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Abstract: The use of nanotechnology in the construction industry improves its efficiency. The application of nano-modified
materials makes it possible to reduce capital costs. Currently the introduction of nanomaterials is of great importance for the con-
struction industry. Carbonaceous structures can be used as nano-modifiers. Carbon nanotubular material TUBALL produced by
OCSiAl.ru LLC has been chosen.

To perform research samples of single-layer and multi-walled carbon nanotubes were used as a part of cement heavy concrete.
The optimal dosage of carbon nanotubes in the composition of cement concrete has been experimentally determined. The studies
revealed that addition of TUBALL carbon nanotubes to the cement composition contributed to the formation of a mesh structure
that resists the formation of shrinkable nanoscale cracks in the cement mortar, promotes the appearance of calcium hydrosilicates,
increases the concentration of calcium ions at the start of the hydration period.

The influence of modified nanoadditives in the composition of the complex additive on the mechanical properties of the ce-
ment composition has been considered. The complex of mechanical properties of cement nanoreinforced stone in the process of
cementing the annular space of producing wells by X-ray and thermal methods of analysis has been studied. That confirmed the
results of experiments performed with electronic and optical microscopy.

The microstructural elements of the cement specimen were investigated with high-resolution auto-emission scanning electron
microscope Merlin by CARL ZEISS.

It was found that the addition of complex nanomodified additive TUBALL accelerates the curing of the cement composite
at early stage of hardening, decreases value of shrinkable nano-cracks, that in turn positively characterizes the quality of contacts
at the boundaries of cement-casing, rock-cement.
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Pe3tome: Vcnonb3oBaHyie HAHOTEXHONOT NI B CTPOUTENbHO OTPAC/IN MO3BONAET NOBLICUTb €& 3pdeKTNBHOCTL. Micnonb3oBaHme
HaHOMOANGULMPOBAHHbIX MaTEPMANoB AaéT BO3MOXXHOCTb CHU3WTb KanuTasibHble 3aTpaTbl. B HacToALlee Bpema ANia CTPOUTENbHON
WHAYCTPUW aKTyaslbHO BHEAPEHNe HaHOMaTeprasoB. B KauecTBe HaHOMOAVDNKATOPOB MOXKHO NMPUMEHATb YIIEPOAOCOAepKaLLmne
CTPYKTYpbI. Boibpanu yrnepogHbiii HaHOTYOYnApHbIn Matepuan TUBALL npounssogctea OO0 «OCSiAl.ruy.

[nsa nposefeHWA Nccne[oBaHMi NCMONb30BaNVCb 06pa3Lbl OGHOCIONHbBIX M MHOTOCSTOMHBIX YrIePOAHBIX HAHOTPYOOK B coCTaBe
LIeMEHTHOTO TAXKeNIoro 6eToHa. JKCMePUMEHTANIbHO onpefenanach onTuMarnbHas 4O3UPOBKa YriepoAHbIX HAHOTPYOOK B coCcTaBe
LieMeHTHOro 6eToHa. Mpy NpoBefeH NCCef0BaHNIA BbIABIEHO, YTO fobaBneHe yriepoaHbiX HaHOTPY6oK TUBALL B LieMeHTHyt0
KOMMO3MLMIO CNOCOBCTBOBaNO 06pa3oBaHMI0 CETHATON CTPYKTYPbI, KOTOPasA OKasblBaeT CONPOTHBEHVE 06Pa30BaHNIO YCaAOUHbIX
HaHOpa3MepHbIX TPELYMH B LLEMEHTHOM PacTBOPE, CNIOCOOCTBYET NMOABNEHNI0 HOBOOOPa30BaHWii B BUAE MMAPOCUINKATOB KanbLys,
MOBbILLAET Ha CTapTe nepuofa rmapatauumn KOHLEHTPALMIO MOHOB KasbLmA.

PaccmoTpenu BavaHne MogndurLrpoBaHHbIX NCCNefyemMbix HAHOA06aBOK B COCTaBe KOMMIEKCHOM [06aBKM Ha MexaHUYecKme
CBOWCTBA LIeMEHTHOM KOMNO3uumu. M3yumnm Komnineke mexaHn4yeCcKnx CBONCTB LIeMEHTHOrO HaHOAPMUPOBAHHOIO KaMHA B MPO-
Liecce LleMeHTPOBaHMA 3aTPYOHOro NPOCTPaHCTBA JOObIBAIOWNX CKBaXXWH PEHTTEHOBCKMM 1 TEPMUYECKIM METOAAMMN aHanun3a,
3TO MOATBEPANIO SKCNEPUMEHTbI C MPUMEHEHNEM SNEKTPOHHOI 1 ONTUYECKON MUKPOCKONUN.

