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MoancpnunpoBsaHHoe BsXXyujee
C UCINOJZIb30BaHNEM HaHOKPUCTaJIJIN4€eCKUxX
KOMIMOHEHTOB AJ151 14€UCTbIX KOMIO3UTOB

Nanocrystalline components based
modified binder for cellular composites

B cBs3u ¢ Bo3pacTaonyMy TpeOOBaHUSIMU K TEILIO3a-
IIUTE OTPAXIAIOIINX KOHCTPYKIIM, MOBBILIEHUIO KOM-
(opTHOCTU 31aHUI W PE3KUM YAOPOKAHUEM DHEPro- W
TEIUIOHOCUTEJICH aKTyabHbIM SIBJISIETCSI CO3IaHUE BHICOKO-
9 GEKTUBHBIX TETUIOM3O0JISIIIMOHHBIX MaTepruagoB HOBOTO
TTOKOJICHUSI.

AHaJu3 paHee MPOBEASHHBIX UCCIIEIOBAHUI U TEOPETH -
YECKUX JaHHBIX [ 1 —6] MO3BOJIMII ONpEeNeTUTh 1Ba OCHOBHBIX
MyTH YIIPOYHEHUS MaTepUAJIOB C COXPAHEHUEM TeTIOM30-
JISLIMOHHON CIMOCOOHOCTU W TUJIOTHOCTM Marepuania: rnep-
BBIIl — 3TO YIIPOUHEHME KapKaca, COCTOSIILEr0 U3 BSKYIIe-
r0, ¥ BTOPOI — yJIy4IlIeH!E TIOPOBOM CTPYKTYPHI.

VYrpouHeHue KapkKaca sS4erucToro 6eToHa BO3MOXHO 3a
CcYeT MPUMEHEHUS Pa3IUYHBIX MOAMMDUUIMPYIOIIUX 100a-
BOK, B TOM UMcJie HAaHOpa3MepHbIX. B mocienHee Bpems mu-
POKOE pacrpocTpaHEeHKUE MOJYyYHIO UCTIOJb30BAHUE HAHO-
pa3MepHbIX 100aBOK /ISl yIIPaBIeHUS CTPYKTYpooOpa3oBa-
HUEM CTPOUTEIBHBIX KOMIO3UTOB. MIX MOXHO MCIOJIB30-
BaTh HE TOJIbKO KakK IIEHTPbl KPUCTAIIM3AIMU, HO M KakK
00BEKTHI, U3MEHSIONIME HaMpaBjieHWe U Peryaupylolime
CKOPOCTb (PU3UKO-XMMUYECKUX MPOLECCOB B TBEPACIOLINX
Marepuainax. PsmoM HaydHbIX Ko [7—13] o6ocHOBaH TOT
(akt, yTO MpPOrpaMMUPyEMOE HCIOJIb30BaHUE HAHOPA3-
MEPHBIX 1 HAHOKPUCTAITMIECKUX T0OABOK B KOMITO3HUT MO-
XeT 00ecIeuYnTh MaKCUMAaIbHYIO0 3(P(PEeKTUBHOCTL IIPOU3-
BOJICTBAa MaTepualla ¢ TMOBBIIIEHHBIMU 3KCIUTyaTallMOHHbBI-
MM XapaKTePUCTUKAMM.

Panee Obl1 pa3paboTaH croco® mosydyeHus HAaHOKPU-
CTALTMYECKUX MTOPOLIKOB OKCUIOB U TUIPOKCUIOB aTIOMU-
HUS TTYTEM CKUTaHUSI aJTIOMUHUS B BOIHBIX CpelaxX ¢ OHO-
BpPEMEHHBIM IOJIyYeHueM Bomopona [14]. B mpouecce rua-
POTEPMAaTBLHOTO CUHTE3a POMCXOAUT MPEeBPAILIEHUE YACTHUIL
AJTIOMUHUST Pa3MEPOM JIO IECATU MUKPOH B HAHOKPUCTAJI-
JIMYECKUE OKCUJIbI U TUAPOKCHUIbI. CrOCOO MO3BOJISIET Me-
HSITb (DOPMY U CTPYKTYPY YACTHII 1 TTOJTy4aTh MaTepra Bbi-
COKOI1 uncTOTh 10 99,99 Mac. % comep:kaHusi OCHOBHOTO
KoMmItoHeHTa. [1pu cxxuranum 1 Kr aJloOMUHKS B BOJIEe HapsI-
Iy C TeIUIOBOI 3HEPIrue BulaesieTcs 00JIbII0e KOJIUIECTBO
BBICOKOUMCTOIO BOAOpOJA U oOpa3zyeTcsl Oojiee 2 KT TBep-
JbIX TpoaykToB okucaeHus: — Al(OH);, AIOOH u Al,O4, —
0Cc000 YMCTHIX HAHOKPUCTANIMIECKUX OKCHUIOB U THIPO-
KCUIOB aJTIOMUHMS, 00JamalolnX Pa3BUTON TMMOBEPXHOCT-
HOI CTPYKTypoil (0eMUT U KOpyHn). JlaHHOe TeXHOTeHHOe
HAHOKPUCTAITNYECKOE U HAHOIVCIIEPCHOE ChIPhE SIBISIETCS
HEBOCTPEOOBAHHBIM TTPOMBIILIEHHOCTbIO CTPOUTEIbHBIX
MaTrepuaoB.

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

The creation of high-performance heat-insulating mate-
rials of new generation is an actual problem. It connects with
increasingly stringent requirements for heat protection of
building envelopes, enhance of building convenience and ap-
preciation of energy- and heat sources.

Earlier investigations and theoretical data [1—6] allow
determining two following basic mode of material saving its
heat-insulating capacity and density:

— strengthening of binder structure;

— enhancement of pore structure.

Strengthening of binder structure of cellular concrete is
possible by incorporation of different modified admixtures,
including nanosized ones. Recently the application of nano-
sized admixtures for directed control of structuring processes
in construction composites. These admixtures can be used as
crystallization centers as well as agents to correct direction
and rate of physical and chemical processes into hardening
materials. By some of research schools [7—13] was estab-
lished that directed application of nanosized and nanocrys-
talline admixtures content in composite can make the highest
production efficiency of high-performance materials.

Also the production process of nanocrystalline powder of
aluminum oxide and aluminum hydroxide was pre-devel-
oped [14]. The powder are obtained when aluminum burning
in water medium with subsequent hydrogen extraction.
When hydrothermal synthesis the transformation of alumi-
num particles with dimension of until 10 pm into nanocrys-
talline aluminum oxide and aluminum hydroxide particles is
accomplished. The procedure allow to change particle shape
and structure and to obtain high-purity materials up to
99,99 % wt. When burning of 1 kg of aluminum in water me-
dium the heat energy, a lot of high-purity hydrogen and more
then 2 kg of solid oxidation products ((Al(OH);, AIOOH u
Al,O3) — extra-pure nanocrystalline aluminum oxide and
aluminum hydroxide particles with developed surface struc-
ture: boehmit and corundum) are formed. This industrial
nanocrystalline and nanodispersed raw material is not popu-
lar in area of construction materials. Considering the mineral
composition of above oxides and hydroxides resemble ce-
ment matrix, the opportunity of using of these ones as struc-
ture modifiers (namely, strengthening of interpore partitions)
in cellular concretes was studied.

According to morphostructural classiphication of nano-
systems the boehmit and corundum belong to are 3D- nano-
crystalline type of substance (3D-NCM — nanocrystalline
modifier) (Table 1).
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IMTockonbky mNpeAcTaBIeHHbIE OKCUIAbI UM TUIPOKCHUIBI
AJTIOMUHUST UMEIOT MUHEPAJTIOTUYECKOE CPOJICTBO C LIEMEHT-
HOU Martpulleit, OblJ1a pacCCMOTPEHA BO3MOXHOCTb UCTIOJNIb-
30BaHUSI MX B KaueCTBe MOAM(PUKATOPOB CTPYKTYPhI STUEH-
CThIX OETOHOB, @ UMEHHO YIIPOYHEHUSI MEXITOPOBBIX Mepe-
TOpPOJIOK.

