT, TaK KaK OHO B OCHOB-
HOM ormnpefensier (Oyaydu Marpuiein —
HEIpepbIBHOM (a30ii OETOHHOrO KOH-
IJIoMepaTa) TeXHOJOTMIeCKre CBOMCTBA
OETOHHOI CMECH M IKCILTyaTallMOHHO-
TEXHUUYECKUE — OTBEPIEBIIIETO KaMHSI.

B Tabn. 6 mpencraBieHa TeXHUYeE-
CKasl XapaKTepUCTUKA MPOMBILIIEHHO
BBIITYCKAEMbIX KPEMHE30JIel, UCIONb-
3yeMbIX B TaHHOM paboTe 11T HAHOMO-
IUULIUPOBAHUS TOPTIAHILEMEHTA
HHEM 142,56 (OAO «MopaoBLEMEeHT»).

OO6111as1 3aKOHOMEPHOCTb BIMSIHUS
K3-TM (BBOAMMOTO € cymnepruiacTu-
(hukaTopoM) Ha CYTOUHYIO MPOYHOCTH
R} (MIla) uemenTHOrO Kamus (puc. 7)
MPOSIBJISIETCS B BUIIE «OCTPOIi» 9KCTpe-
MaJIbHOI 3aBUCUMOCTY C MAaKCUMYMOM
mpu 0,001 mac. % or Macchl IleMeHTa.

IMpupoct npouHocTy 1pu 31oM (ARY]) pasen 48% — shdek-

XapakTepucTuka NpoMbILLIEHHbIX KpeMHe3onei mapku K3-TM (r. KasaHb)
The characteristics of industrial silica sols of the KZ-TM mark (Kazan)

MokazaTtenn K3-TM-15 K3-TM-20 K3-TM-30
Indices KZ-TM-15 KZ-TM-20 KZ-TM-30
KoHueHTpauumsa SiO,, mac. %
SiO, concentration, wt. % 151 20,3 29,85
KoHueHTpaumsa Na,O, mac. %
Na,O concentration, wt.% 048 0,267 0,346
2
y,u,em_:_Haﬂ I'IOBerHOCTb,ZM /T 437.8 314,2 420
Specific surface area, m</g
C.VI‘J'II/IKaTHbII/I Moaynb 357 75.9 75.9
Silicate modulus
KnHemartnyeckas Ba3kocTb, CCT 58 39 458
Kinematic viscosity, cSt ’ ’ ’
85 40
o) 80 @ g K3-TM-20
e o 75 ‘g&’ Kz-TM-20
5k = S K3-TM-30
55 10 < 4 © Kz-TM-30
gz 6 27/ o K3-TM-15
T Q= -TM-
% 60 23 . Kz-TM-15
g 55
2
o L 20 I 1 ! |
0,02 006 0,1 0,14 0 0,001 0,002 0,003 0,004 0,005

KoHueHTpaums JA, %
Content devulcanizin agents, %

Puc. 6. 3aBMCMMOCTb 91aCTUHHOCTU
OUTYMHO-MOIMMEPHBIX KOMMO3MUMIA Npu
25°C OT KOHUEHTpaumn AeByKaHN3Mpyto-
LLIMX @reHToB: 1 — KOMNO3WLMSi C HEO30HOM;
2 — C aUETOHAHWIOM; 3 — C KPEMHE3ONEM

Fig. 6. Dependence of elasticity of
bitumen-polymer compositions at 25°C
on the ot concentration of devulcanizing
agents: 17 — composition with neozone;
2 — with acetone anil; 3 — with silica sol

CopaepxaHue kpemHesons, Macc. % ot L

Content silica sol, %

Puc. 7. 3aBNCMMOCTb CYTOYHOM MPOYHOCTN LLEMEHTHOIO
KamMHs R1°, (LLEM | 42,5B) OoT KOHLeHTpauumn KpemHe3onemn

Fig. 7. Dependence of 24 hours strength of the cement
stone R1°, (CEM 142,5B) on the concentration of silica sols

Conclusions

TUBHOCTH HAHOMOIU(UKALMU HATULIO (k;r=592).

1.

OO0nme BbIBOIBI

OO0111eii 3aKOHOMEPHOCTBIO BIMSHUS HAHOO00aBOK pa3-
JIMYHON XMMUYECKOU MPUPOJIbI: YIJIEPOIHBIX, METALIO-
YIJIEPOIHBIX, OKCUIOB KPEMHMSI U aJTIOMUHUST Ha CTPOU-
TeJIbHbIe MaTepUalibl Pa3IMYHOTO XUMUUYECKOTO CTpoe-
HUS 1 cocTaBa (MMOJWMEpPHbIE, TUHEHHBIE U CeTyaThie,
OUTYMHO-TIOJTUMEPHBIE, KEpaMUKa 1 IIEMEHTHBIC BSIXKY-
1ye) SBISIETCS PEe3KO BbIpaXKeHHas 3KCTpeMasibHast
KOHUEHTPAallMOHHAsT ~ 3aBUCUMOCTb  TEXHUYECKUX
CBOMCTB (MPOYHOCTH U JIp.) C MAKCUMYMOM TIPU COTBIX U
TBHICSIYHBIX JIOJISIX TIPOLIEHTA.

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

2.

The common pattern of the influence of nanoadmixtures
of different chemical nature (carbon, metal-carbon, sili-
con and aluminum oxides) on the construction materials
of different chemical structure and composition (poly-
meric, linear and grid, bitumen-polymer materials, ce-
ramics and cement binders) is the distinct extreme con-
centration dependence of technical properties (strength,
etc.) with the maximum at the hundredths and thou-
sandths of percent.

Evidently, the surface interactions (adsorptive, chemi-
sorptive) of the matrix substance with nanoparticles,
whose contribution of their properties into the compos-
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EOVIIEVIBH D] E
i

B ocHoBe addexToB HaHOMOAM(MUKALIMM JIeXKaT, I10-
BUAVMMOMY, IIOBEPXHOCTHBIE B3auMOAeiCcTBuUs (ancopo-
LIMOHHBIE, XeMOCOPOLMOHHbBIE) BEIIECTBA MaTPUIILI C
HaHOYAaCTHULIAMU, BKJIall COOCTBEHHBIX CBOMCTB KOTOPBIX
B CBOMCTBa KOMIIO3UTa HUYTOXEH.

Boicokasi TexHuUKO-3KOHOMMYecKass 3(PGHEKTUBHOCTh
TIPYMEHEeHUs HaHOPa3MEPHBIX YacTUIL TSI MoauduUKa-
IIMM CTPOMTEIBHBIX MaTepHaJIOB HE BBI3bIBAET COMHE-
HMSI, TaK Kak cBepxMaiblie 1o3bl HY, naxke B ciydae ux
BBICOKOI CTOMMOCTH, «IIEPEKPBIBAIOT» MOCIEIHIO O~
JIOXKUTETbHBIMU 3 deKTaMU U3MEHEHMST TeXHOJIOTHYE-
CKHX M 9KCIUIyaTallMOHHO-TEXHUYECKUX CBOMCTB IMOJTy-
YEeHHOTO HAaHOKOMIIO3UTA.
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ite properties is minor, underlie the nanomodification
effect.

The high technical and economic efficiency of nanoscale
particles application for construction materials modifica-
tion is out of question, as very low doses of NPs, even if
there price is high, «cover» the latter by the beneficial ef-
fects of change of technological, performance and techni-
cal properties of the produced nanocomposite.
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HaHOCTPYKTYPUPOBAHNE LIEMEHTHOrO KaMHS
Npu JUCNEPCHOM apMUPOBaHUKU 6a3aNbTOBbIM BONOKHOM

B coBpemMeHHOM CTPOUTENbCTBE Hanbonee LWNPOKOe PacnpoCTPaHEHE NONYYUIT LEMEHTHbIA 6eTOH. OAHAKO AaHHbIA KOMNO3NT
XapakTepuayeTcs psaAOM HEraTMBHbLIX MapaMeTpoB, CPEAN KOTOPbIX HU3KME NpeaenbHble Aepopmannm npu pactTskeHnn. na yBennyeHns ux
nokasateneil, a TakXKe )19 NOBbILEHNS CTOMKOCTU K MCTUPAHMIO, CKANlbIBAHWIO W YAAPHbIM BO3JECTBUAM BO3MOXHO NPUMEHEHUE PA3INYHbIX
TEXHONOrNYeCKNX NPUEMOB, CPeSMN KOTOPbLIX Hanbosee NepcrneKTUBHbIM METOLA0M MOXHO CHUTATh AMCNEPCHOEe apMUPOBAHNE LIEMEHTHON
maTtpuubl 6a3anbTOBLIMU BONOKHAMM. 118 NOBbIWEHMSA CTOMKOCTM 6a3abTOBOr0 BONOKHA B CUJIbHOLLEN0YHOM Cpeae BbIABUHYTA runoTesa o
L1e1ec006pa3HOCTI BBELEHMS B CMECh AUCNEPCUM MOANPULNPOBAHHBIX YrNepoaHbIX HaHOTPY6oK (MYHT). MpencTaBneHbl pe3ynbrathl
MWUKPOCKOMNYECKOr0 aHanu3a CTPYKTYPbl LLeMEHTHO-MNEeCYaHoro pacTeopa npu COBMECTHOM BBeAeHUN 6a3aibTOBbIX BOJIOKOH M Aucnepcuu
MYHT, KoTopble NMOKa3bIBAKOT, 4TO, HECMOTPSA HA HEAOCTATOYHYHO OAHOPOAHOCTL aucnepcun MYHT, B 30He KOHTaKTa LLEMEHTHOI0 KaMH4,
6a3anbTOBOr0 BOJIOKHA U HAHOTPYOOK KPMCTANNN3yTCs NIOTHbIE HOBOOOPA30BaHNSA, YNYYLLAETCS CLENEHNE LIEMEHTHOrO KamMHS C
6a3abTOBbIM BOTOKHOM, YMEHbLIAKTCS YCaf04HbIe TPELLNHBI.

Kntovesble cnoBa: JucnepcHoe apMuMpoBaHmue, 6a3anbToBble BONOKHA, YINepPoaHble HAHOTPYOKM, MOANGUKALIMS, YCaA04Hble AedopMaLup.
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Nanostructuring of Cement Stone at Disperse Reinforcing with Basalt Fiber

Cement concrete is the most widely distributed material in the present construction. But this composite is characterized by a series of negative parameters, low ultimate tensile strains are
among them. To improve their performance and also to increase the resistance to abrasion, chilling, and impact actions it is possible to apply various techniques, disperse reinforcement of
the cement matrix with basalt fiber is the most prospective method among them. To increase the resistance of basalt fiber to a strongly alkali environment a hypothesis about the reasonabili-
ty to introduce the dispersion of modified carbon nanotubes (MCNT) into the mix has been put forward. Results of the microscopic analysis of the structure of cement-sand mortar in the
course of joint introduction of basalt fibers and MCNT dispersion are presented; they show that, despite the lack of homogeneity of the MCNT dispersion, a dense new growth is crystallized,

the adhesion of the cement stone with basalt fiber is improved, and shrinkage cracks are reduced in the zone of the contact of cement stone, basalt fiber, and nanotubes.

Keywords: disperse reinforcement, basalt fiber, carbon nanotubes, modification, shrinking deformations.

Bo BTOpOIi 010BMHE MPOIILIOTO CTOJETUS B 00JaCTU
KOHCTPYKIIMOHHOTO MaTepUaJIOBEACHUS TIOJYYMJIO pa3-
BUTHE HOBOE HallpaBJieHUE, CBSI3aHHOE C CO3laHuEM Bd-
(EeKTUBHBIX KOMIIO3ULIMOHHBIX (KOMITO3UTHBIX) MaTepua-
JIOB, MOJIYYalOlIMX 3aTeM ILIMPOKOE PacIpoCTpaHEeHUE B
TeXHUKE.

O6acT TEXHUYECKOTO MCIIOJIb30BAHMUS KOMIIO3UIIM-
OHHBIX MaTepuaJioB BeCbMa OOIIMPHBI, OT aBTOMOOMIIE-
CTPOEHMSI, aBUALIMOHHON Y KOCMUYECKOM TEXHUKHU 10 HC-
KYCCTBEHHBIX KOCTE, OBITOBBIX aKCeCCyapoB U CITIOPTUBHO-
ro uHBeHTaps. OCHOBOI 3TUX MaTepUAJIOB SIBJISIIOTCS Me-
TaJUIMYEeCKUE, MOJIMMEPHBIE, KepaMUYSCKUe U APyTrue Io-
JIOOHBIE Pa3HOBUIHOCTU MATPUIL, [UISI KOTOPBIX B KAUECTBE
apMUPYIOLIUX KOMIIOHEHTOB HCIIOJIB3YIOTCSI BBICOKOIIPOY-
HbI€ UCKYCCTBEHHbBIC HAIMOJHUTEIM OPTaHUYECKOTO U HEOP-
TaHWYECKOTO IIPOUCXOXIeHU [1].

KenaeMblit KOMIUIEKC CBOICTB B KOMITO3ULIMOHHBIX MAaTe-
puajgax OOCTUTaeTCs, KaK IpaBUJIO, HE 3a CYET CO3IaHUS
KaKOro-TO HOBOTO BEIIIECTBA, a 3a CYET yIAYHOI'O COUETaHUS B
OTHOM MaTrepuasie U3BECTHBIX BEeIIECTB. BeIroas! oT mpruMeHe-
HMSI TAKUX KOMIIO3ULIMIA OYEBUIHBI — MaTepUa ¢ HOBBIM CO-
YeTaHUEeM CBOMCTB HE HaJI0 3aHOBO pa3padaThIiBaTh M HaIaKM-
BaTh ero nmpou3BoacTBo. Ellle 0AHO BasKHOE JOCTOMHCTBO KOM-
ITO3UTOB — OTHOCUTEIBHO HU3KAasl CTOMMOCTh, OHA UCXOIMT U3
HEBBICOKOI CTOMMOCTM HPUMEHSIEMbIX HAITOJIHUTENICH —
31€Ch YaCcTO ITPUTOIHBI JaKe TEXHOTeHHbIE MaTepuasibl. Kpome
TOTO, HATTOJTHUTEJTh SKOHOMMT CBSI3YIOIIIEe BEIIECTBO [2].

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

In the second half of the last century in the field of
structural materials science has developed a new direction
associated with the creation of effective composite
(composite) materials are currently receiving widespread in
the technic.

Fields of the technical using of composite materials are
extensive: from the automotive, aviation and space technology
to artificial bones, household accessories and sports
equipment. The basis of these materials is metal, polymer,
ceramic and other similar species matrices for which the
reinforcing components are used high-strength organic and
inorganic fillers [1].

Necessary properties in the composites achieved, as a
rule, not by creating of a new substance, and due to the
successful combination of a single material of known
substances. Benefits of using such compositions are obvious
— the new material combination of properties is not
necessary to re-establish and develop its production.
Another important advantage of composites is a relatively
low cost, it comes from the low cost using fillers — man-
made materials often suitable. Further, the binder excipient
saves [2].

Building is one of the most material and energy-intensive
industrial activity around the world. The most accessible and
widely used material in the construction is a cement concrete
with the necessary technological properties in the molding
designs, and it could serve a basis for the creation of effective
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CTpouTeabCTBO MPEICTABISIET ONHY U3 HanboJjee MaTe-
pUaJIO- Y SHEPTOEMKMX OTpaciieii MPOMU3BOJACTBEHHON Jiesi-
TeJIbHOCTU BO BceM Mupe. Hanbosiee JoCTyITHBIM U LIUPOKO
MMPUMEHSIEMBIM MaTEPHAaIOM B CTPOUTEJILCTBE SIBJISIETCS 11e-
MEHTHBIII OETOH, O0JamaIInii HEOOXOMUMbBIMUA TEXHOJIO-
TMYECKUMHU CBOMCTBAMU TIpU (POPMOBAHUY KOHCTPYKIIUIA, 1
MMEHHO OETOH MOT OBl CTy>KUTh OCHOBOM JIJISI CO3MaHUs (-
(beKXTUBHBIX Pa3HOBUIHOCTEM KOMMO3UILIMOHHBIX MaTepra-
JIOB, TIPUEMJIEMBIX B CTPOUTEILHOM MPOU3BOJCTBE.

beton oGnagaer ompeneieHHbIMU CleLUDUYECKUMU
CBOICTBaMM, XapaKTEPU3YIOIIMMU €r0 KaK XpYIKOe TBepaoe
TEJI0 C XMMMUUYECKU aKTUBHOM 1IEJIOYHOM Cpeioit, BOZHUKAKO-
IIeil B €ro CTPYKTYpe B MPOLIECCe THAPATALIMY TTOPTJIaH/LIe-
MeHTa. beToH siBjIsieTcsl reTeporeHHbBIM MaTepUaJIOM C BECh-
Ma HEOTHOPOAHOI CTPYKTYpoil ero crpoeHusl. IlpeneabHbie
nedbopmaliv 6eToHa NP PACTSIKEHUU CYILIECTBEHHO HUXE,
yeM, Hampumep, y CTaju, CTekKiia 1 MOJMMEPHBIX MaTepua-
JIOB. DTH CBOMCTBa O€TOHA TTPEIOTIPEIe/ISIIOT HEOOXOAUMOCTh
pelIeHus 3a1a4 COBPEMEHHOTO MaTepUaIOBEACHMSI, OTHOCS -
IIUXCS K YCTAHOBJICHUIO ONTUMAJIBHBIX YCJIOBMIT COBMeEIIIe-
HMSI IEMEHTHOM MaTPUIIbI C PA3TUYHBIMU BUIAMU apMUPYIO-
IIUX KOMIIOHEHTOB, TEXHUYECKHE XapaKTEPUCTUKU KOTOPbIX
(TIPOYHOCTB, MOIYJb YIIPYTOCTH, TIpeAeabHbIE e opMalun
MPU PaCTSLKEHWU, COMTPOTUBIICHUE K BO3ICHCTBUSM IIIEJI0U-
HOI1 cpe/ibl) UI3MEHSIIOTCS B IIMPOKOM Auarna3oHe [1].

JlukBuaMpoBaTh 00pa3oBaHKe TPEIIH B 0ETOHE MOXKHO
HECKOJIbLKUMM CITIOCO0aMu, HalTpuMep BTOPUYHBIM apMUPO-
BaHHUEM, KOTOPOE B KOHCTPYKIIMOHHOM LIEMEHTHOM OETOHE
OCYILECTBJISIETCS CTAIBHOM apMaTypoid, MO0 AUCTIEPCHBIM
apMHUPOBAHUEM LIEMEHTHOU MaTPUIIbl B OETOHE C TOMOIIILIO
TTOJTUTTPOTTMJICHOBBIX, CTEKJISTHHBIX, 0a3aJIbTOBBIX WU Me-
TaJNTMIECKUX BOJOKOH. OMHMM M3 TIPOrPECCUBHBIX U TIEP-
CIIEKTUBHBIX CIIOCOOOB TMPEACTABISIETCSI MCIOJb30BAHUE
0a3abTOBOTO BOJIOKHA MPU BTOPUYHOM aApMUPOBAHUM.
JlaHHBII CITOCO0 SIBJISIETCS] TOMOJTHUTEIbHBIM TTPU UCITOJb-
30BaHMM TIPOCTPAHCTBEHHOTO apMaTypHOTO Kapkaca u3
CTaJI, TI03BOJISISI 9KOHOMUTD METAJLII.

OCHOBHBIE TIpEMMYIIIeCTBa BOJIOKHA, MPUMEHSIEMOTO
IUTSl BTOPMYHOTO apMUPOBAaHUs, CBA3aHbl CO CHUXKEHUEM
paccianBaeMoCcT OETOHHOI cMecH M 00pa30BaHUs yCaa0u-
HBIX TPEIIMH B Ipoliecce TBepaeHUs: 6eroHa. Kpome Toro,
OeTOHAM C MCIOJIb30BaHMEM BOJIOKHA JUISl IUCTIEPCHOTO ap-
MUPOBaHMS TIPUCYIIM TaKWe CBOMCTBA, KaK ITOBBIIIICHHAS
YCTOMYMBOCTD K UCTUPAHUIO, CKATBIBAHUIO M YIaPHBIM BO3-
NEeNCTBUSIM, TOHWXEHHass MPOHUIIAEMOCTb, TMOBBIIIEHHAs
JTIOJITOBEYHOCTh B YCIOBUSIX 3aMOPaKMBAHUSI-OTTauBaHUSI.

CrpykTypa 6eTOHa ¢ IpUMEHeHeM 0a3aJIbTOBBIX BOJIO-
KOH (6a3ajbTolieMeHTa) 0JiM3Ka K CTPYKType LIeMeHTa, ap-
MHPOBAaHHOTO CTAJIbHOI ceTKoit. OmHaKo 0a3ajbTOLIEMEHT
obOamaer GoJyiee BBICOKOI IIPOYHOCTHIO W JIe(hOPMATUBHO-
CThIO, TaK KaK apMUpYyIollee ero 6a3ajJbToBOE BOJIOKHO 00ec-
MeynBaeT OOJIbIIYI0 OMHOPOAHOCTh APMUPOBAHUS 1LIEMEHT-
HOTO KaMHsl, a caMo 0a3aJIbTOBOE BOJIOKHO 00sagaeT 6oJiee
BbICOKOI1 mpouHocThio (1800—2500 MIla), yeM cranbHast
cetka. Kpome Toro, 0a3ajabTOLIEMEHT MOXKET ITEpEHOCUTH
O66npIe yrnpyrue aedopmaiui, TOTOMY YTO 0a3aabTOBOE
BOJIOKHO HEe MMEET IJIaCTUYECKUX aedhopMalivii Ipu pacTsi-
JKEHUH, a TI0 MOIYJIIO YIIPYTOCTU MPEBOCXOAUT CTalb [3].

H3roToBieHHOe U3 TOPHBIX TOPOJ, 6a3TLTOBOE BOJIOKHO
HE BCTYIAeT B PEaKIIUIO C KUCIOTaMU W BOIOI, OJHAKO €ro
HEI0CTaTOYHAs CTOMKOCTb K BO3/IEHCTBUIO 1IEJIOYHON CPEIbl
B OOJIBIIIMHCTBE CITy4YaeB SIBJISICTCST TPETSTCTBUEM B IIAPO-
KOM MTPUMEHEHUU IS apMUPOBAHUS LIEMEHTHBIX OETOHOB.

K HacTosiieMy BpeMeH| eIMHOTO MHEHUSI O MeXaHH3Me
pa3pyuieHus 6a3abTOBBIX CTEKOJI LIEJI0YaMU HE CYILIECTBY-
eT. HekoTophble nccienoBaTeiM cYUTaIoT [4], 4TO melicTBue
IIEJTOYHBIX PACTBOPOB CBOAUTCS K IOCTEIIEHHOMY PacTBO-
PEHMIO CTEKJIa HAUMHAs C €T0 TTOBEPXHOCTH, 6e3 0Opa3oBa-
HMS 3alIMTHOM TUTeHKM. [Ipeanonaraercs, 4To ecJid KaTHOo-
HBI IIEJIOYHOTO pacTBopa oOpasyloT ¢ MPOAYKTaMU paspy-
IIEHUSI CTeKJIa HepacTBOPUMbIE B LIEJIOUHOM cpene coenu-

varieties of composite materials that are acceptable in the
construction industry.

Concrete has certain specific properties that characterize
it as a brittle solid with reactive alkaline medium, resulting in
its structure during the hydration of Portland cement.
Concrete is a heterogeneous material with a very non-
homogeneous structure its morphology. Limit concrete
tensile deformation is significantly lower than, for example,
steel, glass and polymeric materials. These properties of
concrete necessitate solving problems of modern materials
relating to the establishment of optimal conditions for
combining the cement matrix with different types of
reinforcement components, specifications which (strength,
modulus of elasticity, limiting tensile strain, alkali resistance)
vary over a wide range [1].

The formation of cracks in the concrete eliminate in
several ways, for example, a secondary reinforcement, which
are contraction of cement concrete the steel reinforcement or
particulate reinforcement for polypropylene, glass, metal or
basalt fibers. One of the most progressive and promising
methods is the use of basalt fiber in the secondary
reinforcement. This method is optional when using spatial
reinforcement cage made of steel, saving metal.

The main benefits of reinforced basalt fiber associated
with reduced peelability and concrete shrinkage cracking
during curing of the concrete. In addition, the basalt fiber
concrete inherent properties such as increased resistance to
abrasion, chipping and shock effects, low permeability,
increased durability under freeze-thaw cycles.

The structure of basalt fiber concrete close to the steel
reinforced cement structure. However basalt fiber concrete
has higher strength and deformability, as reinforcing basalt
fiber provides greater uniformity of cement stone and basalt
fiber has a high strength (1800—2500 MPa) than steel mesh.
Furthermore, basalt fiber concrete can carry large elastic
deformation because the basalt fiber hasn’t tensile plastic
strain, and modulus of elasticity than steel [3].

Made of rocks, basalt fiber doesn’t react with acids and
water, but the low alkali resistance of basalt fiber in most
cases is an obstacle to the widespread use of basalt fibers for
reinforcement of cement concrete.

At the present moment no consensus on the mechanism
of alkali basalt glasses destruction doesn’t exist. Some
researchers consider [4], that the action of alkaline solutions
amounts to the gradual dissolution of the glass from its
surface, without forming a protective film. Assumed that,
when cations of the alkaline solution form with breakage
products in alkaline environment insoluble compound, on
the surface of the glass film is formed, further retarding its
destruction.

Another point of view is to ensure that the solutions of
alkalis, reacting silica framework constituting the fiber glass is
completely dissolved [5].

On the basis of previous research by the authors [6] found
that sheath occurs around the fiber at the interface the
interaction of basalt glass and cement paste. It consists of
products of the interaction. It should be noted that the
structure of neoplasm is microcrystalline, solid, short-cubic
shapes. At the same time, the chemical and phase composition
of tumors correspond to hydrosilicates, hydroaluminate,
hydroferrit of calcium, which are formed at minerals
hydration of Portland cement. However, the fiber can be
easily separated from the shell, thus, the adhesion of the
sheath to the fiber is lower than the cement stone, whereby
basalt fiber can’t work as a reinforcing component that
enhances crack resistance. Thus, for the application of
particulate reinforcement must ensure the preservation of
basalt fibers in an alkaline environment and improve the
adhesion of the fibers with the cement stone.

In the analysis of existing methods of protection basalt
fiber leach [7—10] that the above method is very time
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Puc. 1. MukpocCTpyKTypa rvapaTtmpoBaHHOrO
LLEMEHTHO-MECYaHOro PacTBOpa B KOHTPOJIbHOM
obpasue (ysennyeHme X5000)

Fig. 1. The microstructure of hydrated cement-
sand mortar in the control sample (magnification
x5000)

HEHWUSI, TO Ha TOBEPXHOCTHU CTeKJIa (hopMupyeTcs TUIeHKa,
TOPMO3SIIAs €T0 JaNbHelIIee pa3pylieHue.

Jlpyrasi Touka 3peHusI CBOIUTCS K TOMY, YTO PacTBOPHI
1eJIoueil, pearupysi ¢ KpeMHE3eMOM, COCTABJISIOIIMM Kap-
Kac BOJIOKHA, PACTBOPSIIOT CTEKJIO TTOJTHOCTHIO [5].

Ha ocHoBaHUUM paHee TPOBENCHHBIX MCCeIOBaHUN [6]
YCTaHOBJIEHO, UTO MPY B3aUMOJEHCTBUM 6a3aTbTOBOTO CTEK-
JIOBOJIOKHA M LIEMEHTHOTO KaMHsI Ha TpaHMUIIe paszesia cpej
BOKPYT BOJIOKHa BO3HMKAeT 000JI0UKa, COCTOSIIAsI U3 TPO-
TIYKTOB B3auMoeicTBus. Heo6Xo1mmMo OTMETUTb, UTO CTPYK-
Typa HOBOOOPA30BaHUI MUKPOKPUCTAUIMYECKAs], MACCHUB-
Hasl, KyOMYeCKOi WJIM KOPOTKOIPU3MATUUECKON (POpPMBI.
I1pu aTOM 1 XUMHUYECKUiA, 1 (ha30BbIi COCTaBBI HOBOOOPA30-
BaHM1 COOTBETCTBYIOT TMIPOCUINKATAM, THAPOATIOMUHATAM
U ruapodeppuTaM Kaublysi, GOPpMUPYIOIIMMCS MPU TUIpa-
Taluyy MMHEPAIOB MopTiaHaueMeHTa. OaHaKO BOJIOKHO Jier-
KO OTAeNsIeTCsl OT 000J0UYKHU, ClIeA0BaTeIbHO, are3ust 3Toi
000JI0YKM K BOJIOKHY HIXE, YeM K LIEMEHTHOMY KaMHIO,
BCJIEICTBUE Yero 0a3ajibTOBOE BOJOKHO KaK apMUPYIOIIMIA
KOMITOHEHT, TMOBBIIIAIOIINAN TPEIIMHOCTOMKOCTh, paboTaTh
He MoxeT. Takum oO6pa3oM, IJIsI IPUMEHEHUS JUCIIEPCHOIO
apMUpPOBaHUs HEOOXOIMMO OO0ECIeYUTh COXPaHHOCTb Oa-
3aJIbTOBOTO BOJIOKHA B ILIEJIOYHOMN cpelle U YIy4lIUTb Clie-
IJIEHUE BOJIOKHA C LIEMEHTHBIM KaMHEM.

[1pu aHaM3e CylIeCTBYIOIIMX CITOCOOOB 3aIIUThI 6a3aJTb-
TOBOTO BOJIOKHA OT BhilenaunBaHus [7—10] ycraHoBieHo,

CTPYKTYPbI LEMEHTHOIO KaMHsl M0 NMOBEepPXHOCTM 6a3anbTOBOro BOSIOKHA

Puc. 3. MUKpPOCTPYKTYpa LLEMEHTHOrO KaMHsl, MOAMMULMPOBAHHOrO 6a3abTOBLIM BONOKHOM M MYHT: @ — COCTOSIHME rPaHnYHbIX CNOEB; b, € — yNnoTHeHne

Puc. 2. CTpykTypa LEMEHTHOrO KaMHsi C YrfiepoaHbIMU HAHOTPYOKaMu (Y4epHble BKIOYEHUS):
a — B 30He rPaHNYHOrO COS MEXAY LEMEHTHBIM KAMHEM U 3aNOSIHUTENEM; b — YaCTUYHO rMAPaTUPO-
BaHHas 4acTMLA KIMHKepa B OKPY>XXEHUM rMapoKCHaa KanbLms

Fig. 2. Structuring of cement stone-walled carbon nanotubes (black inclusions): a — in the area of the
boundary layer between the cement stone and aggregate, b — partially hydrated particles clinker
surrounded by calcium hydroxide

consuming and difficult to perform, their use is, of course,
entail a reduction in the production of basalt fiber. Thus, the
question of creating an effective way to protect basalt fiber is
still open.

The hypothesis of the authors [11] is the possibility of
working together to achieve a cement stone and basalt fiber
reinforcement by the introduction of the fiber-reinforced
concrete mixture dispersion of multi-walled carbon
nanotubes. Introduction of a dispersion of carbon nanotubes
leads to the structuring of the cement matrix. It forms a dense
concrete shell a dense defect-free surface on solids (including
cement particles, fillers) that provides a better adhesion on
their surface [12].

To verify this hypothesis were carried out investigation of
the structure of cement-sand mortar, modified multiwall
carbon nanotubes (MWCNT) and basalt fiber. It was assumed
that the structuring of the cement matrix after introduction of
the dispersion of carbon nanotubes leads to the formation of
a dense coating with a thickness of 1 to 5 micron crystalline
morphology oriented vertically to the surface of the solid
phase.

In the analysis of the microstructure of the cement stone
determined that the absence in the composition of sample
dispersion of multiwalled carbon nanotubes, hydration of the
cement clinker (Fig. 1) is the classical case to form acicular
calcium hydrosilicates.

Fig. 3. Microstructure of cement stone are modified of basalt fiber and MWCNT: a — the state of the boundary layer; b, ¢ — seal structure of cement stone on

the surface of basalt fiber
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YTO OHU BeCbMa TPYIOEMKHU U CIIOXKHbBI B
WCTIOJIHEHUM, MX MpPUMEHEHMEe, Heco-
MHEHHO, MOBJIeYeT 3a CO00 CHIKEHUE
TEXHOJIOTUYHOCTH TIPOM3BOJACTBA Oa-
3JIETOBOTO BOJIOKHA. TakuM oGpasom,
Borpoc co3maHus 3(GEKTUBHOTO CIIO-
c00a 3a1uThl 6a3aTbTOBOTO BOJIOKHA /10
CHIX TIOP OCTaeTCsl OTKPHITHIM.

ABtopamu [11] Obula BBIABUHYTA
TUIOTE3a O BO3MOXHOCTHU TOCTUXKEHUS
COBMECTHOI pabOThI LIEMEHTHOTO KaM-
HSI ¥ apMUpYyoIIero 6a3ajibTOBOTO BO-
JIOKHA ITyTeM BBEICHHUS B COCTaB (pud-
pPOOETOHHOI CMeCH TUCTIEPCUM MHOTO-
CJIOMHBIX YIJEPOIHBIX HAHOTPYOOK.
BBeneHue nucrnepcuu yriaepoaHbIX Ha-
HOTPYOOK MPUBOJUT K CTPYKTYpUPOBA-
HUIO 1IEMEHTHOM MaTPUIIbl B TUIOTHBIX
OeToHax ¢ oOpa3oBaHMEM ILIOTHOM
0e3nedeKTHOM 000JIOUKM IO ITOBEpPX-
HOCTH TBEPIBIX (a3 (BKIHOYAS YACTULIBI
LIeMEHTa, HAIMTOJIHUTeJIel U 3alOJTHUTe-
Jisg), obecrieunBarouleil Jiyyiiee cler-
JIEHUE C UX TOBEPXHOCTHIO [12].

JI71s1 TIpOBEPKU BBIABUHYTOM THIIO-
Te3bl OBLIM MPOBEASHBI MCCIEeIOBAHUS
CTPYKTYpPhI LIEMEHTHO-TIECUaHOTO pac-
TBOpa, MOIUGUIIMPOBAHHOIO MHOTIO-
CJIOMHBIMU YTJIEPOIHBIMU HAHOTPYO-
kamu (MYHT) u 6a3a1bTOBBIM BOJIOK-
HoMm. Ilpeamosaranoch, 4YTO CTPYK-
TypUpPOBaHME LIEMEHTHOW MaTpUIIbI
rocjie BBEACHUS AMCIEPCUM YIJIEPOd-
HBIX HAaHOTPYOOK TMpUBEneT K hopMu-
POBaHUIO TIJIOTHON OOOJIOYKM TOJIIIIM-
HOIT oT 1 Mo 5 MKM ¢ Mopdoaorueit
KPUCTAJUTOTUIPATOB, OPUEHTUPOBAH-
HBIX BEPTUKAIBLHO K TIOBEPXHOCTHU
TBepaOul a3bl.

ITpu aHanM3e MUKPOCTPYKTYPHI 11e-
MEHTHOTO KaMHsI YCTAHOBJIEHO, YTO
MpU OTCYTCTBMM B COCTaBe oOpasla
IUCIIEPCUY MHOTOCJIIOWHBIX YIJIePOI-
HBIX HAHOTPYOOK TUApaTaIvs [IeMEeHT-
Horo TecTta (puc. 1) uaeT 1o Kiaccuye-
CKOi1 cxeme ¢ (hOPMUPOBAHUEM UTOJb-
YaThIX TUAPOCUIMKATOB KaJIbLIMSI.

B xonme mu3yueHus1 cTpyKTypbl 00pasiia, MOAMMULINPO-
BaHHOTO MHOTOCJIOWHBIMU YTJIEPOAHBIMU HAHOTPYOKaMH,
00HapyXeHO, YTO UCTIOb3yeMasl TUCTIEPCHST HEAOCTaTOYHO
OITHOPOJHA, Ha CHUMKAX MUKPOCTPYKTYPbI OTYETIIMBO BUI-
HbI KoaryaupoBaHHble yacTuiibtl MYHT (puc. 2).

Ha npencraBieHHBIX CHUMKAaX MUKPOCTPYKTYPbI MO -
(uLMpoBaHHBIX O0OpPA31IOB OTMEYEHBI CKOTUICHUS TpaHyJl
MVYHT B KOHTakTe ¢ yacThIlaMu TopTiaHaueMmeHTta. Ha
puc. 2, b oTYeTIMBO BHAHA YacTHMIIA MOPTIAHAIEMEHTA B
OKpYXXeHUU OJIOKOB M3 TUTACTUHOK TUAPOKCHIA KaJIbIIus,
YTO IMO3BOJISIET TOBOPUTH 00 MHTEHCU(DUKAIIMM BbIIIEIau-
BaHUSI LIEMEHTHOTO KJIMHKEPa B MPUCYTCTBUU YIJIEPOTHbBIX
HaHOTPYOOK. I[Ipu 3TOM OTMEYArOTCsl 3HAYUTEIHHO MEHb-
1€ YCalOYHbIe TPEIMHBI KaK B IEMEHTHOM KaMHe, TaK, Ha
IPAaHUYHBIX CJIOSIX C TOBEPXHOCTHIO 3aNOJTHUATENS (pUC. 2, ).

IIpu u3yyeHUn CTPYKTYpHI LIEMEHTHO-IIECYaHbIX 00pa3-
1I0B, MOIUMDUIIMPOBAHHBIX 0a3aJIbTOBBIM BOJIOKHOM U JMC-
nepcueil MHOTOCJIOMHBIX YIJIEPOIHbBIX HAHOTPYOOK, YCTAaHOB-
JIEHO, YTO, HECMOTPSI Ha OTCYTCTBUE KaueCTBEHHOM IUCIIep-
cuu MYHT, Bokpyr 6a3aibTOBOTO BOJIOKHA (DOPMUPYIOTCS
VIUIOTHEHHBIE CTPYKTYPBI, TIPEXIe BCETO W3 THAPOKCHUIA
Kaipuus (puc. 3).

Kaxk BugHO u3 cHUMKOB, B nipucyrcTBur MYHT yiyu-
1IaeTcs ClierIeHUe Kak C 3arojiHuTeeM (puc. 3, a), Tak U C

(Y PONIENBHBIES

Puc. 4. MukpocTpyKkTypa LLEMEHTHOrO KamHsl, apMMpPOBaHHOro 6a3anbToBbiIM BonokHOM (0,8% oT
Macchbl LLEMeHTa) B coyeTaHmm ¢ aucnepcunein MYHT: a — HeoOgHOPOAHOE pacnpenenieHne BOJIOKOH;
b — dparMeHT MUKPOCTPYKTYPbI NPy yBeandeHum 2500

Fig. 4. The microstructure of cement stone, basalt fiber reinforced (0,8% of cement weight) in
combination with MWCNT dispersion: a — an inhomogeneous distribution of the fibers; b — a fragment
of the microstructure at 2500 magnification

Puc. 5. MuKpOCTpyKTypa LIEMEHTHOro KamHsi, MOAMPUUMPOBAHHOrO 6a3anbTOBbIM BOSIOKHOM U
MYHT: a — ckon LLeMEeHTHOro KaMHsi CO cnedamMu OT 6a3anbTOBOr0 BOJIOKHA; b — dparMeHT MUKpPO-
CTPYKTYpbI NpK yBenmyerun X2500

Fig. 5. Microstructure of cement stone are modified of basalt fiber and MWCNT: a — chipped of cement
stone with traces of basalt fiber; b — a fragment of the microstructure at 2500 magnification

In examining the structure of the sample, the modified
layered carbon nanotubes, has been found that the used
dispersion is not enough homogeneous, in the microstructure
images clearly visible coagulated particles of MWCNT
(Fig. 2).

The images of the microstructure of the modified samples
marked accumulation of MWCNT granules in contact with
Portland cement particles. Fig. 2, b clearly shows the Portland
cement particle surrounded blocks platelets of calcium
hydroxide, which allows us to intensify leaching of the
cement clinker in the presence of carbon nanotubes. It was
noted significantly lower shrinkage cracks in the cement
stone and at the boundary layers to the surface of filler
(Fig. 2, a).

In research the structure of the cement-sand samples
modified basalt fiber and multi-walled carbon nanotube
dispersion found that despite the lack of good quality
MWCNT dispersion around the basalt fiber densified
structure are formed, primarily of calcium hydroxide
(Fig. 3).

As seen from the images, in the presence of MWCNT
improved traction with filler (Fig. 3, a) and with basalt fiber
the surface (Fig. 3, b, ¢), reduced shrinkage cracks, greatly
compacted of cement stone structure. The optimum
concentration of basalt fibers in cement systems is 0,3—0,4%
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MOBEPXHOCTHIO 0a3aIbTOBOIO BOJIOKHA (puc. 3, b, ¢), yMEHb-
IIAIOTCS YCaAOYHbIe TPEIIUHBI, CYIIECTBEHHO YIIJIOTHSIETCS
CTPYKTYpa LIeMEHTHOTO KaMHsI.

OnrtumanabHasi KOHLIEHTpalysl 6a3aJbTOBBIX BOJIOKOH B
MpeacTaBIeHHBIX cucTeMax coctansieT 0,3—0,4% ot Macchl
meMmeHTa. [Ipu GosbllleM comep:XaHWMW apMUPYIOIIETO BO-
sokHa (10 0,8% oT Macchl lieMeHTa) HabIogaeTcss KOMKO-
BaHUE CMECH, BOJIOKHA HEPABHOMEPHO paclpeaesIsioTCs Mo
00beMy LIeMEHTHOT0 KaMHs (puc. 4, a, b).

OnHako W B cilydyae HEpaBHOMEPHOIO pacrpeaeaeHUst
BOJIOKOH MX TTOBEPXHOCTh MOKPHITA TUIOTHBIMU HOBOOOpa-
30BaHUSIMM, MPEUMYIIECTBEHHO THUIPOKCHUIOM KaJIbIIHS.
Ha puc. 5 npencraBieHbl XapaKTepHble CHUMKH CJISIOB OT
MOBEPXHOCTH 0a3aJbTOBOTO BOJIOKHA, IMOKAa3bIBAIOIINE
MPAKTUUYECKU MOJTHOE MOKPHITHE TOBEPXHOCTH 06a3aJIbTOBO-
r'o BOJIOKHA HOBOOOPA30BaHUSIMM.

AHaIM3Upyss CHUMKU MMKPOCTPYKTYpPbl MOIU(PULIUPO-
BaHHBIX LIEMEHTHO-TIECYaHbIX 00Pa3Il0B, MOXHO TOBOPUTH O
cymectBeHHOM BiustHuM aucriepcu MYHT Ha Mmopdonoruto
HOBOOOpPa30BaHMI1 B 00JIACTSIX HEMOCPEACTBEHHOIO KOHTAaKTa
MYHT c opMupyommmcs HEMEHTHBIM KaMHEM U 0a3aIbTo-
BbIM BOJIOKHOM. TakvuM o0pa3oM, pelraeTcsl mpoodyeMa odec-
TeYeHUsI 3alIUThl 0a3aJIbTOBOTO BOJIOKHA OT BBIILIETaYMBaHUS
B LIEMEHTHOM KaMHe 3a CYeT CTPYKTYPUPOBaHUSI IIEMEHTHOTO
KaMHS TI0 TIOBEPXHOCTH apMUPYIOIINX 6a3aIbTOBBIX BOJIOKOH
MHCIIepCcUeil MHOTOCIOMHBIX YIJIEPOIHBIX HAHOTPYOOK.
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by weight of cement. At a higher content of reinforcing fiber
(up to 0,8% by weight of cement) observed caking mixture
fibers are unevenly distributed over the volume of cement
stone (Fig. 4, a, b).

However, in the case of an uneven distribution of the
fibers, their surface is covered with dense tumors, preferably
calcium hydroxide. Fig. 5 shows typical images of traces from
the surface of basalt fiber, showing almost complete coverage
of the surface of the basalt fiber tumors.

By analyzing images of the microstructure of the
modified cement-sand samples, we can talk about a
significant influence of the dispersion of MWCNT on the
morphology tumors in areas of direct contact MWCNT
emerging cement stone and basalt fiber. Thus, we can talk
about the possibility of the protection of basalt fiber from
leaching into cement stone due to the structuring of cement
stone on the surface of basalt fiber by dispersion of multilayer
carbon nanotubes.
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Information

YIIaCTCA JIH COKPATHTD PACKONbI HA 00PA30BAHHE
W YCMBWHO PBANH30BATD CTHATErHD HHHOBAIHOHKOT Pa3BUTHA POCCHN?

B koHue pekabps 2014 r. npepceparens [lpasutensctea PO
0.A. Mensenes noanucan PacnopskeHune Ne2765-p «O KoHuenuum
QefepanbHOi  LENeBOW NPOrpaMmbl  pa3BUTUS 06pa3oBaHus  Ha
2016-2020 rofbi».

KoHuenuus onpefenseT B Ka4ecTse Lenu lNporpammbl o6ecnedyeHne
ycnoBuii 3heheKTHBHOro pa3BUTUA POCCUICKOro 06pa3oBaHis, (hopmu-
POBaHNE KOHKYPEHTOCNOCOGHOro 4en0BEYecKoro noTeHYnana u noBbi-
LUEHHE KOHKYPEHTOCNOCOGHOCTH POCCHICKOro 06pa3oBaHMA Ha BCeX
YPOBHSIX, B TOM YNCNE MEXAYHAPOLHOM.

BbigensioTces natb 0CHOBHbIX 3afad [porpamMmbi:

— CO3/1aHNe U pacnpoCcTPaHeHne CTPYKTYPHbIX W TEXHOMOMNYECKMX
MHHOBAaLMIA B NPOChecCcMoHaribHOM 06pa30BaHnK, 06ECNeYnBatoLLIMX Bbl-
COKYI0 MOOUILHOCTb COBPEMEHHOI 3KOHOMUKN;

— Pa3BUTIE COBPEMEHHbBIX MEXAHU3MOB, COLEPXKAHNA N TEXHOMOrMIA
06LLEero N JONONHUTENBHOr0 06pPa30BaHMS;

— peanu3auus Mep nonynaspu3aynn cpeau AeTed U MON0Jexu
Hay4HO-006pa30BaTeNIbHON M TBOPYECKONA [EATENbHOCTH, BbISIBNIEHNE Ta-
NaHTANBON MONOLEXM;

— CO3/aHne MHAPACTPYKTYpbl, 06ecneynBatoLLei ycaoBus gns o6by-
YEHNs M NOJroTOBKY KaapoB ANS COBPEMEHHOH IKOHOMUKM,

— (hopMUpoBaHNe BOCTPEOOBAHHOI CMCTEMbI OLIEHKN KayecTBa 06-
pa3oBaHus 1 06pa3oBaTesbHbIX Pe3yNbTaToB.

[TpegycmoTpeHo npefocTasneHmne cy6cuamnin u3 degepanbHoro 6to[-
XeTa cy6bektam Pegepaunn Ha NoAAEPXKKY MEPONPUATUA NO NOBbILLE-
HUIO Ka4yecTBa W KOHKYPEHTOCMOCOBHOCTM POCCUIACKOro 06pa3oBaHus,
TPAHCAALMM 1 BHEAPEHNIO HOBbIX MOAENEN 1 MEXaHN3MOB 06ecneyeHns
[OCTYNHOCTM 06pa30BaTeNibHOM Cpefbl, PAacnpoOCTPaHEHUD CTPYKTYp-
HbIX, COAEPXKaTeNbHbIX 1 TEXHONOrMYECKNX UHHOBALWIA.

IhhekTmBHOCTL MporpaMmbl NNaHUPYETCS ONpeaensiTb Ha OCHOBE
CUCTEMbI LieNeBbIX MHAMKATOPOB U NOKa3aTenei, COOTBETCTBYIOLLMX Lie-
nam u 3agaqam lMporpammbl.

OAHaKo 3KcnepTbl CKeNTMYeCKU OLEHWBAKOT PsAd  MON0XEHWUN
KoHuenuuu. Mo mx MHeHWto, «pa3BuTie» B OGNWKailLne rogpl Oymet
03Ha4aTb B OCHOBHOM 3aKpbITWe TaK Ha3blBAEMbIX HEA(DHEKTUBHBIX BY-
308 — npegnonaraetcs 3akpbiTb 40 80% cunuanos n 40% By308.