WccnenoBany MMKPOCTPYKTYPHbIE 311eMEHTbI LIeMEHTHOrO 06pasLia ¢ NpUMEHeHNEM BbICOKOPa3peLLALLEro aBTOIMUCCUOHHOTO
CKaHMPYIOLLEro 31eKTPOHHOro Mukpockona Merlin komnaHun CARL ZEISS.
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YcTaHOBMEHO, UTO J06aBNeHVe KOMMEKCHON HaHoMoanbULMpoBaHHo fobaskn TUBALL crnoco6cTByeT yckopeHmio Habopa
NPOYHOCTUN LIeMEHTHOIO KOMMO3K1Ta Ha PaHHel CTaAuy TBEPAEHNA, YMEHbLLIEHMWIO 3HAYEHUA YCaJOYHbIX HAHOTPELLMH, YTO, B CBOIO
ouepenb, NONIOXKNTENBHO XapaKTepr3yeT KaUeCTBO KOHTAKTOB Ha rpaHuLax LeMeHT-06caiHas KONTOHHA, MOPOoAa-LIEMEHT.

Kniouesoble cnosa: Tsxxenblii 6eToH, runepnnactudurkaTop, rmapopobrsatop, HAHOMOANGULNPOBAHHDIN LLEMEHTHbIV KAMEHb,
HaHomaTepuanbl, TUBALL, offHOCNOHbIE 1 MHOTOCTIONHbIE YINEePOAHbIE HAHOTPYOKM, TBEpAEHNE, HABOP NPOYHOCTY, AUCNepraLys.
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INTRODUCTION

Modern research in the field of nanotechnology is
supported by the government of the Russian Fed-
eration and is included in the list of priority areas for
the development of science and technology. The Repub-
lic of Tatarstan gives proper heed to the creation of new
products modified by nanotubes [1].

Scientific practical interest particularly focused on im-
provement of the operational properties of concrete based
on its modification with the addition of chemical addi-
tives, such as carbon nanotubes to produce the necessary
import-substituting and export-oriented articles [2—4].

In accordance with the order of the Cabinet of Min-
isters of the Republic of Tatarstan of July 16, 2015.
No. 1561, activity plan was developed to support the cre-
ation of products based on single-walled carbon nano-
tubes (TUBALL) at the enterprises of the Republic of Ta-
tarstan for 2015—2018, namely, methods for introducing
nanotubes into various building materials, determination
ma the strength characteristics of building materials de-
pending on the technological input modes, contents and
properties of TUBALL nanotubes.

At the present stage of nanotechnology development,
the study of the properties of concrete modified by nano-

tubes is also of interest from a scientific and practical

point of view [5—7].

There are certain requirements for cement stones.
If cement stone is used in wells, it is necessary to change
the indicators of water separation and filtration, setting
time, thickening time, and to improve sedimentation sta-
bility in nanoreinforcing process [§—10].

There are different types of nanoadditives [11—13]. It is
most rational to use elongated nanoparticles to improve
the physicochemical properties of cement stone [14, 15].
Among them, carbon nanotubes can be distinguished.
They have several advantages: high strength, inertness to
alkalis and acids, they also well reinforce cement mortar
and represent crystallization centers, turn cement com-
posites into high-strength material [16—18].

To modify the structure of cement composites with
nanosized particles, two directions are used [19—21]:

— targeted growth of nanoscale particles to modify
the structure in a hardening binder system,;

— preliminary synthesis of nanosized particles, their sub-
sequent introduction into the desired composition.
Currently, the second method is mostly used, how-

ever, due to the high surface activity of nanosized tubes

in the synthesis process, they are combined in the form
of powdery granules into conglomerates, and this by
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the volume of the composite solution makes their uni-
form distribution difficult. As a result, this technology
contributes to the production of a material having a high
heterogeneity in density, strength, and other properties
[22—-24].

MAIN PART

Studies of the effect of nanotubes on the properties
of cement mortar, which is a model of heavy concrete,
were presented [25, 26]. The cement-sand mortar con-
sisted of cement and sand in a ratio of 1:3. Then it was
shut with water from the water supply, and a suspension
of carbon nanotubes in a solution consisting of water,
a hydrophobizing agent and a mixture of hyperplasticizer
was previously mixed in it. Preliminary, all components
of the solution were subjected to ultrasonic dispersion
to ensure a homogeneous mass of this suspension [27].
The ultrasonic dispersion process lasted 3.5 minutes,
the volume of the suspension was 100 ml, and the power
was 100 watts. As a hyperplasticizer, an additive with
a high early strength set of Remicrete SP 60 based on
polycarboxyl ethers was used. As a water-repellent ad-
ditive, Tiprom-S was used, having an organosilicon
composition of 55% concentrate based on potassium
alkyl siliconate.