ITo MopdocTpyKTypHOU KiIaccu(UKAIIMM HAHOCUCTEM
KOPYHA 1 0eMUT OTHOCATCA K 3D-HaHOKPUCTAILINYECKOMY
tumny BeiecTB (3D-HKM — HaHOKpUCTAUIMYECKUI MOIM-
¢ukarop) (tabm. 1).

st Gonee meTalbHOTO aHanM3a ObLT TpoBedeH PDOA
O6eMMTa U KOPYH/Ia, a TAKXEe C TIOMOIIIbIO paCUeTHOTO TIpe/i-
craByieHUs] (DOPMbI KPUCTAJUIMTOB HA OCHOBE aIlMpoKCcuMa-
LIUY TIPY TTIOMOILM chepruyeckKuX rapMOHUK ObLTU BU3Yyaln-
3UpPOBaHbl MOP(MOCTPYKTYPHBIE TUIbI NaHHBIX MaTepua-
JioB (Taba. 1).

C y4eTOM HaHOCTPYKTYPUPOBAHHOTO COCTOSIHUSI OKCH-
Jla ¥ TUAPOKCUIA ATIOMUHMUS, a TaKKe pa3MepOB KpUCTas-
JINTOB, MOXHO TIPEAIIONOXUTh, YTO TaHHbIE MOIUDUKATO-
pbl, objagamlye pa3BUTOI IOBEPXHOCThIO pasiesia ¢as,
MPY BBEACHUU UX B BSXYlllee OyAyT OKa3blBaTh BIUSHUE HA
TUIPATALUIO.

C TOYKM 3peHUS TEXHOJIOTUH TTOJTyYeHUs 0e3yCcamouHbIX
TETMJIOU30JISILIMOHHBIX MEHOTa300€TOHOB HEOOXOAUMO MC-
MOJIb30BaTh BSDKYILEE CO CTAOMIIBHBIMU PEOTEXHOJIOTHYE-
CKMMU XapaKTEPUCTUKAMU CMECH, MOHUXXEHHBIMU CpPOKa-
MM CXBaTbIBAaHWSI M TOBBILIEHHON MPOYHOCTBIO MPU CXa-
M. B cBsa3u ¢ atum 11 nonydyeHus TMLL 6puto pacemo-
TPEHO HECKOJbKO BUIOB LIEMEHTA PA3IMYHBIX TTPOU3BOIM-
TeJiell U YCTAaHOBJIEHO, YTO Haubosee 3(h(hHEeKTUBHBIMU IS
MU3TOTOBJIEHUSI STYEMCTHIX OETOHOB SIBJISIIOTCS LIEMEHTHI TUTIA
HEM I B coorBerctBuu ¢ I'OCT 31108—2003 ¢ BbICOKUM
COZIEp>KaHUEM aJTUTa U HU3KUM COAEPXKaHUEM TPeXKaTblU-
€BOro ajJloMMHaTa. DTO 0OECreYnBaeT AOCTATOYHO ObICT-
pble CPOKM CXBaThIBaHUSI 1 MHTEHCUBHOE TEILIOBbIICJICHUE
npu ruaparanuu. [lo3ToMy B maHHOI paboTe MpUMEHs -
gocs TMI nHa ocHoBe LIEM 1 42,5 H npousBoacTsa
3AO «benroponckuii HEMEHT».

HekoTtopeiMu aBTOpamMu ObLIO AoKazaHo [15—17], yto
TSI TIOJTYYE€HUSI HU3KOIIJIOTHBIX SIMEUCThIX OETOHOB HEOOXO-
IIMMO TIOBBIIIEHHOE COJEPXKaHUE MEJIKOM (hpakiUU BSIXKY-
IIETO, YTO 0OYCIIOBUT HEOOXOAMMBIE CPOKM CXBAaThIBAHUS U
IYCTOTY LIeMeHTHOTO TecTa. [loaTromy mis uccinenoBaHuit uc-
MOJIB30BaJIM TOHKOMOJIOTHIN 1ieMeHT (TMLI). beut mpoBeneH
KOMILJIEKC 9KCTIEPUMEHTOB 10 U3YY€HU IO OCHOBHBIX CBOICTB
TMII, HeoOXOAUMBIX IIPU ITPOM3BOACTBE STYEUCTHIX KOMIIO-
3uTtoB. [Ipu nzrorosnennu TML moMos MpoOU3BOAWIN TIPU
IMOCTOSIHHOM 3arpy3ke I0 Macce TOBAapHOTO IMOpTJIaHILIe-
MEHTA U MPOYMX PABHBIX YCIOBUSIX.

Jns MOCTUXEeHUS ONTUMANbHBIX 3HAYeHUN (HU3UKO-
MEXaHUUYECKUX XapaKTEPUCTUK TOHKOMOJOTHIX LIEMEHTOB
BSIKYyIllee MOJy4YaJid COBMECTHBIM IOMOJIOM TOBapHOIO
nopTiaHalleMeHTa U MoaudukaTopa. Pe3ynbraTel UCTIbITA-
HUI TIpeACTaBIeHbI Ha puc. 1.

AHanu3 pe3yJbTaTOB MCIBITAHWI TTO3BOJISIET PEKOMEH-
JIOBaTh B KauecTBe MOAM(MUKATOPA LIEMEHTHOI CUCTEMBI KO-
PyHA. DTOT BEIOOP 00YCIOBJIEH MOBHIILIEHHON aKTUBHOCTHIO
JIaHHOro Moau(uUKaTopa B CUCTeMe CBs3yIollero. BeeneHue
OemMuTa TOKa3bIBaeT HECTAOWIIbHBIE U O0Jiee HU3KKE MPOY-
HOCTHBIC TMOKAa3aTeJIM BSDKYILIEro TUAPATAllMOHHOTO THIIA
TBEpPACHUSI B CPABHEHUU C KOPYHIOM. DTO CBSI3aHO C TEM,
YTO OEMUT OTHOCUTCS K METAacTaOWIbHBIM (hopMaM OKCHIa
amoMuHus. B ero cocraBe M30bITOYHASI BOIA IIPUCYTCTBYET
Ha TIOBEPXHOCTHM B MEXCJIOCBOM IPOCTPAHCTBE OeMUTa B
(usnyeck U XMMUYECKU CBSI3AHHOM COCTOSIHUU, YTO MO-
KET BBI3bIBATh HEKOHTPOJUPYEMBIN TMAPOJIN3 KOMITOHEH-
TOB 1 OCaXX[IEHUE X Ha TMTOBEPXHOCTU MATPUIIbI TPU CUHTE-
3¢ COOTBETCTBYIOLIMX KOMITO3UIINIA.

M3BecTHO, UTO C yBeJIMUEHUEM TOHKOCTH TTOMOJ1a TTOBbI -
11aI0TCSI IPOYHOCTHBIE XapaKTEePUCTUKU U CKOPOCTb TBEP-
IEeHUSl BSXKylIMX. Takoe mnoseneHue Habiomaercs INpu

(Y PONIEIIBHBIE

Ta6nuua 1
Table 1
lMoka3atenb Bemut KopyHa
Parameter Boehmit Corundum
AKTUBHas yAenbHas NOBEPXHOCTb
2
(meron B3T), m7/r 55,9 87,5
Active specific surface area
(BET metod), m?/g
MopucTocTb (MeTog B3T), % He 6onee 30 | He Gonee 15
Porosity (BET method), % Upto 30 Upto 15
PacyeTHbI pa3mep KpucTanamTos
(FullProf), um 10 6
Calculated crystalline particles size
(FullProf), nm
PaaMep HacTL (no paHHEIM P3IK), HM 250 140
Particles size, nm
MopdOoCTPYKTYPHBIA TUN 3D 3D
Morphostructural type

For more detail investigation the X-ray analysis for
boehmit and corundum was curried out. Also morphostruc-
tural types of these oxides were visualized by calculation of
crystalline shape with approximation based on spherical har-
monics (Table 1).

Taking into account nanostructired state of aluminum
oxide and aluminum hydroxide as well as crystalline size it
can be proposed these modifiers as component of binder sys-
tem having developed phase contacting area effect hydration
processes.

From the view point of technological process for non-
shrinking heat-insulating foam-gas-concretes, it is necessary
to use the binder mixture with stable rheotechnological char-
acteristics, shorter setting up time and higher compressive
strength value. Therefore, several types of cement, produced
by different plants were observed for fine ground cement
(FGC) to be obtained. Here, according to Russian standard
GOST 31108—2003 was established that the most effective
cements for cellular concretes production are the CEM I
type, which is with high alite and low tricalcium aluminate
contents. That provides short setting time and intensive lib-
eration of heat during hydration. Fine ground cement on the
base of CEM I 42,5 H supplied by CJSC «Belgorodsky ce-
ment», therefore, was used in this work.