B 2014 r. Poco6pHan3op npoBepun cBbite 500 BY30B. BbifBNEHbI
COTHMW HapyLUEHWA NNLEH3NOHHOMO 3aKoHOaTeNbCTBa: 36 By3am 3anpe-
TUAW NPUHUMATL CTYLEHTOB, Y 24 NPUOCTAHOBNEHbI NnUeH3un. OgHako
HaCTOpPaXMBaeT, 4TO B CMWUCOK He3I(MEeKTUBHbIX BY30B nonanu
KpacHosipckuit 1 YensbuHCKWIA rocy[apCTBEHHbIE YHUBEPCUTETH,
MOCKOBCKWMIA  rOCYLapCTBEHHbIN YHUBEPCUTET NYTEW COOOLLEeHUs,
MeTepbyprckas rocynapcTBeHHas akafemus KyneTypbl W UCKYCCTB,
JlutepatypHblit  MHCTUTYT uM. Topbkoro, MAPXW, PITY, MAMU,
B PocToBCKO 06nacTi «He3aeKTUBHbI» 062 CeNIbCKOX03AACTBEHHbIX
BY3a, NPU TOM, YTO Cam CyObekT — Cpeau rNaBHbIX XWTHWUL CTPaHbI.
B cnucke HeadhheKTUBHbIX €Lie MHOXECTBO CTapeiLumx y4pexneHui
C penyTauuen, 3acny>KeHHOI rogamu.

B 2015 r. npoBepKa BbICLLUEI LLKOMbI CTaHET TOTanbHOM. Ha nepBbIi
B3rNAL ANA CTOMb KECTKUX Mep MMEKTCs OObLEKTMBHbIE MPUYMHBI.
C 2011 r. 4Mcno BbINYCKHNKOB B LLUKOMAX COKPATMAOCh Ha 70 ThiC. Yeno-
BEK, a KONN4YeCTBO BY30B, HA060POT, BbIPOCNO Ha 70. Yucno cTyneHToB
nocturno 6 mnH, a 10 net Ha3ag ux 6bI10 HA TPETb MEeHbLUE.

o gone HaceneHws ¢ BbICLIKMM W JOMOHUTENbHBIM NPOeccuo-
HanbHbIM 06pa3oBaHnem (22,8 % 4YNUCEHHOCTW HAceneHus B BO3pacTe
0T 25 110 64 net) Poccus HaX0AMTCA HA YPOBHE TaKMX BEAYLLUMX 3apy6ex-
HbIX CTpaH, Kak BenukobputaHus, Lseuns u AnoHus, a Takxe onepe-
Xaet lepmanuto, Vitanuio n OpaHumio.

[Mpu aToM, N0 faHHbIM PoccTarta, 3a YeTbipe roda Ynucno 06yyatoLmx-
S B KONMeapKax u TexHUKymax CHuaunock Ha 600 Tbic. 4enosek. A 3 710 Thic.
BbIMYCKHUKOB KON 2014 I. B KONNESKM NOLLKN TONLKO 92 ThiCH4M.

KOHEYHO, POCCMIACKO 3KOHOMMUKE HYXHbI Kpenkue npogeccuoHa-
Nbl, HeO6PeMeHEHHbIE BbICLUNM 06pa30BaHNEM — BbIMYCKHUKI TEXHUKY-
MOB W Konnemken. Ho TyT »e BO3HWKAET BOMPOC: Kakne creuuanncTbl
6ynyT BOCTPE6OBAHBI U CKONbKO?

(Y PONIENBHBIE

Cpeavn MHOXeCTBa NPOEKTOB B Chepe 06pa3oBaHus 1 HayKu, onybnm-
KOBaHHbIX Ha cante MuHo6pHayku PD, HET HU O4HOr0, HAaNPaBSIEHHOMO Ha
pas3BuTME CPEeaHero cneunanbHoro 06pasoBaHns. 34ecb YMECTHO BCMOM-
HWUTb, YTO MOCEe nepefa4yn CTPOMTENbHBIX TEXHUKYMOB W KOMMemKen,
paHee BX0OAMBLUMX B cucTemy focctpos PO, B BefieHne Muno6pHayku PO,
OTCYTCTBYET Kakaf-nmb0 OCO3HaHHAA KOHLEnuus NOAroTOBKM Kagpos
CPeAHEero 3BeHa NS CTPOWTENbCTBA, He ONPefdeneHa KOMU4ecTBEHHas
noTpe6HOCTb B TaKMX Cheunanuctax, He 0603Ha4eHbl BOCTPEOOBAHHbIE
cneumnansHocTn. MHorve CTpOMTENbHbIE KOMMemKN 3aKpbITbl UK nepe-
NPOUANPOBaHbI. BbIMyCKHUKN POCCUIACKMX CPeaHUX 06pa3oBaTesbHbIX
YYPEXEHUI COLMANBHO 3aLLMLLEHbI CYLLLEECTBEHHO XYXKe CBOWUX 3apy6ex-
HbIX CBEPCTHUKOB (B [epMaHMK Hanpumep, MoONoAble COTPYAHUKU MOrYT
paccynTbiBaTb Ha AOCTOIHYIO 3apaboTHYIO NiaTy, NbroTy N0 MNoTeke,
coUManbHbIA NakeT), BCe Yalle UM NPUXOAMTCS BCTYNATb B HELWMBMIN30-
BAHHYIO KOHKYPEHLIMIO C MUTPUpYtOLLEit 6onee felieBoin paboyen CUnon.

JKCNepPTbl BbIPAXAKOT ONaceHWe, 4T0 NOCNeCTBIEM PE3KOr0 COKpa-
LLIeHA JOCTYNA K BbICLLEMY 06pa30BaHNI0 CTAHET NajeHune Keanuduka-
UMM MepcoHana Ha pblHKe TPyda, CHUXEHME KOHKYPEHTOCMOCOGHOCTH
9KOHOMUKM. Kpome TOro, 06pa3oBaHne COOEPXMUT U CDYHKLMIO TaK Ha-
3bIBAEMOr0 COLMANBHOr0 NUMTa, ynpasgHeHe KOTOPO MOXET OKOHYa-
TeNIbHO 3ahMKCMPOBATh 1 6€3 TOro YpOANMBOE PACCIOeHNe POCCUACKOT0
0611eCcTBa, HEM3OEXHO MPUBEAET K CHUKEHWUID WHTENNEKTYanbHOro
YPOBHSA Haumu. OCO6EHHO 3TO KACaeTCs XNUTENEN POCCUINCKUX PErMOHOB,
rAe BO3MOXHO MOJIHOE YHUYTOXEHME BY30B CPEAHEr0 3BeHa.

113BeCTHO MHeHWe 3amecTuTens npegcenarens Komutera no obpa-
30BaHN0 ocynapcTBeHHOW Aymbl P®, g-pa dunocodceknx Hayk
0.H. CmonuHa 0 nofmeHe pasyMHOM MW NOBbILIEHNS Ka4ecTBa paboThl
BY30B WCKYCCTBEHHbIM COKpALLEHWEM UX KONWU4ecTBa. 10 ero MHeHuio,
0T peanu3aumm KoHuenumm B NpeacTaBieHHOM BIUAE B NEpBYO 04epedb
BbIUIPAIOT KPYNHble By3bl. Bedb ecni 3akpbiTb 40% BY30B, MOXHO 60/1b-
LLe fieHer nepepacnpesenuTb B TaK Ha3blBaeMble BeayLLme.

B HacTosllee Bpema cnoxunach cBoeo6pasHas «nuMpamMmupa» BbiC-
wero obpasosaHus, rae Hasepxy MIY n CM6rY, Humke pacnonaraetcs
rpynna cefeparnbHbIX YHUBEPCUTETOB, ELLE HUXE - TPYNna HaLMoHanb-
HbIX WCCNEAO0BATENbCKNX YHUBEPCUTETOB, @ MOTOM BCE OCTanbHble. U
(huHaHCMpOBaHMe BEAETCA B 3aBMCUMOCTW OT ctatyca. O4eBUAHO, YTO
npyu COKPALLEHUM PACXOZO0B rocyaapcTsa Ha 06pasoBaHue, COXPaHUTb
BbICOKUIA YPOBEHb (PUHAHCUPOBAHUS «BELyLLNX» BY30B MOXHO TONbKO
32 CYeT NIMKBUAALMMN «He3aEKTUBHBIX». HO 3TO N NyTb «pa3BuTusa»?

B Poccumn Ha o6pasosaHue TpataT okono 4,3% BBI1, a B 6nvxaiilune
rofbl npegnonaraercs cokpatienue 1o 4,1-3,5%. XoTa cTpaHbl, feknapu-
PYIOLLME YCKOPEHHOI pa3BuTMe, HA pa3BuTe 06pa30BaHNs TaKkxKe TpaTaT
6onblue cpeacTs. Hanpumep, bpasunus ¢ 2012 r. peann3yeT nporpammy
M0 NOBBbILLEHMIO PAaCcX0f0B Ha 06pa3oBaHue ¢ 5,5 1o 10% ot BBIM. B CLLA
KOMM4ECTBO BY30B Ha AyLUY HACENEHUA BABOE BbILLE, YEM Y HaC...

A BeAb napannenbHO Ham MpPeAacToOUT peanu3oBbiBaTb CTpaTeruto
MHHOBALIMOHHOrO pa3suTua Poccuiickoit Gepepaunn Ha nepuoa no 2020
r., B KOTOPOIA, C OZHOM CTOPOHbI, NPEAN0NaraeTcs 3Ha4UTeSIbHOE NOBbI-
LUEHME NPECTIKA HAYYHOW, NHXXEHEPHOW 1 NPEeANPUHUMATENTbCKON fes-
TENbHOCTK, a C APYroii — NPU3HaeTcs, 4To npu peanu3auun Ctpaterun
pasBUTMSA HayKn U MHHOBAUWI B Poccuiickon ®efepaunu Ha nepuog Ao
2015 1. He [OCTUrHYT 3aniaHUPOBaHHbIA YPOBEHb PAAa MHAMKATOPOB,
CBSA3aHHbIX Npex/e BCero o CnpocoM Ha MHHOBALMW B PeasibHOM CEKTO-
pe 3KOHOMUKM, He YAanoch CyLLeCTBEHHO YCKOPUTL NPOLLECC UHTErpauum
POCCUIACKOA WHHOBALMOHHOI CUCTEMbI B MUPOBYKO CUCTEMY W Kapau-
HaNbHO NOBbICMTb WHHOBALMOHHYO aKTUBHOCTb M 3 (PeKTUBHOCTb pabo-
Tbl KOMMaHWA, B TOM YMCNe FOCYAAPCTBEHHDBIX, A TAKXE CO3A4aTb KOHKY-
PEHTHYIO Cpedy, CTUMYNMPYIOLLYIO MCMNONb30BaHe MHHOBALNA.

Bugumo BHOBb NOAKAyan CUCTEMHbIA MOAXOA K PeLIeHno
COLNANbHO-3KOHOMUYECKUX 3a/ad.

http://premier.gov.ru/
http://muno6pHayku.pth/
http://www.obrnadzor.gov.ru/
http://www.smolin.ru/
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Moaudukayms LemeHTHOro 6eToHa KOMNNEKCHbIMM
f06aBKamu Ha ocHoBe 3chupoB nonukapbokcunara,
yrnepoaHbIX HAHOTPYOOK U MUKPOKpPEeMHe3ema

lprMeHeHNe KOMMNEKCHbIX MOAMMUKATOPOB HA OCHOBE NOANKAPOOKCUAATHBIX NNACTU(MKATOPOB 1 YINePOAHbIX HAHOCTPYKTYP NpuobpeTaeT Bce
60NbLUYH NONYNSPHOCTb B COBPEMEHHOM MaTepuanoBeAeHni. B paboTe npecTaBneHo BAMSHNE KOMMEKCHbIX 406aBOK Ha PeoNnornyeckue
XapaKTepUCTUKM LIEMEHTHOrO TecTa U (PU3NKO-MeXaHU4ecKne XapakTepucTUKN TsHKeNoro 6eToHa. YctaHoBneHo, 4to moandukarop DC-5 Ha ocHoBe
nonukap6okcunara 061aaaeT CyLIeCTBEHHbIM MNACTUULMPYIOLLMM 3(PDEKTOM — CHUKEHMEM BS3KOCTI LEMEHTHOrO TecTa Ha 48%. MpumeHeHne
9TON A06ABKM UHTEHCMUUMPYET rnapataLmMio NOPTAAHALEMEHT], YIIOTHEHNE CTPYKTYPbI LIEMEHTHON MaTpuLbl B 6ETOHE, CMOCOBCTBYS TEM CaMbIM
MOBbILLEHUI) MPOYHOCTY LEEMEHTHOrO 6eTOHA. Hann4yme MHOrOCNOMHBIX YrNepoaHbIX HAHOTPY6OK B cocTaBe Ao6asku DC-5 cnoco6CTBYET nyyiuemy
YNOTHEHWIO CTPYKTYPbI LLEMEHTHOr0 6€TOHa, 0[iHAKO HeJ0CTaTO4HOE AMUCneprnpoBaHne HaHoTPY6OK B cpefe KapboKcunata 1 HEOAHOPOAHOCTb MX
pacnpefenexns B COCTaBe LIEMEHTHOI MaTPULbl CHXKAIOT UX 3G EKTUBHOCTb.

KnioyeBble cnoBa: 6eTOH, LLEMEHTHOE TECTO, KOMMNEKCHBIIA MO,[I,I/ICbI/IKaTOp, YrMepoAHble HAHOCTPYKTYPLI, PEOSIOrMYECKIUE CBOMCTBA.
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Modification of Cement Concrete by use of Complex Additives Based on the Polycarboxylate Ether,

Carbon Nanotubes and Microsilica

The use of complex modifiers based on polycarboxylate plasticizers and carbon nanostructures is becoming increasingly popular in modern materials science. The influence of complex
additives on the rheological characteristics of cement paste and as well on the physico-mechanical characteristics of heavy concrete is described in this paper. The presence of multi-
walled carbon nanotubes in DC-5 additive contributes to better compaction of the concrete structures, but insufficient dispersing of nanotubes in the carboxylate medium and the het-

erogeneity of their distribution in the cement matrix reduce their effectiveness. Using the complex additive with DC-5 and MS-85 microsilica results in additional compaction of the
cement matrix structure with calcium hydrosilicates, thus improving the mechanical properties of the modified concrete.

Keywords: concrete, cement paste, complex modifier, carbon nanostructures, rheological properties.

[Monyyenue 6eToHa HOBOTO MOKOJIEHUS C YIydIllIeHHbI-
MM DUBMKO-TEXHUUECKUMHU M IKCILTyaTallMOHHBIMU TT0Ka-
3aTeIsIMU He TIPEACTABISIETCS BO3MOXHBIM 06€3 MpUMeHe-
HUS pa3IndHOro poja 106aBoK. COBpeMEHHOE CTPOUTEIb-
HOE MPOU3BOJICTBO pacrojiaraeT LIUPOKUM CIIEKTPOM 100a-
BOK B O€TOHBI, KOTOPBIE MO3BOJISIIOT OKa3bIBaTh BIMSIHUE HA
MMOJABMXXHOCTh CMECEN, PeryIupoBaTh BO3AYXOBOBJICUEHUE,
CPOKM CXBaThIBAHMSI M TBEPACHUSI, TTOBHIIIATh CTOMKOCTD K
Pa3IMYHBIM arpecCUBHBIM CpeliaM U T. TI.

JlocTaTouHO NMOMYJISIPHBIM HaMpaBjieHUEM B MCCJIeI0Ba-
HUSIX KaK POCCUMCKUX, TAK U 3apYOEKHbBIX aBTOPOB SIBJISICT-
cs paboTa ¢ pa3IMYHbBIMUA TUTIAMU T1ACTUGDUITMPYIOIIUX 10~
0aBOK, KOTOpbIE B CBOIO OYEPEb CITIOCOOHBI OKa3bIBATh CY-
IIECTBEHHOE BJIUSHUE Ha PEOJOTMYecKre U (PU3NKO-Mexa-
HUYECKHUe XapaKTepUCTUKKU 0eToHOB [1—3].

C KaxIbIM rofIoM Bce 6oJiee IMPOKOe MPUMEHEHUE Cpe-
ITY TIACTUGULIMPYIOIIUX MPUOOPETAIOT 10OABKM HAa OCHOBE
3¢hupoB TMoaukapookcuiara. JJaHHbINA TUTT TUIACTU(DUKATO-
POB OTJIMYAETCS OT IPUMEHSIEMbIX paHee B3aMOJeCTBUEM
CHJT TIPOCTPAHCTBEHHOTO U 3JIEKTPOCTATUYECKOTO OTTaJIKH-
BaHMs B IIpoliecce UX paOOoTHI.

B xone uccrnenoBaHuit [4—6] GbUIO YCTAHOBJIEHO, YTO
BBeJeHUE MJIaCTU(HDUKATOPOB HA OCHOBE MoJMKapOoKcuiaTa
IMO3BOJISIET TTIOBBICUTh PAHHIOK MPOYHOCTh O€TOHA, 3HAYU-

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Producing the next generation concrete with the im-
proved physical, technical and performance properties is not
possible without using various types of additives. Modern
construction operation has a wide range of additives for con-
crete, which were found to influence the flow ability of mor-
tars, regulate air entrainment, the setting and curing time,
increase the resistance to aggressive media, etc.

Avery popular trend in studies of both Russian and foreign
authors is to work with various types of plasticizing additives,
which are able to exert significant influence on the rheological
and physical and mechanical properties of concrete [1—3].

Every year additives based on polycarboxylate ether are
becoming more widespread among plasticizing additives.
This type of plasticizers is different from those used earlier
due to the interaction of forces of spatial and electrostatic
repulsion in the process of their work.

Studies [4—6] have found that adding polycarboxylate-
based plasticizers can improve the early strength of concrete,
significantly reduce the consumption of cement and mixing
water with a small amount of additive, which in its turn
makes it possible to produce high strength, high quality, and
self-compacting concretes.

However, plasticizers based on polycarboxylate are quite
expensive [7, 8], and their use can lead to a significant in-
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TEJIbHO CHM3UTb PACXOJ BOIBI 3aTBOPEHUS U LIEMEHTA TIpU
HeOOJIBIIIOM KOJIMYECTBE BBOJMMOI 100aBKM, UTO B CBOIO
ouepenb JeJaeT BOBMOXHBIM M3TOTOBJIEHUE BBICOKOIPOY-
HBIX, BBICOKOKAQUE€CTBEHHBIX,  TAKXKE CAMOYTLIOTHSIIOLIUXCSI
OETOHOB.

OnHako TutacTU(UKaTOPhl Ha OCHOBE IOJIMKAapOOKCH-
JIaTa JOCTATOYHO Aoporu [7, 8], UX MCIIOJb30BAHUE MOXKET
MPYBECTH K CYLIECTBEHHOMY YBEJINIEHUIO CTOUMOCTH T'OTO-
BOIi MpoAyKLMK. UMEeHHO O3TOMY B HACTOSIIIEE BpEMSI MC-
cienoBaTeIsSIMU BeIeTCsl paboTa MO CO3[aHUI0 KOMILIEKC-
HBIX MOIM(PUKATOPOB Ha OCHOBE 3upa MoJIMKapOOKCHIa-
Tta. Ha cerogHsHUI JeHb CyIIECTBYET psifi paboT, IMOMI-
TBepXKIaonmx 3(PdEeKT OT COBMECTHOTO AEUCTBUS ITOJIM-
KapOOKCWJIATHOIO IIacTU(dUKATOpa U YIJIEPOAHBIX HAaHO-
cTpykTyp [9, 10].

Takum ob6pa3om, pa3paboTKa KOMILUIEKCHBIX MOAUGU-
KaTOpOB Ha OCHOBE ITOJIMKApPOOKCUIIATHBIX TTACTU(hUKATO-
POB B COUYETAaHUMU C YIJIEPOAHBIMU HAHOCTPYKTYpaMU SIBJISI-
€TCSl aKTyaJIbHOM 3amaveil IUIsi COBpEMEHHOTO MaTepuao-
BeACHUSI.

B paMkax n1aHHOTO MCCeN0BaHMS TPOBOAWINCH dKCIIe-
DPHIMEHTBI IO OLIEHKE BJIMSIHUSI KOMILJIEKCHBIX 100OaBOK Ha
peoJIornYecKre CBOMCTBA LIEMEHTHOTO TeCTa, a TaKXKe Olle-
HUBAJIOCh BIIMSIHUE 100aBOK Ha (PU3UKO-MEXaHUYECKUE MO~
Ka3aTeJIM TSKEJIOro 6eTOHa.

Hanee mpenctaBieHbl XapaKTEPUCTUKU HCCIAEAYEMBIX
JI00aBOK.

IMonukap6okcunaTtHbiii [TAB (3¢pup nonukapbokcuia-
Ta), ToproBoif Mapku Ethacryl HF (®panums) mpencrapisi-
eT co0oii OECIIBETHYIO WM OJIeTHO-OPaHXEBOTO 11BETa BSI3-
KYI0 XHIIKocTb ¢ pH=3,7, miotHocThIO — 1,06 T/cM>, KOTO-
past XopoIllo pacTBOPSIETCS B BOAHOM Cpejie U MaJlopacTBO-
puma B pactBopuressax (I'TT).

DC-5 (TY 2493-001-68708012—2014) — BsA3Kast 5KUIKOCTb
YepHOTO 1IBETA C YAEIBbHOI IIoTHOCThIo 1,08—1,1 1/cM?, B co-
CTaB KOTOPOW BXOOUT TPM KOMIIOHEHTA: MOJMKApOOKCHIIAT-
Hoe ITAB — 89%, KOHLEHTpAT YIJIEPOAHBIX HAHOTPYOOK
(YHT) — 10%, nenoHorerHoe ITAB — 1%.

MuxkpokpemHeseM MK-85 BBomuics B cocTaB O€TOH-
HOI CMECH COBMECTHO C KPYITHBIM U MEJIKUM 3aIlOJIHUTEe-
JIIMU Y TIOPTJAHAIIEMEHTOM, KOTO-
pble TpenBapUTEJbHO THIATEIbHO

crease of the cost of a finished product. This is the reason why
now researchers are working at creating complex modifiers
based on polycarboxylate ether. Today, there are a number of
studies that confirm the effect of the combined action of
polycarboxylate plasticiser and carbon nanostructures [9, 10].

Thus, the development of complex modifiers based on
polycarboxylate plasticizers in combination with carbon
nanostructures is an important task for modern materials
science.

In this study, the experiments have been conducted to
assess the impact of complex additives on the rheological
properties of cement paste, as well as the effect of additives on
the physical and mechanical properties of heavy concrete.

The effect of additives described below has been investi-
gated.

Polycarboxylate surfactant (polycarboxylate ether),
Ethacryl HF (France), is a colorless or pale orange, viscous
liquid with pH=3,7, density — 1,06 g/cm?, which is highly
soluble in water and slightly soluble in solvents.

DC-5, a viscous black liquid with the specific gravity of
1,08—1,1 g/cm?® with three components: polycarboxylate
surfactant — 89%, concentrate of carbon nanotubes (CNT)
— 10%, nonionic surfactant — 1% (TS 2493-001-68708012—
2014).

MC-85 microsilica was added to the concrete mix, to-
gether with coarse and fine aggregates and Portland cement
which had been thoroughly mixed in the dry state.
Superplasticizer and DC-5 additive were added together with
the mixing water.

To study the rheological properties the binder used was
CEM 142.5R cement (Heidelberg Cement Group) produced
in accordance with EN-197.

The cement paste with a constant W/C=0,35 was pro-
duced on the basis of this binder and DC-5 additive which
was added at the amount of 0,05; 0,075; 0,1; 0,2; 0,4; 0,6;
0,8% (from the mass of the cement). The additive was added
to the mixing water, where it has been stirred manually be-
fore being added to the cement. The mixture components
were being stirred mechanically with a mixer for 120 sec-
onds at a high speed.

After being stirred the cement paste was

e placed into a plastic container and kept at the

MepeMeIIMBaJIUCh B CYXOM COCTOSI-
Huu. ['uneprutactudukatop U a0- 1
6aBka DC-5 BBOAMINCH COBMECTHO C
BOJIO#1 3aTBOpEHUSI.

Jnst m3ydyeHUs] PeoJIOrnYecKux

temperature of 20£2°C and the relative hu-
midity of not less than 65%. Before the test-
ing, the mixture has been stirred manually
with a rheometer.

The rheological properties of the cement

CBOWMCTB B KaueCTBE BSDKYIIETO OBLI
HCITOJIb30BaH IIEMEHT MapKu
CEM 1 42.5R (Heidelberg Cement
Group), MPOU3BOIUMBIM B COOTBET-
ctBuu ¢ EN-197.

Ha ocHoBe naHHOro BsIXylllero u
no6aBku DC-5, BBoguMoil B Kommde-
cree 0,05; 0,075; 0,1; 0,2; 0,4; 0,6;
0,8% (or maccel lLieMeHTa), TOTOBHU-
JIOCh LIEMEHTHOE T€CTO C MOCTOSIHHBIM
B/11=0,35. Ilo6aBKa BBOAUJIACH B BOAY
3aTBOPEHMSI, T€ TMPeABAPUTEIIBHO TTe-
peMeIBaiach Bpy9HYIO 10 MOMEHTA
BBeZICHUS B LieMeHT. [lepemeinmnBanue
KOMIIOHEHTOB CMECHU TPOU3BOIMIOCH
MEXaHUYEeCKM C TTOMOIIBIO MUKCepa B
teyeHue 120 ¢ Ha BBICOKOI CKOPOCTH.

paste were tested at the different time after the
start of stirring — 5, 30, 60, 90, 120 minutes.
The experiment was conducted using
RHEOTEST RN 4.1 rheometer with coaxial
cylinders at the temperature and humidity
mentioned above.

The mixture was placed in a testing cylin-
der shown in Fig. 1. The studied mixture was
subjected to a shear in an annular gap between
the rotating inner cylinder and the stationary
outer cylinder.

RHEOTEST RN 4.1 rheometer is con-
trolled by a personal computer, the test data is
recorded by an operator. The software pro-
vides the processing of the obtained results in
accordance with one or another rheological
model to get the graphs and diagrams required

LlemeHTHOE TecTo mocie nepemMe- 8

[IMBaHUS TIOMENIAIOCh B IUIACTUKO-
BYIO Tapy M BBIIEPKUBAIOCH ITPU TEM-
neparype 20+2°C ¥ OTHOCHUTEJIbHOI
BJIaXXHOCTU He MeHee 65%. Ilepen Te-
CTMPOBAaHUEM C TOMOIIbIO PeOMeETpa
CMech MepeMellnBaiach BpyYHYIO.

poTtop; 3 — mydpTa

(N POVIEIIBHBIE

Puc. 1. VcnbiTaTenbHbll UMAMHAP peo-
metpa RHEOTEST RN 4.1: 1 — namepu-
TeNbHbIN CTakaH; 2 — UWIMHOPUYECKUA

Fig. 1. Testing cylinder of RHEOTEST RN
4.1 rheometer: 17 — graduated vessel;
2 - cylindrical armature; 3 — coupler

for the analysis of the properties of materials.
In this study, the processing of the test re-
sults was performed with Bingham rheological
model. For the analysis of how the additives
affected the shear stress and viscosity of the
cement paste the dependency graphs of shear
stress on shear rate were constructed for dif-

HAayuHO-MeXHU4ecKuil U NPOU3800CMBEeHHbILL HCYPHAN
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Puc. 2. 3aB1CUMOCTb KacaTeNbHOr0 HaNPSKEHNS OT CKOPOCTU casura nocne: a — 5 MuH; b — 120 MyH OT Havana CMeLUMBaHUS NpuY pasfndHbIx konndecteax DC-5
Fig. 2. Dependency of shear stress on shear rate: a - 5 min; b — 120 min after the start of mixing at the different amount of DC-5
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Puc. 3. 3aB1McUMOCTb NpenenbHoro HanpsikeHns casura ot konndectsa gobaskm DC-5 nocne: a — 5 MuH; b — 120 MWH OT HavYana CMeLIBaHus
Fig. 3. Dependency of yield value on the amount of DC-5 additive: a - 5 min; b — 120 min after the start of mixing

Peonornueckue cBOCTBa 1IEMEHTHOTO TeCTa OIpe/e-
JISUTUCH B pa3HOe BpeMsI TTOcjIe Havyaia TepeMelIuBaHus —
5, 30, 60, 90, 120 MUH. DKCIIEPUMEHT TIPOBOIMIICS C IT0O-
MOIIIBIO peoMeTpa ¢ KOaKCHaJbHBIMM LUJIUHIPAMU
RHEOTEST RN 4.1 npu TemnepaType 1 BIaXHOCTH, YKa-
3aHHBIMU BHIIIIE.

Hccnenyemasi cMech, TOMeIleHHAs! B MCHBITATEIbHbBIN
mwiuHAp (puc. 1), monBeprasach CABUTY B KOJIBILIEBOM 3a30-
pe MeXIy BpallaloMCS BHYTPEHHUM LIVUIMHIPOM M He-
MOABMXXHBIM Hapy>KHBIM LIWJIMHIPOM.

Peomerp RHEOTEST RN 4.1 ynpasasiercss mocpen-
CTBOM TEPCOHAJIBLHOIO KOMIbIOTEPA, NaHHbIE UCIBbITAHUS
¢ukcupylorcst omnepatopoMm. [lpu 3TOM mporpamMmmMHoe
obecrieyeHne II03BOJIIET 00padaThIBATh IIOJyYeHHBIE pe-
3yJIbTAaThl B COOTBETCTBUU C TOM WJIM UHOW PEOJIOTUYECKON
MOJIEJIbIO, TIoTyJasi rpauKu U auarpaMMbl, HEOOXOAMBbIE
JUISL @aHAJIM3a CBOVICTB MaTepUAJIOB.

B xoze nanHorO MccaenoBaHus Mpu 006padboTKe pe3yib-
TaTOB MCIIBITAHUS OblIa KCITOJb30BaHA pPeOJIOrMyecKasi
Mojenb bunrama. 1151 aHaiu3a Toro, Kak BBeJieHue 100aB-
KU TIOBJIMSUIO HAa HANPSIKEHHWE CABUTA U BA3KOCTD IIEMEHT-
HOI'0 TeCTa, MpeaBapUTEIbHO OBLIM IOCTPOEHHI rpaduKu
3aBUCUMOCTM KacaTeJIbHOTO HAaMpSIKeHWsI OT CKOPOCTH
CIBUTa TpU pa3IndHbIX KoaudectBax DC-5 (puc. 2, a, b).
ATTIpOKCUMAIIUs JaHHBIX Tpa®UKOB ITO3BOJMIIA B HalTbh-
HeWIleM TTOCTPOUTh TpauKu 3aBUCMMOCTH TPEeTbHOTO
HaNpPSKEHUS CABUTA M BA3KOCTH OT KOJIMYECTBA TOOABKHU
DC-5 (puc. 3, a, b; 4, a, b).

CnenyeT OTMETUTh, 4YTO TpaduKHu, MOJOOHBIC IIpel-
CTaBJEHHBIM Ha PUC. 2, ObLIM TaKXe MOCTPOESHBI ISl 1ie-
MeHTHoro Tecta yepe3 30, 60, 90 MUH OT Havajia CMeIlIBa-

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

ferent amounts of DC-5 (Fig. 2, a, b). Data fitting of the
graphs made it possible to construct the dependency graphs
of yield value and viscosity on the amount of DC-5 additive
(Fig. 3, a, b; 4, a, b).

It should be noted that the graphs similar to the ones
shown in Fig. 2 were also constructed for the cement paste
30, 60, 90 minutes after the start of mixing, however, no sig-
nificant differences were detected. That is why this article
presents the graphs only for 5 and 120 minutes after mixing.

The analysis of the graphs (Fig. 2) states that adding more
additives leads to a greater reduction in viscosity of the system
and the reduction in the yield value. It has been found that,
the additive being added at the amount of 0; 0,05; 0,075; 0,1;
0,2;0,4; 0,6; 0,8% from the mass of the binder, the viscosity
isreducedto 0, 5, 12, 23, 35, 35 and 48%, respectively, which
in its turn confirms the plasticizing effect of the additives
based on polycarboxylate.

Besides assessing the rheological characteristics, the study
was conducted on the influence of complex modifier on
physical and mechanical characteristics of heavy concrete of
B25 strength class. The binder used was Portland cement of
CEM 1 32,5B mark produced by Ulyanovsk cement plant
according to GOST 31108—2003; the fine aggregate was river
sand with the fineness modulus of M, =1,89; the coarse ag-
gregate was river gravel of 5—20 mm.

The components of the mixture were mixed in a labora-
tory gravity mixer. Polycarboxylate superplasticizer (SP) and
DC-5 were added to mixing water at the amount of 0,5% from
the mass of Portland cement. W/C ratio was within 0,38.

The data of physical and mechanical tests of heavy con-
crete modified with various additives is shown in Fig. 5.

(CNPOVIEIIBHBIE
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Puc. 4. 3aBucnuMocTb BA3KOCTU OT KonnyecTea aobasku DC-5 nocne: a — 5 MuH; b — 120 MUH OT Havyana cMeLnBaHus
Fig. 4. Dependency of viscosity on the amount of DC-5 additive: a — 5 min; b — 120 min after the start of mixing

HUSI, OMHAKO CYIIECTBEHHBIX Pas3inyuii 3a(UKCUPOBAHO 55

He Obuto. MMMeHHO IO3TOMY B paMKaX HAaHHOM CTaThuU 49,9

MpeacTaBlIeHbl rpadUKU JUllb 11 5 1 120 MUH mocJe 1e- S0

peMelBaHus. 51 433

AHanu3 rpaduKoB (pHc. 2) TO3BOJMI YCTAHOBUTD, UYTO o 41,4

YBEJINUEHNE KOJIMYECTBA NOOABKM BENET K CHUXKeHMIO S§ 40 363

BSI3KOCTHM CUCTEMbl M CHUXEHMIO TPEIETbHOTO HANPSXE- &5 45| ‘

Hus casura. [lpm BBemeHuM O0O0ABKM B KOJUYECTBE

0,05; 0,075; 0,1; 0,2; 0,4; 0,6; 0,8% OT Macchl BSIKYIIETO, 30|

BSI3KOCTh CHIKaeTcsa Ha 5, 12, 23, 35, 35 u 48% coorBeTr- »

CTBEHHO, YTO B CBOIO O0YepeIb ITOATBEPXAACT IIaCTU(DUIIN- °r

pyoiuii 3¢ deKT oT MpuMeHeHus 100aBOK Ha OCHOBE TO- 20

JMKAPOOKCHIATA. KoHTp. 0,5% M 0,5% DC-5 0,5% DC-5+3% MK-85
Control 0,5% SP 0,5% DC-5+3% MS-85

Hapsamy ¢ OLiIeHKOIl pPeoJIOTMYECKUX XapaKTePUCTUK
ObLIO IMPOBEACHO MCCIEIOBAHUE BIUSIHUS KOMIUIEKCHOTO
Moaudukaropa Ha (PU3NKO-MEXaHUUECKHUE XapaKTepUCTHU-
KM TSDKeJIoro 6eToHa Kiacca 1o nmpoyHocty B25. B kauecTse
BSIKYILIETO UCITOTh30BAICS TOPTIIAHALIEMEHT YIbTHOBCKOTO
nmeMeHTHOTo 3aBoma Mapku LIEM 1 32,5b coriacHo
I'OCT 31108—2003; Menkwuii 3aIIOJTHUTEIb — IIECOK PEYHOI

Puc. 5. BnusHue no6aBok Ha nokasartenu npoyYHocT 6eToHa B BO3pacTe
28 cyT HOpMasibHOro TBEPAEHUSA

Fig. 5. Influence of additives on the strength value of concrete at the age of
28 days of normal curing

Minor differences in the strength increase for the samples

C MomyJieM KpymHocTH M, ,=1,89; KpymHbI#A 3aN0IHUTEND
— rpaBuii peuHoi ppakuuu 5—20 MM.

KoMIOHeHThl cMecHu TIepeMellnBaiuch B Jlabopa-
TOPHOM CMECUTEJIe TPAaBUTALMOHHOTO AeicTBus. [lomm-
kapOokcwiatHeii rutiepruiactudukarop (I'TT) u DC-5 BBo-
JIUINCH B BOAY 3aTBOpeHUs B Koiamdectse 0,5% OT Macchl

modified with polycarboxylate ether (SE 0,5%) and the car-
bon nanotube samples (DC-5 0,5%) can be explained by
inhomogeneous distribution of nanotubes in the modifier
and their high coagulation during storage. This assumption
can be confirmed by the results of the dispersion analysis
shown in Fig. 6.

nemeHra. I1pu atrom B/Il oTHolIeHMe
Haxoauock B nipenenax 0,38.

HaHHble (PU3MKO-MEXaHUYECKUX 100
WCTIBITAHUM TSKEJIOro GeTOHa, MOIU-
(uMpoBaHHOTO Pa3IUYHBIMKU J00AB-
KaMU, TIpeICTaBIeHBI Ha PUC. 5.

HecymiectBeHHBIE pa3nuyusl B
MPUPOCTE MPOYHOCTHU JIsI 0OpasloB,
MOIUGULIMPOBAHHBIX 3(GUPOM TMOJIM-
kap6okcunata (0,5% I'TT), u o6pa3noB
¢ yriepogHbiMu HaHOTpyOoKamu (0,5%
DC-5) M0OXHO OOBSICHUTH HEOMTHO-
POIHBIM pacrpeneseHueM HaHOTPY-
00K B 00beMe MoaupuKaTopa, UX BbI-
COKOl KoaryJjsilueil B mpoliecce xpa-
HeHus. JlaHHOe TIpeANoJoXKeHUe
TTOITBEPXKIACTCS PE3yTbTaTaMU JUC-
TMepCUOHHOTO aHaJu3a, MpeACTaBICH- .
HBIMU Ha puc. 6. b

s oObsICHEHUSI pe3yJabTaTOB i@
(br3MKO-MeXaHUYECKUX MCIbITAHUI Alf
ObIJIO TIPOBEICHO MCCeTOBAaHWE MUK- L
POCTPYKTYPHI MOAUMPUIIMPOBAHHOTO - }
OeToHa. - —_— -1|f | _:lm"-u.

B o6pasnmax ¢ momupukaropom 004 x (Diameter) / ym
I'll MUKPOCTPYKTypa  BSIXKYIIETO
(puc. 7, a, b) Gonee TIOTHasI, YeM B
KOHTpOJIbHOM obOpasiie (puc. 8, a, b),

in wolume / undarsize
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Puc. 6. lncnepcunoHHbliii aHanna pobasku DC-5
Fig. 6. Dispersion analysis of DC-5 additive
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Puc. 7. MrkpocTpykTypa LeMeHTHoro 6eToHa, MoavduumposaHHoro 0,5% IM: a — uronbyatble rymapocuMamkaThl KanbLmvs Ha MOBEPXHOCTW renenonobHo
CTPYKTYpbl; b — pparMeHT MUKPOCTPYKTYPbl MOBbILLEHHOW MAOTHOCTY C 610KMPOBAHHBIMY MAACTUHYATBIMU HOBOOOPA30BaHMSAMU; C — KOHTAKTHAs 30Ha BSXY-
Llee—3anoNHNTeNb (BSXYLLLEEe — BOKPYT LLIeHTPanbHOW YacTu CHUMKA 3anofiHUTens)

Fig. 7. Microstructure of cement concrete modified with 0,5% SP: a — acicular hydrosilicates on the surface of gel-like structure; b — fragment of
microstructure of the increased density with the blocked plate-like new formations, ¢ — contact zone of binder-aggregate (the binder is around the central

part of the image of the aggregate)

Puc. 8. My1KpoCTpyKTypa LLEMEHTHOro GETOHa B KOHTPOMbHBIX 06pasuax: a — OBLLMIA NNaH, BKIIOYAOLWNIA TMAPOKCUA, KanbLmMs Y TMAPOCUNNKATBI KanbLus;
b — dparMeHT MUKPOCTPYKTYPbI C FMAPOCUIMKATAMU KaNlbLIMS; C — KOHTAKTHAs 30Ha BSXYLLEE—3aMOoSIHUTENb (BSXYLLEE — B BEPXHEN YaCT! CHUMKA)

Fig. 8. Microstructure of cement concrete in the control samples: a — general view including calcium hydroxide and calcium hydrosilicates; b — fragment of
microstructure with calcium hydrosilicates; ¢ — contact zone of binder-aggregate (the binder is at the top of the image)

C — dparMeHT MUKPOCTPYKTYPbI C YNJIOTHEHHBIMU HOBOOGPA30BaHWSIMU

Puc. 9. MukpocTpykTypa LeMeHTHoro 6eToHa, MmoanduumpoBaHHoro nobaskoi 0,5 % DC-

[ Yow

1@ un b — vronbyaTble U YNIOTHEHHbIE HOBOOOPA30BaHMs;

Fig. 9. Microstructure of cement concrete modified with 0,5 % DC-5 additive: a and b — needlelike and compressed new formations; ¢ — fragment of

microstructure with compressed new formations

OTMEUYEH POCT HOBOIO TUIA KpUcTaioB. KoHTakTHas 30Ha
BSIKYIllee—3aloJHUTeNb (pUc. 7, ¢) MJIOTHAs, B TO BpeMsi
KakK B cIydyae KOHTPOJIBHOTO 00pasiia TUIOTHOCTh BSIKYIIIETO
(puc. 8, a, b) MeHbIIIe, MEXAY BSKYIIMM U 3alIOJIHUTEIEM
SIBHO BUJTHO OTCJIOCHME IIEMEHTHOTO KaMHS OT 3aITOJTHUTE-
14 (puc. 8, ¢).

Moaudukauus 1eMeHTHOro 6etoHa mo6aBkoit DC-5
MPUBOIUT K (POPMUPOBAHUIO HAPSIAY C UTOJIBYATBIMU HO-
BooOpa3oBaHusiMU (puc. 9, a, b) TUIOTHBIX (parMeHTOB
MUKPOCTPYKTYpPHI (puc. 9, ¢) c pazmepamu oT 3 10 10 MKMm
B TOTIEpEYHNKE, PABHOMEPHO paCIpeeIeHHBIX B 00beMe
LIEMEHTHOro KaMHs. Bo3MoxHO, oHU (pOpMUPYIOTCSI BO-
KPYI' yIJIEPOAHBIX HaHOTPYOOK, KOTOpblE MMEIOT Helo-
cTaToOYHOE nucrneprupoBaHue B gobaBke DC-5 [11].
KonTakTHast 30Ha BIXKYIIlee—3aIlOJIHUTEIh B HCCIIETyEMOM

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

To explain the results of the physical and mechanical
tests the microstructure of the modified concrete has been
studied.

In the samples with SP modifier the microstructure of the
binder (Fig. 7, a, b) is denser than in the control sample
(Fig. 8, a, b), the increase of the growth of new type of crys-
tals can be found. The contact zone of binder-aggregate
(Fig. 7, c) is thick, while in the case of the control sample the
density of the binder (Fig. 8, a, b) is less, between the binder
and the filler there is clear peeling of the set cement from the
aggregate (Fig. §, ¢).

Modification of cement concrete with DC-5 additive
leads to the appearance of needlelike formations
(Fig. 9, a, b) along with the dense fragments of microstruc-
ture (Fig. 9, ¢) of 3 to 10 microns in diameter uniformly
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Puc. 10. MukpocTpyKkTypa LleMeHTHOro 6eToHa, MoAMMULIMPOBAHHOIO KOMMIEKCHOM fo6askoit (0,5% DC-5 + 3% MK-85): a u b — MUKPOCTPYKTYpa BSIXY-

a

Lero, yrnioTHEHHas rMAPOCUINKATHEIMU HOBOOOGPA30BaHMSIMU; C — KOHTaKTHasi 30Ha BsXXyLLee—3anonHuUTeNb (3anofHUTENb — B NPaBOW 4aCcTW CHUMKA);
d, e — pparmMeHTbl MUKPOCTPYKTYPbl LLEMEHTHOIO KaMHsi B MecTax 06pa3oBaHns YAJIMHEHHbIX KDUCTAINIOB M’MAPOCUANKATA KasbLIMS MPU Pa3HbIX YBETNYEHN-
ax; f — CTPYKTypa LLeMEeHTHOIr0 KaMH$l B MEeCTax CKOMieHus MukpokpemHesema MK-85

Fig. 10. Microstructure of cement concrete modified with complex additive (0,5% DC-5 + 3% MS-85): a and b — microstructure of binder densified with new
hydrosilicate formations; ¢ — contact zone of binder-aggregator (the aggregator is in the right part of the image); d, e — fragments of microstructure of set
cement in the place of formation of slender calcium hydrosilicate crystals at different magnification; f — structure of set cement in the places of

MS-85microsilica accumulation

OeToHe TIIOTHas, 0e3 ycamouyHbIX MUKpoTpeluH. [liot-
HOCTb 3TOI 30HBI HE OTJIMYAETCS OT KOHTAKTHOM 30HBI BSI-
Kylllee—3anoJHUTENIb 0eToHa, MonuduipoBanHoro 0,5%
I'Tl, npuBeaeHHO# Ha puc. 7, c.

Hcnonb3oBaHre KOMILJIEKCHOW N00aBKM, BKIIIOYAIO-
et Hapsny ¢ 0,5% DC-5 MukpokpeMHe3eM B KOJTUYe-
ctBe 3% OT MacChl MOPTIAHAIIEMEeHTA, TIPUBOIUT K YILIOT-
HEHMIO KPUCTAJUTUIECKON CTPYKTYPHI TUIPOCHINKATHBI-
MU HoBooGpasoBaHusmu (puc. 10, a, b), Takke obecne-
YUBAETCS TJIOTHBIM KOHTAKT MEXIY BSIKYIIMM U 3aroJi-
nuteneM (puc. 10, ¢). ®opMupoBaHUe TaKOW CTPYKTYPHI
MIPUBOAUT K CYIIECTBEHHOMY IOBBIIIEHUIO KaK MPOYHO-
CTU LIEMEHTHOU MaTPUIIBI B COCTaBe OETOHA, TaK U MPOU-
HOCTM MOAU(PUIMPOBAHHOIO OETOHAa B ILEJIOM.
MuKpocTpyKTypa LIeMEHTHOTO KaMHsI HeogHopoaHas. B
OTAENbHBIX €€ MecTaX HaxomsITcs
CKOIUIEHUs] YAJIMHEHHBIX MIoJibya-
ThIX KpuctajiioB (puc. 10, d), dpar-
MEHTBI KOTOPBIX TIpUBEICHBI Ha
(puc. 10, e, f). Bo3aM0oXHO, TpUINHOM
HEOJHOPOAHOCTU CTPYKTYPHI Iie-
MEHTHOTO KaMHSI SIBJISIETCS] HEPABHO-
MepHOe pacrpejieieHUe B BSDKYILEM
MUKpPOKpEMHE3eMa M HaHOTPYyOOK.
MuKpoKpeMHe3eM BBI3BIBACT 0OOTa- ¢
IMeHue MaTepuana TUOPOCUIIUKAT-
HBIMU HOBOOOPA30BaHUSIMM B MeCTaxX
CKOIUJIEHUS YacTull 3TOi N00aBKH, a
HaAHOTPYOKM SIBJISIIOTCSI LIEHTpaMU
KPUCTANIU3AUUU U YCKOPUTEISIMU
TUApaTallud CUJIUKATOB Kbl W
CTUMYJISIIUA POCTa KPUCTAJUIOB TH-
JNPOCUJIUKATOB KaJIbIIUSI.

AunddepeHIINaTbHO-TePMUYECKUI
aHaJIu3 LIEMEHTHOM MaTpuIIbl TOKa3aJl
MOBBIIIEHNE WHTEHCUBHOCTU DHIO-
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834°C

3% MK-85)
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distributed in the set cement. Probably, they are formed
around carbon nanotubes, which have insufficient disper-
sion of DC-5 additive [11]. The contact zone of binder-
aggregate in this concrete is dense, without shrinkage mi-
crocracks. The density of this area does not differ from the
contact zone of binder — aggregate of the concrete modi-
fied with SP 0,5% shown in Fig. 7, c.