TUBALL carbon nanotubular material manufactured
by OCSiAl.ru LLC was used as a complex additive with
a hydrophobizing agent and hyperplasticizer. Single-
walled nanotubes had a specific geometric surface from
90 mg to 130 mg, multilayer nanotubes had a specific
geometric surface from 180 mg to 200 mg [5]. The specific
surface area was determined with the Bruner-Emmett-
Teller (BET) multipoint method.

The optimal dosage of carbon nanotubes in cement
concrete was experimentally determined. For single-
walled carbon nanotubes, it amounted to 0.005% by
weight of the cement composition, and for multilayer
carbon nanotubes, it was 0.0005% by weight of the ce-
ment composition.

In the process of conducting experimental studies, it
was clarified and revealed that the addition of TUBALL
carbon nanotubes to the cement composition contributed
to the formation of a network structure. This structure, in
turn, resists the formation of nanoscale shrinkage cracks
in the cement mortar, contributes to the appearance
of neoplasms in the form of calcium hydrosilicates, and
increases the concentration of calcium ions at the start
of the hydration period.

The effect of the studied modified nanosupplements in
the composition of the complex additive on the mechani-
cal properties of the cement composition is considered.
The complex of mechanical properties of cement nano-
reinforced stone in the process of cementing the annular
space of production wells by X-ray and thermal analysis
methods was also studied, that confirmed electron and
optical microscopy experiments [28—30].

In accordance with GOST 310.4-81 «Cements. Meth-
ods for determining the ultimate strength in bending and
compression» experimental work was carried out using
cement based on Portland cement clinker CEM 11 / A
32.5H manufactured by «Ulyanovsk Cement Plant». As
a filler of a shallow medium, sand was used from the Ka-
mskoe Ustye deposit, having a particle size modulus
of 2.7. The dosage of nano-additives was taken as a per-
centage of the mass of cement (table 1).

To investigate microstructure of cement a high-resolu-
tion Merlin field-emission scanning electron microscope
from CARL ZEISS was used, which is applied to measure
linear microrelief sizes of solid-state structures. Test chips
of the cement composite were sprayed in a 80/20 ratio
with an Au / Pd alloy in a Quorum 150 T ES vacuum
unit. To conduct fundamental research on the proper-
ties of nanomaterials, the analytical equipment of the
Center of Nanotechnologies of the Republic of Tatarstan
LLC was used — a Smartlab automatic X-ray diffractom-
eter (RIGAKU) and a STA 6000 synchronous thermal
analyzer (PERKIN ELMER), which makes it possible to
measure thermophysical characteristics (temperature and
heat of physicochemical reactions and phase transitions).

Table 1
Dosage of nano-additives
. Supplement dosage, %
Number of composi- Single L Carb Multil Carb
ti - ingle Layer Carbon ultilayer Carbon
on Hyperplasticizer Water repellent Nanotubes Nanotubes
1 0 0 0 0
2 1 0,1 0 0
3 1 0 0 0
4 1 0,1 0,005 0
5 1 0,1 0 0,0005
http://nanobuild.ru 568 info@nanobuild.ru
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Using this equipment, the compositions of the hydration
products of the modified Tuball nanotubes and the initial
cement stones were studied. Electronic images of samples
of cement stones are shown in the figure.

Fig. Electronic images of samples of cement stones:
a) control sample (magnification 10,000);

b) a sample with single-walled nanotubes

(an increase of 10,000);

¢) a sample with multilayer nanotubes
(magnification 5000)

An analysis of the figure shows that the addition
of carbon single-walled nanotubes promotes the forma-
tion of a dense fine-crystalline homogeneous structure
in comparison with the control composition of cement

Table 2
Mechanical properties of modified cement stone
Strength, M Pa
Number The water-cement q - = hen bendi
i ratio of the control under compression when bending
of composition
sample, % 7 days 28 days 7 days 28 days
| 42 39.96 39.96 4.19 4,96
100 100 100 100 100
) 32 44,90 44,90 5.04 5,76
76 122 122 130 126
3 32 50,35 50,35 5,67 6.44
76 129 129 135 130
4 32 51,95 51,95 591 6.74
76 146 146 141 136
5 32 47,95 47,95 4,94 5,90
76 119 119 118 119
Note. Numerical values are above the line, relative values in% of the control are below the line.
http://nanobuild.ru 569 info@nanobuild.ru
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stone. When carbon multilayer nanotubes are added to
the cement composite, the microstructure of the cement
sample is characterized by a more loose inhomogencous
structure. The mechanical properties of the modified ce-
ment stone are given in table 2.

