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KomnnekcHas fo6aBka Ha OCHOBE YrnepofiHbiX HAHOTPY6OK
W MUKpOKpeMHe3ema Ans Moaudukauum razocunukara

ABTOKNaBHOIo TBEPAEHUA

lccnenoBaHo BANSIHWE KOMMIEKCHOM [O6ABKM HA OCHOBE AMCMEPCUM MHOTOCNONHBIX YINepoaHblX HaHOTPY6oK (MYHT) B codetanuu ¢
MuUKpokpemHe3emom MK-85 Ha cTpyKTypy 1 CBOIACTBA ra3ocmnuKata aBTOKNaBHOro TBepaeHns. Ou3nKo-xMmmyeckne nccnefoBaHus 406aBKu nokasanum
€€ aKTUBHOCTb MO OTHOLLEHNO K TUAPOKCMAY KanbLus, 4TO MO3BOAWAO YNy4LWUTb (PU3MKO-MEXaHNYECKMe CBOMNCTBA aBTOKNABHOIO ra306eToHa.
lpoBefeHHble UCCNES0BAHUA PUIMKO-MEXAHNHECKNX NOKa3aTenen (MPOYHOCTL NPYU CXATUW U TENNONPOBOLHOCTL) NOKA3anu 3aBMCUMOCTb CBOICTB
ra3o6eToHa 0T COOTHOLLEHMS MCMONb3YeMbIX KOMMNEKCHBIX A06aBOK 1 TEXHOMOTN X BBEAEHWUS MPW NPUrOTOBAEHNN PACTBOPHON CMECH.
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Complex additive based on carbon nanotubes and silica fume for modifying autoclaved aerated gas silicate

The influence of complex additives based on dispersion of multi-walled carbon nanotubes (MWCNTSs) in combination with MK- 85 silica fume on the structure and properties of auto-
claved aerated gas silicate has been studied. Physical and chemical studies of the additive have shown its activity towards calcium hydroxide, which has improved the mechanical prop-
erties of autoclaved aerated concrete. The conducted studies of physical and mechanical properties (compressive strength and thermal conductivity) have shown the dependence of the
properties of aerated concrete on the ratio of the used complex additives and technologies of their adding in the process of producing mortars.

Keywords: multi-walled carbon nanotubes, gas silicate, calcium silicate hydrate, silica fume.

WccnenoBaHusi, CBSI3aHHBIC C TPUMEHEHUEM HAHOTEXHO-
JIOTWIA TIPY TIPOM3BOJICTBE STYUEUCTHIX OETOHOB aBTOKJIABHOTO
TBEpIACHMS, HE CTOJIb MHOTOYMCICHHEI [1—3]. AHamm3 pabot
B 00J1aCTU MPUMEHEHUSI KOMIUIEKCHBIX 100aBOK Ha OCHOBE
HAHOCUCTEM JIISl YIyULIEHUS XapaKTePUCTUK Ta300eTOHA 10~
Ka3bIBaeT, YTO MOJIOXKUTEIbHOE VX BIMSIHUE B OOJIBIIONM CTe-
TIEHX 3aBUCUT HE TOJBKO OT KOJWYECTBA M COOTHOIIEHMS
KOMIIOHEHTOB 3THX JJ00aBOK, HO M OT CITOCO0a MX IIPUTOTOB-
JICHUSI ¥ TEXHOJIOTMYECKOM ITOCIICIOBATeIbHOCTY BBEICHUS B
razo0eToHHYI0 cMmech. [IpuBeneHHEBIE MCCIETOBAaHMS IIPO-

The researches related to the application of nanotechnol-
ogy in the production of autoclaved cellular concrete are not
so numerous [1—3] The analysis of works in the field of ap-
plication of complex additives based on nanosystems for im-
proving the characteristics of acrated concrete shows that the
positive influence of these additives is highly dependent not
only on the amount and ratio of their components, but the
method of their preparation and technological sequence of
adding them to aerated concrete mixture. The given studies
continue our previous work [4, 5] in the field of using nano-
technology for producing aerated concrete and are related to
the use of MWCNTSs combined with MK- 85 silica fume as a
composite additive improving the characteristics of auto-
claved gas silicate.

Puc. 1. a - o6wuin BUA yctaHoBKM ans aucnepruposarHms MYHT; b — BuxpeBoii TennoreHepartop «BTI 2,2 kBT» komnaHum OO0 «BTI-CepBsuc»; ¢ — cxema-
TUYHOE M306paxKeHVe MPUMEHSEMOrO LMPKYIALMOHHONO METOAA AMNCTePrupoBaHms

Fig. 1. a — general view of the installation for MWCNTSs dispergation; b — «VTG 2.2 kW» vortex heat generator produced by «VTG- Service» company; ¢ — layout

view of the applied circular dispergation method
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Puc. 2. MykpocCTpyKTypa ANCNEPCUN MHOTOCTIOMHbIX YrepoaHbIX HAHOTPYOOK NPU Pa3NNYHbIX YBENIMYEHUSIX M CTEMEHN AMcneprauun: a — obwmin Bng, amc-
nepcuu npu 1150-kpaTHoM yBeNnYeHUn; b — onTuManbHas AMCcnepcus No cTeneHn gucnepraumm; ¢ — NPU3Haku HavyanbHOM Koarynaumm aucnepcun npy yee-
NIN4EHUN BpeMeHM 06paboTku
Fig. 2. Microstructure of MWCNT dispersion under various magnification and dispergation degree: a — general view of the dispersion under 1150-time
magnification; b — optimum dispersion in term of dispergation degree, ¢ — signs of initial coagulation of dispersion, the treatment time being increased

JOJDKAIOT TIpeabiayie paboTsl [4, 5] B 0061acTi MCMOIb30-
BaHUsI HAHOTEXHOJIOTUI /I TPOU3BOJACTBA ra3o0eToHa M
CBsI3aHbI ¢ Mcnosb3oBaHeM MYHT B coyeTaHuM ¢ MUKPO-
kpemHe3eMoM MK-85 Kak KOMILIEKCHOI T00aBKU, yydliia-
IOlLIeH XapaKTePUCTUKIU aBTOKJIABHOTO ra30CUJIMKATA.

Jns nucneprallii MHOTOCJIOWHBIX YIJIEPOJHBIX HAHO-
TpyOOK ObLIa CIIPOEKTMPOBAHA M coOpaHa ycTaHOBKa [6]
JUIE  TUCTIEPTMPOBAaHUS  YTJEPOAHBIX  HaHOTPYOOK
Graphistrength™ C-100 B BorHOM pacTBope cynepruacTu-
(ukatopa «PeraMuKc» HUPKYISIIMOHHOTO MPUHIIMIIA Ieii-
ctBus (puc. 1). B kauecTBe reHeparopa KaBUTAIIMU UCTIOJb-
3oBajics BuxpeBoil TeruoreHepatop <«BTI 2,2 xBr»
(puc. 1, b) xommanuu OOO «BTT-CepsBuc» (r. UxxeBck).
BDPdekT rmapoauHaMUIeCKON KaBUTALIMU BO3HUKAET B pa-
0ouell 30He BUXPEBOro TeIlJIOreHepaTopa Mpu B3auMOIEi-
CTBUM TMOTOKOB XMIKOCTU MEXIy COOOM M Bpallarouiencs
POTOPHOM YaCThIO arIapara.

3a cyeT ruApoAMHAMUYECKON KaBUTAIlMU TPOU3BOIM-
nach BogHas aucnepcus YHT Graphistrength™ C-100 B
pactBope IIAB «Pemammkc» u rumpoxkcuma alrOMUHUS
Al(OH);. Bpems npucnepruposaHusi coctasisiio 50 MUH.

Kak BUAHO U3 CHUMKOB MUKPOCTPYKTYPHI (pUC. 2) AUC-
nepcurn MYHT, cteneHs nucneprauuy 3aBUCUT OT BpEMEHU
JIUCTIepraiyy, TPy 3TOM YBeJIMYeHUE BpEMEHU IUCTIepraliu
TPUBOIUT K TIOBTOPHOM KOATYJISIIAUA YIJIEPOAHBIX HAHOTPY-
00K (puc. 2, ¢), 9To cHIXaeT 3¢ (HEKTUBHOCTD TUCIICPCUM.

B mpouecce mucnepraluu yrjiepoaHble HAaHOTPYOKU
pa3nessuIuCch Ha eAMHUYHBIE, ITPU 3TOM ITOBEPXHOCTh HAHO-
TpyboOK moKpbiBasiachk ciioeM [TAB ¢ cozmaHueM rMapokcu-
JIMPOBAaHHBIX OTPULIATEILHO 3aPSIKEHHBIX CJIOCB.

Pesynbrarsl (huzmKo-MexaHMUECKMX ToKasaTesieil ra3o-
cwmkaTa, MmoguduipoBanHoro aucrepcueir MYHT B co-
yetaHuU ¢ ruapokcunom amomunust Al(OH);, npeacrasie-

For the dispergation of multi-walled carbon nanotubes an
installation [6] has been designed and assembled to disperse
Graphistrength™ C-100 carbon nanotubes in aqueous solu-
tion of «Relamiks» superplasticizer of circular mode (Fig. 1).
«VTG 2.2 kW» vortex heat generator (Fig. 1, b) produced by
«VTG- Service» company (Izhevsk) was used as a cavitation
generator. The effect of hydrodynamic cavitation occurs in
the working zone of the vortex heat generator in the interac-
tion of liquid flows between themselves and a rotating part of
the machine.

Due to hydrodynamic cavitation Graphistrengt
CNT C-100 aqueous dispersion in «Relamiks» surfactant
solution and aluminum hydroxide Al(OH); was made. Time
of dispergation was 50 min.

As it can be seen from the photographs of the MWCNT
dispersion microstructure (Fig. 2) the dispergation degree
depends on the dispergation time, in this case increasing the
dispergation time leads to re-coagulation of carbon nano-
tubes (Fig. 2, ¢), which decreases the dispersion efficiency.

In the process of dispergation carbon nanotubes divid-
ed into single and their surface was coated with a surfac-
tant layer, hydroxylated negatively charged layers being
formed.

The results of the physical and mechanical indicators of
gas silicate modified with MWCNT dispersion in combina-
tion with aluminum hydroxide AI(OH); are shown in Table 1.
The additive containing Al (OH); and CNT is prepared with
a hydrodynamic cavitator.

Based on the parameters listed in Table 1, modifying gas
silicate with MWCNT dispersion in combination with alumi-
num hydroxide can significantly reduce the thermal conduc-
tivity of gas silicate products, but in this case the strength and
average density of gas silicate decrease which was also noted

hTM

Ta6nuua 1
Table 1

MOTHOCTb B CYXOM COCTOSHIM, Kr/M®
Density in dry state, kg/m®

MPOYHOCTL NpKM CXaTUK B CYXOM
cocTosHumn, MMa

KoadduumeHT TennonposogHocTu, BT/(m-°C)
Heat conduction coefficient, W/(m-°C)

Product with nanotubes | Concrete Plant

HaumeroBative Compressive resistance in dry state, MPa
n3penms
Product name N3nenve ¢ Ha 346 N3pesnve ¢ Ha 396 Wanenve ¢ HaHOTpyGKamm Ha 396
HaHOTPyOKamm In Cellular HaHOTPyOKamm In Cellular In Cellular

Product with nanotubes

Product with nanotubes

Concrete Plant Concrete Plant

H15.147-8T Ne 1

N15.14t-8t Ne 1 574 580

3,6 0,1011 0,1288

H15.1471-87 Ne 2

N15.14t-8t Ne 2 582 580

3,6 0,1089 0,1288
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HBI B TabOm. 1. JloGaBKa, comepKaimas
Al(OH); u YHT, npuroToBieHa Ha Tui-
ponrHamuyeckoM kaBurtatope.Mcxoms
U3 TToKa3aTesieil, MpuBeAeHHBIX B TA0M. 1,
MOAUMUIIMPOBAHUE Ta30CUIMKATa TUC-
nepcueii MYHT coBMecTHO ¢ TMIOPOK-
CUIOM QJTIOMUHMSI MOXET CYIIECTBEHHO
MOHU3UTh TETUIONPOBOAHOCTh W3AEIUI
13 ra3ocuauKara, Ho MpU 3TOM MPOUC-
XOJIUT CHUXKEHUE MPOYHOCTU U CpelHei
IUTOTHOCTY Ta30CUJIMKATa, 4TO TaKXe
oTMeuasioch B pabore [4]. B cocraBe
KOMILJIEKCHOM JOOABKHU JUTS TIOBBIIIEHUST
MPOYHOCTH ra30CUIMKAaTa UCIIOIb30Ba-
cst MUKpoKpeMHe3zeM MK-85.

MuxkpokpemHe3eM MK-85 saBisiercst
TEXHOTEHHBIM MPOAYKTOM METaJUTypru-
YECKOTO TPOM3BONICTBA TIPU BBITIABKE
deppocumuuma (TY 14-106-709—2004
«MuKpokpeMHe3eM KOHIEHCUPOBaH-
Hblii»). XMMHUUECKHUI COCTaB IPEICTaB-
JIeH B TaoJ1. 2.

Ilo paHHBIM peHTreHo(ha30BOrO
aHaiuza, Auokcua kpemHuss B MK
TIpe/ICTaBicH B OCHOBHOM aMopdHOI
MoaubuKalKeil, 4To ompenessieT pob
MK B MexaHU3Me B3aUMONEUCTBUS C
TUIPOKCUIIOM KasblMsl U MPOAYKTaAMU
TUApaTaly MUHEPAIOB LIEMEHTA.

B ¢Bs13u ¢ BBICOKOI IUCIIEPCHOCTHIO
YaCTHI] MIPU XpaHEHUM MHMKPOKPEMHeE-
3eM MOABEPraeTcs YIJIOTHEHUIO U arpe-
rauuu vactuil. Ilpu aHanuse aucnepc-
HOCTM 0€3 MpeaBapuTesIbHOM Aurcrepra-
LIMM CPEAHUI pa3Mep arperupoBaHHBIX
YacTUIl MUKPOKPEeMHe3eMa COCTaBJIsIeT
B cpenHeM 20 MkM (puc. 3, a), mo3aToOMy
repen MpUMEHeHUEM MUKPOKpEMHE3e-
Ma B KauyecTBe MOIUGULIMPYIOLIEH 10-
0aBKM HeoOXoauMa IucIieprauus arpe-
TMPOBAHHBIX YaCTUIl, TIPU 3TOM Cpel-
HUii pa3Mep yactull coctaisieT 300 HM
(puc. 3, b). Takas rpaHyJOMeTpUS U
3HAUYMTEJIbHON YAEIbHOW MOBEPXHOCTU
3epeH aMop(dHOro KpeMHe3ema o0y-
CJIOBJIMBAIOTCS BBICOKHE MYIII0JJAHOBbIE
CBOICTBA U BIIUSTHUE MUKPOKPEMHe3eMa
Ha cBoiicTBa razobetoHa. KpemHeszem B
TaKOM BUJI€ aKTMBHO BCTYITaeT B peak-
IIUI0 C TUIPOKCUAOM KaJbLMsl, YBEJIU-
yuBasi 00beM I'MAPATUPOBAHHBIX CHJIM-
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Puc. 3. AHanus gucnepcHocTn MMKpokpemHesema: a — 6e3 ynbTpa3BykoBoli 06paboTku, b — nocne
YNbTPa3BYyKOBOW AnCNepraumm B Te4eHne 6 MuH

Fig. 3. Analysis of silica fume dispersity: a — without ultrasound treatment, b - after ultrasound
dispergation during 6 min

b — razocunukat, MOANOULMPOBAHHLIN KOMMNEKCHOM fo6aBkoi Ha ocHoBe MYHT n MK-85

of partitions between times in aerated concrete: a — control structure;

b — aerated concrete, modified by the complex additive on the basis of MWCNT and MK-85

Ta6bnuua 2
kaToB Kaublus tuna CSH (puc. 4, b). Table 2
CyliiecTBeHHbIM (haKTOPOM, BIIUSIIO-
UM Ha (PU3UKO-MEXaHUYEeCKHE CBOM- SiO0, Al,04 Fe,05 Ca0 MgO Na,O K,0 C S
CTBA ra306eToHa, ABACTCS TEXHONOTUA [1g0_gpy, | 068% | 0,69% | 085% | 1,01% | 061% | 1.23% | 098% | 0.26%

BBeICHUST MUKpOKpeMHe3ema. [l co-
BMECTHOTO WCITOJIb30BAHUST TUCTIEPCUi
MYHT c¢ mukpokpeMHe3eMoM MK-85 roroBuivch mactbl
MpY IByKPaTHOM MeXaHWYeCKOM TepemelnrBaHuu. Ha Ha-
YyaJIbHOM 3Tarie mpuroToBieHus nact nucnepcus MYHT ne-
peMelInBaiach B CMECUTEIIe C HU3KMM KOJIMYECTBOM 000pO-
TOB JUISI CO3MaHUsI MPOMEXYTOUYHOM TacThl, KOTOpas 3aTeM
MoaBeprajach MHTEHCUBHOMY CMEIIMBAHUIO B IIPOMBIIII-
JIEHHOM BbICOKOCKOPOCTHOM OMCEPHOM CMECUTEE.
OnHopoaHOE paclpenejeHue YacTUull MUKPOKPEeMHe3e-
Ma ¢ MYHT Bo BceM 00beMe ITPUTOTOBIIEHHOI CMeCH Ta30-
OeTOHA JOCTUTAJIOCh TIPU TIPEIBAPUTEIBHOM COBMECTHOM
CMEIIMBAaHUM QJIOMUHUEBOW CYCTIEH3UM U TIaCThI.
YuuTbIBasi, 4TO CyCIe3ust aTlOMUHUEBOM MyIpbl TOTOBUTCS
¢ ucnonb3zoBanueM ITAB B Buze cynbhaHoia, a AMCIIEpCUst
MYHT «PenamMukc», npy nepeMeniiBaHUM KOMIUIEKCHOM

(Y PONIENBHBIES

in [4]. The complex additive for improving the strength of gas
silicate was MK-85 silica fume.

MK-85 silica fume is an industrial product of metallurgi-
cal production of ferrosilicon smelting (Specifications 14-
106-709—2004 «Condensed silica fume»). The chemical
composition is shown in Table 2.

According to the X-ray analysis, silicon dioxide in silica
fume is mainly in amorphous modification, which defines
the role of the silica fume in the mechanism of interaction
with calcium hydroxide and products of cement minerals
hydration.

Due to the high dispersion of particles, during its storage
silica fume undergoes compaction and aggregation of parti-
cles. The analysis of dispersity without prior dispergation
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shows the average size of aggregated
particles of silica fume as 20 microns
(Fig. 3, a), therefore before using silica
fume as a modifying additive disperga-

tion of aggregated particles is required,
the average particle size being 300 nm
(Fig. 3, b). Such grading and large spe-
cific surface area of amorphous silicon

dioxide grains cause high pozzolanic
properties and the effect of silica fume
on the properties of aerated concrete.
Such silicon dioxide actively reacts with
calcium hydroxide increasing the

amount of CSH-type hydrated silicates
(Fig. 4, b).

A significant factor affecting the
physical and mechanical properties of

aerated concrete is the technology of

6 adding silica fume. Pastes were pro-
duced with double mechanical stirring
for combined use of MWCNT disper-
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sions with MK-85 silica fume. At the

Puc. 5. 3aB1CUMOCTb GU3NKO-MEXAHNYECKNX NOKa3aTeNnen rasocmnmkara oT CoaepxaHusa nacTtbl (B %
OT Macchl LeMeHTa): 1 — 5% mukpokpemHeadema ot maccsl MNL; 2 — 0,0005% nactol; 3 — 0,001% nacTol;
4 - 0,001% nactbl n 5% MukpokpemHesema ot maccsl NL; 5 — 0,005% nacTbl; 6 — 0,005% nactel n 5%

MUKpokpemHe3ema ot macchl MU, 7 - 0,01% nacTbl

Fig. 5. Dependence of physical and mechanical indices of gas silicate on paste content (% from
cement mass): 1 - 5% silica fume from Portland cement mass; 2 — 0,0005% paste; 3 - 0,001% paste;
4 -0,001 % paste and 5% silica fume from Portland cement mass; 5 — 0,005% paste; 6 — 0,005% paste

and 5% silica fume from Portland cement mass; 7 — 0,01% paste

no06aBKu, BKIIoUamplei nacty Ha ocHoBe MYHT u muxpo-
KpeMHe3eMa, JOCTUTaeTcsl MoJydeHHe OJHOPOIHOM Cy-
CIIEH3UM, KOTOpasi BBOAUTCS B ra300€TOHHYIO CMECH MPU €€
repeMeIIMBaHUM B CMECUTEIE.

[Tpu BBeAEHUM MUKPOKPEMHE3EMa COBMECTHO C LIEMEH-
TOM B IIPUTOTOBJIEHUY Ta300€TOHHOM CMeCH TTIopu3alus ee
WIET 3HAYWTETbHO MeIJIeHHee, a TIOJydeHHbIe W3Ieus
MPUOOPETAIOT TOBBIIIEHHYIO CPEIHIOI TUIOTHOCTh, YTO
3HAYUTEIHLHO MOBBIIIAET TEMIONPOBOIHOCTL TOTOBBIX U3/1E-
smit. Takoit apdexT cBsi3aH ¢ BHICOKO aKTUBHOCTbIO MUK-
pOKpeMHe3eMa, KOTOPbIi CBA3bIBAET OOJIBIIIOE KOJTUUECTBO
TUIPOKCUIA KaJIbIMsI HAa HaYaJIbHOM 3Tarne (hOpMUPOBAHUS
CTPYKTYpPBI ra300€TOHA; TIPY 3TOM OCTaBIIIETOCS] CBOOOIHO-
IO TMIPOKCHIA KAJIBLIMSI HEMOCTATOYHO /IS peakIuy C aJlio-
MUHUEBOI IyApoii, obecreunBalolleii oopazoBaHue BOAO-
polla ¥ BCIyuMBaHUE CUIIMKATHOTO Tra300eToHa.

AHanu3 noxasaresieit MPOYHOCTU U TETUIONPOBOIHOCTH
u3neaui u3 razoberoHa, MoIUQPUUMPOBAHHOIO MACTON Ha
ocHoBe gucnepcn MYHT, u MukpokpemMHe3eMa, TOKa3bi-
BaeT BO3MOXHOCTb YJIyUIIeHUs U3NETUN U3 MOAUDUITNPO-
BaHHOTO ra30CUJIMKATa.

Pesynbrathl hM3MKO-MeXaHUYECKUX MToKa3aTesieil ra3o-
cuIMKaTa, MOAUGUIMPOBAHHOTO MHUKPOKPEMHE3eMOM U
macroit, Bkmovaromeint MYHT konnentpamueit 0,14% n
MK-95 ¢ conepxanuem 64,6%, npeacTaBiIeHbl Ha puc. 5.

Taxkum obOpa3oM, CHIKEHME TEILIOIPOBOIHOCTH ra30CH-
JIMKaTa ¢ OMHOBPEMEHHBIM MOBBILIEHUEM MPOYHOCTH TOCTH -
raeTcsi pu MoaMMUKAIIMY ra30CUIUKATHBIX U3ENUI 3a CYET
Momudukanyy macroit B kommaectse 0,0005—0,001%, nipu-
rotaBiMBaeMoii Ha ocHoBe nucriepcu MYHT ¢ Mukpokpem-
He3eMoM. KowmrutekcHast mo6aBKa Ha OCHOBE TUCTIEPCHM
MHOTOCJIOMHBIX YTIJIEPOIHBIX HAHOTPYOOK B COUETaHNY C MUK-
pokpeMHe3emMoM MK-85 BiusieT Ha mpolecc ruapaTaluy U
(hopMuUpoBaHUS CTPYKTYPhl aBTOKJIABHOT'O ra300€TOHA.

CnMcok JMTepaTypbl

1. Jadvyga Keriene, Modestas Kligys, Antanas Laukaitis,
Grigory Yakovlev, Algimantas Spokauskas, Marius
Aleknevicius. The influence of multi-walled carbon
nanotubes additive on properties of non-autoclaved and

initial stage of producing pastes
MWCNT dispersion was stirred in a
mixer with a low turning number to pro-
duce an intermediate paste, which was
then subjected to intensive mixing in a
high speed industrial beaded mixer.

Uniform distribution of silica fume
particles with MWCNT throughout the
prepared acrated concrete mixture was achieved at the pre-
liminary joint mixing of aluminum suspension and paste.
Given that aluminum powder suspension is produced with
using surfactants (sulphanol) and «Relamiks» MWCNTSs
dispersion — while stirring the complex additive comprising a
paste based on MWCNTs and silica fume, a homogeneous
suspension is obtained, which is then added to aerated con-
crete mixture while stirring it in a mixer.

When adding silica fume with cement while preparing
porous aerated concrete mixture, concrete aerating is much
slower, and the products acquire increased average density,
which significantly increases the thermal conductivity of the
ready products. This effect is associated with high activity of
silica fume, which binds a large amount of calcium hydroxide
in the initial stage of formation of aerated concrete structure,
while the remaining free calcium hydroxide is not enough for
the reaction with aluminum powder which provides hydro-
gen genesis and blow out of silicate aerated concrete.

The analysis of strength and thermal conductivity of
products made of aerated concrete modified with paste based
on MWCNTs dispersion and silica fume shows the possibility
of improving the products made of modified gas silicate

The results of physical and mechanical indices of gas sili-
cate modified with silica fume and MWCNTs paste with
concentration of 0,14% and MK-95 with the content of
64,6% are shown in Fig. 5.

Thus, the reduction of thermal conductivity of gas silicate
with the simultaneous increase of strength is achieved by
modifying silicate products with pasta of 0,0005—0,001%,
based on MWCNTs dispersion with silica fume. Complex
additive based on multi-walled carbon nanotubes dispersion
in combination with MK-85 silica fume affects the process of
hydration and formation of structure of autoclaved aerated
concrete.
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YcToW4MBOCTb BOAHLIX AMCNEpCUN
MHOrOCNOWHBIX YrNepoAHbIX HAHOTPYOOK

ViccnefoBaHa yCTOMYNBOCTL BOAHBIX JUCMEPCHIA MHOTOCNOMAHbBIX YrNepoaHbIX HAaHOTPY6oK (MYHT) dhuanko-xummuyeckummu MeTofgamu. YCTaHOBMEHO,
4TO NPU ANUTENbHOM AMCNEPrMpoBaHNY YrNepoaHbIX HaHOTPY6oK Masterbatch CW 2-45 B BbICOKOCKOPOCTHOM CMECMTeNle POTOPHOMO Tuna
npouncxoaut paccroenue gucnepcun Ha MYHT u kap6okcumetunuennionody (KMU). Mpwu yaanenun KMU ¢ nosepxHoctn MYHT npoucxogut
MOBTOPHAsA KOArynsums HaHOTPY6OK, 4TO CHYXAET aD(EKTUBHOCTL AUCMEPCUM NPU MOANMDUNKALMM CTPOUTENbHBIX MAaTepUanoB 1 COKpaLlaeT

X YCTONYMBOCTb BO BPEMEHMU.
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Stability of aqueous dispersions of multi-walled carbon nanotubes

It was investigated the stability of aqueous dispersions of multiwalled carbon nanotubes (MWCNTSs) using physico-chemical methods. It has been established that prolonged
dispersing carbon nanotubes Masterbatch CW 2-45 in high-speed rotary mixer occurs bundle on the dispersion of MWCNTs and carboxymethyl cellulose (CMC).If you delete a
CMC from the surface of MWCNTSs occurs re-coagulation nanotubes, which reduces the efficiency of dispersion in the modification of building materials and decreases their

resistance in time.

Keywords: multi-walled carbon nanotubes, suspension, microstructure, IR spectral analysis, dispergation

OnHuM 13 HauboJiee MePCEeKTUBHbBIX HANpaBIeHUH yTyd-
HIeHUs] PU3NKO-MEXaHUYECKUX CBOMCTB CTPOUTENIBHBIX MaTe-
pUasioB SIBJISIETCS BBEICHWE B MaTepya pa3IMdHbIX HAHOCK-
CTeM, B YaCTHOCTV MHOTOCJIOMHBIX YIJIEPOIHBIX HAHOTPYOOK
(MYHT). B pa6ore [1] oTmMe4aeTcs, YTO BBEICHUE UX AUCIIEP-
CUM B CHJIMKATHBIMA Ta300€TOH I103BOJISIET CTaOWUIM3UPOBATh
MUKPOCTPYKTYpPY Ia30CUIMKaTa, o0ecreunBasi OAHOPOIHOCTh
Mop MO pa3MepaM U PaBHOMEPHOCTb UX paclipeieieHus B
obbeMe Martepuaia. BeyienctBre aToro yBeMuuBaeTcsl Mpoy-
HOCTb W JOJITOBEYHOCTb W YJIYYIIAIOTCS TETUIOTEXHUYECKUE
XapaKTepUCTHKM ra3oberoHa. B pabote [2] mokaszaHo, 4To
MPUMEHEeHNe HAaHOAMCIIEPCHBIX YIVIEPOMHBIX 100aBOK B Kave-
cTBe MoAMGUKaTOpa B aHTUAPUTOBBIX KOMIO3UIIMSIX MTO3BO-
JISIET MOJyYUTh ILUIOTHYIO, MajioneeKTHYIO CTPYKTYpy KpH-
CTAJUIOTUIPATOB, YTO TPUBOIUT K TIOBBIIICHUIO MEXaHW4e-
CKOI1 TIPOYHOCTHU M BOJIOCTOMKOCTH MaTepuaa.
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Puc. 1. IK-cnekTp nornoweHns kapboKCUMEeTUNLENTIONO3bI
Fig. 1. IR-spectrum of absorption of carboxymethyl cellulose
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One of the most promising directions of improving the
physical and mechanical properties of construction mate-
rials is adding various nanosystems, including multi-
walled carbon nanotubes. Study [1] notes that adding
their dispersion to silicate aerated concrete stabilizes gas
silicate microstructure, ensuring the uniformity of pore
size and their distribution in the material. This increases
the strength and durability as well as improves thermal
performance of aerated concrete. Study [2] shows that us-
ing nanodispersed carbon additives as a modifier in anhy-
drite compositions provides a dense, low-defect structure
of crystalline hydrates, which leads to the increased me-
chanical strength and water resistance of the material.
However, the effective application of multi-walled carbon
nanotube dispersions requires the solution of the problem
connected with partial separation of carbon nanotubes

3200 2000 900 2000 1800 1500 1400 10 1000 8OO 8o

3400 3
e Full Vek 2 b

Puc. 2. K-cnekTp cycneHaumn, o6paboTaHHO B TeYeHne 2 4
Fig. 2. IR-spectrum of suspension being treated for 2 hours
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Fig. 3. IR spectrum of suspensions being treated for 4, 6, 8 hours in the
considered interval

OpHako i 3(p(PeKTUBHOrO MPUMEHEHUsST TUCIEPCUId
MHOTOCJIOMHBIX YIJIEPOJHBIX HAHOTPYOOK HEOOXOOUMO pe-
IIUTh TMPOOJIEMY, CBSI3aHHYIO C HEIOJHBIM pasiejieHUeM
YIJIEpOAHBIX HAHOTPYOOK Ha OT/AEJIbHBIC YaCTHUIIbI B BOAHOMN
IUCTIEPCUOHHOM cpene [3], a TakKe TpobyieMy cTabun3a-
LIMM HAHOCTPYKTYP B 00bEME TUCTIEPCHUHU B TIPOLIECCe XpaHe-
Hus. MYHT ouyeHb akKTUBHBI U UX CeAMMEHTALlMOHHAs
YCTOMYMBOCTh B JXKUJIKOCTU MOCTaTOYHO Maja. DTO MOA-
TBEPXKIAEeTCSl CUJIbHOM KOre3ueil HaHOCTPYKTYpP B AUCIEP-
cusix. HaHouacTUIlsl ¢ MCXOAHBIM pa3sMepoM 6—20 HM 00b-
eauHS0TCS B rpaHy/ibl pasmepaMu 400—900 mxwm [4].

Pemenuem mpo0OjieMbl CTaOMIM3AIIUM CYCIICH3UIA SIBJISI-
eTCsl alCOpOLIMOHHO-COJbBATHBINA CJIOM Ha IOBEPXHOCTU
HAHOTPYOOK, KOTOPBIA MPEnsTCTBYeT UX cOMmkeHuo. s
OTpaHUYEHUST KOAaryJsiiuM Jy4lIMM BapUaHTOM SIBJISIETCS
HCTIOJIb30BaHUE TTOBEPXHOCTHO-aKTUBHBIX BeEIEeCTB (Cyp-
(akranToB) [5]. Mx BBeaeHME NMPUBOIUT K IIOHUXKEHUIO MO-
BEPXHOCTHOU MeXX(ha3HOM S3HEPTUN U 00JIeTIaeT NUCIIePT Y-
poBaHue. IS ne3uHTerpallii KPYIMHBIX arjioMepaToB Ya-
CTHUIl HAaHOTPYOOK TpeOyeTcsl AIUTEeNbHOE M MHTEHCUBHOE
BHEIlIHEee BO3NEHCTBUE, HANPUMED YJbTpa3ByKoBasi oOpa-
060TKa 1M 00paboTKa B BHICOKOCKOPOCTHOM CMECHUTEJIE PO-
TOpHOro THa [6].

HccnenoBaauch MHOTOCIOWHBIE YIJIEPOIHBIE HaHO-
Tpyoku GraphistrengthTM Masterbatch CW 2-45 ¢paHiry3-
ckoil kommaHuu «Apkema» (Arkema). [laHHBIA TPOIYKT
MpeACTaBIsieT co00il IpaHyJIMPOBAHHYIO OUCIIEPIUPOBAH-
HYI0O CMeChb MHOTOCJIOMHBIX YIJIEPOJAHBIX HAHOTPYOOK B
cpene Kapookcumetwiiennonodsl (KMII), conepxatieit
45% MYHT.

IMpuBuTHIe DYHKIIMOHATBHBIE TPYIILI HA OCHOBE Kap-
OOKCUMETUJILIEJITIONO3bI  SIBJSIIOTCA cyphaKTaHTOM ISt
MYHT. Ancopbupysick Ha Mexkda3HOi1 rpaHu1Ie HAHOTPYO-
ku — Bona, KMII yMeHbIIaeT MOBEepXHOCTHOE HATSKEHUE
BOJbl Ha TIOBEPXHOCTWM HAHOYACTHUI[, YTO HE TMO3BOJISIET
arpernpoBaTh UM B 060Jiee KpyITHbIe 00pa30BaHUSI.

s aHanM3a CTeMeHU AMCIEPCHOCTH M YCTOMIUBOCTH
BO BpeMEHM ObUIM OTOOpaHbl 00pa31Ibl CYCIIEH3UI C pa3Inyg-
HBIM BpeMEeHEM JUCIIePrUPOBaHMUS.

KapbokcumeTuiesunoao3a sSBisieTcsl MpocThiM 3u-
POM LIeJUTIONO3BI. B mHTepBate wactor ot 925 1o 1225 cm™! B
CIIEKTpe TOSBISIETCS MWHTEHCHBHAs TI0ji0ca TIOTJIONICHUSI,
KOTOpasi XapaKTepHa MPOCTbIM 3¢dupaM, CBsI3aHHas € yda-
cTueM B Kosnebanuu nojspHoii cea3u C—O (puc. 1) [7].

Ha MK-cnekTpe cycnieH3uu, TUCIIEPrupoOBaHHON B Te-
YyeHUe 2 4, UMEETCs XapaKTepUCTUIECKasl 1oj10ca MorJIolle-
HUA B MHTEpBaje oT 925 1o 1225 cm™!, cooTBeTcTBYIOMIAs KO-
nebanuio nossipHoii cBsa3u C—O B mpocToM 3dupe (puc. 2).
BTO CBSI3aHO C TEM, UYTO aACOPOILIMOHHO-COJIbBATHBIN CJIOM
coxpaHeH Ha moBepxHocTu MYHT, mostomy KosebaHus B
5TOM MHTEpBaJle CIIeKTpa Jal0T MOJIEKYJIbI KApOOKCUMETHII-
LIEJUTIOJIO3BI.

(Y PONIENBHBIE
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Puc. 4. VIK-cnekTp cycneH3umn, o6paboTaHHol B TeueHne 10 4
Fig. 4. IR spectrum of suspension being treated for 10 hours

into individual particles in the aqueous dispersion medi-
um [3] as well as the problem of stabilizing nanostructures
in dispersion while being stored. MWCNTs are very active
and their sedimentation stability in liquid is quite low.
This is confirmed by the strong cohesion of nanostruc-
tures in dispersions. Study [4] notes that nanoparticles
of initial size of 6—20 nm merge into granules of 400—
900 mm [4].

The solution of the problem of stabilizing suspensions
is adsorbing and solvent layer on the surface of nanotubes
which prevents their approximation. The best variant to
limit coagulation is to use surfactants [5]. Their adding
results in lowering the interfacial surface energy and fa-
cilitates dispergation. Disintegration of large agglomer-
ates of nanotube particle requires long and intensive ex-
ternal influence, for example, ultrasonic treatment or
treatment in a high speed rotary mixer [6].

GraphistrengthTM Masterbatch CW 2-45 multi-
walled carbon nanotubes of «Arkema» French chemical
company were studied. This product is a granular disper-
gated mixture of multi-walled carbon nanotubes in car-
boxymethyl cellulose (CMC) with 45% of MWCNTs.

The grafted functional groups based on carboxymethyl
cellulose are surfactant for MWNTs. Being adsorbed on
the nanotube — water interface, CMC reduces the surface
tension of water on the surface of nanoparticles, which
prevents them from to aggregating into larger units.

To analyze the degree of dispersity and stability over
time the samples of suspensions with different disperga-
tion time were selected.

Carboxymethyl cellulose is cellulose ether. In the fre-
quency range from 925 to 1225 cm™! in the spectrum an
intense adsorption band appears which is typical for ethers
and connected with fluctuation of the C—O polar bond

(Fig. 1) [7].
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Puc. 5. K-cnektp MYHT Masterbatch CW 2-45 (cneBa Hanpago)
Fig. 5. IR spectrum of Masterbatch CW 2-45 MWCNTSs (from left to right)
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Puc. 6. MukpocTpykTypa cycneHsuii npu 7500-kpaTHOM yBENNYEHNM, NPU-
roTaBMBaeMbIX B TeyeHne: a — 24, b -4y
Fig. 6. Suspension microstructure at 7500-time magnification being
prepared for: a — two hours, b - four hours

OnmHaKo B CIIEKTpax CYCMEeH3WH, TMCTIEPTUPOBAHHBIX B
TeyeHue 6, 8, 10 4, MIPOMCXOAUT ITOCTENEHHOE M3MEHEHE
MHTEHCUBHOCTU JIMHUI MOTJIOIIEHUs B pacCMaTpUBaeMOM
uHTepBajie (puc. 3).

CpasHuBas MK-cnektpsl nucnepcuu 10 4 gucneprupo-
Banugd 1 MYHT Masterbatch CW 2-45, MoXHO clejiaTh
BBIBOJI, YTO CIIEKTPHI B 3TON YaCTU UMEIOT CXOACTBO IO MH-
TEHCUBHOCTH IToriolieHus (puc. 4, 5). OTCyTCTBYeT Imojioca
norjoueHus nojsipHoi cBsizu C—O, cBOMCTBEHHAas MpPoO-
CTBIM 2¢rpaM LEJTI0N03bl — KapOOKCUMETWILIEIUTIONO3E.
DTO CBSI3aHO C TeM, YTO coibBaTHas obonouka KMII mmo-
CTETNeHHO pa3pyliaercs.

