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OueHka nonnpyHKUNOHaIbHOro Mmoandukaropa
6etoHa NPM-HJIK B kayecTBe cypgakraHTa
npu gucneprayvnn yriiepogHbiX HAHOTPybOoK ™

Estimation of the multifunctional modifier
of PFM-NLK concrete as surfactantat carbon

nanotubes dispersion*

AHanu3 pe3yJibTaToOB UCCIEAOBAHUI 11O pa3pabOTKE BbI-
COKOITPOYHBIX BHICOKOKAYECTBEHHBIX OETOHOB HAa MECTHBIX
3aTTOJTHUTEJISIX JIJISI TPOU3BOJICTBA MOHOJIMTHOTO OETOHA MO-
Ka3zaJl HeOOXOOMMOCTh TTOMCKA HOBBIX JIOMOJTHUTEIBHBIX
TEXHOJIOTUYECKUX MprueMoB. [IpruMeHeHne U3BECTHBIX Me-
TONIOB, HAITPUMEP BHIOOP BUIA 3aTOJHUTENCH, ONTUMU3A-
LIMSI UX 3€PHOBOTO COCTaBa, MPUMEHEHME MyIII0JaHOBbIX
HamnoJIHUTeN el (1LIeouTa, MUKPOKPEMHE3eMa U IPYTUX aK-
TUBHBIX MUHEPAJbHBIX T00aBOK) WJIM MCIOJb30BaHUE (-
(beKTUBHBIX BOAOPEIYIIUPYIONINX T00aBOK — CYITEePILUIaCTH-
¢ukaTopa C-3 1 MoIMPYHKIMOHAJIBHOIO MomuduUKaTopa
6etona [TOM-HJIK mo3BossieT MoJayynuTh GETOHBI Kjiacca
10 TIPOYHOCTH Ha cxkaTtue B35—B45 [1].

OIHUM 13 HOBBIX TPUEMOB PETYIMPOBAHUS CBOMCTB Oe-
TOHHBIX CMeceil 1 OETOHOB SIBJISIETCS YIIPaBJICHUE CTPYKTY-
poOOpa3oBaHMEM LIEMEHTHOTO OETOHA Ha HAHOYpPOBHE. List
PETyIMPOBAHUS CBOMCTB IIEMEHTHOM MaTpUIIBI, KaK MOKa-
3bIBa€T aHAJIM3 MPUMEHEHUSI HAaHOTEXHOJIOTHil, Hanbosiee
MEePCIEeKTUBHBIM SIBJISIETCSl TTPUMEHEHUE MHOTOCIOMHBIX
YIJIEPOIHBIX HAHOTPYOOK.

AHanu3 crnenragbHON TUTEpaTyphl TaKXKe MoKas3ai, 4To
MHEHUE YYEHBIX O BJIUSHUU YIJEPOAHBIX HAHOTPYOOK Ha
TTOBBIIIICHUE LIEMEHTHOM MaTPUIILl M OETOHA TIOKa HEOIHO-
3HA4YHO [2—5]. ABTOpHI paboTHI [2] OTMEYarOT, YTO y lie-
MEHTHBIX KOMIIO3UTOB, MoauduiupoBaHHblx YHT, npou-
HOCTb BBIIIE, YEM Y KOHTPOJIbHBIX 00pa3uoB 6e3 YHT npu
OTpeeJIEeHHBIX YCIOBUSIX: TTOBBIIIEHNE MMPOYHOCTH HA0JI0-
JlaeTcsl TOJIbKO B paHHeM Bo3pacTe (1o 14 cyt) npu B/1L1=0,5
u B/11=0,4. B pa6ote [3] MpoYHOCTb MPU CKATUU MEITKO-
3epHHUCTOro 6eToHa, MoguduiuposaHHoro YHT, moBricu-
JIach IOYTHU B IBa pa3a B 28 CyT-BO3pacTe, a IPOYHOCTh Ha
u3ru6 — B 1,5 paza. [oBbilieHHEe TPOYHOCTU MOAUMPULIIPO-
BaHHoro YHT 1ieMeHTHOro KaMHsI B TpPEXCYTOYHOM BO3pac-
Te B 1,9 pasa, B 28 cyr-Bo3pacte — B 1,3 pa3a oTMeyaior aB-