Using the complex additive with 0,5% DC-5 and micro-
silica at the amount of 3% from the mass of Portland cement
leads to the compaction of the crystalline structure due to
new hydrosilicate formations (Fig. 10, a, b) and also ensures
a sealing contact between the binder and the aggregate
(Fig. 10, ¢). The formation of such structure leads to a sig-
nificant increase both in the strength of the cement matrix in
the concrete composition and the concrete strength of the

498°C
500,5°C

577,5°C 577,5°C

577,5°C

o 819°C
836,5°C 839°C

Puc. 11. Kpusble ICK n TI" LieMeHTHOM MaTpuLibl B KOHTPONLHOM obpasLe (a, e) n obpasuax, Moam-
duumpoBaHHsbIx: (b, f) - 0,5% IMT; (¢, g) — 0,5% DC-5; (d, h) — komnnekcHol pnobaeskoii (0,5% DC-5 +

Fig. 11. Curves of DSC and TG of cement matrix in the check sample (a, e) and the modified samples:
(b, f) with 0,5% SP; (c, g) with 0,5% DC-5; (d, h) with complex additive (0,5% DC-5 + 3% MS-85)
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Puc. 12. VIK-cnekTpbl LEMEHTHOI MaTpULbl B KOHTPOLHOM 06pasLe (a) u obpasuax, MoanduumpoBaHHbix: b — 0,5% DC-5, ¢ — koMnnekcHol 4o6aBKkon

(0,5% DC-5 + 3% MK-85)

Fig. 12. IR spectra of cement matrix in the check sample (a) and the samples modified with: b — 0,5% DC-5; ¢ — complex additive (0,5% DC-5 + 3% MS-85)

TepMuueckuXx 3ddekToB B obsactu temneparypbl 500°C
IIpY BBeJAeHUU rurepruiactudukaropa (puc. 11, b, ¢) u go-
6aBku DC-5 B cpaBHEHMU C KOHTPOJIbBHBIM 00pa3liom
(puc. 11, a), 9yTo roBOopUT 00 yBeJIMUYEHUU OOBEMA TUAPO-
KCHUIa KaJbIIWs U YCKOPEHUH TUApaTaIluy OPTIaHIIeMeH-
Ta B TBepaelolleM OeToHe. B To Xe BpeMsI MCITOJIb30BaHNE
KoMIuiekcHoi mo6aBku (DC-5 ¢ 3% MHMKpOKpeMHe3ema)
MPUBOAUT K CHUXKEHUIO MHTEHCUBHOCTH 9HIOTEPMUUYECKO-
ro a(dekTa 3a cueT CBA3bIBAHUS TUAPOKCUIA KATBLIMS MU-
KpoKpeMmHe3eMoM (puc. 11, d), 4To MoATBEpPXKIEHO TaKxXe
HCCIIeTOBAaHUSIMU MUKPOCTPYKTYpHI (puc. 10, b). [Tpu sTom
MOXHO TOBOPUTH, YTO 00pa3yIoIne THIAPOCUIUKATHl KaJlb-
LIMST OTJIMYAIOTCSI pa3HOM OCHOBHOCTbBIO, TaK KakK TemIepa-
Typa dHI0TepMUYecKOoro 3¢deKra, COOTBETCTBYIOIIAS 1e-
TrUApaTaluy TMAPOCUIMKaTa Kaablus (puc. 11, 4), y obpas-
11a ¢ KOMILUIEKCHOM 100aBKOIi CMelaeTcsi B CTOPOHY OoJiee
HU3KOU Temrepatypsl, ¢ 839 mo 819°C. Kpome Toro, otme-
YeHO TIOBBILIEHNEe WHTEHCUBHOCTU SHIOTEPMUYECKUX -
(beKTOB, COOTBETCTBYIOIIMX AerMApaTallMi TUAPOCUIU-
KaToB KaJblMs y o0OpasloB € TUMEPIUIacTUDUKATOPOM
(puc. 11, f) u no6askoit DC-5 (puc. 11, g), 4TO, BEepOSITHO,
00YCJIOBJIEHO YBEeJIMUEHUEM 00beMa I'MIPOCUTUKATOB Kalb-
1M 3a cUeT O60Jiee MHTEHCUBHOTO CBSI3bIBAHUS TUAPOKCHIA
KaJIbIIHSI.

WUK-cnexTpalbHbIA aHaIM3 KOHTPOJBHOTO OOpasua
(puc. 12, a) u o6pa3uoB, MOIUGUIIMPOBAHHBIX 10OaBKOM
0,5% DC-5 (puc. 12, b) u KoMIuieKcHO# mo6aBKoit (0,5%
DC-5 + 3% MK-85) (puc. 12, ¢), moATBepANIN UHTEHCH-
(ukanuio rugpatalliu MOPTIAHALIEMEHTa ¢ (hOPMUPOBa-
HHUEM JOTOJHUTEJIBHOTO 00beMa THIPOCUIMKATOB Kallb-
uusl (yBeJIUYeHWe WHTEHCUBHOCTM JIMHUM TOTJIONICHUS
1085 1 1089 cm™!'). O6pasoBaHUE TMAPOCUIMKATOB Kalb-
1I1sl pa3HOW OCHOBHOCTM TaKXKe MOJATBEPXIAETCS MPOSIB-
JIEHUEM JOTIONHUTEIbHOM TuHUK Toromenust 1033 cm™!
(puc. 12, c).

Takum o0pa3zoM, B X01e HaHHOTO MCCIAEAOBAHUS OBLIO
YCTaHOBJIEHO, uyTo MoaudukaTop DC-5 Ha ocHOBe MOJau-
Kapbokcuiata obafgaeT CyluiecTBeHHbIM TU1acTU(hULIUPYIO-
UM 3(PEHEKTOM — CHUKEHUEM BSI3KOCTH LIEMEHTHOTO Te-
crta Ha 48%. [puMeHeHME 3TOI JOOABKM MHTEHCU(DULIMPY-
€T TUApATaIIo MOPTIAHAIIEMEHTA, YIUIOTHEHNE CTPYKTYPbI
IIEMEHTHOM MaTpUIIbl B OETOHE, CIIOCOOCTBYSI TEM CaMbIM
MOBBIIIEHUIO TTPOYHOCTH IIEMEHTHOTO OETOHA.

Hanuuue MHOTrOCIONHBIX YIJIEPOAHBIX HAHOTPYOOK B
coctaBe 106aBku DC-5 crmocoOCTBYyeT JiydilieMy yIIOTHEe-
HUIO CTPYKTYpbl LIEMEHTHOIo OeTOHAa, OJHAaKO HeIoCTa-

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

modified concrete in general. The microstructure of the set
cement is heterogeneous. In some places there are some clus-
ters of slender needlelike crystals (Fig. 10, d) the fragments of
which are shown in (Fig. 10, e, f). Probably, the cause of the
heterogeneity of the structure of set cement is uneven distri-
bution of microsilica and nanotubes in the binder. Microsilica
enriches the material with new hydrosilicate formation in
places where the additive particles are accumulated and
nanotubes are the centers of crystallization and accelerators
of hydration of calcium silicates and stimulate the growth of
calcium hydrosilicate crystals.

Differential thermal analysis of the cement matrix showed
the increased intensity of endothermic effects in the tempera-
ture range of 500°C, superplasticizer (Fig. 11, b, ¢) and DC-5
additive being added, in comparison with the check sample
(Fig. 11, a), which indicates an increase of calcium hydroxide
and accelerating of the hydration of Portland cement in the
curing concrete. At the same time, using complex additives
(DC-5 with 3% microsilica) leads to the decrease in the in-
tensity of the endothermic effect due to binding calcium hy-
droxide with microsilica (Fig. 11, d), which is also confirmed
by the studies of the microstructure (Fig. 10, b). It is possible
to say that the formative calcium hydrosilicates are of varying
basicity, as the temperature of the endothermic effect corre-
sponding to dehydration of calcium silicate (Fig. 11, A), for
the sample with the complex additive shifts to the lower tem-
perature from 839 to 819°C. Besides, the increase has been
found in the intensity of endothermic effects corresponding
to the dehydration of calcium hydrosilicates for the samples
with superplasticizer (Fig. 11, f) and DC-5 additive
(Fig. 11, g), which is probably connected with the increase of
calcium hydrosilicates due to more intense binding of calci-
um hydroxide .

IR spectroscopy analysis of the check sample (Fig. 12, a)
and the samples modified with 0,5% of DC-5 additive
(Fig. 12, b) and the complex additive (0,5% DC-5 + 3% MS-
85) (Fig. 12, ¢) confirmed the intensification of the hydration
of Portland cement with the formation of additional calcium
hydrosilicates (the increase in the intensity of the absorption
lines is 1085 and 1089 cm™'). The formation of calcium hy-
drosilicates of different basicity is also confirmed by the ap-
pearance of the additional absorption line 1033 cm’!
(Fig. 12, ¢).

Thus, this study has found that DC-5 modifier based on
polycarboxylate has a significant plasticizing effect of reduc-
ing the viscosity of cement paste by 48%. Using this additive
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TOYHOE IUCIEPrupoBaHME HAHOTPYOOK B cpelae KapOo-
KcuiaTa U HEOJHOPOJHOCTh UX paclpesiesieHUsl B COCTaBe
LIEMEHTHON MaTpMIbl CHUXAOT UX 3GGOEKTUBHOCTD.
[IpyMeHeHre KOMITJIEKCHOW N00aBKU, BKJIOYAOLIEH Ha-
psany ¢ DC-5 mukpokpemuezeM MK-85, mpuBogut K m0-
MMOJIHUTEJIbHOMY YIIJIOTHEHUIO CTPYKTYPHI LIEMEHTHOM Ma-
TPULBI TUAPOCUJIMKATAMU KaJblMs, yjaydlllas NMpU 3TOM
MeXaHUYecKue TokKa3aTeau MOAU(PUUMPOBAHHOTO I1ie-
MEHTHOTO GeTOHa.
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intensifies the hydration of Portland cement, the compaction
of cement matrix in concrete, thereby, contributing to the
increase in the strength of concrete.

The presence of multi-walled carbon nanotubes in DC-5
additive contributes to better compaction of the concrete
structures, but insufficient dispersing of nanotubes in the
carboxylate medium and the heterogeneity of their distribu-
tion in the cement matrix reduce their effectiveness.

Using the complex additive with DC-5 and MS-85 mi-
crosilica results in additional compaction of the cement ma-
trix structure with calcium hydrosilicates, thus improving the
mechanical properties of the modified concrete.
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Hudopmanna

JucnouexTp B Mockpe nofieen HTorn pagoui 3a 2014 .

B KoHue siHBapsa 2015 r. cocTosinack BCTpeya pykoBoacTea TOproso-
npoMbiweHHoi nanatel P® 1 3A0 «3KCNOLEHTP» C XXypHanucTamu,
NOCBALLEHHAA MTOram paboTbl KOMNAHWM B MUHYBLUEM TOAY W OCHOB-
HbIM HanpasneHusam geatenbHocTn B 2015 r. Bo BCTpeye NpuHANM yya-
cTue Buue-npeangeHT TMNM PO B.MN. CTpallko v reHepanbHbIii AUPEKTop
3A0 «3kcnoueHTtp» C.C. beaHos.

B 2014 r. 3kcnoueHTp oTMeTUN 55-neTne 1 03HaMeHoBan CBOI HO6U-
nein BECOMbIMM pe3ynbratamn. Komnanusa cMorna yaepxatb niaHky nuge-
pa U He TONbKO COXPaHWNa BbICOKWE MOKa3aTenm BCEX OCHOBHbIX
BbICTABOYHO-KOHIPECCHbIX MPOEKTOB, HO M A06unacb Ux AanbHeillero
pas3sutus. B BbicTaBo4HOM Komnekce npoluna 91 BoicTaBka U 834 KOH-
FPECCHbIX COOLITUA. B HUX NpuHanu y4actne 29400 koMnaHuin N3 pasnuy-
HbIX CTPAaH Munpa u U3 BCexX PermoHoB Poccun. Mocetutensamu BbICTaBOK U
KOHIPECCHbIX MeponpuaTuin ctanu okono 1,7 mnH 4yenosek. Hekotopoe
COKpaLleHne 06LLero Yucna BbICTaBOK No cpasHeHuto ¢ 2013 r. npounso-
LLJIO 3a CYET roCTeBbIX CMOTPOB, B TO BPEMS KaK YMCII0 COOCTBEHHbIX Bbl-
CTaBOK BbIpocno. [loxoabl komnaHuu 3a 2014 r. Ha 11% npeBbicunn No-
Kasarenm conocTaBMMOro no BbICTaBOYHOI nporpamme 2012 r.

MuHyBWMIA rog B JKCMNOLEHTPE Obll OTMEYeH HOBLIMU MPOEKTamMn W
NepcrneKTMBHbIMU  HauynMHaHuamu. [Mpembepoirt ctan MexayHaponHbIi
3neKTpo-aHepreTuyeckuin dopym RuGrids-Electro, opranusoBaHHbiii OAQ
«Poccetn». kcnoueHTp 1 OAOQ «PocceT» NpofosmKar COTPYAHUYECTBO N0
NPOBELEHNI0 31IeKTPOaHepreTnyeckoro popyma B 2015 1 2016 rr.

OKCNOLEHTP TaKXe 3aKH4MA cornalleHne ¢ komnaxuei Energy of
Global Solutions o0 B3aumofeicTBIM B NOArOTOBKE 1 OPraHN3auiy Haumo-
HanbHbIX HedTerazoBbix hopymoB. [lepBoe COBMECTHOE MeponpusTue —
Il HaumoHanbHbI HedTerazosbln hopym coctoutcs B mapte 2015 T.

[poBefieHne BbICTaBOYHbIX CMOTPOB NO3BONSAET Hanbonee apdexkTns-
HO pewatb Npo6nemy UMNOPTO3aAMELLEHNS B 3KOHOMUKE B MEPBYIO 04e-
pefb MyTeM NPeAoCTaBNEHWS BbICTABOYHbIX MIOLAA0K NPEAnpUATUsAM,
Npou3BOAALMM  MMMOPTO3aMeLlaowlyo npoaykumio. [na  aTtoro
9KCNoLEHTp npejnonaraeT co3fatb pag npedepeHumnii Takum npeanpus-
TMAM, OCOGEHHO KOMNAHWAM Manoro W cpefHero 6u3Heca.
MHoroo6eLLatoLmm npuMepoM CTano COTPYLHMYECTBO JKCMOLEHTpa C
[BY «Manbiin 6u3Hec MockBbI», KOTOPOE MO3BOSNSIO 3HAYUTENBHO YBENU-
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MOCHBA
YUTb NPUCYTCTBUE NPEANPUATUIA MANOro U CpefHero 63Heca Ha BbICTaB-
Kax 3a cyet cybeuamnin MNpasutenbcrea MockBbl.

OfHako cKnagblBalOLLAsACs 3KOHOMUYECKas CUTyauus B Mupe U B
Poccuu BbizoBeT B 2015 1. onpefieneHHbIN cnag 06beMOB HEKOTOPbIX Bbl-
CTaBOK, KOTOPbI No nporHo3am 3A0 «3KCMOLEHTP» He npeBbicuT 20%. He
LOMYCTUTb KPUTUYECKOTO COKPALLEHNS BbICTABOYHBIX MPOEKTOB U3-3a He-
raTWBHBIX BHELUHE3KOHOMUNYECKNX (DakTOpOB MpeanonaraeTcs, B 4acTHO-
CTU, 32 CYET CBOE06PA3HOro MMNOPTO3aMELLEHNSA, KOTAA YXO4 HEKOTOPbIX
MNHOCTPAHHbIX Y4aCTHUKOB OGY[eT KOMMEHCMPOBATLCS YBEIMYEHWEM YKcna
0TEYeCTBEHHbIX 9KCMIOHEHTOB.

Pacwupsertca reorpadus B3aWMOAENCTBMA C 3KCMOHEHTaMMU W3
JlatuHckon Amepuku, FOro-Bocto4Hoin A3um 1 ap., HO Hapagy ¢ 3TUM Npo-
LOJDKMTCS B3aMMOBBLITOAHOE COTPYAHUYECTBO C TPAAMLMOHHBIMM €BPO-
neickuMm napTHepamu, Takumum kak @pankdypt Mecce, Mecce
Hwoccenbgopd, ITE u gp., KoTopble 6yAyT NPOBOAUTL CBOW BbICTABOYHbIE
MEepOonpuUATAA B LIEHTPASIbHOM BbICTABOYHOM KOMMEKCE «3IKCMOLEHTP».

He cekpeT, 4T0 IKCMOLEHTP ABNAETCA DlarMaHOM BbICTABOYHOI WH-
nyctpum Poccuiickon defepaumm 3a cHeT NOMCKa HOBbIX HanpaBneHWi,
BbICTaBOK, (hOPM paboThl. [epBbiM IKCNOLEHTP NOAHSAN Npo6siemMy 60pb-
6bl C KOHTPAhaKTOM, YTO YPEe3BbIYANHO BAXHO AN NOALEPXKM OTeye-
CTBEHHOIO MPOW3BOAMTENS, MOBBLILEHNS KOHKYPEHTOCMOCOOHOCTM ero
npoayKuum.

B 2015 r. 3A0 «3KcnoueHTp» MPOLOMKNAT paboTy MO COBEPLLEHCTBO-
BaHWIO CBOMX BPEHO0BbLIX BbICTABOYHO-KOHTPECCHBIX (DOPYMOB, Pa3BUTUIO
HOBbIX MPOEKTOB C Y4ETOM NPUOPUTETHBIX COLMANBHO-IKOHOMUYECKUX 32-
[la4, CTOALMX CEerofHs mepesd CTpaHoi. B nnaHax KOMMaHUM Takxe pas-
BUTME 3apy6exHOi BbICTABOYHON AEATENbHOCTM W yvacTue B rocyfap-
CTBEHHbIX KOHKYpCax Ha MpaBo MPOBEAEHWS POCCUIACKWNX 3KCMO3WNLMIA 3a
py6exxom.

Cnenya paHee n36paHHow cTpaterun, 3A0 «3KcnoueHTp» 6yaeT u
fanee OPUEHTUPOBATLCA MPEXAe BCEr0 Ha WHTEPEChbl CBOUX KIIMEHTOB,
aKTWBHO pa3BuBaTb COTPYOHUYECTBO C POCCUMACKUMU W 3apyOEXHbIMU
napTHepamu.

Mpecc-cnyx6a 3A0 «3KcnoueHTp»

WanW3npoBaHHanA BbICTaBKa

Mecro npoaegennn: © Hsesce yn Kooneparnssas, 9

3afipowisposats cren Momho no Ten, (3413) 730-750
garod@veudm r | gorod veudm.ru | viccom/Gorodaiveka
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Ponb MUKpoKpeMHe3ema B CTPYKTYpoobpa3oBaHuu
LLEMEHTHOM MaTpuLlbl U hOpPMUPOBAHMU BbICOJIOB
B BUGponpeccoBaHHbIX U3AENUAX

iccnegoBaHbl NPUYMHBI U MEXAHW3M BbICON00OPA30BaHKS HA NOBEPXHOCTU BUOPOMPECCOBAHHbIX U3LENNiA. YCTAHOBNEHO, YTO OCHOBHOI MPUYMHON
06pa30BaHmMs BbICOMOB Ha NOBEPXHOCTM BUOPONPECCOBAHHBIX M3AENNIA ABNAETCA HECBA3AHHbIA TMAPOKCUA KanbLiMs B COCTaBE LIEMEHTHOr0 6eTOHa.
C uenbio CHKEeHNS 06pa30BaHKs BbICONIOB B COCTAB LEEMEHTHO MaTpULbl BBOAWACS AUCMEPTNPOBAHHbIA MUKPOKPEMHE3EM B KOTMYECTBE [0

8% 0T Maccbl nopTnaHAaLeMeHTa. [1oKka3aHo, 4T0 MUKPOKPEMHE3eM YNOTHAET CTPYKTYPY BUGPONPECCOBAHHBIX N3MEMNMIA 32 CHET CBA3bIBAHMS
CBO6OJHOI0 rMAapoKCKUaa KanbLmus ¢ 06pa3oBaHuem SOMNOSHUTENBHOMO 06bema MMAPOCUNNKATOB KanbLus, NpesoTBpaLLas Takum 06pazom

BbICOI006Pa30BaHNe Ha MOBEPXHOCTM (hOPMYEMbIX U3LENNiA.
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Role of Silica Fume in Formation of Cement Matrix Structure and Efflorescence in Vibrocompressed Products

This study investigates the causes and the mechanism of efflorescence on the surface of vibrocompressed products. It has been found that the main reason for the formation of efflo-
rescence on the surface of vibrocompressed products is unbound calcium hydroxide in the composition of concrete. In order to reduce efflorescence dispersed silica fume is added to
cement matrix in the amount of up to 8% from the weight of Portland cement. It is shown that silica fume densifies the structure of vibrocompressed products due to the binding of free
calcium hydroxide with the formation of extra content of calcium hydrosilicates, thus, preventing efflorescence on the surface of molded products.

Keywords: calcium hydrosilicates, calcium hydroxide, efflorescence, microstructure, silica fume.

I[IpuMeHeHMe HAHOMATEpUAJIOB B CTPOUTEILCTBE SIBU-
JIOCHh PEBOJIIOLIMOHHBIM HallpaBjieHueM. VX ncIioab30BaHmie
3HAYUTEIBHO YJIYYIIAeT CBOMCTBA TPAAULIMOHHBIX MaTepya-
JIOB, Y MPEXJe BCEr0 CTPOUTEIbHBIX KOMIIO3UTOB Ha OCHO-
Be MopTiaHAleMeHTa. B To ke BpeMs CyllecTByeT Hepe-
IIeHHas TpobJieMa B IOHUMAaHUU XUMUU TUIpaTalliK TTIOPT-
JIaH/LIEMEHTa B MIPUCYTCTBUM YJIbTpa- U HAHOAMCIIEPCHBIX
00aBOK KakK BO BpeMs MHKYOAlIMOHHOTO TIEpuoja, Tak
1 npu GOPMUPOBAHUM KPUCTAJUIOTUAPATOB B Ipoliecce
TBEPACHMSI U B YCJIIOBUSIX MHTEHCHUBHOW MUTPALMU BOIbI
MpY 3KCIUTyaTallMd LEMEHTHBIX u3aenuii. KanuisipHo-
MopucTasl CTPYKTypa BHOpPOINPECCOBAHHBIX WU3AEIMI Ha
OCHOBE MOPTJAHAILEMEHTa CIIOCOOCTBYET WMHTEHCHUBHOI
MMTpalMU BOJbI C PACTBOPEHMEM U BHIHOCOM Ha IMOBEpPX-
HOCTh M3MEIUI JIETKOPACTBOPUMBIX COEIMHEHMI 1LIeMEHT-
HOTO KaMHSI.

IMoTeHUMANTBHBIMA UCTOYHUKAMU TIOSIBJIEHUSI BHICOJIOB
Ha TIOBEPXHOCTU CTPOUTEIBbHBIX KOHCTPYKIIMI B TIpoliecce
MX 3KCILTyaTallui MOTYT ObITh KaK KOMITOHEHTBI COCTaBJIsI-
IOIIMX MaTepUasioB, TaK U TEXHOJOTMUYECKUE (haKTOpbl MX
Mpou3BOACTBA [1]; KpOME TOro, CyllIeCTBEHHOE BIIMSIHUE
OKAa3bIBAIOT YCJIOBUS OKPYXKAIOILIEK Cpelbl, BO3ICHCTBYIO-
L€ HA 9KCILUTyaTUpyeMble KOHCTPYKLIMU. [IpyUuMHBI, BIUsI-
IoII1i€ Ha BBICOJI000pa30BaHUE CTPOUTEIBHBIX MaTEPUAIIOB,
MpUBeICHHbBIC B TEXHUYECKOI TuTepaType [2—4], CBsI3aHBbI ¢
IMOBBIIIIEHHOW PAaCTBOPMMOCTBIO COCTABJISIONIMX CTPOU-
TeJbHbIX MaTepuaaoB. OCHOBHBIMU YCIOBUSIMU (POPMUPO-
BaHUS BHICOJIOB HA MTOBEPXHOCTH CTPOUTEILHBIX MaTepua-
JIOB SIBJISIETCSI TIOBBILICHHASI BJIAXXHOCTh MaTepuajia, Halu-
Yyle PAaCTBOPUMBIX COJIEii B COCTaBe MHTPEAUEHTOB, CIIOCO0-
HBIX K MUTPallMy B BUJIE pACTBOpA Ha MOBEPXHOCTb U3CINI

(N POVIEIIBHBIE

Applying nanomaterials in construction has led to a new
revolution improving the properties of conventional materi-
als and, first of all, construction composites based on Portland
cement. At the same time, there is an unsolved problem in the
understanding of the chemistry of Portland cement hydration
in the presence of ultrafine and nanodispersed admixtures
during the incubation period as well as the formation of crys-
talline hydrates in the process of hardening and under intense
water migration while using cement products. Capillary-
porous structure of vibrocompressed products based on
Portland cement contributes to intensive water migration
with dissolution and bringing freely soluble compounds of set
cement to the surface of a product.

The potential sources of efflorescence on the surface of
construction structures in the process of their operation can
be the components of constituent materials as well as the
technological factors of their production [1]. In addition, the
significant influence is exerted by the environmental condi-
tions that affect the exploited structures. The factors influ-
encing the formation of efflorescence of construction materi-
als given in technical literature [2—4] are connected with the
increased solubility of the ingredients of construction materi-
als. The main conditions for the formation of efflorescence
on the surface of construction materials are the increased
moisture content and the presence of soluble salts in the ma-
terial which can migrate as a solution onto the surface of
products with their subsequent crystallization. As a rule, ef-
florescence forming on the surface of structures in the early
stages of their operation only worsens the appearance of
buildings, but under the prolonged exposure to efflorescence
due to the repeated recrystallization of salts changing their
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Puc. 1. MakpocTpyKTypa: a — BbICOSIOB B CKOJE LLEMEHTHOIro KaMHs (npu 200-kpaTHOM yBENM-
YeHun); b — LEMEHTHOI MaTpuLbl C KpucTannamm rugpokcnga kanbums (npyu 1500-kpatHoM
yBENYEHUN)

Fig. 1. Macrostructure of: a — efflorescence in a chip of set cement (magnified 200 times),

b — cement matrix with calcium hydroxide crystals (magnified 1500 times)

¢ mocyeayolleil ux Kpucrauimsauuein. Kak mpaBuio, Ha
PaHHUX 3Tanax SKCIUIyaTallMy BBICOIBI YXYOILIAIOT BHEIII-
HUI BUI TOBEPXHOCTU CTPOMUTENBHBIX KOHCTPYKLIMA, HO
MpY JUINTETLHOM BO3ICHCTBUU BBICOJIOB 32 CYET MHOTO-
KpaTHOI MEpPeKpUCTA/UIM3ALUUN COJIE C M3MEHEHUEM MX
o0beMa TMPOUCXOAUT CYILIECTBEHHOE M3MEHEHWE CBOMCTB
CTPOUTENIbHBIX MaTepUaJoB BIUIOTh IO pa3pylleHUs UX
CTPYKTYDBHI.

TexHonormyeckue pakToOpbl CBSI3aHBI ¢ 00pa30BaHUEM
TTOPUCTOM CTPYKTYPHI B Mpolecce (GOpMOBaHMS U3IEITUIA,
NPOHMULIAEMOMU JJ1s1 MApOB BOABI U PACTBOPOB COJIEM, KOTO-
pble BBIXOISIT Ha MOBEPXHOCTh KOHCTPYKIIUI B Tpolecce
TeIJIo- U MaccooOMeHa B 3MaHUSIX U coopyxeHusx. I[lpu
9TOM BO3MOXHO (OpMUpPOBaHUE BBICOJIOB HE TOJBKO B
BUJIe 6€JI0TO HajleTa, HO U «I[BETEHHE» TIOBEPXHOCTH MaTe-
pUAaJIOB 3a CYeT 00pa30BaHUs HOBBIX XMMUYECKUX COCIH-
HEHUA.

Kak ormevaercs B ucciaenoBaHuM [5], OCHOBHBIM MC-
TOYHUKOM (DOPMHUPOBAHUS BBICOJIOB SIBJSIETCS] TUAPOKCUIL
kanpuusa Ca(OH),, koTopelii 00pa3yeTcsi B cOCTaBe TBeple-
I011IeTO LIeMeHTHOTO KamMHs (puc. 1, a). T'unpokcua Kanbiust
MMeeT 3HaUYNTeNIbHYIO pacTBopuMocTh (1,13 r/1, 20°C), uro
TIPUBOAUT K BBIHOCY €TO Ha IMOBEPXHOCTh MaTepuaja, 3aTeM
OH KPHUCTAJLTM3YeTCsl U3 pacTBOpa C Mocienylomein Kapoo-
HU3allMeil BCaenCTBUE B3aMMOJEHCTBUS C YIJIEKUCIIbIM Ta-
3o0M CO, aTmMochepHOro Bo3ayxa, pacTBOPSIOLLErocs B Mo-
poBoii xuakocty, no cxeme Ca(OH),+CO,=CaCO;+H,0.
PactBopumocts B Boge CaCOj; Cyl1ecCTBEHHO HUXE PACTBO-
pumoctu Ca(OH), u coctasnsiet 0,014 1/, 9T0 TPUBOAUT K
€ro KpUCTAIIM3alMU Ha TMOBEPXHOCTH BHOPOMpPECCOBaH-
HBIX U3EIIUNA.

B paGotax [6—9] mpuBoaSITCS JaHHBIE O BIUSIHUM MUK-
pOKpeMHe3eMa Ha CTPYKTYPY M MUHEPAJIOTHIO LIEMEHTHOTO
KaMHsI, TIPY 9TOM aBTOPHI ITOKa3aJIi, YTO MUKPOKpEMHE3eM
WHTEHCUBHO CBSI3bIBAE€T TMIPOKCHUI KaJbIvsi, 00pa3ylo-
IUICS MPM TUApATAllMU MOPTIAHALEMEHTa, YIJIOTHSS
CTPYKTYPY LEMEHTHOT'O KaMHSI 1OTTOJIHUTEIbHBIMU O0beMa-
MU rugpocuinkaToB Kaablust C—S—H.

B pa6ore [10] oTMedeHO, 4TO 10OaBIIEHNE MUKPOKPEM-
He3eMma B LIEMEHTHYIO MacTy YCOBEPIIEHCTBOBAJIO MUKPO-
CTPYKTYpPY LIEMEHTHOTO KaMHsI, TPU 3TOM YCTaHOBJIEHO
3HAYUTEIbHOE CHMXEHWE ero BbIleJauyMBaHUs 3a CUET
B3aumoneictus Ca(OH), ¢ MukpokpemHe3eMoM u hop-
MUPOBaHUs AonojaHuTesbHoro rejass C—S—H. YcraHosie-
HO TaKXe, 4TO B MPUCYTCTBUU MUKPOKpEMHe3eMa yCKO-
psiIcs TIpOIleCC THApaTalluv MOPTIAaHAIEMEeHTa, TakK KakK
KaTHoHbl Ca’" UHTEHCUBHO CBA3BIBAIOTCA MUKPOKPEMHE-
3eMOM, cHuXast pH-cpeabl 1 BoBjieKast B Mpoliecc pacTBO-
peHUsT HOBble 00BEMBI LIEMEHTHOTO KJIMHKepa. O0pasyio-
IIUICST TOOEPMOPUTOBBIN Telib MOABEPKEH GoJiee MHTEH-
CHBHOW TOJMMEPU3AlMA ¢ 00pa30oBaHUEM KPHMCTAJIJIOTH-

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Puc. 2. YCKOPEHHOE UCMbITaHME NMPECCOBAHHbLIX LLIEMEHT-
HbIX 06p83LI.OB Ha BblCOﬂOOﬁpaSOBaHMe

Fig. 2. A quick efflorescence test of pressed cement
samples

volume there is a significant change of the properties of build-
ings materials with its intense destruction.

The technological factors are associated with the forma-
tion of a porous structure permeable to water vapor and salt
solutions which come out to the surface of a structure during
the heat and mass exchange in buildings and structures. At
the same time, the formation of efflorescence not only as
white bloom, but also as «blooming» of the surfaces of mate-
rials due to the formation of new chemical compounds is
possible.

As the study conducted by the authors [5] notes, the main
source of efflorescence is calcium hydroxide Ca(OH), which
is formed in the composition of hardening cement (Fig. 1, a).
Calcium hydroxide has substantial solubility (1,13 g/1, 20°C),
which leads to its removal to the surface of the material, and
crystallizes from the solution followed by carbonization due
to its interaction with carbon dioxide CO, of atmospheric air
dissolving in the pore liquid according to the scheme of
Ca(OH),+C0,=CaCO;+H,0. The solubility of CaCOj; in
water is significantly lower than the solubility of Ca(OH),
and is 0,014 g/1 which causes its crystallization on the surface
of pavers (see Fig. 4, a, b). Due to the low solubility of calci-
um carbonate such efflorescence can be removed only by
treatment with acid solutions.

Studies [6—9] show the data on influence of silica fume on
the structure and mineralogy of set cement. The authors have
shown that silica fume intensively binds calcium hydroxide
formed during the hydration of Portland cement densifying
the structure of cement paste with extra C—S—H calcium
hydrosilicates.

Singh et al., in 2013 [10] noted that adding silica fume to
cement paste improves the microstructure of set cement, and
a significant decrease of its leaching was due to the interac-
tion of Ca(OH), with silica fume and the formation of addi-
tional C—S—H gel. It was also found that the presence of sil-
ica fume accelerates the hydration process of Portland ce-
ment as Ca?* cations are intensively bound by silica fume
lowering pH medium and involving new volumes of cement
clinker in the dissolving process. The resulting tobermorite
gel is exposed to more intense polymerization with the for-
mation of C—S—H crystals of denser structure in the presence
of silica fume due to its high specific surface area. It is also
noted that in the presence of silica fume in hardening cement
paste the ratio of C/S decreases in C—S—H crystals, contrib-
uting to a more compact and denser structure of calcium
hydrosilicates during the hydration of Portland cement. The
additionally formed CSH phase is characterized by a smaller
ratio of C/S (even up to 1,4) than C—S—H as a result of ce-
ment hydration.

C—S—H quantification during TG thermogravimetric
analysis showed that in the presence of silica fume in the
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npatoB C—S—H Oonee 1uroTHOI
CTPYKTYpPbl B TMPUCYTCTBUM MUKPO-
KpeMHe3eMa H3-3a €ro BBICOKOM
yaeabHOl moBepxHocTUu. OmHOBpe-
MEHHO OTMEYaeTCs, UTO MPU HAJTUIUU
B TBEPACIOILIECH LIEMEHTHOM MTacTe MU~
KpPOKpEMHe3eMa CHUKAETCSI COOTHO-
menue C/S B kpucramiax C—S—H,
cocoOCTBYsl (hOpMUPOBaHUIO OoJjiee
KOMITAaKTHOW U TIJIOTHOW CTPYKTYPHI
TUAPOCUINKATOB KalblUs TIPU TH-
JipaTaluyy nopTiaHaluemMeHra. Jlonoi-
HUTEJIbHO obpa3yroomascsa ¢aza CSH
XapaKTepU3yeTCs MEHBIIIMM OTHOIIIE-
nuem C/S (naxe no 1,4), yem C—S—H,
B pe3yJibTaTe TuapaTaluy HeMeHTa.

Onpenenenne KommaectBa C—S—H
MpY TEPMOTPABUMETPUICCKOM aHATH-
3¢ TG moka3zajo, 4To IIpU HAJIUYNHU B
cOoCTaBe IIEMEHTHON MacTbl MUKPO-
KpeMHe3eMa colepKaHue THAPOCUIU-
KaTOB KaJIbLIMSl yBEJMYMBAETCsl MPUOIM3UTELHO B 1Ba pa3a
B CpaBHEHMM C LIEMEHTHBIM KaMHeM 0e3 UCITOJb30BaHUS
MMKpPOKpEMHe3eMa.

Mopnenu cTpyKTYpbl TUAPOCUINKATOB KalbIlUs, TPUBE-
IeHHbIe B padboTax [11—13], B ToM yuciie Mpu pa3HOM COOT-
HoweHun C/S, TakKe OATBepANIN U3MEHEHUE MUHEPaIo-
I'Mu U copepxkaHus KpuctanioB C—S—H B TBepaetoiem lie-
MEHTHOM KaMHe.

BBeneHue MuUKpokKpeMHe3eMa B COCTaB aBTOKJIABHBIX
CWJIMKATHBIX Ta300€TOHOB TPUBOAUT COIJIACHO pabo-
TaM [14—15] x yaydieHU0 PU3UKO-MEeXaHUYECKUX Xa-
PaKTEPUCTUK UBAEIUI 32 CUET YIIPOUHEHHUSI MEXKITOPOBBIX
MeperopooK B CTPYKType siueuctoro O6etoHa. Kpome
TOro, OTMEYEHO CHUXEHME TEIUIONPOBOIHOCTU U3AEIUM
B CBSI3M C MOBBIIIEHUEM OJIHOPOIHOCTU TOp (MO pa3Me-
paM) M yBelmdeHreM aMop(dHOIf (ha3bl B cOCTaBe Ta30CH-
JINKaTa.

B mpoBeneHHBIX UCCIeTOBAHUSIX WCIIONb30BAICS MUK-
pokpemHeseM MK-85. YnenbHast moBepxHoct MK-85 co-
crapnsina 20 m%/r, comepxkanue SiO, COOTBETCTBOBAJIO
88—92% [16]. PentreHorpaMMa MUKpOKpeMHe3eMa CBUJIC-
TEJBCTBYET O ero aMOpGHOI CTPYKTYpe, YTO XOPOIIO MPO-
SIBJISIETCS B BUOE «ropOyiiku» B obyactu 20=15-50°.
Hmeetcs kpuctamnuyeckas (aza, MposiBsIonasics MHTEH-
CUBHBIM OTpaxeHueM ¢ d,=2,52.

B uccinenoBaHuM Takxke MCIOJb30BaJach BOAHAsSI M-
criepcusa ¢ 50% comepkaHreM MHUKpPOKpeMHe3eMa Mpou3-
BoactBa pupMbel STACHEMA CZ (Yenickas PecmyOnmka).
7151 mosy4eHus1 yCTOMYMBOIM TUCTIEPCUM Y MAKCUMAJIbHOTO
pasfesieHus] 4acTUll MUKPOKPEMHe3eMa ero Iucriepraius

Puc. 3. BHewHwuii Bua o6pasLoB Nocse YCKOPEHHOro UCMblTaHus Ha BbiCON006pa3oBaHne: a — KOH-
TPOnbHbIN 06paseu; b — o6pasel, C MUKPOKPEMHE3EMOM

Fig. 3. Samples after the quick efflorescence test: a — check sample, b — sample with silica fume

composition of cement paste the content of calcium hydro-
silicates increases about twice in comparison with set cement
without silica fume.

The models of calcium hydrosilicate structure presented
in studies [11—13], including the different proportions of C/S
content, also proved the change in mineralogy and the con-
tent of C—S—H crystals in hardening cement.

According to studies [14—15] adding silica fume to auto-
claved aerated concrete leads to improving physical and me-
chanical characteristics of products due to the strengthening
of interpore partitions in the structure of cellular concrete.
Furthermore, thermal conductivity was found to decrease
due to the increased uniformity of pore size and the amor-
phous phase in gas silicate.

In the conducted studies MK-85 silica fume was used.
The specific surface of MK-85 was 20 m?/g, the content of
Si0, was 88—92% [16]. Radiogram of MK-85 silica fume
shows, that silica fume has an amorphous structure, which
can be clearly seen as «a hump» in the area of 26=15-50 de-
grees. There is a crystalline phase as intense reflection with
d,=2,52.

In this study aqueous dispersion with content 50% of'silica
fume produced by STACHEMA CZ (Czech Republic) also
was used. To obtain a stable dispersion and the separation of
the particles of silica fume, its dispersion was held in the pres-
ence of a surfactant based on a sodium sulfosuccinate.

Test samples were produced using the following technol-
ogy: a cylindrical mold of 70 mm in inner diameter was filled
with stiff cement and sand mixture; the mold is filled with a
mixture in such an amount to obtain a pressed product of

Puc. 4. MukpocTpykTypa 06pasuoB C BbicOsiaMy Ha NOBEPXHOCTM HOBOOOPA30BaHWiA: a, b — KOHTPONbHbIE 06pa3supl; ¢ — obpasel, ¢ 4oOaBNEHNEM MUKPO-
KpemHesema

Fig. 4. Microstructure of the samples with efflorescence on the surface of new formations: a, b — check sample; ¢ — sample with silica fume
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YBennyeHme B CpaBHEHUN

O6paseL, Rex cpens MIMa | ¢ KOHTPOMBHBIM 06pasuom, %
Sample Reomp: MPa Increase in comparison with
check sample, %

KOHTPONbHbIN

Check 12,83 -

OnbITHBIN ¢ MK-85 (copepxaHne MK 8% oT Macchl NOPTAaHALEMEHTA) 23 1 45

Test, with MK-85 (MK content 8% from the mass of Portland cement) ’

OnbITHBIN, ¢ ancnepcunen MK (copepxaHne MK 5% oT maccbl NOpTAaHALEMEHTA) 15.44 16

Test, with MK dispersion (MK content 5% from the mass of Portland cement) ’

OnbITHBIN, ¢ ancnepcunen MK (copepxaHne MK 8% oT maccbl NOpTAaHALEMEHTA) 18.18 o9

Test, MK dispersion (MK content 8% from the mass of Portland cement)

MPOUCXOAUIa B TPUCYTCTBUU TTOBEPXHOCTHO-aKTUBHOTO
BellleCTBA HA OCHOBE CYIb(OCyKIIMHATa HATPUSI.

Jl1st mcnbITaHUi 00pa31bl U3TOTABIMBAJINCH 110 CIIEIY-
IOLLECH TEXHOJIOTUM: KECTKOM LIEMEHTHO-TIECYaAaHOM CMECHIO

3aMOJIHSIIM LIMJIMHAPUYECKYIO Tpecc-
dopMy C BHYTPEHHUM JIUAMETPOM
70 MM; 3aTIOJTHEHHUE CMEChIO NPOUCXO-
IIWJIO B TAKOM KOJIMYECTBE, YTOOBI MO-
JIY4UTh CIIPECCOBAaHHbBIC W3MEIUS BbI-
coToii B 60 MM. 3aTeM IpeccoBasiid Ha
10-TOHHOM mMpecce C yAeJbHBIM YCU-
muem 20 MIla. IMocne mpeccoBaHust
obOpasel] u3BJIeKaIu, HaKpPbIBaJIu BJlaX-
HOIl TKaHblOo. MexaHuueCcKue UCIbITa-
HUS IIpou3BoaWIN Ha 7 cyT. 71 ycko-
PEHHOTO MCIBITAHUS Ha BBICOJIO0Opa-
30BaHUe 00pa3libl MOMEIIATNCh B BaH-
HOYKY C OVCTWUIMPOBAHHOW BOLOW
(ypoBeHb Boibl 20 MM) U OO1yBaJIUChH C
IMOMOIIIbIO BEHTUJIATOpPAa B TEYEHUE
6 cyT (puc. 2).

W3BecTHO, 4TO MUKpPOKpEMHEe3eM
BCTYIaeT B PEaKklUi0 C TMIPOKCUIOM
Kajabuus [14], moBeliiast 06beM ruapa-
TUPOBaHHBIX cunukaToB Turma CSH B
pe3yJbTare peakluu:

SiO, + Ca(OH), + H,0 =
= mCaO - nSiO, - qH,0.

B ciyyae oTcyTcTBUS 10OABKU MUK-
poKpeMHe3eMa o00pa3yloTcs KpyIi-
Hble kpuctauisl Ca(OH), (puc. 1, b).
Kpucramiel mopriaanautra o0JiamaioT
MEHbIIENH MPOYHOCThIO, YEM TUapa-
TUPOBAaHHbIC CUJUKATBl  KaJbLIUS
C—S—H, uro mnpenomnpenesnsier Gosee
HU3KKWE MEeXaHWYeCKue TMoKa3aTean
KOHTPOJIBHBIX 00pa3lioB, M3TOTOBJICH-
HBIX 0e3 MHKpOKpeMHe3eMa (CM. Tab-
JIMLY).

Ha oGpa3uax 6e3 no6aBneHUsT MUK-
pokpeMHe3eMa HaOJJaeTcsl 3Ha-
YUTEJIbHOE KOJIMYECTBO  BBHICOJIOB
(puc. 3, a). 910 0OBSICHIETCS BEICOKOM
MOPUCTOCTbIO 00pa3loB, YBIaXKHSIE-
MBbIX BOJIIO M pacTBOpaMM COJIEH 3a
cueT KamujuisipHoro 3ddekra, 4YTO
MOJATBEPXKIAETCS CHUMKAMU MUKPO-
cTpykTphl (puc. 4, a). Ha obpasuax
¢ nobaBieHMEM MHUKpPOKpeMHe3eMa
(puc. 3, b) OTCYTCTBYIOT OOJbllIne
CKOTUIEHUSI COJIU.

AHanu3 MMKPOCTPYKTYpPbl KOH-
TPOJIbHBIX 00pa3lioB 63 MUKPOKPEM-

60 mm in height. Then pressed with a 10-ton press with the
specific force of 20 MPa. After pressing, the sample was re-
moved and covered with a wet cloth. Mechanical testing was
conducted on the 7" day. For a quick efflorescence test the

MY TGA mw;
94 0-
92/

90| 220

62 DSC |
100 200 300 400 500 600 700 800 900 1000 oc

Puc. 5. InddepeHumanbHO-cKkaHMpyoLWwas KanopumeTpus ob6pasuoB nocne Bbicosoo6pa3oBaHns:
1 — KOHTPObHBIN 06paseL, (6e3 MukpokpemHesema); 2 — o6paseLl, ¢ MUKpokpemHesemom MK-85

Fig. 5. Differential scanning calorimetry of the samples after efflorescence: 7 — check sample (without
silica fume); 2 — sample with silica fume MK-85

Abs
1,95 =

1,8

1,65 —-

1950 1800 1650 1500 1350 1200 1050 900 750 600 450
1/cm

3900 3600 3300 3000 2700 240!
NS salt

Puc. 6. MK-cnekTpbl 06pa3LoB nocse BbiconoobpasoBaHus: 1 — KOHTPOJbHLIA 06pasel; 2 — o6pased,
MOANDULMPOBAHHBIN MUKpokpemMHeseMoM MK-85

Fig. 6. IR spectrum of samples: 7 — check sample; 2 — sample modified with silica fume MK-85
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He3eMa IoKa3asl BBICOKYIO TTIOPUCTOCTh MPECCOBAHHBIX 00-
pasuoB (puc. 4, a). [Tocne BblaepKKU 00pa3loB B YCIOBU-
SIX YCKOPEHHOTO UX UCTIBITAaHUSI Ha BbICOJI000pa3oBaHue B
MMKPOCTPYKTYpPE OTMEYE€Hbl WHTEHCUBHBIE TPOSBICHUS
cojieii Ha TOBEPXHOCTU THAPOCUIUKATOB KaJbILIUs
(puc. 4, b). BBeneHrne MUKpOKpeMHe3eMa C 3aTBOPSIEMOI
BOZIOI B COCTaB MPECCYEMBIX 00pa3IloB CYIIECTBEHHO Me-
HSIET MUKPOCTPYKTYPY 3aTBEepJEBIIETO IIeMEHTHOTO KaM-
HS, B KOTOPOM (hOPMUPYIOTCSI TUAPOCWIMKATHI KaJTbIUs
uroibyaToit cTpykKrypsl (puc. 4, c¢). ComepxxaHue coseit
Ha TIOBEPXHOCTH HOBOOOpa30BaHWIN HE3HAYUTEJIbHO B
CpPaBHEHUU C KOHTPOJbHBIMM OobOpasiiaMu. Takue n3mMeHe-
HUS MUKPOCTPYKTYPHI MOXXHO OOBSICHUTH OOJBIICH TIJIOT-
HOCTBIO CTPYKTYPBI BCJIEICTBHUE OOpa30oBaHUSI TOTOJHU-
TeJbHOTO 00beMa I'MAPOCUINKATOB KaIbIMsI, UX MEHbIIEH
OCHOBHOCTbBIO U CHMXKEHUEM 00I1ero oobeMa cBOOOIHOTO
TUIPOKCUAA KAJTBIUS, YTO XOPOIIIO MOATBEPXKIACTCS TAKKE
NaHHBIMU AuddepeHIInaTbHO-CKaHUPYIOIIENH KalopuMe-
Tpuu (puc. 5).

