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APPLICATION OF THE THERMODYNAMIC APPROACH
TO THE ASSESSMENT OF THE SURFACE ENERGY STATE
OF THE DISPERSE MATERIALS

Using Zismanmethod, values of the critical surface tension of liquid (ethanol
solutions with different water content) on the border of the dispersed system (fractions
of a sandy soil were crushed to the micro- and nanosized state) were calculated. The
efficiency of using complex Hamaker constant A* and the critical surface tension §_as
criteria for the process of the dispersed materials surface formation and characteristics
of theenergy state was shown.

Key words: microheterogeneous and nanosized systems, surface tension, complex
Hamaker constant, Zisman method.
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SOME ASPECTS OF MIXTURE DESIGN FOR MULTICOMPONENT
COMPOSITES

The paper reviews several methods for improvement of multicomponent
composites’ operational properties. Probabilistic analysis of allowable variations of
components content is carried out. General recommendations for the number of phases
are formulated. Algorithm of mixture design is offered.

Key words: multicomponent composite, mixture design, polystructure theory.
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4 Orenburg State University, Russian Federation
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DEVELOPMENT OF INNOVATIVE TECHNOLOGIES IN CONSTRUCTION:
THE TIME TO DO SERIOUS WORK HAS COME

On 23—24 November 2011 NOSTROY Committee of Innovative Technologies in Con-
struction jointly with National Research University «Moscow State University of Civil En-
gineering» held the conference «Innovative technologies in Construction — the way to mod-
ernization of Russia» in the framework of the exhibition of the same name. The conference
promoted advanced ideas, innovative technologies and products in the form of projects aimed
at revealing and popularization of achievements in the field of construction, renovation, re-
pair works of the capital development objects; consolidation of all participants engaged in
innovative process: from idea to consumer.

Key words: Committee of Innovative Technologies in Construction, National Association of Build-
ers (NOSTROY), modernization of Russia, methodical recommendations on construction innovations es-
timation.
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THE INFLUENGCE OF SOL-GEL PROCESS ON THE PROPERTIES
OF HARDENED CEMENT PASTE

Thepaperconsiderstheresultsofinvestigationsof multicomponentsolscontaining
silica sol, aluminum hydroxide, iron hydroxide with different concentrations and pH.
The influence of multicomponent sols with similar content on the properties of cement
paste and concrete made on their basis was determined.

Key words: multicomponent sols, concentration, PH values, strength, cement
stone, concrete.
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KUZMINA Vera Pavlovna, Ph.D. in Engineering, Director of Open Company «COLORIT-
MEHANOHIMIA », Russian Federation

MECHANISMS OF NANOADDITIVES INFLUENCE ON GEMENT
PRODUCTS

The analysis of the patent information about mechanisms of nanoadditives

influence on cement products is given:

Fotocatalysis of cement stone and concrete modified by titanium
nanodioxide.

Softeners modification aimed at control of rheological properties of
concrete mixes.

Modification and optimization of structure of contact zone between cement
stone and filler.

Creation of diffusion barrier for ions of hostile environments.

Pozzolana reactions strengthening and increase of cement products
durability.

Key words: patent, invention, nanoadditives, nanomodified, titanium nanodiox-

ide, cement products, fotocatalysis, concrete mixes rheological properties, modifica-
tion of softeners, cement stone contact zone, diffusion barrier, hostile environments,
pozzolana reactions, strength, durability.
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pesyJbTaTe MOaTeHTHOTO aHaJIn3a
BBIABJIEHLI MEXaHU3MBI BO3Iel-

CTBUA Ha IleMEeHTHbBIE IPOAYKTHI MOAMU(DIM-

MUPYIOINX HAHOZ00AaBOK, TAKIX KaK:

* acTpaJjeHBbl;

e (QyamepeH”l;

* KOMIIO3UIIMY HAHOJ00aBOK THIIA «30JIb-
reJb»;

* HaHomuokcup rturaHa, TiO,, mHamogwm-
oKcuJ KpeMHUsA, Si0,, 1 HAHOYACTHUILBI
MUHEPAIoo0pas3yoIInX OKCHUIOB IIe-
menTa: 2Ca0 - Si0,, 3Ca0 - Si0,, AlO,,
P-Ca u ux xomOnuanum.