KMII, ancopbupysick Ha HOBepXHOCTH HAHOTPYOOK, OCJIa-
OJISTET MEXMOJIEKYJISIPHBIC CBSI3U M CHIKAET TTOBEPXHOCTHOE
HaTSDKEHYE BOJIbI, TEM CaMbIM He TO3BOJISISI YaCTULIaM HaHO-
TpyOOK arperupoBath B 0ojiee KpyMHbIe KIYOKM U I'paHyJIbl.
YMeHbllIeHue, BILIOTh 10 yAaJIeHuUsI, CoabBaTHOrO cost KM LI
MPYBOIUT K O0Opa30BaHUIO KPYIMHBIX KOHIJIOMEpAaTOB HaHO-
TPYOOK, UTO SIBJISIETCS] HEXXENIATeIbHBIM B IUCTIEPCUSIX.

Takum obpa3oM, cycrneH3us1, 00paboTaHHasI B TEUCHUE
2 4 B cMecuTedie, siBiseTcs Hanoosee 3(p(peKTUBHON, oqHAa-
KO JUISI TOCTOBEPHON WHTEPIpeTaluM JaHHBIX, MOJTYyYeH-
HbIX B peayabrare MK-cnekrpaqbHOro aHaiausza, ObUIM
MPOBEJEHbl UCCIENIOBAHUS TI0/ PACTPOBBIM 3JIEKTPOHHBIM
MUKPOCKOIIOM U CUHXPOHHBIN TEPMUUECKUT aHAJN3.

Ha cHuMKe MUKPOCTPYKTYPBI CYCIIEH3UU, TUCTIEPTUPO-
BaHHON B TeueHne 2 4 (puc. 6, a), OTCYTCTBYIOT KPYITHBIE
koHrmoMepatel KMII, Tak kak Mojekyasl KMII ToHkum
c/loeM pacrpelesieHbl Ha TMOBEPXHOCTM HAHOTPYOOK.
IToaToMy He MPOMCXOMUT 3apsiAKa MCCIEMyeMOil TTOBepX-
HOCTH 3JIGKTPOHHBIM MMYYKOM.

Ha cHmMKe MUKpOCTPYKTYpHI OUCIIEpCHH, 00paboTaH-
HOI1 B TeUeHNUe 4 4 B BHICOKOCKOPOCTHOM OMCEPHOM CMECH -
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Puc. 7. MukpocTpykTypa cycnenauin npu 7500-kpaTHOM yBENNYEHWUA, MPU-
roTaBnMBaeMbIx B TeyeHue: a — 84; b— 104
Fig. 7. Mucrostructure of suspension at 7500-time magnification being
prepared for: a — eight hours; b — ten hours

The IR spectrum of suspension being dispergated for
two hours has a characteristic adsorption band from 925
to 1225 cm™! associated with the fluctuation of the C—O
polar bond in ether (Fig. 2). This is due to the fact that the
adsorption and solvent layer stays on MWCNT surface,
therefore, fluctuations in this spectrum interval provide
carboxymethyl cellulose molecules.

However, the spectra of suspensions being dispergated
for 6, 8, 10 hours see a gradual change in the intensity of
the absorption lines in the considered interval (Fig. 3).

Comparing the IR spectra of dispersion of 10-hour
dispergation and MWCNT Masterbatch CW 2-45, it can
be concluded that the spectra in this part are similar in
terms of absorption intensity (Fig. 4, 5). There is no ad-
sorption band of C—O polar bond common for cellulose
ethers — carboxymethyl cellulose. This is due to the fact
that the CMC solvent shell is destroyed.

Being adsorbed on the nanotube surface, CMC weakens
the intermolecular bonds and reduces the surface tension of
water, thereby preventing nanotubes particles from aggre-
gating into larger granules and coils. Reduction up to re-
moval of the solvent CMC layer causes nanotubes to form
larger conglomerates which is undesirable in dispersions.

Thus, the suspension treated for 2 hours in a mixer, is
the most effective, however, the accurate interpretation of
the IR-spectral analysis data required the study with a
scanning electron microscope and simultaneous thermal
analysis.

The picture of suspension microstructure being dis-
persed for two hours (Fig. 6, a) has no large CMC con-
glomerates as CMC molecules are distributed on the
nanotubes surface with a thin layer, therefore the studied
surface is not charged with the electron beam.

b
i 493,47 C T:g g

400§

50

100 150 200 250 300 350 400 450 500 550 600 650 70O 750 °C

Puc. 8. Kpusas [ TA cycneHaumn, o6paboTaHHO B CMecuTene B TedeHne: a —24; b — 64
Fig. 8. DTA curve of suspension being treated in mixer: a — for 2 hours; b — for 6 hours
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TeJsie, MOXXKHO YBUIETh YACTUIHOE OTTOPXKEHUE KOHTIIOMepa-
toB KMII 3a cyeT ux paccioeHus1 o MoBepXHOCTU HAHOTPY-
60K (puc. 6, 6). C yBeJIMueHUEM BpeMeHU AUCIIEPTUPOBAHUS
CyCMeH3Uil HaHOTPYOOK Ha CHUMKAX MUKPOCTPYKTYDPHI
MOXHO YBUIETh YBEJMUYEHUE KOJMUECTBA U pa3MEpPOB KOH-
rmomepatoB KMII Ha mosepxHoctu MYHT (puc. 7, a).
AHaIn3 MUKPOCTPYKTYPHI CYCIIEH3UU, 00pabOTaHHOM B Te-
yeHnue 10 4 B cMecutene (puc. 7, 6), mokasajl, YTO HAaHOTPYO-
KU TIOJTHOCTBIO TOKPBITHl KOAryJMpoOBaHHBIMM YacTUIIAMU
KMII.

Paznenenve MYHT Masterbatch CW 2-45 Ha KoHTJ10-
mepatbl KMII 1 yriaepoaHble HAHOTPYOKYM TTOATBEPKAACTCS
pesyabTataMu TuddepeHIINaTbHO-TEPMUIECKOTO aHaIN3a.
Hectpykuusa KMII B cycnieH3uu, 1UCIeprupoBaHHON B Te-
yeHUe 24, MPOUCXOAUT Tipu Temiepatype 314°C
(puc. 8, @), cycnieH3uu, TUCIIEPTUPOBAHHON B TeyeHue 6 U
—npu 297°C (puc. 8, 6).

Yraepon, ob6pa3oBaBIIMMCS BCIAEACTBUE OECTPYKIIUH
KMII, ctumynupyeT oKHCIeHNE YIJIEPOIHBIX HAHOTPYOOK C
MOJIHBIM MX BbIropaHueM npu Temreparype 493°C. B To ke
BpeMss MYHT B aucnepcuu ¢ BpeMeHeM 00paboTKu 2 4
MOJBEPraloTCs MOJHOW ACCTPYKIIMM TpPU TeMIiepaType
600°C. TepMorpaMmma JIOIOJHUTEIBHO MOATBEPXKIAET pac-
cinoeHue aucnepcun Ha coctapisoonme (KM u MYHT)
B IIpoliecce UIMTEIbHOM’, CBhIIIE 2 4, 00pabOTKe B IUCIIEP-
rarope.

CrenoBaTe/bHO, IJIUTENbHOE OUCIIEPTMPOBAHUE YIJie-
ponHbIX HaHOTPYOOK Masterbatch CW 2-45 orpuniateabHO
BAvsieT Ha KayecTBo aucriepcuu MYHT. [lpu yBennuenuun
BpeMEHH AVMCTIEPTUPOBAHUS TIPOMCXOAMT PACCIIOCHUE JIHC-
nepcur Ha MYHT u KMU. C ynanennem KMII ¢ mosepx-
Hoctu MYHT mnpoucxoauT mOBTOpHAsS KOaryJssiiys HaHO-
TpyOOK B 00Jjiee KPYIHbIEe KIIyOKU U TPaHYJIbl, YTO CHIKAET
3(hdeKTUBHOCTD AUCTIEPCUN TIPU MOAUDUKALIUU CTPOUTEb-
HbBIX MaTEPUAJIOB U COKPAILIAET UX YCTOMYMBOCTH BO BPEMEHMU.
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The picture of the dispersion microstructure being
treated for 4 hours in a high speed bead mixer shows par-
tial rejection of CMC conglomerates due to their segrega-
tion over the nanotubes surface (Fig. 6, b). The disperga-
tion time of nanotube suspensions being increased, the
pictures of microstructure show the increase of the num-
ber and size of CMC conglomerates on the MWCNTs
surface of (Fig. 7, a). The analysis of the suspension
microstructure being treated for 10 hours in a mixer
(Fig. 7, b) shows that nanotubes are completely coated
with coagulated CMC particles.

The settling of Masterbatch CW 2-45 MWCNTs into
CMC conglomerates and carbon nanotubes is confirmed
by the results of differential thermal analysis. The de-
struction of CMC in the suspension being dispergated for
two hours occurs at the temperature of 314°C (Fig. 8, a),
the suspension being dispergated for six hours — 297°C
(Fig. 8, b).

At the same time, carbon formed as a result of CMC
destruction stimulates oxidation of carbon nanotubes with
their full burn at 493°C. Withal, MWCNTs in the disper-
sion being treated for 2 hours undergo their complete de-
struction at 600°C. This thermogram additionally con-
firms the dispersion settling into components (CMC and
MWCNTs) for more than two hours of treatment in the
disperser.

Therefore, long dispergation of Masterbatch CW 2-45
carbon nanotubes negatively affects the quality of the
MWCNT dispersion. The dispergation time being in-
creased, the dispersion settles into MWCNTs and CMC.
Thus, CMC being removed from the MWCNT surface,
recoagulation of nanotubes into larger coils and granules
occurs, which reduces the efficiency of dispersion while
modifying construction materials and decreases their re-
sistance over time.
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CTpykTypoo6pa3oBaHue B OpraHo-HeopraHM4ecKux CBA3YHOLLMX,
MOAN(ULUPOBAHHBIX KOHLIEHTPATaMW MHOIOCJIOMHbIX

YrNepoAHbIX HaHOTPY6OK

MpeacTasnexbl pesynbTaThl CTPYKTYPHbIX MCCNEA0BAHUIA TMOPUAHBIX CBA3YIOLLNX, MOLUMDULNPOBAHHbIX YINEPOAHbIMU HAHOTPY6KaMn. da3osas
CTPYKTYPA XMAKMX CBA3YIOLLNX Oblna N3y4eHa MeToLoM ONTUYECKON MUKpocKonuu. ViccnegosaHus (pasoBoii CTPYKTYPbl OTBEPXKAEHHbIX
KOMMO3NTOB W €€ 3NEMEHTHOr0 COCTaBa NPOBOAMIN HA CKAHUPYIOLLEM 3NIEKTPOHHOM MUKPOCKONe. [Ing u3y4eHus KWHETUKM NPOTEKAIOLLMX peakLuun,
UAEHTU(MKALUN 06PA3YIOLLMXCA OPraHNYecKux coeamHeHnii u cteneHn Konsepcun — NCO-rpynn 6611 ucnons3osan metog VIK-cnektpockonuu. YHT
npu BBELEHUM B TMOPUAHbIE CBA3YIOLLME KOHLEHTPUPYIOTCA HA rpaHuLe pasgena ghas, 4To NpuBOAMT K 06pa30BaHMI0 MEHbLLEr0 KONM4ecTBa
MonuypeTaHa u cornacyetcs ¢ gaHHbimn VIK-cnektpockonuu. Beeaexne YHT B cocTaB cBA3YHOLWMX CNOCO6CTBYET MHTEHCUDMKALMM NPOLIECCOB
OTBEPXXAEHNS U NPUBOAMT K (DOPMUPOBAHMIO 60ONee OAHOPOAHON M TOHKOAMCNEPCHOI (Pa30BOil CTPYKTYPbI 3MYNbCUIA 11 OTBEPXKAEHHbIX

KOMMNO3UTOB.

Knto4eBble CNOBa: opraHo-HeopraHnyeckue rubpuaHble cBA3ytoLLmMe, MoaMMULNPOBaHIE, YTNEPOAHbIE HAHOTPYGKM, CTPYKTYPa, MUKPOCKONKS,

VIK-cnekTpockonus.
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Structure Formation in Organic-Inorganic Binders Modified
with Concentrates of Multi-Layer Carbon Nano-tubes

Results of the structural investigation of hybrid binders modified with carbon nano-tubes (CNT) are presented. The phase structure of liquid binders was studied by the method of optical
microscopy. The investigation of the phase structure of hardened composites and its elemental composition was conducted with the help of the scanning electron microscope. To study
the kinetics of reactions occurring, identification of organic compounds generating and conversion level of — NCO-groups the method of IR-spectroscopy was used. CNTSs, introduced
into hybrid binders, concentrate on the inter-phase boundary that leads to the formation of a smaller quantity of polyurethane and consistent with the data of IR-spectroscopy.
Introduction of CNTs into the composition of binders favors the intensification of hardening processes and leads to the formation of the more homogenous and fine dispersed phase

structure of emulsions and hardened composites.

Keywords: organic-inorganic hybrid binders, modification, carbon nano-tubes, structure, microscopy, IR-spectroscopy.

B nocneaHue ronbl B KaUueCTBE MEPCIEKTUBHBIX MO -
(bukaTopoB IS yIydIlIeHUsT DKCILTyaTallMOHHBIX CBONCTB
KOMITO3UILIMOHHBIX MaTepuajoB psIIOM UcclieaoBaTeneit
paccMaTpuBalOTCs YIrJIepoAHble HaHOMOAMGUKATOPHI, B
MepBylo ouepeab yriepoaHble HaHOTpyOku (YHT) [1—4].
Ve nebonbime koauuectsa YHT (mo 1 Mac. %) okasbiBa-
0T 3HAUYMTEIbHOE BIMSIHME Ha MeXaHUYECKUe CBOMCTBA U
TeMIlepaTypy CTEKJIOBaHUS TOJMMEPHBIX KOMIIO3UTOB, YBE-
JIMYMBAIOT 3JIEKTPO- U TETUIONPOBOJHOCTb, TEPMOCTAOUIb-
HOCTb U JIpYTUe CBOKCTBA. BaXkHyI0 posib TIpU 3TOM UTparoT
xapakrepuctuku YHT (konuyecTBO ciioeB, reoMeTpuye-
CKUe mapaMeTphbl), Ka4eCTBO pacIpeneeHrs 1 OpUeHTaIs
UX B MaTpulie, a Takke Hajauuue Ha moBepxHocTu YHT
(GyHKIIMOHAIBHBIX rpynil [1].

PaGoThl, KOTOpBIE MPOBOMITCS B 3TOM 0OOJACTH, KakK
MPaBUJIO, HAMPABJICHBI HA BBISIBJIECHUE B3aUMOCBSI3U MEXITY
COCTaBOM (KOJTMYECTBOM M BUJIOM J100aBKM) U CBOMCTBAMU
ToJlyyaeMoro marepuana. [Ipm 3ToM MHOTMMM aBTOpaMH
TOJTyYeHbl UHTEPECHBIE C TOYKU 3PEHUS JATbHEUIINX Tep-
CIEKTUB pe3yabTaThl. Hampumep, B [2] moka3aHoO, 4YTO
0,05 mac. % YHT noBBIIIIalOT MOIYJIb YIIPYTOCTH SITOKCHI-
HOTO KoMmIo3uTa Ha 17% W yBeIWYMBAIOT MPOYHOCTDH TIPU
n3rute Ha 10%. OpHako HECMOTPST Ha GOJIBILLION UHTEPEC K
MoandurKanuy moJauMepoB ¢ nomoinsio YHT, Bompoc o me-
XaHU3Me WX YIIPOUHSIONIETO NeWCTBUS MPU MaJIbIX KOHIIEH-
TpalUsIX OCTA€TCS OTKPBITHIM.

Beenenue 4% momudunpoBanHbix YHT B nommumun
MPUBEJIO K KOMITJIEKCHOMY YBEIMYCHUIO (PU3UKO-MEXaHU-

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

TIn recent years, carbon nanomodifiers are being studied
as upcoming modifiers (especially, carbon nanotubes (CNT))
for improving of service properties of composite materials
[1—4]. Even low CNT content (up to 1 mas. %) has signifi-
cant influence on the mechanical properties and glass tem-
perature of polymer composites, increases their electrical and
thermo conductivity, thermo stability and other properties.
In this case significant role is played by properties of CNT
(quantity of layers, geometrical parameters), their orienta-
tion in a matrix, quality of distribution and the presence of
functional groups on the surface of CNT [1].

Research works performed in this area are generally
oriented on discovering of synergies between the content
(type and ratio of additive) and properties of the resulting
material.

In addition, many authors have achieved interesting re-
sults in the context of upcoming prospects. For an instance,
authors [2] have shown, that 0,05 mas. % of CNT increases
modulus of elasticity of epoxy composites over 17% as well as
bending strength over 10%. However, notwithstanding high
demand for modification of polymers by means of CNT, the
problem of mechanism of strengthening in case of low con-
tent is still an open issue.

4% modified CNT insertion to polyimide led to complex
increase of stress-strain properties by mean of 30%.

Electron micrographs evidenced forming of structure
with less quantity of defects and microcracks in nanomodi-
fied polyimide samples [3].
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YecKMX ToKasaTeneil B cpenHeM Ha 30%. DieKTpoHHas
MUKPOCKOIHUS MOATBEepAMSIa (OPMUPOBAHUE CTPYKTYPHI C
MEHBIIMM KOJIMYECTBOM Je(EKTOB U MUKPOTPEIIUH y Ha-
HOMOIUGUIIMPOBAHHBIX 00pa3loB Mmoauumuaa [3].

Hcnonb3yst pa3iuyHble TUITBI CTPYKTYPHBIX MOIM(DUKA-
TOPOB [5—9], MOXHO 1ieJIeHaTTpaBJIeHHO YIPABJISITh CTPYKTY-
pPOOOPa30BaHMEM TTOJTUMEPHBIX CBAZYIOIIMX Y KOMITO3UTOB.

HccnenoBanue pu3nKo-MexaHUYECKUX CBOUCTB KOM-
MO3ULMOHHBIX MaTepuajoB Ha OCHOBE 3MOKCHAaMUHHBIX
CHUCTEM U CLIMUTOTO MOJUYPETAaH-MOUYEBUHHOTO 3JacTOMe-
pa[10, 11] mokaszajgo, 4TO MakKCMMaJIbHbIe 3HAYECHUSI MO-
JIyJsl YIIPYTOCTA W TIPOYHOCTH BHIIIE, YeM UX 3HAYCHUE y
HWCXOMTHOTO IMOJIMMepa IIpUMepHO B 2,5 u 1,5 pa3a cOOTBeT-
CTBEHHO IPHY KOHILIEHTpaunu HaHOTpyook 0,002 mac. %.

B pesynabTare mpoBeAeHUs TMATEHTHBIX MCCAeTOBAHMIA
npoaHaau3upoBaHo 6osiee 50 MaTeHTOB B 00JIACTU HAHOMO-
IUPUIMPOBAHHBIX MOJTUMEPHBIX KOMITO3UIIMOHHBIX MaTe-
puaioB. Poct mareHTHOI akTUBHOCTH B PD mipuxonutcs Ha
2010—2011 rr., B CIIA — 1a 2012 r. B cTpykType nzobdpera-
TEJIbCKOII aKTUBHOCTHU IpeodyamaeT HaHOMOAU(UKALIWS:
SIOKCUIHOM CMOJIbI (45% W300peTeHMit), MOJIMaMUIOB
(14%) n npyrux momumMepoB (41%). B xauecTBe HaHOTOOA-
BOK B OCHOBHOM UCITOJIB3YIOT (pymiepersl (24% nu3obpere-
Huit) u YHT (20%), cpenm npyrux no6aBok (56%) nipeo6ia-
JIAIOT OKCHJ aTIOMUHUS, OKCU LIMPKOHUSI, CTEKI0CHEpHI,
HaHOIIMHBI, HAHOPa3MEPHbI KPEMHUI, aCTPAJIEHBI, a3P0-
cwi. B xauecTBe OCHOBHOM LieJM, MpeciaeayeMou IIpu Ia-
TEHTOBAaHUM TEXHUYECKMX PEILIEHUI 3a UcCaelyeMbli me-
puom (1996—2013 1T.), MOXHO BBHIICIUTH yBETUICHUE
(bU3UKO-MeXaHMYECKUX XapaKTEPUCTUK TPOU3BOIMMBIX
MTOJIMMEPHBIX HAHOKOMITO3UTOB.

Panee [12] aBTOpamMu ObLUIO YCTAHOBJICHO, YTO IIPH BBE-
JNIEHUW B TUOpUIHbBIE CBA3YIOLIME HAa OCHOBE IOJMHU30-
MaHaTa W MOJMCUIMKATa HATPUsl KOHLIEHTPAaTOB MHOTO-
cioitnbix YHT mpodYHOCTh TMpU CKATUU YBEJTUYHUBAETCS
Ha 20—35%, TerutocToiikocTh Mo Buka Bo3pacTtaer Ha
15—25°C. B paHHOIi paboTe IpeACTaBICHBI PE3YIbTaThl
CTPYKTYPHBIX MCCENIOBAHUI TMOPUIHBIX CBSI3YIOIIMX, MO-
nudunrpoBaHHbix YHT.

Obsekmbl u memoodvt uccaedoganus. Memoduka npueo-
moeaenus ceazyroujux. OObEKTOM UCCIENOBAHUN SIBJISIIOTCS
TMOpUIHBIE OpPraHO-HeOpraHWYEeCKHWe CBA3YIOIIUE, Tpel-
CTaBJISIIONIE CMECU OPraHWYEeCKOTO W HEOPraHWYeCKOTo
OJINTOMEPOB.

B kayecTBe MCXOAHBIX KOMITOHEHTOB IPY U3TOTOBJIEHUU
MOAUGULIMPOBAHHBIX TMOPUIHBIX CBA3YIONINMX UCTIOJIb30Ba-
HbI: TTIOJIMU30LMAaHAT (TJIOTHOCTH 1,25 r/CM3, KOJIMYECTBO —
NCO-rpymm 29—32%), moMuCcUINKAT HaTpus (BOXHBIM pac-
TBOp cwKata Hatpust CM=4, mwrotHocTs 1,2 r/cM® 1 co-
nepxxanue Boabl 70%), snokcunHast cmoia DJ1-20 u TBep-
JIble KOHLEHTPAThl MHOTOCIOMHBIX YIJIEPOIHBIX HAHOTPY-
0ok nop ToproBbiMu Mapkamu Graphistrength Masterbatch
CW2-45 u Graphistrength Masterbatch CS1-25 (comep:xa-
aue YHT — 45 u 25 mac. % coOoTBeTCTBEHHO) IMPOU3BOICTBA
¢paHIiy3cKoit Kommanuu Arkema.

TexHoa0THsSI MPUTOTOBIEHUSI TUOPUIHBIX CBS3YIOLINX
BKJIIOYAET: CMeIMBaHUe MOJMU301[MaHaTa U MOJMCUIIMKa-
Ta HATpusl B TeYeHHWE 2—5 MUH Ha JIOMACTHOM Mellajike
(800—1500 06/MuH); TeruioByl0 00pabOTKYy KOMITO3UTOB
npu 80—100°C mocyie mpeaBapUTeIbHOM BBIIEPXKKUA TIPU
KOMHATHOU TemIieparype.

B cayyae mpurotoBaeHUM MOAMGBUIIMPOBAHHBIX CBSI3Y-
IOLMX Ha MEPBOM 3Tare TeEXHOJIOTMYECKOTo Mpoliecca KOH-
neHtpatsl YHT BBOOWIKCH B TOJIMM30IMAHAT WA TOJIUCH-
qukat Hatpus. [lpu MoaubuuMpoBaHUM CBSI3YIOIIETO
Graphistrength CW2-45 (npencrasisieT co00i KOHIIEHTpaT
VHT B kapOOKCUMETHUIILIEIIIION03¢) J00ABKY BBOOWJIU B I10-
JIMCUJIMKAT HATpMs: cHadajlla TOTOBMIM 6% IHUCIepcuio
YHT B nonucunukaTe, KOTOPYIO BOOCIEACTBUY pa30aBIIsLIv
0 HeoOXoaUMOoI KoHleHTpauuu. 3aTem nobasisiin [THULL
U CMeCh CHOBA TepeMellBaIu.

(N POVIEIIBHBIE

Insertion different types of structural modifiers [5—9], we
can make a direct impact on polymer binders and composites
structure formation.

Research of stress-strain properties of composite materi-
als based on epoxy amine systems and cross-linked polyure-
thaneurea based elastomer [10, 11] has shown that modulus
of elasticity and strength maximal rating is increased in ap-
proximately 2,5 and 1,5 time, respectively at CNT concen-
tration of 0,002 mas. %.

During the patent study more than 50 patents in area of
composite materials nanomodification were analyzed.

Patent activity growth in Russia Federation came to
200—2011 years, in USA it came to 2012 year. Nano-
modification of epoxide (45% of inventions) prevails in struc-
ture of inventive work, quantity of research related to nano-
modification of polyamide and other polymers are 14% and
15%, respectively.

Fullerenes and CNT (24% and 20% of inventions, respec-
tively) are used as nanomodifiers, and among the other modifiers
(56%) aluminum oxide, zirconium oxide, silicic microsphere,
nanoclay, nanosized silica, astralen and aerosil are prevailing.

We can outline increase of the stress-strain properties
produced polymer nanocomposites as the main pursued aim
in patenting of engineering solutions during the studied pe-
riod (1996—2013).

Earlier [12] we discovered that in case of insertion of mul-
tilayer CNT masterbatches based on polyisocyanate and
polysilicate of sodium to hybrid binders, compressive strength
increases over 20—35%, Vicat softening temperature grows
up over 15—25°C. In this work the structural study results of
hybrid binders modified with CNT are represented.

The subjects and methods of the research work. Binders
preparation technique. The research subjects are hybrid or-
ganic-inorganic binders which are mixtures of organic and
inorganic oligomers.

Polyisocyanate (density 1,25 g/sm?, — NCO-groups —
29—32%), polysilicate of sodium (polysilicate of sodium aqua
solution SiM=4,0, density — 1,2 g/sm3, water ratio — 70%),
epoxyd ED-20 and solid concentrates of the multiwall carbon
nanotubes “Graphistrength Masterbatch CW2-45” and
“Graphistrength Masterbatch CS1-25” (CNT content — 42
and 25 mas. % respectively) produced by a French company
“Arkema” were used as the input products in preparation of
modified hybrid binders.

Hybrid binders preparation technique includes: mixing of
polyisocyanate and polysilicate of sodium for 2—5 min in
paddle-type mixer (800—1500 rpm); soaking of composites at
ambient temperature and heat treatment of composites at
temperature of 80—100°C.

At the first step of work cycle of modified binders’ prepa-
ration CNT masterbatches were added to polyisocyanate or
polysilicate of sodium. For modification of binder
Graphistrength CW2-45 (it is a CNT masterbatch in car-
boxymethyl cellulose) the additive was add to polysilicate of
sodium: at first a 6% CNT dispersion in polysilicate was pre-
pared, which was diluted later to necessary ratio. Then poly-
isocyanate was added and the mixture was blended again.

Modifying Graphistrength C S1-25 binder (it is a CNT
concentrate in DGEBA monomer and bis-phenol A grade)
we added CNT concentrate as a media compatible to an or-
ganic component of hybrid binder — polyisocyanate into ep-
oxide. At first we prepared 6% CNT dispersion in epoxy
oligomer, which was diluted to necessary ratio later. Optimum
content of epoxide in the composite was selected in advance
(20 mas parts to 100 mas parts of binder). Mixing mechani-
cally step by step we consistently added polyisocyanate and
polysilicate of sodium to the system ED-20 + C S1-25. After
soaking at ambient temperature we ran thermal conditioning
of modified composites at temperature of 80—100°C.

For liquid composites viscosity was measured by means of a
viscosity cup “B3-246”. Time of outflow of 100 ml of binder
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IIpu MomuduumpoBanum cassyiomero Graphistrength
CS1-25 (npencrasisier coboit koHueHntpaT YHT B cpene
moHomepa DGEBA u 6ucdenona A) koHuneHrtpar YHT
BBOJIMJIM B ATTOKCUIHYIO CMOJIY — KaK Cpely-HOCUTEIb, CO-
BMECTUMBIN C OPraHUYECKON COCTABJISIONIEH TMOPUIHOTO
CBSI3YIOIIETO — TMOJMM30IIMaHATOM: CHavyaia roToBWIM 6%
mucnepcuo YHT B anokcuaHOM oturomMepe, KOTOpYyIo BIIO-
CJIeACTBUU pa30aB/IsId 10 HEOOXOAMMOU KOHIEHTPALMU.
IIpeaBaputeabHO OBUIO MOAOOPAHO ONTUMMAILHOE COIEp-
>KaHWe 3MOKCUIHON cMOJbl B KoMnosuuuu (20 mac. 4. Ha
100 mMac. 4. cBssyioiero). Mcronb3oBasioch CTyneHYaToe
MeXaHU4YecKoe cMemmBanne — B cucteMmy DI-20 + CS1-25
MOCJIe0BATeIbHO BBOAVUIA TTOJIMM30IIMAHAT U TTOJUCHIIN-
KaT Hatpusl. [Tocie BbIaepKKY MpU KOMHATHOM TeMIiepary-
pe MPOBOAWIM TEILIOBYIO 00pabOTKY MOAM(PUIKMPOBAHHBIX
koMmmo3utoB 1pu §0—100°C.

JI71s1 XKMAKUX CBA3YIOIINX OTPEIeIsIv BI3KOCTh Ha BHC-
ko3umMeTrpe B3-246 B reueHue 1—2 4 mociie IpUTOTOBJICHUS
¥ BpeMs rejieodpa3zoBaHus. 3a IoKa3aTeslb BI3KOCTU IIPH-
HUMa0Ch BpeMsi ucteueHus (¢) 100 M1 CBSI3YIOIIEro U3 BU-
CKO3MMeTpa ¢ AMaMeTPOM corlia 4 MM. 3a Bpems rejeodpa-
30BaHUS CBS3YIOIIUX TIPU KOMHATHOW TeMIepaType
(21£3°C) npuHuManu BpeMs (B MUH) OT MOMEHTa CMeEIlH-
BaHUSI KOMITOHEHTOB (Hayaja peaklUd MeXIy HUMU) 10
MOTEPU TEKYUYECTH CBSI3YIOIIIETO.

dazoBast CTPYKTYpa KUAKUX CBSZYIOIIMX OblIa M3ydeHa
METOJOM OMNTHYECKOW MUKPOCKONMUU Ha MUKPOCKOIE
Axioscop 40A Pol ¢pupmsl Carl Zeiss-Iena npu yBeanueHUU
%500 1 x1000.

HccnemoBanust $a3oBoOi CTPYKTYPBI OTBEPKIECHHBIX
KOMIIO3UTOB U €€ 3JIEMEHTHOTO COCTaBa IMPOBOIMIN Ha CKa-
HUpYIOILLIEM 3JIeKTPOHHOM MMKpockorie Merlin ¢ MUKpo-
30HIOBBIM PEHTICHOCTIEKTPAIbHBIM aHainu3oM. OO6pasiibl
MpeIBapUTEIbHO TTOIBEPrajIMCh 3aMOPO3Ke B KUIKOM a30-
Te, 3aTeM poBoIMJICS cKoJl. Ha cKojl 00beKTOB HAIbUISLIIN
cmnaB Au/Pd B cootHoenuu 8§0/20.

Jna u3ydeHUs] KUHETUKUA TPOTEKAIOIIUX PeaKIIuid,
UAeHTU(PUKALIMY 00pa3yIOIIUXCsl OPTraHUYEeCKUX COeNUHE-
Huii, crerieHu KouBepcuu — NCO-rpyIin ObL1 KCIIOIb30BaH
meton WMK-cnekrpockornuu. MK-cmekTpsl cHUMaaIu Ha
HNK-®ypre ciekTpoMeTpe Mapku Spectrum 65 mpou3Boj-
ctBa PerkinElmer (CLLA) B obnactu yactor ot 4000 mo
450 cm!.

3a X0/10M peaklyu CICAWIN 110 U3BMEHEHUIO MHTETPalb-
HOW MHTEHCHBHOCTH TOJOCHl 2272 cM™!, oTBewarorueil 3a
Kosie0aHus M30LMAHATHOM Tpynmbl. B KauecTBe «BHYTpeH-
Hero craHmapTa» Oblla BbIOpaHa 00111asi MHTerpajbHasl UH-
TEHCUBHOCTB TIOJI0C B obmactu 1568—1623 cm™!, oTBeyalo-
WX TTOTJIOLIEHUIO GEH30JIbHBIX SIIep.

DKcnepumeHmanvbHas wacme u 06cyricoeHue pe3yabmamos.
OpraHo-HeopraHMYecKre CBSI3YIolIMe Ha OCHOBE MOJUU30-
1IMaHaTa ¥ MOJIMCUJIMKATa HAaTPUSI TIPENICTABIISIIOT CO0OM TH-
MMUYHBbIE BBICOKOAMCIIEpCHBIE cucTeMbl. [1oCKOMbKY peak-
LIMY B3aMMOIEACTBYSI MEXIY ITOJTMU30IIMaHATOM U TIOJIUCH -
JINKATOM HATpUs MPOXOAAT Ha Mexk(ha3HOM TpaHUlIe, TO Be-
JIMYMHA YAEJIbHON MOBEPXHOCTU pasfena a3 ornpenessieT
(bpoHT peakuuii U 00BEM 00pa3yIOIIMXCS MPOIYKTOB.
[ToaTomy yBenuyeHUEe CTENMEHM AUCIEPTUPOBaHUS MyTeM
MHTEHCUBHOTO MEXaHWYECKOTO BO3ICMCTBHS WIJIM BBEICHU-
€M TTOBEPXHOCTHO-aKTUBHBIX BEIIECTB JOJDKHO MPUBECTH K
VBEJIMYCHUIO 3TUX IMapaMeTpoB. C Ipyroit CTOPOHBI, AMC-
MepcHasl CTPYKTypa MCXOJHOU pPeakUMOHHON CUCTEMbI B
3HAUUTEJLHON Mepe OIpenessieT AMCIEPCHYIO CTPYKTYpY
OTBEPKIEHHOTO TBEPIOro KOMITO3UIIMOHHOIO MaTepuaa.
T. e. MOXXHO TOBOPUTH O peaM3allMy TPUHIINIIA «CTPYKTYP-
HOI Haclle/ICTBEHHOCTW». [Ipy MeXaHWYecKOM CMelInBa-
HUU Ha TIEPBOM 3Tare o0pasyercs rpyoasi MHOXECTBEHHAs
SMYJIbCHSI, TIPOSBIISIIONIAs CKIOHHOCTh K paccioeHuio. 1o
Mepe YBEJMYEHUS] BPEeMEHU TMepeMelIuBaHUs SMYJIbCUS
CTAaHOBUTCSI MUKPOTETepOreHHOI U OoJiee Bsi3Koii. [lanee
BSI3KOCTb PACTET MOCTETNIEHHO, BIUIOTH IO IOJHON IOTEpU

through a viscosity cup nozzle with 4 mm diameter was taken as
a flow time. The time interval between the start of mixing (start
of reaction) and of binder slump loss time at ambient tempera-
ture (214+3°C) was taken as gelatination time (gel time).

Liquid binders phase structure was studied by means of
optical microscopy by means of microscope Axioscop 40A
Pol made by Carl Zeiss-Iena in zooming frame 500 and 1000.

Study of cured composites phase structure and determi-
nation of its ultimate composition was run by means of a
scanning electron microscope Merlin with X-ray electron
probe analysis in Interdisciplinary center of analytical mi-
croscopy of Kazan Federal University.

The samples were prefrozen in nitrogen and then were
cleaved. Cleavage surfaces were covered with Au/Pd alloy in
the ratio 80/20.

IR-spectroscopy method was used for reaction kinetics
study, compound identification and conversion degree of —
NCO-groups determination. IR-spectrum were taken with
IR-interferometer spectrometer Spectrum 65 made by
PerkinElmer (USA) in frequency range 4000—450 sm™'.

Reaction path was observed by integrated band intensity
changes 2272 sm™! responsible for isocyanate group oscilla-
tion. Integrated band intensity in range of 1568—1623 sm™!
responsible for benzene nucleus absorption was chosen as an
internal standard.

Experimental part and discussion of the results. Organic-
inorganic binders based on polyisocyanate and polysilicate of
sodium represent typical highly refined systems. As far as
polysilicate of sodium and polyisocyanate reaction proceeds
at interface phase, interface area preforms reaction front and
volume of resulting products as well. Therefore, enlarging of
specific surface by means of severe mechanical stimuli or
surfactant insertion must lead to increase of these parameters.
However, dispersion structure of the cured composite mate-
rial is in large part determined by dispersion structure of ini-
tial reaction system. Thus, it is possible to say about the em-
bodiment of “structural heredity” principle. Being mixed
mechanically, at the first step they produce multiple emul-
sion inclining to separation. With increase of mixing time
emulsion becomes microheterogeneus and more viscous.
Then viscosity increases gradually up to total slump loss (ge-
latination time is fixed by fast growth of viscosity and com-
posite slump loss).

After thermal curing, solid heterogeneous composite is
formed. Basic conditions of usability of these composites as
binders in reinforced plastics production are stability, homo-
geneity, moderate viscosity and lifetime (gelatination time)
and also high wetting force in relation to reinforcing filler.
Cured composites structure (hence, and basic properties com-
plex) depends on stability, homogeneity and structural param-
eters of liquid emulsions, completeness of proceeding reac-
tions and contents of resulting products. In addition, all pro-
cesses of microsegregation in hybrid binders are influenced
with chemical interaction resulting new reaction products.
Therefore interfacial area and its state will have significant in-
fluence over proceeding processes development and cured
composites structure. Method of optical microscopy was used
for liquid binders structural study, process control and process
optimization. Light optical observation of the emulsions let see
their heterogeneous polydisperse structure consisting of dis-
persion phase and disperse particles of spherical shape with the
size from 0,5—1 to 10—20 pm. Probably, the emulsions include
smaller particles; however it is impossible to distinguish them
at this magnification (500 u 1000 ). It is set, that homogeneous
and stable emulsion form at mixing speed not less than 800
rpm with mixing time not less than 2 min (Fig. 1). Mixing time
extension from 2—7 min up to 7—10 min is impractical since it
does not lead to increase of fineness of emulsion.

The optimal mixing (Table 1) modes of a two-component
binder (polyisocyanate:polysilicate of sodium=80:20) are
mixing speed — 1500 rpm with mixing time 3—5 min.
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TeKydyecTu (BpeMs Treineo0pa3oBaHUSI
(bukcupyetcst o pe3Komy pocTy BSI3KO-

Mixing time 1 min
CTU 1 TIOTEPU TCKYYECTU KOMHOSI/I]_II/II/I).

Bpemsa cmewmBanns 1 MuH

Bpewmsi cMelumBaHmns 2 MuH
Mixing time 2 min

[Tocie TepMooTBepxaeHUsT HOPMUDPY-
ercs rerepoda3Hblil TBEpAbIii KOMIIO-
3uT. [JTaBHBIMY yCJIOBUSIMU TEXHOJIOTH-
YeCKOi MPUMEHUMOCTU JAHHBIX KOM-
MO3ULIMIA B KAYeCTBE CBA3YIOLIUX MPU
MU3rOTOBJIEHUU ApMUPOBAHHBIX IJTACTU-
KOB SBJISIIOTCS: CTaOMJIBHOCTb, OJHO-
POIHOCTB, HEBBICOKASI BSI3KOCTh U K13~
HECIIOCOOHOCTh (BpeMs rejieoOpa3oBa-

HM), a TAKKe XOPOoIas CMayrBaroIast

CITOCOOHOCTDH MO OTHOIIEHUIO K apMM-
pYIOLLEMY HAITOJHUTEIO.