From the analysis of table 2 it follows that introduc-
tion of additives Remicrete SP60 (composition No. 3)
to the cement composition increases the strength char-
acteristic when bending the cement after 7 days of nor-
mal hardening by 35%, after 28 days by 30%, and under
compression, an increase in strength is 42% and 22%,
respectively, with respect to the control composition.

The modified cement mortar, in which single-walled
carbon nanotubes are dispersed in a solution of hyperplas-
ticizer and water repellent (composition No. 4), showed
a maximum increase in strength. The strength charac-
teristics during bending for 7 and 28 days of hardening

BBEJEHUE

COBpeMeHHHe WCcCaeaI0BaHUsI B 00J1aCTH HAHO-
TEXHOJIOTUI IMomaepkuBaoTcsa [1paBUTETECTBOM
Poccniickoit denepaniiy M BHECEHBI B CITMCOK TIPH-
OPUTETHBIX HAIPaBJICHUI Pa3BUTUSI HAYKN W TEXHUKH.
B Pecniy6iuke TaTtapcraH yaensieTcsl OKHOE BHUMA-
HHE CO3IaHMIO HOBOH IMPOMYKIINN, MOTU(DUIINPOBAHHOMN
HaHOTpyOKamu [1].

Oco0BIi1 HAYYHBI MPaKTUIECKUIT MHTEpEC TIpe-
CTaBJISICT YAYUYIICHWE 3KCIUIYaTAaIlMOHHBIX CBOMCTB
0OeToHa Ha OCHOBE ero Moau(pUKaLUKU ¢ 100aBJIeHUEM
XUMHIYECKUX J00AaBOK, a UMEHHO YIJIEPOTHBIX HAHOTPY-
OOK IUTS TIPOM3BOACTBA HEOOXOIMMBIX MMITOPTO3aMeIIa-
FOIMX 1 9KCTIOPTOOPUEHTUPOBAHHBIX ITPOAYKTOB [2—4].

B coorBerctBuUU ¢ pacmopskenunem KM PT
ot 16.07.2015r. Ne 1561 pa3paGoTaH I1aH MEPOIIPUSITUIA
10 TIOMACPXKKE CO3MAHUS MPOAYKTOB Ha OCHOBE OTHO-
CTCHHBIX yIIIepoaHbIX HaHOTPYOoOK (TUBALL) Ha ripen-
npuaTusx Pecniyommku Tatapctan Ha 2015—2018 ronpl,
a IMCHHO MCTOINKM BBEICHMS HAHOTPYOOK B pas3imd-
HBIC CTPOUTCIBHBIC MaTepPHUAIIBI, OIIpeae/IeHIE TIPOoY-
HOCTHBIX XapaKTePUCTUK CTPOUTEIBHBIX MaTepHaIOB
B 3aBUCHUMOCTH OT TeXHOJOTMYECKUX PEKMMOB BBOJIA,
conepxaHus u cBoicTB HaHOTpyOOoK TUBALL.

Ha coBpeMeHHOM 3Tare pa3BUTHS HAHOTEXHOJIOT U
W3y9IeHHNE CBOMCTB OeTOHA, MOTU(DHUIIMPOBAHHOTO HAHO-
TPYyOKaMH, IIPEICTaBIISICT COOO0I MHTEepeC 1 ¢ HAyYHOM,
U TIPaKTUYECKOM TOUeK 3peHus [5—7].

K meMeHTHBIM KaMHSIM TIPEIBSIBIISTIOTCS OTIPEICIICH-
HbIe TpeboBaHMS. B ciyyae ecim eMeHTHBII KaMeHb HC-
TIOJTB3YeTCsI B CKBAXKITHAX, TO TIPW HAHOAPMHPOBAHNH TPE-

increase by 41% and 36%, respectively, with compression,
the increase in strength is 55% and 46%, respectively, with
respect to the control composition.

The addition of carbon multilayer nanotubes to ce-
ment stones compared to single-layer ones is character-
ized by less effect on the strength of the cement compos-
ite, both in bending and in compression (composition
No. 5).

CONCLUSION

It was found that the addition of a complex nano-
modified additive helps to accelerate the curing of the ce-
ment composite at an early stage of hardening, to reduce
the value of shrinkage nanocracks, that in turn positively
characterizes the quality of the contacts at the cement-
casing, rock-cement boundaries.

OyeTcsl UI3MEHUTH TTOKA3aTeIM BOMOOTACICHUS 1 (DHITh-
TpalK, CPOKOB CXBAaThIBAHUSI, BPEMEHM 3aryCTeBaHU,
VIIy4IIeHUsI CeAMMEHTALIMOHHOM ycToitunBocTy [8—10].

