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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.
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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.
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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.

HAayuHO-MeXHU4ecKuil U NPOU3800CMBEeHHbILL HCYPHAN
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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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® MWHMCTEPCTBO CTPOUTENBCTBA, apXUTEKTYpPbI 1 XKKX
A Pecny6nuku TatapctaH
LleHTparnbHbIi Hay4YHO-UCCNenoBaTeNbCKUn U NPOEKTHBLIN MHCTUTYT
XUIbIX U 06LecTBeHHbIX 3gaHuin (LLHWN3IM xunuwa)
X UA U W

a O6beanHeHHas pegakums HayYHO-TEXHUYECKUX XYPHaoB
«KUNNLLHOE CTPOUTENLCTBO» U «CTpOoMTenbHbIe MaTepuansbi»®

V MexayHapoaHaa Hay4YHO-NpakTnuyeckasa KoHdepeHLNa
«Pa3BuTue KpynHonaHenbHOro gomoctpoeHus B Poccum»

InterConPan—2015

International Conference of Large-panel Construction
30 uioHsa - 3 rona 2015 r. KasaHb

TemaTuka koHpepeHUNN:
w — Cocmosinue 6a3vt KpynHonaneabHozo domocmpoerus ¢ PD

: — Modepnuuszauus npeonpusmuii KITJ[

— Ob6opydosanue u mexnoaozuu
"--':-“ 1 "]

— Coepemennbte 6emonst, 000a8KU U NUSMEHMbL

IIpo6aemvt menaosaaxcnocmuoli 0opadbomru uzdeauti u KOHCMpPYKUuil
— ApxumexmypHo-niaHuposo*HbLe peuleHus

i — Kauecmeo u 3nepzo3ghghexmuenocme noanocooprvix 30anuii

— Pacuem u koncmpyupoeanue y3.106 COOPHbIX I1eMEHIN0E
— Hoevte pewenus chacados

— Ilpumenenue apxumexmypnozo 6emona

— Ilpooaemot apmuposanus 2KbK u KITJ[

— Onvim cmpoumeabcmea KPYynHONAHEAbHO20 HCUADS

MporpamMmma KoHthepeHUuun BKIOYaeT:
MneHapHoe 3acepnaHue

Cekuuum:

«ADPXUTEKTYpa 1 OCOBEHHOCTU MPOEKTHbLIX PELUEHN
KpyriHonaHesibHbIX 34aHU»

«mnbkas TexHonornsa npegnpuatmi JCK v KIM4»

Kpyrneii cton «[Jesenonepsi o npob6riemax
KpyrnHornaHesibHoro JOMOCTPOEHMSI»

MoceweHue

KazaHckunin CK

JXunon Komnnekc «Ceetnasa JonuHa»

OO0 «[Aomkop NHaycTpus»

M 06bEKTbI cTpouTenbCcTBa B . HabepexHble YenHbl (3 nons)
Ansa rocten KazaHu:

30 noHA — aKkcKypcus B KazaHckun Kpemnb

1 MIoNs — 3KCKypcus Ha ocTpoB-rpag CBUSIXKCK

CnoHcopbl KoOHMepeHunm:

T Asc) ©%

% L A AK BAPC AEBEJIONIMEHT KA3AHCKUIN ACK

[MapTHepbl KOHGepeHUUn:

‘I-I) ALLBAU cu _ / sommer

NMATPUOT software

VHXWHUPUHT

K npoBefieHnto KOHepeHLMM FOTOBATCS TeMaTUYECKIe HOMEpPa XKyPHaNoB «KUIMLLHOE CTPOUTENLCTBO>» Ne5-2015 . U «CTpouTENbHbIe MaTepMaan»® No5-2015 .,
B KOTOPbIX OYAYT 0Ny6iIMKOBaHbI OCHOBHbIE MNIEHAPHbIE W CEKLMOHHbIE AOKNaAbl. MpeacTaBneHne LOKNaaos B Buae ctateit go 15.04.2015 r.

OpraHM3auuoHHbIA KOMMTET!
TenecpoH/hakc: +7 (499) 976-20-36, 976-22-08
E-mail: kpd-conf@mail.ru; mail@rifsm.ru  www.rifsm.ru

Appec pna koppecnoHgeHuun: 127434, Mockea, imutpoBcKoe L., A. 9, cTp. 3
peaakuusa XxypHana «XunuwHoe CTpouTesbCTBO»



[ e
. IiI!":CEFGmIC
&Jeirelplleisir - QFPDH I :.“:;.-rl_y-; Flelbiy L L Arenic e

AlEEVIATID]

F
HH}'HHG-TGIHH‘-IBGNHFI HMypHan M
FEHERPENEHE M ENEE O

nce

CTeHOBLIB
27-28 MA4HA 2015 ON MAY 27-28, 2015
KA3AHb, KAZAN,
PECNYBJNIUKA TATAPCTAH, REPUBLIC OF TATARSTAN,

POCCUA

RUSSIA
K «<KASAHCKA{l PUBBEPA»

HOTEL «KAZANSKAYA RIVYERA»

THE SCIENTIFICALLY-PRACTICAL CONFERENCE
«DEVELOPMENT OF THE CERAMIC INDUSTRY OF RLUISSIA:

INEIRVAALYV

27.05.2015
MocelleHne HOBOro coBpemeHHoro npepgnpusatus — 000 «MamagbILLCKUA KUPNUYHbIA 3aBOA»
VISIT TO THE NEW MODERN ENTERPRISE — MAMADYSHSKY BRICK-PLANT

28.05.2015

NneHapHoe 3acepaHue / Plenary session
[ana-y>vuH ¢ Bpy4eHneM npodeccuoHanbHbIX Harpap B pectopaHe «lMaHopama»
CERAMIC AWARDS DINNER AT RESTAURANT «PANORAMA»

PykoBogutenb npoekrta — fOmawiesa EneHa VisaHoBHa
MeHepnXxep npoekTta — JleckoBa EneHa JlbBoBHa

Poccua, 127434, MockBa, [IMUTPOBCKOE LLIOCCEe, A. 9, cTp. 3
Ten./cpakc: +7 (499) 976-22-08, 976-20-36, m06. +7 (910) 437-03-98

www.rifsm.ru mail@rifsm.ru www.keramtex.ru



‘ HUndopmauns

Peknama

Ten/cakc B YensabuHcke:
(351) 790-16-13, 790-16-85, 796-64-14
B Mockse: (495) 964-95-63, 220-38-58
e-mail: stroypribor@chel.surnet.ru
www. stroypribor.ru

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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