The analysis of results of researches on working out of
high-strength high-quality concrete on local fillers for manu-
facturing of monolithic concrete has shown necessity of
searching new additional processing methods. Application of
known methods, for example, the choice of fillers types, opti-
mization of their grain structure, application of pozzolanic
fillers (zeolite, microsilica and other active mineral additives),
use of effective water reducing additives — super softener
S-3 and multifunctional modifier of PFM-NLK concrete al-
lows to receive class concrete on compression strength of
B35—B45 [1].

One of the new regulation techniques of concrete mixes
and concretes behaviors is management for structurization of
cement concrete on a nanolevel. The application of multi-
walled carbon nanotubes is most perspective for the regulation
of cement matrix properties as shows the analysis of nano-
technologies application.

Analysis of the published literature has also shown that
the opinion of the scientists on influence of carbon nanotubes
on increase of a cement matrix and concrete is still unam-
biguous [2—5]. Authors of this work [2] notice that the dura-
bility of the cement composites modified by UNT is higher,
than at control samples without UNT under certain condi-
tions: durability increase is observed only at early age (till
14 days) at W/C=0,5 and W/C=0,4. Compressive strength of
fine-grained concrete modified by UNT has raised almost
twice at 28 day-age, and bending strength — in 1,5 times [3].
Authors of work [4] mark about increase of durability a ce-
ment stone modified by UNT at three-day age in 1,9 times,
at 28 day-age — in 1,3 times. The carbon nanostructured
material Taunit in number of 0,0006% from weight of cement
is provided stable growthof concretes structural characteris-
tics more than on 30% [5]. Apparently, it is possible to ex-
plain discrepancy of results different researchers by various

* Pabora BbINOJHSETCS B paMKax MpoekTa «Pa3paboTka BbICOKONPOYHOro 6eToHa, MOAUGMULIMPOBAHHOIO YIJIEPOIHBIMU HAHOTPYOKAMU, MPU
MIPOM3BOICTBE XeJIe300e TOHHBIX KOHCTpYKIMiA Ha CeBepe». Perucrparontbiii Homep: 7.4868.2011.

* Work is carried out within the framework of the project «Working out of high-strength concrete modified carbon nanotubes, at manufacturing of
reinforced concrete constructions in the North. Registration number: 7.4868.2011.
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TOpHI paboThI [4]. Pe3ynbrarel B paboTe [S] cBUOETEILCTBY-
0T, YTO YIJIEPOAHBI HAHOCTPYKTYPHBIM MaTepuai
«Taynut» B konmdectBe 0,0006% oT Macchl LieMeHTa obec-
MEeYMBAET CTAOMJIBHBINA POCT MPOYHOCTHBIX XapaKTePUCTUK
6etoHa Goee yeM Ha 30%. HecooTBeTcTBUE Pe3yIbTaTOB Y
pa3HBIX MCCIeAoBaresieil, Mo-BUAMMOMY, MOXHO OOBsIC-
HUTh PA3IMYHON CTETEHBIO TUCTIEPTalluy YIJIePOAHBIX Ha-
HOTPYOOK B BOIHOM AMCIIEPCUOHHOM Ccpelie.

IIpu cuHTe3e yriaepoaHble HAHOTPYOKM OOBEAUHSIIOTCS
B KJIyOKW, pa3Mepbl KOTOPbIX B cpeaHeM mocturaior 400—
900 MKM, 00J1amast I[P 3TOM BBICOKOM ITOBEPXHOCTHOM 3HEP-
rueii. B HacTostIee BpeMst TIOJTy9eHbI YIJIepOIHbIe HAHOCHUCTe-
MBI ¢ 3(OEKTUBHBIM TUAMETPOM 110 168,3 HM, C HAUMEHBIIUM
3HaYeHreM quameTpa 73,3 HM [6], Tpy 3TOM U AUCTIEPTaLlii
MHOTOCJIOMHBIX YIJIEPOIHBIX HAHOTPYOOK MPUMEHSUIUCH B Ka-
yectBe cypdakraHTa GraphistrengthTM ¢paHIty3cKoli KOpIio-
pauyu Arkema cynepruiatugukarop C-3. Ilocie BBIIepXKHN
cycnieH3un B TedyeHre 30 AHEH B pe3ysbraTte Koaryasiiuuu 3d-
(EeKTUBHEBI TuaMeTp HaHocrcTeM cocTaBmw 403,7 HM, B TO XKe
BpeMsI B CyCIIeH3UM HaOJIIOMAIOTCS OTIEIbHbIE HAHOTPYOKHU,
PaBHOMEPHO pacIipelie/IeHHbIE B 00beMe CyphaKTaHTa.