CymiecTBYIOT pa3Hble BUIBI HaHOH00aBoK [11—13].
Haubomee pallmoHaIBHO MTPUMEHSITH BEITIHYTBIC HAHO-
YACTHIIBI IS VAYIIICHUS (PU3UKO-XUMHIUIECKIX CBOMCTB
eMeHTHoTo KaMH4 [14, 15]. Cpeny HUX MOXHO BBIfIE-
JINTH YTJIePOIHBIe HAHOTPYOKM. OHM 00JIagaioT PSIOM
JMOCTOMHCTB: BBICOKAST IIPOYHOCTD, MHEPTHOCTB K IIIEJIO-
YaM UM KICIIOTaM, XOPOIIIO apMHUPYIOT IIEMEHTHBINA pac-
TBOp, TIPEICTABIISIIOT COOOM IIEHTPHI KPUCTAJUIN3AINH,
IIpeBpaIIaloT IEMEHTHBIC KOMITO3UTHI B BEICOKOIIPOY-
HBIN MaTepuain [16—18].

st MomuULIUPOBaHUS CTPYKTYPHI LIEMEHTHBIX
KOMITO3UTOB HAaHOPa3MEPHBIMHU YaCTUILIAMU ITPUMEHSI-
IOTCsI ABa HatpaBieHud [19—21]:

— IIeJIeHaIIpaBJIeHHOE BRIpAIIBAHIE HAHOPA3MEPHBIX
YACTHUII IIST MOTU(DUIIMPOBAHUSI CTPYKTYPHI B TBEP-
NCIOIIEH BSDKYIIEH CUCTEME;

— TIpeIBapUTEIbHBIN CHHTE3 HAHOPa3MEepPHBIX YACTHII,
ITOCTIeAyIOIIee NX BBEICHUE B TPEOYEMYIO KOMITO3H -
LIHIO.

B HacTostmmee BpeMsi HanOoJIbIIee pacIpoCcTpaHe-
HHE TOJIyYIJT BTOPOU METOII, OMHAKO B CHJIY BBICOKOM
ITOBEPXHOCTHOI aKTMBHOCTU HAHOPa3MEPHBIX TPYOOK
B IIpoIIecce CMHTE3a OHU OOBEAMHSIOTCS B BUIE ITOPOIII-
KOOOpa3HBIX TPaHyJI B KOHTJIOMEPATHI, a 3TO IT0 00BEMY
KOMITO3MIIMOHHOTO pacTBOPA 3aTPYIHSIET UX paBHOMED-
HOE pacIipenesicHre. B pe3yabTaTe 3Ta TEXHOJIOTHS CITO-
COOCTBYET TTOTyYCHUIO MaTepraja, IMEIOIIETO BHICOKYIO
HEOTHOPOMTHOCTb MO TUIOTHOCTH, IIPOYHOCTH U APYTUM
cBo¥icTBaM [22—24].
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1. DKcnepuMeHTAIbHbIE HCCIIeTOBAHNS HAHOMOIN(H -
HHPOBAHHOTO IIEMEHTHOT0 KAMHS

[MpuBOIMINCH MCCICIOBAHNS BIUSHIS HAHOTPYOOK
Ha CBOMCTBA LIEMEHTHOTO PacTBOPA, IIPEICTABIISIONICTO
co0oit Moeb TsKesoro 6eroHa [25, 26]. LlemenTHo-
TIeCYaHBII paCTBOP COCTOSUT M3 IIEMEHTA 1 TIeCKa B COOT-
HomreHuu 1:3. Jlaee ero 3aTBOPSIIN BOIOI M3 BOIOIIPO-
BOIa, a B Hell 3apaHee pa3MelnBaIach CyCIIeH3HS yIJIe-
POIHBIX HAHOTPYOOK B PACTBOPE, COCTOSIIIEM M3 BOIBI,
rugpogobu3zaropa U cMecu runepruiacTudukaropa.
[IpenBapuTeIbHO Bce KOMITOHEHTHI pacTBOpa ITOIBEP-
TaJTCh BO3MEUCTBUIO YIIBTPA3BYKOBOM NMCTICPTAIlii TSI
o0ecIieYeHIST OMHOPOTHOM MacChl JAHHOU CYCIICH3UH
[27]. TTpotecc yabTpa3BYKOBOTO AUCHEPTUPOBAHUS
JUTMIIC 3,5 MUHYTBI, 00BeM cycrieH3un coctaBmt 100 v,
a moirHocTh — 100 Bt. B KadecTBe runepruracturkaTo-
pa MpUMEHsUTach T00aBKa ¢ BLICOKUM PaHHUM HaOOpOM
npounoct Remicrete SP 60 Ha ocHOBe MOJMKapOOKCH-
natadupoB. B kauecTBe runpododusnpyronieil 1o6aBK1
ucronb3oBaiics Tunmpom-C, UMeIommit KpeMHUIOpTa-
HUYECKUIi cocTaB U3 55%-0ro KOHILIEHTpAaTa Ha OCHOBE
ATKUJICUIMKOHATA KaJIus.