By few authors was proved [15—17] that the higher content
of fine binder fraction should be in the binder system to obtain
low-density cellular concretes. Also it determines certain set-
ting up time and consistence of cement paste. For that in this
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Puc. 1. MNpo4HOCTHLIE CBOMCTBA BSXYLLMX B 3aBUCMMOCTM OT COCTaBa
Fig. 1. Effect of composition on binder strength properties
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Tab6nuua 2
Table 2
YaenbHas Cpoku cxBaTbIBaHWs, MUH HopmansHas rycTota MpoyHocTb, MMa, B Bo3pacTe 28 cyt
MOBEPXHOCTh, M2/KI Mo d)BVlI/lKﬂaTOpa* Setting up time, min LEMEHTHOrO TecTa, % Strength, MPa, at 28 days
Specific smzjrface area, Type of modifier* Hayano KOHeL, Water consistency npu u3rnbe npy cxaTum
m/kg Initial seting | Final setting of cement paste, % Tensile Compressive
500 - 45 120 26,3 9,5 71,3
400 Kopyria 38 95 26,4 12,8 89,5
Corundum
* Copepxanue moaudukartopa — 1% ot maccsl TMLL.
* Modifier content - 1% wt. of FGC.

yIIeNbHOI MOBEPXHOCTH B mpenenax 700—800 m%/kr. danee
HaOJItogaeTcsl yxyallleHne MPOYHOCTHBIX MoKas3aTesieil 3a-
TBepJEBILEro eMeHTa. TpaauiiMoHHbIE TOHKOMOJIOTBIE 11e-
MEHTHI TIPU YIEIBHOI MOBepXHOCTH 500 M%/KT IPUMEHSIOT
BBUIy WX IOBBIIIEHHONH aKTUBHOCTHM, YTO OOecreynBaeT
npeBbIIeHne poyHocTH Ha 20—30% 1o cpaBHEHUIO C UC-
XOIHBIM LIeMeHTOM. [1pu 3TOM CTOMMOCTB TAKOTO BSIXKYIIIE-
TO YBEJIMUMBAETCS 32 CYET SHEPro3arpar Ha momos. B cBsizu
¢ 9TUM B pabote ncnonb3oBanu TMII ¢ pa3nmaHbpIMYT 3HaYE-
HUSIMU YAEJIbHOI oBepxHOCTH (400 1 500 M%/KT).

AHanu3 BAMSHUSL HAHOKPUCTAJUIMYECKOro Moauduka-
TOpa KOpPYHJa Ha KWHETUKY W3MEHEHUS MPOYHOCTH Iie-
MEHTHOM CHCTEeMbl IO3BOJIMJI YCTAHOBUThH pallMOHAJIbLHOE
3HaueHue yneabHoi nmopepxHoctu TMII, koTopast cocraB-
nset 400 m?/xT (Ta671. 2).

ITomos ToBapHOIO LIEMEeHTa COBMECTHO ¢ MOAU(UKATO-
POM TO3BOJISIET JOOUTHCS TOMOTEHU3AUX KOMIIOHEHTOB B
cucTeMe 1 00eCTeurThb MOBbIIIEHUE TPOYHOCTHBIX XapaKTe-
PUCTUK BSIXYILETO.

AHan3 MUKpO(hOTOCHUMKOB MOAUMDUIIMPOBAHHOTO 11e-
MEHTHOTO KaMH$ ToKasajl (puc.2), YTO MpU BBEACHUM
3D-HKM kopyHIa HOSIBISIIOTCSI JOIOJHUTEIbHBIE OYaru
pocta HOBOOOpa3oBaHMii. Takoii polecc pocTa TMIAPOCUIN-
KaTOB He SIBJISIETCS TPAAUIIMOHHBIM IS IIEMEHTHBIX CUCTEM.

Kak BuaHO mpu AeTalbHOM PacCMOTPEHUU OTAEIbHbIX
arperaTtoB (puc. 2), TBepnas (aza npeacraBpjieHa UCKIIOUN-
TEJIbHO KPUCTALIMYECKMMU 3€pHAMU CTOJI0YaTOTO rabuTy-
ca, KOTOpEIe 00pa3yloT CPOCTKU U Ipy3bl. HecMoTpst Ha TO
YTO 3TU 3€pHA HE BCEra XOPOIIO OTPaHEeHbI ¥ BBUIY pa3Me-
pa MpakTUYeCKU He TMOJNAI0TCs MASHTU(MUKAIIMK ¢ TTOMO-
IbI0 PEHTTeHO(hA30BOr0 aHaau3a, Tak Kak WX OoJblias
4yacThb SABJSIETCS peHTTeHOaMOp(HOI, NX KPUCTaJUIMYeCKOe
CTPOEHUE HE BbI3IBAET COMHEHMUSI.

BBonnMble HAHOKPUCTAUIMYECKUE MOAMGDUKATOPHI CY-
IIECTBEHHO BJIMSIOT Ha XOJ TUApaTallud B CUCTeMe lie-
MeHT—Bona—moaudukarop. M3BecTHO, YTO MPU BBEIECHUU
MMKPOKOJIMYECTB BEIIECTB, KaK MUMEIOLIMX CPOICTBO C CUH-
Te3upyeMbIMU (pazaMM, TaK M He 00JIaJarolIiX TaKOBBIM,
OHU BJIUSIIOT Ha CKOPOCTb KPUCTAJIIU3ALUU, MOPDOJIOTUIO
MMHEPATbHBIX UHIUBUIOB M arperatoB. HaHokpucramim-
YEeCKMUIA KOPYH/I, HAXOASIIUIACS B AUCIIEPCHOM COCTOSIHUM B
aKTUBHO THIPATUPYEMOM cpele, KOHAEHCUPYETCS Ha pe-
Opax, BepIIMHAX U CKOJIaX KPUCTAIIOB UCXOIHbBIX KIMHKEP-

5 o T

paper (FGC) was used and the set of experiments of basic
properties of FGC based cellular composites were curried out.

The grinding process was accomplished under continuous
cement loading (by mass) and other conditions being equal
when production FGC.

To achieve optimal values of physical and mechanical
characteristics of FGC, the binder was obtained by joint mill-
ing of commercial Portland cement and modifier. Results of
the experiment are shown in Fig. 1.

Analysis of experimental data allows recommending co-
rundum as modifier of cement system. It can be explained by
higher reactive of this modifier in the bonding system. Adding
of boehmit to cement systems leads to unstable and lowlier
strength values compared with corundum. It can be explained
corundum is metastable form of aluminum. That content ex-
tra water, which is at surface in interlayer space in physically
and chemically bounded state. It can results in uncontrolled
hydrolysis of components and their precipitation at matrix
surface when synthesis of appropriate compositions.

It is known, strength characteristics and hardening rate of
the binder raises.

The behavior like above is observed at specific surface
area values in range of 700—800 m?/kg. Subsequently the
decreasing of strength characteristics of hardened cement
paste takes place. Ordinary FGCs with specific surface area
of 500 m?/kg due to their enhanced reactivity are used. It
supply strength enhance for 20—30% comparing with initial
cement. Meanwhile cost of this binder grows due to grinding
power consumption. So in this paper the FGCs with different
specific surface area (400 and 500 m?/kg) were used.

Study of influence of nanocrystalline modifier on kinetics
of cement system strength allows determining an optimal value
of FGC specific surface area, which is 400 m?/kg (Table 2).

Finished cement grinding with modifier allows achieving
components homogenization in the binder system as well as
enhancing strength properties of the binder.

SEM micrographs of modified cement paste (Fig.2)
show the adding of 3D-NCM corundum initiates additional
centers of growth, which is not ordinary for traditional ce-
ment systems.

When studying of certain aggregates it can be observed at
Fig. 2, that solid phase consist of crystalline radial columnar
grains in form of crystal-jams and druse.