MOXHO MpeanoNOXUTh, I TOr0 4TOObI U3MEHUTH
CTPYKTYpY LIEMEHTHOM MaTPHIILI ¥ COOTBETCTBEHHO €€ CBOi-
CTBa, TMaMETp HAaHOTPYOOK JOJIKHA OBITH OJIM3KUM K TOJI-
muHe ciaoeB C—S—H. M3BecTHO, 4TO TOJMIIMHA TIACTHHOK
TMIPOCUIIMKATOB COCTABJISIET OKOJIO 3 HM, a pa3Mephl Ipo-
JIYKTOB TUApaTallMy LIeMEHTa Ipu TeMrneparype meHee 100°C
koneobmoTcs B npeaenax 5—20 um. [loaydyeHue yiabrpanu-
cniepcHbix yactull YHT B aucriepcun 1 yMeHbIIIEHUE WX KO-
aryJIsIlAY 1 SIBJISIETCS. OCHOBHOM TPYIHOCTBIO B TIOJYYEHUU
KauyeCTBEHHOM CYCTIEH3UM YTIEPOIHBIX HAHOCTPYKTYD.

B cBsI3u ¢ 3TMM Ha HaYaJIbHOM 3Tarle ObLIM BBHIMOJIHEHbI
TTOMCKOBBIE IKCIIEPUMEHTATbHBIE UCCIIENOBAHUS TI0 TIOTyYe-
HUIO TUCTIEPCUM MHOTOCJIOMHBIX YIJIEPOIHBIX TPYOOK (Iayee
MYHT) ¢ ucnonb3oBaHUEM B KauecTBe cypdakTaHTa IoJIv-
yaKIIMOHATBHBIN MOTMUKaTop 6eToHa [TOM-HIIK, KoTo-
phIii HanboJIee MMPOKO MPUMEHSIETCS B JAKyTUM IS TTOTyde-
HUSI OETOHOB ITOBBIIIEHHOM MPOYHOCTH X MOPO30CTOMKOCTH.

XapakTepucTUKA MHOTOCJIOMHBIX YIJIEPOIHBIX HAHO-
TPYOOK, UCTIOJIb30BAHHBIX B 9KCIIEPUMEHTE, TaHbI B Ta0I. 1.

HccnenoBanue Ha crereHb aucreprauyu MYHT Ha
IepBOHAYAJILHOM 3Tare MPOBOAWIOCH C TTOMOIIBIO BU3Yalb-
HOTO aHaJIM3a CyCIIEH3WU Ha TIPeIMETHOM CTeKJIe Ha HaJlv-
Yyre BUAMMBIX BKJIIOUEHUI YTJIepOIHOTO MaTepHaa ¢ ToMO-
IIBI0 ONTUYECKOTr0 MUKpockomna. MaeanbHasi cycrieH3ust ¢
YIJIEPOAHBIMU HAHOTPYOKaMU JOJKHA UMETh OJHOPOMHbII
yepHbIii LIBeT, O6e3 mpumMeceii. [locie nmepBoro aramna Bu3y-
aJIbHOTO MCCJIeIOBaHUSI CTETIEHb AUCTIEPTalliy YTIJIEPOIHOTO
HaHOMaTepuaja B BOAHOM AMCIICPCUOHHOM cpejie OlleHBa-
JIach TyTeM HEIMOCPEACTBEHHOTO MPUMEHEHUS CYyCIIeH3UN B
KayecTBe J0OABKHU B MJIOTHBIE LIEMEHTHbIE OETOHBI.

