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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.
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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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