Nanobui

he patent analysis revealed the in-
fluence mechanisms of modifying

nanoadditives on cement products, these
nanoadditives are:

e Astralens.

e Fullerens.

e Composition of «Sol-Gel» nanoaddi-

tives.
Nanoparticles: TiO, Titanium nano-
dioxide, SiO, Silicium nanodioxide,
cement mineral oxides: 2CaO -SiO,,
3Ca0-Si0,, ALO,, P-Ca and their
mixes.
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doToKaTanu3 LEeMEHTHOro KamHs
u 6eToHa, moaUhMLMPOBAHHBIX
HaHOAWOKCMAOM TUTaHa [1, 2]

B mporecce skcmayaTanmum rpasKaaH-
CKUX U, OCOOEHHO, ITPOMBIIIJIEHHBIX 374~
HUHA Ha TOBepXHOCTU (hacajoB CKAIIU-
BalOTCSA 3arpsA3HEHUs caMOM Pas3JIUIHOM
MIPUPOABI. ITO MOT'YT OBITH OaKTEPUHU, CIIO-
pBI OaKTepuil, mIeceHb, I'PUOOK U IIPOCTO
IIBLIIb, KOTOPO¥ IOKPBITHI CTEHBI JIFOOOTO
3nanusa. lIpu ocBeleHnMU 3JaHUN U HX
OCTEeKJIeHUS COJHEUHBIMH JIydaMU da-
CTUIHI HAHOAMOKCHUAA TUTaHA HAUMHAIOT
paboraTh B KauecTBe KaTtajudaTopa. Ilof
UX BO3OeHCTBUEM IIOBEPXHOCTHBIN CJION
(hacama passaraerca Ha BOAY, KHCJIOPOT,
¥ COJIY B IPUCYTCTBUU KaTaJam3aTopa.

Bognyio cycrieH310 HAHOAUOKCHUIA TH-
TaHa II0J MapKo# nanoYo MOYKHO IIpUMe-
HATHh KaK JIJIA II0JIyYeHUs II0BEPXHOCTHO-
I'0 IIOKPBITUSA, TaK 1 C BOLOM 3aTBOPEHUS
0eToHA /1A TMOJYUYEeHUA CAaMOOYUIIAIOIIe-
rocsa (pacaga. Croco0 3aIiuThl 3aBUCUT OT
00béMa hUHAHCUPOBAHUSA CTPOUTEIBCTBA
o0beKTa.

Takum oOpasoM, IIeMEHT C HaHOYa-
CTUIAMU TEePUOAWUYECKU caM cebs Moer.
IIpoucxoauT 5TO 3a CUET CHUIKEHUSA yTJa
CMaYMBaE€MOCTH ITOBEPXHOCTU HAHOMOIU-
(punupoBaHHOTO IIEMEHTHOTO KaMHS OT
80 mo 0°. ITpu sTOM MOBEPXHOCTH (hacama
CTAHOBUTCS TUAPOPUILHOI, T.€. BMECTO
oO0pasoBaHUuA Kalejb, BOJa PaBHOMEPHO
oo Hel pacrteraeTcsa. I'mapopuiabHOCTH
moBepxHOCTU (hpacama coxpaHAeTcd OO
IBYX ITHeH, a 3aTeM yroJl CMauynBaeMOCTU
HaUYMHAaeT IOCTEeIIEHHO YBeJINUYUBATHCS 10
80°. IToBepxXHOCTH CTAHOBUTCA BOLOOT-
TaJKUBAIOIIel, a HaKONMUBIIIAACA 3a 3TO
BpeMsd BOJia CKAThIBAETCs, YBJIEKas 3a CO-
0011 YaCTUUKHU I'PSA3MU.

Nanobm

Fotocatalysis of cement stone
and concrete modified
by titanium nanodioxide

When civil and especially industrial
buildings are in service, pollutants of
different origins accumulate on their
facades. These pollutants can be bacte-
ria, spores of bacteria, mould, fungus or
simply the dust covering the walls of any
building.

When a building or its glazing are il-
luminated by sun light, titanium nano-
dioxide particles start working as the
catalyst. Under their influence super-
ficial layer of the facade simply decays
into water, oxygen and salts at presence
of the catalyst.

It is possible to apply water suspension
of titanium nanodioxide of mark «nano-
Yo», both for producing superficial cov-
ering, and with concrete mixing water
for obtaining self-cleaning facade. The
way of protection depends of financing
for construction object.

So, cement with nanoparticles washes
itself periodically. This is due to decrease
of a surface wettability corner of nano-
modified cement stone from 80 to O de-
grees. At the same time, the facade sur-
face becomes hydrophilous, i.e. instead
of drop formation, water spreads in reg-
ular intervals. Wetting ability of the fa-
cade surface is kept about two days, and
then the corner of wettability starts in-
creasing gradually up to 80 degrees. The
surface becomes water-repellent, and the
water which has collected for this time
rolls down from it, carrying away dirty
particles.
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Moaudukauus nnactucpukaropos

C UeNbl0 yNpaBneHns peonoruyecKumm
CBOMCTBAMM OETOHHBIX CMecei.
Komno3uuus ana nonyyenuns
CTPOMTENIbHBIX MaTepuanos.