J17151 U3rOTOBJEHUSI KOHTPOJIbHBIX 00pa31I0B OeTOHA pa3-
MepoM 10x10x10 cM ObLIM MCIIOIB30BaHBI CIEAYIOIINE Ma-
tepuanbl: opmiananement LHEM II/A-II1 32,5 H 3aBona
«HeBpsIHCKMI LIEMEHTHUK»; IPUPOAHBINA necok ¢ M,=2,1
(nmoctaBuk «ITopt Capanyi»); medeHb IpaHUTHBIM CMECh
paxkuuu ot 5 1o 20 MM, Mapka 1o npobumoctu 1200 (mo-
craBIIMK «KaukaHap»).

PesynbraThl 3KCIIEpUMEHTA IO OLIEHKE TOJU(PYHKIIMO-
HajmbHOTO Momudukaropa 6etona [TOM-HJIIK B kauecTBe
cypdakTaHTa TIpY JUCTIEPTalli MHOTOCJIOMHBIX YIJIepOI-
HBIX HAHOTPYOOK IpecTaBiIeHbl B Ta0. 2. O0pa3iibl TBEpP-
eJd B KaMepe HOPMaJIbHO-BJIQXXHOCTHOTO XpaHEHMUS
(t=2142°C; W, =98%).

JlanHbIe TabJI. 2 CBUIETEIBLCTBYIOT, UTO BBEAEHHE B Oe-
TOHHYIO CMeCh MMOJIU(PYHKIIMOHATLHOTO MOaudUKaTopa
IM®OM-HJIK npu omuHakoBol ymoboykiagsiBaeMocTu I13
TO3BOJISIET CHU3UTBH BOIOMOTPEeOHOCTh Ha 29,4% 110 cpaBHE-
HMIO C STAJIOHHBIM COCTaBOM (0e3 100aBKM) UM COOTBET-
crBeHHO cHuxkaeT B/LI ot 0,39 no 0,3. 3a cuet 3TOro npou-
HOCTh OeToHa B Bo3pacte 28 cyT moBbilIacTcss Ha 21%.

(Y PONIEIIBHBIE

Ta6nuua 1
Table 1
NapameTos: Graphistrength | Masterbatch CW2-45
Pamerp C-100 (MWCNTS)
CpepnHuii gmaMeTp, HM 10-15 10-15
Average diameter, nm
OnvHa, pum _ ~
Length, ym 0,1-10 0,1-2
06wwit 06vem npumeceit, % Io 10
(nocne o4ncTkn) (80 3) _
Total admixture volume,% Till 10
(after cleaning) (till 3)
HacbinHas nnoTHOCTD, Kr/M3 .
Apparent density, kg/m? 120-150 800

degree dispersion of carbon nanotubes in the water dispersive
environment.

In the process of synthesis carbon nanotubes unite in the
balls the average size of which reaches 400—900 um, possessing
thus high superficial energy. Now carbon nanosystems with ef-
fective diameter to 168,3 nm with the least value of diameter of
73,3 nm are received [6], thus in surfactant quality at dispersion
of multiwalled carbon nanotubes GraphistrengthTM of French
Corporation «Arkema» superplasticizer S-3 were applied. After
endurance of suspension within 30 days as a result of coagula-
tion effective diameter of nanosystems has made 403,7 nm, at
the same time separate nanotubes in regular intervals distrib-
uted in surfactant volume are observedin suspension.

One may expect that a cement matrix structure and its
property can be changed, if nanotubes diameter should be
close to a thickness of C—S—H layers. It is known that the
thickness of plates of hydrosilicates makes about 3 nm, and
the sizes of hydration products of cement at temperature less
100°C fluctuates in limits of 5—20 nm. Reception of UNT
ultradisperse particles in dispersion and reduction of their
coagulation is the basic difficulty in reception of qualitative
suspension of carbon nanostructures.