Puc. 2. MrkpoCTpyKTypa LLEMEHTHOr0 kaMHsl B BodpacTe 3 cyT: a — 100% TMU, ysenuueHne 5000 pas; b — TML, + kopyHa, yBenunyenune 5000 pas; ¢ — 100%

TMU, yBenuuenne 20000 pas; d — TML, + kopyHa, yBennyerve 20000 pa3

Fig. 2. Microstructure of cement paste at 3 day: a - 100% FGC, magnification of 5000 times; b - FGC+ corundum, magnification of 5000 times; ¢ — 100%
FGC, magnification of 20000 times; d - FGC+ corundum, magnification of 20000 times
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HBIX MUHEpaJoB U 0OpasyeT IOTOJHUTEIbHBIE LEHTPHI
KPUCTAJUIM3ALIUM, BOKPYT KOTOPBIX IPYIIIUPYIOTCSI HOBOOO-
pa3oBaHHbIE KPUCTAUILI B BUIE APY3, XOPOILIO UACHTU(U-
LIMpyeMble Ha MHKPOGOTOCHMMKAX TPEXCYTOUYHBIX 00Opa3-
110B (puc. 2, b, d).

Takum o6paszom, BBemeHue B coctaB TMII B kadecTBe
MoaubUKaTopa KOpyHa IMO3BOJISIET YK€ Ha paHHUX CPOKaxX
co3naTh 0Oosiee IUIOTHYIO CTPYKTYPY LIEMEHTHOTO KaMHSI
(puc. 2, b, d), NOJIHOCTBIO IMPOPOCIIIYIO CTOJIO0YATHIMUA HOBO-
obpaszoBaHusIMU. Pazmep OTaeIbHbIX KPUCTALIIOB OCTUTA-
eT 3—5 MKkM. He MOKpPBITBIX HOBOOGPA30BaHHBIM BEIIECT-
BOM 3€peH lieMeHTa B OTJinuue ot 6e3mobaBoyHoro TMI]
(puc. 2, a, ¢) He HabIOMaETC.

B pe3ynbraTe MpoBeneHHBIX UCCAEN0BaHU YCTAaHOBICH
palMOHaNIbHBIM cOcTaB MOAMMDULIMPOBAHHOTO BSIXYIIETO C
yIeNbHOl TIOBepXHOCTbI0 400 M2/KT Ha OCHOBE TOHKOMO-
gororo uemeHta (100 %) ¢ wucCHoOJb30BaHUEM
3D-HaHOKpHUCTAI-TUYECKOT0 MoauduKaTopa KOpyHAa
(1% wmaccel Bspkyiiero). Takoil cOCTaB IO3BOJISIET MTOBBI-
CUTb MPOYHOCTh MOAM(PUIMPOBAHHOIO BSLKYyIEro Ha 15—
20%, 4TO0 OOBSICHSIETCS M3MEHCHUEM KUHETHMKM CHUHTE3a
MPOIYKTOB TMAPATALIMHU [IEMEHTHOTO KaMHSI, CBI3aHHOTO C
HCMOJb30BaHNEM KOPYH/IA, UMEIOIIETO CPOICTBO C MUHE-
pajamMu IIeMEHTHOTO KJIIMHKepa, YTO TO3BOJISIET MIOBBICUTD
XapaKTepUCTUKA TEIUIOM30JISIIIMOHHOTO MaTepuaia 1 Mmpu-
BOAMUT K €ro KOHKYPEHTOCIIOCOOHOCTU Ha PBIHKE CTPOU-
TeJbHBIX MAaTEPUAJIOB.

PabGora BbImosHEHA MNpuU (UHAHCOBOU MOJAEPKKE:
MunuctepcTBa obpasoBaHus ¥ Hayku Poccwmiickoit ®e-
nepauuu; cornamenue 14.B37.21.1218; mporpamma crpate-
rudeckoro pa3putust bBI'TY um. B.T'. Illyxosa; PODU, no-
roeop12-08-97603/12.
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In spite of the grains have good faceting not always, they
can-t be studied with X-ray analysis due to most of all of them
are X-ray amorphous, however they have crystalline structure.

Nanocrystalline modifiers entered effect hydration pro-
cess in system cement—water—modifier significantly.

Adding of micro-contents component with phases similar to
formed hydrate phases and dramatically different of ones effects
crystallization rate, morphology of mineral units and aggregates.

Dispersed nanocrystalline corundum placed in inten-
sively hydrated medium is condensed at edges, tips and chips
of crystals of initial clinker minerals and forms additional
crystallization centers. Around of the centers collect new
crystal formation like druse, which are clearly recognized in
micrographs for 3-day samples (Fig. 2, b, d).

Thus, using of corundum as modifier in FGC allow to
create more compact structure of cement paste fully covered
by radial columnar formations at early stages of hardening
(Fig. 2, b, d). Size of individual crystals is 3—5 um. Cement
particle without surface radial columnar formations are not
observed comparing with free-admixture FGC (Fig. 2, a, ¢).

Thus, as a result of research carried out is the optimal mix
of the modified binder, having specific surface area of
400 m?/kg based on FGC (100%) with 3D-NCM corundum
(1% wt. of binder).

Such composition allows increasing in strength values of
modified binder by 15—20 %, due to changing of kinetic of
hydration process and formation of hydrate phases in cement
paste. It can be explained by similarity of corundum with
minerals of cement clinker.

This effect allows to enhance properties of heat-insulating
materials, that makes these ones competitive in market of
construction materials.

The research work is accomplished under the support of
Ministry of Education and Science of the Russian Federation
the Agreement 14.B37.21.1218, Strategic development pro-
gram of Belgorod State Technological University named af-
ter V.G. Shoukhov and Russian Foundation for Basic
Research the Agreement 12-08-97603/12.

Keywords: binder, fine powder, nanocrystalline, modifier, strength.
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Knauf

Hemeukwmsi crangapt

B chopyme npumyT y4actne npoheccuoHarsbl, onpenensto-
Lne TeHOEeHUMM B COBPEMEHHON apXMTEeKType, NpoeKTupoBa-
HAM W CTPOUTENbHbLIX TEXHOSOIUsAX, a TakXe PYKOBOAUTENN
cTpouTenbHon oTpacnun Poccun, MockoBckon obnacTtu, Beay-
LMX OOBLLEeCTBEHHbIX OpraHuM3auui POCCUNCKOro CTPOMKOM-
nnekca. [enosas nporpamma nepeoro gHa cdopyma 6ygeT
nocesiLLeHa TeMe MHHOBALMOHHBLIX CTPOUTESIbHBIX MaTepuasnos
n TexHonorun. Ee mogepartopomM BbICTYNUT VIHCTUTYT MeHe[-
XMeHTa uHHoBauun HUY «Bbiclias Lwkona 3KOHOMUKWM». B
MEepOonpUATUSAX NPUMYT yyYacTue NpeacTaBuTeNn rocyaapcTBeH-
HOW BflacTu M 6u3Heca, OOLLECTBEHHbIE OEATENN U YHACTHUKMN
CTPOUTENBHOIO PbIHKA.

Krto4eBbIM COObITUEM BTOPOro OHA dhopymMa CTaHeT KoHdbe-
peHUMsa C yy4acTMeM MUPOBbIX 3BE3[ apXUTEKTypbl U Au3ariHa,
naypeatos [MpuTukepoBcKoi npemmn. Cpeay NpUrmaLleHHbIX MHO-
CTpaHHbIX 3KkcnepToB dasug Yunnepdunsd, JaHnans JIn6eckmHa.
Mogepatopom npoekta B Poccun BbicTynut WHCTUTYT mMeama,
apxuTekTypbl M am3anHa «CTtpenka». 3apybexHble Konnerun
BbICTYMAT C NEKUMAMM 1 NPOBEQYT MacTep-Kfacchl, NPpUMyT y4a-
CTUE B VCKYCCUAX Ha CaMble OCTPbIE U aKTyasibHble TeMbl B 065a-
CTV apxuTeKTypbl 1 Au3anHa. [ns nposegeHws dopyma 6yget
060pyHoBaH crieumasnbHbIN NaBuUiboH «[TATUTBICAYHUK», IPOCTPaH-
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lNpumeHeHne gucriepcnii MHOroCJs1IOUHbIX
yrsepoaHbIX HAHOTPYOOK rpu nNPon3BoAcCTBeE
CWJINKaTHOIro ra306eToHa aBTOK/1IaBHOIro TBepAeHus!