Mixing time 3 min
CTpYKTypa OTBEPKICHHBIX KOMIIO-

Bpems cmewmBannsg 3 MyuH

Bpems cmewmBanns 5 MyuH
Mixing time 5 min

3UTOB (CJIEZIOBATEILHO, M KOMILIEKC
OCHOBHBIX CBOWCTB) HanpsIMyl0 3aBH-
CHUT OT CTaOMJIBHOCTHU, OMHOPOAHOCTH U
CTPYKTYPHBIX IMapaMeTpPOB XMIKHUX
SMYJIbCUI, TTOJIHOTHI TPOTEKAIOIIUX Pe-
aKIWii U cocTaBa 0Opa3yloLIMXCs MPOo-
nykToB. KpoMme Toro, Ha Bce MPOLECCHI
MMKPOCETPETUPOBAHNS B THOPUIHBIX
CBSIBYIONINMX HaKJIAIbIBACTCS XUMUYE-
CKO€ B3aMMOJIEMCTBUE KOMIIOHEHTOB C
MOSIBIEHMEM HOBBIX MPOIYKTOB peak-
uuii. TloaToMy cocTosiHMe W TUIONIAIb
MeX(pa3HOI MOBEPXHOCTH OYyIyT OKa-
3BIBaTh 3HAYMTEJLHOE BIUSHUE HA CKOPOCTh TTPOTEKAIOIINX
TIPOIIECCOB U CTPYKTYPY OTBEPKIECHHBIX KOMITO3UTOB.

Jns uccnenoBaHusl CTPYKTYPbI XUAKHMX CBSI3YIOIINX,
KOHTPOJII Y ONTUMHU3ALUUU TEXHOJOTUYECKUX PEXHMMOB
CMEIIMBaHMsI KOMITOHEHTOB ObLJT UCTIOJIb30BaH METOJ OTITH -
YecKoM MUKpockonuu. HabmoneHre aMyIbCuii B ONITHYE-
CKOM MUKPOCKOIIE TTO3BOJIMIIO BBISIBUTh UX TeTepodasHyio
TTOTUINUCTIEPCHYIO CTPYKTYPY, COCTOSIIILYIO U3 TUCIIEPCUOH-
HOI cpeabl M JUCIIEPCHBIX YacTUIl chepruuecKoil (hOpMEI C
pasmepom ot 0,5—1 mo 10—20 mxMm. BeposiTHO, sMylbcuu
colepxar u 060j1ee MeJKUe YaCTULIbI, OMHAKO Pa3INuUTh UX
npu faHHoM yBesuueHuu (X500 u x1000) He mpeacTaBisieT-
C BO3MOXHBIM. YCTAaHOBJICHO, YTO OTHOPOAHBIE U CTa-
OMJIBHBIE AMYIbCUU (DOPMUPYIOTCS IIPU CKOPOCTU CMEIIH-
BaHusl He MeHee 800 00/MUH M BpeMeHU CMELIMBAHUS He
MeHee 2 MuH (puc. 1). YBelnueHrue BpeMeHU CMEIlIMBaHUsI
¢ 2—5 10 7—10 MMH He TPUBOJIUT K YBEJIMUYEHUIO CTEIIEHU
TOHKOIUCITIEPCHOCTH BMYJIbCHI U HelleJIecoo0pa3Ho.

OnTumMaibHBIMM peXUMaMU cMelIBaHus (Tao. 1) 6u-
HapHoro cBa3yoniero (ITML:ITH = 80:20) sBusttoTcst: cKo-
poctb cMemmBaHus 1500 06/MUH TpY BpeMEeHU CMelluBa-
Hus 3—5 muH. [Ipu 3TOM CpenHuii pa3Mep YacTUIL COCTaB-
nser 1,7—1,8 mxm, 80% dacTull TUCHIEPCHOM (ha3bl UMEIOT
pasMep 10 2 MKM, a okosio 20% wumeloT pasmep oT 2 1o
5 mxm. Ilpm BBenennu YHT B cocraB cBsI3yolero, Kak B

Puc. 1. MukpodoTorpadum amMynbCuiA, NOAYYEHHbLIX NPU PA3HOM BPEMEHN CMELLMBAHUS
Fig. 1. Micrograph of emulsions prepared with different mixing time

Thus, average particle size is 1,7—1,8 um, 80% of dis-
perse phase particles are of the size up to 2,0 pm, and about
20% of particles fall within the size range from 2,0 up to
5,0 um. In case of CNT binder modification with CW2-45
(added to polysilicate of sodium) and with CS1-25 (pre-
mixed with ED-20) as well, the highest dispersion degree is
achieved at lower mixing speed — 1000—1200 rpm with mix-
ing time 3—5 min. In case of 0,1 mass. % CNT insertion to
the binder in CW2-45, the minimal average size of particles
is 1,2—1,3 um, while in case of 0,1 mass. % CNT insertion in
CS1-25, the minimal average size of dispersion phase parti-
cles is about 0,8—0,9 um.

In both cases of CNT insertion with mixing speed
1200 rpm, more than 95 % of particles have the size less than
2,0 ym in mixing time of 3—5 min.

Thus, modifying composites with CNT, cellulose glycolic
acid and some other organic compounds provide forming of
more finely divided stable emulsions inclining to monodis-
persity.

As it was noticed earlier, we can see a chain of proceeding
chemical reactions in observed systems during the process of
curing (reactions 1—4), and the most part of them proceeds
on the phase boundary:

— urethane forming [13]:

Buae mobaBku CW2-45 B moaucuinkKaT HaTpus, TaK 1 B OCN-R—NCO + NaO — Si=— -R—-NNa — COOSi=; (1.1)
Buzae CS1-25 (npeasaputenbHo cmemiaB ¢ OJ1-20) B moau-  -R—NNa - COOSi= + H,0 — -R-NH — COOSi= + NaOH, (1.2)
M301lMaHaT, HauOOoJbllasl CTEIeHb AUCIEPCHOCTU 3MYJIb-  -R—NHCOOSI= + NaOH— -R-NHCOONa + HO-Si=, (1.3)
CHI IOCTUTAeTCs MPU MEHBIIMX CKOPOCTSAX CMeIIMBaHUS  -R—NHCOONa+H,0— -R-NH,+ NaHCO;;, (1.4)
(1000—1200 06/M1H) MPU BPEMEHU CMEIUIUBAHUS 3—5 MUH.  -R—NH-COOSi=+ H,0— -R—-NH-COOH + HO-Si=— -R-NH,+ CO,} (1.5)
B cayuae BBeneHus 0,1 mac. % YHT B cBa3ylolliee B BUe
nmob6aBku CW2-45 MUHUMAIBHBIN CPEeIHUI pa3Mep JacTHUI] — urea formation:
IUCcIiepcHoi da3bl coctaBisieT 1,2—1,3 MKM, a IIpu BBele-
Huu 0,1 mac. % YHT B Bune no6asku CS1-25 munumanb-  OCN-R-NCO + H,0— [-RNHCOOH] — -R-NH, + CO,!; 2.1
HbII CPEHUI pa3Mep YacTUll AucriepcHoi da3bl coctaBisi- — OCN-R-NCO +-R-NH,— -R-NH-CO-NH-R-; 2.2)
et 0,8—0,9 MmxMm. B oboux ciyuyasx npu BBeneHuu YHT u
CKOPOCTH cMelIuBaHus KomnoHeHToB 1200 06/MuH depe3 — cyclotrimerization of polyisocyanate
3—5 MuH nepemMeruBaHus 6ojee 95% yacTUIl TUCTICPCHOM o
dazbl UMEIOT pa3Mep MeHee 2 MKM. e N

TakuM o0pa3oM, MPUCYTCTBUE B COCTaBe KOMITO3ULUKA  3O0CN-R-NCO— | | ; 3)
YHT, KapO6oKCUMETWILE/UIIOI035I U HEKOTOPHIX IPYTUX Op- 0\ y~0
raHUYECKUX COCIMHEHMI CITOCOOCTBYET 00pa3oBaHMIO 0O- *
(03 FHOYTE BR8] HAYHHO-MeXHUECKUIl U RPOU3BO0CMEEHHbLI JCYPHAN
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Ta6nuua 1
Table 1

CTpYKTYypHbie NapaMmeTpbl 3My/IbCUI B 3aBUCMMOCTU OT COCTaBa U TEXHOJIONMYECKNX PEXXUMOB CMELUUBaHUA KOMMOHEHTOB
Structural parameters of emulsion in dependence on the compound and modes of components mixing

Bua v copepxaHune 1o6aBku B

TexHonornyeckne pexvmbl
CMeLUVBaHUS
Modes of mixing

CTpyKTypHbLIE NapaMeTpsl 3MyNbLCUit
Structural parameters of emulsions

ceagyowem, mac.% (YHT, mac.%
Typg ollzuadding an([; i(ts content ir:) ok ™ Konunyecteo yactuy, (B %) amcnepcHoi ¢assl B HTEPBane (MKM) CpenHuit paamep
binder, mas.% (CNT, mas.%) og%;:m " | Bpems, mun | Quantity (%) of disperse phase particles in the size range of (um) 4aCTULL, MKM
Speed. rom Time, min Average size of
p P 0,5—2 2-5 5-10 10-20 par‘tides} um
2 11,3 51,6 19,3 17,8 49
800 3 14,2 60 20,3 55 4,05
5 16,3 61,5 20 2,2 3,8
2 11,2 55,7 271 6 4,4
KOHTpONBHEIN cOcTas 1000 3 138 57.6 % 36 39
(cooTHowwenue MALL:MH = 80:20) 5 16,9 60 20,6 25 3,8
Non-maodified hybrid binder (ratio
polyisocyanate :polysilicate of 2 13 52 30 5 3,2
sodium = 80:20) 1200 3 27 47 25 1 23
5 30 45 25 0 1,95
2 76,8 22 1,2 0 2,7
1500 3 79,3 20 0,7 0 1,8
5 80 19,5 0,5 0 1,7
2 79,2 17,5 2 1,3 2,4
800 3 84,1 13,2 2,3 0,4 1,9
5 68,9 29,8 1 0,3 1,7
2 12,3 81,2 5,8 0,7 2,6
1000 3 36 60,6 3,4 0 2
CW2-45, 0,22% 5 93,9 6,1 0 0 1,7
(0,1% YHT)
(0,1% CNT) 2 71,2 25,2 3,6 0 1,7
1200 3 88,4 10,5 1,1 0 1,3
5 97,1 2,7 0,2 0 1,2
2 63,7 30,8 5,5 0 1,7
1500 3 99 1 0 0 1,15
5 97,6 2,3 0,1 0 1,2
2 81,6 17,5 0,9 0 1,9
800 3 93 6,9 0,1 0 1,6
5 94,2 57 0,1 0 1,4
2 96,4 3,6 0 0 1,5
1000 3 97,2 2,8 0 0 1,1
CS1-25, 0,4% 5 99 1 0 0 1
(0,1% YHT)
(0,1% CNT) 2 99,39 0,56 0,05 0 1,15
1200 3 99,8 0,2 0 0 0,9
5 99,9 0,1 0 0 0,8
2 100 0 0 0 1
1500 3 100 0 0 0 0,8
5 100 0 0 0 0,8
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Ta6nuua 2
Table 2
CrteneHb koHBepcun -NCO-rpynn n coctaB opraHM4ecKux NpoayKToOB peakumii
Conversion degree of -NCO-groups and organic reaction products content
CreneHb koHBepcun — NCO-rpynn, % OTHOCKTENBHOE CofepxaHue, %
Bug v copepxanue Lo6aBku B Conversion degree of — NCO-groups, % Ratio content, %
cBagytowem, mac. % (YHT, mac. %) -
. Type of adding and its content 110 TennoBoit 06paboTku noc(:)n6e ;gg:s;om YPETaHOBbIX rpynn | TpumnsoLmanypata | MOYEBUHHBIX Fpynn
in binder, mas. % (CNT, mas. %) before heat treatment P urethane groups triisocyanurate urea groups
after heat treatment
KOHTPONbHI cocTas
(cooTHowweHwe MALL:MH = 80:20)
Non-modified hybrid binder 25-30 88 46 36 18
(ratio polyisocyanate :polysilicate
of sodium = 80:20)
CW2-45,0,22 %
(0,1% YHT) 50 93 15 31 54
(0,1 % CNT)
CS1-25,0,4 %
(0,1% YHT) 45 91 8 29 63
(0,1% CNT)
Jiee TOHKOIMCIIEPCHBIX CTAOMJIBbHBIX SMYJIbCUM, CTpPEeMsi- — polysilicic forming (polycondensation):
LIIMXCI K MOHOAUCIIEPCHOCTH.
Kaxk yxe 06b1710 0TMEUYEHO, IPU OTBEPXKIEHUN B Ucciieny-  SiOH +OH —=S8i0" + H,0; 4.1)
eMbIX CUCTEMax WIET psii XUMUYECKUX peakuuil (peak-  Si0” +SiOH —=Si—0-Si=. “4.2)

1 1—4), 6oJblasi 4acTh KOTOPBIX ITPOTEKAET HAa TPaHULIES
paznena ¢as:
— ypetaHooOpa3oBanue [13]:

OCN-R-NCO + NaO — Si=— -R—NNa — COOSI=;

-R—NNa — COOSi= + H,0 — -R—NH — COOSIi= + NaOH,
-R—NHCOOSi= + NaOH — -R—-NHCOONa + HO-Si=;
-R—-NHCOONa+H,0 — -R-NH, + NaHCOj;

-R-NH-COO0Si= + H,0— -R-NH-COOH + HO-Si=— -R-NH, + CO,!

- MO‘leBI/IHOO6pa3OBaHI/ICZ

OCN-R-NCO + H,0— [-RNHCOOH] — -R-NH, + CO,t;
OCN-R-NCO +-R-NH,— -R-NH-CO-NH-R-;

— IMKJIOTPUMEPU3ALIMS TTOJIMU30IIMaHaTa;
0
-~
-R-N N-R-
30CN-R-NCO—~ 1 | ; €)
o~ N Ha
é=
— obpa3oBaHUe MOJUMKPEMHUEBOM KHUCIOTHI (ITOJIUKOH-
JeHCaLMs):

SIOH™ + O™ —=Si0" + H,0;
Si0" + SiOH —~=Si— 0 Si=.

4.1)
(4.2)

B criekTpax, CHATBIX cpa3y Mmocje CMeIIMBaHUsI KOMIIO-
HEHTOB, MPUCYTCTBYIOT MOJOCHI MOIJIOIIEHUsI U301IMaHAaT-
HBIX (2275 cM™!), TuapoxcunbHbIX (3422 cM™!) u yperaHo-
BbIX (1700—1730 cm™!) rpynn. Metonom MK-crekTpocko-
MY YCTAHOBJIEHO: B TeUSHUE TIEPBBIX YaCOB ITOCJIEe CMEIH-
BaHUSI KOMITOHEHTOB ITPOTEKAeT peakivsl ypeTaHooOpas3o-
BaHus. Kpome Toro, HaumHaeT IpoTeKaTh peakiius o0pa3o-
BaHus nojukpeMHueBoii kuciothl (ITKK), conpoBoxnato-
masicsi BbliesieHeM Boabl. Yepes 3—5 u B cuctemMax Hauu-
HaeT MUHTEHCHMBHO MPOTEKaTh Peaklinsi MOYeBUHOOOpa3oBa-
HUs, YTO OOYCJIOBJICHO BBIZCJICHWEM TIpU TIOJUMKOHIEHCA-
LMY CUJIMKATa BOJBI U IMTOCTOSTHHO BO3pacTaloleii KOHIIEH-
Tpauueil auamMuHa. TerioBas o0paboTKa 3HAYUTEJILHO
yckopsieT pacxogoBaHue — NCO-rpyIin, B CUCTEMaXx MOSIB-
JisieTcsl TpMU30LUMaHypat. BeeneHue B cBsizyioliee Moaudu-
LIUPYIOIIUX 100aBOK TMPUBOAWUT K 00Jiee MHTEHCUBHOMY

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

There are absorption bands of isocyanate (2275sm),
hydroxyl (3422 sm™') and urethane (1700—1730 sm™!) group
in IR-spectra taken immediately after mixing of components.

It was found with IR-spectroscopy method that urethane
forming (reactions 1.1—1.2) is the prevailing direction of
reactions proceeding immediately after mixing of compo-
nents (during 3—5 hours), which is followed by storage of
diamine in systems (reactions 1.3—1.4 and 1.5) and carbon
dioxide liberation. Furthermore, reaction of polysilicic acid
followed by dehydratation starts to proceed (reactions 4.1—
4.2). And 3-5 hours later the reaction of ureapoiesis starts to
proceed intensively due to dehydratation during the process
of polycondensation of silicate and constantly increasing
diamine concentration. Thermal conditioning at 80°C sig-
nificantly hastens consumption of — NCO-groups, and ap-
pears in the systems. Insertion of modifying additive to the
binder leads to more intense opening of — NCO-groups at
ambient temperature. Directly before thermal conditioning
quantity of unreacted — NCO-groups for checkup com-
pound is 70—75%, in case of modifying with CW2-45 and
CS1-25 25 (CNT content in binder in both cases is
0,1 mass. %) this quantity is approximately equal to 50%
(Table 2). It is found that in case of CNT insertion binders’
viscosity also increases more intensively, gelatination time
reduces (from 180—200 min to 140—160) as well as thermal
conditioning time (from 6—7 h to 4—5 h), hence, this proves
intensification of binder curing processes in the presence of
CNT based additive.

Reaction products content ratio in cured composite, in
case of CNT modifying, changes (Table 2): polyurea con-
tent ratio increases and polyurethane content significantly
reduces (from 46% in non-modified hybrid binder to
8—15% in CNT modified composites). Conversion degree
of — NCO-groups growth, reducing of polyurethane con-
tent and total polyurea and triisocyanurate content in-
crease must affect positively the composites property com-
plex, and firstly it will have an effect on heat resistance and
thermal stability.

Scan electron microscopy found the heterophase struc-
ture of cured binders (see Fig. 2). According to the micro-
probe spectrometry data, the disperse medium is identified by
C, N and O atoms (notably, the matrix is formed by the prod-
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packpoitTuio — NCO-rpymmn py KOMHATHOM TeMIIepaType.
HenocpenctBeHHO mepen TeIwioBOl 0OpabOTKOI KoJude-
cTBO HemnpopearupoBaBiux — NCO-TpyII coCcTaBIsIeT: ISt
KOHTPOJIBHOTO cocTaBa — 70—75%; Tipu BBeACHUH JOOABOK
CW?2-45 u CS1-25 (conepxanue YHT B cBsa3ytoiiieM B 060-
nx caydasx 0,1 mac. %) — okomno 50% (ta6:x. 2). BeisiBieHo,
yro 1ipu BBegeHUM YHT takke Oojiee MHTEHCUBHO pacTeT
BSI3KOCTh CBSI3YIOIIIMX, COKpAIAeTCsl BpeMsl resieodpa3oBa-
Hus (co 180—200 mo 140—160 MuH) 1 BpeMsI TEILTOBOI 00-
pabotku (¢ 6—7 1o 4—5 4), 4TO TaKKe CBUIETENLCTBYET 00
MHTEHCUMUKAIIMU TTPOLIECCOB OTBEPKICHUS CBSIBYIONINX B
MPUCYTCTBUM 100aBOK Ha ocHoBe YHT.

OTHOCHUTEIbHOE colepKaHWe IPOMYKTOB peakInii B
OTBePKIEHHOM KoMIT03uTe npu BBeaeHun Y HT usmenser-
cs1 (Tabu. 2): BO3pacTaeT OTHOCUTENIBHOE COAEpKAaHUE I0-
JIMMOYEBUHBI Y 3HAYUTETbHO COKPAIIAeTCsl KOJTMYECTBO IM0-
ymyperaHa (¢ 46% misi KOHTPOJIBLHOTO cocTaBa 10 8—15%
17151 KoMIio3uToB, MmonudunrpoanHsix YHT). Poct ctene-
Hu KoHBepcun — NCO-rpyI, CHIKeHe KOJIMYeCTBa M0~
JIMypeTaHa U YBeJIMYeHWe CyMMapHOTO COAepKaHMS MO~
MOYEBMHBI M TPUM3OLIMAHypaTa MOJIKHBI TOJOXUTEIHHO
OTPa3UThCSl HA KOMIUIEKCE CBOWMCTB KOMITO3UTOB, U B Mep-
BYIO O4epenb Ha TeTIO- U TePMOCTOMKOCTH.

MeTonoM CKaHMPYIOIIEH 3JIEKTPOHHON MUKPOCKOITMHU
yCTaHOBJIEHA reTepoda3Hast CTPYKTypa OTBEPKICHHBIX CBSI-
3ytomux (puc. 2). Ilo m7aHHBIM MUKPO30HIOBOTO PEHTTEHO-
CIEKTPAIbLHOIO aHaIu3a, JUCTIEPCUOHHAs cpela WIEHTH-
dunmpyercst B ocHoBHoMm atomamu C, N u O, T. €. MaTpuiia
TIpefICTaBlIeHa 00Pa3yIOIUMUCS B XOIe XUMUIECKUX peak-
LWl TMOJUMEpaMu — TIOJIMYPETaHOM, TOJUMOYEBUHON U
MOJMU30LIMAHYPaTOM, a AucCIiepcHas (aza oboraiieHa Si u
Na, T. . ABJISIETCS MMPOLYKTOM IMOJIMKOHASHCAIIUM TOJIUCH -
JIUKaTa HaTpusl. DJIEKTPOHHO-MUKPOCKOMMYECKUE CHUMKHA
CBUIETEILCTBYIOT O TOM, YTO BBEJIEHUE B KauecCTBE MOIM-
(ukaropa MHorocsoitHbix YHT B mosuusolnuaHaT crnocoo6-
CTByeT (pOpMHUPOBAHUIO 00JIee OTHOPOIHO (Pa30BOM CTPYK-
Typbl (puc. 2), YMEHBIIEHUIO CPEIHETr0 pa3Mepa YacTUIL
IMCIIEPCHOM a3kl B ABa pa3a (¢ 3,7 MKM IJIsI HEeMOIUPUIII-
POBaHHOIO CBSI3yIOIIEero 10 1,7—2 MKM Il CBS3YIOIIETO,
MoauduurpoBaHHOro mo6aBkoit CS1-25) U CHUXEHUIO
MaKCHMaJIbHOTO pa3Mepa vactull (¢ 11—12 mo 4—6 Mxm).
Beenenue YHT B monucunukar Hatpus (B Buae 100aBKU
CW2-45) npakTryecky He BIMSET Ha CPeIHUI pa3Mep va-
CTHII IUCTIEPCHOM (pa3bl.

Bunno (puc. 3), uro YHT npu BBeaeHun B ruOpraHbIE
CBSI3yIOIIIME KOHLEHTPUPYIOTCS Ha I'paHMlle pasaena ¢as,
YTO TIPUBOIUT K 0OPa30BAHMIO MEHbIIIETO KOJINYECTBA T0-
JIMypeTaHa u coriacyeTcs ¢ nanHbIMu MK -criekrpockonum.

3akawuerue. YCTaHOBJICHO, YTO BBEACHUE YITIEPOIHBIX
HAHOTPYOOK B COCTaB IT'MOPUIHBIX CBI3YIOIIUX CIIOCOOCTBY-
eT opmMupoBaHuUIO 00JIee OTHOPOIHONM M TOHKOAMCIIEPC-
HOIt (»a30BOI CTPYKTYPHI SMYJIbCUIA U OTBEPKACHHBIX KOM-
MO3UTOB, MHTEHCU(DUKAIIMU MPOLIECCOB OTBEPXKIAEHUS (Bpe-
Ms TejieobpasoBaHusl cokpamaercss ¢ 180—200 MmuH 1O
140—160 MuH, BpeMsI TETUIOBOI 06PabOTKH CBA3YIONINX — C
6—7 no 4—5u4). IIpu sToM crereHb KoHBepcun — NCO-
IPYIIN BO3pacTaeT, IOJsl MOoJuypeTaHa B MPOAYKTaX OTBep-
aeHust cHikaetcst ¢ 50 go 8—15%, a MexaHUYecKasi MpoY-
HOCTh KOMITO3UTOB Bo3pacTaeT Ha 20—35%.
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Fig. 3. Micrograph of modified binder (CNT content is of 0.1%), 16000-fold
magnification

ucts of chemical reactions — polyurethane, polyurea and
polyisocyanurate), while the dispersed phase is enriched by Si
and Na species (notably, it is a product of polycondensation
of sodium polysilicate).

Electron micrographs evidenced that insertion of multi-
layered CNT, as the modifier into polyisocyanate promotes
the formation of more homogeneous phase structure (Fig. 2):
a two-fold decrease of average sizes of particles of dispersed
phase (from 3.7 um for non-modified binder up to 1.7—2 pm
for the binder modified by CS1-25), and a decrease of maxi-
mal particle size (from 11 up to 4—6 pm).

Introduction CNT in polysilicate of sodium (additive
CW2-45) practically no influence on mean particle size of
the dispersed phase.

At introduction nanotube in hybrid binders are concen-
trated at the interface (Fig. 3) which leads to the formation of
smaller amounts of a polyurethane, and is consistent with the
data of IR-spectroscopy.

Conclusions. In the result of the performed research work,
it was found that insertion of CNT to hybrid binders com-
pound leads to forming of more homogenous and more dis-
perse phase structure of the emulsion and cured composites
as well as to intensification of curing processes (gelatination
time decrease from 180—200 min up to 140—160 min, time of
heat treatment reduces from 6—7 hours up to 4—5 hours). At
that, degree of conversion of — NCO-groups increases, poly-
urethane content decreases from 50% to 8—15% and me-
chanical strength grows over 20—35%.
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B MoHOrpaduu paccMoTpeHbl PU3NKO-XUMUYECKNE OCHOBbI CUHTE3a MUTMEHTOB, B TOM YMCIe TEPMOAMHAMINYECKOe 060C-
HOBaHWe peakuuii, TeOPWsi LIBETHOCTW, COBPEMEHHbIE METOfbl CUHTE3a MUTMEHTOB M MX KNnaccuduKauums, MeTofbl OLEHKN
kadyecTBa. [puBEAEHbI CBEEHNS MO TEXHONOMMM NUTMEHTOB M KPacoK PasfN4HbIX LBETOB W KPUCTANNYECKNUX CTPYKTYP. Onu-
CaHbl COBPEMEHHbIE METO/bl IEKOPUPOBAHMS KepaMUYeCKUMM Kpackamu U3eninil U3 CopToBOro cTekna, dhapdopa, chasHea n
Maiionukn. KHUra npefiHa3HaueHa ans Hay4HbIX COTPYAHMKOB, CTYNEHTOB, CrELMaNnN3NpyIoLLnXcst B 061acTin TEXHONOTWN Kepa-
MUKW W CTEKNA, a TAKXKe /151 NHXEHEPHO-TEXHNYECKMX PABGOTHIUKOB, 3aHATbIX B IPOM3BOACTBE KEPAMUYECKMX U3AENNIA N KPACOK.

Knura «TexHonorus npou3BoAcTBa CTEHOBbIX LLEMEHTHO-NECYaHbIX U3JeNuit»

AsTopbl — banakwuH 10.3., Tepexos B.A.

OnucaHo NpOU3BOACTBO W NPUMEHEHUe CTEHOBLIX MaTepuanos MeTooM BUGPONPECCOBAHUA U3 LIEMEHTHO MecyaHbIX
6E8TOHOB. PacCMOTPEHa CYLLBCTBYHOLLAS 1 NEPCNEKTUBHAS HOMEHKNATypa U3fienni U ux CBOICTBA. [aHbl XapakTepucTuKi
CbIPbEBbIM MaTepuanam — necky, LeGHI0, BXKYLLUM 1 XMMWUYECKUM A06aBKaMm, U pPeKoMeHAauun no noa6opy coctasa
668TOHHOM cmecu. Mofpo6HO NpeAcTaBeHa TeXHONOrUA NPON3BOACTBA LIEMEHTHO-NECYaHbIX BUGPONPECCOBAHHbIX CTEHO-
BbIX U3aenuii. 0co60e BHUMAHME YABNeHO TeXHONOrMYeCKOMY KOHTPOJTO Ha NPON3BOACTBE U TEXHNYECKOMY KOHTPOO I
o6cnyXnBaHuo 06opynoaHus. KHura npefHasHadeHa Ans opraHusaluu npou3BOACTBEHHO-TEXHUYECKOro 06y4eHUs Ha
npeanpuaTUn, 6yaeT NoNesHa UHXEHEPHO TEXHUYECKOMY NepcoHany 1 WUPOKOMY Kpyry cneLuanincTos.
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Nano-Tests on Concrete Samples with and without Nanotubes

O6pasupl 151 UcCleq0BaHUN ObLIM TOJYYeHBl B pe-
3yJIbTaTe MCCJIENOBaHWI MEXaHWUKU pa3pylleHUus1 OeToHa,
BBINIOJIHEHHBIX B (peBpasie 2012 r. Ha Kadenpe «'eoTexHuka
U CTPOUTENIbHBIE MaTepralibl» MKeBCKOro rocyaapCcTBEH-
HOTO TeXHUYEeCKOTro yHuBepcureTa [1]. bolu moarotosie-
HBI Tpu TUIa obpasuoB: YHT — obOpa3nbl 6eToHa, MOIU-
umpoBaHHOTO AUCIEpCUEd MHOTOCTOMHBIX YIJIEPOI-
HBIX HaHOTPYOoK Masterbatch CW2-45, C3 — o0Opa3ubl
0eToHa, MOAM(ULIMPOBAHHOIO AUCIIEpCHel MHOIOCIOM-
HBIX YIJIEPOAHBIX HaHOTpyOoK Graphistrength™ C100 B
couetaHuu ¢ cynepruiactudpukatopom C-3 U KOHTPOJIb-
Hbiit o6pasen; K. O0pasiipl ObLIM MCCIeNOBaHbl C TTOMO-
IbI0 HAHOWHJEHTOPOB |2, 3] 1 aTOMHO-CUJIOBOI MUKPO-
ckonuu B MHCTUTYTE MEXaHUKHU MaTepUaIoB M KOHCTPYK-
uuii 1 MHCTUTYTa aBTOMaTUKM M KOHTpoJisi BeHckoro
TEXHUYECKOTO YHUBEPCUTETA.

HUcnbiTaTeabHoe 000py1oBaHue
Bricokotounsbiit HaHoMHIeHTOp (Hysitron)

TexHuyeckas XapakTepucTuka

MpepenbHas Harpy3ka, MKH .. ... ..o e 12000
Pa3peLuenue, HH
Mopor wyma, HH
Pa3peLuenue, Hm
MMopor wyma, Hm
PR, HM/CEK. . ..ot

BoszmooicHbie pexcumbl uccaedosanuil: KBa3UCTaTUUECKOE
HaHOMJIEHTUPOBAaHWE; 3aMKHYTOE YIpaBjieHue ¢ 00paTHO
CBSI3bI0 WJIM TMO3ULIMOHHOE YMpaBjieHUEe; OIpejesieHue
TBEPIOCTH; AMHAMIYECKOe TecTupoBaHue nano DMATM.

AromHoO-cuoBas MuKpockonust Dimension Icon (Bruker)

TexHuueckas XapakKTepucTuKa:

[nana3zoH ckanupoBaHus X-Y: . ctaHaapTHbIN 90X90 MKM, MUHUMANbHbIA 85 MKM;
[nana3oH Z:. . .10 MKM CTaHAapTHbIA B PeXWUMe CKaHUPOBaHUS U CUIIOBOW KPUBOIA;

Mopor Lyma no Beptukanu: . . ..<30 nv (RMS) B COOTBETCTBYIOLLIE! OKPYXaIOLLei

cpege;
CTaHAaPTHBIN AMANA30H HACTOT: . « . . v v v et eee et e eee e nee e 1o 625 I'y;
WymX-Y: oot 0,15 Hm (RMS) B cTaHAapTHOM Aanal3oHe CKaHUPOBaHWS;
YpoBeHb LyMa Aatyuka Z:35 Hv (RMS) B cTaHaapTHOM Manas3oHe CKaHUpoBaHus;
WHTerpanbHast HennHedHocTb (X-Y-Z): .......... <0,5% B CTaHAAPTHOM peXUME.

Bozmoxchbie pexcumol uccaedosanuii

CraHpapTHbIii: ScanAsyst, pexXUM IPEPbIBUCTOTO KOH-
TaKTa, KOHTAKTHBII peXuM, JaTepaibHO-CUIOBAsI MUKPO-
ckonus, dazoBblit pexum, Lift Mode, marHuTHast cuioBast
MMKPOCKOIUSI, cuiioBasi criektpockonusi, PeakForce Tuna
(TTOJTYKOHTAKTHBIN PEXUM C PeTUCTpaliueil TMKa CHJIBI),
CUJIOBOE KapTUPOBAaHUE, IEKTPOHHO-CUIOBAsT MUKPOCKO-
MKsl, MUKPOCKOITHS TTOBEPXHOCTHOTO MOTeHIIMala, MUKPO-
CKOMUSI MbE300TKIMKA, CUJIOBasI CIIEKTPOCKOMMSI.

OmnumoHanbHble: PeakForce QNM, HarmoniX, HaHo-
WHIEHTUPOBaHWE, HAHOMAHUITYJISILIUSI, HaHOJUTOrpadus,

(N POVIEIIBHBIE

The concrete samples originate from fracture mechanics
tests performed on February 19, 2012, at the Department of
Geo-Engineering and Building Materials of Izhevsk State
Technical University.

After the fracture mechanics tests three types of small
specimens (marked with CNT, C3 and control sample) were
prepared and tested by means of Nanoindentation (NI) and
Atomic Force Microscopy (AFM) at the Institute for
Mechanics of Materials and Structures and Institute of
Automation and Control, respectively, of Vienna University
of Technology.

Testing Hardware
High precision Nanoindenter (Hysitron)

Technical Specifications

Maximum load:. ....... ... 12000 uN
RESOIULION: . . oo e <1nN
NOISE flOOr: . . . oo 100 nN
ReSOIUtION: . .\ 0,0002 nm
NoiSe FlOOr: . . 0,2 nm
11 <0,05 nm/sec

Available Testing Modes: Quasistatic nanoindentation,
Feedback control-operate in closed loop load or displace-
ment control, Scratch testing nanoDMATM dynamic testing

Dimension Icon Atomic Force Microscopy (Bruker)

Technical Specification

X-Yscanrange................oiinn 90 pm x 90 pm typical, 85 ym minimum
ZXaNGE. .\t 10 pm typical in imaging and force curve modes
Vertical noise floor . ... ... <30 pm RMS in appropriate environment typical imaging

bandwidth (up to 625Hz)
X-Y position noise . ................... 0,15 nm RMS typical imaging bandwidth

Z sensor noise level . . . . 35 pm RMS typical imaging bandwidth Integral nonlinearity
(X-Y-Z) <0,5% typical

AFM Modes:

Standard: ScanAsyst, TappingMode (air), Contact Mode,
Lateral Force Microscopy, Phase Imaging, Lift Mode,
MFM, Force Spectroscopy, PeakForce Tuna, Force
Volume, EFM, Surface Potential, Piezoresponse
Microscopy, Force Spectroscopy.

Optional: PeakForce QNM, HarmoniX, Nanoinden-
tation, Nanomanipulation, Nanolithograpy, Force Modu-
lation (air/fluid), Tapping Mode (fluid), Torsional Resonance
Mode, Dark Lift, STM, SCM, C-AFM, SSRM, TUNA,
TR-TUNA, VITA

Preparations

From all three sample types (CNT, C3 and control sam-
ple, short K), two samples were glued to metal holders. One
sample for each type was polished by a machine and by hand
to produce a smooth surface, parallel to the holder. This pro-
cedure facilitates the measurements on the indenter and the
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cuoBast MOAYJALUS (BO3MyX / KUIKO-
CTH), TIOJYKOHTAKTHBIN PEXUM (KUIKO-
CTH), PEXUM KPYTUJIbHBIX KOJeOaHWM,
Dark Lift, STM, SCM, C-AFM, SSRM,
TUNA, TR-TUNA, VITA.

Ot Bcex Tpex TumnoB oopasios (LIHT,
C3, K), o n1Ba o6pasiia ObUIM TpUKIIEe-
Hbl K METaJUIMYeCKUM JepXKaTessiM.
OnuH obpasel] KaxXaoro TUMa MoJUpo-
BaJICSl MEXaHWYECKU U Jajiee BPYUHYIO
IIJIE CO3MaHUsl TJIaJKOl TTOBEPXHOCTH,
napajujieJlbHOM aepxatento. JaHHas
Mpolienypa obyieryaeT ucclieIOBaHUST Ha
HAaHOMHIEHTOPE U TOA AaTOMHO-
CUJIOBBIM MUKpPOCKOTIOM. BTopoii Habop
00pa3loB ObUT OCTaBJ€H B IEPBOHA-
yajbHOM BUe (puc. 1).

HanounnenTupoBanue
C 1enblo onpeaeIeHUS MOMYJIS YITPY-

TOCTU TMOJMPOBaHHBIE OOpPA3lbl ObLIN

Hcce0BaHbI MO CAeayIouIeil cxeMe:

— MakcuMajbHas Harpy3ka 1200 mxH;

— 10 ¢ 1mHEelHOEe YBEeIMYEHNE HArpy3-
K4, 5 ¢ BbIIEPXKMBAaHME MPU TTOCTO-
SIHHOI1 Harpy3ke, 10 ¢ cHIXeHue Ha-
rpy3ku g0 0 H;

— KOHTpPOJIbHBIE CeTKM 12X12 MHAeH-
TOB ¢ 1arom pewetku 10 Mkm (1uist
cepum uccnenoBanuit 10a u 10b) u ¢
1aroM 5 MKM (IUIsI CEpUM UCCIEH0-
BaHUii 5a u 5b).

IlonydyeHHbIe pe3yabTaThl ISl 00-
pasia C3 nokasaHbl Ha AMarpamMmme Mpu-

Puc. 1. Viccnenyembie o6pa3supbl 6eToHa
Fig. 1. Concrete samples

Mogynb ynpyroctv obpasuia C3, pewwetka 5 mkm, 1200 mkH
(cpenHee 3HaueHme 23,3 Ma)

Young’s Modulus for Sample C3, 5-um-Grid, 1200 uN
(Mean value: 23,6 Gpa)
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Puc. 2. Moaynb ynpyroctn obpasua C3 aona
peweTkn 12x12 (war peweTkn 5 Mkm)

Fig. 2. Young’s modulus for 12x12 5-uym grid

Puc. 3. CHMMOK unccregyemMoro yyacTka nop,
MMKPOCKOMOM

Fig. 3. Microscope snapshot of the test area
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Puc. 4. CpenHee 3Ha4eHNe NpMBEAEHHOO MOAY-
N9 ynpyroctu

Fig. 4. Mean value for (reduced) Young’s modulus
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BEIIEHHOTO MOJYJIsI yIIpyroctu (puc. 2).