IIpu noGaBieHNU MUKPOKpPEMHE3eMa IIPOUCXOIUT 00-
pa3oBaHNe TMAPOCUIMKATOB 00Jiee HU3KOW OCHOBHOCTH,
yTo HauboJjiee xapakTepHo Npospisiercs: Ha JuHuu JCK
95K30TepMUUecKUM 3¢ deKToM, corjacHo pabore [17],
nipu Temrieparype 930°C (puc. 5). Ha munuu TT y o6pa3-
IIOB C MUKPOKPEMHE3eMOM OTMEYaeTCs MEHbIee KO-
YEeCTBO CBSI3aHHOM BOJBI KaK MPU HU3KOM, TaK U MIPU BbI-
cokoil Temmepatype. OOpa3oBaHUE TUAPOCUIMKATOB
KaJblMs pa3HOW OCHOBHOCTHM ITOATBEPXKIAETCS TaKXkKe

samples were placed in a bath with distilled water (water level

of 20 mm), and blown over with a fan for 6 days (Fig. 2).
Silica fume is known to react with calcium hydroxide [14]

increasing the volume of hydrated silicates of CSH type:

Si0, + Ca(OH), + H,0 = mCaO - nSiO, - qH,0.

No silica fume being added, large crystals of Ca(OH), are
formed (Fig. 1, b). Portlandite crystals have less strength than
hydrated calcium silicates of C—S—H, which determines
lower mechanical properties of the check samples prepared
without silica fume (Table).

The samples without silica fume show significant amount
of efflorescence (Fig. 3, a). This is caused by the high poros-
ity of the samples moistened with water and salt solutions due
to the capillary effect which is proved with the microstruc-
tural images (Fig. 4, a). The samples with silica fume added
(Fig. 3, b) have no significant concentration of salt.

The microstructure analysis of the check samples without
silica fume showed the high porosity of the pressed samples
(Fig. 4, a). After placing the samples under the conditions of
the quick efflorescence test their microstructure shows in-
tense salt efflorescence on the surface of calcium hydrosili-
cates (Fig. 4, b). Adding silica fume with tempering water to
the pressed samples substantially changes the microstructure
of the set cement where calcium hydrosilicates with the nee-
dle-like structure are formed (Fig. 4, c¢). The salt content on
the surface of the new formations is low in comparison with

Puc. 7. MUKpOCTPYyKTypa LIeMEHTHOIO KaMH$ ¢ A06aBKOW AMcnepcun MMKpokpemHesema (5% oT Macchl NOPTNaHAUEMEHTA): a8 — 10 BbICONI006pa3oBaHus;

b, ¢ — nocne yCKOPEHHOro MCTbITaHWsi Ha BbICONI006pa3oBaHme

Fig. 7. Microstructure of set cement with silica fume dispersion added (5% from the mass of Portland cement): a — before efflorescence; b, ¢ — after quick

efflorescence test

Puc. 8. MukpocTpykTypa ¢ gobaBkoi ¢ no6aBkoii gucnepcum mMukpokpemHesema (8% OT Macchbl NMopTiaHAUeMeHTa): a — A0 Bbiconoo6pa3oBaHus;
b, ¢ — Nocne yCKOPEHHOro UCTbITaHWs Ha BbiICON006pa3oBaHme

Fig. 8. Microstructure with silica fume dispersion added (8% from the mass of Portland cement): a — before efflorescence; b, ¢ — after quick efflorescence test
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9HIOTEPMUYECKUMU dPPeKTaMu B 00J1aCTU TEMIIEPATYPhI
700—850°C. Ilpu sTOM ymajieHUE KPUCTA/UIOTHAPATHOI
BOJbI B 00pasiie ¢ MUKPOKPEMHE3EMOM MPOUCXOAUT MPHU
temrepatype 788°C, a B KOHTPOJIbHOM o0Opaslie — Mpu
temnepatype 825°C.

Ananmu3 MK-crnekTpoB KOHTPOJBHBIX 00pa3lioB MoKa-
3aj OoJiblllee KOJMYECTBO KapOoHara KaabLus (JIMHUU
norowenust 1419,61 cm™!, 873,75 cm’!, 694,37 cm') B
CPaBHEHUU € MOJIU(DUIIMPOBAHHBIM 0OpasLoM (JIUHUSA 1,
puc. 6). BeposTHO 3TO CBSI3aHO ¢ KapOOHM3aIMed CBOOOI -
HOTO IMIPOKCUIIA KaJIbLIUsI, 00pa3yIollerocsi Npu rujapara-
LMY TIOpTIIaHAIIeMeHTa. B ciydae 06pa3ioB ¢ MUKPOKpEM-
HezeMoM MK-85 comepkanue KapOoHaTa KaJbliUsl CHHU-
xaercs (JIMHUA 2, puc. 6) BCIEACTBUE CBSI3bIBAHUS TUAPO-
Kcuaa KajblMSl B THUAPOCUIIMKATBHI, YTO TMOATBEPKIAECHO
TaKXe cMelleHueM JUHUM rornoueHus 1085,92 cm™! mna
KOHTPOJILHOTO 00pasiia B 00acTb 60jiee HU3KOM Y4acTOThI
(1114,86 cm™!) nast MOAMUIIMPOBAHHOTO MUKPOKpEMHE-
3eMOM oOpaslia 1 MPOoSIBJIeHUEeM HOBOU JIMHMU TOTJIOIIe-
Hust 995,27 cm™'.

BBeaeHue nucnepcuu MUKpOKpeMHe3eMa B KOJIMUYECTBE
5% (oT Macchl MOPTAAHALUEMEHTA) MPUBOIUT K YIJIOTHE-
HUIO MUKPOCTPYKTYPHI THAPOCUINKATAMU KaTbIIUST UTOJTb-
yaToi (DOPMBI C HaTMIMeM Ae(eKTHBIX TUTACTUHYATBIX HO-
BOOOpa30BaHMII HA OCHOBE TMAPOKCHUIA KaJlblus (puc. 7).
Ha noBepXxHOCTH TMAPOCWIMKATOB KaJbLIMSI MPOCIEKMBa-
IOTCSI CJIeibl BBICOJIOB. B OTJIMUMe OT KOHTPOJIbHBIX 0Opa3-
1I0B BBICOJIBI HOCSIT SMU30AWYEeCKUil XapakTep (puc. 7, b),
YTO MOXHO OOBSICHUTH 00Jiee MOJTHBIM CBSI3bIBAHUEM THJI-
POKCHIA KATbIIUSI MUKPOKPEMHE3EMOM.

VYBennueHue coaepxaHusi MUKpOKpeMHe3eMa 10 8% OT
Macchl TTOpTIaHALieMeHTa (MpY BBEAEHUM B BUIE TWCTIEep-
CUM) KOpPEHHBIM 00pa3oM UM3MEHSIET MUKPOCTPYKTYPY
MPECCOBaHHBIX U3MENUIA. B yacTHOCTH, OTMEUEHO YBeIUYe-
Hue o0I1ero oobeMa THUIPOCUIIMKATOB KaJbLIMS UToJIbuya-
TOM CTPYKTYpPHI (pUcC. 8, @) B cCpaBHEHUU ¢ 00pa3liamMu ¢ CO-
nepXXaHueM MUKpokpeMHe3eMa 5%. B cTpykType obpasioB
MOSIBJISIIOTCS IUIOTHBIE Ne(heKTHBIE HOBOOOPAa30BaHUs, KO-
TOPbIE MOXXHO XapaKTepU30BaTh KaK rejernono0HbIe CTPYK-
TYpbl, MOABEPTHYTHIE YCANOUHBIM SIBAEHUSIM (puc. 8§, b) ¢
¢dopMUpoBaHKEM OOJIBIIOTO KOJMYECTBA MMKPOTPELIUH.
[1pu sTOM BeaeacTBue 0oJiee INIOTHOM CTPYKTYPHI M COOT-
BETCTBEHHO MEHBIIEM BIMSHUU KalWLIApHOTO 3ddexra
(opMHUpoBaHUE BBICOJIOB MPOVCXOAUT BHYTPU TIOP U APY-
IUX 1e(eKTOB CTPYKTYPhI LIEMEHTHOTO KaMHsl. OTCYTCTBUE
BBICOJIOB Ha MOBEPXHOCTU MPECCOBAHHBIX U3AEIUI 0OBsIC-
HsieTcsl KapOOHUM3alKMell BEICOIOB B CTPYKTYpe MaTepuaa ¢
00pa3oBaHMEM MPEUMYIIECTBEHHO KaJjlblIUTa B BUIE NIpY3
(puc. 8, ¢), KOTOPBIi MMeEeT 3HAUMTEIbHO MEHBIIIYIO pac-
TBOPUMOCTD, YTO MCKJIIOYAET BHIHOC €ro Ha MOBEPXHOCTH
U3IEIIUN.

3akouenue

MukpokpeMHe3eM BBOIUTCSI B BUOPOIPECCOBAHHbBIC
WU3AENUS Ui TIOBBIIIEHUS MEXaHWJYeCKUX IToKaszaTeleid,
CHIDXEHUS TTIOPUCTOCTH, TIOBBIIIEHUST BOTOHETTPOHUIIAEMO-
CTHU U JOJTOBEYHOCTU M3AEIUIA. YCTpaHeHNE BBICOI000pa-
30BaHUSI B BUOPOIPECCOBAHHBIX M3ICIUSIX BO3MOXHO 3a
CYET CBSA3bIBAHMS TMAPOKCHUIA KaJblLIUS B CTPYKTYpe TBEp-
JICIOIIETO LIEMEHTHOTO KaMHSI JAUCIIEPCUSIMUA MUKPOKPEM-
Hezema. MUKpPOKpPEMHE3eM IPU 3TOM (POPMUPYET CTPYKTY-
Py ¢ TUAPOCHJIMKATAMU KaJIbLIMs, KOTOPBIE MMEIOT OoJjiee
HU3KOE B CPAaBHEHUM C KOHTPOJbHBIMU COCTaBaAMH COOTHO-
meHue Mexay C/S u cylecTBeHHO OOJbIINA 00beM KpU-
ctaoB C—S—H B 1ileMEHTHOM KaMHe, AOMOJHUTEILHO
VIUIOTHSAIOWIU# cTpYKTYypy. [110THAsI CTPyKTypa LIeMEHTHO-
ro KaMHs$ MpefoTBpallaeT MUTpaluio pacTBOPUMBIX KOM-
TTOHEHTOB B BUOPOTIPECCOBAHHBIX MU3IEIHAX, TTPEXIE BCETO
TUIPOKCUIA KaJIbLIMS; 00pa30BaHNe BBICOJIOB CASPXKUBACT-
csl ero 0ojiee MHTEHCUBHBIM B3aMMOJIEHCTBUEM C MUKPO-
KpPEMHE3eMOM, 00JIaJalolllMM BbICOKOW YAEJIbHOI MOBEPX-
HOCTBIO.

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

the check samples. Such microstructure changes can be ex-
plained by the greater density of the structure due to the for-
mation of extra calcium hydrosilicates, their lower basicity
and decrease of the total amount of free calcium hydroxide,
which is also proved by the differential scanning calorimetry
data (Fig. 5).

Silica fume being added, hydrosilicates with lower basic-
ity are formed which is mostly typically shown in as exother-
mic effect on the DSC line according to study [17], at the
temperature of 930°C. The TG line of the samples with silica
fume has less amount of bound water at low and high tem-
peratures. The formation of calcium hydrosilicates of differ-
ent basicity is also confirmed by the endothermic effect in the
temperature range of 700—850°C. At the same time crystal-
hydrate water in the sample with silica fume is removed at the
temperature of 788°C, and in the check sample at the tem-
perature of 825°C.

IR-spectra analysis of the check samples (Fig. 6, line 1)
showed the increasing amounts of calcium carbonate (ab-
sorption line 1419,61 cm™', 873,75 cm’!, 694,37 cm™).
Probably this is due to the carbonisation of the free calcium
hydroxide formed during the hydration of Portland cement.
In the case of the samples with silica fume, the content of
calcium carbonate decreases (Fig. 6, line 2) due to the bind-
ing of calcium hydroxide in hydrosilicates, which is also
proved with the shift of the absorption line 1085,92 cm™' of
the check sample to the area of lower frequencies (1114,86 cm™
1) for the sample modified with silica fume sample and a new
absorption line of 995,27 cm™'.

Adding dispersion of silica fume an amount of 5% (the
content of silica fume in comparison with Portland cement)
leads to the densifying of microstructure with calcium hydro-
silicates of the needle-like structure with the presence of de-
fective platelike new formations based on calcium hydroxide
(Fig. 7). On the surface of calcium hydrosilicates there are
traces of efflorescence. Unlike the check samples the efflores-
cence is incidental (Fig. 7, ), which can be attributed to more
complete binding of calcium hydroxide with silica fume.

Increasing the silica fume content up to 8% from the mass
of Portland cement radically alters the microstructure of
molded products. In particular, an increase of the total
amount of calcium hydrosilicates of needle-like structure
(Fig. 8, a) was noticed in comparison with the samples con-
taining 5% of silica fume. In the structure of the samples
dense defective formations appear which can be character-
ized as gel-like structures exposed to shrinkage (Fig. 8, b)
along with the formation of a large number of microcracks.
Thus, due to a denser structure, and, therefore, less influence
of capillary effect, the formation of efflorescence occurs
within pores and other defects of the structure of set cement.
The absence of efflorescence on the surface of the molded
articles is explained with the efflorescence carbonizing in the
structure of the material with the formation of calcite in the
form of druses (Fig. 8, ¢) which has considerably lower solu-
bility that eliminates its subtraction to the surface of products.

Conclusions

Silica fume is added to molded articles in order to en-
hance their mechanical properties, reduce porosity, improve
water resistance and durability. Removal of efflorescence in
vibrocompressed products is possible due to the binding of
calcium hydroxide in the structure of hardening cement by
silica fume dispersions. Thus, silica fume forms a structure
with calcium hydrosilicates which have a lower, in compari-
son with check compositions, ratio of C/S and significantly
greater amount of C—S—H crystals in cement stone which
densifies the structure of set cement. The dense structure of
set cement prevents the migration of soluble components of
set cement in vibrocompressed products, primarily calcium
hydroxide; the formation of efflorescence is limited with its
more intense binding by silica fume, which has a high spe-
cific surface area.
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«Gen-rooen» oTHpbin B POCCMH TpeTHi 3dBOJl
N0 BbINYCKY CYXHX CTPOMTENbHbIX CMECEH

4 cpeBpansa 2015 r. komnaHusa «CeH-Mo6eH» OTKpbina
Poccun Tpetuin 3aBog no npou3BOACTBY CYXUX CTPOU-

TenbHbix cmecei WEBER-VETONIT B r. Eropbesck (Moc-
KOBCKOW 0611.).

CyMMapHble UHBECTMLMM B CTPOUTENBLCTBO 3aBOja CO-

ctaBunu 6onee 500 mnH p. MNpoekTHaa MOLLHOCTbL 3aBoAa

120 TbIC. T Ccyxmx cMmecel/r. lNocne BbIxofga NpeanpusaTua

Ha NOSHYI0 NPOM3BOACTBEHHYIO MOLLHOCTb OHO o6ecrneynT
ropody 6onee 50 HOBbIX pabo4nx MECT, a Takxe OOMNOSHN-
TenbHble paboyne Mmecta B cdhepe 06CnyXnBaHUS.

(Y BB EIIBHBIE
NAVEEVAVIBIE

MpoM3BOACTBO HaLEefleHO Ha BbIMYCK MPOAYKUMM Ha

LleMEeHTHOW ocHoBe. HoBble MOLLHOCTU yCcuUAAT No3uuMu
Toprosoi mapku WEBER-VETONIT B Takux cermeHTax
pbIHKA, Kak Kreu, HanuBHble nonbl U dacagbsl. Kpome
TOro, 3anyck 3asofa rno3BOSNT JIOKanM3osaTb NPON3BOA-
CTBO psifa NpPoAyKTOB, KOTOPblE paHee UMNOpPTMPOBaNCh
13 EBponbl, 4TO 0CO6EHHO BaXXHO B TEKYLLEN 9KOHOMMUYE-
CKOWM cuTyauuu.

Cob6cTBeHHasi UHghopmauums
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0 mexaHu3me BAUAHUA aKTUBHbIX 100aBOK
Ha OCHOBE MarHe3uTa u yriepoaHbIX HAaHOTPYOOK
Ha CTPYKTYPY M CBOWCTBA aHrMAPMTOBOr0 BSAXYLLEro

[laHo 060CHOBaHME HEO6X0AMMOCTI MCMNONb30BAHUA KOMMeKca 06aBOK ANS Yiy4LUEHNUs CBOACTB aHTMAPUTOBOrO BSKYLLEr0 U MeXaHWU3Ma BAMAHNA
Ha CTPYKTYpY C NPUBNEYeHneM METO0B KBAHTOBO-XMMWUYECKOr0 MOJIENMPOBAHNS 1 METOL0B (PU3NKO-XMMMYECKOr0 aHanu3a. YacTuLibl AucnepcHoro
MarHe3uTa BbICTYNatOT KaK LEeHTPbl KpUCTANIN3aLMKM, N0 NOBEPXHOCTM KOTOPbIX POPMMPYIOTCSA KpMCTaniornapatsl ABYBOAHOMO FUMCa, a TakxXe
CNOCOOCTBYIOT CTPYKTYPUPOBAHNIO aHIMAPUTOBOM MATPULbl, 4TO 06ecneynBaeT noBbileHne npoyHocTy A0 100% npu onTMManbHOM COfepPXaHun
no6askun 3%. Mo pesynbratam VIK-aHanusa yrnepoaHble HAaHOTPYOKM OKa3biBAKOT ropa3fo 60see CUbHOE BO3AEGICTBINE HA USMEHEHWE CTPYKTYPbI
KpUCTannoB ABYBOAHOMO rMnca N0 CPaBHEHMIO C KAYCTMYECKUM MarHe3uToMm. [pu COBMECTHOM MCMONb30BaHUM 106aBOK hopmupyeTcs 601ee NNoTHas
11 NPOYHAs CTPYKTYpa C NOBbILUEHMEM MPOYHOCTHBIX XapakTepucTuk Ao 150% no CpaBHEHWO ¢ KOHTPOSIbHLIM COCTaBOM MPW ONTUMANbHbIX

KOHLIEHTPaLMAX YrnepoaHblx HaHOTPy6ok 0,001% n marHeanta — 3%.

KnioueBble cnosa: aAHrnApuT, MarHe3nT, yrnepoaHole HaHOprﬁKl/I, MUWKPOCTPYKTYypa.
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On Influence Mechanism of Magnesite-Based Active Additives and Carbon Nanotubes

on Structure and Properties of Anhydrite Binder

The substantiation of the necessity to use a complex of additives to improve properties of anhydrite binder and influence mechanism on structure with the help of methods of quantum-
chemical modeling and physical-chemical analysis is given. Particles of dispersed magnesite act as crystallization centers, along the surface of which crystalline hydrates of calcium sul-
fate dihydrate are formed, and they also contribute to structuring of anhydrite matrix increasing the durability up to 100% at optimal additive content of 3%. Based on the results of
IR-spectra, carbon nanotubes have much more influence on calcium sulfate dihydrate structure than caustic magnesite. The more compact and durable structure with the increased
durability characteristics up to 150% in comparison with reference composition with optimal concentration of carbon nanotubes — 0,001% and magnesite — 3% is formed during joint

use of additives.
Keywords: anhydrite, magnesite, carbon nanotubes, microstructure.

VapTpa- 1 HaHOAUCIIEPCHbIE AO0aBKU OKa3blBalOT Cy-
IIECTBEHHOE BJIMSHME Ha TMAPATALIMIO U KPUCTALIA3ALINIO
Pa3IMYHBIX TUIIOB BSDXYILIMX, a TaKXKe (PU3UKO-MeXxaHUde-
ckue xapakTepuctuku. Tak, B pabote [1] moka3aHO, 4TO
TIpY UCTTOJIb30BAaHWM MUKPOKpeMHe3eMa B KoanmdecTBe 2%
OT MAacChl BSDKYIIIETO YCKOPSIETCST MPOLIECC TMApaTalvy 1ie-
MEHTA, YTO BEAET K MOBBIIIEHUIO MIPOYHOCTUA B HAYAJIbHBII
MepHoJI TBEPACHUS 10 TPEX pa3, KpOMe TOro, CHUXKAETCS BO-
JIOMOTJIOLIEHUE 10 ABYX pa3. BBeneHue yriaepoaHblx HAHO-
TpyOOK B rMOpUIHBIE CBsI3yIOIIME [2] crTocoOCTBYET (hopMU-
pOBaHMIO 00JIee OMHOPOIHOM 1 TOHKOIUCIIEPCHOM (pa30BOI
CTPYKTYPBI KOHEYHOTO MpoayKTa. [Tpu ucnosb3oBaHUU Ha-
HOTpPYOOK B LIeMeHTax [3], TOHKOAUCIIEPCHBIX MYLIL0JaHO-
BBIX 100aBOK B OeTOHAX [4] YIJIOTHSIETCS CTPYKTYpa U CHU-
3KaeTcsl TOPUCTOCTD, YTO TTPUBONT K IMOBBIIIEHUIO TIPOYHO-
ctu. Kpome Toro, ncciaenoBaTeny no-pa3HoMy JaroT oObsic-
HEHHE IPOMCXOMSIIINM IIpolieccaM. Tak, aBTopsl [S] moma-
raroT, YTO MPU MCTIOJb30BAaHMU HaHOPa3MEePHOTO MOIU G-
KaTopa, HAaHOCMMOTO Ha MOBEPXHOCTb MUKpOChEp, YILIOT-
HSIETCS CTPYKTYpa LIEMEHTHOI'O KaMHsI Kak B 00beMe MaTpu-
LIbl, TAK W Ha TpaHulle pasaena (a3 LEeMEHTHbIH KaMeHb
— Mukpocdepa. [Ipn MCcnonb30BaHMKM KOPOTKOBOJIOKHU-
cToro acbecta B aHTMIPUTOBBIX BSIXKYIIMX [6] YIIIOTHSIETCS
CTPYKTYpa KaMHsl, TIPENIOIOXKHUTEIbHO 32 CYeT HAaHOCTPYK-
TYPUPOBAHUS TPAHUYHBIX CJIOEB 00PA3yIOLIErocs TUruapa-
Ta. B paGote [7] aBTOpHI MojararoT, YTO CYILECTBEHHOE
yIIy4llleHUe PA3TUYHBIX XapaKTePUCTUK TUIICOBOTO BSIXKY-

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Ultra- and nanodispersed additives have significant influ-
ence on hydration and crystallization of various types of
binders, as well as their physical-mechanical characteristics.
Thus it is demonstrated in [1] that the use of nanosilica of 2%
from the binder mass increases cement hydration process,
thus resulting in increased durability at the initial hardening
period up to 3 times, besides, water absorption decreases up
to 2 times. The introduction of carbon nanotubes into hybrid
binders [2] promotes the formation of more homogeneous
and fine phase structure of polymeric binder. When using
nanotubes in cements [3], fine pozzolanic additives in con-
cretes [4], the structure is compacted and porosity decreases
that leads to the increased durability. Besides, researchers
explain the processes in different ways. Thus the authors [5]
believe that when nanomodifier is applied onto the surface of
microspheres, the structure of cement stone is getting more
compact both in the matrix volume and on interface bound-
ary cement stone — microsphere. When applying short-fi-
bered asbestos in anhydrite binders [6], the stone structure is
compacted due to nanostructuring of boundary layers of di-
hydrate being formed. In [7] the authors believe that the sig-
nificant improvement of different characteristics of gypsum
binder when using nanoparticles based on silica is connected
with the formation of hydrates of calcium sulfosilicates.
Thus, ultra dispersed additives result in the formation of
dense and homogeneous structure and improve different
characteristics of materials. However, there are differences in

(CNPOVIEIIBHBIE
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IIETO MPY UCTIOJIb30BAaHUY HAHOYACTHUII HA OCHOBE KpeMHe-
3eMa CBSI3aHO C 00pa3oBaHUEM I'MAPATOB CYIb(POCUINKATOB
Kanpliusa. TakuM obOpa3oM, yabTpagucIiepCHbIe T00aBKU
NpUBOIAT K (POPMUPOBAHUIO TJIOTHOW M OIHOPOAHON
CTPYKTYPbI M 00€CIIEYMBAIOT YIYUIIEHUE PA3TMIHBIX XapaK-
TepUCTUK MaTepuasioB. OIHAKO CYIIECTBYIOT pa3inyus B
OOBSICHEHWUH TTPOUCXOIAIINX TTPOLIECCOB TIPU MCTIOb30Ba-
HUM HAHOMOINU(UKATOPOB.

B mpenpioyniux vccieaoBaHUsIX MokaszaHa 3¢hdeKTrB-
HOCTb MCMOJIb30BaHUS KayCTUUYECKOIo MarHe3uTa B Kaue-
CTBE aKTMBHOW MUHEPAJIbHOU 10OABKM B aHTUAPUTOBBIX BSI-
xymmx [8]. Takke HaHoaMCHepcHBIE MOAM(UKATOPHI 3a
CYeT M30BITOYHON IMOBEPXHOCTHOM HEPTUU CIIOCOOHBI CYy-
LLIECTBEHHO MEHSTh YCJIOBUS CTPYKTYpooOpa3oBaHus [9, 10].
Kpome Toro, uMeHHO B KOMITO3UIIMOHHBIX MaTepuajiax 3a
CYeT MPOSIBJICHUSI CAMOOPraHU3alMi BO3MOXHO MTpUOOpe-
TEHUE MU HOBBIX CBOMCTB. ['MMoTe30i1 JaHHOTO MCCIe0Ba-
HUS SIBJISIETCS] TIPEITTOJIOKEHME, UTO 32 CYET HATIPABICHHOTO
BO3ICICTBUS Ha CTPYKTYPY aHTUAPUTOBOTO BSIKYILETO pa3-
JINYHBIMU TIO TUIY YJABTPAOUCIIEPCHBIMU U HAHOAMCIIEPC-
HBIMU 100aBKaMU Y BO3ZMOXKHOTO TPOSIBIIEHUS] CUHEPTETH -
yecKoro a¢dexra OT COBMECTHOI'O UCTIOJb30BaHUS 100aBOK
OyzmeT JOCTUTHYTO CYIIECTBEHHOE ITOBBIIICHUE MEXaHU4e-
CKUX IOKa3areJiei.

Ienb maHHOU pabOTHI — MCCIENOBATh BIUSHUE KayCTH-
YeCKOT0 MarHe3uTa v yrjepoaHbIX HAHOTPYOOK Ha CTPYKTY-
DY 4 CBOMCTBA BSKYIIETO U3 IPUPOTHOTO aHTUAPUTA U 000-
CHOBATb MOJyYeHHbIE PE3YJbTaThl C UCTIOJb30BAHUEM KOM-
TJIeKca METOIOB (PM3UKO-XMMHUUECKOTO aHaJIU3a.

B xauecTBe BSKYIIETO MCTIONB30BAJICS TIPUPOAHBIN aH-
runput EpraueBckoro mecropoxnenust (KyHrypckuit paii-
oH, [lepmckuii Kpait). JIj1s1 U3roToBIeHKUSI 0OpPa3OB aHT U~
PUTOBBIII KaMeHb MpeaBapUTEIbHO APOOWJICS B IEKOBOI
npo6uke HI1-6, 3aTeM M3MeTbYaics B TOPOLIOK B JJaGopa-
TOpPHOI1 TuckoBoit MebHuULle MI-200 10 ynenbHOM moBepx-
Hoct! 3000 cM?/T. B paboTe mpUMeHSIICS KayCTHUYECKUil
Mmargesut (ITMK-87) ¢ maccoBoii moneit MgO — 87%.
B kauecTBe yriiepogHbIX HAHOCTPYKTYP — MHOTOCJIOMHBIE
yriepoaHble HaHOTpyOku Masterbatch CW2-45 (MYHT)
(«ApkeMa», ®panums). [1IpoayKT mpeacTaBisieT rpaHyJIv-
poBaHHYy10 nucrieprupoBaHHyto cmecb MYHT B cpene kap-
OOKCUMETHUIILIEIUTIONO3bI, codepxaiieir 45% MHOrociom-
HBIX YTJIEPOAHBIX HaHOTPYOOK (puc. 1, a, b). Masterbatch
CW2-45 npu MexaHMYeCKOM MepeMelIMBAaHUU C BOMIO
MpeBpaliaeTcs B MajJoyCTONUUBYIO NUCTIEPCUIO C BKIIOYE-
HUSMU YaCTULL MUKPOMETPOBBIX Pa3MEPOB.

Juist onpeneneHust MPOYHOCTHBIX XapaKTepUCTUK M3-
roTaBAUBAIUCh CTaHAAPTHBIE 00pa3IbI-0AJIOUKU CO CTO-
poHamu 4X4X16 ¢M ¢ TTOCIEYIOIINM ITPOBEAEHIUEM MEXa-
HUYECKUX MCIBITAHUN, MUKPOCTPYKTYpa H3ydyajachb Ha
3JIEKTPOHHOM MHUKpockone Phenom G2 pure. g mone-
JIMPOBaHUSI BO3MOXHBIX B3aMMOJEWCTBUI MPU TUIpaTa-
IIMM B KOMITO3ULIMOHHOM MaTepuasie U TIpOTrHO3UPOBaAHUS
SKCIIEPUMEHTa MCIOJIb30BaJICsI KOM-
TUIEKCHBIM TPOTPAMMHBIN TIPOIYKT
HyperChem.

st o6ocHOBaHUsI BbIOOpa MOAM-
(uuupyromux 106aBOK MPOBOIUIOCH
MOJEUPOBaHUE TUApaTalluM C WC-
MMOJIb30BAHUEM TIPOrPAMMHOIO KOM-
mwiekca HyperChem 8.0. Mcmoas3o-
BaHMWe JaHHOM MporpaMMBbl TTO3BOJISIET
CMOJIEJIMPOBATh KaK OTIEJbHbIE MOJIe-
KYJbl BEIIEeCTB, TAaK U WX B3auUMOJeH-
CTBME B Pa3JIMYHBIX KOMITO3UIIMOHHBIX
MarepuajaXx U C BBICOKOU CTEIeHbIO
JIOCTOBEPHOCTU CITPOTHO3MPOBATh Pe-
3yJIbTaThl IKCTepuMeHTa. B KauecTBe
HCXOMHBIX KOMIIOHEHTOB JJIsI MOJEJIH -
pPOBaHUS MPOLECCOB ruapaTaluy ObUTH
BbIOpaHbI CJIEAYIOIIME MOJIEKYJIbl: aH-

(Y PONIENBHBIE

the explanation of ongoing processes when applying nano-
modifiers.

The efficiency of using caustic magnesite as active min-
eral additive in anhydrite binders was demonstrated in previ-
ous investigations [8]. At the same time, it is known that
nanodispersed modifiers are able to significantly change
structuring conditions due to excessive surface energy [9, 10].
Besides, these are composite materials in which the acquisi-
tion of new properties due to self-organization is possible.
The hypothesis of this investigation is the assumption that
due to the directed action onto the anhydrite binder structure
by different ultradispersed and nanodispersed additives and
possible synergetic effect from the joint application of addi-
tives the significant improvement of mechanical characteris-
tics will be achieved.

The objective of this work is to investigate the influence of
caustic magnesite and carbon nanotubes on structure and
properties of natural anhydrite binder and substantiate the
results obtained applying the complex of physical-chemical
analysis methods.

Natural anhydrite from Ergachevo deposit (Kungur re-
gion, Perm krai) is used as the binder. To produce samples,
the anhydrite stone is preliminary crushed in jaw crusher
ShD-6, then ground into powder in laboratory disc mill
ID-200 to specific surface of 3000 cm?/g. In our work we
use caustic magnesite (PMK-87) with mass fraction of
MgO — 87%. Multiwall carbon nanotubes «Masterbatch
CW2-45» (MCNT) by «Arkema» (France) are used as car-
bon nanostructures. The product is a granulated dispersed
mixture of MCNT in the medium of carboxymethyl cellu-
lose containing 45% of multiwall carbon nanotubes
(Fig. 1, a, b). When mechanically mixed with water,
«Masterbatch CW2-45» turn into sensitive dispersion with
the inclusion of microparticles.

Standard samples-beams with the dimensions 4xX4X16 cm
are produced to define the durability followed by mechanical
tests, the microstructure is studied at electron microscope
Phenom G2 pure. Complex software package HyperChem is
applied to model the possible interactions during hydration in
composite material and forecast the experimen.

To substantiate the selection of modifying additives,
the hydration is modeled with software package
«HyperChem 8.0». The application of this software allows
modeling both separate molecules of a substance and their
interaction in different composite materials, and, with high
reliability, forecast the experiment results. Molecules of an-
hydrite (CaSO,), magnesite (MgCO;) and graphene plane
(Fig. 2) are selected as initial components to model the hy-
dration processes. The influence of additives on hydration is
analyzed against the changes in wavelengths and valence an-
gles in molecules.

Analysis of the results of modeling the interactions of
magnesite molecule with water (MgCO;+H,0) demon-

Puc. 1. MNpombilineHHbie 06pasubl yriepoaHbIx HAHOTPYOOK C MPUBUTBEIMU GYHKLIMOHANTBHBIMW FPyM-
namm Ha ocHoBe kapbokcumeTuiuennonossl n3 cepun Masterbatch CW 2-45: a — o6wwmit BuA;
b — npw yBennyeHmm 200000

Fig. 1. Industrial samples of carbon nanotubes with bonded functional groups based on carboxymethyl
cellulose of Masterbatch CW 2-45 series: a — general view; b — at 200000-fold magnification
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rugpur (CaSO,), marnesut (MgCO5) u
rpadeHoBast IOCKOCTh (puc. 2). AHa-
JIU3 BAUSIHUS 100aBOK Ha TMApaTallUio
ITPOBOIUJICS TTO UBMEHEHUIO IJTUH CBSI-
3eil M BaJICHTHBIX YTJIOB B MOJIEKYJIax.

AHanu3 pe3yabTaToB MOJEIMpPOBa-
HUST B3aUMOICHCTBUST MOJIEKYJIBI Mar-
HesuTa ¢ Bogoii (MgCO;+H,0) noka-
3aj1, yTo MmHa cBa3u O—H usmenser-
ca ¢ 094 no 2,74A, a T1ipu
B3aMMOJICVCTBUU CyJib(haTa KalblUsl C
Bopoit (CaSO,+H,0) — ¢ 0,95 no
1,09A. Kpome TOro, mnpoucXoauT
CTPYKTYpPHAsl OpPUEHTAIUsI MOJIEKYJ
BOZbI BOKPYT MOJIEKYJIbl MarHe3uTa,
YTO COMPOBOXAAETCS MOTEpEN cUMMe-
Tpuu (puc. 3). DTO MO3BOJSIET TOBO-
pUTb O TOM, YTO A00OaBKa CO 3HAYM-
TeNIbHBIM comepxXaHneM MgO (KayCTUYeCKUid MarHe3WT)
OymeT oka3biBaThb BBICOKOE MOJISIpU3YIolliee AeCTBUE Ha
MOJIEKYJIbl BOIbI MPU TUAPATALIUU AHTUAPUTOBOTO BSLKYIIIE-
ro. Bmecte ¢ TeM U3BECTHO, UTO €CJIU HAMOJHUTETb UMEET
BBICOKYIO Y/EJIbHYIO MOBEPXHOCTh, TO BCJIEACTBUE «aCUM-
METPUU CTPOEHUSI TTOBEPXHOCTh AUCIIEPCHOI YaCTUIIBI 00-
pasyeT CJIOi amcopOMpOBaHHON BOMbBI, CTPYKTYPUPOBaH-
HOM ¥ MOJSIPU30BAHHOM, C MOBBILICHHOW IUIOTHOCTBHIO U
MOHWXXEHHON AURJIEKTPUUYECKON MpOoHMUIIaeMOCThio» [11].
B Ttakom ciioe GyneT MpoucXoAuTh MHTEHCUBHASI KPUCTAII-
JIU3alMsl pacTBOpeHHOro BelecTBa. [Ipu 3ToM npeanona-
raeTcsl, YTO TOJSIPU3aLMS MOJIEKYJ BOJbI IPUBOJIUT K YIIO-
PAIOYECHUIO CTPYKTYpPhl KPUCTAJUTOTMIPATHBIX HOBOOOpPA-
30BaHUI C MOCIESAYIONIUM MOBBIIEHUEM (DU3UKO-MeXaHH-
YeCKUX CBOMCTB BSIKYIIUX MaTPUII.

AHaJIM3 pacyeToB B3aUMOICICTBUSI Cyabdara Kalblus C
Bonoil m marHesutoMm (CaSO,+H,0+MgCO;) mnoxkasan
(cM. Tabnuity), yro miauHa cBsizu O—H mensercs ¢ 0,94 no
2,41. DTO 3HAYUTEILHO OOJIBIIIE, YeM TP B3aMMOACHCTBUI
anruapura c Boaoii (0,95 u 1,09), uro noaTBepxaaer dosee
BBICOKHUE MOJIAPU3YIOLLIME CBOICTBA KaToHa Mg?* Ha morte-
KYJIbI BOJIbl. AHAJTU3 pacyeToB rpad)eHOBOM MIOCKOCTU C BO-
JIOM MoKa3aJl HEM3MEHHOCTb JIJIMHBI CBSI3C M BaJICHTHBIX
VIJIOB, YTO CBUICTEIBCTBYET O TUAPOGOOHOCTH TpadeHOBOM
IJIOCKOCTH, HO BBISIBJIEHA OPUEHTALIMSI MOJIEKYJ BOIbI BO-
Kpyr (pyHKIIMOHAIM3MPOBAHHOI IrpadeHOBOI ILTIOCKOCTH.
IIpu B3aMOIENCTBUM MOJIEKYJIbI aHTMIPUTA C MAaTHE3UTOM
U rpadeHOBOI MIOCKOCThIO utnHA cBsidu O—H yBennuuBa-
ercst ¢ 0,94 o 3,94, yto ropasno Gosbliie, YeM MpU B3aMMO-
IEVCTBAM aHTHIPUTA C MarHe3WTOM 0Oe3 rpadpeHOBOI ILIO-
ckoctu (¢ 0,94 no 2,41). Kpome TOro, mpu UCIOJIb30BAaHUU
J100aBOK U3MEHSsI0TCS BaJleHTHBIE YTkl O—Ca—O B MoJieKy-

¢ — graphene plane

Puc. 2. Monekynbl MICXOAHBIX KOMMOHEHTOB AJ19 MOAENNPOBaHWs npouecca rmgpataunn: a — CaSO,;
b — MgCOg; ¢ - rpadeHoBast N10CKOCTb

Fig. 2. Molecules of initial components to model the hydration process: a — CaSO,; b - MgCOg;

strated that the bond length of O—H changes from 0,94 up
to 2,74A, and during calcium phosphate interaction with
water (CaSO4+H,0) — from 0,95 up to 1,09A. Besides, the
structural orientation of water molecules around magnesite
molecule occurs followed by the symmetry loss (Fig. 3).
This allows stating that the additive with considerable con-
tent of MgO (caustic magnesite) will make a high polariz-
ing effect on water molecules during the hydration of anhy-
drite binder. At the same time, it is known that if the filler
has a high specific surface, then, due to structure asymme-
try the dispersed particle surface forms the layer of ad-
sorbed water structured and polarized with increased den-
sity and decreased dielectric permeability [11]. Thus, the
intensive crystallization of dissolved substance will take
place in such layer. At the same time, it is assumed that
polarization of water molecules results in structure regula-
tion of crystalline hydrate new-formations followed by the
improvement of physical-mechanical properties of binding
matrixes.

The computation analysis of calcium sulfate interaction
with water and magnesite (CaSO,+H,0+MgCO;) demon-
strated (Table) that length of bond O—H changes from 0,94
up to 2,41, which is considerably more than during anhy-
drite interaction with water (0,95 and 1,09), and confirms
higher polarizing properties of cation Mg?* onto water
molecules. The computation analysis of graphene plane
interaction with water demonstrates that bond lengths and
valence angles do not change, which proves hydrophobic
nature of graphene plane, however, the orientation of water
molecules around functionalized graphene plane is re-
vealed. During the interaction of anhydrite molecule with
magnesite and graphene plane the length of bond O—H

CpaBHUTeNbHbIA aHanu3 anvH cea3n O—H v BaneHTHOro yrna O—Ca—O0 npu pa3nuyHbiX BUAAX B3aUMOAeACTBUS
Comparative analysis of length of bond O—H and valence angle O-Ca-0 during different types of interaction

[JaHHble pacyeTa
Bua, B3aMoaencTems LnuHa ceasen gA) 1 BaJIGHTHBIN Yron Computation data
Interaction type Bond length (A) and valence angle [0 onTUMM3aLMK Mocne onTMMM3aLMm
Before optimization After optimization
MgCO3;+H,0 O-H 0,94 2,74
0-Ca-0 93,38 70,62
CaS0O,+H,0
O-H 0,95 1,09
0-Ca-0 74,45 39,2
CaS0,4+H,0+MgCO4
O-H 0,94 2,41
0-Ca-0 74,45 101,96
CaS0,+H,0+MgCOs+rpadeHoBas NNOCKOCTb —
CaS0,+H,0+MgCOs+graphene plane O-H (H,0) 0,94 3,94
O-H 0,95 2,33
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Jie CaSOy, 4TO CBUAETENBCTBYET 00 yya- a
CTUM 100aBOK B MPOTEKAHUU peaKIIMK
(cM. TabuLLy).

N3BectHOo [12], YTO yriepoaHble
HAHOCTPYKTYpPbl OKa3bIBAalOT OoJiee
CWJIbHOE BIWSIHUE Ha W3MEHEHHE
CTPYKTYPbl MMHEPAJIBbHBIX MaTpUIl 3a
cyYeT sSIBJICHUSI cCaMOOpraHu3alu, ooy-
CJIOBJIEHHO€ HaJIMuyMeM H30bITOUYHOM
MOBEPXHOCTHOI 3Hepruu. Takum o0-
pPa3oM, MOXHO MPENION0XUTh, YTO CO-
BMECTHOE MCIOJIb30BAHUE YIbTPAAU-
CIepcHOIl m00aBKU (KayCTUYECKOIO
MarHe3uTa) 1 HaHOAUCIIEpCHOM 100aB-
K4 (YrJepomaHbIX HAHOTPYOOK) OyneT
OKa3bIBaTh OoJiblliee BO3AEHCTBUE Ha
U3MEHEHUE CTPYKTYPbl aHTUIPUTOBOM
MaTpUIbl IO CPaBHEHUIO C pa3nelib-
HBIM UCITOJIb30BaHUEM.

151 060cHOBaHUS MPaBUILHOCTH CAETAHHBIX BBIBOJOB
MPOBOAMIUCH (DU3UKO-MEXaHUUECKUE UCTIBITAHUSI aHTU]I-
PUTOBOTO BSIKYILETr0, MOAU(DUIIMPOBAHHOIO YJIbTpaIu-
CMEPCHBIM KayCTUYECKUM MarHe3uTOM M YIJIepOAHBIMU Ha-
HOCTPYKTYpaMHu.

BBeneHue B cocTaB aHTUIPUTOBOM KOMITO3UIIMY KayCTH-
YeCcKOro MarHe3uTa B nuaras3oHe ot 0 10 3% nmpuBoIuT K MO-
HOTOHHOMY YBEJIMUEHMUIO Mpeiesia TPOYHOCTH Ha cxKaThe 10
100% (puc. 4). I1pu nanpHeHIIEM YBETMUEHUH 100aBKH (60-
nee 3%) TIPOMCXOANT TOCTENEHHOE CHUXKEHNE MeXaHHMue-
CKUX ToKasareseid. JlaHHbIe pe3ybTaThl OOBSICHSIIOTCS TEM,
YTO YaCTUIIBI MarHE3WTa UTPAIOT POJIb «LIEHTPOB KPUCTAJUTH -
3al1U», TI0 TTIOBEPXHOCTU KOTOPBIX (DOPMUPYIOTCST KPUCTAII-
JIbI IByBOAHOTO rurca. KpomMe Toro, mpu MajibIX KOHIIEHTpa-
USX 100aBKU (10 3%) MIPOUCXOIUT CTPYKTYPHUPOBAHUE aH-
TUIPUTOBOI MaTpUIIbl C (POPMUPOBAHKEM OOJIBIIETO KOJIM-
yecTBa 00Jiee TUIOTHBIX M MPOYHBIX KOHTAKTOB MEXIY KpU-
crayuiamMu. M3BectHo [13], uTo B3anmMoaeiicTBrE rpaHUYHbIX
CJI0EB OTAETbHBIX AUCTIEPCHBIX YACTUII IIPUBOAMT K (hopMU-
POBAaHUIO TUIEHOYHOM (Da3bl MaTPHUIIBI MEXKITY TUIOTHOYITAKO-
BaHHBIMM YyacTUllaMU. JlaJibHelillee CHUXEeHUE MPOYHOCTH
00yCJIOBJIEHO HapacTalolllell HeXBAaTKOM BSKYIIETo M1l Mo-
KPBITUS BCEi TTOBEPXHOCTU BBEACHHOM J0OABKU.

AHaJu3 pe3yIbTaTOB MEXaHUIECKUX UCTTBITAHUI 06pa3-
oB ¢ MYHT B untepsaie ot 0 1o 0,005% moka3zair, uTo yBe-
JIMYEHUE TIpeesia MPOYHOCTH MPU CKATUU COCTaBIIsieT 35%,
a mpenesa IPOYHOCTH TIpu nu3rude — 70% (IIpu onTHUMyMe
0,001%). MeHbIIMiA TIPUPOCT TPOYHOCTU OODBICHSIETCS
CJIOXKHOCTbIO PAaBHOMEPHOTO pacrpeesieHus HeOOIbIIOTo
KoJimyecTBa HaHOTPYOOK (0,001%) 110 cpaBHEHUIO C MarHe-
sutoM (3%).

IIpu yMcnonb30BaHUM KOMIUIEKCHOM T00aBKM, COCTOSI-
el U3 KaycTMYecKoro MarHesurta u gucnepcuu MYHT,

18
16
14
12
10
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MpoyHoCTbL, Mla
Strength, MPa

1 1 1 1
1 2 3 4 5
CopepxaHne MgO, %
Content of MgO, %
Puc. 4. 3aB1MCUMOCTb NPOYHOCTU aHMMAPUTOBOMO BAXYLLEro yepes 14 cyt
TBEPOEHUS OT COAEPXAHUSA KayCTUYECKOro MarHe3uTa: 1 — NPOYHOCTb Npu
n3rnbe; 2 — NPOYHOCTb NPU CXaTUn

Fig. 4. Dependence of anhydrite binder durability on caustic magnesite
content after 14 days: 7 — bending strength; 2 — compression strength

onNn MO

Puc. 3. Monekyna marHeauta B kybe Boabl [0 (a) v nocne (b) ontumMmaaumm
Fig. 3. Magnesite molecule in cubic meter of water before (a) and after (b) optimization

increases from 0,94 up to 3,94 that is much higher than
during anhydrite interaction with magnesite without gra-
phene plane (from 0,94 up to 2,41). Besides, when using
additives valence angles O—Ca—O in molecule CaSO,
change, which proves the participation of additives in reac-
tion (Table).

It is known [12] that carbon nanostructures have greater
influence on the structure change of mineral matrixes due to
self-organization phenomenon conditioned by the availabil-
ity of excessive surface energy. Thus, it can be assumed that
joint use of ultradispersed additive (caustic magnesite) and
nanodispersed additive (carbon nanotubes) will greatly influ-
ence the structure change of anhydrite matrix in comparison
with separate use.

Physical-mechanical tests of anhydrite binder modified
by ultradispersed caustic magnesite and carbon nanostruc-
tures are carried out to substantiate the correctness of conclu-
sions made.