Applying multi-walled carbon nanotubes dispersions
in producing autoclaved silicate cellular concrete

CTpyKTYpUpOBaHUE BSIKYIIMX MATPUIL YIJIEPOIHBIMU
HaHOTpyOKaMM B O€TOHAX KakK IUIOTHOMH [1], Tak 1 mopu3o-
BaHHOM CTPYKTYpHI [2] MoKa3ano BEICOKYIO 3 (GEeKTUBHOCTD
MOAMGUKALIMY CTPOUTETHHBIX KOMIIO3UTOB HAHOCTPYKTY-
pUpoBaHHBIMU M00aBKaMu. B cTaTbe 3apyOeXXHBIX UCCIIeI0-
Baresteii [3] moka3aHa BO3MOXHOCTD CYIIECTBEHHOTO U3Me-
HEeHUsT (PUBUKO-MeXaHUIECKUX CBOMCTB IIEMEHTHBIX OETO-
HOB Jo6aBKaMu cBepxMaibix 103 (0,006—0,042% ot Macchbl
BSDKYILET0), AMCIIEPTMPOBAHHBIX MHOTOCIONHBIX YIJIepO-
HbIX HAHOTPYOOK. [1py 3TOM 3HaUUTENbHOE BIMSIHYE HA 3¢-
(beXTUBHOCTDh MCITOJIL30BAHUS YIJIEPOAHBIX HAHOTPYOOK
OKa3bIBAIOT MX TeoOMeTpudecKue ImapaMeTpel. B padore [4]
MOKa3aHO, YTO HCIIOJb30BaHME MHOTOCIOMHBIX YIJIEPO.I-
HBIX HAHOTPYOOK C pa3HbIM COOTHOIIIEHUEM MEXIy UX ra-
METPOM U JUIMHOM MO3BOJISIET MOJYYUTh TPUPOCT MPOYHO-
CTH LIEMEHTHBIX 1MacT 10 269% B cpaBHEHUU C KOHTPOJIbHBI-
MU 00pa3iaMu.

M3BecTHa paboTa JIMTOBCKUX HccienoBaTenei [5], B Ko-
TOPOW MCIIOb30BAJICSI HAHOMMUCIIEPCHBIN TUOKCHI KpeM-
HUS UTST YAYYIIEHUST CBOMCTB aBTOKJIABHBIX Ta300€TOHOB.
DTU Xe aBTOPHI [6] MPETOXMIN U CTPYKTYPUPOBAHMS
TMIPOCWIMKATOB KajbliMsl B ra3o0eToOHax aBTOKJIABHOTO
TBepAEHUS J00ABIISITh YIIIEPOIHOE BOJIOKHO, HOTIOJTHUTETh-
HO aKTHMBHpOBaHHOEe IMomoioM. PaHee B pabore [7] oHH
YCTaHOBWJIY, YTO BBEICHHE YTJIEPOTHBIX BOJIOKOH B KOJIMYE-
ctBe 0,3% TTOBBICWIIO TPOYHOCTD n&)m CXKaTUU JIJ1s1 ra300€eTo-
Ha cpefHel TUIOTHOCThIO 450 Kr/M° Ha 42%, TIPOYHOCTD IPU
n3rube Ha 143%. ABTOPBI TIPEATTONIOXIIHA, YTO pa3pylIeH-
Hasl TIpY TIOMOJIe TIOBEPXHOCTD YIJIePOIHBIX BOJIOKOH SIBJISI-
€TCS LIEHTPOM KPUCTAJUTM3AlIMY TUAPOCHIIMKATOB KaJIbIISI,
a cchopMupoBaHHasI CTPYKTypa YIyYIIEHHOW KPUCTAJUINY-
HOCTH TTOBBICWJIa HE TOJIbKO MEXaHUYECKUE XapaKTepUCTH-
KU, HO U YJIy4IlIWJIa TEMJI0BOE COMPOTUBICHUE U3ETUA.

Ilpucomoeaenue u anaaus eoouvix oucnepcuii MYHT.
IoBbIIIeHNE MEXaHMYECKUX U TETIOMPU3NIECKUX XapaKTepH-

Structuring binding matrices with carbon nanotubes in
concretes both dense [1] and porous structure [2] has shown
the high efficiency of modifying construction composites
with nanostructured additives. The article by foreign re-
searches [3] shows the possibility of considerable change of
physical and mechanical properties of cement concretes by
means of adding ultra-small doses of dispersed multi-walled
carbon nanotubes, up 0,006—0,042% of the mass of the
binder. The geometric parameters of carbon nanotubes have
a significant influence on the efficiency of their application.
The work [4] shows that using multi-walled carbon nano-
tubes with different ratio between their diameter and length
provides the increase of strength of cement pastes up to 269%
in comparison with the check samples.

There is a well-known work of the Lithuanian research-
ers [5] in which nanodispersed silicon dioxide was used to
enhance the properties of autoclaved cellular concretes. The
same authors [6] suggested adding carbon fiber additionally
activated with grinding in order to structure calcium hydro-
silicates in autoclaved cellular concretes. Earlier they estab-
lished [7] that adding 0,3% of carbon fiber increases the
compressive strength of cellular concrete with the average
density of 450 kg/m?> by 42%, the bending strength by 143%.
The authors assumed that the surface of carbon fiber de-
stroyed while grinding is the center of crystallization of cal-
cium hydrosilicates, and the formed structure with the en-
hanced crystallinity has improved not only its mechanical
properties but the thermal resistance as well.

Preparation and analysis of aqueous MWCNT dispersions.
The mechanical and thermophysical characteristics can be
enhanced by means of modifying macro- and microstructure
of autoclaved silicate cellular concretes by multi-walled car-
bon nanotubes dispersions. The task requires solving two prob-
lems which present the main condition for producing cellular
concrete with the enhanced physical and technical properties.

(’Q.FPUIIIFEJJ:JrI:JIE HAY4YHO-MexXHu4YecCKuu u npou3eoacmeeﬂﬂbtu JACYPHAN
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CTHUK MOXET OBbITh JOCTUTHYTO MOIU(H-
Kaluei Makpo- ¥ MUKPOCTPYKTYPhI CH-
JIMKATHBIX Ta300€TOHOB aBTOKJIABHOM
00pabOTKM MHUCIEPCUSIMU MHOTOCIION-
HBIX YIJIEPOIHBIX HAHOTPYOOK. It mo-
CTVDKCHUS TIOCTABJICHHOM 3a1aun Heoo-
XOIMMO DEIIUTh ABE TPOOIEMBbI, KOTO-
pBbI€ SBJISIIOTCS OCHOBHBIM YCJIOBHEM I10-
JIy4eHHUsI ra300eToHa ¢ YJIydllIeHHBIMU
(hbU3MKO-TEXHUYECKMMU CBOMCTBAMM.

[TepBast mpobGyieMa cBsi3aHa ¢ MoJTy-
YeHWEeM YCTOMUMBOM AUCTIEPCUU MHO-
TOCJIOMHBIX YIJIEPOAHBIX HAHOTPYOOK
(MYHT) ¢ MakcumaabHBIM pa3zaese-
HUEM HUCXOJHBIX TPaHyJ Ha IUCKpPeT-
Hble BOJIOKHA HAaHOMETPOBBIX pa3Me-
poB. Bropas mpobJyieMa cBsizaHa ¢ paB-
HOMEPHBIM pacrpeneieHueM Yrjiepo-
HBIX HAHOTPYOOK B 00beMe ra300eTOH-
HO cMmecu. BBemeHue pucnepcuu
JNIOJIXKHO o0ecreuynBaTh HeMmocpen-
CTBEHHbII KOHTAKT yIJIEPOJHbIX HAHO-
TPYOOK ¢ THAPATUPYIOLIUM MUHEpaTh-
HBIM BsSKymuMm, npu 3toM MYHT
JTIOJKHBI 00eCTieunBaTh CO3AaHUE MO-
ITUGUITMPOBAHHON CTPYKTYPHl CHJIH-
KaTHOTO Ta300eToHa CO3JaHMeM IIeH-
TPOB KPUCTAUIU3ALUUU KPUCTAIOTUA-
paTHBIX HOBOOOPA30BaHUIA.