In this connection at the initial stage of researches search
experimental studies on dispersion reception of multiwalled
carbon tubes (further MCNT) with use in surfactant quality
the multifunctional modifier PFM-NLK of concrete which is
most widely applied in Yakutia for concretereception of raised
durability and frost resistance have been executed.

The characteristics of multiwalled carbon nanotubes, used
in experiment, are given in table 1.

Research of the degree dispersion of MCNT at an initial
stage was made by means of visual analysis of suspension with
subject glass on presence of visible inclusions of a carbon ma-
terial by means of an optical microscope. Ideal suspension
with carbon nanotubes should have homogeneous black col-
or, without impurity. After the first stage of visual research,
dispersion degree of carbon nanomaterial in the water disper-
sive environment was estimated by direct application of sus-
pension as an additive in dense cement concrete.

Following materials have been used for control samples
manufacturing of concrete with the size of 10x10x10 sm:
portland cement CEMII/A-III 32,5 N «Neviansky
Tsementnik» plant; natural sand with M;=2,1 (the supplier
«Port Sarapul»); a mixture of granite chip of fraction from 5 to
20 mm, crushing mark «1200» (the supplier «Kachkanar»).

Results of experiment according to the multifunctional
modifier of PFM-NLK concrete as surfactant quality at mul-
tiwalled carbon nanotubes dispersion are presented in table 2.
Samples hardened in the concrete moist room storage
(t=21£2°C, W,,;=98%).

As table 2 shows, inclusion into concrete mixture of mul-
tifunctional modifier PFM-NLK in comparison with the
standard (structure without additive) at identical workability
of P3 allows to lower the water requirement on 29,4% in com-
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Ta6nuua 2
Table 2
M 6 . MpouHoCTh 6eTOHa, Ryg,
Homep cepum | 1aPk@ nfTOF;H@%V_' CMECH [ MoTHoCTS GeTora, | MMa / % oT npouHoCTH aTanoka
Bup coctasa XapaktepucTuka coctasa o6pasuos ymaﬂbTBﬂ'aeMOCTM Kr/mS Concrete density, Ryg,
Mix type Mix characteristic Sample series Concrete mix Concrete density, MPa /% of standard density
3
number workability mark kg/m cepum cpenHas
series mean
dranoH L, (C) = 570 kr/m°; 1 N3 (P3) 2586 34,7 30,6/100
Standard B/LI (W/C) = 0,39 3 M3 (P3) %65 ,
KOHTpONbHbIN L(C) =570 KF/MS;
Contro B/ (W/C) =0,39; 2 M3 (P3) 2640 285 28,5/93
0,006% MWCNTs
Kowtponsnii | & (C) =570 kr/w; 1 M3 (P3) 2576 36,6
Control B/LL(W/C)=0.3 36,9/121
0,7% NOM-HNK 2 M3 (P3) 2582 37,2
L (C) = 570 kr/m?; 1 M3 (P3) 2528 44,8
Wccnenyemein | B/, (W/C)=0,3 5 3 (P3 2568 379
Research 0,006% MWCNTSs + 0,7% MdM-HJK (P3) , 39,6/129
(PFM-NLK) 3 N3 (P3) 36,1
KOHTpOnbHBI LL(C) = 570 kr/w’;
Control B/LL (W/C)=0,3 3 N3 (P3) 40 40/131
0,006% MWCNTSs +0,7% C-3

IMpounHocTs GeToHa ¢ godaskoit 0,006% MWCNTs + 0,7%
IMOM-HJIK Bbille MpoYHOCTH OeToHA 06e3 moOaBOK Ha
29%, a ¢ mobaBkoit 0,006% MWCNTs + 0,7% C-3 — Ha
31%. B 1emoM MOJy4YeHHBIE PE3YIbTAThl COIMOCTABUMBI
C TaHHBIMU APYTUX MCCIIEI0BaTENCH.

JononuutenbHoe BBeneHue cycneHsuu MYHT B Ge-
TOHHYIO CMECh C IIacTUdUIMpyIolIeit no6aBKoi (Moaudu-
kaTop 6etona [TOM-HJIK wiu cyneprutactugukartop C-3)
Ha ynoOOyKJIaJbIBaeMOCTh OETOHHOW CMECH HE OKa3bIBaeT
BJIUSTHUS, TIPY 3TOM IIPUPOCT IMPOYHOCTH OETOHA B IIPOEKT-
HOM Bo3pacTe cocrapiser 8—10%.