Ha nuarpamme 3HaueHUs] PUBEACHHOTO MOAYJS U3-
MeHsIUCh oT 1 mo 125 I'Tla. DTOT KOHTPOJIBHBIA Y4aCTOK
ObUI BBIOpaH C IIOMOIIBIO ONTHUYECKUX M300pakKeHUI,
cleTaHHBIX MUKPOCKOIIOM, YCTAHOBJIEHHOM Ha MHIEHTO-
pe. JlJist Kaxnoro ucciaeaoBaHUs ObUT BbIOpaH y4acToOK,
Kaxyiuiicss onHopoaHbiM. Ha puc. 3 yyactok peuieTku
12x12, U3y4eHHBbI B XOJ€ MCCIeNOBaHUI, OTMEUYeH Oe-
JIBIM TIPSIMOYTOJILHUKOM. MHIEHTHI Ha MOBEPXHOCTHU 3TO-
ro obpasua He MOTYT ObITh BUAHBLI HA ONTUYECKOM H30-
OpakeHUHU.

Kak BugHO 13 puc. 2, ucciaenyemMblil ydacToK BecbMa He-
OIHOPOJIEH MO Moy ynpyroctu. B To xe Bpemsi, Ha
ONITUIECKOM M300pakeHUY TTOBEPXHOCTH HET MPaAKTHUECKHU
HUKAKHX JIOKA3aTeIbCTB 3TOM HEOTHOPOIHOCTH.

PesynbraThl MccaenoOBaHUI MOMIYJIS YIIPYTOCTU U TBEp-
JIOCTH LIECTU CepUii 00pa3lioB MpeaCTaBIeHbl B TAOIUIIE.

Taxkum o6pa3oM, Ha KaxI0M M3 TpeX 00pa31ioB ObLIU BbI-
MOJIHEHBI YeThIpe cepuu ucciaenoBaHuii: 10a u 10b (c marom

506 4 HM

-623.6 HM

0.0 [aTuME BRICOTE 92.5MKM

0.0
Puc. 5. Penbed oTnonnpoBaHHOro obpasua
YHT, nonoxenwne 1

Fig. 5. Polished CNT-sample, position 1, height
graphic

YHT, nonoxeHwne 2

graphic

o« -« Iy
HAY4YHO-MexXHU4YeCKuu u npOLIBBOacmGBHHbIU JHCYPHAN I_ J-'P g}}r‘r:’.}]

[laTumk BeicaTe! 92.5MKM
Puc. 6. Penbed otnonvpoBaHHOro obpasel,

Fig. 6. Polished CNT-sample, position 2, height

microscope. The second set of samples was left in its raw
state. Figure 1 shows the six samples.

Nanoindentation Tests

On each of the three polished samples, four series of mea-
surements were performed. The same test parameters were
used as for earlier tests on concrete:

— Maximum force 1200 pN;

— 10 s linear increase of the force, 5 s constant force, 10 s
decrease to 0 N;

— test grids of 12x12 indents, grid spacing 10 microns (test
series /0a and 10b) and 5 microns (5a and 5b) for each
sample.

This results in plots for the (reduced) modulus of elastic-

ity as in Figure 2:

In this example, the values for the reduced modulus were
between 1 and 125 GPa. This test area was selected by the
help of the optical images, given by the microscope mounted

581.6 HM 260.4 HM
-B01.8 HM =306.3 HM
0.0 LaT4u BLICOTE! 50 MEm
Puc. 7. Penbed 0TNOAMPOBAHHOIO KOHTPOJILHO-
ro obpasua

Fig. 7. Polished control sample, height graphic
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Mogynb ynpyroctu, I'Ma / Modulus [GPa]
Cepus 06pasuos

K C3 YHT

10a 19 10,41 35,81
10b 18,66 8,63 25,76
5a 17,73 23,58 24,68

5b 19,62 11,6 2,4
CpepHee 3HayeHne / Mean value 18,75 13,56 22,16

TeepgrocTs, [Ma / Hardness [GPa]

10a 1,15 0,457 2,93
10b 0,545 0,352 1,208

5a 0,518 0,968 0,651
5b 0,762 0,537 0,047

Puc. 8. Ontnyeckoe n3obpaxeHne Hemnonmpo-

BaHHOro o6pasua C3. V-o6pasHas CTpykTypa B CpepHee 3HadeHue / Mean value 0,74 0,58 1,21

BEPXHEM 4acCTWU PUCYHKA — 3TO KaHTUneBep, Ha
KOTOPOM YCTAHOBJIEH HAKOHEYHWUK, CKaHWpyto-
LA NOBEPXHOCTb

Fig. 8. Unpolished C3-probe, optical snapshot.
The V-shaped structure in the upper half of the
Figure is the cantilever, on which the tip is
mounted, which is scanning the surface

10 MxmM), 5a u 5b
(c marom 5 MKM)
B UEeThIpeXx pas-
JIMYHBIX TTOJIOXeE-
Husax. Ha puc. 4
MOIYJTb YIPYTO-
CTU TIpEACTaBJICH
B BUE Ouarpam-
MBI.
CraHmapTHBIE
OTKJIOHEHUSI He
MOKa3aHbl Ha IH-

Puc. 11. OnTtnyeckoe naobpaxeHne Henonmpo-

BaHHOro o6pasua C3 arpaMme, mno-
Fig. 11. Unpolished C3-sample, optical snapshot CKOJIBKY OHH CO-
craBagioT 60—

200% ot cpemHuX
3HaueHuit. Kak BMIHO Ha auarpamme, TOJIBKO IUISI KOH-
TPOJILHOTO oOpasiia CYIIECTBYET ONTUMAasbHAasl BOCIIPOU3-
BOIMMOCTh CpeIHEro 3HaueHus: momyas. Hambonee BrIco-
Kue KojebaHus Habmogaiores B obpasue YHT. Ha puc. 3
MOXHO Pa3IuYMUTh CTPYKTYPbI PA3INIHBIX pa3MepOB, HO HU
OITHA U3 HUX HE MOXET ObITb C YBEPEHHOCTbIO OTHECEHA K
HaHOTpyOKaM. B cBsI3u ¢ 3TUM, 3TM Xe 0Opasibl ObLIN
MPOAHAJIM3UPOBAHBI C TOMOIIBIO aTOMHO-CHJIOBOTO MU-
kpockona (ACM) B MHCTUTYTE aBTOMATUKUA U KOHTPOJIS
BeHcKOro TeXHUYeCKOro YHUBEPCUTETA.

PesyabTatel ACM uccienoBanus

B nepBylo ouepenb ObLIM UCCIEIOBAHBI OTIOJUPOBAH-
HBle 00pasIlbl, TaK KaK TIagKas M cjierka HaKJIOHHAas Io-
BEPXHOCTb YIOOHa JUISI aTOMHO-CUJIOBOM MMKPOCKOIIHH.
MakcuManbHBIN pa3Mep ydacTKa, CKaHMPYeMOro 3a OIUH
npoxof, cocTapisii okojo 100 MmkM. B mporiecce uccieno-
BaHus oOpasiia YHT MoxXHO BUAETb N300paKeHUST CTPYK-
Typ pa3mepoMm 15—25 Mkm (puc. 5, 6).

(Y PONIENBHBIES

0.0 Latynk BeicaoTel S0.0 mem

Puc. 9. Penbed HenonnposaHHoro obpasey, C3
Fig. 9. Unpolished C3-sample, height graphic

13,8 HM

0.0 AMAMMTYARER NOpEWHoCT 50,0 MKM

Puc. 10. AMnantyga HenonmpoBaHHOro obpas-
ua C3

Fig. 10. Unpolished C3-sample, amplitude

on the indenter. A seemingly homogeneous area was chosen
for each test series. In Figure 3, the area of the 12x12-grid for
the test series in Figure 2 is marked by the white square. (The
marks of the indents itself can’t be seen in the optical image
on this type of surface.)

As can be seen in Figure 2, with respect to Young’s
modulus the test area is actually highly inhomogeneous. In
the optical image of the surface, there is hardly any evidence
for this inhomogeneity.

Overall, for the six test series, we get the following results
for the modulus and the hardness:

Therefore, on each of the three samples, 4 test series were
performed (/0a and 10b with a spacing of 10 microns, 5a and
5b with 5 microns) at 4 different positions.

The standard deviations are not plotted, since they amount
to 60—200% of the mean values. As can be seen, only for the
control sample there is a reasonable reproducibility for the
mean value of the modulus. The fluctuations are especially
high for the CNT sample. In the graphs for the modulus and
hardness (see Figure 2 as example), structures in many sizes
can be recognized, but none can be attributed with certainty
to nanotubes. Therefore, the same samples were analysed by
means of an Atomic Force Microscope at the Institute of
Automation and Control of Vienna University of Technology.

Results of AFM Tests

First, the polished samples were examined, because it is
also useful for microscopy, if the surface is smooth and only
slightly tilted. The maximum size of the area, which can be
scanned in one pass, is about 100 microns. Investigating the
CNT sample, in the resulting images structures with a size in
the order of 15—25 microns can be seen (albeit blurry), see
Figures 5 and 6.

In the polished control sample (without nanotubes), no
corresponding structures were visible; see Figure 7.

Hayw-to—mexnuuecxuﬂ u npOll3806€m6€HHbllZ JACYPHAN

N E=EVIAVID! S aneéapv/espans 2014

23



doxnaasi VI MexaynapoaHoii koHpepenumn «HaHOTEeXHOI0rHA B CTpouTeabcTBe» 22—24 mapra, Kanp

Puc. 12. Penbed HenonnposaHHoro o6pasua C3

Fig. 12. Unpolished C3-sample, height graphic uaC3

0.0 AMANATYAHER ROrPawMasTE S0.0 MKW
Puc. 13. AMnanTyga HenosMpoBaHHOro obpas-

0.0 " asa 50,0 Mk
Puc. 14. HenonuposaHHsbIn 06pa3zey, C3, pasa
Fig. 14. Unpolished C3-Sample, Phase

Fig. 13. Unpolished C3-Sample, Amplitude

Ha otmonnpoBaHHOM KOHTPOJIb-
HOM obOpa3siue (6e3 HaHOTPYOOK), CO-
OTBETCTBYIOILIME CTPYKTYpPbl HE ObLIU
oOHapyxeHbl (puc. 7).

CreayouimuMu ObUTH KCCIEN0BaHbI
HernoJupoBaHHble oOpa3ubl. M3-3a
IIIEPOXOBATOCTU TTOBEPXHOCTU CKaHU-
poBaHMe OOJIBIIUX Yy4acTKoB (10
50x50 MKM) ObLIIO BO3MOXHO TOJILKO B
omnpenejaeHHbIX obaacTsax. Ha mosepx-
HOCTHM HEKOTOPBbIX M3 3THUX Y4YacTKOB
ObLIY BUIHBI CTPYKTYPHI, pa3MePhl KO-
TOPBIX COOTBETCTBYIOT pa3MepaM OKU-
JlaeMbIX  YTJIEPOAHBIX HAHOTPYOOK
(puc. 8). Ha puc.9, 10 mnokasaHbl
ACM-u3o6paxkeHust obacTeii, B BEpXx-
He#l 4yacTu KOTOPbIX ObLIM OTCKAaHUPO-
BaHbI SIpKMeE y4acTku u3 puc. 8. Tem He
MEHee, 3HaYUTEJIbHOTO KOHTpAacTa C APYTMMU y4acTKamu
HeT.

Ha Tom xe oOpa3lie Oblia uccienoBaHa apyrast 001acThb,
TaK KaKk Ha ONTMYECKOM M300paxkeHWW MPUCYTCTBOBAIN
OUYEBUIHbIE MPU3HAKU MPOTSLKEHHOM CTPYKTYphI (puc. 11).
DTy CTPYKTYPY TaKXKe MOXKHO JIETKO YBUIETh B BEPXHEH Ja-
ctu puc. 12—14.

Taxxe ObU1 McciaegoBaH HeoTHnoiawpoBaHHBIE YHT
obpa3zen. Ha omHOM M3 y4yacTKOB OblLlIa OOHapyxKeHa Ipo-
TSKEHHasi CTPYKTypa, KOTopasi pa3indrma Ha puc. 15, 16.

BoiBog,

Ha aToMHO-CcuI0BOM MHKPOCKOIIE MOTYT OBITH OOHA-
PYXEHEI CTPYKTYPBI C pa3MepaMu, COIIOCTaBUMBIMU C pa3-
MepaMHU YIJIEPpOAHBIX HAaHOTPYOOK. Ho B CBSI3U ¢ BEICOKOI
HEOJAHOPOAHOCThIO MaTepuaja, UX HalexXHash UACHTUPU-
Kalusl He IPEeACTaBISIeTCS BO3MOXHON. AHaJOTMYHBIA
BBIBOJ MOXHO C/IeJIaTh U TI0 CEpUU MCIBITAHUI OeToHa ¢
HWCIOJIb30BaHUEM HaHOMHIeHTOpa. HamexxHoe 3asiBieHue
0 BIMSTHUY HAHOTPYOOK Ha YIIPYTOCTh 1 TBEPAOCTh O€TOHA
HEBO3MOXHO M3-3a BBICOKUX KOJIeOaHMI 3HAYCHUI MOIY-
JISI YIPYTOCTM W TBEPAOCTU OeTOHA, YCTAHOBJIEHHBIX B
JNAHHOM HCCJIeJOBaHUM.

Cmmcok murepartypsi / References
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Next, the unpolished samples were examined. Because of
the roughness of the surface, only in certain regions it was
possible to scan larger areas (up to 50x50 microns). In some
of these areas, structures were visible on the surfaces, whose
dimensions fit to the expected nanotubes; see Figure 8.
Figures 9 and 10 show the AFM images of a section, in whose
upper half the bright areas from Fig. 8 were scanned. There is
no significant contrast to the other areas, though.

On the same sample, another region was examined, be-
cause in the optical image there were particularly evident signs
of a baton-shaped structure; see Figure 11. This structure can
also be seen easily in the upper half of Figure 12 to 14.

Also the unpolished CNT-sample was examined. In one
region, for example, an elongated structure was found, that is
recognizable in the upper part of Figure 15 and 16.

Conclusion

In the AFM images, structures of a size in the order of the
nanotubes can be indicated. But due to the inhomogeneity of
the material, a reliable identification does not seem possible.
More or less the same applies for the test series with the
Nanoindenter. A reliable statement of the effect of the
Nanotubes on the elasticity and the hardness is not possible
because of the high fluctuation of the elastic modulus and
hardness.
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YAK 539.2

.H. AIEKCAHOPOB, maructpanT, .. ®E[JJOPOBA, kaHa. TEXH. HayK

CeBepo-BocTo4HbIn dhegepanbHblin yHBepcuteT M. M.K. AMmocoBa (677000, r. AkyTck, yn. benuHckoro, 58)

MuKpockonuyeckoe UccneaoBaHue qUCNepcun
MHOrOCNOMHbIX YrNEepoAHbIX HaHOTPY6OK'

[puBeaeHbI pesynbTatbl UCCNeL0BAHUSA JUCMEPCMIN MHOMOCTOMHbIX YrNEepoaHbIX HAHOTPY6OK (aanee MYHT) ¢ ucnonb3oBaHuem B Ka4ecTse
cyphakTaHTa nonmdyHKLMoHanbHoro mogudukaropa 6etoHa NMAM-HJTK. MonyyeHbl AByMepHbIE U TPEXMEPHbIE N306PXKEHNS YrNepoaHbIX
MHOTOCMOWHbIX HAHOTPYOOK B AMCNEPCUN C MOMOLLbK) aTOMHO-CII0BOrO M CKAHWPYIOLLIEr0 3NIEKTPOHHbIX MUKPOCKOMOB.

KntoyeBble COBA: MHOTOCOMHbBIE YINEPOAHbIe HAHOTPYGKM, ANCNEPCHUs, CypdaKTaHT, ybTpas3ByK, MUKPOCKONUS, CKaHNPYIOLLas, 30HA0BAS.

G.N. ALEKSANDROV, Master’s Degree Student, G.D. FEDOROVA, Candidate of Technical Sciences
The M.K. Ammosov North-Eastern Federal University (58, Belinskogo street, Yakutsk, 677000, Russian Federation)

Microscopic research of multiwalled carbon nanotubes dispersion’

Results of multiwalled carbon nanotubes dispersion research (further MCNT) with use as surfactant of the multifunctional modifier PFM-NLK concrete are given. Two-dimensional and
three-dimensional images of carbon multiwalled nanotubes in dispersion by means of nuclear and power and scanning electronic microscopes are received.

Keywords: multiwalled carbon nanotubes, dispersion, surfactant, ultrasound, microscopy scanning, probe.

OnHUM U3 MEPCIEKTUBHBIX HAMPaBICHUN MPUMEHEHUS
YIJIEPOAHBIX HAHOTPYOOK, OTKPBITHIX SITOHCKUM YYEHBIM
C. Unxumoii B 1991 1. [1], aBasieTcs MatepuaioBeJeHUE.
Bonpoc ux ucmosib30BaHUS B pa3pabOTKe HOBBIX CTPOU-
TeJTBHBIX MaTEPUAJIOB BOJHYET MHOTHMX MCCJIEIOBaTeNei,
aKTMBHO HayaThl JKCIEpUMEHTAJIbHbIE UCCIENOBaHUS B
5TOM HampasjieHuu [2—5].

YnpaBiieHUe CTPYKTYpOOOpa3oBaHMEM KOMITO3UTHBIX
CTPOUTEIBLHBIX MaTEPHAJIOB HA HAHOYPOBHE SIBJISIETCS KITIO-
YeBbIM HampaBJIEHUEM COBPEMEHHOTO MaTepUaIOBEACHMSI.
C 3TUM CBSI3aHO M TOJyYeHNE BBICOKOKAYECTBEHHBIX ITO-
JIMGYHKIIMOHATBHBIX OETOHOB, KOTOPbIE MOJIKHBI MTPUUTH
Ha CMEHY TpaaiulMOHHLIM OeToOHaM. AHaliu3 OmyOJUKO-
BaHHBIX TAHHBIX YKa3bIBAET, YTO POJIb YIJEPOJHBIX HAHO-
TPyOOK 3aKJIt0YaeTcsl B MOAUMUKALIMNA CTPYKTYPhI LIEMEHT-
Horo KamHs [2—10]. I1pu aTOM MoJrydyeHbl J0Ka3aTeIbCTBA,
YTO YIiepOAHbIe HAHOTPYOKU paboTaloT B BUIAEC MUKpOap-
MaTyphl ¥ 3HAUUTEIbHO YMEHBIIAIOT Ae(EKThl LIEMEHTHOTO
kaMHsl. OHAaKO B HAacTosIllIee BpeMsl HET yOemuTeabHbIX
JIAHHBIX O 3HAYUTETHLHOM MOBBIIIEHUM TPOYHOCTHU LIEMEHT-
HOro KamHs, 6eToHOB. [IpMunMHOI 3TOro, MO-BUAMMOMY,
SIBJISIETCSI OTCYTCTBHE XOPOIIIETO CIToco0a BBEJIEHUS U PaB-
HOMEPHOTO pacIpene/ieHUsT yIIepOAHbIX HAaHOTPYOOK B
CTPYKType LIEMEHTHOTO KaMHs. JIJIsl TToydeHusT BhICOKOM
IJIOTHOCTU M TPOYHOCTU LIEMEHTHON MaTpUILbI TMPearno-
YTUTEJbHO TOJYYUTh YJAbTPAIUCIIEPCHYIO HAHOYIJIEPOI-
HYIO TUCIIEPCUIO, a TaKXKe 00EeCIeUYnTh YCTOMYNBOCTD paB-
HOMEPHOTO pacmpeiesieH!s] HAHOTPYOOK B CYCIIEH3UU TMPU
XpaHeHUU U TPAHCIIOPTUPOBAHUM. DTO M SIBJISIETCS OCHOB-
HOM TPYTHOCTBIO TIPY pa3pabOTKe TEXHOJIOTUU TOJYyISHUS
nucnepcuit MYHT.

B pamkax JaHHOTO MPOEKTa ObLIN BHITOJTHEHBI TOUCKO-
BbI€ DKCIIEPUMEHTAIbHBIE UCCIICIOBAHUSI MO TOJTYYCHUIO
mucnepcn MYHT ¢ nucnonb3oBaHneM B KadecTBe cypdak-
TaHTa MOJUGYHKIIMOHAIBHOTO MomuduKaTtopa OGeTOHA
IM®M-HIJIK, koTophlii HauboJIee MUPOKO MIPUMEHSETCS B
AxyTuu I mosiydeHus 6€TOHOB MOBBIIIEHHON MPOYHO-
CTU U MOPO30CTOMKOCTUM. Ha OCHOBaHUM TMPOBENEHHBIX
SKCINEPUMEHTOB YCTAHOBJIEHA MPUHIIMITUAIbHAS BO3MOX-
HOCTb TIPUMEHEHUST MOJUDYHKIIMOHATLHOTO MOAupuKa-

One of the perspective direction of carbon nanotubes ap-
plication opened by the Japanese scientist S. Injima in 1991 [1]
is materials science. Whether is it possible to use them in devel-
opment of new construction materials which are used in huge
volume for construction of buildings and structures? This
question excites many researchers, and it is not only interests,
and pilot studies in this direction are begun. The number of
publications growing every year testifies it in different editions,
and also carrying out the scientific and practical conferences
devoted to use of nanotechnologies in construction.

Cross-linking management of composite construction
materials on a nanolevel is a key direction of modern materials
science. Receiving high-quality multifunctional concrete
which have to come instead of traditional concrete is con-
nected with it also. The analysis of published data specifies
that the role of carbon nanotubes consists of structure modifi-
cation of a cement stone [2—10]. Evidence is thus obtained
that carbon nanotubes work in the form of microfittings, and
considerably reduce defects of a cement stone. However, now
there are no convincing data on substantial increase of cement
stone, concrete durability. Apparently, lack of a good way of
introduction and uniform distribution of carbon nanotubes in
a cement stone is the reason of it. For obtaining high density
and durability of a cement matrix it is preferable to receive
ultradisperse nanocarbon dispersion, and also to provide sta-
bility of uniform distribution of nanotubes in suspension at
storage and transportation. It is also the main difficulty of
developing technology of MWCNT dispersions receiving.

Within this project basic pilot studies on receiving disper-
sion of MWCNT with use as surfactant of the multifunc-
tional modifier PFM-NLK concrete which is most widely
applied in Yakutia to receiving concrete of increased durabil-
ity and frost resistance were executed. On the basis of con-
ducted experiments principle possibility of multifunctional
modifier as surfactant use is established at MWCNT disper-
gation of Masterbatch CW2-45 series of French corporation
production «Arkema» [10].

Product of Masterbatch CW 2-45 are the dispersed mul-
tiwalled carbon nanotubes (MWCNTSs) in combination with
surfactants (surface-active substances with antiresorption

! PaGoTa BEITIONHSAETCS B paMKax MpoekTa «Pa3paboTKa BHICOKOMPOYHOTO GETOHA, MOAM(DULIMPOBAHHOTO YIIEPOJHBIMU HAHOTPYOKAMHU, TTPK
MPOU3BOJICTBE KeJe300e TOHHBIX KOHCTPYKIIMiA Ha CeBepe». Perucrpariviontbiit 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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Topa B KauecTBe cypdakTaHTa mpu aucrepranuu MYHT
cepun Masterbatch CW 2-45 npousBoacTBa QpaHIy3cKoit
Kopropauuu «Apkema» [10].

[Tponykt Masterbatch CW 2-45 — 310 nucrieprupoBaH-
HbIe MHOTOCJIOMHBIE yriiepoaHble HAaHOTPpYOK (MWCNTSs)
B COUETAaHUH C cypdaKTaHTaMU (TTOBEPXHOCTHO-aKTUBHBIMU
BEeIIECTBAMM C AaHTUPECOPOIMOHHLIMU CBOMCTBAMU) Ha
OCHOBE KapOOKCHMMETWILE/I0J03bl. OHU MPeacTaB/sIOT
c000¥i TpaHyJbl TBEPIABIX IUCTEPCUIi, B KOTOPBIX AUCTIEPC-
HOI CpeJioii sIBJIsIeTCsS KapOOKCUMETUILEI0I03a, a Iuc-
nepcHoit dazoit — MYHT ¢ maccoBoii goseit 45%. Takas
dopma MYHT 0Gonee adpdekTrBHA C SKOJIOTUTIECKON TOUYKA
3pEHMS NP UX NPUMEHEHHU B [IDOUSBOACTBE. CpenHss Ha-
CHIITHAS TIOTHOCTH TpaHya1 800 Kr/M>, pasMepbl MHOTO-
CJIOMHBIX HAHOTPYOOK: BHeIIHUM nuametp 10—15 HMm, miu-
Ha 0,1—2 MKM.

B BhIIIIEyKa3aHHBIX 9KCTIEPUMEHTAX OblIa KCITOJIh30Ba-
Ha npob6a gucnepcuu ¢ 2% conepxanuemM MYHT, npuro-
ToBieHHasa cnenuanuctaMu MXI'TY Ha BBICOKOCKOPOCT-
HoM cMecutesie poropHoro tuma (OOO «HoBwiii gom»,
r. UxeBck). Ckopocthb BpamieHust poropa 10000 06/MuH.
Bpems nucnepranuu 10 MuH. JlaTa M3TOTOBJEHMS IMC-
nepcun 10.10.2012 r. YuurteiBasi, 4To IJIUTEIbHOE Xpa-
Henue aucnepcu MYHT npuBoaut K Koaryiasuuu
YIJIEPOTHBIX HAHOTPYOOK, OBLIO PEIIEHO MPOBECTH MUK-
POCKOMUYECKUE MCCIeAOBAaHUS MAHHOW OMCIEPCUM.
ITpoBeaeHMe TaKMX UCCIEIOBAaHUI CTAJO0 BO3MOXKHBIM C
BBOJIOM B DKCIIJIyaTallMIO0 COBPEMEHHBIX MUKPOCKOTIOB C
BBICOKUM pa3pelleHreM B IIEHTPe KOJUIEKTUBHOTO TOJIb-
3oBanusa CB®DY: merannorpaduueckoro MUKpOCKoOIa
«AnpTamMu 5C», aTOMHO-CHJIOBOTO MHMKpOCKoIa Solver
Next 011, ckaHupyIOLIEro JEKTPOHHOTO MHUKpPOCKOIA
Jeol JSM 7800F.

st uccienoBaHusl WCMOIb30BAIM AUCIIEPCUIO TOCTE
TOOMYHOTO XpaHEeHUs B JJAOOPATOPHBIX YCIOBUSX.
CpaBHUTENIbHBIE MCCIIEIOBAHUST BBITIOJIHEHBI HA IBYX ITPO-
6ax: mpoba Ne 1 6e3 mOMOJHMUTETLHON 00pabOTKMU; Tpoba
Ne 2 mopBepranach neiCTBUIO YIbTPAa3BYKOBOTO AMCIIepra-
topa MJII100-6/3 (06beMHass MOIIHOCTL YJIbTPa3ByKa
3000 Br, Bpemst BO3aeliCTBUS Ha CYCIIEH3UIO 5 MUH B IPO-
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Puc. 1. Psag nocnepoBatenbHbix pasbaBneHuii 3 CXoAHoM 2% cycneHsnm

MYHT
Fig. 1. A number of consecutive dilution from initial 2% MCNT suspension

properties) on the basis of carboxymethylcellulose. They rep-
resent granules of firm dispersions in which the disperse envi-
ronment is carboxymethylcellulose, and a disperse phase —
MWCNT with a mass fraction of 45%. Such MWCNT form
is more effective from ecological point of view at their appli-
cation in g)roduction The average bulk density of granules is
800 kg/m”, the sizes of multiwalled nanotubes: external di-
ameter is 10 15 nanometers, length is 0,1—2 microns.

In the above experiments dispersion test of 2% by the con-
tents MWCNT prepared by experts of IzhSTU on the high-
speed mixer of rotor type of the JSC “Novy dom” company
(Izhevsk) was used. Rotation speed of a rotor is 10000 rpm.
Dispergation time is 10 min. Date of dispersion production is
2012.10.10. Considering that long storage of MWCNT dis-
persion leads to coagulation of carbon nanotubes, conducting
microscopic researches of this dispersion was decided.
Carrying out such researches became possible with commis-
sioning of modern microscopes with high resolution in the
center of collective using of NEFU: metallographical micro-
scope «Altami 5C», a nuclear and power microscope «Solver
Next 011», scanning electron microscope «Jeol JSM 7800F».

One year’s storage dispersion in vitro was used for research.
Comparative researches are executed on two tests: test No. 1
without additional processing, test No. 2 was affected by an
ultrasonic disperser 1L100-6/3 (volume power of ultrasound is
3000 W, time of suspension influence is 5 min. in a test tube of
1,5 ml). The optimum duration of ultrasound action is chosen

Puc. 2. CycneHaunss MYHT B npoxoasiiem cBeTe (TpeLyHbl MOSIBUIMCH NPU BbICbIXaHWM CYCMEH3MM): BEPXHWUIA paf, — A0 AENCTBUS YNbTPasByKa; HUXHUN

psia — nocne 06paboTKM yNbTPa3BYKOM

Fig. 2. MCNT suspension in passable light (cracks appeared when suspension drying): top row — before ultrasound action, bottom row — after processing by

ultrasound

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

GJ‘HJ;H‘JJ B

26

aneaps/pespany 2014 LN,L\I' ERVIAYIDIN



Reports of the VI International conference «Nanotechnologies in construction», 22—24 March, Cairo

oupke obowbeMoMm 1,5 mur). OnTuManbHas MPOIOKUTEIb-
HOCTh HEMCTBUS YJIbTpa3ByKa BbIOpaHa paBHOH 5 MUH
Ha OCHOBaHMM aHanu3a aucrepcHoctyu MYHT B cpene
[TOM-HIJIK.

BusyanbHblii aHaJIU3 CYyCTIEH3UM ObLI TPOBEIEH CIEIYI0-
muM obpaszoM. M3 ncxomHoit 2% cycnensun MYHT mytem
TOCJIeIOBATEIbHOTO pa30aBIeHs ObUTH TTOJTyYeHBI CYCIIEH-
3UU CIIeAyomMX KoHueHTpauwmii: 1%; 0,5%; 0,25%; 0,125%
(puc. 1).

Psan monydyeHHbIX pa3baBiieHUid ObLT TEpeHEeceH Ha
TpeIMETHBIE CTeKJa aBTOMATUYECKOW MUIeTKou Proline
BIOHIT 1o 20 MKJI OT KaXXIoro pa30aBIeHMsI 1151 BU3yallb-
HOTO aHajguW3a Ha MeTautorpacduuyeckoM MUKPOCKOTE
«AnbTamu 5C».

DOTOCHMMKHM, MOJydeHHbIE Ha MeTalIorpapuyeckom
MUKpocKore «AybTamu SC» 10 U Mocie AelCTBUS yabTpa-
3BYyKa, MPUBEACHBI HA pUC. 2.

Kak BugHO U3 puc. 2, B mpobax 6e3 JOMOJIHUTETLHON
00pabOTKM YIbTPa3BYKOM YETKO BUIHBI HUTEBUIHBIC KOJIO-
HUM MUKPOOpraHu3MoB. X Haauuue Takke 3apuKcupoBa-
HO BHUJIEOKAMEPOM, YTO TpeOyeT BBISICHEHUS] TMPUUUHBI UX
nosiBiieHust. HTepecHbIM SIBJIsIETCS TOT (pakT, UTO B MPO-
6ax, TMOABEPTHYTHIX BO3IEHCTBUIO YIbTpa3ByKa, HUTEBUI-
HbIe KOJIOHUU MUKPOOPTaHU3MOB He OOHAPYKEeHbI, HECMO-
TPSI Ha TO YTO MCXOAHAs Mpoba MUCIepcuy ObLTa B3siTa U3
onmHoM Tapel. [lo-BUAMMOMY, YIBTPa3ByK pas3pyllaeT 3TH
MHUKPOOPTaHU3MBbI.

B mpouecce mpoBeneHUs UCCAEAOBaHUI TakXe ycTa-
HOBJICHO, 4TO IpH BeIchixaHUW TuteHKU [T1OM-HIJIK otme-
YyaeTcsl TPEIIMHOO0Pa30BaHKe BIUIOTh 10 pPa3pbiBa MJIEHKMU.
Bpems mosiBIeHUWST TPEIIWH 3aBUCUT OT KOHIICHTPAaIlUKM
IM®M-HJIK. Hanpumep, B muienke [TOM-HIJIK nucnep-
cuu ¢ 2% xoHueHTtpauveit MYHT TpeliuHbl MOSIBUINCH
yepe3 5 MuH. A B ieHke [TIOM-HIJIK nucnepcum ¢ 0,125%
koHueHTpauueit MYHT TpeunrHoobpa3oBaHue HavyajloCh
yepe3 15 MMH. DTO HYXHO YYUTHIBaTh MPU TOATOTOBKE
MpoO TSI TIPOBEIeHMUST MCCIeTOBAaHUN Ha CKaHUPYIOIIeM
3JIEKTPOHHOM MUKPOCKOIIE, TaK KaK pa30pBaHHbIE U OTO-
pPBaHHBIE OT MPEIMETHOTO CTEKJIa YaCTUUKU TJIEHKHA MOTYT
3arpsI3HUTh BaKyyMHYIO CUCTEMY 3JIEKTPOHHOTO MUKPO-
ckorma.

to equal 5 minutes on the basis of dispersion analysis of
MWCNT dispersion in the environment of PFEM-NLK.

Visual analysis of suspension was carried out as follows.
From initial 2% MWCNT suspension by consecutive dilu-
tion suspensions of the following concentration were re-
ceived: 1%, 0,5%, 0,25%, 0,125% (fig. 1).

A number of received dilution was postponed for subject
glasses by an automatic pipette Proline BIOHIT by 20 mkl
from each dilution for visual analysis on a metallographical
microscope Altami 5C.

The pictures received on metallographical microscope
«Altami 5C», before and after ultrasound action, are given in fig. 2.

Apparently from fig. 2, in tests without additional pro-
cessing by ultrasound, threadlike colonies of microorganisms
are accurately visible. Their existence is also recorded by a
video camera that demands clarification of reason of their
emergence. Interesting is that fact that in the tests subjected
to influence of ultrasound, threadlike colonies of microor-
ganisms aren’t found out, despite that initial sample of dis-
persion was taken from one container. Apparently, the ultra-
sound destroys these microorganisms.

In the course of carrying out researches, it is also estab-
lished that when drying a film of PFM-NLK the crack for-
mation is noted up to a rupture of a film. Time of cracks
emergence depends on concentration of PFM-NLK. For
example, in a film of PFM-NLK dispersion with 2%
MWCNT concentration cracks appeared in 5 minutes. And
in a film of PFM-NLK dispersion with 0,125% MWCNT
concentration crack formation began in 15 min. It needs to
be considered of tests preparation for carrying out researches
on a scanning electronic microscope as the parts of a film
broken off and torn-off from subject glass can pollute vacuum
system of an electronic microscope.

Films from suspension on cover glass for measurement of
nanotubes balls sizes before ultrasound influence were prepared.
ASM-pictures of MWCNT nanoballs are received on a nuclear
and power microscope Solver Next 011 (fig. 3, 4). Apparently
from fig. 3, in MWCNT dispersion without processing by ultra-
sound diameter of nanotubes ball makes 200—500 nanometers.
Diameter of nanotubes ball after action of ultrasound decreases
to values of 100—150 nanometers (fig. 4). The received results

Puc. 3. ACM-cHuUMKM kiy6KOB HAHOTPYOOK [0 BO3AENCTBUS yNbTpasByka
(cnesa 2D npenctaenenue, cnpasa 3D npeacraeneHuve)

Fig. 3. ASM-pictures of nanotubes balls before ultrasound influence (at left
2D representation, at right 3D representation)
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Puc. 4. ACM-cHUMKW KyOKOB HAHOTPYOOK nocne AencTBUS ynbTpassyka
(cneBa 2D-npepcTtaBneHune, cnpasa 3D-npeacraBneHne)

Fig. 4. ASM-pictures of nanotubes balls after ultrasound action (at left 2D
representation, at right 3D representation)

BbutK MpUrOTOBIEHBI TIJICHKU M3 CYCIIEH3MY Ha ITOKPOB-
HOM CTeKJIE ISl U3MEPEHMS pa3MEPOB KIIyOKOB HAHOTPYyOOK
IO U MocJie Bo3aeicTBus yiabTpa3Byka. ACM-CHUMKHU Ha-
HOKJIyOKOB MYHT mosyyeHbl Ha aTOMHO-CUJIOBOM MUKPO-
ckorte Solver Next 011 (puc. 3, 4). Kak BunHo u3 puc. 3, B
mucniepcu MYHT 6e3 06paboTK yabTpa3ByKOM AUaMETP
Kiyoka HaHOTpyOOK coctaBmsier 200—500 am. Jduamerp
KJIybKa HaHOTPYOOK TOcje NeHCTBUS YJIbTpa3ByKa YMeHb-
maercs g0 3HayeHuit 100—150 um (puc. 4). TTonydeHHbIE
pe3yAbTaThl TOKA3bIBAIOT, UTO B Cpefie MOIMDYHKIIMOHATb-
Horo Moaudukatopa 6etoHa [IOM-HIJIK koarynsiuu
MYHT He HabmtogaeTcst 1axe 1ocjie TOJA0BOr0 XpaHEeHUsI
JNUCTIEPCUU.

HccrenoBaHus Ha CKaHUPYIOIIEM 3JIeKTPOHHOM MMK-
pockone JEOL 7800F moka3zanu, 4To B AMCHEPCUMN TOAMY-
HOTO XpaHEHMsI UMEIOTCsI OTAebHbIE HAHOTPYOKHU AMaMeT-
poM 33—71 Hm (puc. 5).

Ilo pesynpTaTaM MUKpPOCKOTMWYECKUX MCCIeHOBAHUMA
2% mucnepcur MYHT, nostydeHHOM CMELIMBAaHUEM Ha BbI-
COKOCKOPOCTHOM CMECHTEJIe POTOPHOTO THIIa KOMMepye-
ckoro mnpoaykra Masterbatch CW2-45 ¢paHiry3ckoii Kop-
rnopauuu «ApkeMa» ¢ BOIHBIM pacTBOPOM MOJUGDYHKIIMO-
HasnbHOro Monudukaropa 6eroHa [IOM-HJIK, ycraHoBe-
HO clieiyloliee:

— Bcpene noiupyHKIMOHATBLHOTO MoauKaTopa 6eToHa
IM®OM-HJIK koarynsuuy MYHT He HaGmonaeTcs gaxe
MOCJie TOIOBOTO XPaHEHUs AUCTIEPCUM, COXPAHSIOTCS
OT/Ae/IbHbIE HAHOTPYOKMU;

— BU3YaJIbHBII aHAJIU3 HA ONTUYECKOM MUKPOCKOTIIE TMO-
Ka3ajl HaJMyMe MUKpPOOpPraHM3MOB B Ipobe aucrep-
cun MYHT, He mogBepruyToii yabTpa3ByKOBOM 0Opa-
0OTKE;

— obpabotka gucniepcud MYHT ynbpTpa3BykoM ¢ 00beM-
Hoit MourHocThi0 3000 BT M mpomoaKuTeabHOCTHIO
5 MMH TIPUBOJUT K YMEHBIIEHUIO IMaMeTpa KIyOKOB
MVYHT B 2—-3 pa3a U YHUUTOXEHUIO MUKPOOPraHU3-
MOB.

TakuM o6pa3oM, pe3ylIbTaThl MUKPOCKOMTMYECKUX MC-
cnenoBanuit nucnepcun MYHT mo3BossiioT neiaTh BBIBOI
00 3¢ (HEeKTUBHOCTU IIPUMEHEHUSI MOJUPDYHKINOHATBHOIO
moaudukaropa [MPM-HIJIK B kauectBe cypdakraHTa U
MOATBEPXIAIOT TEePCIIEKTUBHOCTh IMPOBEACHUSI HAYYHO-

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

show that in the environment of multifunctional modifier of

PFM-NLK concrete coagulation of MWCNT isn’t observed

even after annual storage of dispersion.