B kauecTBe KOMIUIEKCHON 1006aBKU ¢ TUAPOGOOU-
3aTOPOM U THIICPIIACTH(PUKATOPOM IIPUMEHSIIINCH
yrjaepoaHblit HaHOTYOysIpHBIN MaTepuan TUBALL
npousBoactBa OO0 «OCSiAl.ru». OgHOCTOIHbBIE Ha-
HOTPYOKHM UMEJIH YISIbHYIO TeOMETPUUCCKYIO TTOBEPX-
HOCTH OT 90 mo 130 MT, MHOTOCJIOITHBIC HAHOTPYOKM
— YOENIBbHYIO TEOMETPHUICCKYIO TTOBEPXHOCTH OT 180
1o 200 mr [5]. YaenbHag TOBEPXHOCTD OTpeaessiach
10 MHOTOTOUYEUYHOMY MeTomy bproHepa-Ommera-Ten-
nepa (b3T).

DKCIEPUMEHTAIBHO OTIPEISIIMIIA OITUMATBHYIO T0-
3UPOBKY YITIEPOIHBIX HAHOTPYOOK B COCTaBE IIEMEHTHO-
ro 0eroHa. /1J1st OMHOCIOMHBIX YIVIEPOIHBIX HAHOTPYOOK
oHa cocrasuia 0,005 % ot Macchl IEMEHTHOI KOMIIO-
3ULUNA, a It MHOrocaoiHbIX — 0,0005% ot macchl 1ie-
MEHTHOM KOMITO3UIINH.

B mpomecce mpoBeneHNs SKCIIEpUMEHTATBHBIX HC-
CJIeIOBAaHWI YTOUHWIIM U BBISIBUJIN, UTO TOOaBICHUE
yriepoaHbix HaHOTPYOOK TUBALL B ieMeHTHYI0 KOM-
IMO3UIINIO CITOCOOCTBOBAIO 00Pa30BaHUIO CETIATON
CTPYKTYpPBL. DTa CTPYKTYpa B CBOIO OUEPEIh OKA3BIBACT
COMPOTUBJICHIE 00pa30BaHNIO0 HAHOPAa3MEPHBIX yca-
JIOYHBIX TPEIIMH B IIEMEHTHOM PacTBOPE, CIIOCOOCTBYET
TIOSIBJICHUIO HOBOOOPA30BaHUI B BUIIE TUAPOCUINKATOB
KaJIbIIMs, TIOBBIIIACT HA CTapTe IMepruona TUapaTalun
KOHIICHTPAIINIO MOHOB KaJIbIINSI.

PaccMmoTpeHo BIMSHIE UCCICTYSMBIX MOTU(MUIINA-
pPOBaHHBIX HAHOZ00aBOK B COCTaBE KOMIUIEKCHO [10-
0aBKM Ha MEXaHUYECKHE CBOMCTBA IIEMEHTHOI KOM-
mo3uunu. Takke M3y4eH KOMIUIEKC MEXaHMICCKUX
CBOWCTB IIEMEHTHOTO HAHOAPMUPOBAHHOTO KaMHSI
B TIpoliecce IEMEHTUPOBAHUS 3aTPYOHOTO IIPOCTpaH-
CTBa TOOBIBAIOIINX CKBAXXIH PEHTITCHOBCKUM U TEPMU-
YeCKMM METOIAMU aHalln3a, 4TO SIBUJIOCH ITOATBEPK-
IeHUEeM SKCIICPUMEHTOB 3JICKTPOHHOM 1 OIITHICCKOM
MUKpockonum [28—30].

B cootBercTBUmM ¢ TOCT 310.4-81 «IlemeHTHI. Me-
TOIBI OTIpeACICHUS TIpeaesia IIPOYHOCTU TIPU U3TH0e
1 CXXATHH» BBITIOJTHSUINCH 9KCTICPUMEHTAIbHBIC paOOTHI
C UCIIOJIb30BaHMEM IIEMEHTAa Ha OCHOBE MOPTJIAHIIIC-
MeHTHOrO KirHKepa LIEM III/A 32.5H mpousBoncTBa
«YIIBSTHOBCKMI IEeMEHTHBIN 3aBOI». B KauecTBe 3amoi-
HUTEJIST MEJIKOI Cpebl IIPUMEHSIICS TIECOK M3 MECTO-
poxnennst Kamckoe YcThe, MMEIOMINIT MOIYIb KPYII-
HocTHu 2,7. JJ0o3MpoBKa HAaHOA00aBOK MPUHUMAIACh
B TIPOIICHTHBIX COOTHOIICHUSIX OT MAacCHI IIEMEHTHOTO
pactBopa (Tadm. 1).