IMonoxuTenbHbIe pe3yabTaThl O BO3MOXHOCTH MpUMe-
HeHust Mogudukaropa [IOM-HIJIK B kauecTBe cypdakTaH-
ta nipu aucriepraiiun MWCNTSs nmoareepXnawTcst pe3yiib-
TaTaMU U3YYeHUST MUKPOCTPYKTYPHI LIEMEHTHOM MaTpPUIIBI
0OeToHA C TIOMOIIBIO PACTPOBBIX JIEKTPOHHBIX MUKPOCKO-
noB FEI Quanta 200, XL 30 ESEM-FEG ¢upmsr PHILIPS
u JSMJC 25S dupmbl «JEOL».

CTpyKTypupOBaHUe 1IEMEHTHOM MaTpUlIbl TTOCJie BBe/Ie-
HUS IUCTIEPCUU YTIJIEPOIHBIX HAHOTPYOOK B COYETAHUU C TT0-
JUGYHKIMOHATBHBIM MoaudukaTopom [TOM-HKIT mpu-
BOAUT K (DOPMUPOBAHUIO BBICOKOIJIOTHBIX OOpa3oBaHMt
TOJIIUHOK OT 1 10 5 MKM (pUCYHOK, a@). IIpu 3TOM MUKpO-
CTPYKTypa B MPOMEXYTKaX MeXIy TUIOTHBIMU arperatamu
HOBOOOpPa30BaHUI XapakTepHa (OpMUPOBaHUEM KpUCTaJI-
JIOTHAPATOB TOBBIIIEHHOW TJIOTHOCTU (PUCYHOK, 6), UTO
TIPUBOJNT K YBEJIMICHUIO IMJIOTHOCTH BCEU CTPYKTYPBI MOITH-
¢uIMpoBaHHOTO IIeMeHTHOro OetoHa mucrepcueir YHT ¢
MoaUPYHKLMOHAILHBIM Monudrkaropom [TOM-HKII.

IIpoBeneHHbBI PEHTTEHOBCKMIA MUKPOAHAIU3 JIEMEHT-
HOTO COCTaBa CTPYKTYPUPOBAHHOIO CJIOSI LIEMEHTHON Ma-
TPUIIBI Ha TTOBEPXHOCTU TBEPAOii (ha3bl MOKa3aJl USMEHEHUE
COOTHOIIEHUSI MEXIY COJAepXXaHWEeM aTOMOB KPEMHUS M
KaJbLMs 10 TOJIIMHE ciost [3].

ITo Mepe oTnaneHus OT rPAaHUYHOTO CJIOST HapacTaeT UH-
TEHCUBHOCTh MTUKOB, COOTBETCTBYIOIIMX aTOMaM KPEMHMUSI.
Ha rpanutie Mexxmy TBepaoit a3oit 1 LIeMEHTHOI MaTpulieit
OTMEYEHO CYIIECTBEHHOE MOBBIIIIEHUE UHTEHCUBHOCTH TTH-
KOB, COOTBETCTBYIOIIMX aTOMaM KaJIbIMsl, YTO TTO3BOJISIET
TOBOPUTHh O TOBBIIIEHUN OCHOBHOCTH TUAPOCUIUKATOB
Kanbius. CrnenoBaTesIbHO, MOXKHO TOBOPUTDH 00 MU3MEHEHU U
He TOJIbKO MOP(OJIOTUM TUAPOCUIMKATOB KalbIIUs, HO U O
HaJIMYMU Ha rpaHuLax MexXda3HOro Cjiosl THAPOCUIMKATOB
pa3HOil OCHOBHOCTH.