The introduction of caustic magnesite into anhydrite
composition in the range from 0 to 3% results in monotonous
increase in ultimate compression strength up to 100%
(Fig. 4). With further additive increase (over 3%) the me-
chanical characteristics are gradually decreasing. These re-
sults are explained by the fact that magnesite particles play
the role of crystallization centers, on the surface of which
crystals of calcium sulfate dihydrate are formed. Besides, at
small additive concentrations (up to 3%) anhydrate matrix is
structured with the formation of a large number of more
compact and durable contacts between the crystals. It is
known [13] that the interaction of boundary layers of separate
dispersed particles leads to the formation of matrix film phase

24

—_
o

©

MpoyHoCTbL, Mla
Strength, MPa
o
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CopepxaHune MgO, %
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Puc. 5. 3aBMCMOCTb MNPOYHOCTN aHIMAPUTOBOIO BAXYLLENO Yepes 14 cyT
TBEPOEHNS OT CoAepXaHus kaycTuyeckoro marHeauta n MYHT(0,001%):
1 — MPOYHOCTL NPU CXaTUN; 2 — MPOYHOCTL NPY N3rnbe

Fig. 5. Dependence of anhydrite binder durability on caustic magnesite

and MCNT (0,001% ) content after 14 days: 17 — compression strength;
2 - bending strength
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(x5000)

Puc. 6. M1KpoCTpykTypa aHrmapuToBO MaTpuubl: @ — 6e3 no6aBok; b — C KayCTUYECKUM MarHeanTom — 3%; ¢ — C KayCTMYEeCKMM MarHeantom n MYHT

Fig. 6. Anhydrite matrix microstructure: a — without additives; b — with caustic magnesite — 3%; ¢ — with caustic magnesite and MCNT (x5000)

JIOCTUTAETCSI TPUPOCT MPOUYHOCTU TPU CXKATUM aHTUIAPU-
TOBOTO Bsikyliero 10 150% npu onTruMaabHOM COAepXKa-
Huu MarHesuta 3% u 0,001% MYHT (puc. 5). Takum 06-
pa3oM, MpHU COBMECTHOM MCITOJIb30BAHUU KayCTHMUECKOTO
MarHe3uTa M yIIepOAHbIX HAHOTPYOOK NOCTUTAIOTCS JIyd-
1€ pe3yJabTaThl, YeM IpHU pasieJbHOM HCMOJb30BaHUU
100aBOK, BEPOSITHO, 3a CUET MPOSIBICHMSI CUHEpPreTuye-
ckoro 3pdekra.

Ananmmn3 UK-cniekTpoB 6e3 106aBOK 1 ¢ 100aBKaMU TO-
Ka3aji, 9TO HanOOoJIbIIIE U3MEHEHUSI OTMEYAIOTCS B 00pasiie
C YIJIEPOOHBIMM HaHOTpyOKamu (puc. 6). B umHTepBane
1000—1200 cm™! oTMeuaeTcst cylecTBEHHBIII CIBUT YacTOT,
COOTBETCTBYIOIINX JehopMallMOHHBIM KosiebaHusiM SO, 110
CPaBHEHUIO C KOHTPOJIbHBIM COCTaBOM (Haripumep, 1159,22
u 1109,07 — nnsg koutposibHoOro; 1178,51; 1087,85 — miist 06-
pasua c MYHT). KpoMme Toro, nusmeHsieTcst 4acToTa Kojeba-
Huii B uHTepBasie 1600—1700 cM™!, cooTBeTCTBYIOMINX NE-
(popMaLIMOHHBIM KoJiebaHusIM Boabl (1622,13 n 1620,21 g
KOHTPOJIBHOTO U ¢ HAHOTPYOKAaMM COOTBETCTBEHHO), M 3HA-
YUTEJbHO YBEJIMYMBAETCS WHTEHCHUBHOCTH I0JIOC BaJICHT-
Hbix konebanmit H,O B o6nactu wactor 3400—3550 cm™! B
CpPaBHEHUU C IPYTUMHM. DTO MO3BOJISIET TOBOPUTH O TOM, UTO
B CTPYKType o0Opa3lia ¢ HAHOTpyOKaMM CYIIECTBEHHO MEHSI-
€TCSI CTPYKTYpa KPUCTAJIOTUAPATOB CYIb(haToOB Kaiblius. B
obpasiie, coJepKalieM yJIbTpaaucepcHblil MarHe3uT, Tak-
K€ OTMEUAloTCSl UBMEHEHMS B CTPYKTYpE CyJibdaTta KaabLus
W MHTEHCUBHOCTHU TIOJIOC, HO B MEHbIIIEH CTENeHU, YeM C
HaHOTPyOKaMM.

MUuKpOCTPYKTYpHBII aHaIU3 0e3100aBOYHOr0 obpasiia
rmokasaj (puc. 6, a), 4To B obpasle (popMUpYETCS phIXias
CTPYKTYpa CO 3HAYUTEJbHON MOPUCTOCTbIO, KOTOpas Mpe-
JoTIpeesisieT HU3KUEe MeXaHUYeCKUe XapakTepucTuku. [1pu
BBE/ICHMM MarHe3uTa hopMupyercsi 6osiee TI0THAsI CTPYK-
Typa (puc. 6, b) 3a cyeT TOro, 4YTO YACTUIILI MarHE3UTa KaK
LIEHTPBI KPUCTAJIM3ALMK CIIOCOOCTBYIOT OOJIbIIIEMY IIPe00-
pPa30BaHUIO AHTUIPUTA B TUIIC, & TAKXKE 3a CUET CTPYKTYpH-
pOBaHMSl aHTUAPUTOBON MATPHUIIbI, YTO TMOATBEPXKIAETCS
pesynbratamu M K-anammza. Ilpu mcnonb3oBaHWM KOM-
IJIEKCHOU n00aBku (popMupyetcst ropa3no 6osee MaoTHas
CTPYKTYypa C MEHBIIEH IOPUCTOCTEIO (PHC. 6, ¢).

ComnocTaBjieHHe pe3yIbTaTOB MEXaHUYECKUX UCIThITa-
Huii, MK-aHanusza, aJIeKTpOHHOI# MUKPOCKOIIMM IIOJI-
TBEpPKAAeT MPEAINoJ0XKeHEe, YTO YaCTUILbl MAarHe3UTa Bbl-
CTYyNawT KaK LUEeHTPbl KPUCTAJUIM3ALMU U CITIOCOOCTBYIOT
CTPYKTYPUPOBAHUIO aHTUIPUTOBOM MATPUIIbI, YTO BbI3BA-
HO 0oJjiee BBHICOKMMHM TTOJISIPU3YIOIIMMM CBOMCTBAMHU Ha
monekynnsl Bonbl. Ilo pesynbratam MK-ananuza MYHT
0Ka3bIBaIOT ropasno 0oJjiee CUIbHOE BO3/AECTBUE HA MU3-
MEHEHUE CTPYKTYPbl KPUCTAIJIOB ABYBOJAHOIO THUIICA IO
CPaBHEHMIO C KayCTUYECKMM MarHe3uToM. MeHbIInit

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

between densely-packed particles. Further durability de-
crease is conditioned by binder shortage to cover all the sur-
face of the additive introduced.

The analysis of results of mechanical tests of samples with
MCNT in the range from 0 up to 0,005% demonstrated that
the increase in ultimate compression strength is 35%, and
ultimate bending strength — 70% with the optimum of
0,001%. Less durability growth is explained by the complex-
ity of homogeneous distribution of a small number of nano-
tubes (0,001%) in comparison with magnesite (3%).

When using complex additive consisting of caustic mag-
nesite and MCNT dispersion, the growth of anhydrite
binder compression strength up to 150% is observed with
optimal magnesite content of 3% and 0,001% of MCNT
(Fig. 5). Thus, apparently, due to synergetic effect, better
results are achieved with joint application of caustic magne-
site and carbon nanotubes than with separate application of
additives.

IR-spectral analysis without and with additives demon-
strated that the most changes are observed in the sample with
carbon nanotubes. The significant frequency shift corre-
sponding to deformation oscillations of SO in comparison
with the reference composition (e. g. 1159,22 and 1109,07 —
forreference; 1178,51; 1087,85 — for the sample with MCNT)
is observed in the range 1000—1200 cm™!. Besides, the oscil-
lation frequency is observed in the range 1600—1700 cm™!
corresponding to deformation oscillations of water (1622,13
and 1620,21 for the reference one and one with nanotubes,
respectively) and the intensity of bands of valence oscillations
of H,O in the frequency range B obnactu yactor 3400—
3550 cm! considerably increases in comparison with other
samples. This allows stating that the structure of crystalline
hydrates of calcium sulfates considerably changes in the
structure of the sample with nanotubes in comparison with
other samples. Changes in the structure of calcium sulfate
and band intensity are also observed in the sample with ultra-
dispersed magnesite, but to a lesser degree than in the one
with nanotubes.

Microstructural analysis of the sample without additives
demonstrated (Fig. 6, a) that loose structure with consider-
able porosity, which predefines low mechanical characteris-
tic is formed in the sample. When magnesite is introduced,
the denser structure is formed (Fig. 6, b) due to the fact that
magnesite partciles as crystallization centers contribute to
greater transformation of anhydrite into gypsum and due to
anhydrite matrix structuring, which is confirmed by IR-
analysis results. When the complex additive is used, much
denser structure with lower porosity is formed (Fig. 6, ¢).

Comparison of the results of mechanical tests, IR-
analysis, electron microscopy confirms the assumption that
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MPUPOCT MEXaHWYECKUX ToKasaresieil (ITPOYHOCTH IPH
cxatuu 10 30%) CBsI3aH CO CIIOXKHOCTBIO PACIIPEACICHUS
HeOOJIbIIOT0 KOJIWYeCTBa HAHOTPYOOK B 00beMe aHTUIPU -
TOBOW MaTPUIIbI.

IIpu coBMeCTHOM MCMOJB30BaHUU J100aBOK (GOpMUPY-
eTcs 6oJiee TIIOTHASI U IIPOYHAsT CTPYKTypa, YTO obecreun-
BaeT TOBBILIEHWE MPOYHOCTHBIX XapaKTepucTuk mo 150%
110 CPAaBHEHUIO C KOHTPOJbHBIM COCTABOM IMPU ONTUMAJIb-
HbIX KoHIeHTpauusax MYHT — 0,001% u maruesuta — 3%.
VYabTpa- 1 HAHOAKMCIIEPCHBIE YACTHUIIbI BbI3bIBAIOT BO3HUK-
HOBEHHME BHYTPEHHETO TMOJISI, YTO MPUBOIUT K YIIOpsIIode-
HUIO CTPYKTYPBhl aHTUIPUTOBOW MATPUIIBI B IPAaHUIHOM
cJI0e C YacTMIIaMU HaIlOTHUTeNsA. BeposTHO, 3HAaUMTETbHOE
TOBBIIIEHUE MMPOYHOCTU OOBICHSETCS HE TOJBKO NEHCTBHU-
€M 00aBOK KaK LIEHTPOB KPUCTALIU3ALIMU U CTPYKTYPUPO-
BaHUEM MATPUIIbI, HO U T€M, YTO YJIbTpa- U HAHOYACTHUIIbI
CIOCOOCTBYIOT 3aMOJHEHUIO MOP Pa3IuYHOI BEJIUYUHBI U
(opMHUPOBAHUIO BEICOKOTIJIOTHOM CTPYKTYPHI.

BoiBoapl

Takum obOpa3om, aHaIM3 Pe3yJbTATOB MeXaHUYECKMX
ucnbiTaHuii, MK-CrekTpoB 1 CHUMKOB MMKPOCTPYKTYPbI
AHTUAPUTOBOIO  BSIXKYLIETO TOATBEPAUI Pe3yJIbTaThl
KBaHTOBO-XUMUWYECKOTO MOJEJIUPOBAHUS TIpollecca Thapa-
Talli¥, BO3MOXHOCTb UCITOJIb30BAHUS B KAUeCTBE MOAUDH-
LIMpYIoIel 106aBKM KayCTUYECKOTO MarHe3uTa, a Takke
3 (HEKTUBHOCTh KCIIOJIb30BAaHMSI KOMILIEKca J00ABOK Ha
OCHOBE MarHe3uTa M yIJIEpOJHbIX HAHOTPYOOK 1151 (hopMu-
pPOBaHUS TMJIOTHOM U MPOYHOI CTPYKTYphI. [1py onTumManb-
HBIX KOHIICHTPAITUSX YIIIePOTHBIX HAHOTPYOOK — 0,001% u
MarHesnta — 3% HOCTUTaeTCs MOBBIIIICHUE MEXaHUUECKUX
rokazatenieil. sl JOCTMKEHUSI HAWITYyYIINX Pe3yIbTaToB
HE00XOAMMO PEIINUTh IIPO0IeMy PABHOMEPHOCTH pacIpee-
JIEHUSI YTJIEPOIHBIX HAHOTPYOOK B 00BbEME aHTMIPUTOBOIM
MaTpPUILIBI.

Hcnonb3oBaHue komIuiekca 100aBOK B KOMITO3UIIMOH-
HbIX MaTepuaiax JaeT BO3MOXHOCTb HAMPaBJAEHHOIO Pery-
JIMPOBAHUS CTPYKTYPBl MUHEPATbHBIX MAaTPHII 3a CYET ca-
MOITPOM3BOJILHO MPOTEKAIOIINX MTPOLIECCOB CaMOOpraHu3a-
uuu. JIJiss HampaBJIeHHOTO BO3AECHCTBUSI HAa CTPYKTYPY MU-
HepaJIbHBIX MaTPUILL U JOCTUKEHUS 3aJJaHHBIX CBOMCTB He-
00XOIMMO MCITOIB30BaTh PA3TUIHBIC TIO TUITY ICUCTBUS MO-
IUGUKATOPBI, BKIIOYas aKTUBHbIE MUHEPaJbHBIE T00OaBKU
1 YIJIepOAHBbIE HAHOCTPYKTYPBI.
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magnesite particles act as crystallization centers and con-
tribute to anhydrite matrix structuring that is caused by
higher polarization properties onto water molecules. Based
on the results of IR-analysis MCNT make much stronger
effect on changes in the structure of calcium sulfate dihy-
drate crystals in comparison with caustic magnesite. The
less growth of mechanical characteristics (compression
strength up to 30%) is connected with the complexity of
distribution of a small number of nanostructures in anhy-
drite matrix volume.

With joint application of additives the more compact and
durable structure is formed providing the increase in me-
chanical characteristics up to 150% in comparison with the
reference composition with optimal concentrations of
MCNT — 0,001% and magnesite — 3%. Ultra- and nanodis-
persed particles lead to the formation of internal field, which
results in the regulation of anhydrite matrix structure in the
boundary layer with filler particles. Apparently, the consider-
able durability improvement is explained not only by the ac-
tion of additives as crystallization centers and matrix struc-
turing, but also by the fact that ultra- and nanoparticles con-
tribute to filling pores of various sizes and forming highly
dense structure.

Summary

Thus, the analysis of results of mechanical tests, IR-
spectra and patterns of anhydrite binder microstructure con-
firmed the results of quantum-chemical modeling of hydra-
tion process on the possibility of applying caustic magnesite
as a modifying additive, as well as the efficiency of using the
complex of additives based on magnesite and carbon nano-
tubes to form a dense and durable structure. The increase in
mechanical characteristics up to 150% in comparison with
the reference composition is reached with optimal concen-
trations of MCNT — 0,001% and magnesite — 3%. To
achieve the best results, it is necessary to solve the problem of
homogeneous distribution of carbon nanotubes in anhydrite
matrix volume.

The use of additive complex in composite materials gives
the possibility of directed regulation of mineral matrix struc-
ture due to spontaneous self-organization processes. For di-
rected action onto the structure of mineral matrixes and
achievement of intended properties it is necessary to apply
modifiers different by effect type, including active mineral
additives and carbon nanostructures.
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MonudpyHKuMoHanbHasa no6aska Ha ocHOBE
yrnepoaHbIX HaHOTPYOOK M MUKpOKpeMHe3ema

ANA ynyyweHna (PU3UKo-MexaHM4eCcKUX XapaKTepucTHK
rMNCOLEMEHTHO-NYLL01aH0BOr0 BAXYLLEro

A3y4eHo BnuaHNe NONNYHKLNOHANBHOI J06aBKN HA OCHOBE AMCMEPCAN MHOMOCHOMHbIX YriepoaHbIX HaHOTPY6oK (MYHT) B codeTanum ¢
MuKpokpemHezemoM (MK) Ha CTPYKTYpy 1 CBOICTBA rMNCOLEMEHTHO-NYLLONAaHoBOr0 BsxyLero (FLIMB). B uccnenosaHum BapbpoBanoch NPOLEHTHOE
COAepXaHne NonuMyHKLMOHaNbHON fo6aBKKM. Pe3ynbraTbl DU3NKO-MEXaHUYECKMX UCMbITAHWIA NOKa3anu, 4To BeefeHue fo6asku B konndectse 0,006%
(MYHT) 1 10% MK ot maccsl nopTnaHaLemMenTa B COCTaB runcoLeMeHTHO CMCTeMbI 06ECNeYnBaeT NPUPOCT NMPOYHOCTY NPU CXATUN HA 52% 1
MOBbILLEHNE BOAOCTOAKOCTH HA 35%. PUNKO-XUMMYECKNE METOLbI MCCNeL0BaHUSA NOATBEPANIN aKTUBHOCTb NOANMYHKUNOHANBHOI [06aBKN MO
OTHOLLUEHUIO K UCXOQHOMY MMNCOLEMEHTHO-MYLLOMAHOBOMY BSKYLLEMY U3MEHEHUAMU UHTEHCUBHOCTYU U CMELLEHUAMM JIMHUIA NOTNOLLEHNS Ha

MK-cnekTpax.

KntoyeBble CNOBa: rMNCOLEMEHTHO-MYLLI0NAHOBOE BSXKYLLEe, NONNMYHKLMOHabHAs 106aBKa, MHOMOCIOMHbIE YINepOAHbIe HAHOTPYOKM, Aucnepcus,

MUKPOKPEMHE3eM, KpucTannoruapat, Moponorus.
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Polyfunctional Admixture Based on Carbon Nanotubes and Nanosilica
for Enhancing Physical and Mechanical Properties of Gypsum Cement Pozzolanic Binder

The paper studies the influence of polyfunctional admixture based on multi-walled carbon nanotubes (MWCNTSs) dispersion in combination with nanosilica (NS) on the structure and
properties of gypsum cement pozzolanic binder (GCPB). The percentage of polyfunctional admixture varied. The results of the physical and mechanical tests have shown that adding
polyfunctional admixture at the amount of 0,006% (MWCNT) and 10% of NS-85 from Portland cement to gypsum cement system leads to the increase of compressive strength by 52%
and water resistance by 35%. Physical and chemical methods of the study have confirmed that polyfunctional admixture is reactive concerning the original gypsum cement pozzolanic

binder changing the intensity and shifts of the absorption lines in the IR spectra.

Keywords: gypsum cement pozzolanic binder, polyfunctional admixture, multi-walled carbon nanotubes, dispersion, nanosilica, crystalline hydrates, morphology.

Hcnonb3oBaHue BSIXKYIIMX Ha OCHOBE CyibdaTa Kasb-
LIUSI OTBeYaeT TPeOOBAaHUSIM MaJlOil SHEPrOeMKOCTU U KO-
JIOTUMHOCTH TMpor3BoACTBa. B To Xe Bpems cdepa UCIonb-
30BaHUS TUIICOBBIX BSIKYIIMX OTpaHWYeHa W3-3a HU3KOI
BOJOCTOMKOCTM THMIICOBOTO KaMHs. Mcrmonb3oBaHue
T'IIIB [1] mo3BoMMIO pacHIMpUTh AMAMA30H IIPUMEHEHUS
TMTICOBBIX UBIEIUIA, TIPU 3TOM COXPAHUIUCH MOJOXKUTEb-
HbI€ CBOICTBA TMIICA U CHUBEJIUPOBAH Pl €ro HEIOCTaT-
KOB, CBSI3aHHBIX C TIOTepeil MeXaHUYeCKMX CBOWCTB IpHU
VBIQKHEHWU U3IETnii [2].

B cBsa3u ¢ OypHBIM pa3BUTHEM HAHOTEXHOJIOTWN B
CTPOUTEILHOM MaTepHuaJoBeIeHUM BO MHOTUX JIUTepa-
TYPHBIX MCTOYHMKAX OTMeYaeTcsl, YTO HAHOAMCIIEPCHbIE
NI00aBKU BAUSIIOT Ha MPOLIECChl TUApaTaluu 1 Mopdoso-
TMI0 KPUCTAJUIOTUIPATOB B CTPYKTYpE BSIKYIIUX MaTPUIL
U, COOTBETCTBEHHO, Ha X (PU3UKO-MEXaHUUECKUE CBOM-
crBa [3, 4].

AKTyaJIbHOCTh HCCIIEOBAaHMIA B MaHHOW OO0JacTH 3a-
KJII0YaeTCsl B HEIOCTATOUYHOM M3YUYEHHOCTH BIMSIHUS TIOJIH -
(byHKUIMOHABLHBIX 100ABOK HAa OCHOBE MMKPOKpEMHe3eMa
U YIJIEPOIHBIX HAHOCTPYKTYpP Ha CTPYKTYpY M CBOMCTBa
TUTICOTICMEHTHO-ITYTIIIOJIAHOBBIX BSXKYIIINX.

HamnpapneHHO peryJ1npoBaTh CTPYKTYPY KOMITO3UTOB Ha
ocHoBe I'LIIIB Ha MuUKpo- ¥ HAHOYPOBHSIX BO3MOXKHO 3a
CYeT BBeACHUS CBepxXMalibix KoHLieHTpauuiit MYHT [5, 3] B
coctaBe MOJM(PYHKIMOHAIBHON A00aBKM, BKJIIOYAIOIIECH
JOTIOJTHUTEIbHO MUKpOKpeMHe3eM MK-85 [6].

Using binders based on calcium sulfate meets the require-
ments of low energy intensity and environmental production.
At the same time, the area of using gypsum binders is limited
because of the low water-resistance of gypsum. Using
GCPB [1] expands the range of using gypsum products, the
positive properties of gypsum being kept and a number of its
shortcomings associated with the loss of mechanical proper-
ties when products are moistened being neutralized [2].

Due to the rapid development of nanotechnology in con-
struction materials many literature sources note that nano-
dispersed admixtures influence hydration processes and mor-
phology of crystalline hydrates in the structure of binding
matrices and, consequently, their physical and mechanical
properties [3, 4].

The relevance of the research in this area is due to insuffi-
cient knowledge of the influence of polyfunctional admixtures
based on nanosilica and carbon nanostructures on the struc-
ture and properties of gypsum cement pozzolanic binders.

Directed regulation of the structure of composites based
on GCPB at the micro- and nano level is possible due to add-
ing ultralow concentrations of MWCNTSs [5, 3] as part of a
polyfunctional admixture with silica fume NS-85 [6].

The aim of this study was to study the processes of struc-
ture forming and properties of gypsum cement composition
modified with polyfunctional admixture with MWCNTs dis-
persion in the medium of «Relamix» superplasticizer in com-
bination with NS-85.
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Llens paboTHI 3aKTI09AIACH B MCCIIE-
JIOBAaHWHU TTPOLIECCOB CTPYKTYpOOOpa3o-
BaHUS U CBOMCTB TUIICOLIEMEHTHOW
KOMIO3WIIUN, MOAUMPUIIMPOBAHHOM
MoJu(pyHKIIMOHATLHOW 100aBKOM, CO-
nepxameit qucnepcuro MYHT B cpene
cynepruiactudukaropa «Pemamuke» B
coueraHuu ¢ MK-85.

B kauecTBe BSIXYIIETO MCIOJb30-
BaJICSI TUIIC CpeIHEl TOHKOCTU MOMOJIa
Mapku -4, ynosieTBopsitomnii Tpedo-
BanusM 'OCT 125—79, u moptinangie-
meHT Mapku LIEM 1 32,5B.

KonnuecTBeHHOE coepKaHWe TUTI-
ca ¥ MopTJaHALIeMeHTa BapbUpPOBaIoCh
B MHTepBanax 55—75 u 5-35% coort-
BeTCTBeHHO. B KauecTBe Tyl1io1aHoO-
Boil moGaBkM ucroiab3oBaau MK-85
Yensi0MHCKOTO 3JIEKTPOMETAITypTrude-
CKOTO KOMOMHATa CO CPeIHUM pa3Me-
poM yactuil 300 HM, KOTOPBIA COCTOUT
Ha 95% 13 oKcuIa KpeMHHUsI aMOgCI)HOFI CTPYKTYPBHI C YIeb-
HOI1 moBepXxHOCThIO yacTtuil 20 M-/t [7].

B wuccnenoBanum mnpumeHsuiach aucriepcus MYHT
C-100 dpanmy3ckoii Kopnopauuu «Apkema» [8], mpuro-
TOBJIEHHAasl B TUIPOAMHAMUYECKOM KaBuTatope [9].
Hucnepcus npencrasisier cmech YHT B cpene cynepria-
ctudukaropa «Penamukc», conepxameit 0,5 r MYHT Ha
1 1 cycniensuu [3].

HccnenoBanuio mmogBeprajmch o0pa3bl-KyOuK ¢ pas-
MepoM pedpa 2 cM. BomoBsikyliiee OTHOIIIEHUE TOI0UPATIOCh
no HopmanbHoi ryctore I'LITIB (150—210 mMM) coriacHO
TI'OCT 31376—2008. KoHTpoIbHBIE ¥ MOAU(PULIMPOBAHHEIE
00paslibl, TBEPAEBIIME B BO3AYIIIHO-CYXUX YCIOBUSIX, UCTIbI-
ThIBaJIM B Bo3pacte 7, 14, 28 cyr. OnTumabHbIe IoKa3aTeau
MMPOYHOCTU YW BOJOCTOMKOCTH OBLIM JOCTUTHYTHI TIPU
COOTHOLIEHUU KOMMOHEHTOB 65:25:10 (I:ITLI:MK) [10].
JlaHHBII cocTaB OBbUI B3SIT B KauyeCTBE KOHTPOJBHOTO.
OCHOBHbIE CBOICTBA TMIICOLEMEHTHO-TYIIIIOJaHOBBIX KOM-
MO3UIIMI MpeACcTaBIeHbl B TAOIULIE.

Benenue mucnepcun MYHT B konmuuectBe 0,006% [11]
OT Macchl KOMIMO3ULIMOHHOTO BSLKYLIETO (TUIIC—LIEMEHT) B
KOHTPOJIBHBIM COCTaB TIO3BOJIMIIO TOOWUTHCS TMOBBIIICHUS
MPOYHOCTH Ha 28-¢ cyT Ha 52% 1 yBeIMUUTb KOI(DHOUITUEHT
pasmsrdenus (K,) Ha 35%.

AHaIN3 CHUMKOB MHUKPOCTPYKTYPbI KOHTPOJBHOTO U
MoauduimpoBanHoro obpasuos I'ITIB (puc. 1) mokaszan
YIUIOTHEHUE CTPYKTYPHI B IOCeAHEM oOpa3siie 3a cueT ¢hop-
MMPOBaHMS TUIOTHOM YITAKOBKU KPUCTAJIOB JBYBOIHOTO
TUIICa ¥ HU3KOOCHOBHBIX TUIPOCWIMKATOB KaJibius [12].

AHaJIN3 TUIICOLIEMEHTHBIX MaTPUILL KOHTPOJBHOTO U MO-
nuduurpoBaHHoro oopasuos I'IITB metonoM nuddepeH-
LIUAIbHO-CKAHUPYIOLIEH KajopuMeTpuu (puc. 2) Tmokaszai
paznuaus B obnact Temrreparypsl 160—270°C. Tak, B KOH-
TPOJBLHOM 00pa3lie HaOII0aaeTCs] MHTEHCUBHOE BBIACICHME
BOJIbI M3 IBYBOAHOTO TUIIca pu Temmeparype 229,5°C. TTpu
oToM aHaiau3 JuHuii TGA moka3zan Gosiblliee coaepKaHue
yIaJeHHOW BOIBI B OMBITHBIX oOpasuax (puc. 2 «M»), 4to

Puc. 1. MukpoctpykTypa F'UMNB: 6e3 nonudyHKumoHanbHo nobasku (a), ysenmyerne X2500; moau-
dUUMPOBAHHON YrNepoaHbIMN HAHOCTPYKTypamu B cogepxxannn 0,006% n 10% MK-85 (b), ysenunye-
Hue X2500

Fig. 1. Microstructure of GCPB: without polyfunctional admixture (a), X2500; modified with carbon
nanostructures at the amount of 0,006% and 10% of SF-85 (b), X2500

The binder used was G-4 gypsum of the average fineness
grade meeting the requirements of GOST 125—79 and CEM 1
32,5B Portland cement.

The quantitative content of gypsum and Portland cement
varied correspondingly between 55—75% and 5—35%. The
pozzolanic admixture used was NS-85 produced by
Chelyabinsk electrometallurgic plant with an average particle
size of 300 nm 95% of which accounts for amorphous silicon
monoxide with a specific surface of the particles of 20 m?/g [7].

The study used MWCNTs dispersion of C-100 produced
by «Arkema» French corporation [8] produced in a hydrody-
namic cavitator [9]. The dispersion is a mixture of CNTs in
the medium of «Relamix» superplasticizer containing 0,5 g of
MWCNT per 1 liter of suspension [3].

The study was conducted with cube samples with the edge of
2 cm. Water-binder ratio was chosen with the normal density of
GCPB (150—210 mm) according to GOST 31376—2008. The
check and modified samples were tested at the age of 7, 14,
28 days hardening in dry air conditions. The optimal strength
and water resistance values were achieved with a ratio of compo-
nents 65:25:10 (G:PC:NS) [10]. This composition was taken as
a check sample. Basic properties of gypsum cement pozzolanic
compositions is shown in Table.

Adding MWCNT dispersion at the amount 0f 0,006% [11]
from the mass of the composite binder (cement—gypsum) to
the check composition led to the strength increase on the
28" day by 52% and the increase of the softening coefficient
(Cyo) b 35%.

The analysis of the images of the microstructure of the
check and modified GCPB samples (Fig. 1) shows the struc-
ture densification of the latter sample due to the formation of
dense packing of dihydrate gypsum crystals and low-basic
calcium hydrosilicates [12].

The analysis of the gypsum cement matrices the modified
and check samples of GCPB by means of differential scan-
ning calorimetry (Fig. 2) shows the differences in the tem-
perature range of 160—270°C. The check sample has inten-

CeolictBa
O6beMHbIV cocTae I'LUMB, % Properties
Volumetric composition of GCPB, % DU3NKO-MexaHnyeckme rapodpuranyeckne

Physical and mechanical Hydrophysical
Rl MMa | R, MMa | R%, Mna | Res y B/B
r MK | N4 | Moaudukatop o a ox? a o0 a | Rg BnaroHacbiweHHbIn, MlMa Ko W/B
G [ sF | PC Modifier [ R7,.., MPa | R, MPa | R%, _ MPa R%turatear MP Coot ratio
65 10 25 - 4,98 5,36 5,86 4,01 0,68 0,44
65 10 25 0,006 6,24 7,8 8,92 8,21 0,92 0,43
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TTO3BOJISIET TOBOPUTH O JIy4-
1IeH ruapatauvy NOpTIaH/-
lieMeHTa ¢ o00OpasoBaHHEM
TUIPOKCHUIA KaJbLIMSI, KOTO-
pbIii BCTyIaeT BO B3aWMO-
NIECTBUE C MUKPOKPEMHeE3€e-
MOM, 00pa3ysl JOTIOJTHUTEIb-
Hble 00bEMbI TMAPOCUIKATA
KaJIbLIMS. DHIOTEpPMUYECKHE
3¢ deKThl TIpU TeMIleparype
Boie 800°C roBopsT O TOM,
YTO O00pa3ylonecs TUAPO-
CHJIUKATBl HMEIOT DPa3HYIo
OCHOBHOCTb, TaK KakK MX Je-
ruapaTaluuss MPOUCXOIUT
IpU pas3HoOW TeMIieparype:
837,5°C (puc. 2 «K») mas
KOHTPOJBHBIX 00pa3oB M
803°C pna momuduimpo-
BaHHBIX.

Hccnenosanue KOH-
TPOJIBHOTO U MOAUGUIIAPO-
BaHHoro coctaBoB ['LIIIB

my W |
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Puc. 2. Kpusble DSK 1 TG ryncouemMeHTHOl mMaTpuLbl B KOHTPOJSIbHOM
obpasue «K» 1 obpasue, MOANDULNPOBAHHOM «M>» yrnepoaHbIMU HaHO-
cTpykTypamu B cogepxaHum 0,006% n 10% MK-85

Fig. 2. DSK and TG curves of gypsum cement matrix in «K» check sample
and «M» sample of modified with carbon nanostructures at the amount of

sive water exudation from
dihydrate gypsum at the
temperature of 229,5°C. At
the same time, the analysis
of TGA lines shows a higher
content of water in the test
samples (Fig. 2 «M»), which
confirms the better hydra-
tion of Portland cement, cal-
cium hydroxide being
formed and reacting with
silica fume, forming extra
calcium silicate hydrate.
Endothermic effects at the
temperature above 800°C
mean that the forming calci-
um silicate hydrate have dif-
ferent basicity, as their dehy-
dration occurs at different
temperatures: 837,5°C
(Fig. 2 «K») for the check
samples and 803°C for the
modified ones.

0,006% and 10% SF-85
metomoM MK-crnekrpanbHO-

T'O aHaJIM3a MTO3BOJIMIIO BBISIBUTH OTJIWYUS B POPMUPOBAHUU
crpykrypsl I'LITIB.

Taxk, ananu3 MK-crekTpoB mokasan (puc. 3), 4To MH-
TEHCUBHOCTb JIMHUH TMOIJIOIIEHUS B MOAUDUIIMPOBAHHOM
obOpastie, cooTBeTcTBYIOIMX OH-rpynmne B nHTepBajie 4a-
cror 3400 cm™!, 1 cBOGOIHOI BOABI B MHTEpBAJE YacTOT
1690—1620 cm™!, moBeICKIaCh, YTO MO3BOJSET TOBOPUTH 00
YBEJMYEHUU OOIIETO COMEPXKaHUSI TUAPOCUIMKATOB Kajlb-
uust B coctase I'LITIB [13, 14].

MHTEHCUBHOCTh JINHWI TOTJIOIIEHUs] TPH YacTOTe
1431,18 cm™' 1 1436,97 m™!, mpucyimmx Kap6oHaTy KabLus,
B MOAMMDULIMPOBAHHOM cocTaBe Ha 42,5% HUXe 10 CpaBHe-
HUIO ¢ KOHTPOJBHBIM 00pa3ioM. Ha crmekrpax KOHTPOJIb-
Horo u momuduipoBaHHoro obpasioB I'ITIB B o6nactu
4acTOT cooTBeTCTBeHHO 879,54 cm™! u 877,61 cm™! bukcu-
pyeTcsl JIMHUSI, KOTOpasli TakXke XapaKTepusyeT KapOoHat
kaiaeuus [15]. [ToHMKeHUe MHTEHCUBHOCTU JIMHUN OTpa-
JKEHMS, TIPUCYIITUX KapOoHaTaM, CBSI3aHO ¢ YMEHBIIEHUEM
KOJIMYEeCTBa TMIPOKCHIA KaJIbIIUs B pacTBOpe ¢ 0Opa3oBa-
HueM HU3KoocHOBHbIX ['CK.

AHanu3 crnekTpa KOHTpoJibHoro ob6pasua I'IIIIB
(puc. 3, @) nokazaj MosiBJeHWe CUIbHOMI MOJIOCHI MPU Yya-
crore_1186,22 cM™!, mpucyleit ToGepMOPUTOBOMY TeJTI0
11,3 A cocraBa Cs;S¢H;. IIpu BBenenuun MYHT B coctas

a 4’5__ ; :
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MIHTEHCUBHOCTb

The study of the check
and modified GCPB compositions by means of IR spectral
analysis has revealed the differences in the formation of the
GCPB structure.

Thus, the analysis of the IR spectra has shown that the
intensity of the absorption lines in the modified sample cor-
responding to OH group in the frequency range of 3400 cm™!
and free water in the frequency range 1690—1620 cm’!
increases, which suggests an increase in the total content of
calcium silicate hydrate in GCPB [13, 14].

The intensity of the absorption lines at the frequency of
1431,18 cm™! and 1436,97 cm™! inherent in calcium carbon-
ate is 42,5%, lower in a modified composition compared
with the check sample. In the spectra of the modified and
check GCPB samples in the frequency range of 879,54 cm™!
and 877,61 cm! correspondingly a line is fixed [15] which
also characterizes calcium carbonate. The reduction in the
intensity of the reflection lines inherent in carbonates is as-
sociated with a decrease of the amount of calcium hydroxide
in the solution with the formation of low-basic calcium sili-
cate hydrate.

The spectrum analysis of the GCPB check sample
(Fig. 3, @) has shown the appearance of a strong band in the
frequency of 1186,22 cm™! typical for tobermorite gel 11,3 A
of CsSgH5 composition. MWCNTSs being added to GCPB

o 30436
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Puc. 3. K-cnekTpbl rmncouemMeHTHO-MNyLLonaHoBoli MaTpuubl: 6e3 nobasku (a); ¢ nobasneHem MYHT B copepxarum 0,006% (b)
Fig. 3. IR spectra of gypsum cement pozzolanic matrix: without admixture (a); with MWCNT at the amount of 0,006% (b)
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I'IIIB B ykazaHHOI 001aCTH YaCTOT JIMHUS TTOTJIOIICHUS
He (UKCUPYETCsI, YTO CBSI3aHO C U3MEHEHUEM OCHOBHO-
ctu I'CK.

Kpome Toro, corimacHo pabote [16] xapakTepucTHUe-
CKVMMU JIMHUSAMH JUTSI MUKPOKpeMHUA siBisitoTest 1100 ey u
470 cm™!, KoTOpBIE XOPOIIO (DMKCUPYIOTCA B KOHTPOJIHLHOM
o6paslie, HO B OIBITHOM JMHMS nomtomeHus 1100 cm™!
MPaKTUYECKU OTCYTCTBYeT, a BMecTo juHuu 470 cm™' 3a-
(uxcuposanachk tuHus 464,84 cm™'. Do ToBOpUT 06 U3Me-
HEHUM OKPYKEHUSI BOKPYI MOJIEKYJ aMOp(HOro okcuaa
KPEMHUS 3a CUET CBSI3bIBAHUS UX B JIOTIOJHUTEIbHBIN 00b-
€M TUIPOCUINKATOB KaJIbIIHSI.

CraenoBarenbHo, nanHblie MK-criekTpanpHoro anaausa,
nuddepeHIMaTbHO-CKAaHUPYIOIIEH KaJOPUMETPUM TaKXKe
MOATBEPXKIAIOT Pe3yIbTaThl MUKPOCKOMMYECKOTO aHaIU3a
o6pasuoB ['LITTB. [ToHukeHne MHTEHCUBHOCTE OCHOBHBIX
XapaKTepUCTUUECKUX YaCTOT, TMPUCYIIUX TUIPOKCUILHBIM
rpynmam, cyibdaTtaM, KapOoHaTaM W CUJIMKAaTaM, CBUJIE-
TEJLCTBYIOT 0 MomuduuupyomeMm BmusHuu MYHT nHa
CTPYKTYpPY, BOIOCTOMKOCTb M IPOYHOCTHBIC CBOICTBA
T'IITB.

Taxum o6pazom, Beaenue nucriepcu MYHT B Tpanu-
uumoHHoe ['ITIB mo3BossieT yaydiTh ero MexaHu4ecKue
IOKAa3aTeJIM U MOBBICUTh BOJOCTOMKOCTh 32 CUET YIUIOTHE-
HUS CTPYKTYPHI KoMIto3uTa. [Iprpoct mpoyHOCTH Ha 28 cyT
monuduimpoBanHoro obpasua I'HIIB mo cpaBHeHUIo ¢
KOHTPOJIbHBIM COCTaBUI 52%, a TIOBBIILIEHNE BOJOCTOUKO-
cti — 35%.
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composition in the given frequency range, the absorption line
is not fixed due to changes in the basicity of calcium silicate
hydrate.

Furthermore, according to study [16] the characteristic
lines for micro silicuim are 1100 cm™ and 470 cm™!, which
are well fixed in the check sample, but in the test sample the
absorption line of 1100 cm™! is practically absent, and instead
of the absorption line of 470 cm™! the line of 464,84 cm™! is
fixed. This indicates changes in the environment around the
molecules of amorphous silicon oxide due to their binding
into extra calcium silicate hydrate.

Consequently, the data of IR-spectrum analysis and dif-
ferential scanning calorimetry also confirms the results of the
microscopic analysis of GCPB samples. Decrease of the in-
tensity of the main characteristic frequencies inherent in hy-
droxyl groups, sulfates, carbonates and silicates confirms the
modifying effect of MWCNTs on the structure, water resis-
tance and mechanical properties of GCPB.

Thus, adding the dispersion of MWCNTs to the conven-
tional GCPB can improve its mechanical properties and in-
crease the water resistance due to the densifying of the com-
posite structure. The increase in strength on the 28™ day of
the modified GCPB sample compared with the check one
was 52%, while the increase in water resistance was 35%.
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MoCKOBCKMIM rOCYAapCTBEHHbIV CTPOUTENLHLIV YHMBEepcuTeT (129337, MockBa, fpocnaBckoe L., . 26)

MenkosepHucTbie GETOHbI,
MoaucuumposaHHbie HaHoBonokHamu AIOOH u Al,0,

PaccmoTpeHbl NepcnekTuBbl U 0C06EHHOCT NPpUMeHeHUs HaHOBONOKOH 13 AIOOH u v, &-Al,04 B MeNKO3EepHUCTLIX 6eTOHAX. MpMBEAEHbI Pe3ynbTaThl
3KCNEPUMEHTaNbHbIX UCCEL0BaAHUIA N0 ONPeSEeNeHN0 CBONCTB MENKO3ePHUCTLIX 6ETOHOB C A06aBKOI HAHOBONOKOH B Konnyectse 3,8 1 13% 0T macchl
BSKYLLEr0. YCTAHOBNEHO BAMSAHNE PA3NIMYHOr0 COAEPXKaHUSA HAHOBONIOKOH Ha CBOCTBA MENIKO3EPHUCTbIX 6ETOHHbIX CMeceil. MakcumanbHbIi A ekt
BBEJEHME HAHOBOJIOKOH B MENKO3EPHUCTbIE BETOHBI OKA3bIBAET HA MOAYNb YNPYroCTyh, 3Ha4eHMe KOTOporo yeennyneaetca ot 18,3 no 40,9 Ma B
3aBUCUMOCTM OT A03MPOBKM [06ABKM. YCTAHOBNEHO, YTO NPW BBELEHMM HAHOBOMOKOH [0 8% OT Macchl BSXKYLLEr0 MPOMCXOANUT CHUXKEHWNE NMPOYHOCTHBIX
XapakTepucTuK, 06yCNOBMEHHOE MOBbILLEHHON NOPUCTOCTBIO NOMY4EHHbIX KOMMNO3WUTOB, 1 TOMBKO NPy BBeAeHUM 13% BONOKOH NPONCXOAMT YBENMYEHNE
NPOYHOCTHbIX XapakTepPUCTUK A0 25%.

KnioyeBbie cnosa: 6eTOH MeNKO3EPHUCTbINA, MOAYNb YNPYrocTh, NOPUCTOCTb, MPOYHOCTHBIE XapaKTepucTuki, HaHoBoNokHa AIOOH un vy, 8-Al,0,.

M. R. NURTDINOV, Engineer, V.G. SOLOVYEV, Candidate of Sciences (Engineering) (s_vadim_g@mail.ru),
A.F. BURYANOV, Doctor of Science es (Engineering)
Moscow State University of Civil Engineering (129337, Moscow, 26 Yaroslavskoe sh.)

Fine Concretes Modified with AIOOH and Al,0; Nanofibers

The article discusses the prospects and features of application of the nano-fibers from AIOOH and vy, 8-Al,0; in fine concrete. Showed the results experimental studies to determine the

properties of fine concretes with the addition of nanofibers in an amount of 3,8 and 13% by weight of the binder. Determined the influence on the properties of fine concrete mixtures by
different content of nanofibers. Maximal effect from introducing nanofibers into fine concretes affects on elastic modulus, whose value is increased from 18,3 GPa to 40,9 GPa, depend-
ing on the dosage of the additive. Found that the introduction of 8% nanofibers by weight of the binder causes a decrease in strength characteristics due to the increased porosity of the

composites, and only entering 13% of the fibers increases the strength characteristics on 25%.

Keywords: fine concrete, elastic modulus, porosity, strength characteristics, AIOOH and v, d-Al,04 nanofibers.

PacTBOpBI 1 GETOHBI SIBJITIOTCSI MHOTOKOMITOHEHTHBIMU
MarepualaMi, KOHEUHbIE MEXaHUYeCKUEe XapaKTePUCTUKHU
KOTOPBIX 3aBUCAT OT CBOMCTB, B3aMMOIEUCTBUS U pacnpe-
NieJIeHUs OTAETbHBIX KOMIIOHEHTOB. BKiTloueHne HaHoMare-
pUaJIOB B MAaTPUILy MEJIKO3EPHUCTHIX OETOHOB JIJ151 TTOBBIIIIE-
HUS WX 3KCIUTyaTallMOHHBIX CBOWCTB MEPCIEKTUBHO Ha
¢oHe ycrnexoB B Apyrux oOJACTSIX MaTepUAIOBEAEHMS TI0
MOAMGbUKALIMY Pa3IMYHBIX MaTepuaioB (METaJJIOB, TIOJIH-
MEpPOB U T. A.) HaHOpa3MepHbIMU go0aBKamu. Oco00 MHTe-
PECHBIM SIBJISIETCS] MCIOJb30BaHME HAHOAMCIEPCHOIO ap-
MUPOBaHMS B MEJKO3EPHUCTBIX OETOHAX, KOTOPOE MO3BO-
JIUT YIIPOUYUTH OETOH B MECTaX MUKPOAE(HEKTOB, JOCTUTHYTh
BBICOKMX IMPOYHOCTHBIX ITOKa3aTesell Mpyu He3HAUUTEIbHOM
JIO3UPOBKe 100aBKU [1], a TakKe, 110 aHAJIOTUH C IIPUMEHEe-
HueM (puOpbpl MakKpopa3MepoB, M3MEHUTH TeIIOo(pU3NIE-
CKHE CBOMCTBA KOMITO3ULIMOHHOIO Matepuaia [2].

st uccnenoBaHusl ObLIM UCMOIB30BaHbl HAHOBOJOKHA
13 AIOOH n vy, 6-Al,05 pasmepom 50—150 HM, TprMeHeHHe
KOTOPBIX PEKOMEHIOBAHO B BUE JOOABOK B METaJUIbI IS
MOBBIIICHUSI UX 3KCIUTyaTallMOHHBIX XapaKTepUCTUK [3] u
MpUIaHUs 0COObIX CBOICTB OeToHaM [4]. KpoMe Bhllerne-
peuMCIeHHBIX 2(hHEKTOB caeayeT OTMETUTD BIUSIHUE OKCH-
Jla aJlOMUHUST HAa aKTUBAIMI0 OCJIMTOBBIX LIEMEHTOB B Ha-
yaJIbHbIN Mepuoj TBepaeHus [S]. B yactHocTH, 10OaBIeHUE
KOJUIOMJHBIX YACTULl OKCUIA AJIIOMUHUS CO CPEIHUM pa3-
mepoM 50 HM 3HAYUTEIbHO YBEJIUYIIIO 7-CYyTOUYHYIO IIPOY-
HOCTh 00pa3loB, U3rOTOBJIIEHHbIX Ha OCHOBE OEIUTOBOIO
nemeHTa. Takum 00pa3oM, HAHOYACTULIBI OKCUJA ATIOMU-
HUST MOTYT OBITh YCITEIITHO UCIOJIb30BaHbI B KAYE€CTBE areH-
Ta aKTUBALIMU TUAPABINYECKUX CBOMCTB OCJIMTOBBIX LIEMEH-
TOB JIJIsSI TIOBBIIIEHUS MEXaHWYECKON MTPOYHOCTU OETOHOB
Ha paHHMX CPOKaX TBePACHUSI.