Researches on a scanning electronic microscope of JEOL
7800F showed that in dispersion of one year’s storage there are
separate nanotubes with a diameter of 33—71 nanometer (fig. 5).

By results of microscopic researches of 2% of MWCNT
dispersion received by mixing on high-speed mixer of rotor
type of commercial product Masterbatch CW2-45 of French
corporation «Arkema» with water solution of multifunctional
modifier PFM-NLK concrete, the following is established:
— inthe environment of multifunctional modifier PFM-NLK

concrete coagulation of MWCNT isn’t observed even after

annual storage of dispersion, separate nanotubes remain;

— visual analysis on optical microscope Altami MET 5C showed
existence of microorganisms in test of MWCNT dispersion
which hasn’t been subjected to ultrasonic processing;

— processing of MWCNT dispersion by ultrasound with a
volume power 3000 W and lasting 5 minutes leads to re-
duction of MWCNT balls diameter by 2—3 times, to de-
struction of microorganisms.

. e
09.08.2013

ipm JEGL
SEH WD 6,3mm  13:48:58

Puc. 5. COM-cHumok 2% cycneHsnm MYHT
Fig. 5. SEM picture of 2% MWCNTSs suspension
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HCCJIeN0BaTEIbCKIX paboOT B 00JaCTA IMPUMEHEHUS YIJie-
POIHBIX HAHOTPYOOK IS MOAMGMUIIMPOBAHUST LIEMEHTHOM
MAaTPHUILIBI.

10.
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Yye6Hoe nocobue «Xumuyeckas TEXHONOrUS Kepamuku»

Astopbl — AHapuaHos H.T., bankesud B.J1., bensikos A.B., Bnacos A.C.,

lyaman W.4., Nykue E.C., Mocun H.M., CknaaH b.C.

OcBeLLeHbl BOMPOCHI COBPEMEHHOTO COCTOSIHWS TEXHOJIOrMM OCHOBHBIX BUAOB KEPAMUYECKUX M3LeNni CTpom-
TENIbHOr0, X03ANCTBEHHO-6bITOBOO 1 TEXHUYECKOT0 HA3HAYEHUs, A TAKXKE Pa3NnNYHbIX BULOB OrHeynopos. MMasHoe
BHUMAaHWe yOeneHo OCHOBHbIM MPOLEcCaM TEXHOMOrMM Kepamukm 1 ee cBOMCTBaM. MoAPOGHO M3NOXEHbI XapakTe-
PUCTMKA PA3NNYHbIX BULOB CbIpbs, NPO6IEMbI NOLrOTOBKM KEPAMUYECKUX MACC PasnNUYHOro BuAa 1 UX )opMoBaHue
pasnu4HbIMI METOLAMM, 0COBEHHOCTM MEXaHM3MOB CMEKaHWs, a TAKXe J0NONHUTENbHbIE BUAbI 06paboTKN Kepamu-
KW: MeTannusauus, rnasyposasue, AeKOpUpoBaHne, MexaHuieckas 06paboTka. [letanbHo onucaHbl CBOICTBA Kepa-
MUYECKUX U3JENNIA — MeXaHu4eckue, 4edpopMaLOHHble, TENNoMU3NYecKIe, 3neKTpodn3nyeckne, B TOM Yucne npu

BbICOKWX TeMMepaTypax.

(PO ENIBHBIE
VIRV ERVAVIBTE

Thus, results of microscopic researches of MCNT disper-

sion allow to draw a conclusion about efficiency of PFM-
NLK multifunctional modifier use as s urfactant and confirm
prospects of carrying out research works in a scope of carbon
nanotubes for modifying of a cement matrix.

10.
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A.C. IHO3EMLIEB, kaHa. TexH. Hayk (InozemcevAS@mgsu.ru), E.B. KOPOJIEB, a-p. TexH. HayK, ANpeKTop
Hay4Ho-06pasoBaTtenbHOro LieHTpa no Hanpasnenuio «HaHoTexHonorm»
MoCKOBCKMiA rocyaapcTBEHHbIN CTpouTenbHbIN yHMBepcuTeT (129337, Mockaa, Apocnasckoe L., 26)

CTpykTypoo6pa3oBaHue ¥ CBOWCTBA KOHCTPYKLMOHHbIX
BbICOKOMPOUHbIX NIErKMX 6€TOHOB C NPUMEHEHUEM
HaHomoautukaTtopa BisNanoActivus’

[peacTaBneHbl pesynbTaTbl UCCIEA0BAHUIA BAMAHUS KOMNIEKCHOrO HaHOpa3MepHoro moandukartopa BisNanoActivus Ha npoueccsl
CTPYKTYpoO6pa3oBaHus B 06beMe BbICOKOMPOYHbIX NErknx 6ETOHOB 11 B 30HE KOHTAKTa LLEMEHTHOr0 KaMHs 1 HanonHuTens. Metoaamu
AndhdepeHLmanbHOro TepMUYECKOro aHannaa, MHAPAKPACHON CNEKTPOCKONMUM U CNEKTPOCKONMM KOMBUHALMOHHOMO pacCenBaHmMs YCTaHOBMEHO, YTO
NPUMEHEHNE HAHOTEXHONOMMM NO3BONSAET YNPaBNATL NPOLECCaMi CTPYKTYPOO6pa30BaHmMs Ha rpaHuLe pasgena a3 LeMEeHTHbI KaMeHb — nonas
MUKpOCdIepa 3a cYeT NPUBUTONO K MOBEPXHOCTM HAMOAHUTENS NPEANOXEHHOT0 HAHOMOAUMKATOPA U NOMy4aTb BLICOKME NoKasaTenn husmnko-
MEXaHN4YeCKMX CBONCTB BbICOKOMPOYHbIX NIErkix 66TOHOB. 0Kka3aHbl XapakTepPUCTUKN OCHOBHbIX CBOWCTB MOMYYEHHOTO KOHCTPYKLIMOHHOIO NIErKOro
6eTOHA 1 ero BbICOKAA TEXHUKO-IKOHOMMYECKas 3PEKTUBHOCTb C YHETOM 0651aCTI NPUMEHEHWS.

KntoueBble CNOBA: BbICOKOMPOYHbIA NIErKUA 6ETOH, KOHCTPYKLUMOHHBIA NErkuit 6eTOH, HAHOPa3MePHbIA MOANMDUKATOP, HAHOTEXHOMOMUN.

A.S. INOZEMTCEV, Candidate of Technical Sciences (InozemcevAS@mgsu.ru),
E.V. KOROLEV, Doctor of Technical Sciences, director, research and educational center «Nanotechnology»
The Moscow State University of Civil Engineering (26, Yaroslavskoe shosse, Moscow, 129337, Russian Federation)

Structuring and properties of the structural high-strength lightweight concretes with nanomodifier BisNanoActivus’

Paper presents the result of research of influence complex nanoscale modifier BisNanoActivus to structuring process in volume of high-strength lightweight concrete and at the cement
stone and filler contact faces. Research have showed that application of nanotechnology allows to control the processes of structuring the interface «cement stone — hollow micro-
sphere» due to nanomodification of surface of hollow filler with «BisNanoActivus». Complex nanoscale modifier has activity to cement and products of hydration and it has strengthens
boundary that increase the physic and mechanical characteristics of developed high-strength lightweight concretes. Research of operational properties shows that developed preparation
technology of high-strength lightweight concretes allows to get material with increased characteristics. Analysis of technical and economical efficiency by generalized criterion of quality

shows that the using of nanomodification technology for lightweight concrete increases the criterion of technical and economical efficiency.

Keywords: high-strength lightweight concrete, structural lightweight concrete, nanoscale modifier, nanotechnology.

YacTto 001acTh MpUMEHEHMS JIETKMX O€TOHOB OTpaHu-
YUBAETCS MAJO3TAXHBIM CTPOUTENIHCTBOM, UTO CBSI3AHO C
UX HEBBICOKMMM 3KCIUJIyaTallUOHHBIMU CBOWCTBAMU.
OpnHako CTpOUTEJIbHBIE MaTepuaibl, 00Jafarle HU3KoM
CpeIHei TUIOTHOCTBIO M TTOBHIIIEHHOM MPOYHOCTHIO, UMEIOT
CYIIECTBEHHBIE MPEUMYIIECTBA B COBPEMEHHOM CTPOUTEIb-
ctBe [1, 2]. TexHoaornyeckue orpaHUYEHUs OOCTYKEHMUS
BBICOKMX 3Ha4YeHUH yaenbHO! npouHoctu R, (Ry, — oTHO-
IIeHUe Tpeesia MPOYHOCTH MaTepuraja K €ro OTHOCUTEIb-
Hoil ruiotHocTtu, MIla) MaTepuanaoB B TEXHOJIOTUU STYEU-
CTBIX OETOHOB CBSI3aHBI C BBHICOKOI e(PeKTHOCTBIO CTEHOK
LIEMEHTHOTO KaMHSI, pa3NeIsIioNINX BO3MYITHBIE TYEHKU, a B
TEXHOJIOTMU JIETKOTO OeTOHAa Ha MOPUCTBHIX 3ANOJHUTENSAX
— C HU3KOH IPOYHOCTBIO 1 BBICOKOW COpPOLIMOHHOM CHO-
COOHOCTBIO 3€PEH JIETKOTO 3aMOJTHUTENS, @ TAKXKE CO CJIOXK-
HOCTSIMU €ro pacripe/ie/ieHUs B 00beMe MaTepuaa.

OTedecTBeHHBIMU 1 3apYOEXXHBIMU yueHbIMHU [3—35] mipe-
OIIOJIEHWE YKa3aHHBIX CIIOXKHOCTEH TMPETOXKEeHO OCYIIeCT-
BJISITh TIOCPEICTBOM MCTIOIb30BAHMUS CTEKISTHHBIX UJTU aJTio-
MOCWJIMKATHBIX MUKPOCGhED, XapaKTePU3YIOIIUXCSI MATLIMU
pa3mepamu (10 500 MKM), YTO B COOTBETCTBUU C 3aKOHOM
Crokca (puc. 1) cylecTBeHHO CHUXKAeT CKOPOCTb BCTUIBITHSI
YaCTHII, a TAKKE BBICOKOI1 yIeIbHOM ITPOYHOCTHIO (o 70 MI1a),
obecreyrBaroieil MmojiydeHue JIeTKOTO BBICOKOIIPOYHOTO
Matepuaia [6]. OgHako BBedeHUE MUKPOCHEpP BCIEICTBUE
TEXHOJIOTMYECKUX OCOOEHHOCTE! X MOTyYeHUsT TPUBOAUT K
(bopMupoBaHuIo feeKTHON rpaHUIIbl pa3aena a3 leMeHT-
HBII KaMeHb — MUKpOcdepa, UTO He TTO3BOJISIET MOJTHOCTHIO
peann30BaTh BeCh UX MOTEHIIMAI.

Bo3MOXHBIM perieHrueM pooIeMbl HU3KOM TTPOYHOCTH
KOHTaKTa Ha IpaHMIle IEMEHTHBIM KaMeHb — MUKpocdepa

The application area of lightweight concretes is limited
to low-rise building. That is mostly due to low operating
properties of such concretes. Building materials with low
bulk density and high strength have significant advantages
in modern construction [1, 2]. High defectiveness of ce-
ment stone walls separating the air cells into the cellular
concretes is technological restriction for progress to high
value of specific strength (ratio of material compressive
strength to rational density; units is MPa). The low strength,
high sorption ability and difficulties of distribution of light-
weight aggregate create problems for technology of the
lightweight concrete with porous aggregates.

World scientist suggested to use the glass and alumina-
silicate microspheres for overcome these difficulties [3—5].
Low sizes (less than 500 mkm) and high specific strength
(up to 70 MPa) of the spheres reduce the ascent rate ac-
cording to Stokes’ law (Fig. 1) [6]. However, addition of
microspheres makes interface cement stone — microsphere
more defective.

Forming of the dense and strong cement stone by using
to effective nanomodifiers solves the problems of low-
strength contact zone.

Paper presents the research of the high-strength light-
weight concretes with bulk density less than 1500 kg/m?3
and strength more than 40 MPa. Control the structuring
processes in the interface and volume was carried out by
modification the filler surface of multicomponent na-
noscale modifier BisNanoActivus [7, 8].

Structuring. Process of structuring high-strength light-
weight concretes depends on hydration of cement, crystal-
lization and formation of crystalline splices both for heavy

'Pa6ota mpoBeneHa npu noaaepxke cruneHanu [pesunenta P® Monoasim yueHsIM 1 acripantam CIT1-565.2012.1.
'Work was supported by grant of the President of the Russian Federation for young scientists and graduate students of SP-565.2012.1.
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Puc. 1. BnusHue pasmepa yactuu, v BA3KOCTU Cpeabl HA CKOPOCTb BCMbITUS
Fig. 1. Influence of particle size and viscosity of medium to ascent rate
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siBJIsieTcs POpMHUPOBaHKME TUIOTHOTO W MPOYHOTO LIEMEHT-
HOTO KaMHSI TTOCPEAICTBOM NTpUMeHeHUsT 9 (GEeKTUBHBIX Ha-
HOMOIU(UKATOPOB.

B paGote npuBeneHb OCHOBHBIE Pe3YIbTAaThl UCCIIE0-
BaHUS 110 pa3pabOTKe BHICOKOIIPOYHBIX JIETKUX OETOHOB CO
cpemHeil TIOTHOCThIO MeHee 1500 Kr/M® M IMpPOYHOCTHIO
Gonee 40 MIla (R,,>30 MIla). YnpasneHue mporeccamu
CTPYKTYypoOOpa3oBaHUs LIEMEHTHOTO KaMHsI KaK Ha rpa-
HUlEe pa3jaena ¢da3, Tak U B 00beMe TaKoro GeToHa ocy-
IECTBIISIETCS TMOCPEACTBOM MOAUMDUIIMPOBAHUS TTOBEPX-
HOCTM MUKpochep MHOTOKOMITOHEHTHBIM HaHOpa3Mep-
HbIM Moaudukaropom BisNanoActivus KOMILIEKCHOTO
neiictus [7, 8].

Crpykrypoobpa3oBanue. [Ipoiiecc cTtpykTypoodpazoBa-
HUS BBICOKOTIPOYHBIX JIETKMX OETOHOB, KaK U TSIKEJIbIX O0e-
TOHOB Ha LIEMEHTHBIX BSIKYIINX, OTIPEACIISIETCS B OCHOBHOM
rujpartanyeil UeMeHTa, KpUCTaUIM3alMe U mpoleccaMu
GopMUpOBaHUS KPUCTAUIMYECKOIO CpocTKa. KM3BecTHO,
YTO MaKCHMMaJibHasi TPOYHOCTh MaTepuaia JOCTUraeTcs pu
(hopMHUpPOBaHUU TBEPIOTO TeJla C HAMOObILIENH MIIOTHOCThIO
CBSI3el U TIPOYHOCTU €IMHUYHOTO KOHTAaKTa, KOTopas 3a-
BUCHUT OT BUJIa COECAUHEHMUSI, OOPa3yIOLIErocsi B MpoLecce
TUIpaTalym.

3a cyeT HaIW4Msl aKTUBHBIX LIEHTPOB Ha MOBEPXHOCTHU
HaHOMOAMGUIMPOBAHHBIE TOJIbIE ATIOMOCUJIMKATHBIC
MUKpocdepbl 0Ka3blBalOT CYIIECTBEHHOE BIMSIHUE Ha MPO-
11ecc (hOpMUPOBAHUS CTPYKTYPbI LIEMEHTHOTO KaMHs (puc. 2—4).

AHanus skcriepuMeHTaIbHbIX 1aHHbIX JITA (puc. 2) cBu-
JIETeJILCTBYET, YTO TEPMOTpaMMBbI IIEMEHTHOTO KaMHSI KakK
0a30BOro, TaK 1 HAHOMOAN(PUIIMPOBAHHOTO COCTaBa UMEIOT
TPU XapaKTepHble aHOMAJIMK, COOTBETCTBYIOIIHUE MTpolieccaM
pasnoxeHus (a3: yaaieHue CBSI3AHHOW BOJbI, Neruapata-
ums runca, srtpudruta, C—S—H rema (130—150°C) [9];

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

concretes with cement binder. The maximal strength of the
material can be achieved by forming the solid object with
most density of bonds and strength of single contact. It
depends on the kind of connection which formed during
hydration. Nanomodified microspheres have active centers
on the surface which influences to the structuring process
of cement stone (Fig. 2—4).

Analysis of experimental data (Fig. 2) shows that ther-
mogramm of basic cement stone and nanomodified com-
position has three characteristic anomalies which corre-
spond to processes of phase decomposition. The first is
deleting process of bound water, dehydration of gypsum,
ettringite and C—S—H gel (130—150°C) [9], the second is
decomposition of portlandite (470—500°C) [9, 10] and the
third anomaly is decomposition of aragonite and calcite
(745—-770°C) [10, 11].

The fig. 1 shows temperature and enthalpy shift value
between basic and nanomodified composition. Value of
specific enthalpy of first anomaly increases by 16,2%, of
second anomaly by 304%, of third anomaly by 104% for
nanomodified composition. It can be explained by increas-
ing of bound water and forming of more number of calcium
hydrates and hydrosilicates.

Active silica interacts with Ca(OH), of portland cement
and forms hydrosilicate structures CSH (II). This is con-
firmed by the results of IR spectroscopy (Fig. 3).

Infrared absorption spectrum analysis shows that ap-
plication of complex nanomodifier BisNanoActivus rises
quantity of cement hydration products. Rising of peaks in
the range of 1100—750 cm™!, corresponding to symmetric
and antisymmetric stretching of Si—O—Si and Si—O (and
Si—O—Al also), specific for medium- and high-alkaline
hydrated calcium silicates [12, 13] is observed. The results
of DTA (Fig. 2) are confirmed by the presence of wide ad-
sorption bands 3620 and 3450 sm™'. These bands corre-
spond to vibrations of hydrated bonds in the compounds of
the calcium hydroxide. Besides, modified cement stone
evidences absorption bands specific for tobermorite-like
low-alkaline hydrated calcium silicates, i.e. 1620 and
1150—1030 cm™! [14]. It was also observed that cement
stone with BisNanoActivus shows decrease in relative ab-
sorption intensity for carbonaceous bond beaks 870 and
1400 cm™1.

Thus, addition of complex nanomodifier
BisNanoActivus contributes to intensification of cement
hydration process, formation of additional number of cal-
cium hydrosilicates and reduces number of calcium car-
bonate with various morphology. Analysis of contact zone
filler and cement stone was performed by Raman spectros-
copy method. Cement stone, high-strength lightweight
concrete and nanomodified high-strength lightweight con-
crete were objects of research.

Analysis of cement stone samples (Fig. 4) showed
well-defined peaks, identified as Raman emission disper-
sion area connected with carbonaceous bonds (278 cm™!),
S0, ettringite (989 cm™') and Si—O bonds (1085 cm™')
[15], with relative intensities 547; 365 and 806 correspon-
dently. Analysis of cement stone and microsphere contact
faces in HSLCs there are only two decreased intensity
peaks seen (137 and 501, for 4th and 5th peak correspon-
dently), specific for Si—O stretching band. Internal strain
of tetrahedral silicates v, ([SiO4]) generates bonds in area
of 400-600 cm-1 [16, 17], that are available for descrip-
tion at spectra of HSLWC at cement stone — microsphere
phase boundary. 462 and 517 cm™!' peaks may be inter-
preted as deformation oscillations and antisymmetric
bands of O—Si—0. At that peak’s relative intensity is 649;
643; 141; 401 and 1239, i.e. peaks’ height Ne 1, 4 and 5 is
growing on 15; 11 and 35 %, correspondently. The last is
evidencing increase in number of crystaling reaction
products at the boundary.
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pasnoxenue nopriaanaura (470—500°C) [9, 10]; pasmoxe-
HUe aparoHuta u Kanbumta (745-770°C) [10, 11].
CormnocraBiieHre aOCONIOTHBIX XapaKTepUCTUK aHOMAaIWiA
yKa3bIBaeT Ha CMeIeHNEe 3HAYeHUI TeMITepaTyphbl U YIeTb-
HO 3HTaIbNuU. Tak, 3HaYeHUE YIeTbHON SHTAIBIINY TIep-
BOW aHOMaJIWU IJIsI HaHOMOIW(UIIMPOBAHHOTO COCTaBa
yBeqMImiIoch Ha 16,2%; Bropoit anomanuu Ha 304%; Tpe-
Theil aHoManuu Ha 104%. DTo 0ObsICHAETCS yBEIUYEHUEM
JIOJIA CBSI3aHHOM BOJIBI M 00pa30BaHUEM OOJIBIIIETO KOJIUYE-
CTBa TMAPATOB U TMAPOCUIMKATOB KAJIbLIUSI.

30J1b KPEMHHMEBOW KUCJIOTHI, BXOASIIMI B COCTaB KOM-
IieKcHOro HaHomonudukatopa BisNanoActivus, B3anmo-
neuctByet ¢ Ca(OH), emeHTa ¢ 06pa3oBaHUEM TMAPOCUIIU-
kaTHoit ctpykrypsl CSH (II). Yka3zanHoe noarBepxaacTcst
pe3ynbratamu MK-criektpockonuu (puc. 3). AHanu3 HH-
(bpakpacCHBIX CIIEKTPOB TMOMIOIIEHUST CBUAETEIECTBYET, YTO
npumeHeHue BisNanoActivus npuBoauT K yBeJUYEHUIO KO-
JIM9ecTBa MMPOAYKTOB THApATANK IieMeHTa. Tak, ycTaHOBITEe-
HO, YTO YBEJIMUMBAETCSI MTHTEHCUBHOCTh MAKCMMYMOB B M-
nazoHe 1100—750 cM™!, COOTBETCTBYIOLINX CUMMETPUUHBIM
U aCUMMETPUYHBIM KosiebaHusM cBsseii Si—O—Siu Si—O (a
Takxke cBsizeit Si—O—Al), COOTBETCTBYIOIIMX BbICOKO- U
CPEeHEOCHOBHBIM TMIpOCWIMKAaTaM KaybLms [12, 13].

Kpome Toro, TposiBiiecHUE IITMPOKUX TIOTIOC TTOTIOIIEHMS
3620 u 3450 cm™! TonTBEp3KIAET NAHHBIE, TONYICHHBIE METO-
oM JITA (puc. 2). DT mOJIOCHI COOTBETCTBYIOT KOJIEOAHUSIM
TMAPaTHBIX CBSI3EN B COEMMHEHMSIX TMAPOKCHUAA Kaiublus. B
MOIUMDUIIMPOBAHHOM LIEMEHTHOM KaMHe TPOSIBIISIIOTCS TaK-
K€ TIOJIOCHI TTOTJIOIIEHHMSI, XapaKTePHBIE TSI HUBKOOCHOBHBIX
TMAPOCWINKATOB KaJIbIIUST TOOEPMOPHUTOIIONOOHOM CTPYKTY-
pbl, — 1620 1 1150—1030 cm~! [14] 1 HabonaeTcst CHIDKeHUe
OTHOCUTEIbHOI WHTEHCUBHOCTU TIOTJIOIIEHMS IS THMKOB
KapOGOHATHBIX cBsizeit 870 1 1400 cm~ .

[IlpuMeHeHre  HaHOpa3MepHOro  MoImuduKaTropa
BisNanoActivus, HaHOCUMOTO Ha ITOBEPXHOCTH MUKpocdep,
€CTECTBEHHO, JTOJDKHO M3MEHSITh XapaKTepHUCTUKU IIeMEHT-
HOTO KaMHs Ha rpaHulIe pa3aena a3 leMeHTHBI KaMeHb —
MUKpocdepa. AHaIU3 30HbI KOHTAaKTa HAIIOJHUTENS U Iie-
MEHTHOTO KaMHS$I IPOBOAMJICS C IPUMEHEHUEM METO/IA CIeK-
TPOCKONUY KOMOMHALUIMOHHOTO paccesHusi (puc. 4).
OOBbEeKTaAMM VCCITEIOBAHUS SIBJISITUCH COCTaBbI IIEMEHTHOTO
KaMHSI, BBICOKOITPOYHOTO JIETKOTO GeTOHA M HaHOMOIU(U-
LIMPOBAaHHOTO BEICOKOMpoyHorojerkoro 6etona (HMBILJIB).

AHaJ13 MOJyYeHHBIX TaHHBIX MOKA3bIBAET, YTO CIIEKTPhI
koMOuHamoHHoro paccessHust (KP-crektpbl) mist Bcex
TpeX 00pa3LoB OTANYAIOTCS U [0 KOJWYECTBY UTEHTUDULIM-
PYEMBIX TTUKOB, M TIO UX OTHOCUTEIIBHOW MHTEHCUBHOCTH.
Tak, Ha o6pa31ax HeMEHTHOTO KaMHS HAaOJTIOAat0TCsl KM,
UACHTUOUIIMPYEMbIe KaK MOJIOCHI KOMOMHAIIMOHHOTO pac-
cesHusi KapOOHATHBIX cBaseit (278 cm™!), panukana SO,72,
sTTpuHIUTa (989 cM™!), cBaseit Si—O (1085 cm™!) [15] oTHO-
CUTEJIbHOM MHTEHCUBHOCTBIO 547; 365 1 806 cCOOTBETCTBEH-
Ho. [Tpu ccieqoBaHUM 30HBI KOHTAKTa IIEMEHTHOTO KaMHSI
1 MUKpocdep B BBICOKOIIPOTHOM JIETKOM OeToHe HabJTona-
IOTCSI TOJIBKO ABa ITMKa MOHWXXEHHOW MHTeHCHBHOCTH (137
u 501, 111 YeTBEPTOTO U IISITOrO IMKa COOTBETCTBEHHO), CO-
OTBETCTBYIOIIIME BaJIEHTHBIM KojiebaHusM cBs3u Si—O.
BHyTpeHHUE aedopMallii CHUJIUKATOB TETPadAPUIECKOTO
tina V4 ([SiO4]) mopoxmaror mojiockl B obsactu 400—
600 cm! [16, 17], KoTOpbIe MOXKHO MACHTU(DULINPOBATH HA
CIIEKTpax, MOJYYeHHBIX JIJIS1 TPAHUIIBI IEMEHTHBIN KaMeHb—
MUKpocdepa B cocTaBax HAHOMOAM(ULIMPOBAHHOTO BBICO-
KOITPOYHOTO JierKoro 6eToHa. [Tuxu pu 462 u 517 cm™! mo-
I'YT OBITh MHTEPIIPETUPOBAHBI KaK COOTBETCTBYIOLIUE -
(opMaLIMOHHBIM KOJIEOAHUSIM ¥ aHTUCUMMETPUYHBIM W3-
rubam cBsa3u O—Si—O. [Ipu a3TOM OTHOCHUTENbHASI MHTEH-
CHUBHOCTB ITMKOB cocTaBiseT 649; 643; 141; 401 u 1239; BbI-
cora muKkoB 1, 4 u 5 yBeanunBaercsd Ha 15; 11 u 35 % coort-
BETCTBEHHO. DTO CBUAETENLCTBYET 00 YBEJIUUEHUN KOJTUYE-
CTBa KPUCTALIMYECKUX MPOAYKTOB peaKilMM Ha IpaHUlle
pasnena ¢as.
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Fig. 3. IR-spectra of absorption portland cement, cement stone and cement
stone with nanomodifier
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Puc. 4. CnekTpbl KOMGMHALMOHHOIO PacCcesHUs UCCNefoBaHHbIX o6nacTei
Fig. 4. Raman-spectra of cement stone, interface of CS/MS in HSLWC and
interface of CS/MS in HSLWC with nanomodifier

Thus, conducted studies have showed that application
of complex nanomodifier BisNanoActivus rises quantity of
active centers at the surface of dispersed phases. It allowing
to expect increase in growth of hydration speed in portland
cement and growth of hydrated calcium silicates at the in-
terface cement stone — nanomodified microsphere.

Research have showed that application of nanotechnol-
ogy allows to control the processes of structuring the inter-
face cement stone — hollow microsphere due to nanomod-
ification of surface of hollow filler with BisNanoActivus.
Complex nanoscale modifier has activity to cement and
products of hydration and it has strengthens boundary that
increase the physic and mechanical characteristics of de-
veloped high-strength lightweight concretes.

Physical and technical properties. The studies dedicated
to wettability of dispersed phases and surface morphology
adsorptive porometry shows absence of extended porous
structure of ceramic and glass microspheres, and increase of
water consumption of high-strength lightweight concretes
mixtures is due to microspheres surface roughness [18].
Potential for enhancement of microsphere usage efficiency
consists in control over surface phenomena. For this con-
trol, it is advisable to apply both traditional ways — applica-
tion of surfactants — and mew approaches — for instance,
application of nanomodifiers.

Research of operational properties shows that devel-
oped preparation technology of high-strength lightweight
concretes allows to get material with increased characteris-
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Taxum 06pa3zoM, uccaeaoBaHMS, IIPO-
BeneHHble Merogamu JITA, UK- n KP-
CIIEKTPOCKONUHU, MOKa3aIu, YTO HaHece-

OCHOBHbIE CBOWCTBA HaHOMOAM¢MuMpOBaHHbIX BbICOKOMPO4YHbIX

nerkux 6eToHoB

The main properties of the developed high-strength lightweight concrete

Hue monudukaTopa BisNanoActivus npu-
BOAUT K WHTEHCUDUKAIIMW TUIpaTaliuu
1IeMeHTa, 00pa30BaHUIO AOTIOTHUTEIBHO-

TO KOJIMYECTBA THAPOCHUIIMKATOB KaJIbIIUs,
YIUIOTHEHHUIO U YITPOYHCHUIO HIEMCHTHOTI'O

KaMHSI KaK B 00beMe, TaK M Ha TpaHulIe
paznena a3 LIeMEeHTHBII KaMeHb — HAaHO-
MoauUIIMpoBaHHasI MUKpocdepa.

Du3nKo-TeXHHYECKHE  CBOMCTBA.
HccnenoBaHnio cMauyMBaeMOCTU IUC-
MepcHBIX (a3 1 MOp(OIOTUN MOBEPXHO-

CTM METOIOM aJCOPOIIMOHHOM TTOpoMe-
TPWH TIOKA3bIBAIOT, YTO KepaMUIeCKHe 1

CTEKJISTHHbIE MUKpOC(depsl He 00yIagatoT
Ppa3BUTON IMTOPOBOI CTPYKTYPOIA, a YBEIU-
YeHHEe Pacxojia BOALI B COCTaBaX BEICOKO-

[IPOYHBIX JIETKMX OETOHOB CBSI3aHO C IIe-
POXOBATOCTBIO IOBEPXHOCTH MUKPO-

chep [18]. DTO 3aKOHOMEPHO TTPUBOIUT
K CHIDKEHUIO TOIBMKHOCTU OETOHHBIX

cmeceit. O4eBUAHBIM pellleHUeM yKa3aH-

HOI TEXHOJOTMYECKOM MPOOIEMBI SIBIISI-
€TCsI UCIIOJIb30BaHue TIaCTU(DHUKATOPOB.
B [18] moka3aHo, uT0 3((EeKTUBHBIMU

mactuduKaTopamMu Uil TaKUX OETOHOB
SIBJISIIOTCSL I0O0ABKM Ha TOJMKapOOKCH-

JIAaTHOI OCHOBE.
HanoMomudunmpoBaHHBIE BEICOKO-

MPOYHBIE JIETKUE OETOHBI, ONITUMM3ALINS
KOTOPBIX TIPOBEACHA C LIEJbIO MOTyYSHUS
Marepuaga C MaKCUMMaJlbHbIM KayecT-

BoM [19, 20], obGnagaroT mokazaTeassMu
CBOMCTB, 00€CNEUNBAIOIIUMU UM BBICO-

KH€ KOHKYPEHTHBIE IIperuMyllecTBa (CM.
TaOIMILY).
3akmouenne. OLieHKa 5JKOHOMHUYECKOI

3¢ OEKTUBHOCTU C y4eTOM 00JIaCTU IPH-
MEHEHMSI BBICOKOMPOUHBIX KOHCTPYKIIM-

OHHBIX JIETKX OeTOHOB [21] moKa3bIBaeT,
YTO BBICOKHME IKCIUTyaTalMOHHBIC XapaK-
TEPUCTUKUA OOECIIEYMBAIOT BO3MOXHOCTh

lMokazatenb 3HayeHne nokasarens
Property Value

MoaBMXHOCTbL NO AMaMETPY pacnibiBa KOHYCa, MM He meHee 155
Slump cone spread, mm Not lower than 155
CpepfHsis NNOTHOCTb, Kr/M3 1300-1500
Average density, kg/m? (Ib/gal) (10,8-12,5)
O6uwas nopuctocTb, % / Total porosity, % 33,4
B TOM yncne: 3akpbitas / including : closed 31,9
oTKpbITas / opened 1,5
Mpenen npoyHocT npu n3rmnbe, MMa 5-8
Bend strength, MPa (X102 psi) (725-1160)
Mpenen npoyHocTn npm cxatumn, MlMNa 40-70
Compressive strength, MPa (x10° psi) (5,8-10,15)
YoenbHas npo4yHocTb, MlMa 40-45
Specific strength, MPa (X102 psi) (5,8-6,53)
KoadPpurumneHT TpewmHOCTONKOCTH 0,1-0,12
KoadduumeHT TpemHocTorkocT no metony MUUT 0,27-0,42
Mopaynb ynpyroctu, Ma 9,5-15,2
Modulus of elasticity, GPa (X108 psi) (1,38-2,2)
K0.3¢¢I/,ILI,VI6I-.|T MyaccoHa 0,13-0.15
Poisson’s ratio
BoponornouwieHune no macce, % 1
Water absorption, by weight %
KoaddpunumneHT BOOOCTONKOCTU

. 0,95
Water resistance
KoaddurumneHT TennonposogHocTn, BT/(m-°C) 0.48-0.7
Heat-conduction coefficient, W/(m-°C) ’ ’
KoadbduumeHT TemnepatyponposogHocTu, 1077 m2/c 343-4.04
Temperature conductivity coefficient, 107" m?/s ’ '
YnenbHasa TennoemMkocTb (npyn T=25°C), kOx/(kr-°C) 1.08-1.17
Specific heat capacity T=25°C, kd/(kg-°C) ’ ’
MoposoCTOMKoc_Tb F300
Freeze-thaw resistance

MOBBIIIEHUST 3(P(HEKTUBHOCTU CTPOUTEIIb-
cTBa He MeHee yeM Ha 30—35%, KoTopasi CKJIambIBaeTCs U3
SKOHOMUY PECYPCOB TIPU CTPOUTETECTBE (CHIDKEHUE pacxonia
6eToHa M METAJUTMUECKON apMaTyphl), COKpAIIleHHUS 3aTpar Ha
TPAHCITOPTHBIE, MOHTAXKHBIE 1 TETUTOM30JISIITMOHHBIE PAOOTHI,
TTOBBIIIICHUST PAIMOHATBHOCTY MCIOIBb30BaHUS 3eMeb (YBe-
JIMYEHWE ITAKHOCTH, YBEJIMYEHUE IPOJIETOB, COKpAIeHUe
KOJIMYECTBA HECYILIMX 2JIEMEHTOB KOHCTPYKIIMM) U T. 1.
PazpaboTaHHble BBHICOKOMPOYHbIE JIETKUE OETOHBI CY-
IECTBEHHO PACIIUPSIOT 00J1acCTh MPUMEHEHUs JIETKUX Oe-
ToHOB. WX 1e1ecoo6pa3Ho MCTOIB30BATh JJIST U3TOTOBJIC-
HUST KOHCTPYKILIMI TIPH CTPOUTEBCTBE MHOTO3TaXXHBIX U
BBICOTHBIX OOBEKTOB, B XKUJIUIITHOM M KOMMEPYECKOM CTPO-
UTEJNbCTBE, TTPU BO3BENEHUM YHMKAJIbHBIX COODYXEHUM, a
Take P YCTPOMCTBE JOPOKHBIX MOCTOB M Pa3BSI30K.
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1. Ming K.Y., Hilmi B.M., Bee C.A., Ming C.Y. Effects of
heat treatment on oil palm shell coarse aggregates for high
strength lightweight concrete // Materials & Design. 2014.
Vol. 54. Pp. 702—707.

2. Bogas J.A., Gomes A. Compressive behavior and failure
modes of structural lightweight aggregate concrete —
Characterization and strength prediction // Materials &
Design. 2013. Vol. 46. Pp. 832—84.

tics (compared with traditional heavy concrete) [19, 20].
The main properties of the developed nanomodified high-
strength lightweight concretes are presented in table.

Conclusion. Analysis of technical and economical effi-
ciency by generalized criterion of quality [21] shows that the
using of nanomodification technology for lightweight concrete
increases the physical and technical properties. Economical
efficiency of building is increased up to 30—35%. This is due to
the saving resources (consumption reduction of concrete and
metal fittings), reducing cost to transport, mounting and insu-
lating, improving the rational use of lands, etc.

Technology of high-strength lightweight concrete ex-
pands the scope of application of lightweight concretes.
The developed material can be used for construction of
high-rise and special building.
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ANOMOCUIMKATHOE HAHOCTPYKTYPUPOBAHHOE BAXYLLEE

Ha OCHOBE MPaHUTHOrO CbIPbA’

PaccmatpuBaetcs BO3MOXHOCTb NONYYEHUs antOMOCUIMKATHBIX HAHOCTPYKTYPUPOBAHHBIX BSXKYLLMX re0N0NMMEpU3aLMOHHOro Tuna TBepAEHNS Ha
OCHOBE MHTPY3MBHbIX NOPOJ, KUCNOro cOCTaBa. YCTAHOBEHO, YTO NPWU MEXAHOXUMUYECKON aKTMBALMN allOMOCUITMKATHOIO Cbipbs B BOAHOI cpefe
NPOUCXOANT (POPMUPOBAHNE UCXOLHBIX PEAKLMOHHBIX KOMMOHEHTOB /15 06pa30BaHus reonoNUMEpPHbIX BSXKYLLMX 6e3 BHELLHEl LeN0YHON akTuBauui.

KntoyeBblie COBA: MEXaHOAKTUBALNS, TPAHNTHbINA OTCEB, HAHOCTPYKTYPUPOBAHHOE BSXKYLLIEE, re0nonMMepu3aLms, HaHopasmepHas LieonuTu3aums.

I.V. ZHERNOVSKY, Candidate of Geological and Mineralogical Sciences, M.S. OSADCHAYA, engineer,
A.V. CHEREVATOVA, Doctor of Technical Sciences, V.V. STROKOVA, Doctor of Technical Sciences,
The V.G. Shukhov Belgorod State Technological University (46 Kostyukova str., Belgorod, 308012, Russian Federation)

Aluminum-Silicate Nano-Structured Binder on the Basis of Granite Raw Materials

The possibility of producing aluminum-silicate nano-structured binders of geo-polymerization hardening on the basis of felsic intrusive rocks is considered. It is established that in the
course of mechano-chemical activation of aluminum-silicate raw materials in the aqueous medium the formation of initial reaction components for generating geo-polymeric binders

without external alkaline activation takes place.

Keywords: mechanical activation, granite screening dust, nano-structured binder, aluminum-silicate gel, geo-polymerization, nano-size zeolitization.