HAYMHO-MeXHU4eCKUil U npou3800CEeHHbLIL HCYPHAN Q POVIIED]

parison with reference structure (without additive) or accord-
ingly reduces introduction W/C from 0,39 to 0,3. By means of
it the durability of concrete in 28 days-age raises on 21%.
Durability of concrete with additive of 0,006% MWCNTSs +
0,7% PFM-NLK is higher than durability of concrete without
additives on 29 %, and with additive of 0,006 % MWCNTs +
0,7% S-3 — on 31%. As a whole the received results are com-
parable to the data of other researchers.

Additional inclusion of suspension MWCNT into con-
crete mixture with plasticizing additive (PFM-NLK concrete
modifier or supersoftener S-3) on concrete mixture workabil-
ity doesn’t influence, thus the gain of durability of concrete at
design age makes 8—10%.

Positive results about possibility of PFM-NLK modifier ap-
plication as surfactant at MWCNTs dispersion prove by results of
microstructure studying of cement matrix of concrete by means
of raster electronic microscopes FEI Quanta 200, XL 30 ESEM-
FEG of PHILIPS firm and JSM JC 25S of JEOL» firm.

The structurization of a cement matrix after inclusion of
carbon nanotubes dispersion in combination with multifunc-
tional modifier PFM-NKL leads to forming of high density
formations with thickness from 1 to 5 um (fig. 1, @). Thus the
microstructure in intervals between dense units of new growths
is characteristic formation of crystalline hydrates of raised
density (fig. 1, b) that leads to increase in density of all struc-
ture of modified cement concrete dispersion UNT with mul-
tifunctional modifier PFM-NLK.

Carried out X-ray microanalysis of element structure of
cement matrix structured layer on a surface of firm phase has
shown change between the maintenance of atoms of silicon
and calcium on a layer thickness [3].

The intensity of the peaks corresponding to atoms of sili-
con increases in process of distance from a boundary layer.
There is an essential increase of intensity of the peaks corre-
sponding to atoms of calcium on the border between firm
phase and cement matrix, that allows to speak about increase
of basicity of hydrosilicates of calcium is noticed. Thus, it is
possible to speak about change not only morphology of hydro-
silicates of calcium, but also about presence on borders of an
interphase layer of hydrosilicates of different basicity.

Thus, on the basis of carried out experimental researches
basic possibility of application of multifunctional modifieris
established as surfactantat multiwalled carbon nanotubes dis-
persion of Masterbatch CW2-45 series, produced by French
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Taxum o6pa3om, Ha OCHO-
BaHUU TPOBEICHHBIX IKCIE-
PUMEHTAJIbHBIX UCCIea0Ba-
HUIl yCTaHOBJIEHA MPUHIIM-
nuajabHasi  BO3MOXHOCTb
TIPUMEHEHUS TTOTU(PYHKIINO-
HaJbHOro Moau¢uKaTopa B
KayecTBe cypdakraHTa Opu
JNUCIiepraliid  MHOTOCJION- [*
HBIX YIJIEPOOHBIX HAHOTPY- |
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Microstructure of cement matrix modified by dispersion of carbon nanotubes in combination with
multifunctional modifier PFM-NLK: a — structured fragments of cement matrix, b — interphase fillings of

0OK B CYCIIEH3MSX C ILIeJIbI0 cement matrix by finely dispersed calcium hydrosilicates

MOJIy4eHUs] MaKCHMaJbHOIO

3(deKkra Mo MOBHIIEHUIO MPOYHOCTH W PETYIMPOBAHUS
TEMIIOB TBEPICHUSI OETOHOB B HayaJIbHBIE CPOKM M MCXOMIS
M3 3TOrO ONTUMHU3UPOBATH TEXHOJOTMUYECKUE PEXUMBI TO-
JIy4EeHHMsI CYCIICH3MM U IapaMeTphbl KOHTPOJISI KayecTBa Cy-
CIIEH3UH.
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Ku, cypghakmanm, oucnepcusi, mexHoao2us, bemoH, yemeHm-
Has mampuya, MUKpocmpyKmypa.
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firm «Arkema». For production of high-quality suspension it
is necessary to optimize the effective average size of multi-
walled carbon nanotubes diameters in suspensions for the
purpose of production of the maximum effect on increase of
durability and regulation of concrete hardening rates in initial
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