Llensamu sxcneprMeHTa OBLIO MOJTYYeHe KOMIIO3UTa Ha
OCHOBE 1IEMEHTHO-TeCYaHO MaTPU1IbI, TUCIIEPCHO-aPMUPO-
BaHHOT'O ATIOMUHUEBOI HAHO(GUOPOIA, C MOCIENYIOIIUM H3Y-
YeHWeM CBOWCTB IOJlyYeHHOTro MaTepuaia. B kauecTBe ma-

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Mortars and concretes are multicomponent materials,
where the final mechanical characteristics are depend of the
properties, interaction and distribution of separate components.
The inclusion of nanomaterials in a matrix of fine concretes to
improve their performance characteristics is a promising direc-
tion on the background success in the other fields in science of
materials by modification of different materials (metals, poly-
mers, etc.) by the nanosize additives. Especially interesting is the
usage of nanosized reinforcement in fine concrete, which will
allow to harden the concrete in places of microdefects, to
achieve high strength characteristics at low dosage of addi-
tives [1], and, by analogy with the usage of makrosized fiber,
change thermophysical properties of the composite material [2].

For the study was used nanofiber from AIOOH and v,
0-Al,0; with size 50—150 nm, the application of which is
recommended as additives to metals to improve their perfor-
mance characteristics [3], and giving a special properties to
concretes [4]. In addition to these effects, should be noted the
influence of alumina oxide on belite cements activation in the
initial period of hardening [5]. In particular, adding colloidal
alumina oxide particles with an average size of 50 nm greatly
increased strength of the samples at 7 days made on base of
belite cement. Thus, the aluminum oxide nanoparticles can
be successfully used as an agent for activation of hydraulic
properties of belite cements to enhance the mechanical
strength of concrete at early stages of hardening.

The objectives of the experiment were to obtain a compos-
ite based on a cement-sandy matrix, reinforced by dispersed
aluminum nanofibers, with following researching of the prop-
erties of resulting material. As a matrix was accepted fine con-
crete with following composition: cement-sand ratio is 1:2, the
water-cement ratio is 0,45, the dosage of the superplasticizer
S-3 — 0,7% by weight of the binder. Dosage of nanofibers
AIOOH and Al,O; was 3, 8, and 13% by weight of cement.
Comparison was made with the control samples made on
identical compositions without the addition of nano-dispersed
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€, MM/M
g, mm/m

0,25

TPUIIBI ObLT MPUHAT METKO3ePHUCTHIMN
0ETOH CJIEMYIONIEero COCTaBa: IEMEHTHO-

recyaHoe oTHolleH e 1:2; BOIOLeMeHT-
Hoe oTHoleHue 0,45; 1031poBKa cynep-
mactudpukaropa C-3 — 0,7% ot maccel
BsEXyIIeTO. JI03MpoBKa HAHOBOJIOKOH 13
Al,O; 1 AIOOH coctaBuna 3, 8 u 13% ot
Macchl lieMeHTa. CpaBHEHHE MPOBOIM-
JIOCh C KOHTPOJIbHBIMU 0Opa3lamu, u3-
TOTOBJICHHBIMU Ha UAEHTUYHBIX COCTa-
Bax 0e3 JM00aBJIeHUS HAHOAWCIIEPCHBIX
MOoanbUKaTOPOB. -

B xauecTBe MaTepuasioB 1T M3ro-
TOBJICHUSI MEJTKO3EPHUCTBIX OETOHOB UC-
nosib3oBauck: LemeHT LIEMI/42.5-H,
MECOK C MOJyJ1eM KpynHocTi M, = 2,53, —
cynepmactudukarop C-3 B cyxoMm
BHJE. BBUTO M3roTOBJIEHO TT0 OTHOI ce-
pun 00pasnoB-6aao4ex (6 00pasloB B
KaXJ0W cepuu) KakAoro cocTaBa pas-
Mepamu  160xX40x40 mM. OGpasib

02—

0,15 —

0,1

0,05 |

ObITM M3TOTOBJIEHBI W WCIBITAHBI 110 3
IOCT 30744-2001. [dedopmaunu
OTpENeISUTUCh TI0 METOAMKE, TIPUBE-
nenHoir B 'OCT 24544—81. Monynb
VIOPYTOCTH 3aMepsuii Ha o0pasiax
160x40x40 MM 1O MeTOIMKE, MpUBE-
nenHoit B FTOCT 24452—-80.

JlaHHbBIE TIO PEOJIOTMYECKUM CBOMCTBAM, MIOPUCTOCTH U
MMPOYHOCTHBIM TTOKAa3aTeIIM HM3TOTOBJICHHBIX 00Opas3lioB B
Bo3pacte 28 cyT npuBeneHH B Tabauile. ['pacduk pa3Butus
yCaZouHbIX AehopmMaliuii B Mpolecce TBEPASHMS IS Kax-
JIOTO COCTaBa MpUBeJeH Ha puc. 1.

AHaJIM3 pe3yIbTaToOB UCCIeTOBAHUS, TPUBEJCHHBIX B Ta0-
JIM1Ie, TIOKA3bIBaeT, YTO BBeJAecHME HaHOBOIOKOH 13 AIOOH
n Al,O; IPpUBOANT K JTMHEHHOMY CHIXKEHUIO pacIuIbiBa Ha
BCTPSIXMBAIOIIEM CTOJIMKE, YBEJWYCHUIO BO3MYyXOBOBJIEYE-
HMSI, YBEJIMUEHUIO TIOPUCTOCTU B 3aBUCMMOCTH OT JO3UPOB-
KU BOJIOKOH, YTO OOYCJIOBJIEHO MX BBICOKOM YyAeIbHO Mo-
BepXHOCThIO. CllefyeT OTMETUTD MOBBIIIEHHOE BO3IYXOBO-
BJie4YeHWE W TTOPUCTOCTh COCTABOB C HAHOBOJOKHAMM
AIOOH (o cpaBHeHHMIO C cOCTaBaMM C HAHOBOJOKHaMU
AL, O;). NanHblii 3¢G@deKT, M0 MHEHUIO aBTOPOB, CBSI3aH C
MOBBIIIEHHONW PeaKIMOHHOI CIOCOOHOCTHIO HAHOBOJOKOH
u3 AIOOH B 1ienouyHoii cpeae TBEpACIOLIEIO IIEMEHTHO-
recyaHoro pactBopa. B pesysibrate yacTb HAHOBOJIOKOH pea-
TMpYET ¢ TPOAYKTAMU TUApATALIMU LIEMEHTa B HavaJbHBII
TIEPUON C BBIICJIEHUEM BOIOPOAA, KOTOPBIM M MPUBOAMT K
TTOBBIIIICHWIO BO3IYyXOBOBJICUEHUSI U OOIIIE TMOPUCTOCTH
OeToHa. YMEHbIIIeHWE MOABMKHOCTU COCTaBOB OOYCIIOBIIE-

7 14
Bpemsi TBepaeHus, cyt
Hardening time, days

28

Puc. 1. ledbopmaumnm ycagku 6eToHa B npouecce TeepaeHns: 1 — 6e3 HaHOBOJIOKOH; 2 — C HAHOBOJIOK-
Hamu AIOOH; 3 - ¢ HaHoBonokHamu Al,O4

Fig. 1. Shrinkage strain in the process of hardening: 7 — without nanofibers; 2 — with nanofibers AIOOH;
3 — with nanofibers Al,O4

modifiers. As materials for the produce of fine concrete was
used cement TSEM 1 / 42.5-N, sand with fineness modulus
M, = 2,53, superplasticizer S-3 in dry form. Was produced by
one series of samples (6 samples in each series), each of the
dimensions 160x40x40 mm. The samples were manufactured
and tested in accordance with GOST 30744—2001.
Deformations are determined by the method described in
GOST 24544—81. Elastic modulus measured on samples of
160x40x40 mm by the method described in GOST 24452—80.
Data on the rheological properties, porosity and strength pa-
rameters of the samples made at the age of 28 days are shown
in Table. A graph of shrinkage strain in the process of harden-
ing for each composition is shown in Figure 1.

Analyzing the results of the study are listed in Table, it was
found that the introduce of nanofibers AIOOH and AL,O; in
an amount of from 3 to 13% by weight of the binder reduces
the spreading on a shaking table from 240 to 214—204 mm, an
increase an air entrainment from 5,1 to 6,2—7,7%, also in-
crease the porosity from 15,1 to 19,5—16%. These effects are
linearly depends of the dosage of the fibers and be due to their
high surface area. It should be noted increased air entrain-
ment and porosity of compositions with nano AIOOH (com-

Pe3ynbTaTbl UCNbLITAaHUII MENIKO3EPHMCTOro 6eToHa ¢ HaHoBoNokHamu n3 AIOOH v Al,04
Test results of fine concrete with AIOOH u Al,0; nanofibres

PacnnbiB Ha Mopynb
Tun [Losnposka, % ot Bosayxo- BCTOSX/BAIOLLEM HDYFOCTY
nobaBku | Macchl LemeHTa | BOBneuyeHue, % P U'L MopucTocTs, % Ry MMa / (%)~ Ryar MMa / (%)* ynpy 0%
Additive | Dosage%by | Air entrainment, |  CTOMVKE, MM POOSitY,% | Rogrressss MPa /(%) | Ry MPa/ (%)* | - MM/ (%)
tvoe weiaht of ;:ement % "| Spreadingona ' compressive flexural Elastic modulus,
yp g o shaking table, mm MPa / (%) *
':S - 5,1 240 15,1 48,1 /100 5,75 /100 18326 / 100
3 6,5 210 16,2 43,2/89,8 59/102,6 25551/139,4
Al,04 8 6,3 208 16 44,5/92,5 6,5/ 113 34847 /190,2
13 6,2 204 16,9 56,5/117,5 6,2/108 40903 /223,2
3 7,6 214 17,4 40,5/84,2 5,2/90,4 21768 /118,8
AIOOH 8 7,7 209 18,6 41,5/86,3 5,4/94 26114 /1425
13 7,5 205 19,5 48,1/100 7,2/125 31453 /171,6
MpumeyaHue. * - COOTHOLLEHME C KOHTPOJIbHLIM COCTABOM B %.
Note. * - ratio to reference composition in %.

(N POVIEIIBHBIE

HAayuHO-MeXHU4ecKuil U NPOU3800CMBEeHHbILL HCYPHAN

VI AYERPVIAVIBTE pespans 2015

69



Joxkaaant VII MexaynapoaHoii kongepenunu «HaHOTEXHOJIOTHH B CTPOUTEILCTBE»,

28—30 mapra, Illlapm-3a6-1lleiix, Ernner

HO TeM, YTO B CPaBHEHHUU C KJIaCCHUYE-
CKUMM PacTBOpaMM MOAU(DULIMPOBAH-
HbII HAHOJ00ABKOI pacTBOp OOMamaeT
MeHBbIIEN TTOABMKHOCTBIO M3-3a BBICO-
KOl yIeJIbHOM TTOBEPXHOCTU 1 BOJOIIO-
TpeOHOCTU 10OABKH.

Beenenue nanoBosokon AIOOH u
Al,O; B 103upoBKe 8% OT MacChl BSIXKY-
LIEro MPUBOAMUT K CHIKEHUIO YCAAKU C
0,227 no 0,154 u 0,201 MmM/M cooTBeT-
CTBEHHO. D(PPEeKT CHMKEHUS YyCaaKU
o0ycioBiaeH (OPMHUPOBAHUEM BHY-
TpeHHero ¢ubpokKapkaca, KOTOpPBIi

i _
bz HV | D | Mag) | et
£ 05 WSS prer B

BOCIIPUHUMAET HAMpPSKEHUsI, BO3HU-
Kawlue 3a cueT aepopMalny 0eTOH-
HOII MaTpUIIbl B MpOLECCe TBEPACHMUS,
U TeM CaMbIM CHIXAeT OOIIyIo AehopMalio KOMITO3UIIN-
OHHOTO MaTepuaja B mejoM. HecMOTpst Ha pa3Mepsl MpH-
MEHSIeMbIX HaHOBOJIOKOH, O0lllee BIMSHUE Ha yCalKy HC-
cJIeyeMbIX KOMITO3UIIMOHHBIX MaTepUaIOB COMIOCTABUMO C
3¢ ¢eKTOM TpU BBEACHUU CTalbHON (hUOpPHI MaKkpopa3Me-
poB muHO# 15 MM, nuamerpom 0,3 MM B Koanuectse 0,3,
1,1 u 1,9% 1o o6wemy [6].

MUKpOCTPYKTYpa MOTydeHHBIX MaTEPUAIOB UCCIIEI0BA-
JIaCh Ha JIEKTPOHHOM MUKpockoIre (puc. 2). Ha ocHoBaHuM
MOJy4YEeHHBIX CHUMKOB CTPYKTYpBl MaTepuajia yCTaHOBJIE-
HO, YTO HAHOBOJIOKHAa PaBHOMEPHO paclipeleieHbl B lie-
MeHTHo# Marpuue. [Ipy 3TOM Ha MOBEPXHOCTH BOJIOKOH
HeT KaKUX-JIMOO MPOAYKTOB IMIpaTalliy IieMeHTa, TIPUCYT-
CTBHE KOTOPBIX YKa3bIBaJIO ObI Ha JOCTATOYHYIO aIre3uio
MeXITy KOMITOHEHTaMU KOMITO31Ta M BBICOKYIO CTeTICHb BO-
BJIEYEHHOCTH HAHOBOJIOKOH B COBMECTHYIO pabOTYy KOMIIO-
3UTA NPU IEUCTBUU BHEIITHUX MEXaHUYECKUX BO3IECUCTBUNA.

I1pu olieHKe MPOYHOCTHBIX CBOMCTB UCCJIENyeMbIX MaTe-
pYajoB OBUTO YCTaHOBJIEHO, YTO MPOYHOCTH MPH CXKATUU
KOMIIO3UTOB C HAHOBOJIOKHaMU Al,O; yBeIn4mIach TOJIBKO
pu 103upoBKe B 13% ot maccel LieMeHTa Ha 17,5%, a mpoy-
HOCTb MPU CXKATUU KOMITO3UTOB ¢ HaHOBoJIoKHaMu AIOOH
npu no3upoBke 13% mocturna 3HaueHuss 100% or KOH-
TPOJLHOTO 00pa3iia, a Py MOHWXKEHHBIX JO3MPOBKaX ObLIa
MeHbIIIe KOHTpOJIbHOro Ha 7, 51 10,2%. TIpouHOCTh pH U3~
rrbe KOMITO3UTOB ¢ HAHOBOJIOKHamMK Al,O TTpeBbIcHIIa 3Ha-
YeHUsI KOHTPOJILHOTO obpasiia Ha 2, 6 u 13% B 3aBCUMOCTH
OT JO3UPOBKU HAHOBOJIOKOH. [IpoyHOCTh mpu U3rnbde KoMm-
O3UTOB ¢ HaHoBoJJoKHaMK AIOOH mipu no3uposkax 3 1 8%
OT MAacChl BSKYILETO ObLTa HUKEe KOHTPOJIBHOTO 06pas3iia Ha
619,6%, a ipu 1o3upoBKe 13% — Gomblie Ha 25%. Momyiab
YIIPYTOCTH BO3paCTaJl MO TMHEUHOU 3aBUCUMOCTH,, TIOBBIIIIE-
HUe nokazateneii B ciydae Al,O5 coctaBuio 39 u 113,2%, ¢
Ha”oBosiokHaMu AIOOH — 18,8 u 71,6% cOOTBETCTBEHHO.

CpaBHUTEJIbHOE OIpeaeeHue MOIYJsl YIPYrocTu 00-
Pas3loB MPOBOAUIIOCH Ha 28-€ CyT, MOKa3aTean MPOYHOCTH
TIPY CKaTUU, U3TKOe U MOIYJIS YIIPYTOCTU OTOOpaXkeHbI Ha
puc. 3.

O4eBUIHO, YTO BIUSIHUE HAHOBOJOKOH Ha MPOYHOCT-
Hble XapaKTEPUCTMKKU OOYCJIOBIEHO NBYMsI pPa3HOHAIpaB-
JICHHBIMU (paKTOpaMu: CHUKEHUEM TTPOYHOCTHBIX CBOMCTB
32 CYET TOBBIIIEHUSI MOPUCTOCTU U TMOBBILIIEHWEM IMPOY-
HOCTHBIX CBOMCTB 3a CYeT OOJIBIIETO BOBJIICYEHUST HAHOBO-
JIOKOH B COBMECTHYIO paboTy KOMIIO3UTA MPU BO3IEHUCTBUMN
BHEITHMX CHJI. MaKcuMaabHbIN 3¢ ¢eKT BBeIeHNSI HAHOBO-
JIOKOH B MEJIKO3€PHUCTbIE OETOHBI OKa3bIBaeT Ha MOMYJb
YIIPYTrocTu — yBenudeHue 1m0 223,2%. [1o MHeHHIO aBTOPOB,
NaHHBIA 3¢ dexT 00ycIoBIeH NOBBIIIEHHONW KOHIIEHTPAIIU -
eil HaHOBOJIOKOH aJIIOMUHUS B MexX(pa3HOH IepexXOomHONl
30HE, KOTOPBIE CIEPKUBAIOT Pa3BUTHE MedOpMalInii B KOM-
MTO3UTe Ha HAYaJIbHOM CTaguy HarpyXeHusI (TIpU orpeesie-
HUU MOIYJSl yIpyroctu). JlaHHbIe pe3yJbTaThl MO3BOJSIIOT
MPEANOJIOXUTb, YTO TOJYYeHHbIE KOMITO3UTHI 00JaaaloT
3HAYUTEJbHON CTOMKOCTBIO K IUKJIMYECKUM Harpy3kam.
YCTaHOBIIEHO, YTO MUHUMATbHAST TO3UPOBKA HAHOBOJIOKOH

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Puc. 2. MukpocTpykTypa 6eToHa ¢ HaHoBonokHamu: a — AIOOH; b — Al,O4
Fig. 2. The microstructure of concrete with nanofibers: a — AIOOH; b — Al,O4

pared to compositions with nano Al,03). This effect is, we
think, is associated with increased reactivity of the nanofibers
AIOOH in an alkaline medium of hardening cement-sand
mortar. As a result, part of the nanofiber reacts with the hy-
dration products of the cement in the initial period with hy-
drogen releasing, which leads to increased air entrainment
and total porosity of the concrete. Reduced compositions
fluidity is due to the fact that in comparison with the classical
mortars, mortars with nanoadditives has lower fluidity be-
cause of high specific surface area and water demand.

Introduction nanofibers AIOOH and Al,O5 at dosage of
8% by weight of binder results in a reduction of shrinkage
from 0,227 mm/m to 0,154 and 0,201 mm /m respectively.
Shrinkage reducing effect due to the formation of internal
fibercarcass, which receives stresses arising by deformation of
the concrete matrix during hardening, and thus reduces the
overall strain of the composite in total. Despite the size of
nanofibres applied, the total impact on the studied compos-
ites is comparable with effect when used makrosized steel fi-
ber length of 15 mm, a diameter of 0,3 mm in an amount of
0,3%, 1,1% and 1,9% by volume [6].

The microstructure of the obtained materials was studied
with an electron microscope (Figure 2). Basing on the ob-
tained images of the material structure is found that nanofi-
bers uniformly dispersed in a cement matrix. And on the
surface of the fibers there are no hydration products of ce-
ment, which would indicate the presence of a sufficient adhe-
sion between the composite components and a high degree of
involvement in together work of nanofiber composite under
the action of external mechanical influences.

In evaluating the strength properties of the tested materials
was found that compressive strength of the composites in-
creased with Al,O5 nanofibers only at a dose of 13% by weight
of cement on 17,5%, and the compressive strength of compos-
ites with AIOOH nanofibers at a dose 13% value has reached
100% of control sample, and at lower doses it was less than
control sample on 7,5—10,2%. Flexural strength of composites
with nanofibers Al,O; exceeded values of the reference sample
on 2,6—13% depending on the dosage of the nanofibers.
Flexural strength of composites with AIOOH nanofibers at
doses 3 and 8% by weight of the binder was less than the con-
trol sample on 6—9,6% and at dose of 13% — more on 25%.
The modulus of elasticity increased with the linear dependence
in both cases, increasing the performance in case of Al,O; was
39—-113,2%, with nanofiber AIOOH 18,8—71,6% respectively.

Comparative determination of the elastic modulus of the
samples was performed on day 28, data of compressive
strength, flexural strength and elastic modulus displayed in
Figure 3, for clarity.

Obviously, the impact of the nanofibers on the strength
characteristics was due to two opposing factors: a decrease in
mechanical properties due to increasing the porosity and in-
crease of strength properties due to the greater involvement of
the nanofibers in together work in composite under the influ-
ence of external forces. The maximum effect of introducing
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Puc. 3. CpaBHuTENbHbIE rPad UK MPOYHOCTM HA CXaTne, n3rnb 1 MoAyNns ynpyrocTy Npu pasnmyHbix 403npoBkax 4o6aBok: 1 —0%; 2 - 3%; 3 - 8%; 4 - 13%
Fig. 3. Comparable graphs of compressive strength, flexural strength and elastic modulus with different concentrations of additives: 7 - 0%; 2 — 3%; 3 — 8%;

4-13%

AIOOH u AL,O;, npu KOTOpOi HaOIIOAAaeTCsl CHUXEHUE
ycalKd M TIOBBIIIIEHUE OTIEIbHBIX MTPOYHOCTHBIX XapaKTe-
PUCTHK MEJIKO3ePHUCTBIX OETOHOB, cocTaBisgeT 8% OT Mac-
Chl BSIKYILETrO. YBeJIWYeHUE COAECp>KaHUsS HAaHOBOJOKOH B
MEJIKO3EpPHUCTBIX O€TOHAX MPUBOIUT K JaJbHEHIIEMY yBe-
JINYEHUIO TIPOYHOCTHBIX XapaKTEPUCTUK, HO TIPU 3TOM CHM-
>KaeTcsl y1000yKIIabIBaAeMOCTb CMECH M TTIOBBIIIAETCS €€ T10-
PUCTOCTb.

BoBoanl. Ha ocHOBaHMYM IIpOBEIEHHBIX MCCIETOBAHUIMN
YCTAHOBJIEHO, UTO BBeAeHUE HaHOBOJIOKOH AIOOH u Al,O,
B MEJIKO3€PHUCTBIN OETOH MPUBOIUT K PSIAY MOJOXUTEIb-
HbIX 2 HEKTOB.

JlobaBka HaHOAIIOMUHUS TPU JOCTATOYHBIX TO3UPOB-
Kax JeMCTBYeT KaK MMKPOHAIIOJHUTEIb C apMUPYIOIIUM
addexToM B Mex(ha30BOil MePeXOTHOM 30HE HEMEHT—IIe-
COK M YaCTUYHO B KaNUJUISIpax MaTpUIilbl MEJIKO3EPHUCTOTO
06eToHa, YTO 0OYCIIOBIUBAET 3HAYUTEIBHOE YBEJIMUEHUE MO-
ILyJisl YIIPYTOCTH, a MPU BICOKUX AO3UPOBKAaX HAHOBOJIOKOH
BO3PACTAlOT U ITPOYHOCTHBIC XapaKTEPUCTUKU.

IIupokoe BHeapeHUWE HAHOBOJIOKOH OTPAaHUYMBAET UX
CPaBHUTEJIBHO BBICOKAsi CTOUMOCTh. OUeBUAHO, YTO Aaib-
Hellre uccienoBaHus B JaHHOUW 00JacTy MO3BOJISAT 3HA-
YUTEJbHO MOBLICUTH 3(DGHEKT OT UCIOIB30BAHUSI HAHOBOJIO-
KOH Pa3ju4HOi MpUpoAbl B MOAU(PUUIMPOBAHHBIX MEJIKO-
3ePHUCTBIX OETOHAX 1 B TIEPCIIEKTUBE MOJIYy4aTh MOIU(pYHK-
LIMOHAJIbHbIE KOMITO3UIIMOHHBIE MaTepuaibl C 3aJaHHBIMU
9KCIUTyaTallMOHHBIMU XapaKTePUCTUKAMU.
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nanofibers in the fine concrete has on the modulus of elasticity
— itincreases up to 223,2%. In our opinion, this effect is due to
the high concentration of aluminum nanofibers in interfacial
transition zone, which hamper the development of strains in
the composite at the initial stage of loading (when determining
the modulus of elasticity). These results allow to suggest that
obtained composites have considerable resistance to cyclic
loading. Found that the minimum dose of nanofibres AIOOH
and Al,O; in which shrinkage decreases and increase some
strength characteristics of fine concrete is 8% by weight of the
binder. Increasing the content of nanofibres in fine concrete
leads to a further increase in strength characteristics, but brings
on lower workability of the mixture and higher porosity.

Basing on done investigations is found, that the introduc-
tion of nanofibres Al,O; and AIOOH in fine concretes leads
to several positive effects, the additive made of nanoalumi-
num at sufficient dosages acts as microfill with reinforcing
effect in the interfacial transition zone cement-sand and
partly in the capillaries in fine concrete matrix, as a result
elastic modulus is greatly grows, also at high dosages of nano-
fibers increases and strength characteristics. However, the
widespread introduction of nanofibers limits their relatively
high cost. It is clear that further research in this area will sig-
nificantly increase the effect of using nanofibers of various
kinds in the modified fine concretes, and, in the future, re-
ceive multifunctional composite materials with predeter-
mined performance characteristics.
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MoCKOBCKMIM FOCYAapCTBEHHbIV CTPOUTENbHLIV YHMBepcuTeT (129337, MockBa, fpocnaBckoe L., 26)

J(hheKTUBHOCTL MOAMMULUPOBAHUSA LLEMEHTHbIX KOMNO3UTOB
HaHOpPa3MepHbIMK rMAPOCUNIMKaTaMu Bapus

0aHUM W3 MONYNAPHBIX NPUEMOB NOBbILLEHNS NOKa3aTenel CBOICTB CTPOUTENbHbIX MaTEPUAnoB ABNSETCSA UX HaHOMoAMUUMpoBaHue. OfHako Ans
NONY4eHNs 04eBMAHOIO M CTABUNLHOMO 3dhdheKTa HAHOMOAMPULNPOBAHUS ANS KOMNO3UTOB C HEOAHOPOAHON CTPYKTYPOIA HEOBXOAUMO YCTPaHUTL
[eeKTbl HA PasNNYHbIX CTPYKTYPHBIX YPOBHAX. O4EBUAHO, YTO A5 NOBbILLEHUS 3(PEKTUBHOCTM HAHOPASMEPHbIX L06ABOK HEOOXOAMMO YMEHbLUUTD
KONNYECTBO KanunnApoB 1 KPYMHbIX MaKponop B CTPOUTENbHOM Matepuane nyTeM NpeaBapuTesbHON ONTUMU3ALMKM CTPYKTYPbl HA MUKPOYPOBHE.
Ip1MeHMMOCTb 3TOro noAxoAa 6bina pacCMOTPEHa NPY HAHOMOAMULMPOBAHUN LIEMEHTa U NPeABapUTENbHO ONTUMU3NPOBAHHOTO HA MUKPOYPOBHE
KOMMO3NLIMOHHOTO BSKYLLErO C MCMONb30BaHWEM MUKPOPa3MepHbIX ruapocunukatos 6apus coctasa BaO-Si0,-6H,0. MokasaHo, 410 06Las
NOPUCTOCTb MaTepuana 3HaYnTeNbHO CHUXXAETCA NpU YBENUYEHUN Jonu HaHonop. iccnefoBaHne NPOYHOCTU NOMY4EHHbIX HAHOMOAMMULMPOBAHHBIX
NCKYCCTBEHHBIX KaMHel MOATBEPXKAAET NPEAnoNoKeHNe 0 TOM, YTO KOMNO3UThbI, ONTUMU3MPOBAHLIE HA BCEX CTPYKTYPHbIX YPOBHSAX, 06nafatoT 6onee
BbICOKMMM NOKA3aTENAMM.

Knto4eBble CNoBa: NpO4HOCTb, NOPUCTOCTb, HAHOMOAUCULMPOBAHNE, MUAPOCUNNKATbI 6apus, CTPOUTENbHbIE MaTepuabl.

A.N. GRISHINA, Candidate of Sciences (Engineering), E.V. KOROLEV, Doctor of Sciences (Engineering) (KorolevEV@mgsu.ru)
Moscow State University of Civil Engineering (26, Yaroslavskoe Highway, Moscow, 129337, Russian Federation)

Effectivness of Cement Composite Nanomodification with Nanoscale Barium Hydrosilicates

Nanoscale modification of building materials often leads to significant improvement of operational properties. To obtain apparent and stable nanomodification effect for composites with
inhomogeneous structure (cement, gypsum and similar matrices) it is necessary to eliminate defects on different spatial levels. It is evident that to increase the effectiveness of
nanoscale additives it is necessary to reduce the amount of capillaries and large macropores in material. The necessary preliminary operation is the optimization of structure at micro-
scale level. Only after such stage the nanomodification should be performed. The applicability of such approach was examined with the most used binder which is subject to further
nanomodification — portland cement, and also with the binder composition, which is the mixture of portland cement optimally matched with the mineral additive based on micro-scale
reactive barium hydrosilicates (with diameter d ~ 6 mm) of the composition Ba0-Si0,-6H,0. The composition of the nanoscale additives with barium hydrosilicates was obtained in
dilute solutions by means of low-temperature sol-gel synthesis. It is shown that total porosity of the material significantly changes due to of the decrease in the proportion of macro-
scale pores. The variation in pore size distribution is examined and the effect of nanoscale modification on the structural parameters of the pore space is established. Examination of the

strength of the obtained artificial stone confirms the assumption that composites which are optimized at all structural levels possess higher properties.

Keywords: nanomodification, barium hydrosilicates, building materials.

B Hactosiiiee BpeMsl OOZHUM U3 TIOMYJISIPHBIX METOJOB
yIpaBJIeHUST TIOKa3aTeIsIMU CBOMCTB CTPOUTEbHBIX MaTe-
pUaJioOB SIBJISIETCSI BBeIeHUE HAHOMOAM(UKATOPOB pa3inyg-
HOTO cocTaBa U cTpoeHus [1]. AHanu3 pe3yabTaToB HAHO-
MOJUMUIIMPOBAHUS MTOKA3bIBAET, YTO HaUbOJIEe BbIpaKEH-
HBIN U CTaOWIbHBIN 2 deKkT HabaoaaeTcs MpU UCTIOIb30-
BaHUM HAHOYACTUIL TIPY MOAUMDULIMPOBAHUU TTOJUMEPHBIX
U METAJUTMYECKUX MaTpull (MaTepuasioB, OJHOPOIHBIX Ha
MUKpPOpa3MepHOM MacIilITabHOM ypoBHe). 17151 KOMITO3UTOB
C HEONHOPOAHON CTPYKTYPOW — LIEMEHTHBIX, TUTICOBBIX U
JNIPYTUX — U3MEHEHME I0Ka3aTeieid CBOMCTB MEHEE BbIpaxe-
HO UM 4acTo pa30poC 3KCMEPUMEHTAIBbHBIX JAHHBIX HE MO-
3BOJISIET JOCTOBEPHO 000CHOBATH 3((HEKTUBHOCTh BHIOPAH-
HOTO TEXHOJIOTMYECKOro npuemMa. [IpuuuH 3T0ro sIBIeHUs
HECKOJIbKO: MMPUPOJIa UCTIOIb3YEMOT0 HaHOMoauduUKaTopa,
€ro arperaTvBHasi YCTOMYMBOCTb, OCOOEHHOCTU XUMMYE-
CKOT'O COCTaBa U CTPOEHUS MOBEPXHOCTU HAHOYACTUIL, JIe-
(eKTHOCTb CTPYKTYPbl MOAUMDULUMPYEMON MaTpULbI U JP.
YkazaHHOe MPUBOAUT K HEOMHOPOAHOMY PACTIPENETICHUIO
YyacTUIl HaHOMOAUDUKATOpa, COOTBETCTBEHHO, TOYEYHAS
JIMKBUOALMS Ne(eKTOB arperaTaMyd HaHOYACTUL] TIPUBOAUT
K TIOBBIIIEHUIO TUIOTHOCTU CTPYKTYPbI OTIpeAeIeHHBIX
y4acTkoB MaTepuaioB. CoriacHO TEOPETUYECKUM pacueTaM
IJISI CTPYKTYPUPOBAHMSI BCEro 00beMa BSDXYIIEro Heo0XO-
IIUMO COepXaHWe HaHOJacTHIl okojio 10% ot o6beMa Ma-
Tpuiisl [2]. [Tpu 3TOM ycTaHOBJIEHa CHJIbHAs 3aBUCUMOCTD
CoNepKaHUsl HAHOYACTHUI] OT UX pa3Mepa:

v,~d,,
rae v, — oObeMHasl 10J1s1 HAHOYACTUII; d,

', — pa3Mep HaHo-
YaCTHII.

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

At present, there is a common way to improve the materi-
als properties and to control operational performance of
building materials. Such a way consists in the introduction of
nanomodifiers with different composition and structure [1]
— so-called nanoscale modification procedure, nanomodifica-
tion. Analysis of the nanomodification results shows that the
most apparent and stable effect is observed when nanoparti-
cles are used in combination with polymer or metal matrix
(such matrix materials are homogeneous on the micro-scale
level). For composites with inhomogeneous structure, includ-
ing ones based on cement, gypsum and similar matrices, there
are no obvious alteration of parameters and operational prop-
erties. Moreover, the data obtained during research and de-
velopment of nanomodified constructional composites with
mentioned matrix materials are often subject to great variation
and scatter. This fact complicates the judgment about effec-
tiveness of selected technological reception. The latter is also
due to several reasons — the nature of the nanomodifier and its
aggregate stability (especially, chemical composition and
structure of the surface of nanoparticles), defects in the struc-
ture of the matrix to be modified, and some others. This leads
to an inhomogeneous distribution of the nanomodifier parti-
cles. Targeted elimination of defect by means of introduced
aggregates of nanoparticles leads to an increase of the struc-
tural density in certain portions of materials. According to
theoretical calculations, for the structuring of the total volume
of the binder the nanoparticles content must be about 10% of
the matrix [2]. At the same time there was established a strong
dependence between content of nanoparticles and their size:

v, = d

ns

where v, — volumetric rate; d, — size of nanoparticles.
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O6Lwas nopncTocTb, %
Total porosity, %

C(Fe(OH)3), %

Puc. 1. O6waa nopucTocTb HaHOMOAUDULNPOBAHHOIO LLEMEHTHOIO
KaMHsi: 0 — cogepxaHue npekypcopa; C(Fe(OH)3) — koHUeHTpauus ruapo-
Kcupoa xeneaa, %

Fig. 1. Total porosity of the nanomodified cement stone: a — content of
precursor; C(Fe(OH);) — content of iron hydroxide, %

YKazaHHOe pelleHUe SIBJSIETCSl 3aBEIOMO KOHOMUYE-
cku HeapGeKTUBHEIM. [103TOMy HEOOXOOMMEI MHBIE ITOM-
XO/Ibl K HAHOMOAN(UITMPOBAHUIO MUHEPATBHBIX BSKYIIIHX.

CormlacHO CUCTEMHO-CTPYKTYPHOMY MOAX0AY, chopMy-
supoBaHHoMy B.M. ConoMaToBbIM, CTPOUTEIbHbBIE KOMITO-
3UTHI TIPEICTABIISIIOT COOOI «CTPYKTYPY B CTPYKType». Ecnmn
MPUMEHUTh YKa3aHHBIM TOAXON K IIEMEHTHOMY KaMHIO,
CTAHOBUTCSI OUYEBUAHBIM, UTO HAHOYACTUIIBI CTIOCOOHBI U3-
MEHSTh CTPYKTYpPY Ha HaHoypoBHe. OIHaKO TMoKazaTeian
CBOICTB OIIPENEIsSIIOTCS B 00JIbIIEH CTeIIeHU MUKPOpa3Mep-
HbIMU AedekTamu. Tak, yBeJuueHue 10J1 MUKPO- U Me30-
nop (d<50 HM o Kjaccudukauy HAHOMOP, YTBEPXKIEH-
Hoit [UPAC) nipu nmpounx paBHBIX YCJIOBUSIX (OOMHAKOBOM
0011Ielf MOPUCTOCTH) CIIOCOOCTBYET POCTY IPOYHOCTH.
CrenoBaTeIbHO, IJI MOBHIIEHUS 3¢ (GEKTUBHOCTA HAaHO-
J100aBOK HEOOXOAMMO YMEHBIIIUTh 00beM B MaTepurajie MaK-
POIIOpP U KPYMHBIX KAMWLISAPOB (d>50 HM CcOrJIacHO KJ1acCU-
¢ukanuu, npeacraBiaecHHO B [3]).

OOBEKTUBHOCTb TAKOTO TOX0Aa Oblia TpoBepeHa Ipu
HaHOMOAMDUIIMPOBAHUM HanbOJIEe UCIIOIb3YEeMOTO BSIKY-
IIETO BeIlleCTBA — MOPTIAHALIEMEHTA, a TAKXKE KOMITO3UIIN-
OHHOTO BSKYIIIETO, TIPEICTABISIONIET0 COO0 ONTUMAIBLHO
MoA00paHHYI0 CMECh TMOPTIAHILIEMEHTa C MUHEpalbHOM
JI06aBKOI Ha OCHOBE MUKPOPA3MEPHBIX XMMUUECKN aKTUB-
HBIX TUAPOCUIUKATOB Gapus (d~6 MKM) [4], cocTaB KOTO-
poix mpencrasieH BaO-SiO, 6H,0 (momomHuTenbHO TIpo-
TYKT CUHTE3a CONEPXKUT KPEMHUEBYIO KUCIIOTY M KapOoHaT
6apust [5]). Beibop MukpopasmMepHoil 106aBKU 00yCIOBIEH
3¢ HEeKTUBHOCTBIO TUAPOCUIUKATOB METALIOB MPU MOIM-
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C(Fe(OH)3), %

Puc. 2. O6was nopuctoctb HAHOMOANDULNPOBAHHOIO UCKYCCTBEHHOIO
KaMHsi Ha OCHOBE KOMMO3WLIMOHHOIO BSIXYLLLEro: (L — CoaepXaHue npexkyp-
copa; C(Fe(OH)3) — KoHUeHTpauusa rnapokcuaa xenesa, %

Fig. 2. Total porosity of the nanomodified stone based on composite
binder: a. - content of precursor; C(Fe(OH)3) — content of iron hydroxide, %

Obviously, such amount of nanoparticles is unacceptable
due to high cost of the nanoscale admixture. Because of this,
several other nanomodification methods (which can be ap-
plied to the constructional composites with mineral matrix)
must be developed.

According to the approach based on system analysis,
composite material can be viewed as multi-level hierarchical
«systems inside systems». Such approach to the definition of
constructional composites and circumscribing their internal
structure was developed by scientific team lead by Acad.
V.I. Solomatov. During application of this approach to the
cement stone, it becomes apparent that the nanoparticles are
able to change the structure at the nanoscale. However, the
performance properties are mostly determined by micro-
scale defects. Thus, the increase in the proportion of micro-
and mesopores (according to the approved IUPAC classifica-
tion, the diameter d should be less than 50 nm), everything
else being equal (same total porosity) promotes strength. It is
therefore evident that to increase the effectiveness of na-
noscale additives it is necessary to reduce the amount of
capillaries and large macropores in material (d¢>50 nm, ac-
cording to the classification presented in [3]).

The applicability of such approach was examined with the
most used binder which is subject to further nanomodification
— portland cement, and also with the binder composition,
which is the mixture of portland cement optimally matched
with the mineral additive based on micro-scale reactive bari-
um hydrosilicates (with diameter d~6 mm) [4] of the compo-
sition BaO-SiO,6H,0 (the synthesized product also contains

Ta6nuua 1
Xumuuyeckasa 6pyTTo-dpopmMyna CUHTE3UPOBaAHHbIX FTMAPOCUINKATOB Gapus
KoHuentpauus Fe(OH);, %
a Concentration of Fe(OH),, %
0,3 0,5 0,7
0,5 Ba0-5,56Si0,'nH,0 Ba0-9,21Si0,'nH,0 Ba0-12,72Si0,'nH,20
1 Ba0-10,97Si0,'nH,0 Ba0-17,99Si0,'nH,0 Ba0-24,86Si0,'nH,0
1,5 Ba0-16,23Si0,'nH,0 Ba0-26,47Si0,'nH,0 Ba0-36,12Si0,'nH,0
MpumeuaHme. oL — KOIMHECTBO NPEKYPCOPa KPEMHUEBOI KNGIOThI (FMAPOCUIMKATOB HAaTpus) 13 pacyeTa [Na*]/[CI].
Note. o is the amount of silica precursor (sodium hydrosilicates), calculated as a ratio [Na*]/[CI'].
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Tabnuua 2
OTHOCUTENbHOE CHUXKEHUE NOPUCTOCTH
HaHOMOANDULUPOBAHHOIO LLEMEHTHOr0 KaMHS Mo
CpPaBHEHUIO C LeMEeHTHbIM KaMHeM, %

Ta6nuua 3
OTHOCUTENbHOE CHUKEHUE NOPUCTOCTH
HaHOMOAUDULNPOBAHHOIO KOMMO3ULIMOHHOIO
UCKYCCTBEHHOr0 KaMH$l N0 CPaBHEHUIO

C KOMMNO3ULMWOHHBIM UCKYCCTBEHHbIM KaMHEM, %
KoHueHTpauus, %
a Concentration, % KoHueHTpauus, %
a Concentration, %
0,3 0,5 0,7
0,3 0,5 0,7
05 15 10,65 17,25 0,5 59,54 68,04 73,59
1 20,81 5,87 8,02 1 58,4 53,58 26,14
1,5 17,58 17,94 14,72 1,5 55,15 52,97 27,24
Ta6nuua 4
MapameTpbl CTPYKTYpPbI MOPOBOro NPOCTPAHCTBA B UCKYCCTBEHHOM KaMHe
O6was 3 o
Martepuwan o 06bem MUKpPO- 1 Me30omnop, CM°/r CpepnHuin pnameTp nop, HM | Mopa, HM
: nopucTocTb, % . 3 .
Material . Volume of micro- and mesopores, cm®/g | Average pore diameter, nm | Mode, nm
Total porosity, %
LlemenTHbiit kameHb 19,6 0,069 1,614 3,468
Cement stone
HaHomoamnbuumpoBaHHbIin
KOMMO3MLMOHHBIA NCKYCCTBEHHbI KAMEHb 8,9 0,079 0,771 1,384
Nanomodified artificial composite stone
Mpumeyanue. Moza — pasmep nop, CoiepxaHne KOTOPbIX B pacrnpefeneHnn «<pa3Mep nop — CoAepXaHue nop» MakCMMasbHO.
Note. Mode was determined according to the definition (pore size which corresponds to the maxima of the distribution).

GULIMPOBAHUY LIEMEHTHBIX cucTeM [4, 6] 1 1ie1ecO00pa3HO-
CTBIO WX WCIIOJb30BAaHMS IS CO3MAHUS CIeIUaIbHbIX BSI-
Kymux BemecTB [7]. CoctaB HaHOpa3MepHOU H00aBKU
MpeACTaBIeH TUAPOCWIMKATaMU Oapusi, TOJYYeHHLIMU B
pas30aBJeHHBIX PACTBOPAaX HU3KOTEMIIEPATYpHBIM CHUHTE-
30M. llenecooGpa3HOCTb MCTIOIB30BaHUSI HAaHOPA3MEPHBIX
TUIPOCUIIMKATOB 000CHOBaHa B paborax [8, 9]. YIx cocTaB B
3aBUCHMOCTU OT KOHIEHTPAIIUU MCXOTHBIX KOMITOHEHTOB
npuBeneH B Tab. 1.

Pa3zpaboTtaHHBI pexXyM CHMHTe3a HaHOPa3MEPHBIX TWI-
pOCUIMKATOB Oapusl obecIieurBaeT MoJydeHe HaHOYaCTUIL
pasmepoM 13—84 HM.

HccnenoBanusi cpenHeld MJIOTHOCTM U OOIIEH Mopu-
CTOCTH LIEMEHTHOTO KaMHSI M MCKYCCTBEHHOTO KaMHSI Ha
KOMITO3MIIMOHHOM BSIKYIIIEM TTOKa3aJIM pa3HOHAIpaBJIeH-
HOE BJIMSIHUE HAaHOPa3MEePHBIX TMAPOCUINKATOB Oapusl Ha
rnmapamMeTpbl UX CTPYKTYpHI (puc. 1, 2), 4To 0OyCIOBIEHO
U3MEHEeHUEeM MexXaHu3Ma BIUSHUSI TUAPOCUIMKATOB Oapust
Ha MPOoIIECChl HAYaJbHOTO CTPYKTYpPOOOpa3oBaHUSI B KOM-
no3ute [10]. CymiecTBeHHO M3MEHSETCS OO0Imas IMOpHU-
CTOCTb Marepuaja (puc. 2), 4YTO BBI3BAHO YMEHBIIEHUEM
oy Makpornop. JlaHHbIe O BIMSHUM HAHOMOAU(ULIUPO-
BaHUS MOPTIAAHALEMEHTA U KOMITO3ULIMOHHOTO BSIXKYIIIETO
Ha MOPUCTOCTb NMPUBEJEHbI B TabJ. 2 U 3 U MOKa3bIBAIOT,
YTO ONTUMM3ALNS MUKPOCTPYKTYPHI BSKYIIETO TTO3BOJISIET
CYIIECTBEHHO MOBBICUTH 3P (MEKTUBHOCTH HAHOMOIUMU-
KaTopa.

OO0111as1 TOPUCTOCTh KOMIIO3UTOB SIBJISIETCSI MHTETpajb-
HBIM TMOKa3aTesieM, KOTOPBIil He MO3BOJISIET TOYHO MPOTrHO-
3UPOBaTh €€ BIMSIHME Ha 9KCIUTyaTallMOHHbIE CBOWMCTBA U
JIOJITOBEYHOCTh M3aeauii. JIJiss yCTaHOBJIEHUST BIUSTHUST Ha-
HOMoOIU(UKaTOpa Ha TapaMeTpbl CTPYKTYPHI MTOPOBOTO
MPOCTPAHCTBA BaXKHO YCTAHOBUTH U3MEHEHUE pacripe/iesie-
HUS TIOP 110 pa3MepaM: OCOOEHHO BaXKHOE 3HAYCHUE NMEEeT
cojiep:KaHue HAaHOIOP pa3MepoM IO 2 HM (MMKPOIIOPHI) U
2—50 HM (Me30mOphl). YBEIMYEHHWE MX KOJMYECTBA MPU
MPOYUX PABHBIX YCIOBUSIX IPUBOIUT K MTOBBIIIIEHUIO CTEITe-
HU YIIAKOBKM KPUCTAINTMIECKUX HOBOOOPA30BaHUI B MEXK-
3¢pHOBOM IPOCTPAHCTBE (YMEHBIIEHHWE TOJU MaKpOIop U
KPYITHBIX KaMWIISAPOB), UYTO OOECIeYrMBAaeT MOBBIIICHUE
npenesa MPOYHOCTH TPU CKATUHM, BOJOHETTPOHUIIAEMOCTH,
MOPO30CTOMKOCTU U IPYI'MX CBOMCTB LIEMEHTHOIO KaMHS.
WccrnenoBaHuss Me30MOPUCTOCTH ITTOKa3bIBalOT (Tabi. 4),

silicic acid and barium carbonate [5]). The choice of micro-
scale additives was made due to the effectiveness of metals
hydrosilicates during the modification of cement sys-
tems [4, 6] and also because of the appropriateness of their use
for the creation of special binders [7]. The composition of the
nanoscale additives with barium hydrosilicates was obtained
in dilute solutions by means of low-temperature sol-gel syn-
thesis. Practicability of the use of nanoscale hydrosilicates is
proved in earlier research works [8, 9]. The composition of
admixtures depends on the concentration of the initial com-
ponents in reaction mixture and is presenter in table 1.

The designed synthesis mode of nanoscale barium hydro-
silicates provides nanoparticles with sizes 13—84 nm.

Studies of average density and total porosity of the result-
ing cement stone and artificial stone based on the composite
binding were performed. It was shown that the impact of
structural parameters of nanoscale barium hydrosilicates to
the obtained stones has the opposite effect (Fig. 1, 2).

As it follows from the presented Fig. 1 and 2, admixture
with nanoscale barium hydrosilicates of composition
Ba0-17,99Si0,-nH,0 has the opposite effect on the density
and porosity of the resulting structure. This is due to an alter-
nation in the mechanism of influence of barium hydrosili-
cates during the initial structure formation in the compos-
ite [10]. The total porosity of the material significantly
changes (Fig. 2) because of the decrease in the proportion of
macro-scale pores. The results concerning efficiency of
nanomodification for the portland cement and composite
binder are shown in Tables 2 and 3. The results indicate that
the optimization of the microstructure of the binder leads to
significant improvement of nanomodification efficiency.