HeonnokpatHo nexkiapupyemMasi HeOOXOAMMOCTb HH-
TeHCU(PUKALIMU YTUIU3ALMOHHON POJIM CTPOUTETbHOMN MH-
JIyCTPUMU, K COXAJIEHUIO, HE HAXOIUT JOJDKHOW peaiu3aliuu
B MUPOBO#1 MPOMBIIIJICHHON! MoJuTUKe. MHOTOMUWIIIUAP/-
HbIE MacChl OTXO/I0B TOPHOAOOBIBAOIIIEH, 000raTUTEIbHOI
U niepepabaThIBaOIIei OTpaciieii, Mo 00pa3HOMY BbICKa3bI-
BaHuio npogeccopa B.M. KamamrHukosa, «...0nuLeTBOPS-
10T caMble BEJIMYECTBEHHBIE «Uy/Ia CBeTa» HAIIETro MBI -
30BaHHOTO OOIIECTBA, JOCTUTIIET0 YAWBUTEIBHOTO MPO-
rpecca B 00J1acTh U3BJI€YEHUS TPAMMOB LIEHHBIX BEILIECTB U3
TOHH pyabl, 1 OeccUIne 1 TIOpakeHUe HayKu, B TOM YHCJie
«HayKM CTPOUTEIBLHOTO MaTepuaJioBeICHUS», B Ipeodpa3o-
BaHMHU OTXOJOB TOPHBIX MOPOJ B BSDKYIIME BellecTBa» [1].

Mexay TeM BOBJIEUEHUE B TPOU3BOJCTBO KOJIOCCABHBIX
1Mo o6beMaM ATIOMOCUJIMKATHBIX OTXOJ0B TOPHOI00BIBAO-
e U ropHonepepadaThIBaOIell TPOMBILUIEHHOCTU JIS
MMPOU3BOCTBA BSKYIIMX M MaTepUaJIOB Ha X OCHOBE TIpeJi-
CTaBJISIETCST aKTyaJIbHOM 3aJaueii CTpOUTEIbHOM oTpaciu. B
0Cc000i1 cTerneHru 3TO OTHOCUTCS K pa3paboTKe aTepMalib-
HBIX TEXHOJIOTMIA CO3[aHUsI HOBBIX TUIOB CUJIMUKATHBIX U
ATIOMOCUIMKATHBIX BSKYILUX2, 4TO, TI0 MHEHUIO aBTOPOB,
SIBJISIETCSI OMHUM 13 HauboJjiee MepCreKTUBHBIX HampaBiie-
HUI MOMCKOBBIX UCC/IEOBAHUIT COBPEMEHHOTO CTPOUTEIb-
HOTO MaTepuayioBeaeHusI [2].

TeopeTuyeckue U TEXHOJOTMUYECKUE MPEANTOChUIKU IS
CO3/IaHus BSDKYILIMX HAa OCHOBE ILEI0Y€aKTUBUPOBAHHOIO
AJTIOMOCWJIMKATHOTO MUHEPAJIBHOTO ¥ TEXHOT€HHOTO ChIPbSI
co3maHbl Tpygamu HayuyHbix 1mkon B.Jl. I'myxoBckoro,
Jx. JaBunoBuya, B.1. KanamHukosa u ap.

Pa3paboTaHHblie B HacTosIIIee BpeMesl MOAXOIbl K CUH-
Te3y reornoJIMMEPHBIX BSKYIIUX OCHOBAHBI Ha 111€JI0YeaKTU -
BUPOBAHHOM PACTBOPEHUHU AJTIOMOCUIMKATHOTO ChIPEBOTO
KOMIIOHEHTA C MOCIeAYIOLIUM 00pa30BaHEM HaHOpa3Mep-
HBIX KJIACTEPOB ATFOMOCUJIMKATHBIX MMOJUMEPOB, CTAOWUIN-
3UPOBAHHBIX IIEJOUYHBIMU WJIH IIEJIOYHO-3EMEJIbHBIMU MO~

Hamu. B npoiiecce TBepaodazHO 3BOTIOLMY T€OTOUMEDP-
HBIX BSIXKYIIMX 3TH KJIacTepbl TPaHCGHOPMUPYIOTCS B LIEOJIU-
TONOIO0OHBIE HOBOOOPA30BaHMSI.

B Hacrosiee Bpemsi peaslu30BaHO 1Ba MOAX0Ja K CUHTe-
3y AJIIOMOCUJIMKATHBIX F€OMOJMMEPHBIX BSKYIIUX. [1epBbIii,
TpaguuMoHHblii noaxox (k. HaBumouy, B.JI. T'myxos-
CKWUi1), CBSI3aH C BHIOOPOM KOHLIEHTPAIMU IIEJIOYHOTO aK-
TUBATOPA UCXOAS U3 MOJISIPHOTO COAEpXXaHUs TJIMHO3eMa B
CBIPbEBOM KOMITOHEHTE Y HEOOXOIUMOCTU AOCTUXKEHUS J0-
CTaTOYHO BBICOKOTro 3HaueHus pH cpenpl 3aTBopeHust 1ist
3¢ GEeKTUBHOTO TUIPOIN3a adoMocuankartoB [3]. Bropoit
MOAXOA, YCHEIIHO peaJu3yeMblii HayyYHOW IIKOJIOM
B.M. KanauiHukoBa, UCTIOIb3yeT HEBBICOKME KOHIIEHTpA-
LIUU 1IEJIOYHOTO aKTUBATOpPa B COYETAHUU C KOHTAKTHBIM
cnocoboM (IpeccoBaHUE) MOJYYEHUS TeOIOJIUMEPHBIX
KOMIo3UTOB [4]. CienyeT OTMETUTh, YTO 00a Moaxona ur-
HOPUPYIOT (PaKT MPUCYTCTBUS IIEJIOYHBIX M IIEJTOYHO-
3eMeJIbHBIX 3JIEMEHTOB B CHIPbEBOM MaTepuale.

Mexay TeM pa3BUTHE COBPEMEHHOTO CTPOUTETBHOTO
MaTepUalOBEJIEHUST MpearoaraeT KUpoOKoe MPpUMEHEHUe
reoMuMeTHuecKuxX TexHonoruit® [S]. TIpu aToM ocobyio ak-
TyaJbHOCTb MPUOOPETAET UCIONb30BAHUE TMPENCTABICHUI
0 Tpeo0pa3oBaHUM ATIOMOCUIMKATHOTO BEIlleCTBA 3€MHOM
KOpBI B TIpolieccax TUIepreHesa sl CO3AaHMUsT HOBBIX TeX-
HOJIOTUI CTPOUTEIBLHOTO TPOu3BoACTBa. B mepByio ouepean
K 3TOMY CJIeZ[lyeT OTHECTH IpOoliecChl Mpeodpa3oBaHUs Be-
LIECTBA C U3MEHEHUEM CTPYKTYPbl U XUMUYECKOTO COCTaBa
IMOPO1000PA3YIOIIMX MUHEPAJIOB IPU AUCIIEPTaliui, B 4acT-
HOCTM MEXaHOXMMUUYECKOE BbIlETauMBaHUE AJTIOMOCUIIN-
KaTOB TpY U3MEJIBYeHUHN B XXUIKOi cpene [6]. Tak, cormac-
HO B.M. MonmuaHOBY «3KCIepUMEHTAIbHbIE JaHHbBIE I10 13-
MEJIbYEHUIO AJTIOMOCUJIMKATOB B Pa3IMYHOTO TUIIA PacTBO-
pax nmoxkasajau, YTO MUHEpPaJIbl TEPSIOT CHavyasa 1eJI0YHbIE,
a 3aTeM I1eJIOYHO-3eMEJIbHBIE 3JIEMEHTBI, TOCIEI0BATETBHO
MpeBpalliasich B MUHEPAJIbl CIIOIUCTOrO Psifa, B INIMHUCTHIC

! PaGota BbIMoHEeHA Mpy (DMHAHCOBOI ToAIepXKe MUHMCTepcTBa 06pa3oBaHus 1 Hayku Poccuiickoii Meaepaliny, Tocy1apcTBEHHOE 3a1aH1e
3.4601.2011, mporpamma ctparerndeckoro passurust bI'TY um. B.T. IllyxoBa.
2 Tlon aTepMaJbHBIM (HM3KOTEMIIEPATYPHBIM) CHHTE30M HEOPTaHIMYEeCKUX BSDKYIIMX BEIIECTB CIEIyeT IIOHMMATh TeXHOJNOIUM, B KOTOPHIX
OTCYTCTBYIOT 3Tallbl HATIPABJIEHHOTO BEICOKOTEMITEPATYPHOTO MPe0Opa3oBaHusl OTACTbHBIX UK BCEX CHIPhEBBIX KOMIIOHEHTOB.
FeoMuMeTHYECKIE TEXHOJOTMU — TOAXOA K CO3MAHUI0 MCKYCCTBEHHBIX KAMEHHBIX MAaTepUaloOB Ha OCHOBE MMUTHUPOBAHUS IMPOLIECCOB

MPUPOTHOTO MUHEPAIO- U METPOreHe3uca.
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Mpo6a* SiO, Al,O4 Fe,04 Ca0o MgO SO4 K>0 Na,O nnn Cymma
0 69,2 15,7 3,35 3,14 0,89 0,09 2,06 4,29 0,75 99,47
1 70,6 15,7 3,33 2,6 0,49 0,03 2,01 4,06 0,7 99,52
2 66,8 16,2 4,69 3,05 1,24 0,11 2,21 3,75 1,14 99,19
3 67,4 15,6 4,82 3,13 1,33 0,1 2,25 4,01 0,62 99,26

3 — ¢ppakuma 1,25-0,315 mm.

Mpumeuanune. * Mpoba: 0 — HedpPaKUMOHMPOBAHHbIN FPaHUTHBIN oTceB; 1 — dpakuma >1,25 mm; 2 — dpakums <0,315 mm;

MUHEpPaJIbl U, HAKOHEIl, B TPOCThbIe TMAPATUPO-BAHHbBIE OK-
CHUJIbI KpEMHUSI, aTIOMUHUS 1 XeJie3a. Kaxnas craqus npe-
BpallleHUs COMPOBOXIAETCSI COOTBETCTBYIOIIUM ITOBBIIIIE-
HUEM CcBoOoOgHOM »sHeprum (moreHmuana I'ub6ca).
KoHeuHast ctagusi oTMeueHa MaKCUMaJIbHbIM 3HAueHUEM
AKKYMYJIMPOBAHHOM 3HEPTMU U CAMOI BBICOKOM pEaKIIMOH-
HOI cmocoOHOCThIO» [7]. Ha 2TOM OCHOBaHMM MOXHO
chopMyIMpoBaTh paboUyIO TUIIOTE3Y UCCICIOBAHNS B BUJIE
MPENTNOJOXEeHUS: TPU MEXaHOXUMUYECKOW aKTUBAIlUU
aJTIOMOCWJIMKATHOTO CHIPbSI B BOTHOI cpelle MPOMCXOIUT
(opMupoBaHUe UCXOMHBIX PEAKIIMOHHBIX KOMITOHEHTOB
IU1s1 00pa30BaHUs TEOMOJIMMEDPHBIX BSIKYIIMX 0€3 BHELIHEeH
IIEJIOYHOM aKTUBALIUMU.

Jns mpoBepKy BBIABUHYTOTO TMOJIOXKEHUSI B KauecTBe
HWCXOTHOTO ChIPbS IS TIOJYYEHUST aJTIOMOCUIMKATHOTO BSI-
KyIIEero OblIa MCIOJIb30BaHa ITOPOAa KHMCJIOTO COCTaBa B
BHIIe TPAaHUTHOTO OTceBa [loJTAaBCKOTO MECTOPOXIACHUS
(I'epeeBckulii Kapbep, YKpauHa).

CiieiyeT OTMETUTD, YTO JI0 HACTOSIILIETO BpEMEHU TPAHUT
B Pa3JIMYHBIX BSIKYIIMX KOMIO3UIIMSIX, B TOM YMCJIE U CIIe-
1IMaJIbHOTO Ha3HauyeHMsI, MUCIIOJb30BaAJICSI B KayecTBE
JI00ABKM-3aMOJTHUATENSI M HE WUTpaJl KaKoW-JMOO BaKHOM
(¢GYHKIIMOHAILHOI POJIM B IIpoliecce CTPYKTypooOpa3oBa-
HMSI M TBepJEHUs AaHHBIX cucTeM. B HacTosiee BpeMst
YTUIU3AlIMsl OTCEBOB APOOJIEHUS SIBJISIETCS OJHON U3 CEPb-
€3HBIX MPOOJIeM TIpeANpPUITUIA, TTPOU3BOASIINX I1IeOCHb.
I1o cymecTByiOIIEit TEXHOJIOTUM OOBEMEI OTCEBA HE MOTYT
OBITb COKpAIIICHBI, U B 3aBUCUMOCTHU OT TOTO, KaKoi (pak-
LIMM TIPOU3BOAUTCS 1IeOeHBb, BBIXOI OTCEBA MOXKET COCTaB-
J1Th 10 40% OT 00beMa MPOU3BOIUMOTO TOBAPHOTO IIeOHS,
noatoMy 3¢b(GEeKTUBHOE €ro UCIONb30BaHUE WU peanusa-
LM SIBJISIETCA aKTYaJIbHOM 3a7a4yeid.

OO0t 06BEM MOMYTHO MPOM3BOAMMBIX OTCEBOB APO0-
Jienns rpaHutoB B PD cocrasisiet 6osee 16,3 MiTH T/T. (110
nmaHHbIM «MKA busnec PeiituHr» ). OcHOBHOI 00BbEM ITPO-
M3BOJCTBA M ITOCTABOK OTCEBOB (CYMMapHO OKOJIO 57%)

10

pH BsXyLLEN CUCTEMBI

6,5 T T T T T T
0 2 4 6 8 10 12
Bpems aktuBauuu, ¥

Puc. 1. 3aBncmmocTb pH CMHTE3MPYEMOI BSAXYLLEN CUCTEMbI OT BPEMEHM
MexaHOaKTMBaLMOHHOrO BO3AENCTBUS

(N POVIEIIBHBIE

npuxonutcs Ha CeBepo-3anannbiit (Pecniyonuka Kapenust
u JleHuHrpanckas 0071.) u LleHTpaabHBI pEervoHbI
(Boponexckoii 0611.), 90% MMIIOPTHBIX MTOCTaBOK TIPHXO-
IATCS Ha TIOCTaBKM OTCEBA W TPAHUTHON KPOIIKHU C
VkpauHbl. KpymHeiym mpou3BoAUTEIEM OTCEBOB IpO0-
neHus sieiasiercst OAQO «ITaBIOBCKIpaHUT» C A0JIei B 00LIEeM
ob6weMe nipousBoncTBa 20%.

[MpennpusATUS-NIOCTaBIIMKKM TPAHUTHOTO OTCEBa TIpe/l-
JIaraloT Ha pbIHKE MPEeuMYIIeCTBeHHO oTceB (p. 0—5 MM,
HEMBITBIN, HepaKIIMOHUPOBAHHBIM, YTO OMpPENEIIsIeT ero
OTHOCHTEJIbHYIO IEIIEBU3HY U IIMPOKOE MPUMEHEHUE B J10-
DOXXHOM CTPOUTENIbCTBE.

IpumeHeHue OTCEBOB 111€0HSI B TPOU3BOACTBE OETOHOB,
[0 MHEHUIO aBTOpOB [8], caepxkuBaeTcs aHU3O0TPOIHOM
(opmoii 3epeH 1 BBICOKMM COJIEpXKaHUEeM TbUIEBUAHBIX Ya-
crutr (18—25%).

Ha oTnenabHbIX MpeanpusaTUsIX ¢ TMOMOIILIO CIIeNaIn-
3UPOBAHHBIX KOMILUIEKCOB MPOM3BOAMUTCS KilacCU(UKaLMs
O0TCeBOB M0 ¢pakiusiM. OTHAKO 3Ta TEXHOJOTHUS SBISIETCS
BeCbMa IOPOTOCTOsIIIIEH U 9HEproeMKoi. B HacTosI1iee Bpe-
M$ epeji CeluaIuCTaMU B 00JaCTU CTPOUTEbHOTO MaTe-
pUaJoBeIcHUSI CTAaBUTCS 3a7adya KOMILIEKCHOTO M3YUeHMS
OTCEBOB IPOOJICHUS Pa3IUYHBIX TTOPOJ C LIETbIO IITUPOKOTO
MX TPUMEHEHUS B CTPOUTEILCTRE.

XUMHUUYECKUI COCTaB 00Pa31l0B IPAHUTHOTO OTCEBA ObLI
ONpelesieH METOIOM PEHTIeHO(IyOPECIIEHTHOTO aHau3a
(XRF) na ARL 9900 X-ray WorkStation (Thermo Scientific)
(tabnuua). PenTreHoBcKue nu@paKIMOHHbBIE CIIEKTPHI I10-
JnydeHbl Ha gugpaktomeTpe ARL X’tra ¢ ncnonbs3oBaHueM
CuK 1,2-u3nyyeHus.

H3mepeHue yneabHON MOBEPXHOCTU MPOBOIMIOCH C TIO-
Molibto rpudopa SoftSorbi-I1 ver. 1.0, mpeaqHa3zHaYeHHOTO JIJIsT
M3MEPEHUS YAETbHOMN MTOBEPXHOCTH TUCTIEPCHBIX U IIOPUCTHIX
MaTepHaJioB ITyTeM CpaBHEHMs 00beMOB ra3a-ajcopoara, cop-
OMpyeMOro MCCIeayeMbIM 00pa3lioM U CTaHOAPTHBIM 00pa3-
LIOM MaTepuaja ¢ U3BECTHOI yaeabHOM IMOBepXHOCThIO. B Ka-
YyecTBe raza-aacopbara UCIob30BaJICS a3oT.

Kak cienyer u3 naHHbIX TabJ1. 1, paznuyHble pa3MepHbIe
(bpakuMu rpaHUTHOTO OTCEBA XapaKTEePU3yIOTCS HEOOJb-
MMM BapyualMsIMUA XUMHUYECKOTO COCTaBa.
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Puc. 2. 3aB/CMMOCTb TEMNEPATYPbl CUHTE3UPYEMON BSIXYLLEN CUCTEMBI
OT BPEMEHN MEXAHOAKTMBALIMOHHOIO BO3AENCTBUS
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Puc. 3. HanoxeHvne HopMmnpoBaHHbIX Npoduneit NK-nornoweHns BsaxyLue-
ro C pasfMyHbIM BPEMEHEM MEXaHOaKTMBaLLMN

KonyectBeHHBIM TToTHOTTPOGMIBHBINM PDA mipoBommi-
¢ ¢ ucnojib3oBaHueM Iporpammbl DDM (ver.1.95¢) [9].
B kayecTBe CTPYKTYpHBIX Mojejell ObLIM MCIOJb30BaHbBI
nannble 1ICSD* o kBapu SiO, (74529-1CSD); ann6ut
(Naojsca(),zs) A]] 268i2,7408 (349]6-ICSD), AHOPTUT
CaAl,Si,04 (654-1CSD); porosasi o6MaHKa Nay oK, 4Ca ¢
Mg, sFe; 4Tij sAl, 4Sig0,3(OH) (9661-1CSD) u ounotut
K (Fe, 554Al) 446) (Al 55515 45)010)(OH), (95359-1CSD).
Jl1s ompeneneHus KOHLUEHTpauuy aMophHoi (pa3bl B Kaue-
CTBE BHYTPEHHEro CTaHIapTa MCIojb30BaH aHara3z TiO,
(94566-1CSD) B xoH1IeHTpanyu 20 Mac.%.

MuHepabHBII COCTaB TpaHUTA COTJIACHO pe3yJibTaTaM
konmmyectBeHHOTo P®A mpencraBieH KOMITO3UIUEH
(mac. %): xBapi — 35,9; anpobut — 51,9; anoprur — 3,9; po-
rosasi oomaHka — 3,3 u ouotur — 3,9.

Bstxyiiee mosydyaau MeTOAOM OJHOCTaIWHOTO Mexa-
HOXMMMUYECKOTO CHMHTE3a B BOIHOM cpeae. CMHTE3 MPOBO-
muics B TedeHue 12 9 B 200-1MTpoBoii 1abopaTOpHON I11a-
poBoii MenbHULIe (TUn: PMIII-200) ¢ xopyHooBoii (¢yte-
POBKOIA.

B nporiecce moMosta ocyiecTBIsIICS MO3TAITHbIM MOHU-
TOPUHI OCHOBHBIX TeXHOJIOTMYeCcKuXx mnapameTpoB (pH,
TeMIlepaTypa, MJIOTHOCTh, TUCIIEPCHOCTh), a TAKXKe Xapak-
Tepa U3MEHEHUST CTPYKTYPHBIX XapaKTePUCTUK U XUMUKO-
MUWHEPaJIOTUYECKOTO COCTaBa MCCIeAyeMO BSIKYIIEH ch-
cTeMbl. BenmnurHa yneabHOM MOBEPXHOCTH CUHTE3UPYEeMO-
o Bﬂ)K%’LLleFO m3MeHsTack ot 1500 M2/KT (2 4 momorna) 1o
7300 m~/kr (12 4 momoa).

B pe3ynbTare ObUIO ITOTYYEHO BSLKYIEe — MUHEpAJIbHAS
CYCIIEH3HUs, BIAXHOCTh KOTOpoi cocraBuiaa 20,5%; oTHO-
cuTenbHas TIOTHOCTH 2080 Kr/M>.

IMocne monydeHUsT BSIKyIIee 3aJIMBaIM B OTKPBITHIE
(opMbI 00pasLoB-6aouek pazmMepom 16x4x4 cum. Iponecc
TBEPACHUST TTPOXOAUI B €CTECTBEHHBIX YCJIOBUSX MPU TEM-
neparype 221+2°C B TeueHue 3 cyT, Mocjie uero oopasiibl Bsi-
KYIIeTo ObUIM BBICYIIEHBI 10 TIOCTOSIHHOM MacChl IIPU TeM-
nepatype 65°C B TeUeHUE CYTOK.

OmnpeneneHue MTPOYHOCTHBIX XapaKTePUCTUK — Mpeaesia
MPOYHOCTHU TIPU CXKATUU U PACTSIKEHUU TTPU U3rubde MpoBO-
Iuitoch Ha ruapabiandeckoM mnpecce ITI'M 100 co cpemHeii
CKOPOCTbIO HapacTaHMSI Harpy3KM IMPU MCIBITAHUM 00Opas-
1oB: 10£5 kr/cm? B cex.

ITo pe3ynbTaTaM MCIBITAHMI TIPeIebl TIPOYHOCTU 00-
pa3LoB BSXKYIIETo cocTaBwin: ipu cxkatuu 10,8—11,2 MIla
U ripu u3ruoe 6,5—7 MIla.

OCHOBHBIM KJIIOYEBBIM KPUTEpUEM KayeCTBEHHOM
OLIEHKU TT0JIy4aeMOT0 BSIKYIIETO SIBJISICTCS TTOBBIILIEHUE CO-
nepXKaHMs B UCCIIelyeMOoil cucTemMe aMop(hr30BaHHOM alio-
MOCWIMKATHOW COCTaBJISIONIEH, KOTOpas IO pe3yjbTaTam
konyectBeHHOTO PDA coctaBuia 25 mac. %.

IIpotecc BoIleIaYMBaHMS TTOJIEBBIX IIMATOB U3 TPAHUT-
HOTO ChIPbS B XO/Ie MEXaHOXUMUYECKOI aKTMBALIMU MOXET

4ICSD — Inorganic Crystal Structure Database.
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Puc. 4. MukpocTpykTypa 06pasLa 3aTBepAEBLLErO IPAHUTHOMO BSXYLLEO.
MacLutabHbli 0Tpe3ok cooTBeTcTByeT 20 MUKpPOHaM

OBITh OXapaKTepHU30BaH 3aBUCUMOCTBIO BeJMYMHBI pH OT
BpeMEHHU MeXaHOoaKTHUBaLuu (puc. 1).

Vmenbienne BenmunHbl pH Ha aramne nocie 20% Bpe-
MEHM aKTUBAllMM MOXET CBUIETEIbCTBOBATh O HavyaJle Mpo-
1ecca MoJvMMepu3aluy aJlOMOCUIMKATHOTO KOJIJIOMTHOTO
KOMITOHEHTA BSKYIIIETO.

B npo1iiecce MexaHOXMMUYECKOTO CUHTE3a HA0II0AaeTCst
POCT TeMITepaTyphl BSIKYIIEH CUCTEMBI, YTO BITOJIHE COOT-
BETCTBYET OCHOBHBIM CXeMaM IOJTy4eHMs HaHOCTPYKTYpH-
POBaHHBIX CUJIMKATHBIX BSKYLIUX (puUC. 2).

Kak npaBuiio, HU3KoTeMIiepaTypHas noJuMepusanus B
cucteMe MeO—(Al-Si)O, NpUBOAUT K 0Opa30BaHUIO LI€O-
JUTOBBIX (pa3. CrremyeT OTMETUTD, YTO WX (DUKCALIUS SBIISI-
€TCSI TIPSIMBIM JTOKa3aTeJIbCTBOM T€OMOJIUMEPU3aAIIMHHBIX
npoueccoB. K coxaneHuo, peHTreHorpaduiecku ooHapy-
JKUTb UX HE yAaoch. BeposiTHO, 13-3a HAHOPa3MEPHOil Be-
JIMYUHBI KPUCTAJJIUTOB.

IToaToMy GbUTa MpeANpPUHSITA TOIBITKA OOHAPYXHUTH
OTJINYMS OJNIMKHETO TIOpsiIKa alIOMOCUJIMKATHOW KOM-
TMOHEHTHI BSIKYIIETO B IIPOIleCcCe aKTUBALUM METOIOM
MK-cnekTpockomnuu.

Ha puc. 3 npencraBieH pe3yabTaT HaIOXeHUs HOPMU-
poBaHHBIX Mpoduieil nornomeHus: MK-cnekTpoB BsiKy-
1IETO MPU BpeMeHM akTuBauuu 2, 4, 8. u 12 4. OtmMeyaemoe
YBEJIMYEHUE UHTEHCUBHOCTH TOJIOC TOMJIOIIEHUS, OTHOCS -
muUxcss K MOCTHKOBBIM cBsizsiM Si—O—Si (Q,) xBapua, ¢
YY4ETOM HOPMUPOBAHHOCTU CIIEKTPOB K IMOJIOCE MOTJIOIIe-
Hus Si—O—Al (Q,) MoJeBbIX IIMAaTOB MOXHO MHTEPIIPETH-
poBaTh KaK YMEHbIIEHNE WX KOHIEHTPALIMN B KPUCTAJUTH-
yeckoii dase, T. €. MEXaHOXMMUYECKOE PACTBOPEHUE C 00-
pPa30BaHUEM AJTIOMOCUIUKATHOTO KOJUIOUAHOTO TeJIsl.

dopmupoBaHue B MpoLIECcCe CUHTE3a BSIKYIIETO CUHTe-
HETMYECKUX MO OTHOLIEHWIO K BSIKYIIEMY HAHOCHCTEM
(r7100y1BI ATIOMOCUIIMKATHOTO TeJisl), MPUBOISIIMX K 00pa-
30BaHUIO SMUTEHETUUECKUX HAaHOCUCTEM (HaHOpa3MepHasi
LIEOIMTU3ALINS ), (DOPMUPYIOIINX MPOYHOCTHBIE CBOWICTBA,
MO3BOJISIET KJIacCU(ULIMPOBATh MOJYYEHHOE BSIKYLIEE Kak
HaHOCTPYKTYpUPOBaHHOE.

OOpa3slibl 3aTBEPACBIIETO BSIKYILIETO XapaKTepU3yIOTCs
IUIOTHOM YIMAaKOBKOM aJZIOTUMOP(MHBIX YACTUII, CLIEMEHTH-
POBaHHBIX T€OMOJMMEPHBIM MaTepuaioM (puc. 4).

M3yyeHre MexaHU3Ma TBEPIECHHS U 3BOJIOLIUK TBEPAO-
(asHbBIX Mpeodpa3oBaHUi B BSKYIIMX 3TOTO THIIA, a TAKXKe
pa3paboTKa Ha UX OCHOBE COCTABOB U TEXHOJIOTMU TOJTyde-
HMST 5Heprod(hdOEeKTUBHBIX CTPOUTEIBHBIX KOMIIO3UTOB, B
TOM YHUCJIEe U CMEeMaJIbHOTO Ha3HAUYECHUSI, SBIISIOTCS Mpea-
METOM NajbHeHIuX ucciaenoBaHuii. Kpome Toro, otnenb-
HOTO BHUMAaHUS 3aCIyXUBaeT y9eT BapUATUBHOCTU MUHE-
PaJIbHOTO M 3JIEMEHTHOTO COCTaBa MCXOAHBIX TTOPO/I, a TaK-
K€ MX CTPYKTYPHO-TEKCTYPHBIX 0COOCHHOCTEM Ha IMPOIIECChI
CHHTe3a 1 (GMHAJIBHBIX XapaKTEPUCTUK ATFOMOCHJIMKATHOTO
HaHOCTPYKTYPUPOBAHHOTI'O BSIKYILIETO.

(Y POV EIIBHBIE
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K 80-uemuto Wapka Matpacynosuya Paxvmbaesa

7 despans 2014 r. ucnonHsercs 80 JeT TOKTOPY TeX-
HUYECKNX HaykK, Tpodeccopy Kadeapsl CTPOUTEILHOTO
MaTepuaJoBeICHUA, MU3ACJIUMNA U  KOHCTPYKLMH
Benropoackoro rocyaapcTBEHHOTO TEXHOJOTHYECKOTO
yHuBepcuteTa uM. B.T'. IllyxoBa Illapky MaTtpacyioBuuay
Paxumbaeny.

.M. PaxumbaeB poauiics B . X1Ba X0pe3MCKOil 00-
snactu Y30ekucrtaHa. B 1958 r. okonuunn CpeaHeasnaTckuii
MOTUTEXHUUYECKUN MHCTUTYT II0 CHEIMaJbHOCTHU
«TexHOIOTHS CHIIMKATOB». B 1963 r. 3amuTiia KaHguaaT-
CKYIO THMCCEpTalrIo Mo TeMe «BiusHue rugporepMalib-
HOI1 00pabOTKU Ha CYJIb(HaTOCTOMKOCTb MOPTIaHAIEMEH-
Ta». B 1964—1980 rr. LII.M. PaxumbaeB 3aBegoBaj 1abo-
paTtopueil TaMIMOHAaXHBIX IIEMEHTOB B cHcTeMe MUHTeo
VY3CCP. B 1974 r. 3amuTuil 1OKTOPCKYIO AUCCEPTALMIO
mo teme «PeryiupoBaHue CBOWCTB TaMITOHaXXHBIX IIe-
MeHTOB». C 1975 mo 1980 rr. oH paboTays TJaBHBIM
CrneuraaucToM-KOOPAMHATOPOM UcciaenoBaHuil MuHreo
CCCP. no ueMeHTUPOBAaHUIO CKBaXXWH. 3a ITepuon pabo-
TBl B 3TOW OTpacid UM CGhOPMYJIMPOBAHBI TTPUHIIUIIBI
pa3paboTKU U MMPUMEHEHUs TAMITOHAXHBIX MaTEPUAJIOB C
3aJJaHHBIMU CBOMCTBAaMM B 3aBUCHMMOCTU OT Te0JIOTO-

TEXHUYECKUX YCIOBUI, UTO MO3BOJMIO CO3MATh PSII CO-
CTaBOB, HE YCTyMHAIOIIUX JYYIIUM 3apyOeskHBIM aHal0-
raM. OHM HaIlUIM TIMPOKOE MPUMEHEHUE B Pa3IMYHBIX
permoHax CTpaHbl.

C 1980 r. III.M. PaxumbaeB padotaetr B BI'TY um.
B.I.IllyxoBa. B 1987—1990 rr. 6b11 3aBeaytomuM kKadbe-
npoit [ICK benaropoickoro TeXHOJOrM4eCKOro MHCTUTY -
Ta CTPOUTENLHBIX MaTepuaios, ¢ 1990 r — mpodeccop ka-
deapel CMuK BI'TY um. B.I'.IllyxoBa. B BI'TY on 3anmn-
MaeTcsl MpUMEeHEHWeM TeOpUM TepeHoca U TepMOIMHA-
MUKH JJIS1 pacyeTa U aHajIu3a IMPolecCOB MTOMOJIa, BSI3KO-
ro TeYeHUs, TBEPACHUS U KOPPO3UU CTPOUTEIbHBIX MaTe-
puanoB, BKJwoYasi nmopobertoHbl. [log pykoBoaACTBOM
II.M. Paxumbaena 3amuiieHo 30 KaHAUAATCKAX U OHA
MOKTOPCKasi TUCCEPTALIUHU 10 YETHIPEM CITeIIUATbHOCTSIM.
WM ony6nukoBano 6ojsee 300 crarteit, 5 MoHOTrpaduii,
HoJy4eHo 35 aBTOPCKUX CBUIAETEILCTB M MAaTEHTOB, I1O-
JIOBMHA KOTOPBIX BHeApeHa B MPOU3BOACTBO. Pemakums,
peIaKIMOHHBIN COBET, KOJJIErH CepAeYyHO MO3APABJIAIOT
IITapka Martpacyaosuya PaxumbaeBa ¢ 80-1eTuemM u xKe-
JIAIOT KPENKOro 310pOBbS W MHOTHX JIET TBOPYECKH aKTHB-
HOW JKM3HH.

(N POVIEIIBHBIE
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MoauchuuupoBaHHble runcoBbie MaTepuansl

KOHAEHCALWOHHOIro TBEPAEHUA

Mpe/acTaBneHo MccrefoBaHe BO3MOXXHOCTU PerynupoBaHiis MpoLiecca CTPYKTYpoo6Pa30BaHiis CUCTEM KOHEHCALMOHHOTO TBEPAEHNA HA OCHOBE [BYBOAHOTO
runca nyTem onTMMM3aLmi 3ePHOBOTO COCTaBA U 3aMEHbI YacTy TUNCa BbICOKOAMCNEPCHO MUHepanbHON 106aBKOM. MpuBEIEHbI Pe3ymbTaTbl UCCNEA0BAHNSA
BNUAHNSA [O6ABKW MOMIOTOMO Mpamopa Ha CBOCTBA KOMMO3ULIMOHHBIX MaTepUanos Ha OCHOBE GUHAPHBIX CbIPbEBLIX CMECEN, NPUrOTOBNEHHBIX U3 MOPOLLIKOB
aurugpara cynbara KanbLyus pasHoi CTeneHn namensyeHus. MpumeHeHne MuHepanbHbIX 406aBOK NO3BONSET NOBbICUTL MPOYHOCTb KPUCTANIU3ALIMOHHBIX
CTPYKTYp Ha OCHOBE AMTMApaTa Cymbata KanbLys, a TakKe aHeproadhheKTUBHOCTb NPOLIECCa NOMYYEHNs U3MENNiA Ha 8ro OCHOBE.

KntoueBble €NoBa: ABYBOAHbINA MMNC, KOHAEHCALMOHHOE TBEPAEHNE, KOMMO3WULUMOHHbIE MaTepuansl, 6BUHapHasa CMeCh.
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The modified gipsym materials of condensation solidification

The possibility of regulation of process of composition of by optimization of grain addition and replacement of part bonder by the high-dispersible mineral component was researched in
this operation. Effect of research of the marble addition on conductance and a solubility of disperse systems are given. The binary raw mixes from powders of a dihydrate of sulfate cal-
cium were prepared. Application of mineral addition allows to increase strength of crystallization structures on the basis of a dihydrate of sulfate of calcium. Also energy efficiency of

process increases.

Keywords: sulfate calcium, high-dispersible mineral component, condensation hardening, composite materials, binary mix.

CTpyKTypa TMIcoOBOTO KaMHsI KOHASHCAIIMOHHOTO TBEP-
neHus, GopMUPYIOIIASCSI B CUCTEMe ABYBOIHOIO rumca 6e3
CTaJuu ruapaTaluu, uMeeT 0oJiee TUIOTHYIO YITaKOBKY Yac-
TULI IO CPABHEHMIO C TUTICOBBIM KAMHEM TUAPATALlMOHHOTO
TBEPIACHMUSI, UTO OOBSCHSIETCS IPUMEHEHEM HOPMUPOBaH-
HOTO 36pHOBOIO COCTaBa ChIPbEBOI CMeCU Ha OCHOBE Ou-
HapHBIX CMecel IuTuapaTa cyjbdarta KajabliMs U TEXHOJIO-
MU TIoJTycyxoro npeccoBanus [1]. YacTuuHast 3aMeHa TOH-
KOJIMCIEPCHOM COCTABJISIONIEH ChIPbEBOM CMECH AUTHUIpaTa
TOTOBOI BBICOKOIMCIIEPCHOM MUHEpaJbHOI J0OABKOM MO-
3BOJIMT B OOJIbLIEH CTENEHU TMOBBICUTH 3HEPTETUYECKYIO
93(hGEKTUBHOCTD M CHU3UTH 3aTPAThl HA MOJYYEeHUE KOMIIO-
3ULIMOHHBIX MaTEPUAJIOB Y U3NIEIIIA.

M3BecTHO, 4TO yJIbTpa- U HAHOMUCIIEPCHBIE TTOPOIIKUA
MPU UX BBEJACHUM B TMIICOBbIE U AHTUJPUTOBbIE KOMIO3U-
LIMOHHBIE COCTaBbl MOTYT CIIOCOOCTBOBATh U3MEHEHUIO pa3-
Mepa U MOp(OoJOTUU KPUCTATNIECKMX HOBOOOpa3oBaHU I
1 (GOPMUPOBAHUIO YIOPSAOUYEHHOM, TUIOTHOM M OIHOPOJI-
HOM CTPYKTYpPbI KOMITO3UILIMOHHOTO MaTepuaa, 4To IMpruBo-
AT K CHUKEHUIO Ne(EeKTHOCTU CTPYKTYPhI, TOPUCTOCTU U
YBEJUYEHHUIO TUIOIIAAM KOHTAaKTOB KPUCTALIOTUAPATOB,
obecrneynBarolIMX TOBbIlIEHUE (HU3UKO-MEXaHUYECKUX
rokasareJiell TMIICOBbIX MaTepuasosB [2].

OOGecrieyeHre BHICOKMX (DU3UKO-MEXaHUUECKUX XapaK-
TepUCTUK 3(P(HEKTUBHBIX TUTICOBBIX MAaTEPUATIOB U UX JOJI-
TOBEYHOCTH MPU MOAMDUKALUYU yJIbTpa- U HAHOIUCTIEPC-
HBIMU 100aBKaMU BO3MOXHO 3a CUET MCMOJIb30BaHUS MPU
OCYILECTBJIEHUN TEXHOJIOTUM WX W3TOTOBJICHUS BIUSTHUS
MPUPOBI, METOJA TUCIIEPraluu, cnocodba BBEAECHUS U CO-
nepXXaHMS yJIbTpa- U HAHOAMCIIEPCHBIX MOIU(UKATOPOB, a
TakKe BCJIEACTBUE MOBBIIICHUS AUCTIEPCHOCTH KPUCTAILIIO-
TUAPATHBIX HOBOOOpPa30BaHUIi, 0Opa3yloIUXCs MPU KpU-
CTaJIM3alM TUIICOBOTO KaMHs [1].

OnHaKo CTpYKTypooOpa3oBaHKe KOMIO3UIIMOHHBIX Ma-
TEpUAJIOB HA OCHOBE JBYBOJHOTO TMIICA UMEET CBOU OCO-
6eHHocTH. s 06pa3oBaHUsI KPUCTAUIU3ALMOHHBIX KOH-

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

The structure of gypsum stone of condensation hardening is
created in system of dihydrate without hydration stage. It has
more the dense packing of particles, than a plaster. It can be
explained with use of the arranged grain formulation of a raw
mixture and technology of dry pressing [1]. Use ultra- and
nanodispersible powders as a part of plaster and anhydrite com-
positions allows to change the size and morphology of crystal-
line new masses. The arranged, dense and similar structure of a
composition material with small-sized crystals is created.