HccaenoBanym MUKPOCTPYKTYPHI LieMeHTa. 715 3T0-
IO TIPUMEHSUTN BRICOKOPa3PEeIIaioIiii aBTOIMUCCHUOH-
HBIM CKAHUPYIOLINI 3JIEKTPOHHBIN MUKpocKomn Merlin
kommanum CARL ZEISS, koTopbiit NCTTONB3yeTCs IS
BBITIOJTHCHUST U3MEPEHUN JIMHESWHBIX MUKPOpeETbed-
HBIX Pa3MEpPOB TBEPAOTEIbHBIX CTPYKTYp. IIpoOHBIE
CKOJIBI IIEMEHTHOTO KOMIIO3MTa HAIIBIISUIM B COOTHO-
meHnu 80/20 crmaBoM Au/Pd Ha BaKyyMHO# ycTaHOBKE

Tabauya 1
lo3npoBKa HAHOTO0ABOK
Jlo3upoBKa 100aBOK, %
Homep (011 (0T (13711803 MHorocnoiinbie
€oCTaBa | Tynepmuacruukarop | Tuapodoodusarop yIJIepOaHbIE yIJIepOaHbIE
HAHOTPYOKH HAHOTPYOKH
1 0 0 0 0
2 1 0,1 0 0
3 1 0 0 0
4 1 0,1 0,005 0
5 1 0,1 0 0,0005
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a)

B)

Quorum 150 T ES. [y mpoBeneHust hyHIaMeHTaTbHBIX
WCCTIeIOBAaHNI CBOMICTB HAHOMATEPUAJIOB IPUMEHSUIOCH
aHaymTIIecKoe obopymoaaue OO0 «LleATp HaHOTEX-
Hostoruit Pecrydnuku TatapcTtaH» — aBTOMaTAUYECKUAN
peHTreHoBCcKMil nudpakromerp Smartlab (RIGAKU)
U CUHXpOHHBII Tepmoananusatop STA 6000 (PERKIN
ELMER), KoTOpHIif 1acT BO3MOXKXHOCTh U3MEPSITh Tep-
MobU3NIECcKNe XapaKTepUCTUKU (TeMIlepaTypy W Te-
TUIOTY (PUBUKO-XUMUYECKUX peakiuii U (pa3oBbIX Tie-
pexonoB). C TTOMOIIIBIO 3TOTO 000PYIOBAHUS U3YIWIIN
COCTaBbI MPOIYKTOB TUAPATALINY MOTU(DUITUPOBAHHOTO
HaHoTpyokamu Tuball 1 MCXOTHOTO IIEMEHTHBIX KAMHET.
DJIeKTPOHHBIE CHUMKHU 00pPa3I0B IIEMEHTHBIX KaMHEH
TIPUBENIEHBI HA PUC.

AHanM3 puc. TOKa3bIBaeT, YTO J00ABIICHUE YTIIEPOJI-
HBIX OTHOCIIOMHBIX HAHOTPYOOK CITOCOOCTBYET 00pa3o-
BAHMIO IUIOTHOM MEJTKOKPUCTAIIINYECKON OIHOPOIHOM
CTPYKTYPBI TIO CPABHEHUIO C KOHTPOJIBHBIM COCTABOM
1eMeHTHOTO kamHs. [Ipu mobGaBieHUN yriaepoaHbIX
MHOTOCJIOWHBIX HAHOTPYOOK B IIEMEHTHBIN KOMITO3UT
MMKPOCTPYKTypa IIEMEHTHOTO 00pasiia OTim4aercst 00-
Jiee PbIXJION HEOTHOPOJHOM CTPYKTypoil. MexaHndeckue
cBOlCTBAa MOAUGMUIIMPOBAHHOTO IIEMEHTHOTO KaMHS
TPUBENIEHBI B TA0. 2.