At the same time, total porosity of the composites is an
integral parameter which may not indicate accurately the im-
pact on the performance characteristics and durability of
products. To determine the effect of nanoscale modification
on the structural parameters of the pore space it is important
to establish the variation in pore size distribution. The content
of nanopores with sizes up to 2 nm (micropores) and 2—50 nm
(mesopores) is of particular importance. Thus, the increase in
their amount (in other equal conditions) leads to the increase
of packing degree and crystalline growths in the intergranular
space (decrease in the proportion of macropores and large
capillaries). In turn, these effects lead to the increases the
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Ta6nuua 5
3HauyeHusa aMnupuyeckmnx KoapPULUNEeHTOB 3KCNepuMeHTaNbHO-CTaTUCTUYECKUX Moaeneit
. 3HayeHUs aMNUPUYECKNX KOIOPULMEHTOB
Ceoticteo Cocras Parameters of statistical models
Property Composition
by by by b b by, by b1y by
3 LK 1491,37 | 1667,59 | -891,9 | 2004 -6901,5 3735 -1566,25 5945 -3300

CpepnHss nNoTHOCTb, Kr/M CS
Average density, kg/m® KB

CB 2369,13 | -738,38 | 307,25 | -1355 3290 -1340 1537,5 | -3662,5 1475

LK 37 | 7052 | 3836 | 744 | 27,78 | -1554 | 5375 | —2065 | 131
061Las NoprUCToCTb, % CS
Total porosity, % KB

CB 6,12 -31,85 | -85,38 | 12,16 -112,2 230,13 -3,48 41,4 -90,25
Mpenen NpoYHOCTM Mpu lég -78,81 | 464,93 | 243,82 | 598,2 | -1845,65 | 972,9 -445,11 | 1492,35 | -809,74
cxartum, MMa ¥B
Compressive strength, MPa CcB 182,09 | -438,75 | 499,63 | -228,5| 1181,6 | -1303,2 | 114,07 -569,8 613,5
Mpumeyanue. LIK — HaHOMOANDUUMPOBAHHLIV LEMEHTHbIN KameHb; KB — HaHOMOAMULMPOBAHHbIA NCKYCCTBEHHBIN KaMeHb Ha KOMMO3ULYOHHOM
BSDKYLLIEM.
Note. CS - nanomodified cement stone; CB — nanomodified artificial stone based on composite binder.

MpoyHoCTb Npu cxatum, MMa
Compressive strenght, MPa

C(Fe(OH)3), %

1,
1,5
Puc. 3. lpezen npo4yHOCTU NpU CXaTUM HAHOMOANDULMPOBAHHOIO
LlEMEHTHOr0 KaMHsi: o — cogepxaHue npekypcopa; C(Fe(OH);) — KOHUeH-
Tpaums rmgpokcmnaa xenesa, %

Fig. 3. Compressive strength of the nanomodified cement stone:
a — content of precursor; C(Fe(OH);) — content of iron hydroxide, %

YTO B HAHOMOANDUIIMPOBAHHOM KOMITO3UIIMOHHOM MCKYC-
CTBEHHOM KaMHe 00beM Me30Iop Bo3pacTaeT Ha 14,5%, a
CpeIHUI TruaMeTp Mop yMeHblaeTcs B 2,1 pa3a 1o cpaBHe-
HMIO C IEMEHTHBIM KaMHeM. BBeneHue HaHoMonudukaTo-
pa B KOMITO3MIIMOHHOE BSIXKYIlee MO3BOJISICT YBEIMUUTD
00beM Me30IOp TIPY YMEHBIIEHUH UX AMAMETpa, T. €. TPo-
HCXOINT NU3MEHEHNE IMapaMeTPOB CTPYKTYPHI MaTepraja Ha
HaHOYPOBHE.

O4eBUIHO, YTO M3MEHEHWE CTPYKTYpbl Marepuana —
yBeJMYeHEe KOJIMYeCTBa KOHTAKTOB MeEXIY OTAEIbHbIMU
CTPYKTYPHBIMU 3JIEMEHTaMM MPUBEIET K CYIIECTBEHHOMY
M3MEHEHMIO TToKa3aTelieil ero CBOMCTB, B TOM YMCIIE ITPOY-
HocTH (cortacHo 3akoHy PebGunaepa) [11]. UccnenoBanue
MMPOYHOCTH TIOJYy4aeMOTO MCKYCCTBEHHOTO KaMHS TOMI-
TBEPXKIAEeT MPEINOJOXKEHUE, YTO KOMITO3UTHI, ONMTUMU3H-
pPOBaHHbBIE Ha BCEX CTPYKTYPHBIX YPOBHSIX, UMEIOT Oosiee
BBICOKHME TTOKa3aTeIu CBOMCTB (puc. 3 u 4). Tak, HAaHOMOIU-
(pUUMpPOBaHHBIN KOMIO3ULIMOHHBIA WMCKYCCTBEHHBIN Ka-
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Puc. 4. lpegen npo4yHOCTM NpU CXaTUM HAHOMOANPULMPOBAHHOIO
MNCKYCCTBEHHOIO KaMHSl Ha KOMMO3ULIMOHHOM BSIXYLLIEM: Ol — CoAepXaHne
npekypcopa; C(Fe(OH)3) — KoHUeHTpauma ruapokcuaa xenesa, %

Fig. 4. Compressive strength of the nanomodified composite artificial
stone based on composite binder: a — content of precursor; C(Fe(OH)3) —
content of iron hydroxide, %

compressive strength, water resistance and frost resistance;
other operational properties of the cement stone are also im-
proved. The performed examination of mesoscale porosity
(Table 4) shows that for the nanomodified composite artificial
stone the volume of mesopores increases up to 14,5% and an
average pore diameter reduced 2,1 times (comparison with
the cement matrix). Introduction of nanomodifier in compos-
ite binder leads to increase of mesopores volume and to de-
crease of their diameter, i.e. the alternation of the parameters
of the material structure at the nanoscale takes place.
Obviously, the alternation of the material’s structure (in-
crease in the number of contacts between the individual struc-
tural elements) leads to significant change in values of opera-
tional properties, including the most important property —
strength (according to the Rebinder law) [11]. Examination of
the strength of the obtained artificial stone confirms the as-
sumption that composites which are optimized at all struc-
tural levels possess higher properties (Fig. 3 and 4). In particu-
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MEHb UMeeT IIPOYHOCTh Ha 27—73% BblIllle, 4eM HAHOMOIU-
GULIKMPOBAHHbIN LIEMEHTHBII KAMEHbD.

AHaiu3 H3MeHeHHUs OOIlel TMOPUCTOCTU, CpeaHel
IUIOTHOCTU U MPOYHOCTU MPHU CXKATUM HCKYCCTBEHHOTO
KaMHS B 3aBUCMMOCTHM OT COCTaBa HaHOMoJudpUKaTopa
MTOKa3bIBaeT, YTO U3MEHEHMS OOIIEel TOPUCTOCTH aleKBaT-
HO OMUCHIBAIOTCS 3KCIEPUMEHTAIBHO-CTAaTUCTHIECKOM
MOJIEJIbIO BUA:

- b112a2C(F‘e(OH)3)+ bZZC(Fe(OH)3)2 +
+ b1, C(Fe(OH);3)* + by 10> C(Fe(OH)3)?,

rae b, — smnupudeckue Ko3hOUIUEHTbI, 3HAYeHUST KOTO-
PBIX IPUBEIEHHI B TA0JI. 5.

Taxkum o6pa3om, ISt TIOBbIIIEHUs 3(PHEKTUBHOCTA Ha-
HOMOIMMPUIIMPOBAHUSA HEOOXOAMMO TIpeIBapUTEIbHO
OTNTUMU3UPOBATh MUKPOCTPYKTYpY Marepuaia. [1moTHOCTD
ONTMMU3MPOBAHHOTO Ha MUKPOYPOBHE WMCKYCCTBEHHOTO
KaMHsI (Ha OCHOBE KOMITO3UIIMOHHOTO BSIKYIIIET0) TIPU BBe-
JIeHUY HaHoMomuduKaTopa Bo3pacTtaeT a0 73% (xoadhdu-
IIMEHT KOHCTPYKTMBHOTO KayecTBa IMOBBIIMIAETCS 10 65%),
TOT/Ia KaK LlIeMEeHTHOTro KamMHs — 10 20%.
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lar, the strength of the nanomodified composite artificial
stone is 27—73% higher than strength of the nanomodified
cement stone.

The analysis of total porosity, average density and com-
pressive strength of artificial stone was performed. The
amounts of precursor a and iron hydroxide C(Fe(OH); (i. e.
composition of nanomodifier) were selected as control vari-
ables. It was shown that total porosity can be adequately de-
scribed by statistical models of form

Y= by + bja+ by,02 + byC(Fe(OH)5) + by,0 C(Fe(OH)s3) —
— by1p0? C(Fe(OH)3)+ by, C(Fe(OH);)* +
+ b]zzQC(Fe(OH)3)2 + b1122a2C(Fe(OH)3)2,

where b, — parameters determined during experimental ex-
amination (Table 5).

The results of the research indicate that for the micro-scale
optimized artificial stone based on composite binder nano-
modification leads to the 73% increase of density, while for the
ordinary cement stone such increase is only about 20%.

Thus, as a conclusion, it can be stated on the basis of the
obtained results that effective method of nanoscale modifica-
tion has to be multiscale one. The necessary preliminary opera-
tion is the optimization of structure at micro-scale level. Only
after such stage the nanomodification should be performed.
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WccneoBanne BO3MOXHOCTH TECTUPOBaHUSA
achdpekTuBHOCTH (hoTokaTanusa Ti0, B 6eToHe”

Pa6oTa nocasieHa 0606LLeHNI0 [OCTYNHONM UHGOPMauMu 0 hopmax NPUMeHeHns totokatanutuyeckoro Ti0, B 6eTOHaX, 0CO6EHHO B MOBEPXHOCTHBIX
CNOSX COOPHbBIX 1 MOHONUTHBIX KOHCTPYKLWIA. [Toapo6HO ONUChIBAKOTCA CBOMCTBA AMOKCMAA TUTAHA M €70 0COOEHHOCTY, BEAYLUME K CYLLIECTBEHHOMY
YAYHLLEHWNIO OKPYXKatOLLEN cpefibl NOCPEACTBOM (hOTOKaTann3a. Takxe paccMOTPeHbl Coco6bl NPOBEPKM (HOTOKATANNTUYECKOI aKTUBHOCTM JNOKCMAA
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Research of Possibilities of Testing Effectiveness of Photoactive Ti0, in Concrete*

This paper is focused on gathering all available information on the application forms of photocatalytic TiO, in concretes, especially in the surface layers of precast and monolithic struc-
tures. The paper describes in detail the properties of titanium dioxide alone and its special abilities leading to a substantial improvement of the environment through photocatalysis.
Further verification methods of photocatalytic activity of titanium dioxide and titanium dioxide application in real projects are described.

Keywords: titanium dioxide, nanoparticles, concrete, monolithic structures.

Marepuansl ¢ GOTOKATATUTUISCKN aKTUBHBIM JUOKCH-
nom tutaHa (TiO,) no3BoJISIIOT 3HAYMTEBHO YyYluaTh Kaye-
CTBO OKpYyXalolieil cpefbl. B yactHocTH, hoToKaTammzaTop
TiO, npencraBiasieTcsl MEPCHNEKTUBHBIM MaTepUaIoM s
MPYMEHEHUs B OETOHHBIX KOHCTPYKIIUSIX U3-3a €ro CIoco0-
HOCTM K (DOTOKaTaim3y, KOTOPBIM YCKOPSIET 3aMeJICHHBIE
TPOLIECCHI PA3JIOKEHUSI 3arpSI3HSIONIMX BEIISCTB MPU BO3-
neiicTBuM cBeta. Kpome Toro, moBepxHoOCTh MaTepuaa ¢ ho-
Tokaranu3atopoM TiO, CTaHOBUTCS YaCTUYHO TUAPOGDUIb-
HOH, YTO MO3BOJISIET YAAISATH pa3jiaraloluecs: 3arpsi3HeHMsI.
Takoe couetaHue ABYX SIBIEHUI — OKUCJIEHMSI 3arpsi3HEHU I
1 TUAPOGUITHLHOM TTOBEPXHOCTH — MPUBOIUT K TaK Ha3biBae-
MoMy 3¢ @EKTYy caMOOUYHUINEeHUsI, KOTOPBIiI OO0YCIOBIEH MC-
MOJb30BaHWEM BBILIEYITIOMSIHYTOrO (hOoTOKAaTanaM3aropa.
[MpumeneHnue GeroHa ¢ ngoGasiaeHueM TiO, MpakTUYECKU
WICHTUYHO TTPUMEHEHUIO OOBIYHOTO OeTOHA KakK JJIs MOHO-
JINTHBIX, TaK U JUISI COOPHBIX 3JIEMEHTOB C YCJIOBUEM JOCTYTIA
cBeTa K TMoBepXxHocTH. HaHOCMMBIN Ha GETOHHYIO TTOBEPX-
HocTb TiO, Haubosiee 4acTo yIIOMUHAETCS B CBSI3U C COKpPa-
IIEHUEM OIACHBIX 3arpsi3HSIOIIMX BEIIeCTB, B YaCTHOCTHU
NO,, BbIpaboTKa KOTOPOro 00yCJOBJIEHA YBEIUYEHUEM KO-
JinyecTBa TpaHcnopTta. B naHHO# paboTe onucaHo MpUMeHe-
Hue TiO, B OCHOBHOM B CJIOSIX U3HOCA OETOHHBIX OJIOKOB.
Taxxe TiO, npuMeHseTcs B (pacagHbIX 2I€MEHTaX, TOBEPX-
HOCTM KOTOPBIX TMIOCTOSTHHO YUCTHI Jake B YCJIOBMSIX 3arpsi3-
HEHMSI TOPOJIOB.

Juokenn turana TiO,

Huoxcun tutana TiO, npencrasnseT coboit XuMuyeckoe
coelMHEeHWe KMCI0opoIa U TUTaHa, OTHOCSIIeeCs K OKCHUaam
MepexoqHbIX MeTa/u10B. [1o BHelIHeMy BUIy 9TO Oeblii OJ1e-
CTSIIMI TTOPOILIOK, IIBETOCTA0MIbHBIM 11 CIIOCOOHBIN pacceu-
BaTh CBET, KOTOPBI, ONHAKO, 00JanaeT HEOOBIYHBIM CBO-
CTBOM: CITOCOOHOCTBIO K (hoTOKATANIU3Y, KOTOPast IeJIaeT BO3-
MOXHBIM Pa3/IoKeHUE OMACHbBIX 3arpsI3HSIIOLIMX BEIIECTB Ha
Oe3BpenHbIe BelllecTBa. MaTeprasbl MOJYIPOBOIHUKOBOTO
THUIIa 0COOEHHO M3BECTHBI X CIIOCOOHOCTHIO COMEICTBOBATD

Materials with photocatalytically active titanium dioxide
(TiO,) enable considerable improvement of the quality of
environment. In particular, the photocatalyst TiO, seems to
be a very promising and attractive material for application in
concrete structures because of its capability of photocatalysis,
which speeds up otherwise slow process of decomposition of
pollutants when exposed to light. Moreover, the surface of
material with photocatalyst TiO, becomes partly hydrophilic,
which makes it possible to remove decomposed fouling. This
combination of the two phenomena — decomposing oxida-
tion and hydrophilous surface, result in so-called self-clean-
ing effect, which is conditional on using mentioned photo-
catalyst. Application of concrete with addition of TiO, is
practically identical with application of common concrete for
both monolithic and precast elements with the condition of
admission of light onto the surface. TiO, applied on the con-
crete surface is most frequently mentioned in connection
with reduction of dangerous pollutants, in particular NOx
produced by increasing traffic. Here, TiO, is applied mainly
in the wear layer of concrete paving blocks. TiO, is also ap-
plied in facade elements, which show constantly clean sur-
faces even in relatively polluted urban environments world-
wide. The vision of application of TiO, in concrete is very
simple — it is the vision of clean environment.

Titanium dioxide TiO,

Titanium dioxide TiO, is a chemical compound of oxy-
gen and titanium, belonging among transition oxides of the
metal. It is seemingly ordinary white powder with rich bright-
ness, color stability and capability of dispersing light; how-
ever, with extraordinary properties: capability of photocatal-
ysis, which enables decomposition of dangerous pollutants to
harmless substances. Semi-conductor type materials are par-
ticularly known for their capability of facilitating oxidative
processes when exposed to UV rays from sunshine. Material
most frequently used for this purpose is titanium dioxide at
anatase phase treated to the nano-particle size. Development

* PabGoTa BBHITIONHEHa TIpU (uHaHCOBOU mommepxkke mpoekra GACR P104/15-23219S «M3ydyeHue METOMOB MUCTIEPCUU HAHOYACTHII,
onpe/esieH!e YCJIOBUIA Ulsl MPELOTBPALLEeHMs UX TOBTOPHOM arjoMepaluu Ajsi IPUMEHEHHUs] B LIEeMEHTHBIX KOMIIO3UTaX».

* This outcome has been achieved with the financial support of project GACR P104/15-23219S «Study of methods of nanoparticles dispersion,
determination of conditions for preventing their re-agglomeration for application in cement composites».
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OKMCJTUTEIbHBIM TIpolieccaM Mpu Bo3neiicTBun Y@ conHey-
Horo u3nydeHus. Hambosee yacTo MCMONb3yeMbIM ISl 3TOI
LIeJIM MaTepUajioM sIBJISIETCS] AMOKCUI TUTaHa B (hase aHaTa3a,
006paboTaHHOTrO 10 pa3Mepa HaHovyacTull. Pa3paboTka HOBBIX
MaTepuaJioB, MPeIOTBPAIAIONINX 3arPSI3HEHUS 1 JIETKO TIPH-
MEHUMBIX B CTPOUTETBHBIX KOHCTPYKITUSIX, SIBJISIETCS 3HAUM-
TEJIbHBIM I1arOM B HAIIPaBJICHUY YJIYUYIIEHUSI KauecTBa BO3-
IyIIHOM cpenbl. Mcnonb3oBaHue HaHOGOTOKaTaau3aTopa
TiO, B coueTaHUU C LIEMEHTOM U IPYTUMU CTPOUTEIbHBIMU
MaTepuaJaMi OKa3bIBaeT MOJOXHUTEBHOE BIMSHUE Ha yaa-
JICHWE TaKWUX 3arps3HsIomuMX BelecTB, kak NO,, oKuch
yIjiepona, JeTydre OpraHWYecKre COSTUHEHUs WIM XJIOp-
denoms [1, 2].

Huskoremnepatypnyto momuduxauuio TiO, — aHaTas
ITOJIY4aloT B BUIE OBAIBHBIX YACTHUIL CO CPEIHUM pasMepoM
20 M. TToBepxHOCTB | T YacTHIl aHATa3a MOXET OXBAaThIBATh
wiowans 700 M2, a 12 T oKcuaa MOTYT OXBAThIBATH ILIOLIAb
pa3MepoM ¢ GyTOOIbHBIN CTagroH. [ToBepXHOCTh HaHOYA-
CTHII aHaTa3a JIOBOJbHO TOPUCTasl, MTO3TOMY OHa obJamaeT
IIMPOKUM  TOTEHIMAIOM XHMHUYECKOW aKTUBHOCTH.
HaHoTtexHoJOrMM B CTPOUTENbHOM WMHIYCTPUU YIYYIIAIOT
CBOICTBa MHOTHMX MaTepuanoB. Eciu pazmep quokcuaa TuTa-
Ha YMEHBIIUTH 10 HAHOYPOBHS, TO €r0 (DOTOKATATUTUIECKIE
CBOICTBa MPOSBJISAIOTCS HAMHOTO CHIbHee. biaromapst cBoeit
XUMHMUYECKON CTaOWJIBHOCTM M HETOKCMYHOCTH KOPITYyCKY-
ssapHblid TiO, oka3blBaeTcsl MACATbHBIM MAaTEPUAIOM ISt
MIPUMEHEHUST B CTPOUTEIbHOM MHAYCTpUM. BriepBbie B mpo-
MBIIIIEHHOM Maciitabe goroakTuBHble HaHOYacTULB! Ti0,
OBLIM HaHEeCEHBI Ha TTOBEPXHOCTh CTPOUTELHOTO MaTepHraia
B SImoHnu. DTO GBI MOBEPXHOCTHBIIM CJIOM CTEKIIOKepaMuJe-
CKOTO CTPOUTEJILHOTO MaTepualia, KOTOPBIi 3aTeM TPOSIBIIT
HE TOJIbKO CIIOCOOHOCTb K CAMOOUMILIEHUIO, HO U aHTUOaKTe-
pHUabHBIE CBOMCTBA [3].

B 0CHOBHOM HAaHOYACTHUIIBI U3TOTABINBAIOT CYAbamubiM
cnocobom. OH TIOIXOIUT JJIST Py C HU3KUM COIepKaHUEM TH-
TaHa M pyJ, 3arpsI3HEHHBIX XeJle30M. MUHepa MJTbMEHUT UC-
TTOJIb3YEeTCsI KaK ChIphe IJIsT TPOM3BOICTBA TUTaHa. Ero obpa-
0aThIBAIOT B KOHIIEHTPUPOBAHHOU CEPHOI KMCIIOTE C BhLAEIE-
HueM cyiabdara xene3a Fe,(SO,); u okcucyibdara TuTaHa
TiOSO,. Cynbdar xenesa (I11I) BoccranaBauBaloT 1o cynbda-
ta xene3a (II) FeSO,, koTopblii oTpUIBTPOBBIBAIOT MOCIIE HA-
ChlleHNA 1 oxyaxaeHus. Beaencrsue atoro TiOSO, runpo-
JIM3YETCS TIPY KUTISTYCHUH U TIPEBPAIaeTCs B YT MM aHa-
ta3. OcaxkIeHHbIe MEJKUEe KPUCTAIBI TPOMBIBAIOT M 3aTeM
npokanusaioT npu temmneparype 800—900°C. CysbbaTHbIit
TMPOLIECC Jie/IaeT BO3MOXHbBIM MOJyYeHHEe HAHOUACTUI] OoJiee
SKOHOMUYECKU 3 (PEKTUBHBIM U MEHEE CIIOXHBIM TEXHOJIO-
TMYECKU CTTOCOOOM.

®oTtokaTanu3

DOTOKATATUTUYECKUE PEAKIIVU SBJISIOTCSI OCHOBOM XXU3-
HU Ha 3emJiie, U GOTOCUHTE3, UCTIONB3YIOIIUI OTPOMHOE KO-
JIMYECTBO COJIHEYHOUN DHEPIUU, SABJISACTCA CAMOW U3BECTHOM
n3 HUX. TakuM crmocoboM KaxkIblii To1 Ha TIaHeTe MPOU3BO-
mutcs 170 mupa T 6uoMaccel. B ¢oTokaTanuTuieckoil peak-
1y oToKaTanIu3aTop (IOJIYIMPOBOAHUK) MOIJIOIIAeT (OTO-
Hbl (YO u3nyyeHue) ¢ sHeprueii, paBHOM WM MPEBHIILIAI0-
el mupuHy 3anpenieHHoit 3oHbl Eg (3oHa Eg naer pas-
HOCTb 3HEPTMU MEXIY BaJICHTHOU 30HOI 1 30HOI MPOBOAM-
MOCTH), TaK 4TO BITOCJICJICTBMM MOXET IMPOU30UTU MepPexXo]
9JIEKTpOHA (BO30YXXIIEHKE) U3 BAJIEHTHOW 30HbI B 30HY IPO-
BogumocTu. Pa3a anaraza TiO, siBIseTCA MOTYNPOBOIHU-
KOM C 3Heprueii 3anperieHHoi 30HbI 3,2 eV U COOTBETCTBY-
Tonieit JUTMHOU BoJHBI Y@ usmydenust 388 HM. Pesymbratom
repexo/ia 3JIEKTPOoHa SIBJsieTcsl 00pa3oBaHUe BaKaHCUI B Ba-
JICHTHOW 30HE, TaK YTO 3apsii OKa3bIBaeTCs paslesieH Ha
aJIeKTpoH—BaKaHcuto. [lapa aneKTpoH—BaKaHCUs SBISIETCS
OYEHb CUJbHBIM BOCCTAHOBUTEJIEM U OKUCIMUTEJIEM B 3TOU
peakuuu.

IMonoxwurenbHasi BakaHCHS oOecrieunBacT 0Opa3OBaHKE
BBICOKOAKTUBHBIX TUIAPOKCUIbHBIX panukaioB (OH) B mo-

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

of new materials easily applicable on building structures with
properties preventing polluting is a considerable step towards
improving quality of environment air. Using of nano TiO,
photocatalyst combined with cement and other construction
materials shows its positive effect on removing pollutants like
NO,, carbon monoxide, volatile organic compounds, or
chlorphenols [1, 2].

Low temperature modification of TiO, — anatase is pre-
pared particularly in the form of small balls with average size
of 20 nanometers. To compare: surface of balls of anatase
made from a single gram of powder could cover an area of
700 m? and mere 12 grams of the oxide could cover an area of
the size of a football stadium. Surface or nano-particles of
anatase is quite porous, so it has a vast active surface with
enormous potential of chemical reactivity. Nanotechnology
in building industry enhances behavior of many materials,
which show different and often better properties in the form
of nano-particles. If the size of titanium dioxide is reduced to
nano-level, then the photocatalytic properties are much
stronger. Because of its chemical stability and non-toxicity,
corpuscular TiO, seems to be an ideal material for applica-
tion in building industry. Photoactive nano particles of TiO,
were first commercially applied on the surface of building
material in Japan — surface layer on ceramic/glass construc-
tion material, which then showed not only self-cleaning but
also anti-bacterial properties [3].

Nano-particles are mostly manufactured by means of
sulphate process. It is suitable for ores with lower content of
titanium and ores contaminated with iron. Mineral ilmenite
is used as a source of titanium. [lmenite is leached in concen-
trated sulphuric acid producing ferric sulphate Fe,(SO,); and
titanium oxysulphate TiOSO,. Ferric sulphate is reduced by
iron facings (clippings) to iron sulphate FeSO,, which is fil-
trated after concentration and cooling down. TiOSO, is con-
sequently hydrolyzed by boiling and changed to rutile or ana-
tase. Deposited fine crystals are washed and then calcined at
the temperature of 800—900°C. The sulphate process makes
it possible to prepare nano-particles in relatively cost-effec-
tive and technologically less demanding way.

Photocatalysis

Photocatalytic reactions are the basis of the life on the
Earth; photosynthesis, using enormous amounts of solar en-
ergy, is the best-known one of them. One hundred and sev-
enty billion ton of biomass are produced in this way on the
planet every year. In the photocatalytic reaction, the photo-
catalyst (semiconductor) absorbs a photon (UV radiation)
with energy equal or higher than the width of the forbidden
gap Eg (Eg gives the energy difference between the valence
and conduction bands) so that subsequent electron jump
(excitation) from valence to conduction band could happen.
Anatase phase of TiO, is a semiconductor with the energy of
the forbidden gap 3,2 eV with corresponding wavelength of
UV radiation 388 nm. The result of electron jump is forma-
tion of holes in valence band, so the charge was divided into
an electron — hole. The pair electron-hole are very strong
reducing and oxidizing agents in this reaction.

Positive hole enables formation of highly active hydrox-
ylic radicals (OH) in consequent reaction with water (air
humidity), which are most important in the photocatalytic
decomposition; at the same time, electrons react with a
molecule of oxygen and form superoxide anions (O?°); we
speak about so-called heterogeneous photocatalysis.
Products of photocatalysis, hydroxylic radicals and super-
oxide ions are very strong oxidizing agents, which decom-
pose a wide spectrum of organic materials including pollut-
ants (sooth, dirt, oil, particles) and biological organisms
(bacteria, algae).

Apart from the above mentioned decomposition of or-
ganic pollutants, absorption of UV radiation by the photo-
catalyst TiO, also causes reaction forming surface OH groups,
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clemylollell peakiiuyd ¢ BOAOH (BJIaXKHOCTh BO3AyXa), KOTO-
pbIe SABJSIOTCSI HanboJiee BaXKHBIMM B (hOTOKATATUTUYECKOM
pPa3oXeHUU; B TO Xe BpeMsl 2JIeKTPOHbI BCTYMAIOT B peak-
LUI0 C MOJIEKYJIO Kuciaopoia U 00pasyloT CyrnepoKCUi-
aHroHsl (O%). MBI TOBOPUM O TaK Ha3bIBAGMOM TeTEPOTEH-
HoM (doTtokaranuse. [IpoaykTsl hoTOoKaTanu3a, TMAPOKCUITb-
HbIe paJUKaJIbl M CYTIePOKCHI-NOHBI SABJISIOTCSI OUEHb CUJTb-
HBIMU OKWCJIMTENSIMU, KOTOPBIE Pa3iaraloT IUPOKHUIA CIIEKTP
OpraHMYECKUX MaTepuaioB, BKIIIOYasl 3arpsi3HSIONIMe Bellle-
cTBa (caxa, rpsi3b, MacJio, YaCTHUIIbI) U OMOJIOTUYECKHE Opra-
HU3MBI (DaKTepUM, BOJOPOCIIN).

Kpome ymoMsiHyTOTo BBIIIE Pa3ioXeHUs] OPraHUIECKUX
3arpsisHUTeNel noromeHue Y@ uanydeHus horokaTaamsa-
topoM TiO, Takxe BBI3BIBAET peakLMIO OOpa3oBaHUS MO-
BepXHOCTHBIX OH-Trpyri, KOTopble YBEJWUYMBAIOT MOBEPX-
HOCTHYIO SHEPTHI0O M TIPUBOAST K 0oJiee BBHICOKOW TUIPO-
(buIBHOCTH TTOBEPXHOCTH.

st moBbieHUs 3(pheKTUBHOCTH (hOTOKATATTUTUIECKO-
TO Mpoliecca UccaeJoBaHe HAaITpaBAeHO Ha HAHOPa3MepPHbIe
YaCTULBI CO CTPYKTYPOIA, OTIMYHON OT OPUTUHAJILHOTO TTUT-
MeHTa. DTU HAHOIJIACTUHBI pa3MEePOM MPUMEPHO 7 HM TIpe-
JIOCTaBJISIIOT ONTUMAJbHYIO TIOBEPXHOCTh AJIsl (hoTOKATAM -
TUYECKOM peakiiiu. [10CKOMbKY TMOKCH TUTAHA YYaCTBYET B
(hoTrokaramuTHUECKON peaKklMu TOJbKO B KayecTBEe KaTalu-
3aropa, OH He paspymaercsd W 3(G®dOEKT caMOOYMINEHUsI, B
MPUHILIUIIe, MOXET ObITh OECKOHEYHBIM. TeM He MeHee Ha
MOBEPXHOCTU MaTepuaya ¢ colepkaHueM AMOKCUIA TUTaHa
oOpasyeTcsl HeMmpo3payHblii €0, KOTOPBI HEOOXOAUMO
CMBITh, TaK KakK JJig aKTUBAUM (HPOTOKATATIUTHUECKUX
cBoiicTs TiO, Heo6XoauM conHeuHbli cBeT B YD nuanasoHe.

OcHoBHbIe (POTOXMMHUYECKHE SABIECHUSA —
OKHCJIeHHe U CynepruipouIbHOCTD

OuucTKa BO3Iyxa, CAMOOYMIICHUE W aHTUOaKTepHUalib-
HOE JIeiCTBUE — BCE 3TU CBOMCTBA MOXHO OTHECTH K JABYM
OCHOBHBIM (DOTOXMMUYECKUM SIBICHUSIM, TTPOMCXOISIINM
Ha TTOBePXHOCTH KaTaau3aTOpPOB, MOABEPTaloNINXCs BO3ICH-
CTBUIO YJIbTPahUOJIETOBOTO M3JIyYeHUsI, KOTOPOE SIBIISIETCS
4YacThlO HE TOJBKO MPSIMOTO COJTHEYHOTO CBETa, HO M B OTpe-
JIEJIEHHOM CTENeHU TakXe BHYTPEHHEro OCBEIIeHUS. DTU
JIBa SIBJIGHUS TIPEICTABIISIOT OO0 OKUCIeHUE aacopoupo-
BaHHBIX BEILIECTB — OCEBIIUX OPTaHUYECKUX COCAUHEHUI U
MHUKPOOPTAaHU3MOB, Ta3000pa3HBIX 3arps3HSIONINUX Be-
IIECTB, MPUCYTCTBYIOLIMX B OKPYXalolllel cpene, M Takke
CynepruapobuIbHOCTb, B CUJIy KOTOPBIX HEOpraHWYeCKue
YACTUILIBI MU HE CJUMAIOTCS U KX MOXKHO JIETKO CMBITh, Ha-
npumep noxaeMm. CuHepreTuueckuii 3(hhekT NByX peakiuit
SIBJISIETCSI OCHOBOW MCITOJIb30BaHUS AMOKCHUIA TUTaHA B Ka-
YyecTBe (hoTOKaTanM3aTopa Ha MOBEPXHOCTU CTPOUTETHHBIX
MaTepuaioB.

B npouecce oxucaenus porokaTanuszaTop pasjaraet op-
raHMYecKue MaTepuasbl, KOTOpble pa3pylIaloT MOBEepX-
HOCTb KOHCTPYKIIMit. DoTOKATaIN3 OKa3bIBaeT BIMSTHUE Ha
TakWe OpraHMYecKHe BellecTBa, KaK 3arpsi3HUTENU (caxa,
Macjio, OpraHMYecKre YacTUIbl), OPTaHU3MBI (TpUOBI, BO-
IIOpOcCn, OaKTepuHu, aJuIepreHbl), aTMOC(epHbIe 3arpsI3HU-
Tenu (okeuasl azota NO,, okcuasl cepsl SO,, dopmainbie-
T'UJI, JIETy4ue OpraHuYecKre BellecTBa — OEH30JI U TOJIYOI,
aMMUaK, OKKCh yIJiepoia, ajdbAeruabl, apoMaTUIECKUe 1Mo-
JINKOHIIEHCATHI).

ITocne paznoxeHUs KaTalTu3UpPOBAaHHBIE YAaCTHUIILI TIpe-
BpalllaloTCsl B KUCIOPO, YIJIEKUCIbIi ra3, Boay, CyJbdarhl,
HUTPATHI U IPYTHUE MOJIEKYJIbI, KOTOPbIE BBIXOIST B BO3AYX U
OKPYXAIOIIYIO Cpely C OTHOCUTENIbHO Oe3BPEIHBIM BO3/IEH-
cTBUeM Ha Hee. Hampumep, npoaykTsl porokaTanusa B 6e-
TOHE HEUTPAIU3YIOTCA EMEHTHOU MaTpUIIel, coaepxKalen
CBOOOMHYIO M3BeCTh. I[1OMydeHHBIM TPOAYKTOM SIBJISIETCS
HUTPAT KaJblIUs, KOTOPBIN MCMOIBb3YeTCS B KaUeCTBe YI00-
pexust [4].

Cynepeudpogpuavnocms TipencTapisieT coboil sIBJIeHMUeE,
KOTOPO€ MPOUCXOIUT, Koraa BoxHas mieHka ¢ TiO, Ha mo-

which increase the surface energy and lead to higher hydro-
phylity of the surface.

To increase effectiveness of the photocatalytic process,
the research focuses on the particles of nano-size with the
structure different from the original pigment. These nano-
particles are approximately 7 nm wide and give optimal sur-
face for the photocatalytic reaction. Because the titanium
dioxide participates on the photocatalytic reaction only as a
catalyst, it is not consumed and the self-cleaning effect can be
basically everlasting. However, an opaque layer forms on the
surface of material with the content of titanium dioxide,
which has to be washed down, because sunshine — in particu-
lar its UV wavelength — is necessary for activation of photo-
catalytic properties of TiO,.

Basic photo-chemical phenomena —
oxidation and superhydrophilicity

Cleaning air, self-cleaning and antibacterial effect — all
these properties can be attributed to the two basic photo-
chemical phenomena taking place on the surface of the cata-
lysts exposed to ultraviolet radiation, which is not only a part
of a direct sunlight, but to certain extent also of a daily light
in interior. These two phenomena are oxidation of adsorbed
substances — settled organic compounds and microorgan-
isms, gaseous pollutants present in environment, and super-
hydrophilicity, by virtue of which the inorganic dust particles
do not stick, but can be easily washed away, for example by
rain. The synergic effect of the two reactions is the basis of
using the titanium dioxide as a photocatalyst on surfaces for
construction and building materials.

During oxidation, the photocatalyst decomposes organic
materials, which attack surface of constructions. Photo-
catalysis has influence on organic substances, like: pollutants
(sooth, oil, organic particles), organisms (fungi, algae, bacte-
ria, allergens) air pollutants (nitrogen oxides (NO,), sulphur
oxides (SO,), formaldehyde, volatile organic substances —
benzene and methylbenzene, ammonia, carbon monoxide,
aldehydes, aromatic polycondensates).

After decomposition, the catalyzed particles turn to oxy-
gen, carbon dioxide, water, sulphates, nitrates and other
molecules, which escape into the air and surrounding area
with relatively harmless influence on the environment. For
example, products of the photocatalysis in concrete are neu-
tralized by virtue of the cement matrix, which contains free
lime; the resulting product is calcium nitrate, which is used as
industrial fertilizer [4].

Superhydrophilicity is a phenomenon, which takes place
when a water film with TiO, on the concrete surface is ex-
posed to UV radiation under a very small contact angle of
water. Water tends to spread on the surface instead of forming
droplets. Bond energy of the lattice between a Ti atom and
oxygen atom is weakened by forming a hole caused by UV
radiation. It can be assumed, that adsorbed molecules of wa-
ter can break the bond Ti—O—Ti into two new bonds Ti—OH
leading to superhydrophilicity [5]. Physical measure of wet-
tability (hydrophilicity) is so-called contact angle 0 (the angle
between the liquid/vapor interface meets the solid horizontal
surface of a structure), the magnitude of which divides wet-
tability of a solid substance into two states:

— liquid substance wets solid substance — 0 is smaller than 90°

(water wets glass)

— liquid substance does not wet solid substance — 0 is larger
than 90° (mercury does not wet glass).

In case of using active layer of TiO, the contact angle
decreases down to the value below 5°. Instead of the spherical
shape of water drop, a continuous water film is created on the
surface of the building. This water film macerates, dissolves
and washes away particles of dirt [6].

Surface of anatase not exposed to UV radiation is hydropho-
bic, similar to other oxides of metals. Water vapor condensed on
such surface creates separated droplets, which disperse light and
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BEPXHOCTU OETOHA IIOABEPracTCsS BO3- O6paszew, ‘ DOTOAKTVBHBI
geiictBuio YO u3IydeHUs IpU OYCHb Sample | "O2 a a*(4) [ R(4) [a*(26) [ R(26) Photoactive
HeGOJIBLIOM KPAEBOM YIJIE CMAUMBAHUSL.

IIp1 3TOM BOJA NMPUOOPETAET TEHICH- A 5% 103 | 6,72 | 3476 | 4,45 | 568 ha

LIAIO PACTEKATHCH IO TIOBEPXHOCTH, a HE yes
06pa3oBbiBaTh Karii. Cuia CUeIIeHUs . na
pelIeTkl MexXay atoMoM Ti U aToMoM B 10% [ 13,011 7,93 [ 39,05 | 3,56 [ 72,64 yes

KHCJIopola ocaabieHa 3a cueT Gopmu-
pOBaHUSI BaKaHCHUM, BBI3BAHHOTO YJib-
TpaduoJEeTOBLIM M3JTydeHHeM. MOXHO MPenrnoNoXuTh, YTO
aIcopOMPOBaHHbIE MOJIEKYJIbl BOIBI MOTYT Pa3pbiBaTh CBS3b
Ti—O-Ti B nBe HoBbIe cBsi3U Ti—OH, npuBosiMe K cynep-
ruapobuabHocTH [5]. @usnueckuM mokasaTesieM cMauKlBae-
MOCTU (TUAPOGUIBHOCTH) SIBISIETCS KpPaeBOM yroJ cMauu-
BaHMSI 6 (Yrojl Ha TpaHUlE XUIKOCTh/Tap COOTBETCTBYET
CIIOIIHOW TOPU30HTAJBHON TMOBEPXHOCTH KOHCTPYKIIMM),
BeJIMYMHA KOTOPOTO pasiesisieT CMaulBaeMOCTb TBEPJOTO Be-
IIeCTBa Ha JBA COCTOSTHUS:

— JKcudkoe eewecmeo cmauueaem meepooe Geuyecmseo —

6 MeHb11e 90° (Boga cMauMBaeT CTEKIIO);

— JKcuUOKOe eeujecmeo He cmavuedaem meepooe Geulecmeo —

0 6osbiIe 90° (pTYTh HE CMAYMBAET CTEKJIIO).

B ciydae ncnonbzoBaHus aktusHoro cios TiO, 3Have-
HMe KpaeBoTo yIjla CMauMBaHU OITycKaeTcst Himke 5°. Bmecto
KarneJsb BoAbl cheprudeckoit GopMbl Ha TTOBEPXHOCTH 3TaHMS
co3/1aeTcs CIJIONIHAs BOJsIHAS TUIEHKA. DTa BOASHAs TUIEHKA
WCTOHYACTCSI, PACTBOPSIET M CMBIBACT YACTHUIIBI IPsI3H [6].

[ToBepXHOCTh aHAaTa3a, He TIOBEPKeHHAsS AeiCcTBHI0 YD
U3JIydeHMUsl, SIBJIIeTCs TUapoOOHOI, KaK U ApYyrue OKCUIbI
MeTaioB. CKOHAEHCUPOBAHHBIM HA TAKOW TOBEPXHOCTU BO-
JISTHOM TIap CO3[aeT OTAEeIbHbBIE KaIUIM, KOTOPhIe PacCEeUBaIOT
CBeT U (GOPMUPYIOT HEMPO3pauHbIii cjioit. Tem He MeHee neii-
CTBUE YAbTPadUOJETOBOrO U3JIyYeHUs AeIaeT OBEPXHOCTh
aHaTa3a 0CO0eHHO rMAPOMUILHOI, Kariu BOIbl COENUHSIIOT-
cs1 MexXIy coOO0l, U co3aaeTcsl UaealbHO MPO3payHasi TieH-
Ka, M0 KOTOpO# JIerko cTekaeT Bojaa. HeopraHuueckue 3a-
IPSIBHUTENIN Pa3jiaraloTcs 10 MPOCTHIX BEIECTB U XOPOIIO
CMBIBAIOTCS AOXAEeM Osaromapsi CynepruapopmibHOMY 3¢]-
(exry. OOpa3oBaBIIMIiCS HAa TTOBEPXHOCTU CJIOI BOABI IIpe-
NOTBpAlllaeT NPUIUNaHUe YacTUIl TbIIM M Macjaa. DToT 3a-
IIUTHBIN 6apbep MPOMyCcKaeT BOLY, KOTOpast CMbIBAeT YacTH-
116l C TIOBEPXHOCTH. 3aTe€M B TeYCHUE JJIUTEIBHOTO BPEMEHU
MTOBEPXHOCTh OCTAETCSl YMCTOM, YTO 3HAUUTENLHO CHUKAET
CTOMMOCTh PEMOHTa M TEXHUYECKOTo oOciyxXuBaHus. Bce
9TU acreKThl 3deKTa cCaMOOUMILIEHUS TPUBOIAT K CHUXE-
HUIO CTOUMOCTH OOCITYKMBAHUS U AOJITOBEYHOCTH LIBETOBBIX
OTTEHKOB, YTO, CJIEIOBATEeJIbHO, SIBJISIETCSI 3KOHOMUYHBIM 1
3CTETUYHBIM MTPEUMYIIECTBOM UCTIOIb30BaHUS (DOTOKATAIM -
3a TiO, B 6eToHe. PaznuyHble vccaeoBaHus 10Ka3alu, YTO
ITOMUMO CBOWCTBA CAMOOYMIIIEHUS HAHOOKCH TUTaHa MO-
KT TakKe CIoCOOCTBOBATh YCKOPEHUIO TMApaTalluy MOpT-
JIAaHZLIEMEHTA, OKa3bIBaeT BIAUSIHUE HA YiIydllleHHe TPOYHO-
CTH TIpY CKaTUU Y U3rHbe 1 yBEJMIMBAET U3HOCOCTOMKOCTD
6eToHa. OgHaKO OBLUTO TaKXKe YCTaHOBJIEHO, YTO (DOTOKATa-
muTndeckas 3¢ ¢GeKTUBHOCTh MOXET OBITh ITOTepsiHA M3-3a
KapOOHaTM3alMK MOBEPXHOCTH, Ha KOTOPOUl HaxoauTcst Go-
ToKaTtanuzatop [7].

Mertonp! oueHKH (DOTOKATAIMTHIECKOI AKTUBHOCTH

OueHka (oTokaTaIuTUYECKOW aKTUBHOCTU TOCPEI-
CTBOM pPa3JIOXEHMsI OPraHMYeCKOTO MUTMEHTA OIpeaesseT-
Cs UTAJIbSHCKUM HalMOHalbHbIM cTaHaaptom UNI 11259
«OmnpeneneHue (HhoToKaTATUTUUECKON aKTUBHOCTH T'MIpPaB-
JINYECKUX BSDKYIIUX — poAaMMH TecT» [8]. MeToa ocHOBaH
Ha HaHECEHWM opraHuyeckoro nmurmeHra Pomamuna B (Tak
Ha3blBAEMOE 3KCIEPUMEHTAJbHOE BEIIECTBO W3BECTHOM
KOHIICHTpallM1) Ha Tapy o06pa3ioB (hOTOKATATUTHUYECKOTO
LIEMEHTHOTO PAaCcTBOpa, U3rOTOBJIEHHOTO B COOTBETCTBUU C
EN 196—1 «Metoapl WCHBITAHUS IIEMEHTAa — 4YacTh 1:
OmnpeneneHue npoyHoctu» [9]. OnuH obpasell MOMEIAIT B
J1abopaTOpHbBIE YCJIOBUSI B KauecTBE 3TajlOHA, IPYroi Moji-
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form an opaque layer. However, action of ultraviolet radiation
makes the surface of anatase strongly hydrophilic, water droplets
get interconnected and perfectly transparent film is created, on
which further water runs down easily. Inorganic pollutants are
decomposed to simpler substances and well washed down with
rain thanks to the superhydrophilic effect. This layer of water
created on the surface prevents adhesion of grains of dust and
particles with oil. This protective barrier lets water flow down
and wash away particles from the surface. Surface is then clean
and light for longer time, which considerably reduces cost of
repair and maintenance. All these aspects of the self-cleaning
effect lead to lower cost of maintenance and long-term stability
of colour shade, hence, this is the economical and aesthetical
advantage of using photocatalytic TiO, in concrete. Various re-
searches proved that apart from the self-cleaning property, the
nano-TiO, can also contribute to acceleration of hydration of
Portland cement, has effect on improving of compressive
strength and bending strength and increases abrasion resistance
of concrete. However, it was also found that the photocatalytic
effectiveness can be lost due to carbonatation of surface on
which the photocatalyst is placed [7].

Methods of testing photo-catalytic activity
Testing of photo-catalytic activity by means of decompo-
sition of organic pigment is determined in Italian National
Standard UNI 11259 «Determination of the photocatalytic

a
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Bup, 6eTOHHOW NOBEPXHOCTU: @ — A0 Bo3aeincTeus YO (0 4); b —nocne Bo3-
nencteus YO — obecupeyeHo (nocne 26 4)

View of concrete surface: a — before exposition to UV (0 hours); b — after
exposition to UV — discoloured (after 26 hours)
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Bepraiot Bozaeiicteuio Y@ uznydyeHus. Konopumerpuueckue
M3MEPEHUS IIPOBOAATCS Mocie 4 1 26 4; 3aMepeHHOe 3Haue-
HUE SIBJISIETCS] UBMEHEHUEM MHTEHCUBHOCTU OKPAcKM Opra-
HUYECKUM MTUTMEHTOM BO BpeMeHU. McribiTaHue olleHUBaeT,
SIBJISIETCST JIM JJaHHBI oOpasell ueMeHTa (oTokaTaaiuThye-
CKUM TI0 YPOBHIO OKparmuBaHust Pomamuta B.