It results to lowering of defectivity of structure and poros-
ity. Thus the surface of crystalline contacts of hydrates in-
creases, physic-mechanical indexes of composition plaster
materials raise [2].

To provide the raised physical-mechanical characteris-
tics of materials and their longevity it is possible by their
modification ultra- and nanodispersible components. But it
is necessary carefully to select natural composition, a dis-
pergation method, a method of introduction and the com-
position ultra- and nanodispersible modifiers. Then tight-
ness of structure and the surface of contacts can increase.
Strength of plaster matrix will increase in a composition
material [3].

But process of formation of structure of composition ma-
terials on the basis of dihydrate is difficult.

Formation of crystallizational contacts by of condensation
hardening of systems on the basis of dihydrate realize if to
provide identity of “a construction material” and a substrate.

Therefore it is necessary to use as much as possible influ-
ence of the size, physical and chemical activity of particles
dihydrate and addition in process of crystallization of com-
posite [3, 4].

The gypsum or dolomitic powder, limestone, lime-tuf can
be applied to increase of strength of gypsum structure, etc. [4].

But to receive components in the form of high-dispersible
powders very labor-consuming and power wasteful techno-
logical operation. They shall have as a part of a particle ultra-
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TaKTOB B YCJIOBMSIX KOHIEHCAIIMOHHOTO TBEPIECHMS CUCTEM
Ha OCHOBE JIByBOJTHOTO TUIICA HEOOXOAUMO COOJIIOIEHUE OJ1-
HOPOJIHOCTU «CTPOMUTEJBLHOIO Marepuaia» M TOIJIOXKHU.
[TosTOMy HYXHO MCCJIeI0BaTh BO3MOXHOCTb BO3/ICCTBUS
pasMepa, GU3NKO-XMMHUUYECKONH aKTUBHOCTHM YaCTHII BSIXKY-
IIeT0 U T00AaBOK Ha IPOIlecC KPUCTAUTM3AIUK 3(PHEeKTUB-
Horo KkoMmno3swura |3, 4].

B xauectBe 100aBOK, YIPOUHSIIOIINX CTPYKTYPY THUIICO-
BOTO KaMHsI, B COCTaBe TUIICOBBIX THCIIEPCHBIX CUCTEM MO-
I'YT OBITh UCTIOIb30BAHBI: TUIICOBAS WM IOJIOMUTOBASI MYyKa,
MOJIOTBIN U3BECTHSIK, U3BeCTKOBLIN Ty 1 np. [4]. Ho Heo6-
XOIMMO YYeCTb, YTO AMCIIeprais BbIIIETIEPEUNCICHHBIX
00aBOK 10 TIOJYYEeHUS TTOPOIITKOB HEOOXOIUMON TOHMHBI
TOMOJ1a, UMEIOIIIHX B COCTaBe JOCTATOYHOE KOJIMYECTBO Yac-
THUIL YAbTPa- U HAHOAMCIIEPHOTO Pa3MepoOB, — JOCTATOUYHO
TPYIOEMKasi W DHepro3aTpaTrHasl TEXHOJOTMYecKas orepa-
1MsI, KaK ObLIO yKaszaHo Bbeilie. HaubGosbimii mHTEpec ¢
TOYKM 3peHUs] 3(PGHEKTUBHOCTU MPEACTABISAIOT 10CTATOYHO
pacrpocTpaHeHHbIe U YTWIIM3UPYEMbIe B TIOPOIIKOBOM CO-
CTOSTHUM MUHEpaJIbHbIe OTXOMbl W TIOMYTHBIE MPOMYKTHI
MPOMBIIIIEHHOTO MPOU3BOICTBA — TUCTIEPCHBIEC OTXO/bI M-
JIeHUSI U3BECTHSIKA, MpaMmopa, MUKPOKPEMHE3EM.
Cyl11iecTBEHHOE TIOBBIIIIEHUE 3KCIUTyaTallMOHHBIX CBOWCTB
TUIICOBBIX MaTepUagoB KOHJEHCAMOHHOIO TBEPACHUSI MO-
JKET OBITh JOCTUTHYTO C MPOSIBJICHUEM CUHEPTUH, BO3HUKA-
IOLLIE TIPU COBMECTHOM BO3IAEWCTBUM YJIbTpPa- U HAHOAU-
CHEPCHBIX 100aBOK B COUETaHUM C (popMUpOBaHUEM (Pa3o-
BbIX KOHTAaKTOB MEXJy YacTULAMU AUTrUapara cyibdbara
Kanblys. B Takux ycioBusix BO3MOXHO oOpa3oBaHUeE TIIOT-
HOM CTPYKTYpbI TMIICOBOTO KaMHS$I, BKJIFOUAIOIIETO MEJIKO-
KpUCTATMIeCKEe HOBOOOPAa30BaHWs TMOBBIIIEHHOW TLIOT-
HOCTH, YNPOYHEHHOU MEXKPUCTANIUTHBIMM KOHTaKTa-
MmH [2]. biaarogapst 3ToMy CUHTE3UPYIOTCS CBSI3M Ha pa3HbIX
CTPYKTYPHBIX YPOBHSIX JMCIIEPCHOI CUCTEMBI KOHAEHCa-
LIMOHHOTO TBEPACHUSI, YTO CIIOCOOCTBYET B JaJIbHEHIIIEM MO~
BBILIEHUIO TTPOYHOCTH, BOMOCTOMKOCTM U JTOJITOBEYHOCTH
3aTBEPIEBIIETO KOMITO3UIIMOHHOTO TUTICOBOTO MaTepHaia.

B pabote nccnenoBanoch BIMsSHIE HAHOAUCIIEPCHOM TeX-
HOIeHHOI1 KapOOHATHOI 100aBKM Ha CBOMCTBA CTPYKTYP KOH-
JIEHCAIIMOHHOTO TBEPAEHUSI Ha OCHOBE IBYBOJHOTO THUIICA.

B kauecTBe OCHOBHOTO KOMIIOHEHTAa MCIOJIb30BAJICS
TUTICOBBI KaMeHb B BHUJIE OTCEBOB M 0TX010B HoBomoc-
koBckoro MectopoxaeHus (Tynbckas 061.). KauecTBo
TIPUPOTHOTO TUTICOBOTO CHIPBSl TI0 XUMUYECKOMY COCTaBY
OTBeYaeT TpeOOBAHUSAM, MPEIbSIBISIEMBIM K TMIICOBO-
My KaMHIO 1-To M 2-TO COPTOB, cCpelHee cojaepKaHue
CaS0O42H,0 B npupomHOM TMIICOBOM KaMHE COCTaBJISET
88,78%. UccnemoBaHusl TIPOBOAMINCH C WCITONIb30BaHUEM
OMHAPHBIX CHIPbEBBIX CMECEl NBYBOJHOIO TUIICA CO CpEl-
HUM pa3MepOM YaCTHIl B COCTaBe MOPOILIKOB IPyOOTro U TOH-
Koro nnomosia 4,18 u 2,8 MKM COOTBETCTBEHHO [4].

B kayecTBe HaHOIMCIIEPCHOU N0OABKU OBLI UCIIOIb30-
BaH otxoi Mojiotoro mpamopa mapku URALCARB 10 nipo-
n3BoactBa OO0 «bemnbrii mpamop» (YemnssOuHCKBS 00II.)
(TY-5716-002-56393945—2005). ComepxaHue KpUCTa/UIH-
yeckoro kapoonara kanbliusi (CaCO;3) B cocTaBe HAHOIU-
criepcHou mo6aBku 97%. CpemHMii pa3Mep YacTHIL B COCTa-
Be nopoika 10 MkM. CoriacHo aHaJu3y IpaHyJOMETpH-
YECKOro cOocTaBa KapOoHaTHasi 1o0aBKa XapaKTepu3yeTcs
HOPMAaJIbHBIM pacIipeieJieHueM U HaTMIUeM YacTHI] HaHO-
pasmepa, yaeJlbHas TOBEPXHOCTh ITOPOIIKA COCTaBJISIET
2100—2200 m?/kr. ConepxaHie HAHOAUCIIEPCHOIT 106aBKU
BapbUpOBAIN B Tipenenax 18—22%. Bbibop MHTepBaIOB M3-
MeHeHUs1 GaKTOpOB 0OYCIOBJIEH pe3yJbTaTaMU MCClleoBa-
HUI1, TIOJTy4eHHBIX paHee [3].

3epHOBOI1 COCTaB MOPOIIKOB OLIEHUBAIM 110 pe3ybTa-
TaM IHMCIIEPCHOHHOTO aHaIn3a C TIOMOIIIBIO JIJa3ePHOTO aHa-
nu3atopa Tuna Fritsch Particle Sizer Analysette 22.
CpeaHIoI0 TUIOTHOCTh U MPOYHOCTh MPEeCCOBAaHHBIX TUIICO-
BbIX 00PA3LUOB-IIWIMHAPOB, MOJYYEHHBIX METOIOM TOJTYCY-
XOro TPeccoBaHUs Ha JabOpaTOPHOM TUAPABINYECKOM

(N POVIEIIBHBIE

and the nanodisperny size. It is possible to use waste or pass-
ing products of industrial production — waste of limestone,
marble, microsilica.

It is possible to increase operational properties of gypsum
materials of condensation solidification by application of
synergy effect. It arises when using ultra- and nanodispersible
additions are used and phase contacts between particles of a
dihydrate of sulfate calcium are created [2].

In such conditions gypsum of the dense structure can be
formed. It includes crystals of the small size. Further relations
at different structural levels of the hardened gypsum will be
formed.

Strength, resistance in water and longevity of a composi-
tion gypsum material increase.

In operation influence ultra- and nanodispersible compo-
nents on properties of structures of condensation hardening
on the basis of dihydrate was researched.

Gypsum in the form of screening and waste of the
Novomoskovsk field was used (Tula region). The chemical
behaviour of gypsum to 1 and 2nd grade corresponds. The
average maintenance of a dihydrate in natural gypsum
makes 88,78%. Binary powders of a dihydrate mixed up.
The average size of particles in powders of 4,18 and
2,8 mkm [4]. URALCARB 10 was the ultradispersible com-
ponent. It is a waste of ground marble (CaCO; — 97%). It is
delivered by the enterprise in Chelyabinsk region (TU-
5716-002-56393945—2005). The average size of particles of
the marble addition of 10 mkm, specific surface of powder
—2100—2200 m?/kg. Quantity of the addition changed from
18 to 22%. Such selection on earlier researches is made
based [3]. Composition of powders by the sizes of particles
by results of dispersion analysis evaluated. The laser Fritsch
Particle Sizer Analysette 22 was applied. Gypsum speci-
mens-cylinders pressed on a laboratory hydraulic press.
They hardened during 14 days. Average density and strength
of these specimens estimated in accordance with GOST.
Structural peculiarities of the pressed aggregate were de-
fined by a method of electronic microscopy. Mechanical
characteristics of composite monotonically raise, when the
quantity of the ultradispersible addition increases. The
mathematical model was used when strength of the modi-
fied gypsum researched. It is given in a fig. 1. Dependence
of strength of gypsum compositions on the content of mar-
ble and water has a parabola appearance. It is fairly for all
probed compositions.

If the addition is entered in number of 18—20%, the
quantity and the area of contacts increases. The gypsum ma-
trix changes the structure and density of plaster grows. It
positively influences strength of a composition material. If
the quantity of the addition increases more than 20%, the
dense structure of the modified gypsum worsens. Its porosity
(fig. 2) increases. The quantity of very small-sized particles of
a dihydrate of sulfate calcium and the carbonate addition in
the disperse system exceeds best value. It leads to lowering of
mechanical properties of a composition material. Process of
formation of structure in gypsum system of condensation
hardening happens under the influence of pressure. Therefore
it is important to research influence of an amount of water in
a raw compound.

It is set that the amount of water influences strength and
density of the modified structure. If the content of water in a
raw compound increases to 0,06 (fig. 3), mouldability of a
powder raw compound improves. It occurs because round
grains of a composition material water interlayers will be
formed.

The increase in the content of water reduces physical and
mechanical characteristics of a material. Water for effective
multiplexing of a raw compound doesn’t suffice.

Each grain-size composition of a compound needs to as-
sign the content of water. Then strength of a received mate-
rial reaches the maximum value. It is explained by plasticiz-
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mpecce U BbiAepXaHHBIX 7 cyT, ouneHuBaau 1mo I'OCTy.
CTpyKTYpHbIE OCOOEHHOCTH TPECCOBAHHOTO KOMITO3MTA
OLIEHUBAJIUCH METOJOM JIEKTPOHHON MUKPOCKOMUH.

CornacHO TIPOBEICHHBIM UCCIICIOBAHUSM MOI(UIII-
POBAaHHOTO KOMITO3UIIMOHHOTO MaTepuajia OTMe4aeTcs, YTo
C YBEJIWYEHUEM COAEpXKaHUS HAHOAMCIEPCHON A00aBKU
Mpamopa MPOUCXOAUT MOHOTOHHOE MOBBIIIEHUE MeXaHU-
YEeCKMX XapaKTePUCTUK KOMIIO3ULIMOHHOIO MaTepuaia
(puc. 1-3).

HccnenoBaHussMU MPOYHOCTA MOAUMPUIIMPOBAHHOTO
TUTICOBOTO KaMHSI YCTAHOBJIEHO, UTO 3aBUCMMOCTb ITPOYHO-
CTU TUTICOBBIX KOMITO3UIIMI OT COAePKaHUsI MOJIOTOTO Mpa-
MOpa, KaK U OT BOAOTBEPAOT0 OTHOLIEHUSI, HOCUT Tapado-
JIMYECKUI XapakTep IJis BCEX MCCIEJOBAHHBIX COCTABOB
(puc. 1).

B unTepBaie comepxxanus no6aBku ot 18 10 20% mpou-
HOCTh KOMITO3UILIMOHHOTO MaTepuaja yBeJIUYUBAECTCs, YTO
00BSICHSIETCSI, TO-BUAMMOMY, TOBBIIIEHUEM KOJUYECTBA
KPHUCTAJUIM3AIIMOHHBIX KOHTAKTOB U YBEJIMUEHUEM TUIOIIA-
I €AUHUYHBIX KOHTaKTOB.

DTO NPUBOAUT K CTPYKTYPHUPOBAHUIO TUTICOBON MATPUILIbI
U JOCTUTAETCS MAaKCUMAJIbHOE YIJIOTHEHKE TUTICOBOTO KAMHSI.

JanpHelee yBeTUIeHUE ComepkaHusT 1o6aBKu o 22 %
CMOCOOCTBYET Pa3yIJIOTHEHUIO CTPYKTYpPbl MOAUMUIIMPO-
BAHHOTO TMIICOBOTO KaMHSI U TIOBBIIIIEHUIO €r0 TOPUCTOCTH
(puc. 2). KoauuecTBo BEICOKOAMCIEPCHON (ha3nl aucmepc-
HOI CUCTeMBI, cllaraéMoil M3 YacTull IUTuapaTa cyjabgara
KaJgblMs U KapOOHATHOM 10OABKM, MPEBBIIIAET ONTUMAIb-
HO€ 3Ha4YeHME, YTO U TPUBOAUT K CHUKEHMIO MeXaHU4Ye-
CKHX CBOMCTB KOMITO3ULIMOHHOTO MaTepuraa.

BBuay Toro uro ogHuM U3 (HaKTOPOB, OMPEACISIONINX
MPOTEKaHUe Tpoliecca CTPYKTYPOOOpa30BaHUS B TUIICOBOM
CHCTeME KOHIEHCALIMOHHOTO TBEPAEHMUSI, SIBJISIETCS JaBiie-
HUE, HEMaJIOBaXXHO UCCJIEI0BAHNE BOAOCOAEPXKAHUS ChIPb-
€BOIl cMecHU. YCTaHOBJIEHO, YTO BOJOTBEPAOE OTHOIIEHUE
BJIUSIET HA TIPOYHOCTh M TUIOTHOCTb MOAUMDULIMPOBAHHOM
cTpykTyphbl. [Ipu yBenmueHUn BogocoaepKaHusl B CUCTEME
mo 0,06 (puc.3) mpeccyeMOCTb ITOPOIIKOBOI CHIPhEBOM
CMeCH yJIyulllaeTcs 3a cueT 00pa3oBaHUSI BOAHBIX TPOCIOEK
BOKPYT 3€pE€H KOMITO3ULIMOHHOTO MaTepuasia, CllocoOCTBY-
fo1MX 60Jee MIOTHOM ynakoBke yacTull. [1pu aToM npouc-
XOJUT BbIAABIMBAaHWE B IMYCTOThI MEXIY KPYIHOI (a3oit
TUTACTUYHOUN TOHKOIMCIIEPCHOM (ha3bl.

JanbHeiiliee yBeJuUYeHUE BOAOTBEPIOrOo OTHOIIEHUS
CHUXKAET (PU3NKO-MEXAaHUYECKUE XapaKTEPUCTUKU MATEPU-
ajga. OTo, BO3MOXHO, OObSCHSIETCS M30BITOUHBIM KOJIH-
YEeCTBOM BOJbI, KOTOpOE TMPUBOAUT K HEIOYIUIOTHEHUIO
CBIPBEBOM CMECH.

OrnpeneneHHOMY IpaHyJIOMETPUUECKOMY COCTaBy CMECHU
COOTBETCTBYET OIpeAeieHHOE BOAOTBEPIOE OTHOIIECHUE,
MPU KOTOPOM MPOYHOCTH MOJYyYaeMOro Marepuana JA0CTU-
raeT MakCMMaJIbHOTO 3HAYE€HUS BCJIEACTBUE MIACTUDULIUA-
pylolero aeicTBus Boabl. OnTumManbHoe (1o IiacTuuILIm-
pyloieMy J1eiCTBUIO) KOJIMUYECTBO BOJbI OMIPEAEIISIETCS TO-
IIUHON TUAPATHON OOO0JIOYKU U BEJIWYMHON MOBEPXHOCTH
KOMITO3UIIMOHHON CBHIpheBOM cMech. ONTUMAaIbHOE BOIO-
TBEpIOE OTHOLIEHUE IS MOAMGUIMPOBAHHOTO COCTaBa
TUIICOBOM CHIPhEBOM CMECH I10 MOKA3aTeaIM MPOYHOCTU U
CTPYKTYPHBIX XapaKTepHCTUK cocTanisieT 0,06.

Takxe yCTaHOBJIEHO, YTO 100aBKa OKa3bIBA€T HE TOJBKO
MeXaHU4YecKoe, HO U (DM3NKO-XUMUYECKOe BO3/ICICTBUE Ha
¢dopMuUpoBaHUE CTPYKTYpPbl MaTepuaa.

Yuyactue KapOoHAaTHOII HAHOTO0ABKHU B CTPYKTypooOpa-
30BaHUU TIOATBEPXAACTCS UCCIEAOBAHUSIMU IO PaCTBOPU-
MOCTHU. YCTAHOBJIEHO €€ BJIUSIHUE Ha 3JIEKTPONPOBOAHOCTD
U PacTBOPUMOCTb JUCTIEPCHON CUCTEMbI HA OCHOBE JIBYBO/I-
Horo rurica (puc. 4).

VYBennueHre KoJIMIecTBa MOHOB KaJIbIIUS B CUCTEME KOH-
JIEHCAIIMOHHOTO TBepACHUS OyIeT CloCOOCTBOBATh aKTUBU-
3allMU TIpoliecca CTPYKTYpOoOOpa30BaHUs, a KPUCTAJUIU3YIO-
1eecsi BELIECTBO OyeT 001aaaTh Oobliel MPOYHOCThIO [4].

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN
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Puc. 1. 3aBMCUMOCTb NPOYHOCTN MOANDULMPOBAHHOIO KaMHSl KOHOEHCa-
LIMOHHOrO TBEPAEHUs1 Ha OCHOBE ABYBOAHOMO rmrnca B Bo3pacte 7 CyT OT
cofepkaHus HaHoaucnepcHom [o6aBkn U BOAOTBEPAOrO OTHOLLEHMS!

Fig. 1. Dependence of strength of gypsum condensation hardening on the

basis of a dihydrate from contents of the addition and water (7 days of
solidification)
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Puc. 2. 3aB1MCUMOCTb NOPUCTOCTU MOANDULIMPOBAHHOIO KAMHS KOHAEHCA-
LIMOHHOrO TBEPAEHUNS HA OCHOBE ABYBOLAHOMO rmrnca oT CoOAep>XaHus HaHo-
aucnepcHoin no6aBku 1 BOAOTBEPAOr0 OTHOLLEHUS

Fig. 2. Dependence of porosity of the modified gypsum of condensation

hardening on the basis of a dihydrate from contents of the ultradispersible
addition and water
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Puc. 3. VIaMeHeHMe NAOTHOCTN MOANDULNPOBAHHOIO KaMHS KOHOEHcaum-
OHHOrO TBEPAEHUS HA OCHOBE ABYBOAHOIO rmrnca ot BOAOTBEPAOr0 OTHO-
LIEHUS NPWY Pa3fIM4HOM NPOLLEHTHOM CoAepXaHUn HaHoAMCNepcHo nobas-
Kk mpamopa: 1 — 18%; 2 - 19%; 3 — 20%; 4 — 21%; 5 - 22%

Fig. 3. Change of density of the modified structure of condensation
hardening on the basis of a dihydrate from the content of water in case of
different quantity of the ultradispersible marble addition: 7 - 18%; 2 — 19%);
3-20%;4-21%;5-22%

ing effect of water. The optimum amount of water is defined
by thickness of a hydrate envelope and value of a surface of a
composition raw compound. The optimum content of water
for the modified composition of a gypsum raw compound on
strength and density makes 0,06.

Ultrafillers participate in process of formation of structure
and define mechanical, physical and chemical conditions of
hardening of system. Participation of a carbonate nanoaddi-
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Puc. 4. 3aBNCUMOCTb PaCTBOPUMOCTU ANCTIEPCHOM CUCTEMbI ABYBOOHOIO
runca ot coaepXaHus kapOoHaTHOW HaHOA06aBKM

Fig. 4. Dependence of solubility of a disperse system of dihydrate on the
maintenance of a carbonate nanoaddition

OnTuMu3anus rpaHyJIOMETPUYECKOTO COCTaBa CMECH B
COUYETAHUY C BBEIEHUEM B COCTaB BSIKYILIETO HAHOHATIOHH -
TeJsIeld, YYaCTBYIOIIMX B TIPOLIECCE CTPYKTYPOOOPa30BaHMS U
ONpeAesSIONIUX HE TOJbKO MEeXaHUYeCKue, HO U (hU3UKO-
XUMUYECKUE aCTeKThbl TBEPAECHUSI CUCTEMBI, TTO3BOJISIET 110~
JIy4aTh YIIPOYHEHHYIO CTPYKTYpY TMUTICOBOTO KaMHSI.

ITpoucxonut usmeHeHre MOphOIOTUN KPUCTATUTU3ALIH -
OHHBIX KOHTaKTOB, CTPYKTYpa OTJIMYAETCS OOJIbIIEH yIopsi-
JIOYEHHOCTbBIO, XapaKTePHOU 11 auruapara (puc. 5).

TaxkuM 006pa3oM, aHaIU3 MPOBEACHHBIX MCCIeIOBAHUI
MOKa3bIBaeT, YTO MpU Mnoadope Buaa Moaudukartopa st
CTPYKTYP KOHIIEHCAlIMOHHOTO TBEPJAEHUSI HEOOXOMMO BbI-
Gupath f106aBKM, UMEIOLME ¢ TMIcoM obuwwmii noH Ca’'.
OnTuManbHOE comepXXaHWe HaHOPa3MEPHOU J00aBKM MO-
JIOTOTO MpaMopa UCXosl U3 GU3UKO-XUMUYECKUX aCIIEKTOB
nosyyeHust 3(pheKTUBHOTO TUIICOBOIO MaTepuaia COCTaB-
nsger 20%. OnTuMaibHOE BOAOCOIEPXKAHUE TSI MCCIIENO-
BaHHBIX MoAMMUIMPOBaHHBIX cocTaBoB 0,06. Kommosu-
IIMOHHBIA THUIICOBBI MaTepHasl ONTUMAaJIbHOTO COCTaBa
MMEET B CPeIHEM IUIOTHOCTH 1900 KT/M? U MpouHOCTH IIpH
cxxaTuu B Bo3pacte 7 cyt — 20 MITa.

PerynupoBaHue CBOWCTB TMIICOBBIX KOMITO3UIIMI KOH-
JIEHCAIIMOHHOTO TBEPIEHUS ITyTeM MOA(UKALIMU UX COCTa-
Ba [TO3BOJIUT 00ECTICUNTD ITOBBIIIIEHUE (PU3UKO-TEXHUIECKUX
CBOWCTB IMIICOBBIX MaTepUAJIOB U U3JEINI Ha UX OCHOBE.
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Fig. 5. Microstructure of the modified gypsum of condensation hardening

tion in structurization is confirmed by researches on solubil-
ity. Its influence on an conductivity and solubility of a dis-
perse system on the basis of dihydrate (fig. 4) is established.

Their use as a part of composite and the optimized grain-
size mixture allow to receive stronger structure of gypsum.
There is a change of morphology of crystallizational con-
tacts. The structure of gypsum differs bigger orderliness, it is
characteristic for a dihydrate in the nature (fig.5). The
quantity of contacts in the pressed system of the normalized
grain-size composition increases. It creates structure of high
strength.

The increase in quantity of ions of calcium in system of
condensation hardening will promote activization of process
of structurization, and the crystallizing substance will possess
larger strength [4].

So the analysis of the conducted researches shows that at
selection of a type of the modifier for structures of condensa-
tion hardening it is necessary to choose the additives having
with gypsum the overall ion of Ca2*.

Optimum content of marble ground nanoadditive (in
view of physical and chemical aspects) makes 20%. The com-
position gypsum material has density of 1900 kg/m? and a
compressive strength at the age of 7 days of 20 MPa.

Regulation of properties of gypsum compositions of con-
densation hardening (by modification of structure) will allow
to provide increase of physics and technology properties of
plaster materials and products on their basis.
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HaHocTpyKTYypHbIE acnekTbl rmapaTaLum u TBEpAEHNS TUNCOBbIX
W TUNCOLLJIAKOBbIX KOMNO3ULMIA Ha OCHOBE [1BYBOJHOIO rMNnca

MpennoxeH MexaHu3M TBEPAEHUS GUHAPHBIX CUCTEM HA OCHOBE AUTMApaTa U NONUrMAapaTa cynbgara Kanbums. BbifBNeHbl YCIOBUS, MPU KOTOPbIX
BO3HWKAET BO3MOXHOCTb CO3JaHUS KPUCTANNN3ALMOHHBIX KOHTAKTOB MEX[y YacTuLaMu auruapara cynbata Kanbuus. YCTaHOBNEHO, YTO Ans
06pa30BaHiisl KpUCTANNNYECKOTO CPOCTKA MEX/y YacTuLamin ABYBOJHOO rnca Heo6XoAUMo paccTosHMe He Gonee Tpex pa3mepoB MOMeKyn cynbdaTa
KanbLs. NpuBeAeHbI aHANUTUYECKIE 3aBUCUMOCTY, OMUCHIBAIOLLME NPOLIECCHI PACTBOPEHNS UCXOAHBIX U 06pa30BaHUA HOBbIX (Da3. M3yyeHa KUHeTHKa
npoLecca ruaparauuy AaHHbIX CUCTEM B 3aBUCUMOCTM OT MPOLIEHTHOrO COAEPXKaHUsS COCTAaBSIOLINX KOMMOHEHTOB. [lJaHO 00bACHEHUE X NOBbILLIEHHON
NPOYHOCTM 1 BOLOCTOMKOCTM MO CPABHEHUIO C KOATyNALMOHHBIMI MMNCOBLIMU CUCTEMAMI. PacCMOTPEH MeXaHu3M CTPYKTYpoo6pasoBaHus
TUNCOLIEMEHTHbIX W TUMCOLLNAKOBbIX KOMMO3ULNIA C MOBbILLEHHbIM COAEPXaHUEM ABYBOAHOIO rUnca B UX cocTase. [0Kas3aHo, 4To NOBbILLEHHas
BO/IOCTONKOCTb KOMMO3MLIMIA HA TUNCOLLNAKOBOW OCHOBE 06YCNOBNEHa 06pa30BaHNEM ITTPUHIUTA HA PAHHUX CTAANAX TMApaTaLMN, a TAKKe
TMAPOCUNMKATOB KanbLUA HU3KOM W CPE/Heit OCHOBHOCTI Ha 6oNee NO3OHMX CTaANAX TeepasHMs. Np1BeeHbI COCTaBbI U NOKA3aTeNN NPOYHOCTY I
BOJOCTOIKOCTM 06Pa3LioB BUGPONPECCOBAHHBIX KOMMO3MLNA Ha OCHOBE JBYBOJHOMO rUnca.

Kniouesble cnosa: Ouruapart, nonyruapar, ABYBOAHbIA runc, CyNb(HaTHO-LLNAKOBOE BSXKYLLEE, CUIIMKAT KambLKs.
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Nanostructural aspects of hydration and hardening gypsum ang slag gypsum compositions on based plaster dihydrate

The mechanism of hardening of binary systems based on polyhydrate dehydrate and calcium sulfate. The conditions under which there is the possibility of establishing contacts between
particles crystallization of calcium sulfate dehydrate. Found that the formation of crystalline concretion between particles of gypsum dehydrate necessary distance is not more than three
dimensions of the molecules of calcium sulfate. Upon hydration of the combined system consisting of hemihydrates and calcium sulfate dehydrate, possibly significant increase in the
distance between the particles dehydrate gypsum to the size of tens and even hundreds of times higher than the intermolecular dimensions. Mechanism of structure combined systems
is fouling particles dehydrate gypsum crystals formed by the hydration of the original binder based on calcium sulfate hemihydrates. Analytical dependences describing the processes of
dissolution and the initial formation of new phases. The kinetics of the hydration process of these systems depending on the percentage of constituents. An explanation for their
increased strength and water resistance, as compared with coagulation plaster systems. The mechanism of structure formation and gypsum cement gypsum and slag compositions with
a high content of gypsum dehydrate in their composition. It is shown that the increased water resistance compositions gypsum and slag basis due to the formation of ettringite- three-
sulfat hydrosulfoalyuminat form calcium in the early stages of hydration, as well as hydro calcium low and medium basicity in the later stages of hardening. Shows the compositions
and performance strength and water resistance vibro pressed samples of compositions based on plaster dehydrate. Using X-ray diffraction and electron microscopy the nanostructure
and chemical composition of samples hardened stone and gypsum and slag basis.

Keywords: nanostructure, hydration, hardening, dehydrate, hemihydrate, gypsum dehydrate, molding composition, crystallisation, dissolution, sulphate binder slag, calcium silicate, cal-

cium gidrosulfoalyuminat.

VYBenuuyeHue MaciiTaboB U TEMIOB XWJIMIIHOTO CTPO-
UTEJbCTBA, OCOOEHHO OOBEKTOB MaJlOM M CpeaHEM 3Tax-
HOCTH, HEBO3MOXHO 0€3 pacIIupeHus] TPOU3BOACTBA IUII-
COBBIX CTPOUTEJIbHBIX MaTepUAIOB Pa3IMYHOTO Ha3Haue-
Husi. HecMoTps Ha TO UTO 3a MOCJIEIHUE TOJIbI MPOU3OLUIU
3HAYUTEbHbIE U3MEHEHUSI B Pa3BUTUU MPOU3BOIACTBEH-
HOU 0a3pl TUIICOBOM NpOMBIIIIeHHOCTH Poccuiickoit
®enepaliiu, B YaCTHOCTA MHOTOKPATHO BO3POCIIO MPOU3-
BOJICTBO CYXMX THIICOBBIX CMecell pa3JMYHOro Ha3Haye-
HUsI, TUTICOKAPTOHA U Ma30rpeOHEBBIX MEPErOPOTOUYHBIX
TUIUT, U3TOTOBJICHME HanboJiee MaCCOBBIX M BOCTpEeOOBaH-
HBIX CTEHOBBIX M3/EJIMIl Ha TUIICOBOM OCHOBE OCTAETCS
HUYTOXHO MaJIbIM. B OCHOBHOM 3TO CBSI3aHO C Te€M, YTO
HCIIOJIb3yeMble 0 HACTOSIIIEr0 BPEMEHW TEXHOJIOTUU
MPOU3BOJCTBA CTEHOBBIX U TMEPErOPOAOUYHbBIX U3ACIUN U
NIpUMEHsIEMOe 000PYAOBaHUE, KaK IIPAaBUJIO Ha JUThEBOI
OCHOBE, CYIIECTBEHHO YCTapejiu U He OTBevYaloT TpeboBa-
HUSM CETOIHSIIIHErO JHS KaK IO MPOU3BOAUTEbHOCTH,
TaK M 10 C€e0ECTOMMOCTHM BBIITYCKaeMOW IPOIYKIIHM.
Hamnpumep, B Mpou3BOACTBE MEJKOIITYYHBIX OETOHHBIX U
CWJIMKATHBIX CTEHOBBIX M3/EJUIl B TOCIeNHUE AeCSTUIIEe-
TUSI YCTEIIHO MCIOJb3YETCSI BbICOKONPOU3BOAUTEIBLHOE
IIpeccoBoe M BUOpOIIpeccoBoe 00OpyJIOBaHUE OTeue-

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Increase the scale and pace of housing construction, es-
pecially small and medium objects storeys, is impossible
without expanding the production of gypsum building mate-
rials for various purposes. Despite the fact that in recent years
there have been significant changes in the development of
the production base of gypsum industry in the Russian
Federation, in particular repeatedly increased production of
dry plaster for various purposes, drywall and gypsum parti-
tion partition plates, making the most widespread and popu-
lar wall gypsum-based products remains negligible. This is
mainly due to the fact that used to date production technol-
ogy and partition wall products and equipment used (usually
on the basis of the injection) is significantly outdated and do
not meet today’s requirements, both in performance and in
the cost of production. For example, in the production of
small concrete wall and silicate products in recent decades
has been successfully used high- pressing and vibropress
equipment of domestic and foreign production, which not
only provides high-performance production lines, but also,
more importantly, can significantly reduce the specific con-
sumption of binders (cement or lime ) per unit of product,
and accordingly, to ensure low cost and high competitiveness
of products manufactured. Moreover, the cost of wall prod-
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CTBEHHOTO U 3apy0eXXHOTO MPOU3BO/I-
CTBa, KOTOPOE HE TOJBKO 00eCIIeunBa-

€T BBICOKYIO MPOU3BOIUTEIbHOCTh
TEXHOJIOTUYECKUX JUHUH, HO M TIO-
3BOJISIET 3HAYUTEJIbHO CHU3UTD YC/Ib-
HBIM pacxXoj BSIKYIIeTo (IIeMEeHTa WIIN
M3BECTH) HA €IWHUILY MPOAYKINHU W

\

A

COOTBETCTBCHHO rapaHTHUpPOBAaTb HU3- D

KYI0O CTOMMOCTb M BBICOKYIO KOHKY-

peHTOCHOCO6HOCTB MNPpOU3BOANUMBIX m

WU3JIeJINI B OOJIbIIIEH CTeIIeH OIpee-
JISIETCSI HEe LIEHOU MCII0JIb3yeMOTo BSI-
XKyllIero (B HaCTOSIIEe BpeMsl pbIHOY-
Hasl CTOMMOCTb TMIICOBOTO BSIXKYILIETO

uznennii. Ce6eCTOMMOCTb CTEHOBBIX 7/

Pl

HauOoJiee pacrpoOCTPaHEHHBIX MapoK
yXe HUXe lIeMeHTa U U3BEeCTH), a eTo
yVAECIbHBIM pPacXoiAOM Ha EeIWHUILY
00beMa BBIMTyCKaeMOW TIPOAYKIIMU.
IMosTOoMy mpencraBiisieTcs] pallMOHAJIbHBIM C TpaKTUYe-
CKOI TOUKY 3pEHUs UCTI0JIb30BaTh MOAOOHBIE TEXHOJIOTUUN
JUJISI MACCOBOTO MPOU3BOJCTBA TMIICOBBIX CTEHOBBIX U Te-
peropofoYHbIX M3AEIU, OMHAKO M3-3a HEJOCTaTOYHOTO
BHUMaHUS K TIpoGieMaM MPOU3BOACTBA TUIICOBBIX M3Je-
JINH, KaK ¥ BCETO MaJIOATaXXHOTO CTPOUTEILCTBA, B 1970—
1990-¢e rr. BONpOCHl CTPYKTYpOOOpPa30BaHUS U TBEPACHUS
MPECCOBAaHHBIX TUIICOBBIX M3EJUI, €CTECTBEHHO, OCTa-
JILCh HEAOCTATOYHO U3YYEHHBIMU.