[1Ipo6Giema monydeHus yCTOMINBOI
JIACTIEPCUM Ha OCHOBE MHOTOCJIOMHBIX
VIJIEePOIHBIX HAHOTPYOOK pelranach
HCII0JIb30BAaHUEM  KOMMEpPUYECKOTro
npoaykra Masterbatch CW2-45 ¢pan-
LIy3CKOW Koprnopauuu <«Apkemar.
IponykT mpencTaBiasgeT TpaHYIUPO-
BaHHYIO JUCIIEPTUPOBAHHYIO CMECh
MVYHT B cpene kKapOOKCHUIMETWIILIE -
JIOJIO3bI, cojepxaiieil 45% MHOro-
CJIOMHBIX YIJIEPOLHBIX HAHOTPYOOK
(puc. 1, a, 6). Masterbatch CW2-45
MPY MEXaHWIECKOM TIepeMeIInBaHUU C
BOJION TIPEeBPAIacTCsI B MAJIOYCTOMYM -
BYIO TUCIIEPCHUIO C BKIIOYCHUSIMU Ya-

Puc. 1. lMpombiwneHHble 06pasubl yriepoaHbiXx HAaHOTPYGOK C NPUBUTLIMU GYHKLMOHANBbHLIMUN
rpynnamm Ha OCHOBe KapOOKCUAMETUNLENNON03bl U3 cepun Masterbatch CW 2-45: a — o6wmii Bug;
6 - MYHT npun 200000-kpaTHOM yBENMYEHUN

Fig. 1. Industrial samples of carbon nanotubes with grafted carboxymethyl cellulose-based functional
groups from Masterbatch CW 2-45 series: a — general view; 6 — MWCNTs at the magnification of
200000 times
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1oo--|—r T T
Y

80 11—

a 6

60

40

Q3 (Cumulative values), %

20| .

onﬂV\ il

0,04 0,1 1 10
x (Diameter), um

1 10
Diameter, pm

Puc. 2. PesynbTaThl AMcnepraunn yrnepoaHbix HaHOTpybok Masterbatch CW2-45: a — onpeneneHHble
Ha nasepHoM aHanunaatope Horyba Analyzer LA-950 (yepe3 YeTbipe OHA XPaHEHUS CPefHUI auameTp
yacTtuy cocTaBnsieT 1198 HM); 6 — pacnpeneneHve 4yacTuu, B AMCNEPCUN YINEPOAHbIX HAHOTPYOOK,
onpepeneHHoe Ha nadepHom aHannaartope CILAS 1090 Liquid (4epe3 cemb AHeln XxpaHeHUs)

Fig. 2. Results of dispergation of «Masterbatch CW2-45» carbon nanotubes: a — determined with
Horyba Analyzer LA-950 laser analyzer (after 4 days of keeping the average particle size is 1198 nm);
6 - distribution of particles in dispersion of carbon nanotubes determined with CILAS 1090 Liquid laser

CTUILL MUMKPOMETPOBBIX pPa3MepoB
(puc. 2, a). [l 1OCTKEHUS yCTORY M-
BOW JAMCIEPCHU HEOOXOIUMO UCITOb30BaHUE BBICOKOCKO-
POCTHBIX CMecuTeJieil poTopHoro tuma [§].

IMpuBeneHHBIe Ha PUC. 2, @ JaHHBIE AUCTIEPCUOHHOTO
aHaJIM3a YacTHIl ObLIU TTOJIyYeHbI Ha JIa3epPHOM aHAJIM3aTO-
pe Horyba Analyzer LA-950, KoTopslii criocobeH ornpeze-
JIATh pa3Mepbl KOMITAKTHBIX HEMPOTSIKEHHBIX YaCTHUIL, YTO
MPUBHOCUT TOTPEIIHOCT TIPU YCTAHOBJIEHUU UCTMHHBIX
pa3MepoB YIIIepOIHBIX HAHOYACTHUII B BOMHOW TUCTIEPCUM.

[IpoBeneHHbBIN MapaUIeIbHO aHAINU3 JUCTICPCUIA, TTOTY-
YEHHBIX C MCITOJIb30BAHNEM BBICOKOCKOPOCTHBIX CMECUTE-
seil Ha nazepHoM aHanuzarope CILAS 1090 Liquid, moka-
3aJ1 HAJIMYKME B BOMHOM IUCTIEPCUM KPOME YacTHIl B MUKPO-
METPOBOM JHMalla3oHe M YacTUIl CO CPEIHUM DPa3MepoM
230 am 10 20% ot Bcero oobema. AHanu3 nucnepcuit MYHT
TToKa3ajl HeOOXOANMYIO YCTOMYMBOCTD B TEUEHUE CEMU THE I
TIPUTIPUTOTOBJICHUM Ta300€TOHA BOITBITHO-TTPOMBIIIIEHHBIX
obpasuax U3aesIuii.

Cmpyxkmypa u céoiicmea moouguuuposannozo 2azobemona.
CozepxxaHve MOIU(MUUIMPYIOIIMX MHOTOCIONRHBIX YIJIEPO/I-
HBIX HAHOTPYOOK MPUHMMAJIOCh MCXOIST U3 YCTAaHOBIEHHOTO
3HAYEHUS TIPU MPUTOTOBJICHUY IIEMEHTHBIX TSIKEJIbIX OeTo-
HOB [9] 1 cootBeTcTBOBaNO 0,006% OT Macchl BstKylero. B
HepecueTe Ha Maccy | M3 ra306eToOHA IIPK PACXOJIE BSLKYLIETO
300 kT pacxoa HaHOTPyOoK coctaBu 18 1. Takast romeornaru-
yeckas 1o3a MYHT nomkHa ObITE TP 3TOM paBHOMEPHO

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

analyzer (after 7 days of keeping)

The first problem is connected with producing a stable
MWCNTs dispersion with the maximum splitting of virgin
granules into discrete nanosized fibers. The second problem
concerns the uniform distribution of carbon nanotubes in
cellular concrete mixture. Adding dispersion is supposed to
provide the direct contact of carbon nanotubes with hydrat-
ing mineral binder, while MWCNT are supposed to provide
the modified structure of silicate cellular concrete by means
of forming crystallation centers of crystalhydrate neofor-
mations.

The problem of producing a stable MWCNTs-based dis-
persion was solved by means of «Masterbatch CW2-45» com-
mercial product of «Arekma» French corporation. The prod-
uct is a pelleted dispersed mixture of MWCNT in carboxy-
methylcellulose medium with 45% of multi-walled carbon
nanotubes (Fig. 1, a, 6). Being mechanically mixed with
water, «Masterbatch CW2-45» turns into an unstable disper-
sion with inclusions of micrometer particles (Fig. 2, a). In
order to get a stable dispersion high speed rotor mixers are
required [8].

The data of the dispersion analysis of the particles given in
Fig. 2. a were obtained with Horyba Analyzer LA-950 laser
analyzer that can determine the size of compact non-extend-
ed particles, which leads to some imprecision while assessing
real sizes of carbon nanoparticles in aqueous dispersion.