HUccnenosanue cpoiicts «de — NO,» MpoBoaUTCS B J1a00-
paTopuM B PEaKTOpe MAEATbHOIO BHITECHEHUS B COOTBET-
ctBuu ¢ ISO 22197-1: 2007 «ToHKas KepaMuKa, COBpEMEH-
Hasl TeXHMUYecKasl KepaMuka. Metoa ucciaenoBaHust ahdex-
TUBHOCTM OYMCTKU BO3/IyXa MOJYITPOBOJHUKOBBIMU (hOTOKA-
TaJIUTUIECKUMU MaTeprajlaMi — 4acTh 1: YnaneHue okcuma
azora» [10], roe ypoBeHb CHIDKeHUs KoHIeHTpauuu NO u
NO, B raze usmepsieTcsl IOC/I€ KOHTAKTa ¢ aKTUBUPOBAHHbBIM
BELLIECTBOM.

IIpumep oueHkH GOTOKATATUTHYECKOH AKTUBHOCTH
MOCPEACTBOM Jerpasaliii MArMeHTa

Jl71s aKcIeprMeHTa OBLIM M3TOTOBJIEHBI IBA COCTaBa C J0-
GapienueM 5% u 10% nopoiika dorokaranuzatopa. st go-
KazaTeJabcTBa (HOTOKATATUTUYECKON aKTUBHOCTH OBLT HC-
MOJIb30BaH MeTol B cooTBeTcTBUU ¢ UNI 12256 — mpuHIIMIT
Jlerpajialiii OpraHWM4YecKoro MUrMeHTa. PesyibTaThl 3KCIe-
pYMEHTa, TOATBEepXKIalollre Ierpajaiuo nurmMeHTa Pona-
MUHa B, mpencraBieHbl B TabaUIIe M Ha pUCYHKE.

IIpocras Bu3yasibHas OlleHKa OMHO3HAYHO TOBOPUT O
YEeTKOM Jerpagalvu opraHmyeckoro nurmeHta Pogpamuna B,
KOTODBIiA B IPYTUX CIydyasix ycToiuuB K YD uziyyeHuto, mo-
cie 26 9 Bo3meiicTBus Y@ B 060oux coctaBax ¢ 5% u 10%
TiO, [11].

BoiBopl

JlaHHas CTaThs ONMCHIBAET CBOMCTBA NMOKCUIA TUTAHA, B
YaCTHOCTH €ro PYTWJIbHYIO M aHaTa3Hy1o ¢hopmbl. Takxke 1mo-
IpoOHO onucaHa poTokaTanuTuyeckas aktTuBHocTb Ti0O,, ee
OCHOBBI U TIPUHIMUIIBI, Beaylire K 9 deKTy caMOOYUIIIEHHS
Ha TOBEPXHOCTSIX CTPOMTENIBHBIX KOHCTPYKIMWU, CHHEPTHS
OKMCJIEHUS U Cynepruipo@uiibHOCTb nosepxHocteii ¢ TiO, u
CHIXEHUME COEpKaHUsI BPEIHBIX BELIECTB, B YACTHOCTU OK-
cunoB asora (NO,). Bo BTopoii yacTu OmMCaHbI METOIBI
OLIEHKM (DOTOKATAJIMTUUECKON aKTUBHOCTU NTMOKCHUIA TUTA-
Ha, B YaCTHOCTH PAa3JIOXKeHWE OPraHWMYeCKOTo MUTMEHTa Ha
IMOBEPXHOCTH OETOHA, pa3oXeHHe ra3000pa3HOr0 KOMIIO-
HEeHTa Ha OETOHHOM MOBEPXHOCTU U IIPUMEPhI IIPOTUBOACH -
CTBMUSI TIOBEPXHOCTHM BO3AEHCTBUIO CJIOSI OMOIIEHKM.
DKCIeprMMEHTAIBHOE UCCIIEIOBaHME IByX 00pa3IioB OeTOHA ¢
TiO, noka3ano (poTOKaTATMTUYECKYIO PEAKLIMIO U TPUMEHH -
MOCTb MeTOJIa OIICHKH.
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activity of hydraulicbinders — rodammina test method» [8].
The test method is based on application of organic pigment
Rhodamine B (so-called model substance of known concen-
tration) on a pair of samples of photocatalytic cement mortar
manufactured in accordance with EN 196—1 «Methods of
testing cement — Part 1: Determination of strength» [9]. One
sample is placed in laboratory conditions as a reference, the
other one is exposed to UV radiation. Intensity of coloring is
colorimetrically measured after 4 and 26 hours; the measured
value is change of intensity of coloring by organic pigment in
time. The test evaluates if the given cement sample is photo-
catalytic or not by the level of discoloring of Rhodamine B.

Testing «de — NO,» properties is testing in laboratory in a
plug-flow reactor in accordance with ISO 22197-1: 2007
«Fine ceramics, advanced technical ceramics. Test method
for air-purification performance of semiconducting photo-
catalytic materials — part 1: Removal of nitric oxide» [10],
where the level of reduction of concentration of NO and NO,
in gas after contact with activated material is measured.

An example of testing photocatalytic activity
by degrading organic pigment

For the purpose of the test, two mix-designs with addition
of 5% and 10% of powder photocatalyst were manufactured.
The method in accordance with UNI 12256 — principle of
degradation of organic pigment — was used for proving pho-
tocatalytic activity. Results of experiment — degradation of
pigment Rhodamine B — in Table and Fig.

Pure visual assessment unambiguously proves clear degra-
dation of organic pigment Rhodamine B (which is otherwise
stable in UV radiation) after 26 hours of exposition to UV,
both mix designs with 5% and 10% of TiO, addition [11].

Conclusion

The paper described properties of titanium dioxide, in
particular its rutile and anatase form. Photocatalytic activity
of TiO, was also described in detail, its beginnings and prin-
ciples leading to the self-cleaning effect on surfaces of build-
ing structures, synergy of oxidation and superhydrophilicity
of the surface with TiO, and reduction of content of pollut-
ants, in particular nitrogen oxides (NO,). The second part
described test methods of photocatalytic activity of titanium
dioxide — in particular decomposition of organic pigment on
the surface of concrete, degradation of gaseous component
by means of concrete surface and resistance of the surface to
a biofilm layer with practical examples. Experimental verifi-
cation of two samples of concrete with TiO, proved photoac-
tive reaction and applicability of the test method.
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Hudopmanna

HoBasi KHUra no 6eToHoBeOeHUIo

10. OaHb, B. JlnH, T. lMe.

BbiCOKOKa4eCTBEHHbIA LIEMEHTHbIN
6€eTOH C yNy4LleHHbIMX CBOWNCTBaAMMU.
(nepeBop C KMTaMCKOro)

M.: ACB, 2014. 448 c.

Bnepsble 3a nocnefHue rofsl B Poccui BbiNyLLEHO NepeBOSHOE M3fa-
HWe B 06/1aCT 6ETOHOBEAEHUA W TexHonorum 6etoHa. MoHorpadus nocss-
LLleHa OfJHOM U3 PasHOBULHOCTEA 6ETOHA, COBCEM HeLaBHO OTHOCMMOM K
martepuanam HOBOro nokoneHus. B pycckom nepeBofe oHa 0603Ha4YeHa Kak
«BbICOKOKa4€CTBEHHbI LEMEHTHbIA 6eTOH>» (BLIB).

Mi3noxeHue marepuana pasgeneHo Ha Tpu vactu (12 rnas): Cbipbe,
cBoncTBa W nonyyeHne BLB. Ha nepsbiit B3rnsg, TpaguUMOHHO, OLHAKO NO
CTWAIO, COLEPKAHWI0, CMbICNIOBLIM aKLEHTaM U Habopy CBEAEHMI Cylue-
CTBEHHO OTAINYAETCA OT NOLOOHbBIX OTEYECTBEHHbIX MOHOTPadUiA.

B yactu | (cTp. 12-170), BaXHeMLLEN C HALLEN TOYKU 3PEHNs, aBTOPbI
BbIZENAOT NPEBANMPYIOLLYIO POJib KOMMOHEHTA, KOTOPbIA Y HAaC BCE ELLe He-
CNpaBefnnBo HasbiBalOT fo6aBkamu. [leTanbHO onucaHbl 3(D(eKTUBHbIE
MUHepanbHble 1 nnacTuduumpytowme aobasku. 0coboe BHUMaHNe obpatue-
HO Ha LLENTOYHYI0 aKTUBHOCTb 3anOsHUTENeN.

Bnepsble BblfeneHa B CneumnanbHbIA pasaen akTyanbHas U HepaspeLueH-
Hasi noka npo6nema 06ecne4yeHmns N KONMYECTBEHHOI OLIEHKM COBMECTUMOCTH
LIleMEHTOB C Jo6aBKamu. Kak 1 B Apyrux MHOTOYUCIEHHBIX, HO O4YeHb hpar-
MeHTapHbIX paboTax, COBMECTUMOCTb PACCMATPUBAETCH 1 OLEHNBAETCA C KBa-
3UPEOSIOrMYECKMX MOSMLMIA C MOMOLLbIO PA3NINYHBIX MUHI- 1 MAKCU-KOHYCOB.
PaccmoTpeHo BnMAHWE psa TEXHOMOTMYeCKUX (PakTOPOB Ha MoKa3aTenw
0CafIKN KOHyCa, pacmyibiBa 1 BPEMEHM UCTeYeHns cmeceii. CaenaHa nombiTka
06paTuTbCs K 3NeMeHTapHbIM MexaHu3MaMm [eicTBUS [106aBOK, B TOM 4uChe
afcopbunn, CMa4yMBaHMIO, 3NEKTPOCTATUHECKOMY (Ha3BaHHOMY 3NeKTpuye-
CKIUM, C. 144) 1 cTepu4eckoMy NpensaTCTBUSM rApaTaLMoHHOro B3anMoaen-
cTBus. MOXHO NoATBEPANTL ONPeeNieHHY0 NONE3HOCTb NOMy4aemoii MHGOp-
Mauun ¢ No3numn noBbileHNs 3DGEKTUBHOCTN [LOOABOK, COXPAHHOCTU TeX-
HONOMMYECKMX CBOICTB GETOHHBIX CMECeil 1 Ap.

Yactb Il (c. 171-387) nocssLeHa onucanuio ceoincte BLIB. Cpean Hux:
MOABWXHOCTb U YA060YKNaabiBaeMOCTb; PABHOMEPHOCTb U3MEHEHUS 06be-
Ma W Pas3nuyHble BUAbl YCAAKW; AONTOBEYHOCTb, BKIKOYAA METOAbI onpefe-
NEHUs NPOHNLAEMOCTH, LLENIOYHONA PeaKLMM LieMeHT—3anomnHuTeNb, Kap6o-
HU3ALMIO, CYNbATHYIO arpeccuio U KOPPO3MOHHYIO CTOMKOCTb apMaTypHOil
cTanu; cneunduyeckas OLeHKa NPOYHOCTM W XPYNKOCTM BETOHa.

OTAEnbHO ONMUCHIBAKOTCA BOMPOCHI MMAPATALMOHHOTO B3aMMOAEACTBUS
KOMMOHEHTOB U MUKPOCTPYKTYPbI 6€TOHA.

B wactu Il (c. 388-448), o3arnasneHHoi «M3rotosnexue BLIB», Ha camom
[iene pacCMOTPEHbI HEKOTOPbIE acnekTbl NPOeKTMPOBaHUA cocTaBos BLIb ¢ uc-
nonb3oBaHnem Knaccuyeckux gopmyn ®epe, A6pamca, a TaKxe nyTn «ynyy-
LLIEHNS XapaKTePUCTMK 6ETOHOB CO CPeSHMM KNaccoM NpoyHocTM». 1o cyTh, B
9TOM pa3jene OCBELLAIOTCA MaTepuanoBeaqeckine acnekTbl BANSHUS BbICOKO-
LINCMEPCHBIX MUHEPAbHbLIX KOMMOHEHTOB — LUIAKOB, 3071, MUKPOKPEMHE3eMa,
BBOAMMbIX COBMECTHO WM pa3fenbHO, Ha CBONCTBA 6ETOHHBIX CMecei 1 6eTo-
HOB. [1pUBOAATCA NOKa3aTeNbHbIe NPUMEPbI COCTABOB 1 BO3MOXHOCTbL NOAYYe-
HUs 6eTOHOB Knaccos C30-C50 ¢ MuHepanbHbIMM fo6aBKamu. AHanu3npyeTcs
Jaxe ce6ecTOMMOCTb 6ETOHOB C YXKe «ynyyLIEHHbIMIA PaboYMMU XapakTepi-
cTKamu». [puBeLEHHbIE JaHHbIE, HECOMHEHHO, NPeACTaBNSIOT NHTEPEC, 0AHA-
KO HEMOHATHO, Y4TO 3HAYMT 3TOT TEPMMH. Kak MOXHO eLLe YNyyLLaTb XapakTepu-
CTUKM «BbICOKOKa4€CTBEHHOr0 6eTOHa» ?

B 3TOM nnaHe OTMETUM NPUHLMNWANLHYIO BaXHOCTb MOHATUAHOMO
eaMHCTBA B 6ETOHOBEEHUN. Ha4yHeM C MOHATUS, BbIHECEHHOTO B 3ar0fi0BOK
KHWMN, — «BbICOKOKAY€CTBEHHbIA 66TOH». KOHEYHO, CTOXKHO 1 OTBETCTBEHHO,
He UMest KUTANCKOro OnpeaeneHns B NOANUHHNKE (4a W C ero nepesojoM
6b11 Gbl CNIOXHOCTM), OLHO3HAYHO CYAUTL O KOppekTHOCTM. CKopee BCero,
NOAPa3yMeBaeTCcs BbICOKOYHKLMOHANbHbIA 6eToH — High Performance
Concrete (HPC). KoHuenums HPC, kak M3BECTHO, CCHhOpMynMpoBaHa npo-
theccopom K.-I1. Aii4nHbIM B KOHLE NpOLIeALWwero Beka. Henb3s He 0TMeTUTb,
4TO MCMNONb30BaHWE TEPMUHOB TMNA «BbICOKOKAYECTBEHHBIA», «BbICOKOTEX-
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HONOTUYHBIA» N AAXE «BbICOKOI(PMEKTUBHBIA 6ETOH» MPUCYLLN U HEKOTO-
PbIM HawuMm yyeHbiM. OfHAKO ecrniu ecTb MOHATME «BbICOKOKA4YECTBEHHDII
6eTOH» CrefoBaTeNnbHO, NMPeANoaaraeTcs N «HU3KOKAYECTBEHHbIA GETOH».
Monpo6yem BUPTyanbHO NepeHecT MOJOOHbIA MOAXOA Ha NpeaMeTbl Mo-
BCEHEBHOro 06uxoaa... HoHceHc!

BepHemcs K kHure. C nepBbIxX CTPaHUL, 04EBUAHO CTPEMIIEHUE aBTOPOB
aKTMBHO MCNOMb30BaTb BbICOKO(YHKLMOHAMbHbIE KOMMOHEHTLI, NMPexne
BCEr0 MUHepanbHble N XUMUYecKne Jo6aBku. ITO NO3BONAET PE3KO MOBbI-
Watb (PyHKLUMOHANBHOCTb BETOHHBLIX CMECER M camux GeTOHOB, AOCTUras
TEXHUYECKINE, IKOHOMUYECKNE, IKONOTMYECKIE U ApYyrie Lenu.

TepMUH «(OYHKLIMOHANBHOCTb» MarucTpanbHO paclumpsieT npeamer u
3afja4m 6eTOHOBEAEHMS N3 06nacTu 6ETOHOB C 3afaHHbIMK CBOWCTBAMU K
6eTOHaM C 3a[jaHHON (PYHKLMOHANBHOCTBLIO. B HacTosLLee Bpems hopmupy-
eTca cTparernyeckas koHuenuus — High Defined Concrete (HDC).

[peofonenne TEPMUHONOrMYECKOR HEOQHO3HAYHOCTU — HEMPEMEHHbIN
3Tan Ha NyTu K NOHATUAHOMY €AMHCTBY HAyKn O 6eTOHE. ABTOPbI KHUMM NpU-
[IePXKMBAIOTCA aHANOTNYHOTO MHEHNS, CYAA N0 3aMeYaHuIo Ha C. 12: «...HeKo-
TOPbIE TEPMUHBI eLLie He 3a(PUKCUPOBaHbI 11 HE CTAHAAPTU3MPOBAHbI».

Jlio6onbITHO Ans peueHseHTa onpegenedue (c. 133) — «nog coBmecTu-
MOCTbI LieMeHTa 1 [o6aBok, cornacHo Tpe6oBaHmam GB50119-2003, no-
HUMAIOT CNOCO6HOCTb A06aBOK 06ecneynBaTh TpebyeMble TEXHONOrM4ecKue
3 eKTbl C NOLAEPKAHMEM WX HA 3aaHHOM YPOBHE OMpeAeNneHHoe Bpe-
Ms». 9TO MPaKTUYEeCKN 3epKanbHOe OTpPaXeHue He CopMMPOBABLLErOCs
eLe MOHATMSA, KOTOPOe MPUBOAMNOCL HAMKM B XXypHanax: «CTpouTenbHble
matepuansl n nagenusi», Knes, 2003, No 4; «beToH 1 xxene3obeToH», 2004,
Ne 3. BnonHe gonycTumo, 4T0 3T0 pesynbTar B3auMOAENCTBMS NepeBoaymKa
1 «POCCUIACKMX COYYEHUKOB W KONNer, COAEACTBOBABLUMX MPEOLONEHMIO
pasnnynii MeXay KUTAnCKUMKU W OTEYECTBEHHbIMI HOPMATUBHBIMU [OKY-
MeHTamu» (c. 2).

OfHOBPEMEHHO OTMETUM CONMAAPHOCTL C YTBEPXKAEHMEM aBTOPOB: —
«...COBMECTUMOCTb LieMeHTa 1 106aBOK NOKa He BbIPaXXeHA KONUYECTBEHHO»
(c. 11). Xotd B 3TOM HanpasfieHUN KOe-4YTO CAEeNaHo, Hanpumep, XapbKoBs-
CKOM Hay4HON LUKOJION.

ABTOp peLgH3anm 6onee AeCATM NET 3aHUMAETCS COBMECTMMOCTbIO LiEMEHTOB
C pobaskamu. Pe3ynbrarbl 370/ PaboTbl M3NOXKEHbI B CTATbSX, OMYy6INKOBaHHbIX B
XypHanax «LlemeHT 1 ero npumeHeHue», 2002, Ne 6 1 2003, Ne 1; «HeopraHuyeckue
matepuanbi», 2004, 1. 40, No 8; «CtponTensHble Matepuanbl», 2009, Ne 10 n ap.
Mo pe3ynbratam KanopuMETpPUHECKUX 3KCMEPUMEHTOB U TEPMOKUHETMYECKOrO
aHanN3a COBMECTUMOCTb OLIEHWBAETCS C (DN3NKO-XUMMHECKUX MO3NLMIA MO KNHE-
TUYECKIM NapameTpam, KpUTeprusm BIUsHIS JOO6ABOK M CreLMaibHOMY NoKasare-
K0 — UHAEKCY COBMECTUMOCTU. [ToKa3aHa NpakTU4ecKas LIEHHOCTb HENPEPbIBHOMO
TeMnepaTypHO-BPEMEHHOTO MOHUTOPWHIA W KPUTEPUATBHOMO aHann3a addek-
TUBHOCTY PELIENTYPHO-TEXHONMOMMYECKNX peLleHnin — «HeopraHuyeckue marepma-
nbl», 2013, 1. 49, No 4.

be3ycnoBHO, pyccKOA3bIYHBIM YUTATENAM MpefcTaBieHa MOHorpadus
BbICOKOr0 NpOecCuoHanbHOr0 ypoBHA. CoXaneHne Bbi3blBaeT NWLWbL TOT
(haKT, 4TO MexAay BbIXOLOM OpPWUrMHANa 1 NepeBoAoM NpPOLUSO BOCEMb NiET.
O3HaKOMAEHMe C KHUTON — OTAIMYHbINA NOBOA ANS PACLUMPEHUs Kpyrosopa u
yrny6neHns 3HaHWA B 6ETOHOBELEHUM — NPOrpeccupytoLen o06nacTu npu-
KNagHbIX HAay4HO-TEXHWYECKMX 3HaHWMA. OMbIT KMTANCKWUX KOMNer, JOCTUr-
LUKMX, KaK CNneayeT W3 AOCTYMHbIX MHOPMAUNOHHBIX CPEACTB, GONbLUNX
YCNEX0B B TEXHONOrMN 6€TOHA, ByneT None3eH TeXHONoram.

EcTb 0 yem 3agymatbCs y4eHbIM M NpenogaBaTensaiM By30B. B nocneg-
Hee BPeMs Ha CaMOM BbICOKOM YPOBHE FrOBOPAT O HEOOXOAMMOCTN UHTErpa-
LM POCCUIACKOI HAayKn B MUPOBYHD. ATO OTHOCUTCSA TAKXE W K CTPOUTESTb-
HoMy MaTtepuanosefeHuio. 06cyxaaemasn kKHUra IBNAETCS APKOA WUAnto-
CTpauuei NpakTU4eCcKOro 0TCYTCTBMSA HAay4HON uHTerpaunn. 04eBnaHo, 4o
aBTOPbI MOHOrpacuu ONbITHbIE MCCNEA0BATENMN 1 BECbMA U3BECTHbIE 6eTO-
HoBebl. OnHako B cTpaHax GHI nx pa6oTbl Hen3BecTHbl. G Apyroit cTopo-
Hbl, KOXXAas rnaBa KHAMW CONPOBOXAAETCA CMUCKOM NUTEPATYPbI, HA KOTO-
pyl0 OMMpanMcb aBTOPbl NPW ee HanucaHuu. G CoXaneHnem NpuxomnuTcs
OTMETUTb, YTO PabOT HALIMX YYEHbIX CPean WCTOYHWUKOB HET. A Bedb Ha-
CNEAHUKN COBETCKON LUKOMbI 6ETOHOBEAEHUS ABNAIOTCA Nuaepamu B paje
Hay4HbIX HanpaBneHui...

AB. Ywepos-Mapuwak,

JAOKTOp TEXHUYECKHX HayK, npogheccop XapbKOBCKOro HayuoHanbHoro

YHUBEPCUTETA CTPOUTENBCTBA M apPXUTEKTYPbI, YKkpanHa

P.S.: MpeacTasnseTcs Lenecoo6pasHbiM 06CyANUTL AUCKYCCUOHHbIE acmek-
Tbl, 3aTPArNBaeMble PELIEH3NEN, C Y4ETOM UX MPUHLMNUANBHON BAXKHOCTY B
TEOPETUYECKOM 1 MPAKTUYECKOM CMbICTE.
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B usparenbctee «CTpoiimatepuanni» Bbl MOXETe Npuo6pecTu cneynanbHy nuteparypy

Yye6Hoe nocobue «XMMUYECcKas TEXHONOrUS KepaMUKK»

AgTopbl — AHapuaHos H.T., bankesuy B.J1., benskos A.B., Bnacos A.C., Tyaman U.91., NykuH E.C., Mocun K0.M., Ckugan b.C.

OcBeLLeHbl BONPOCHI COBPEMEHHOIO COCTOSHUSE TEXHONMOWN OCHOBHbIX BUOB KEPAMUYECKUX U3LENNA CTPOMTENLHOTO, XO3SINCTBEHHO-
6bITOBOrO 1 TEXHUYECKOrO Ha3Ha4YeHUs, a TakXKe PasnMyHbIX BUAOB OrHeynopoB. [MaBHOe BHUMAaHWeE YAENeHO OCHOBHbIM MpoLeccam
TEXHOMOrMM Kepamuki 1 ee cBOACTBAM. [0APOBHO U3N0XEHbI XapaKTePUCTMKA Pa3NNyHbIX BULOB CbIPbs, NPO6NEMbI MOATOTOBKM
Kepamun4eckmx Macc pasnmyHoro Buaa n ux POpMOBaHNe pasnuyHbIMIN METOAaMU, 0CO6EHHOCTM MEXaHU3MOB CMeKaHus, a TakxKe
LONOMHUTENbHbIE BIAbI 06pabOTKN KepamMUKW: MeTanan3auus, rnasypoBanne, eKOPMpoBaHmMe, MexaHuyeckasn 06paboTka. [letanbHo
OMUCaHbI CBOICTBA KEPAMMYECKIX U3ENNA — MexaHuyeckue, [epopMaLnoHHbIe, Tennoguanyeckne, aNekTpoguanyeckune, B TOM Ynucne
npu BbICOKNX TemnepaTypax. Mocobue MoXeT 6biTb MONE3HO CheuranncTam, paboTatoLmum B 061acTi TEXHONOMM KePamMmUKK 1 OrHEeYnopos.

Yye6Hoe nocobue «[IpaKTUKYM NO TEXHOJIOrUU KEPAMUKM»

ABTOpbI — KONNEKTUB y4eHblx PXTY um. O.1. Mengeneesa.

PaccmoTpeHbl 0CHOBHbIE MeTOfbI 0T60PA NPO6, UCMbITAHWIA CbIPbEBbIX MATEPUANOB, KOHTPOMS W UCCAEL0BAHUS TEXHONOMNYECKMX NPO-
LIeCCOB, a TaKXe OnpeaeneHns CBOMCTB rOTOBOI NPOAYKLMM, MPUMEHSEMbIE B KEPAMUYECKOIA, OTHEYMOPHOIA 1 CMEXHbIX 0TPAcNsX NPOMBbILL-
NeHHOCTW. Nocobue MOXET BbITb UCMOMb30BAHO HE TOMBKO KaK y4e6HOE, HO 1 B Ka4ECTBE MONIE3HOT0 PYKOBOACTBA ANS MHXEHEPOB 3aBOACKMX
1 Hay4HO-MCCNE0BATENbCKIX NabopaTopuii.

KHura «Kepamuyeckue nUrmeHTbl»

AsTopbl — Macnensukosa I'.H., Muw W.B.

B MoHorpadhum paccmoTpeHs! oU3NKO-XUMUHECKIIE OCHOBBI CUHTE3A MMTMEHTOB, B TOM YNC/E TePMOANHAMINYECKOe 060CHOBaHME peakLumii, Teopus
LiBETHOCTI, COBPEMEHHbIE METOAbI CUHTE3A MUTMEHTOB 1 WX KNAcCUUKaLms, MeTOAbI OLIEHKI KavecTBa. [puBeaeHbl CBEAEHUA MO TEXHONOTMU NUTMEH-
TOB 1 KPacoK pasnu4HbIX LIBETOB M KPUCTANNMYECKMX CTPYKTYP. OnmcaHbl COBPEMEHHbIE METO/Ibl JEKOPUPOBaHIS KepaMUYECKUMU Kpackamin U3aenuii
113 COPTOBOrO CTeKMa, chapdhopa, asiHca 1 Manonnku.

KHura npeiHa3Ha4eHa Ans Hay4HbIX COTPYAHUKOB, CTYAEHTOB, CIeLMany3npyroLLmMXcs B 0611acTV TEXHONOMN KePAMUKI 1 CTEKNA, a TakKe Ans
WHXXEHEPHO-TEXHNYECKUX PaBOTHUKOB, 3aHATLIX B MPOW3BOACTBE KEPaMUYECKUX USAENNUA W Kpacok. bynet nonesHa Ans cneunanucTos Apyrux
oTpacnei NPOMbILLEHHOCTH, T NPUMEHSIOTCS BbICOKOTEMMEPATYPHBIE MATMEHTBI.

Knura TeopeTuueckue 0CHOBbI GENN3HbI M OKPALUMBAHUSA KEPAMUKKU M NOPTNAHALEMEHTa»

AsTopbl — 3y6exut A.MN., AueHko H.L., fonosaHosa C.I1.

B kHure npeactaeneHbl TEOPETMYECKWE OCHOBbI OENMN3HbI W OKPALINBAHMS KEPaMUYECKUX CTPOUTENbHbIX MaTepuancs u 6enoro
noptnanguementa (bIL) ¢ no3vumn Teopun LBETHOCTU CUAMKATHBIX MaTepuanos B 3aBUCMMOCTW OT MX (ha30BOMWHEPANbHOTO COCTaBa,
CTPYKTYPbI, cofiepxxanus xpomodopos Fe, Mn u Ti, ycnoBuit 06)xura u oxnaxneHus (OKUCAUTENbHbIX MW BOCCTAHOBUTESIbHBIX).

YCTaHOBNEHbI 3aKOHOMEPHOCTM 3aBUCUMOCTI 6€SI3HbI, LIBETA N 0COOEHHOCTM OKPALUMBAHNS KaK MUrMEHTOB, TaK W TBEPAbIX PACTBOPOB
6ecLBeTHbIX ha3 MOHaMU-XpOMOopami 0T CTPYKTYPbI, N30BANEHTHONO UM FeTEPOBANEHTHOM0 M30MOPH3Ma, 06pa30BaHMS OKPALLIMBAIOLLINX
KnactepoB. Pa3paboTaHbl 9y(PeKTUBHbIE CNOCOObLI YNpaBneHus Genn3Hoi U [EeKOPaTUBHLIMM CBOWCTBAMU CTPOMTENbHBIX KEPaMUYeCKMX
marepuanos (apopa, asHca, 061ULOBOYHON NANTKK, KNPNK4a) U 6e10ro NopTnaHLLeMeHTa.

Knura «Cyxue ctpoutenbHbie cmecu. CocTas, CBOMCTBa»

AsTopbl — KopHees B.1., 303yns .B.

A3noxeHbl 0CHOBbI COBPEMEHHbBIX MPEACTaBMEHNA O CyXUX CTPOUTENMbHBIX CMECSX 1 pacTBopax. [puBeaeHbI OCHOBHbIE ONpeaeneHns 1
Knaccudpmkaumm cyxux cmeceit. OxapakTepu3oBaHbl COCTaBASIOLLME: BSOKYLUME, 3AMONHUTENM, HANOMHUTENM, (DYHKLUNOHANbHbIE A06ABKM.
lMoka3aHa MeToAMKa NPOEKTUPOBaHUS cocTaBoB. OnucaHbl 0CHOBHbIE rpynnbl CCC, nx cocTaB u CBOMCTBA. B mpunoxeHun AaHbl OCHOBHbIE
NpUMeHsieMble TEPMUHBI U ONpefenerus, Hanbonee ynoTpebnseMble eaMHULLI N3MEPEHUS, NepeqeHb POCCUICKNX W 3apyOexHbIX CTaHAap-
TOB 1 [ip.

Knura «TexHonorusi NpoM3BoACTBA CTEHOBbIX LEMEHTHO-NECHAHbIX N3AENHii»

AsTopbl — banakwuH 0.3., Tepexos B.A.

OnucaHo MPOM3BOACTBO M NMPUMEHEHWE CTEHOBLIX MaTepuanoB MeETOLOM BMOPOMPECCOBAHWS U3 LEMEHTHO MecYaHbiX OGETOHOB.
PaccmoTpeHa CyLLecTByIOLLan M NepenekTUBHAA HOMEHKNATypa U3aenuii n ux cBoncTea. [aHbl XapakTepuCTUKN CbIpbeBbIM MaTepuanam -
Necky, Le6HI0, BSXKYLLUMM WM XMMUYECKUM Jo06aBKaM M peKOMeHauuu no nogbopy coctaBa 6eTOHHOW cmecw. Mofpo6HO npeAcTaBineHa
TEXHOOrA NPOM3BOACTBA LIEMEHTHO-NECHaHbIX BMOPONPECCOBAHHbIX CTEHOBLIX W3Aenunii. 0c060e BHUMAHUE YAENEHO TEXHONOTNYECKOMY
KOHTPONIO Ha NPOM3BOACTBE U TEXHUYECKOMY KOHTPOJK UM 0OCMYXMBAHUIO 060pynoBaHWs. KHura npejHasHavyeHa Ans opraHusauuu
NPON3BOACTBEHHO-TEXHMYECKOrO 06Yy4eHWs Ha npeanpuaTun, 6yaeT Moje3Ha MHXEHEPHO TEXHUYECKOMY NepcoHany W LUMPOKOMY Kpyry
CMeLmnanmcToB.

KHura «0Te4ecTBEHHbI ONbIT BO3BEAEHUA 3[aHNIA C HAPYXHbIMU CTEHAMN U3 00NErYeHHo| Knagku»

AsTop — Nwyk M.K.

0606LLeH 0TE4ECTBEHHbIN ONbIT BO3BEAEHNS 3[aHMIA C HAPY)XXHBIMI CTEHaMUN 13 06Mer4eHHoi Knaaku. NokasaHa ncTopus NpoekTupo-
BAaHWA U CTPOMTENbCTBA TakWUX 3A4aHUIA. Ha KOHKPETHbIX NpumMepax 3AaHui, Bo3BeAeHHbIX B KOHUE 1990-X rr. pacCMOTPEHbI PasnnyHble
AedeKTbl HapYXXHbIX CTEH C NIMLEBbLIM CMI0EM U3 KUPMUYHON Knafku. [puBeaeHbl peaynbTaTbl 9KCNepuMeHTabHbIX 1 PaCcHeTHO-TEOPEeTH-
4eCKUX UCCNefoBaHNn HAPYXKHbIX 06MEr4EHHbIX CTEH, MHXEHEPHbIE METOAbI PacyeTa PasnyHbIX BO3AENCTBUIA HA HAPYXXHbIE MHOrOCHON-
Hble CTeHbI 1 Ap.

Knura «3awura gepeBsiHHbIX KOHCTPYKLMNiA»

AsTop — A.Ll. JTomakuH

PaccmoTpeHbl BOMPOChI KOHCTPYKUMOHHOA U XUMUYECKOW 3aLNTbl JEPEeBAHHbIX KOHCTPYKUWA, MCNONMb3YEMbIX B Mano3TaXHOM
[OMOCTPOEHMM, NPU CTPOMTENbCTBE 3AaHWUA W COOPYXXEHWUA TPOXAAHCKOrO M NPOMbILLIEHHOrO HA3HAY4eHUs, B TOM YWUCNE, C XUMUYECKM
arpeccuBHON Cpefjoi, a TakkKe OTKPbIThIX COOPY)XeHWUA (aBTOAOPOXHBIX U MeLIexofHbix MocToB, onop J13M u ap.). OcBeLleHbl BONPOCHI
32Tl OT JKCMNYaTaLMOHHbIX BO3AEACTBUIA W BO3rOPaHWS HECYLLMX KOHCTPYKUWA U3 KneeHoi ApesecwHbl v JIBJT n npusefeHo Kpatkoe
onucaHue Haubonee 3HEKTMBHLIX CPEACTB W CMNOCO60B MX 3awnTbl. OnucaHbl METOAbl OLEHKWM 3aLMTHBIX CBOWCTB MOKPBITWA [ns
[IPEBECUHbI, METOANKA W PE3YNbTATbl HATYPHbIX KNMMATUYECKNX UCTbITAHWIA NOKPBLITUA HA 06pa3uax u parmMmeHTax KOHCTPYKLNIA. MpuBeAeHbI
METOAMKA W Pe3ynbTaTbl MOHUTOPUHIA BNIAXHOCTHOrO COCTOSAHUS HECYLUMX KIIEEHbIX JepeBAHHbLIX KOHCTPYKLWA B NPOLLECCE JKCnyaTauuu.

MoHorpadus «[lpou3BoacTBo AepeBAHHbIX KJIEEHbIX KOHCTPYKLMiA»

ABTOp — 3aCNy)XeHHbIIi AesTenb Hayku Poccum, A-p TexH. Hayk Kosanbuyk JT1.M.

B KkHUre paccMoTpeHbl OCHOBHbIE BOMPOCKI TexHonorun uarotoenenns KK, nokasaHbl 06nacTv nx NpuMeHeHUs, ONUCaHbl MaTte-
puans! ans ux n3rotosneHns. 0co60e BHUMaHNE yaeneHo BONPOCaM OLEHKM Ka4ecTBa, METOAAM MCTbITAaHWIA, NPUEMKe 1 CepTUdMKaunn
KNEEHbIX KOHCTPYKLUMIA. B KHUre npmBefieH NOMHbIA NepeyeHb 0T@YECTBEHHbIX 11 3apy6eXKHbIX HOPMATUBHBIX JOKYMEHTOB, PEerfaMeHTu-
pyOLLMX NPON3BOACTBO W NpumeHeHne KK

Ans npuo6petenus cneunanbHon nuTepatypsl obpallantecs
B nspatenbcteo «CTPOUMATEPUATIbI»
Ten./chakc: (499) 976-22-08, 976-20-36 E-mail: mail@rifsm.ru
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‘ Hudopmanna

KaK noaroToBuTh K NYGNMKALMM HAY4HO-TEXHHYECKYIO CTATbID

KypHasbHasi HaydHO-TeXHUYECKask CTaThsl — 3TO COYMHEHME HEOOMBIIOTO pa3mepa (10 3-X KypHaTbHBIX
CTPaHMII), YTO CaMO 1O cebe OpeessieT IPAHULIbI M3T0XEHUS TEMbI CTaThH.

HeobxonuMbIM1 251eMEHTaMU HAyYHO-TEXHMYECKOI CTaTbU SIBIISIIOTCS:

—  TIOCTaHOBKA MPOOJIEMBI B 00IIEM BHUIIE U €€ CBS3b C BAXHBIMU HAYYHBIMU MITH TIPAKTUYECKUMU 3a1a4aMM;

—  QHAJIM3 TIOCIEHUX TOCTIDKEHMIA 1 TTyOJIMKAIIViA, B KOTOPBIX HAYaTO PellieHNe TaHHOH MPo0JIeMbl M Ha KOTOPBIE
OIMpaeTCs aBTOP, BbIIEIEHNE paHee He PellIeHHbIX YacTei o011eit po0/IeMbl, KOTOPBIM TOCBSILEHA CTAThSI;

—  (opmynpoBaHue Liesieii cTaTbK (TTOCTAHOBKA 3a/1a4K);

—  M3JIOXEHME OCHOBHOTO MaTepuaa MCCIEOBAHMUsI C MOJHBIM 000CHOBAHUEM TOJTYYEHHBIX PE3YJIbTATOB;

—  BBIBOJIBI M3 JAHHOTO MCC/IEOBAHMUS U TIEPCIIEKTHBBI JAJIbHEMIIEro MoKcka B U30paHHOM HaIpaBIeHUH.
HayuHble cTaThu pelieH3UPYIOTCS CIIEMATNCTaAMU. YUUTHIBAs OTKPBITOCTh XKypHaia «CTpOUTeIbHbIC MaTe-

prans»>® s yueHbIX M uCCTenOBaTEEH MHOTHX IECATKOB HAYYHBIX YUpexaeHuil 1 By3oB Poccun u CHI,

MPEICTABUTEN KOTOPBIX HE BCe MOTYT OBITh MpPEACTaBICHBI B PEIAKIIMOHHOM COBETE W3IAHMSI, XelaTebHO

MPEACTABISATh OMHOBPEMEHHO CO CTaTheli OTHOIIEHHME YYEHOT0 COBETa OPTraHMU3alMK, TIIe MpoBeaeHa paboTa, K

NpeACTaBIsIeMOMY K MyOJIMKALIMK MaTepyaily B BUIE COMPOBOAMTENBHOTO MMCbMA MM PEKOMEHIALIMH.
bubauorpaduyeckue Ciucky LUTUPYEMOI, UCTIONb30BAHHOM JIMTEPATYpPhI IOKHBI TIOATBEPXIATb CIIEI0-

BaHME aBTOPA TPEOOBAHMSIM K COAEPKAHMIO HAYYHOI CTaTby.

HE PEKOMEHIYETCA:

1. BkitoyaTth cchliku Ha deiepanbHble 3aK0HbI, on3akoHHbie akThl, [ OCTo1, CHullst u np. HOpMaTHBHYIO
JIUTEPaTypy. YIOMUHAHME HOPMATUBHBIX IOKYMEHTOB, Ha KOTOPbIE OMMPAETCS aBTOP B UCITBITAHUSX, pacueTax
WM apTyMEHTALIMH, JIyYIlLe AeIaTh HEMOCPEACTBEHHO 1O TEKCTY CTAThU.

2. CchblnaTbcsl Ha yyeOHBIE M Y4eOHO-METOAMYECKUE TOCOOMS; CTaTbi B MaTepuaiaX KOH(MepeHIUi 1
cOOpHMKAX TPYIOB, KOTOPHIM He prcBoeH ISBN 1 KOTOpBIe He MOMafaoT B BeAyliue OMOIMOTEK! CTPaHbI U He
MHIEKCUPYIOTCS B COOTBETCTBYIOLIMX Oa3ax.

3. Ccbliathes Ha IMCCEPTALIMU 1 aBTOpedepaThl AMCCePTALIHIA.

4, CaMOLIMTHPOBAaHKE, T. €. CCBUIKM TOJBKO Ha COOCTBEHHbIC MyOJMKAIMKM aBTOpa. Takas TMpaKTHKa He
TOJBKO HapyIlaeT 3TUYECKHE HOPMBI, HO M MPUBOAMT K CHMXKEHUIO KOJMYECTBEHHBIX MyOIMKALIMOHHBIX
rokasareJieil aBropa.

OBA3ATEJIDBHO caenyer:

1. Ccbinatbesi Ha CTaThbM, OMYOJMKOBAaHHbIE 3a MOCHEAHUE 2—5 JIET B BEdyIIMX OTPACIEBBIX HAy4yHO-
TEXHUYECKMX M HAYYHBIX M3JAHUSIX, Ha KOTOPbIE OMMPAETCS aBTOP B MOCTPOEHMM apryMeHTALlMU WX
MOCTAHOBKE 3a1aYM UCCIIeTOBAHMSI.

2. Ccputatbesl Ha MOHOTpadhuK, OMyOoJMKOBaHHBIE 3a TOCAenAHNEe 5 JeT. boiee naBHME UCTOYHUKHU TaKxkKe
HEraTUBHO BIMSIOT Ha TTOKA3aTeN I MyOJInKalMOHHON aKTUBHOCTH aBTOPA.

HecomHeHHO, 4TO BO3MOKHbI CCBUIKM M Ha KJIACCHUECKKE PabOTbI, OHAKO HE CJIedyeT 3a0bIBaTh, UTO HayKa
BCErJa pa3BUBAETCS MOCTYMATENbLHO BIEpe] M HE3HAHWE aBTOPaMU MOCHEAHMX NOCTUXKEHHUI B obiacTu
MCCIIeIOBAHUI MOXET MPUBECTH K LyOIMPOBAHKIO PE3YIBTATOB, OLIMOKAM B IIOCTAHOBKE 3a/1auk MCCIIeNOBaHMs
W UHTePIpeTALNK JaHHbIX.

BHUMAHME! C 1 sHBaps 2014 r. u3meHeHbl Tpe6oBaHus K ochopmneHuto ctaten. 06s3aTenbHO
03HaKOMbTeCb ¢ Tpe60oBaHMSIMM Ha caiiTe u3gaTenbLCTBa B pasgene «ABTopam»!

Crarby, HampapisieMble ISl OMYOJIMKOBAHMS, TOJKHBI OOPMISTHCS B COOTBETCTBUU C TEXHMYSCKUMU
TpeOOBAHMSIMM M3TAHUIA:

—  TEeKCT CTaThHU JIOJXEH OBITh HabpaH B penaktope Microsoft Word u coxpaneH B hopmate *.doc wmu *.rtf u He
JIOJDKEH COAeP3KaTh MILTIOCTPALIiA;

— rpaduyeckuii MaTepuan (rpaduKu, CXeMbl, YEPTEXKH, TUATPAMMBI, JIOTOTHITBI U T. I1.) JOJIKEH ObITh BBITION-
HeH B rpaduyeckux penaktopax: CorelDraw, Adobe Illustrator u coxpaHeH B dopmarax *.cdr, *.ai, *.eps
cooTBeTcTBeHHO. CKaHMpOBaHKWE rpauyeckoro MaTepuana MU MMIIOPTUPOBAHUE €r0 B MEPEUMCICHHBIC
BbILIE PEJAKTOPbI HEOMYCTUMO;

—  WUIIOCTPAaTUBHBIA MaTepuan (cdoTorpaduu, KOUIaXu U T. I.) HEOOXOIMMO COXpaHSATh B (opmate * tif,
* psd, *.jpg (KauecTBO «8 — MakcMMajbHOe») WK *.eps ¢ paspenreHreM He MeHee 300 dpi, pasmepoM He
MeHee 115 MM 1o mmpuHe, 1isetoBas Mozaeb CMYK wmiu Grayscale.

Marepuai, nepeaBaeMblii B peIakILIfio B SJIEKTPOHHOM BUJIE, TOJXEH COMPOBOXIATLCS: PEKOMEHAATEb-
HBIM MMCbMOM PYKOBOAMTENSI TIPEANPUATUS (MHCTUTYTA); JTULIEH3MOHHBIM JJOTOBOPOM O Tepeaave mpaBa Ha
MyOIMKAIMIO; pacHeyYaTKoii, IMYHO MOANMMCAHHOI aBTopaMu; pedepaToM o0beMoM 10 500 3HAKOB Ha PYCCKOM U
AHIJIMIACKOM SI3bIKAX; MOATBEPKACHUEM, UTO CTaThsl MPeIHA3HAYEHA 115l MyOMUKalMK B XypHaie «CTpouTeb-
Hble Matepuans®, paHee HurIe He MyGIMKOBAIACH M B HACTOSIILCE BPEMsi HE MEPeIaHa B IPYIie H3IAHNS,
CBEJICHUSIMU 00 aBTOPax ¢ YKa3aHUEM MOJHOCTbIO (paMUINM, UMEHH, OTYECTBA, YUEHOI CTENIEHU, TOJXKHOCTH,
KOHTAaKTHBIX TeJIe()OHOB, TMOYTOBOTO M 3JIEKTPOHHOTO aipecoB. WILTIOCTpaTUBHBIA MaTepuan JOJKeH OBbITh
nepefaH B BUIE OpUTHHANOB oTorpaduii, HeraTMBOB WM CHIaiigoB, pacrmeyatku (aiiaos.

B 2006 r. B xypHane «CTpOHMTENbHbIE MaTepnanbl»® Obu1 omyOnMKoBaH psf crateil «HaunHaromemy
aBTOPY», 03HAKOMHUTBCSI C KOTOPHIMU MOXKHO Ha caiite xypHana www.rifsm.ru/files/avtoru.pdf

IloapoOHee MOXKHO 03HAKOMHUTBLCS ¢ TPEOOBAHUSAMM Ha caiiTe u3nareabcTBa http://www.rifsm.ru/page/7

go,u,nmcaHo B nt?qaﬂ: 18.02.2015 OtnevataHo B 000 «Monurpacdunyeckasa komnavus JIEBKO» <l:l-laaﬁpaHo 1 CBEPCTAHO
opmat 60x881/g o~ B PUD «CtpoimaTtepuransi»
Bymara «Mayaps Mocksa, XonoaunbHblii nep., 4. 3, kop. 1, ctp. 3

Meyatb odpceTHas Bepctka . Anekcees,
O6Lwwmin Tpax 5000 ak3. H. MonokaHoBa



MosBuild

[ naBHasi cTpouTenbHas
N NHTEpbepPHasa BbicTaBka Poccun

Hepens n3anHa n [lekopa

31 maprta — 3 anpensa 2015
MockBa, LUIBK «9kcnoueHTp»

Hepens CtpoutenbcTBa
n ApXUTEKTYpPbDI

14 — 17 anpenga 2015
MockBa, LIBK «39kcnoueHTp»

www.mosbuild.com

nnnnnnnnnnnnnn

MosBuild 5aa 2 A

ApxutekTypa = CTpouTtenb OnzanH = Oekop



BCEANYI =

3ABO[bI MO MPOU3BOJCTBY CYXUX CMECEM

$acoBOYHbIE MALLNHBI
WHTEHCUBHbIE CMECUTENU
BECOBbIE 003aTOPbI
BUbpoknaccundukaTopsbl
pykaBHble GUABLTPbI

cucTeMbl ynpaBneHus Ha 6ase PC n PLC

Tenedon: +7 (495) 727-4466 (muorokananshbiit) « Oakc: +7 (495) 727-4467 - E-mail: vselug@ vselug.ru -

www.yvselug.ru

Peknama