Haub6onee a(ppekTUBHO € L1eJIbI0 CHUXKEHUS YASIHHOTO
pacxojia TMTICOBOTO BSIKXYIIIETO KaK CAMOTO JOPOTOCTOSIIIIE-
IO KOMIIOHEHTA MCITOJIb30BaTh ChIPbEBhIE CMECU Ha OMHAp-
HOM WJIN MHOTOKOMITOHEHTHOM OCHOBE C TOBBIIIEHHBIM
collepKaHMeM B MX cocTaBe 0€300:KMIOBOro JABYBOIHOIO
ruIica, IpuyeM B 3aBUCHUMOCTU OT OCOOEHHOCTE TEXHOJIO-
MU TIPOU3BOJICTBA U XapaKTePUCTUK BBIMYCKAEMBbIX U3JIe-
JINA MOXXHO UCITOJIb30BaTh KaK CTAaHAAPTHOE B-TI0OJTYBOIHOE
TUTICOBOE BSIXYIIee ¢ KOPOTKMMU CPOKAMM CXBAaThIBAHUS,
TaK 1 MEUIEHHOTBEPICIONINE KOMITO3UIIMOHHBIE BSIKYIIINE
Ha TUIICOLUIAKOBOW WJIU TUICOLEMEHTHON OCHOBE.
CoBpeMeHHbIe MpPeNCcTaBAeHUsI O MeXaHU3Me TBEPIEHUS
KOMIIO3ULIMIA Ha OCHOBE JIBYBOJHOTO TUIica, Oepyliie Ha-
yajo B paborax [1.A. PebuHaepa, pa3BuBaJnCh B TOCTE-
Hue pgecartmwietuss A.®D. [Tomakom, B.B. babkoBbIM,
B.Bb. PatunoBeiM, M.M. CerueBbiM, A.B. BomkeHckum,
NU.M. JIamkeBudyeM u ap. Teoperudyeckue pa3pabOTKU U
BBITTOJTHEHHbIE JKCIepUMEHTAIbHbIE WCCAEIOBaHUS T10-
Ka3zajaul, YTO BO3HUKHOBEHUE KPUCTAJIM3AIMOHHON
CTPYKTYPBI MOXET ITPOUCXOIUTH TIPU BHITIOJIHEHUU CJIETY-
OIIUX ycaoBuii. Bo-TiepBBIX, YaCTUIIBI AUCTIEPCHOM (ha3bl
JIOJDKHBI HAXOAUTHCSI HA JOCTATOYHO MAaJIOM PaCCTOSTHUM
h,, IPU KOTOPOM BO3MOXHO 00Opa3oBaHUe KpHUCTaLIM3a-
LIMOHHBIX KOHTAKTOB MeX1y HUMHU (puc. 1, a). Bo-BTOpBHIX,
KOHIIEHTpAIUsl paCTBOPEHHOTO BEIlleCTBAa B TUCIIEPCUOH-
HOI cpeJie MOKHA ObITh O0JIbIIIe pACTBOPUMOCTH THIpaTa,
T. €. CCTeMa JIOJKHA OBITh MeTacTaOwiIbHOU. [1puyem yem
BBILIIE CTEMEeHb MepechIllleHWs] pacTBOpa, TeM OoJbliee
pPacCTosIHME MOXET ObIThb MEXJY CpacTaloIMMUCS YacTU-
IIaMM TUApaTa, MPU KOTOPOM BO3MOXHO 0OOpa3oBaHME
KPUCTANIU3AIIMOHHON CTPYKTYphl. PaccTosiHue Mexay ya-
CTULAMU h,, obecrieynBaloliee GopMUpPOBaAaHUE KPUCTAT-
JIN3ALIMOHHBIX KOHTakTOB, mo A.D. [Toxaky [1], mMoxeT
OIpeAeIsATLCS Ceayolleit popMyoii:

_ Ino Inay2, 49 (1-X)
s O’SS[Ina*+\/(lna*) TS } W

rae 8, — MEXMOJEKYISIPHOE PACCTOSIHUE; O — CTETIEHb
MepechIIeHUsT pacTBoOpa (A=c/C,,); *— CTeneHb Mepechl-
LIeHUsI, TPU KOTOPOil BO3MOXHO BOSHUKHOBEHUE IByMEP-
HBIX 3apobllieii pocta (a'~1,5); =280 — 3Heprus or-
PbIBa O HOM MOJIEKYJIbI C TOBEPXHOCTH; ¥, — KOIDDULIMEHT

Puc. 1. MexaHnam cpacTtaHus kpuctannos npu: a — h<3d,; b — h>38,
Fig. 1. Mechanism of accretion of crystals at: a - h<30,; b - h>39,

ucts, which unlike the finishing materials and products is
largely determined not at the cost of binder used (currently,
the market value of gypsum binder most common brands are
already lower cement and lime), and its specific consump-
tion per unit of volume of production, which for the gypsum
produced by injection means and partition wall units, sub-
stantially (more than twice) than for the analogous wall of
concrete products and silicate. Therefore, it seems rational
from a practical standpoint, the use of such technology for
the mass production of gypsum wall and partition products,
however, due to insufficient attention to the problems of
production of gypsum products (as well as all low-rise build-
ing) in 70 — 90th years, issues of structure and hardening
compressed natural gypsum products remains understudied.
Most effectively to reduce specific fuel gypsum binder, as the
most expensive component, use of raw mixture on the basis
of a binary or multicomponent with a high content in their
composition chemically bonded gypsum dehydrate, and,
depending on the characteristics of the production technol-
ogy and characteristics of products can be used as standard
B-semi-aquatic gypsum binder with short setting and slowly
hardening composite knitting on gypsum and slag or gypsum
cement foundations. Modern views on the mechanism of
hardening of compositions based on plaster dehydrate, origi-
nating in the works Rebinder P.A. have evolved in recent
decades Polak A.F. works, Babkov V.V., Ratinov V.B.,
Sychev M.M., Volzhenskogo A.V., Lyashkevicha I.M. etc.
Theoretical work and experimental studies carried out have
shown that the occurrence of crystallisation can occur under
the following conditions. First, the dispersed phase must be
sufficiently small distance 4, at which crystallization can
form contacts between them (Fig. 1, a). Second, the solute
concentration in the dispersing medium must be greater than
the solubility of hydrate, ie, the system must be metastable.
And the higher the degree of supersaturation of the solution,
the greater the distance can be between inosculating hydrate
particles, which may be formed during crystallisation.
Distance between the particles #, providing formation of
crystallization contacts Polak A.F. [1], can be determined by
the following formula:

hK=o,55[/’1—%+\/(ln_d)2+i<&.(1—_X2 } (1)
nao

Ino™ kT  Ino”

where 8, — intermolecular distance; a — the degree of super-
saturation of the solution (a=c/c.); a*— the degree of su-
persaturation, which may occur when two-dimensional nu-
cleation growth (a*~1,5); 9=28*0 — the separation energy
of a single molecule from the surface; x — coefficient of
physical and chemical heterogeneity, the introduction
Polak A.F . affinity for forming nucleation characteristics
and the substrate. magnitude y varies from 0 to 2. Value x=0
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GU3NKO-XMMUYECKO HEOAHOPOMHOCTU, BBEACHHBIN
A.®. TTonakoMm ISl XapaKTepUCTUKU CPOACTBA 00pa3yio-
LIMXCS 3apOABIIIe U MOAJI0XKU. BennunHa y usameHsiercs
B nipenesiax ot 0 1o 2. 3naueHue =0 COOTBETCTBYET UACH-
TUYHOCTU HOBOOOpa3oBaHUS U MOT0XKU. [Tpu =2 Mex-
Iy 3apOJIbIIIIEM U TOJTOXKON HUKAKUX CBSI3ell HE BO3ZHM-
KaeT u (pU3NKO-XMMUYEeCKasi HEOIHOPOJHOCTb JOCTUTAET
CBOEro MaKCMMaJIbHOTO 3HAYEHMUSI.

OOBIYHBIMU TEXHOJIOTUYECKUMU MPUEMaMU, B YaCTHO-
CTH JIMTbEBBIM CIIOCOOOM, COJM3UTH YACTUIIBI TUTHApPATa
rurca a0 TpedbyeMoro paccTOsiHUs MPaKTUYECKU HEBO3-
MOXHO, TIO3TOMY pa3padbaThIBalOTCS CTIEeIMalbHbIE CITOCO-
OBl (P OpMOBaHUS TAKMX CHCTEM, B YaCTHOCTH ObLIa pa3pa-
0OTaHa TEXHOJIOTUS IMOJIyueHUsI OOJMIIOBOYHBIX TJIUAT U3
JIBYBOJTHOTO THUIICA MyTeM MPECCOBAHUS CYCHEH3UI C Of-
HOBPEMEHHBIM OTBOJIOM BojbI [2, 3]. JanbHelue uccie-
JIOBaHUSI MO3BOJIMJIN YCTIEITHO MPUMEHUTb TaHHBIN TeX-
HOJIOTUYECKUI MpUeM i MOoJyuyeHus usnenuit us ¢o-
codrurnca, npuyeM 0e3 MpenBapUTeSIbHOU TepepaboTKu
ero B Bsixyluiee. OHaKo MpakTUYeckoe BHEAPEHUE TAKOTO
crioco0a IMolydyeHUsT U3AeAni CaAepXKUBaeTCs IyTeM Heo0-
XOIMMOCTBIO yIaJI€eHUS U3 MPEecCCyeMOi KOMMO3ULIUK U3-
JIMIIHEN BOJABI, MPUMEHEHMS CIIELUATIbHBIX CIIOXHBIX
¢dopM ¢ GUABTPYIOIIUM YCTPOHCTBOM M HEOOXOIMMBIMU
MPUCTIOCOOJICHUAMU C TOCEAYIONIeN YTUIn3auuen yTu-
Ju3anyeil oopa3yrluxcs oTxoaoB (GUabTpaT, comepxka-
LU Meabyaillline YacTUILIbI TUIICA; CMEHHBIN (UIBTPYIO-
1 MaTepuan).

IIpu nmpeccoBaHUU TMOJYCYXUX CMeCEH, LIEIUKOM CO-
CTOSILLIUX U3 IUruApara cyibdara Kaablus, COIU3UTD Ya-
CTUIIBI IBYBOJHOTO TMIICA Ha PACCTOSIHME, HEeoOXoaumoe
I8 00pa3oBaHUS KPUCTAJUIM3ALMOHHON CTPYKTYPHI, HE
yaaercs, 4yTo oOyCJIOBJI€HO HU3KUM BOIOTBEPAbIM OTHO-
IIEHWEM CMECHU M OTHOCHUTEJIbHO HU3KWM JaBJIEHUEM
npeccoBaHusl. [Ipy oueHb BBICOKMX YPOBHSIX ITPECCYIOIIE-
ro JaBJeHUsI, HAIIpUMep B TEXHOJIOTUSIX TUIIEpIIpeccoBa-
HUSI, BBITIOJIHUTH JAHHOE yCJIOBME BO3MOXHO [4], ogHaKo
U3-3a CJIOXHOCTHU TPOlIecca U 0YeHb BHICOKOW CTOMMOCTH
000pynOBaHUS JaHHbBIE TEXHOJOTMU PEAKO MPUMEHSIOTCS
IUIST MaccoBOTO TMPOM3BOACTBA TUIICOBBIX W3IEIUNA.
CrefoBaTesibHO, IJISI TAKUX CUCTEM 0OoJiee pallOHAIbHO
IMOBBICUTH CTETEHb MEPECHIIEHUS KUIKOU (pa3bl OTHOCH-
TEJbHO ABYBOJHOTO TUIICA, T. €. BBITTOJHUTH BTOPOE YCIIO-
BUE€ BO3HUKHOBEHUS KPUCTAJIU3AIIMOHHON CTPYKTYpHI,
YTO MOXHO [OCTUYb BBEIEHUEM B CUCTEMY HEKOTOPOTO
KOJIMYECTBA BSKYLIETO, B YACTHOCTU TTOJYBOIHOTO TUIICA.

PaccMoTpuM MeXaHM3M TBEPIEHUS OMHAPHON KOMITO-
3UIIMU, TBepnas (aza KOTOPOil COCTOUT U3 JBYBOIHOTO
(AN n monyBogHoro (I1I) rumnca. I1pu 3aTBopeHMM BO#Oit
[T HaumHaeT MHTEHCUBHO PACTBOPSITHCS U B CUCTEME ObI-
CTPO CO3JaeTcsl HeoOXonuMasi CTereHb MepechIlleHUs OT-
HocutenabHo AI'. B naHHOI KOMOMHMPOBAHHOM TMIICOBOI
cucreMe Haubosee 3(hGhHEeKTUBHOM MOIOXKKOM MOXET CJTy-
KUTh TTOBEPXHOCTD YaCTHUI] ABYBOJHOTO TUIica (X OJIM3KO K
0), yTo 00yCIOBIMBAET BO3MOXKHOCTb 00pa3oBaHUsI 00JIb-
1LIOTO KOJIMYECTBA IBYMEPHbBIX 3apOAbIIlIei ruapara Ha 1Mo-
BepxHoctu yactull JAI'. BeneactBue aToro mpouecca mpo-
WCXOOUT obpacTaHre UCXOMHBIX KpucTtayutoB I, yto mpu-
BOJWT K YMEHBIIEHUIO PACCTOSTHUS MEeX Iy HUMU (puc. 1, b).
ITpu ymeHbllIeHUY 3a30pa MEXIY YACTULAMU 10 KPUTUYE-
ckoro pasmepa (4~30,) BO3HUKAIOT KOHTAKThI CPaCTaHUA U
o0pa3yeTcsi TPOCTPAHCTBEHHAasl KPUCTAIM3ALMOHHAS
cTpyKTypa. OqHaKo AaHHas MPOCTPAHCTBEHHAsI CTPYKTypa
MOXET M HE€ BO3HUKHYTb, €CJIM HayaJbHOE pacCTOSIHUE
Mexay yactuamu A7 ciIMikom BerMKo, HalipuMep UcxXo-
ITHAasi CMECh HEJOCTATOYHO YIUIOTHEHA WX KOJIMYECTBA BSI-
xkymero (I1I') HemocTaToYHO, IJI TOrO YTOOBI IIPU €ro TH-
npatauuy 3a3op Mexay Kpuctamiamu I ymMeHbIIWICS 10
KPUTHUYECKOTO.

Ilocne oxoHwyanusa npouecca rugpatauuu [1I" HacTy-
MmaeT BTOpasi CTaausi TBepAeHUs cucTeMbl. K aTomy Mo-

corresponds to the identity of neoplasms and the substrate.
When x=2 between the embryo and the substrate no connec-
tions there and physico- chemical heterogeneity reaches its
maximum value. Conventional techniques, in particular by
injection method to bring together the particles of gypsum
dehydrate to the desired distance is practically impossible,
however developed special molding methods such systems,
in particular, the technology for production of tiles from the
gypsum dehydrate slurry by molding with simultaneous
draining of [2, 3]. Further studies have successfully apply
this technological method for producing articles of fosofgyp-
sum, without prior processing it in a binder. However, the
practical implementation of such a process for producing
products is restrained difficulties associated with the neces-
sity of removing excess water compressible composition, in
particular, using special molds with complex filtering device
and the necessary adaptations and disposal of generated
wastes (the filtrate containing fine particles of gypsum; re-
placeable filter material). During extrusion of moist mixtures
consisting entirely of calcium sulfate dehydrate gypsum de-
hydrate particles reconcile the distance necessary for the
formation of crystal structures can not, due to the low ratio
solid water mixture and relatively low pressure molding. At
very high levels of pressing pressure (for example in technol-
ogy «hyper») to comply with this condition is possible in
principle, but because of the complexity of the process and
the very high cost of the equipment, these technologies have
not yet applied for mass production [4]. Consequently, for
such systems more efficiently to increase the degree of super-
saturation of the liquid phase with respect to gypsum dehy-
drate, ie fulfill the second condition of crystal structure that
can be achieved by introducing into the system a certain
amount of binder, in particular plaster of paris. Consider the
mechanism of hardening of the binary composition, the
solid phase which consists of dehydrate (DW) and hemihy-
drates (GHG ) gypsum. When mixed with water becomes
heavily GHG dissolve quickly in the system creates the nec-
essary degree of supersaturation with respect to the DW.
This combined system of gypsum most effective substrate
surface can serve as dehydrate gypsum particles (x close to
0), which makes possible the formation of a large number of
two-dimensional nucleation on the surface of hydrate parti-
cles DW. Due to this process, the starting crystals DW foul-
ing that reduces the distance between them (Fig. 1, b). When
reducing the gap between the particles to a critical size
(h~308,) arise contacts accretion and formed the spatial
structure of the crystallization . However, the spatial struc-
ture and can not occur if the initial distance between the
particles is too large DW, e.g. the original mixture, or insuf-
ficiently compacted amount of binder (PG) is not sufficient
to ensure that when the gap between the crystals of hydration
DW decreased to critical.

After the process of hydration of GHG comes the second
stage hardening system. At this point of time formed the pri-
mary spatial structure possessing some initial strength. The
system also has a particle source DW unrelated in structure.
Since pretreatment of DG not exposed, the particles have
different sizes of a broad spectrum, from large to very small.
In the presence of a liquid phase particles finer fractions, ac-
cording G. Hullet, V. Ostvald and [5], are less stable than
large. They will gradually dissolve and larger particles grow at
the expense of reducing the concentration of the finer frac-
tions. There is a gradual hardening of the existing primary
structure and the appearance of additional crystallization
contacts between unrelated dehydrate particles. Unlike form-
ing a primary structure which occurs within the first hours of
hardening, the second step of the process may occur slowly
over several months or years, depending on temperature and
humidity conditions of the curing system. The very process of
hardening plaster combined system and its Kkinetics
(Schukarev A.N. using known formula and mechanism of
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MEHTY BpeMeHU c(OpPMHUPOBAIACh TIEPBUYHAS TTPOCTPAH-
CTBEHHasl CTPYKTypa, objiajaroiinasi HeKOTOpOW Hayasb-
HOI MpoyHOCThIO. B cucreMe Takxke MMEIOTCS YaCTUILbI
ucxogHoro I, He cBsA3aHHBIE B CTPYKTYpy. ITOoCKOJIBKY
npenBapuTesibHO 00paboTke ncxonaHsiii JII' He ToaBep-
rajcsi, 4aCTUIIbl UMEIOT Pa3IuyHbIe pa3Mephl JOCTATOYHO
IIUPOKOTO CIEKTpa, OT KPYIHBIX O OYEeHb MeIKuX. B
MPUCYTCTBUM KUIAKOW a3bl 4YacTUIBl 0OoJiee TOHKMX
dpakuwuii, cornacHo I'. Xsronetrty u B. OctBanbay [5], me-
Hee YCTOWYMBBI, YeM KpYyMmHOH. OHU OyayT MOCTENEHHO
pPacTBOPSATHCS, a KPYITHbIE YACTUIIBI PACTH 32 CYET YMEHb-
IeHUs KOHUEHTpauuu Oojiee MeJKuxX Qpakuui.
[TpourcxomuT MocTeneHHOe YMPOYHEeHUE CYIIEeCTBYIOICH
MEePBUYHOI CTPYKTYPhl U BOBHUKHOBEHME JOTMOTHUTEb-
HBIX KPUCTAJUIM3AIIMOHHBIX KOHTAKTOB MEXIy HEeCBSI3aH-
HBIMM YacTULIAMU AuTruapara. B otnnuune ot popmupona-
HUS IEPBUYHOM CTPYKTYPBI, KOTOpPasi BOSHUKAET B IePBbIE
yachl TBEPAEHMsI, BTOpasl CTaausl Mpoiecca MOXeT MpoTe-
KaThb MEIUICHHO B TeYeHME HECKOJIbKUX MECSIIEB WIH JIET,
B 3aBUCHMOCTH OT TEMIIePaTyPHO-BIAXKHOCTHBIX YCIOBUI
TBepAeHUs1 cucTeMbl. CaM Tpolecc TBepAeHUs KOMOMHU-
DPOBaHHOI I'MITCOBOI CUCTEMBI U €0 KWHETUKA (C UCTIOJIb-
30BaHMEM u3BecTHOU dopmyanl A.H. llykapeBa u mexa-
HU3Ma pacTBOpeHMs M pocrta dactull Imo I'. XpiojmeTTy)
MOTYT OBITh OIMCAHEBI CIIeAYIOIIM 00pa3oMm [5]:

_dz:KzEzSzzo(z/Zo)z/z(Cz—C)dt; )
dy :I(}’Eysyyo(y/yo)2/3(c—cy) dl; (3)
—dx :KxExSxxO(x/xo)z/3 (c,—c)dt. (4)

TIE X, Y, Z— TEKYyIlee CoAep:KaHUe IBYBOIHOTO TUIICA MEJIKOI
(>) ¥ KpyITHOIA (y) (paKLMii, MOTYBOIHOTO THIIca (Z), T/cM>;
v K, K, — KOHCTaHTbI CKODOCTEii MpOLIECCOB, CM/C;
Cy cy, ¢, — KOHLICHTPALIMH pAcTBOPa Ha TTOBEPXHOCTH (ha3, T/CM>;
s S UCXOJIHBIE YIeJNbHbIE TOBEPXHOCTU (a3, CM2/T;
xo, Vos zo — HUCXOAHOE conepxkaHue NBYBOIHOTO (Xy, Vo)
W TOJNYBOJHOTO rumca (z,) B Hayaje mpoiiecca, I/cM>;
E(i=x, y, z)=exp[A(1-0y/0)] — dakrop, oTpaxawoumii
BJIMSTHHME TeMITepaTypbl Ha CKOPOCTD IMPOLIECCOB B CUCTEME,
kx/Monb; A,, A,, A, — 3HaueHUsI 6e3pa3MepHOIl SHEPTUU
aKTUBAIlUM TIPOIIECCOB  pPACTBOPEHMsS M  POCTA;
0y, O — ycnoBHas 1 akTryeckas TeMIiepaTypa cuctemsl, K;
t — Bpewms, C.

M3 ypaBHeHUll ciielyeT, YTO CKOPOCTb MPOILIECCOB
pPacTBOPEHMUS U POCTa JIEMEHTOB pacCMaTpUBaeMOM CH-
CTEeMBbI 3aBUCUT OT MUCXOAHBIX KOHIEHTPALMI BSIXKYIIETO
U AUTUOpaTa, UX YASJIbHOM MOBEPXHOCTH, KOHCTAHT CKO-
pPOCTH Tpollecca U IpalMeHTa KOHIEHTpalMu pacTBopa
Ha TOBEPXHOCTHU YaCTUIL U B 00beMe pacTBopa. Takum
00pa3oMm, Mpu MPOUYMX PaBHBIX YCIOBUSIX MPOLIECC TBEP-
NIEHUS XapaKTepu3yeTcsl M3MEHEHUEM KOHIeHTpaluu
IUTuapara cyibdara Kadabliis B oOBbeMe pacTBOpa.
KpuBasi usamMeHeHus ero KOHIEHTpallUd B 00beMe pac-
TBOpa C YY€TOM OIMCAHHOTO MeXaHW3Ma PacTBOPEHUS
YyacTUll MokKa3zaHa Ha puc. 2.

IMocne 3aTBOpeHMSsT BSIKYIIETO BOJMOW KOHIIEHTPALMS
BEllIECTBa B pacTBOpe OBICTPO BO3PACTAET A0 3HAYEHMUS,
IIpY KOTOPOM BO3MOXHO 00pa30BaHME YCTOMYMBHIX 3apO-
IbIIeit HoBol (a3bl. JlaHHAsE KOHIEHTPALUS MOAAEPXKI -
BaeTCsl B TeYEHME ONMPeeIEHHOIO MOMEHTa BpeMEHHU pac-
TBOPEHMEM HOBBIX Mopuuii Bsxywero. [locie moaHoro
pPacTBOPEHMS BSIXKYILETO KOHLEHTPAIMS IO Mepe THapa-
TallMu CHUXKAETCSI U MpUOJIMXKaeTcsl K 3HaUeHUIO pacTBO-
PUMOCTY TUApaTa TpU JaHHOM TeMmIlepaTtype, a MpoIrecc
TUApaTalliy 3aBeplnaeTcsa. Tak Kak pacTBOPUMOCTh Ya-
ctul JAI' 3aBUCUT U OT €ro yaeJbHOM MTOBEPXHOCTHU U pac-
TBOPUMOCTb TOHKO# ¢dpakiuu A" MoXeT foCcTUraTh Bbl-
COKMX 3HaueHMi (B 3aBUCHMOCTM OT pa3Mepa YacTHIl

(N POVIEIIBHBIE
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— ansg nonysoaHoro runca / for plaster of paris
e — N1 KOMOMHUPOBaHHOW cucTeMsl / for the combined system;
----- — ans asysogHoro runca / for gypsum dehydrate

Puc. 2. KnHetunka nameHeHmns koHueHtpauun CaSO, B pacTBOpe TBEPAEIO-
e CucTeMsl

Fig. 2. Kinetics of changes in the concentration in CaSO, solution hardening
system

dissolution and growth Hulett G. particle) can be described
as follows [5]:

—dz=K. EzSzzo(z/Zo)2/3(Cz—C) dt, )
dy :K,VE)’Syyo(y/yo)zﬁ(C—Cy) dt, 3)
—dx :KxExSxxO(x/xo)%(cx —c)dt, 4)

where x, y, z— the current contents of gypsum dehydrate shal-
low: (x) and major () fractions, plaster of paris (z), g/sm>;
K., K,, K, — the rate constant, sm/s Cy> € € concentration
of the solutlon phases on the surface g/sm S Sy, S, —

tial specific surfaces of phases, sm /g, Xp5 Yo zo or1g1na1
content dehydrate (x,, y,) gypsum hemihydrate (z;) at the
beginning of the process, g/sm’; E(i=x, y, z7)=exp[A{1—
0,/ Q)] — factor reflecting the effect of temperature on the
speed of the processes in the system, kJ/mol; 4,, 4,, A, — di-
mensionless values of the activation energy of dlSSOIVuthl’l and
growth; Q,, O — notional and the actual temperature of the
system, K; 7 — time, s.

From the equations it follows that the rate of dissolution
and growth elements of the system depends on the initial
concentrations and the dehydrate of the binder, of a specific
surface, the rate constants of the process and the concentra-
tion gradient of the solution on the particle surface and in the
bulk solution. Thus, ceteris paribus the curing process is
characterized by a change in the concentration of calcium
sulfate dehydrate in the bulk solution. Variation of the con-
centration in the bulk solution in view of the described
mechanism of dissolution of the particles is shown in Fig. 2.

After mixing the binder with water concentration in the
solution increases rapidly to a value at which the formation of
stable nuclei of the new phase. This concentration is main-
tained for a certain time by dissolving the new portions of the
binder. After complete dissolution of the binder concentra-
tion on the extent of hydration decreases and approaches the
value of solubility of hydrate at this temperature, and hydra-
tion process is completed. Since the solubility of the particles
DW depends on its specific surface and the solubility of the
fine fraction of the DW can reach high values (depending on
the particle size ¢, =k(a,) - ¢,), simultaneously with the hydra-
tion process can proceed crystalhzatlon of the fine fraction of
the DW. After the process of hydration of gypsum binder
crystallization processes may continue for a long time [6, 7].

Composite structures on a mixed basis, using gypsum de-
hydrate and gypsumcementputstsolanovyh, gypsum and lime,
sulfate and slag and binders, under certain conditions, such as
the establishment of a system hardening required minimum
distance for the approach of the particles (by applying com-
paction pressure) with sufficient solid water and astringent and
respect, providing the necessary the dissolution of the initial
phases, in our view can be just as clean and plaster system
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¢,=k(ay) * ¢,), ONHOBPEMECHHO C MPOLECCOM TUIpATALNU
MOXKET MPOTeKaTh MPOILeCC MePeKPUCTATUIM3AMU TOHKO
dpakuum IAI'. [Tocie okoHYaHMsT Tpoliecca TuapaTaluu
TUTICOBOTO BSIXYILEro MepeKpUCTAIU3ALMOHHEBIE TPO-
LIECChI MOTYT MPOJOJIXKAThCS B TeUeHUE JIUTEIHLHOTO Bpe-
MeHu [6, 7].

KoMmo3uimoHHbie MaTepraibl Ha CMEIIaHHOW OCHO-
B€ C UCITOJIb30BaHUEM JBYBOIHOTO TMIICA U TUTICOLIEMEHT-
HOIYIIIIOJIAHOBBIX, TUICOM3BECTKOBO-IIJIAKOBBIX U
Cyab(aTHO-UUIAKOBBIX BSDKYIIUX MPU OMpPeneJeHHbIX
YCIIOBUSIX, TAKMX KaK YCTAaHOBJIEHHWE B TBEpACIOLIEH CH-
cTeMe TpebyeMOoro MUHUMAaJIBHOTO PAacCTOSTHUS Uit COJT-
JKEeHUSI YaCTHII (3a CYET MPUIJIOKEHMS TaBJICHUs IPeccoBa-
HUA), TIPU BOIOTBEPAOM M BOIOBSIKYILEM OTHOIIECHUU,
o0ecrieyrBaplleM HEeOOXOAUMMYIO CTEeNeHb PACTBOPEHMUS
UCXOMHBIX (ha3, Ha Halll B3IJISI MOTYT ObITh, TakK Xe Kak 1
YHCTO TUTICOBBIE CUCTEMBI, TOCTATOYHO TTPOYHBIMU U 1aXKe
0oJiee NOJTOBEUHBIMU, MPEXKAE BCETO 3a CUET OoJiee HU3-
KO#l pacTBOPMMOCTHU CUJIMKATHBIX (pa3, oOpa3ylommxcs B
Mpolecce TUIpATallMM, BXOMSAIIMX B COCTaB BSIXKYIIUX
KJIMHKEPHBIX MUHEPAJIOB.

M3 Ha3BaHHBIX BSKYIIMX UISI JAHHBIX CUCTEM Hau-
GOJIBIIINI MHTEPEC MPEACTABIISIET CYIb(MaTHOILIAKOBOE BSI-
Xylee, KOTOpOe B ONTUMATbHOM TPOTIOpIUY (TTPU MaKCH-
MaJIbHOW MapoO4YHOCTH, coOoTBeTcTBywIeir M300—M400)
COCTOUT W3 CJEeAyIOIMNX KOMIIOHEHTOB: JBYBOIHBIN
runc — 15—20%; MOJIOTBIA JOMEHHBII TpaHYJIMPOBaH-
HBII 1IUTaK — 75—80%; mopTiranameMeHT — 4—6% wiu u3-
BecTh — 2—3%. JlaHHOe BsIXylllee yKe CONEePKUT IBYBOI-
HBII TUTIC, KOTOPHIN SIBJISIETCS He MHEPTHOM (ha3oii, a Tmo-
JIE3HBIM CTPYKTYPOOOPa3yIOIINM KOMIIOHEHTOM, obectie-
YUBAIOIIMM TIPUPOCT MPOYHOCTH HA PAHHUX CPOKAX TBEP-
JIeHHUs 3a cyeT oOpa3oBaHUs TpexCcyabhaTHOI POPMEBI -
npocyibdoaioMuHaTa Kalblvsl (3TTPUHTUTA), TTODITOMY
BIIOJTHE JIOTUYHO OYAET YBEJIUYUTh B KOMIIO3ULIMHU COAEP-
>)KaHWe JBYBOJHOTO TUIcCa (KaK CaMOTO JEIIEBOTO0 KOM-
IMOHEHTAa), a copepXaHue 6oyiee MOPOTOCTOSIINX KIIMH-
KepHbIX (pa3 COOTBETCTBEHHO yMeHbIIMTh. [Ipu ompene-
JICHHBIX YCJIOBUSIX, 00eCIIeYMBaIONINX TTOHWXKEHNE BOIO-
BSKYIIIETO OTHOILEHHUS 3a CUET MCIOJIb30BAHUSI TEXHOJIO-
U TIOJIyCYXOTO TIPECCOBaHUS WM BHOpO(POpMOBAHMUS,
JMIaHHBIE CTPYKTYPHI OyAyT 00JIagaTh JOCTATOYHON MpOY-
HOCTBIO ¥ BOZOCTOMKOCTBIO; K TOMY € OTIagaeT moTpeo-
HOCTh B MCIOJIb30BAHUU JOPOTOCTOSIINX 3arOJHUTENeH
(ppakLIMOHUPOBAHHBIX €CKa, rpaBus, LIeOHS) AJIS TIPO-
MU3BOJICTBA TMIICOOETOHOB Ha MX OCHOBE, TaK KakK CTOU-
MOCTb CaMOM BSIKYIIEH KOMIO3HWIUK CYIIECTBEHHO HUXE
CTOMMOCTH 3aMOJHUTENEH.

JIns MpaKTHUIeCKOTO MOATBEPKACHUS BEIIBUHYTBIX Te-
OPETUYECKUX TOJTOXEHUNM ObLIM M3TOTOBJICHBI CEPUM BU-
OpompeccoBaHHBIX 00pa3ioB. [lepBrlii cocTaB BKIIIOYAI
80% CaS0,2H,0 (rurmcoBasi MeJI0Yb — OTXOJ TPOU3BOJI-
ctBa CaHIMHCKOTO TMIICOBOTO 3aBOJNA, HJUCIIEPCHOCTH I10
Syr=1100 cM?/r) 1 20% CaS0,40,5H,0 (rumncoBoe BIXy-
mee Mapku I'-5-b-11 CaHamHCKOro ruricoBOrO 3aBOja;
BTOPO# cocTaB comepxal Takxke 80% TrUIlCOBOI Melo4Yun
(CaS042H20) u 20% unakomoptiaaHanementa M300
3A0 «CtpouTtenbHble MaTepuaibl» (r. CTepauramak), co-
nepxanuii ~70% AOMEHHOTO TpaHIIIaka MarHUToropc-
KOTO MeTaJTypruieckoro KomouHara u ~30% mopTiaH-
LIeMeHTHOTO KiInHKepa. O6pa3ubi-Kyosl 70x70x70 MM n3-
roTaBJIMBaJIMCh B 000X ClIydasx CIIOCOO0M BUOPOIIpeCcCo-
Banus (B/B=0,65). WcnblTaHus TMOKa3alk, 4YTO MaKCH-
MaJibHas IPOYHOCTh 00PAa31I0B, HECMOTPS Ha MOHMXXEHHOE
colepkaHue BSIKYIIETO B COCTaBe KOMITO3UIINIA, JOCTATOY-
HO BbIcOKas (myis1 obpasiia coctaBa | Ha TMIICOBOI OCHO-
Be R;=120 krc/cm?, mna cocrasa 11 — R,=115 krc/cm?)
Y1 COOTBETCTBYET MapKaM II0JIydaeMOro rurncooeroHa 60-
nee M100. Cnenyetr 0oco60 OTMETUTh OTHOCUTELHO BBICO-
KYI0 BOAOCTOMKOCTh JAHHBIX KOMITO3UILIMI (11 TUTICOBBIX
06pasioB KoadduiueHt pasmsardenus K,=0,35, wis run-
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Puc. 3. MukpocTpykTypa 06pa3uoB 3aTBEPAEBLUEr0 KaMHs Ha: & — rMnco-
BOW ocHoBe (cocTas |); b — runcownakosow (cocTas Il)

Fig. 3. The microstructure of samples hardened stone gypsum — part | (a)
and gypsum and slag — part Il (b) basis

strong enough and even more durable, primarily due to the
lower solubility of silicate phases formed during the hydration
process, members of the binders, clinker minerals. Of these
binders for these systems of greatest interest sulfate and slag
astringent, which in optimal proportions (maximum vintage
corresponding M300—M400 ) consists of the following com-
ponents : gypsum dehydrate — 15—20% ground granulated
blast-furnace slag — 75—80%; Portland — 4—6% lime or —
3,2%. Since this binder already contains in its composition
dehydrate gypsum, which is not an inert phase and useful
structure- component providing gain strength in the early
stages of hardening due to the formation of calcium three sul-
fate form hydrosulfoalyuminata (ettringite), then it would be
logical to increase the content of the composition dehydrate
gypsum (as lowest part) and the more expensive the content of
clinker phases, respectively decrease. Under certain condi-
tions, provides a reduced water binder relations by making use
of dry pressing or vibromolding data structures will be of suffi-
cient strength and water resistance, and, besides, there is no
need for expensive fillers (fractionated sand, gravel and crushed
stone ) for the production of gypsum concrete on data binding,
since the cost of the cement composition is substantially lower
cost fillers. For practical confirmation of the theoretical prop-
ositions put forward were made vibropressed series of samples,
the first part included 80% CaSO,-2H,0 (plaster detail — pro-
duction waste Sandinsky gypsum plant, dispersion on specific
surface 1100 sm?/g) and 20% CaSO,-0,5H,0 (gypsum binder
brand G-5-B-II Sandinsky gypsum plant, g. Kumertau,
Bashkor-tostan), second composition also contained 80%
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conutakoBeix K,=0,58), Gosiee yeM Ha JiIBe TPETU COCTOS-
LIMX U3 IBYBOJHOIO TrMIca.

AHanu3 CTpyKTYypbl, 3aTBEPAEBIINX 00pa310B KAMHS Ha
KOMIO3UIIMOHHOM TUIICOBOM Y TUIICOIIJIAKOBOW OCHOBAX,
BBITIOJIHEHHBIN C MCIOJb30BaHMEM pPEeHTreHo(a3zoBoro
aHajM3a v BJIEKTPOHHOU MUKPOCKOTIUM (puc. 3), MoaTBep-
IUJ  TIPaBWJIBHOCTb BBIABUHYTBIX TIPEAIOJOXEHUMN.
CTtpyKTypa BUOpOIIpecCOBaHHOIO oOpa3lla Ha TUIICOBOit
OCHOBE TMPAaKTUYECKU TMOJHOCTHIO COCTOUT U3 AUTHApaTa
cyibdaTa Kanablus (32 MUCKIIOYEHUEM HE3HAYMTEIbHOTO
KOJIMYECTBA IIpUMeECeil, colepKaluxcsl B IPUPOIHOM T'MTI-
COBOM ChIPbE) U €€ MPOYHOCTh OyIEeT ONpeAensiTbCs Kpr-
CTAJITM3ALIMOHHBIMU KOHTAKTAMM MEXIy YacTULIaMU ABY-
BoaHoro rurca. [lyist oopasiia Ha TUIICOLLJIaKOBO OCHOBE
ero (u3MKO-MeXaHUYECKHUE XapaKTePUCTUKU OyayT B
OosibLIEN CTETIEHW OINPENENSAThCS HE TMPOYHOCTBIO KpH-
CTAJUIMYECKON CTPYKTYPhl IBYBOJHOTO THUIICA, a BKJIAIOM
OCHOBHBIX CTPYKTypooOpasyouux (a3, B 4aCTHOCTU 3T-
TPUHTUTA, HA PAHHUX CTAAUSIX THApATALlMU, a TAKXKE TU-
JNPOCUJIMKATOB KaJbLIMsl PA3JIMYHON CTENIEHU OCHOBHOCTU
Ha 6oJjiee MO3AHUX CTAAUSX TBEPACHUS.

B Hacrosiiee BpeMsi BO3MOXHO U 11€J1ecO00pa3Ho Cy-
IIECTBEHHOE YBEJMYECHME BBIMTYCKA TMIICOBBIX CTEHOBBIX
31Nt MO0 Ha OCHOBE TIPUPOTHOTO CHIPhS, TUOO TUII-
cocojiepXaliux OTXOHA0B MPOMBIILJIEHHOCTH [7], Tak Kak
TUNCco0eTOHbI, M3TOTOBJIEHHBIE M3 0€300XKUTOBOIO IBY-
BOJHOTO TUIICA C HE3HAYUTEJNbHBIM COACPXAHUEM TUIICO-
BOIO WJIY CYJIb()aTHO-IIUIAKOBOIO BSIKYILIETO IO pa3pabo-
TaHHO# TEXHOJIOTMU, UMEIOT HEBBICOKYIO CPEIHIOIO TIJIOT-
HOCTh M 0OoJjiee YeM JOCTaTOYHYIO IIPOYHOCTH ISl
MPUMEHEHUS UX B MAJIO3TAXXHOM CTPOUTEILCTBE TIPU BO3-
BEICHUM CaMOHECYIIMX CT€H U Meperopomok [8], mpuiem
MPU 3alIUTE TUTICOBBIX U3JEINI OT YBIAXKHEHUS UX TakKXKe
MOXHO MPUMEHSTh Y B KOHCTPYKILIUSIX HAPY>XXHBIX CTEH.
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gypsum fines (CaSO,2H,0) u 20% blast-furnace cement
M300 CJSC «Construction Materials» (Sterlitamak) (con-
taining in its composition =70% of BF Granulated slag
Magnitogorsk Metallurgical Combine, and =30% of Portland
cement clinker). Samples cubes 70x70x70 mm were made in
both cases with the way vibropressed water binding ratio equal
to 0,65. Tests have shown that the maximum strength of the
samples, despite the low binder content in the compositions
high enough (for a sample of gypsum-based I R;=120 kgs/smi
for composition II R,=115 kgs/sm?) and corresponds to marks
obtained gypsum concrete over M100 . It should be empha-
sized sufficiently high water resistance of these compositions
(for gypsum samples softening factor 0,35 for gypsum and slag
0,58) more than two-thirds consisting of gypsum dehydrate.
Analysis of the structure, solidified samples of stone and plaster
on compositional gypsum and slag foundations made using
X-ray diffraction and electron microscopy (Fig. 3) confirmed
the correctness of the assumptions. If the structure of the
sample vibropressed gypsum based almost entirely composed
of calcium sulfate dehydrate (except for a minor amount of
impurities contained in the raw natural gypsum) and the
strength of its structure will be determined by crystallization
contacts between particles of gypsum dehydrate, the sample on
the basis of its physical gypsum and slag — mechanical proper-
ties will be largely determined not by the strength of the crystal
structure of gypsum dehydrate and basic structure- phase con-
tribution, particularly in the early stages of ettringite hydration,
as well as varying degrees of calcium hydro basicity in the later
stages of hardening. It is now possible and appropriate substan-
tial increase in output or plaster wall products based on natural
raw materials or gypsum-containing waste products [7], as
gypsum concrete made from chemically bonded dehydrate
gypsum with minor gypsum or cement sulfate and slag on tech-
nology developed have low average density and more than
sufficient strength for their use in low-rise buildings in the
construction of self-supporting walls and partitions [8], and in
the protection of gypsum products from moisture and can also
be applied in the construction of exterior walls.
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