(CYPONIENIBHBIE
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pacmpeneieHa B 00beMe ra300eTOHHOM
cMmecu. OgHOPOAHOE pacnpeneaeHue
YacTHUIl BO BCEM 00bEME MPUTOTOBJIEH-
HOIl CMecU Ta300eToHa IOCTUTanioCh
MpU TPEABAPUTETLHOM COBMECTHOM
CMEIIMBaHUM ATIOMMHUEBON CYCIIeH-
3un u gucnepcun MYHT. YuureiBas,
YTO CYCIIEH3MSl aJIOMUHUEBOW IYAPBI
TOTOBUTCSI ¢ ucnoib3oBaHueMm [1AB B
BUIE cyabdaHona, a gucniepcust MYHT
BKJIIOYAET KapOOKCUMETWILIETIONO03Y,
TIpY TiepeMEeITMBAaHUN 3TUX KOMITOHEH-
TOB IOCTUTAETCS TOJyYeHHe OITHOPOI-
HOM, HE MOABEPrarolieiicsa ceIMMeHTa-
LIMM CYCMEeH3UU, KOTOpasi BBOAUTCS B
ra3o0eTOHHYI0O CMECh MpU ee IMepeMe-
IIUBAaHUK B CMECUTEJTE.
CpaBHMTENBHBIN aHAJIU3 MaKpoO-
CTPYKTYPBI TTOP B CMJIMKAaTHOM Tra300e-
TOHE TIOKa3bIBaeT, YTO IpPUMEHEHHE
nucnepcuiit MYHT nozBossier crabu-
JIU3UPOBATh MaKpOCTPYKTYpy, IMpu
5TOM OTMeYaeTcsl Jydyllas OJHOPOJ-
HOCTh TIOp TI0 pa3MepaM, OTCYTCTBHUE
nepkoJjisiunu mop (puc. 3, a, 6), 4TO
HEeM30eXXHO JOJDKHO TTOBIUATh KaK Ha
MPOYHOCTb, TaK U Ha TEIJOTEXHUYE-
CKUE XapaKTepUCTUKHU Ta300eToHA.
MuKpoCTpyKTypa KOHTPOJILHBIX 00-
Ppas3lioB XapaKTepHa MOBBIIIIEHHON HEO -
HOPOIHOCTBIO CTPYKTYPbI MEXITOPOBOM
neperoponku (puc. 4, a, 6), 4To MPUBO-
JIUT K X HU3KOM TIPOYHOCTU U COOTBET-
CTBEHHO K MOHWXXEHHOM MPOYHOCTU U3-
JIeJIUiA 13 Ta300eToHa (CM. TaOIMILy).
Hcxomst U3 CHUMKOB MUKPOCTPYK-
TYpPBl MOIUDUITMPOBAHHOTO Ta300€TO-
Ha MOXHO TPEAIOJIOXUTb, YTO YIJIe-
pPOIHBIE HAHOTPYOKM CJTYXaT LIEHTpaMu
KPUCTANIM3aUMU  TUAPOCUIMKATOB
KaJIbliMsl B TBEPIEIOLIEM razobeToHe U
CTUMYJIMPYIOT (DOPMUPOBAHUE CTPYK-
TYypbl  TBEpPIECIOIIETO HM3BECTKOBO-
CUJIMKATHOTO BSIKYIIETO C BBICOKOM
KPUCTAJTMYHOCTHIO B CPABHEHMH C O€3-
JI00ABOYHBIM KOHTPOJIbHBIM 00pa31ioM.
YIuloTHEHUe M TOBBILLIEHWE KPUCTaI-
JIMYHOCTU HabJTIoaeTcs B CTeHKaX Iop
(puc. 5, a), mIpu 3TOM Hapsiy C Kpu-
crajuimueckumu obpasyrorcs aMmopd-
Hble HOBOOOpaszoBaHus (puc. 5, 6), 1o-
TOJIHUTEIBHO YIUIOTHSIIOIINE U YIIPOY-
HSIIOIIME CTEHKH TIOp B Ta300€TOHE.

[TpoBeneHHbII aHATU3 MUKPOCTPYKTYPbI TOATBEPKAAET
YCKOPEHUE TMApaTallMy U3BECTKOBO-KPEMHE3EMUCTOrO B~
KYIIETO C TOCTIeAYIoIUM (OPMUPOBAHUEM TUIOTHBIX KPH-

L. L i WA AR R, s |
Puc. 3. MakpocTpykTypa nop B raso6etoHe npu 50-kpaTHOM yBennyeHun: a — 6e3 gucnepcun MYHT;
6 — moaudunumpoBaHHom aucnepcuen MYHT

Fig. 3. Pore macrostructure of cellular concrete at the magnification of 50 times: a — without MWCNTs
dispersion; 6 — modified with MWCNTSs dispersion

Puc. 4. MuKpoCTpykTypa MEXNOpOBON MNeperopoaks B KOHTPOSbHOM o6pasue rasobeToHa:
a — obwwmin Bug, npy 1000-kpaTtHOM yBennyeHnu; 6 — pparmeHT ckona npu 5000-kpaTHOM yBEIMYEHUN
Fig. 4. Microstructure of interporous wall in the check sample of cellular concrete: a — general view at
the magnification of 1000 times; 6 — spall fragment at the magnification of 5000 times

2R A E o PR
Puc. 5. MukpocTtpykTypa razobetoHa, moanduumpoBaHHoro aucnepcuein MYHT: a — obwmii Bug,

mMexnopoBoli neperopogku npu 1000-kpaTHOM yBenuyeHun; 6 — dparMeHT MUKPOCTPYKTYPbl CO
CMyTaHHO-BONOKHUCTLIMW HOBOOGPa3oBaHusamu npu 10000-kpaTHOM yBEIMHEHUN

Fig. 5. Microstructure of cellular concrete modified with MWCNTs dispersion: a — general view of
interporous wall at the magnification of 1000 times; 6 — fragment of the microstructure with entangled
fiber neoformations at the magnification of 10000 times

The parallel analysis of dispersions produced by means of
high speed mixers with Liquid CILAS 1090 laser analyzer has
shown the presence of up to 20% of medium-sized particles of
230 nm except the particles of a micrometer range in the aque-

MPOYHOCTL NPK CXaTUK B CYyXOM KoadduupmeHT TennonpoBogHOCTY,
TMNOTHOCTb B CYXOM COCTOSIHIM, Kr/M® coctosHum, MMa BT1/(m:°C)
Density in the dry state, kg/m® Compressive strength in the dry Thermal-conductivity coefficient,
HavnmeHoBsaHve nsnenus, o
state, MPa Watt/(m-°C)
[laTa 3a/MBKU
Denomination of product, Wanenve ¢ Iéla dunuane WNanenve ¢ Ha ¢unvnane WNanenve ¢ Ha ¢unnane
date of castin 916 Ne 822 346 Ne 822 396 Ne 822
Y HaHOTPyOKamm HaHOTpyOKamm HaHOTpybkamu
) In the branch of . In the branch of . In the branch of
Product with Product with Product with
nanotubes Cellular Concrete nanotubes Cellular Concrete nanotubes Cellular Concrete
Plant Ne 822 Plant Ne 822 Plant Ne 822
Bnok D500 13.06.2012.
Block D500 13.06.2012 544 530 2,5 2,3 0,117 0,106
MaHenb H 15-14-7722.11.2012r.
Panel H 15-14-7122.11.2012 590 548 5 38 0,123 0.119
(% PONTEIIBHBIE HAy4HO-MexXHU4eCcKUil U npou3e00CMEeHHbLI HCYPHAA
WEEVIAYID!S pespanv 2013 27
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MypoBaHue HOBOOGDaBOBaHMﬁ MOBbILLIEHHOW NAIOTHOCTU; 6 — KOMGMHVIDOBaHHaH CTPYKTYpa, BKKYato-
was 6510k NNacTUHOK rmpgpokcmnaa Kanbuus, KpUcTtaaioB rmapocuUinkaTtoB Kanbuus u aMOpq)Hble

HOBOOOpa3oBaHUs

Fig. 6. Microstructure of cellular concrete modified with carbon nanotubes: a -the forming of
neoformations of increased density; 6 — a composite structure including blocks of calcium hydroxide

plates, calcium hydrosilicate crystals and amorphous neoformations

ous dispersion. The analysis of MWCNTSs
dispersions has shown the required stabil-
ity within 7 days during the preparation
of cellular concrete in the experimental
industrial product samples.

Structure and properties of modified
cellular concrete. The content of modify-
ing multi-walled carbon nanotubes was
taken up considering the set value for
preparing cement heavy concretes [9]
and was 0,006% of the mass of the bind-
er. In terms of the mass of 1 m? of cellu-
lar concrete at the consumption of
300 kg of the binder the consumption of
nanotubes was 18 g. This homeopathic
dose of MWCNTs should be uniformly
distributed in the volume of cellular con-
crete mixture. The uniform distribution
of particles in the prepared cellular con-
crete mixture was due to the preliminary
mixing of aluminum suspension and
MWCNTs dispersion. Taking into ac-
count the fact that aluminum powder
suspension is prepared with the surfac-
tant of sulphanol and MWNTs disper-
sion has carboxymethylcellulose, mixing
these components provides a uniform
not exposed to sedimentation suspension
which is added in cellular concrete mix-
ture while its stirring in a mixer.

Puc. 7. HoBoo6pa3oBaHua aMOpPdHO CTPYKTYpPbl B ra306eToHe, MOAUPULMPOBAHHOM MHOIOCION-
HbIMMW YrNepoaHbIMU HAHOTPYOKaMK: @ — YaCTUHHO 3aKPUCTaNNIN30BaHHbIA TOGEPMOPUTOBLIN resb;
6 — rMApoOCUMNNKaThl KanbLUus B CO4ETaHUN C TOOEPMOPUTOBBLIM renem
Fig. 7. Neoformations of amorphous structure in cellular concrete modified with multi-walled carbon
nanotubes: a - partially crystallized tobermorite gel; 6 — calcium hydrosilicates combined with
tobermorite gel

Covses o o
- e T e

The comparative analysis of pore
macrostructure in cellular concrete
shows that the use of MWCNTs disper-
sions stabilizes macrostructure, at the
same time there is better uniformity of
pores according to their size, a lack of
pore “percolation” (Fig. 3, a, 6), which
inevitably affects both the strength and
the thermotechnical properties of cellu-
lar concrete.