Puc. DnekTponHbie CHUMKH 00pa3ioB
IeMEHTHBIX KAMHEeI:

a) KOHTPOJIbHBIIA 00pa3en (yBemmuenue 10000);
0) oOpasel ¢ OMHOCJIOHHBIMI HAHOTPYOKAMH
(yBemaenne 10000);

B) 00pa3el ¢ MHOTOC/IOIHBIME HAHOTPYOKAMu
(yBenmmuenue 5000)

W3 ananm3sa 1abi. 2 cieayeT, 9To IIpH J00aBICHUHN
B LIEMEHTHBIN COCTaB TOOABKM C BHICOKMM paHHUM
Ha6opoM nipouHocTu Remicrete SP60 (coctas Ne 3)
MPOYHOCTHASI XapaKTEePUCTUKA TIPU M3TUOe 1IeMEHT-
HOTO pacTBopa yepe3 7 CyTOK HOpMaJTbHOTO TBEPIAEHUS
yBesmuuBaetcst Ha 35% , yepes 28 cytok — Ha 30%,
a MPY CKaTUU MTOBBIIIIEHUE TTPOYHOCTH COCTABIISIET CO-
OTBETCTBEHHO IO OTHOIIEHUIO K KOHTPOJIbHOMY CO-
ctaBy 42% n 22%.

MonuduirpoBaHHBIN IIEMEHTHBIN PacTBOp, B KO-
TOPOM OJHOCJIOWHBIC YIJIEPOAHbIC HAHOTPYOKU JHC-
MeprupoBaHbl B pacTBOpe TUIlepILiacTUdUKaTOpa
u ruapodobuzaropa (coctaB Ne 4), mokasan MakcH-
MaJIbHBIN TIPUPOCT TIpoyHOCTH. [IpouHOCTHAsST Xapak-
TEpUCTUKA TIPU U3rube Ha 7 U 28 CYyTKU TBEpACHUS
yBenmnunBaeTcs Ha 41% u 36%, COOTBETCTBEHHO, TIPU
CXKaTHU TTOBBIIEHUE TIPOYHOCTU COCTABIISIET COOT-
BETCTBEHHO 110 OTHOIICHUIO K KOHTPOJBLHOMY COCTaBY
Ha 55% 1 46%.

JloGaByieHHe yriepOIHBIX MHOTOCTIOMHBIX HAHOTPY-
OOK B LIEMEHTHBIE KAMHU IO CPABHEHUIO C OTHOCIIONHBI-
MU XapaKTepU3yeTcss MEHBIIMM BIIMSTHAEM Ha POYHOCTh
LIEMEHTHOTO KOMITO3UTa, KaK Mpu U3TuGe, Tak U Mpu
cxatuu (coctaB Ne 5).

http://nanobuild.ru

572

info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal 2019; 11 (5): V4
HaHoTexHonornn B cTponTenbCTBE: HayuHbI IHTepHeT-XKypHan 565-576 NanObL" J

STUDY OF PROPERTIES OF NANOMATERIALS - UCCJIEJOBAHUE CBONCTB HAHOMATEPUAJIOB

Tabauya 2
Mexanuyeckue cBOiCTBa MOIU(HIHPOBAHHOIO IIEMEHTHOTO KAMHS

BoxounementHoe IIpounocts, MIla
Howmep OTHOILIEHHE TIPU C3KATHH npu u3rude
coCTaBa KOHTPOJILHOIO
obpasia, % 7 cyToK 28 cyTok 7 cyToK 28 cyTok
| 42 39,96 39.96 4.19 4,96
100 100 100 100 100
) 32 44,90 44,90 5.04 5,76
76 122 122 130 126
3 32 50,35 50,35 5,67 6.44
76 129 129 135 130
4 32 51,95 51,95 591 6,74
76 146 146 141 136
5 32 47,95 47,95 4,94 5,90
76 119 119 118 119

Hpujweuanue. Han ‘{epTOﬁ — YUCJIOBBIC 3HAYCHMA, IO qepTOfI — OTHOCHUTEJIbHBIC 3HAYCHUS B % OT KOHTPOJIbHBIX.

3AKTIOYEHUE
CTaguu TBEPACHUA, YMECHBIICHNIO 3HAYCHMA YCAJOYHBIX
yCTaHOBJ’IeHO, 4TO 100aBIEHUE KOMITJIEKCHOM HAaHO- HaAHOTPCUINH, YTO B CBOIO OYEPEADb ITOJTOKHUTCIIBHO Xa-
MO,Z[I/ICbI/ILII/I]I)OBﬁHHOﬁ 00aBKU CHOCOﬁCTByeT YCKOPEHUIO PAKTECPUIYET KAUYECTBO KOHTAKTOB Ha rpaHUIIaxX HEMCHT-
Ha60pa IIPOYHOCTU LIEMEHTHOI'O KOMIIO3HTa Ha paHHeﬁ obcanHas KOJIOHHa, Imopoaa-ucMeEHT.
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