The microstructure of the check
samples has the increased inhomogene-
ity of the interporous wall structure
(Fig. 4, a, 6), which leads to their low
strength and correspondingly to the de-
creased strength of products made from
cellular concrete (Table).

The images of the microstructure of
modified cellular concrete let us assume

Puc. 8. MukpocTpykTypa razobeTtoHa, MoanduLmMpoBaHHOro yriepoaHbiMy HaHOTpyGKamu: a — dpar-
MEHT CTPYKTYPbl MEXMNOPOBOM Neperopoakun; 6 — yrnepofHble HaHOTPYOKM (OTMEYEeHbl CTPEesikoit),

MOKPbITbIE C/I0EM T'MOPOCUNINKATOB KasibLUUS

Fig. 8. Microstructure of cellular concrete modified with carbon nanotubes: a — fragment of interporous
wall structure; 6 — carbon nanotubes (marked with the arrow) coated with a layer of calcium

hydrosilicates

CTAJIZINYECKUX OJOKOB (pHC. 6, @), COCTOSIIMX U3 IUIACTH-
HOK TMApokcuaa Kaiblus. [Ipu aTom ob6pasyeTcs KoMOu-
HUpOBaHHas CTPYKTypa, BKJIIOUalias OJIOKU TUIACTMHOK
TUIPOKCHIA KaJIbIUsl, UTOJBYATHIX KPHMCTAJIOB THIPOCH-
JINKATOB KaJIbIIMsI, OKYTaHHBIX aMOPGHBIMI HOBOOOpa3oBa-
Husmu (puc. 6, 6; 7, au 8, a).

Ponb amopHOIT CTPYKTYpBI, KOTOpasi OTMEUYeHa IMPU UC-
CJIeIOBaHUY MUKPOCTPYKTYPhI, CBOIUTCS K ABYM ACHCTBYIO-
muM ¢akTopaMm: B MpPoOLIecce CTapeHUs] TOOEPMOPUTOBBII
reJib KpUCTAJLIM3YeTCs ¢ (pOpMUPOBaHVEM TUAPOCUIIMKATOB
Kaibius (puc. 8, 6); B TO Xe BpeMs aMOpdHbIe HOBOOOPa30-
BaHUS YIUIOTHSIIOT CTPYKTYPY MEXKITOPOBBIX TIEPETOPOIOK B
razo0eToHe, MOBBIIIAs MEXaHUIECKYIO0 TPOYHOCTD U3IETUN.

Hccrnenyemast cTpyKTypa BKJIIOYAET TakKKe OIMHOYHbIE
CIyTaHHbIe YTJIEPOAHblE HAHOTPYOKH, IMOKPBITHIE CJIOEM
TUAPOCUIINKATOB Kayblius (puc. 7, 6). Usmenenus mopdo-

HAYYHO-MEXHUYECK ULl U NPOU3B00CmeerHbll JeypHar  (Cx [POVIE

that carbon nanotubes serve as centers
of crystallization of calcium hydrosili-
cates in hardening cellular concrete and
stimulate the structure forming of hard-
ening lime-silicate binder with high
crystallinity in comparison with the
plain check sample. Densification and increase of crystallin-
ity are observed in the pore walls (Fig. 5, a), at the same time
along with crystalline neoformations amorphous ones appear
(Fig. 5, 6) that provide additional densification and strength-
ening of the pore walls in cellular concrete.

The conducted analysis of the microstructure confirms
the acceleration of hydration of silica-lime binder followed
with the formation of dense crystalline blocks (Fig. 6, a) con-
sisting of calcium hydroxide plates. At the same time a com-
posite structure appear which includes blocks of calcium hy-
droxide plates, calcium hydrosilicate acicular crystals coated
with amorphous neoformations (Fig. 6, 6; 7, a and 8, a).

The role of amorphous structure noticed during the study-
ing of the microstructure comes to two factors: during the
aging process tobermorite gel crystallizes with calcium hydro-
silicates formed (Fig. 8, 6), at the same time amorphous neo-

2Jlorlul2
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JIOTUM HOBOOOPA30BaHUIM TIPUBOISAT K CYIIICCTBEHHOMY I10-
BBIIIIEHWIO MEXaHUYECKOM MTPOYHOCTH aBTOKJIABHOTO Ta30-
06eToHa, MOAUG(DUIIMPOBAHHOTO CBEPXMAaJIbIMU KOJIMYECTBA-
MM HaHOTpYyOoK (B mpenenax 0,006% ot macchl M3BECT-
KOBO-KPEMHE3EMHUCTOTO BSIKYIIIETO).

Moaudukaiius aBTOKIaBHOTO ra300eToHa aucTiepcuei
MHOTOCJIOMHBIX YIJIEPOAHBIX HAHOTPYOOK YCKOpSIET TPO-
1IeCChl TUApATAllMU M3BECTKOBO-KPEMHE3EMUCTBIX CMeceil
IIpU 3aIlapke B YCIOBHUSIX aBTOKJIABHOI 00pabOTKM.

B mnpouecce dhopMUpoBaHUSI CUIMKATHOTO KaMHsS B
MEXIIOPOBBIX TEPEropojKax razob0eToHa odpas3yeTcsi KOM-
OMHMPOBAHHASI CTPYKTYpa, BKIIOYAIOIIas OJOKW IIJIACTH-
HOK THIPOKCHIA KaJbLIWsI, UTOJbYAThIX W TIACTUHYATHIX
KPUCTAJUIOB TMIPOCHIIMKATOB KaJIbIIVsl, OKyTaAHHBIX aMOPd-
HBIMM HOBOOOpPa30BaHUSIMU, KOTOPbIE CIIOCOOCTBYIOT YBe-
JIMYEHUIO TUIOLIAAN KOHTAKTOB MEXIY KPUCTAJUIAMU U CHU-
>KEHUI0 00beMa MOop B CTPYKTYPE BSKYILE MaTPUIIbI.

I'uapocunukaTel KajiblMsl MOBBIIIEHHOW TMJIOTHOCTH
(bopMHpYIOT MPOCTPAHCTBEHHBIN KapKac, oOecreunBalo-
WA cO3MaHNe aBTOKJIaBHOTO Tra300€TOHA C yIyqIIeHHbBIMU
(bu3UKO-TEeXHMYECKMMM CBOMCTBAMU: TIOBBILIEHWE IMPOY-
HOCTH U3IEJNi Ha cxaThe mocturaeT 6onee 30%, obecrme-
yuBaeTcsl 0ojiee OMHOPOAHAsI, paBHOMEPHAsI TI0 pa3Mepam
CTPYKTYpa Mop 6e3 NePKOISIIUU U CXJIAbIBAHUSI.

KunroueBble cioBa: mMH020CA0LIHbIE YenepoOHble HaHOmMpYO-
KU, ea300emoH agmokAaHo20 npou3eodcmea, 2udpoCuluKa-
Mol Kaablyyusa, Mopgoaoeus HO8000pPaA308aHUIl.
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formations densify the structure of interporous walls in cellu-
lar concrete increasing the mechanical strength of products.

The structure under study also includes single entangled
carbon nanotubes coated with a layer of calcium hydrosili-
cates (Fig. 7, 6). The changes in the morphology of neofor-
mations lead to a significant increase of the mechanical
strength of autoclaved cellular concrete modified with ultra-
small amount of nanotubes (within 0,006% of the mass of the
lime-silica binder).

Modifying autoclaved cellular concrete with multi-walled
carbon nanotubes dispersion accelerates the hydration pro-
cesses of lime-silica mixtures while steaming during auto-
clave treatment.

In the lime stone formation process a composite structure
is formed in interporous walls of cellular concrete, which in-
cludes blocks of calcium hydroxide plates, acicular and plate
crystals of calcium hydrosilicates coated with amorphous
neoformations that facilitate the increase of the contact area
between the crystals and the decrease of the pore volume in
the binding matrix structure.

Calcium hydrosilicates of the increased density form a
space frame that provides autoclaved cellular concrete with the
enhanced physical and technical properties: the compressive
strength of products exceeding 30% and a homogeneous uni-
form in size pore structure without percolation or collapsing.

Keywords: multi-walled carbon nanotubes, autoclaved cel-
lular concrete, calcium hydrosilicates, morphology of neofor-
mations.
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