Marent P® Ne 2233254

MN306peTeHre OTHOCUTCS K COCTaBaM Ha
OCHOBe MHUHEPAJbHBIX BKYIIUX, TAKUX
KaK IIeMeHT, U3BeCTh, I'MIIC UJIX UX CMeCH,
Y MOKET HAalT! IIPUMEHEeHNe B IIPOMBIIII-
JIEHHOCTH CTPOUTEJLHBIX MATEepuajIoB
IpU U3TOTOBJIeHU OeToHAa, puOpodeToHA,
IIEMEHTHO-BOJIOKHUCTHIX CTPOUTEIbHBIX
MaTepuajoB, mudepa, IMTYKaTypKH, OT-
IeJIOUHBIX TMOKPBITUHN, B TOM YMCJIE JIeT-
HUHBI.

BBenenue B cyxue CTPOUTEIbHBIE CMECH
HaHOPasMEPHBIX 3apPOJbIIIEil CTaBUT CBO-
el IeJbl0 HaAIpaBJeHHYI0 KpUCTAJLIU3a-
A0 IIeMEHTHOr0 KaMHs 3a CUET TUHaAMU-
YeCKOr'o AUCIIEPCHOTO CaMOapMUPOBAaHUA,
yIpaBjeHUe IIOJBUXKHOCTHIO U BOLOPENY-
IIIPOBaHMEM OETOHHBIX CMeceli 3a cueT
MOAN(pUKAINU IIJIaCTUPUKATOPOB.

Moaudukaumus n ontumnsauus
CTPYKTYPbl KOHTAKTHOI 30HbI MeXAy
LEMEHTHbIM KaMHEM U 3anoNIHNTeNem.
Komno3uuus ana nonyyenuns
CTPOMTEJIbHbIX MaTepuanos.

Marent PO Ne 2233254

HanoxoMmmosuTHass  HEKOPPOAUPYIO-
mjasd apMaTrypa B BHUIe Pas3IMUYHBIX Ha-
HOTPYOOK, B TOM 4YHCJIE IIepeMeHHOTO
cocrasa (Mg,Fe),Si,0,(OH),, co cTpyKTy-
PoOi XpU30TIJIA IPUMeHAeTcA AJad (PoTo-
IMHAMUYECKON CaMOCTePUJIN3AIIUN KOM-
HO3UIIUY, IIOBBIIIEHUA €€ yCTOMUYMBOCTH
K OMOJIOTMYECKO#l KOPPO3UU U yJIyUIIle-
HUA PUBUKO-MEeXaHNYECKUX CBOMCTB KO-
HEUYHOTO IIPOAYKTA.

Nanobm

Softeners modification aimed
at control of rheological properties
of concrete mixes

The invention is referred to nanomodi-
fied composite materials on the basis of
air and hydraulic binder substances, such
as cement, lime, hemihydrate gypsum or
their mixes, and it can find application in
the industry of building materials at con-
crete manufacturing, fibrous concrete,
cement-fibrous building materials, slate,
plaster, finishing coverings, including
a stucco moulding.

There is the nanosize germs introduc-
tion into dry building mixes for the di-
rected crystallization of a cement stone
due to dynamic disperse self-reinforcing,
control of mobility and water reducing of
concrete mixes due to softeners modifi-
cation.

Modification and optimization
of structure of contact zone
hetween cement stone and filler

Application of nanocomposite nonat-
tacked armature in the form of various
nanotubes, including ones with wvari-
able structure (Mg,Fe),Si,0,(OH),, with
chrysotile structure for photodynamic
self-sterilization of composition, in-
crease of its stability to biological cor-
rosion and improvement of physicom-
echanical properties.
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Co3spanue authchy3nonHoro 6apbepa
ANA NOHOB arpeccuBHbIX cpen [3, 4, 5]

NH:KeHephl HAITMOHAJIBHOTO WHCTHUTY-
Ta cragmaptoB m TexHogoruit NIST za-
IIaTEHTOBAJMW CII0CO00, YBEJIMUYUBAIOIIIUNA
B JIBa pasa CPOK cJay:kObl OeroHa. [[insa
CHU)KEHUA CKOPOCTH (PpHMIAbTpAIUU XJIO-
pumoB u cyab(haToB 'PYHTOBBLIX BOJ, IIPO-
HUKAIUX B 6eTOH, OHU, BMECTO U3MeHe-
HUS pa3dMepa 1 KOJUUYecTBa IIop B OeToHe,
M3MEHUJIY BA3KOCTh OETOHHOTO pacTBoOpa
B MuKpowmaciitabe. «IIpomabliTeh uepes
OacceliH ¢ MeJoM 3aiiMeT OOJIbIIle Bpeme-
HU, YeM uepes3 OacceilH ¢ BOLOIi», — CO00-
g nHakeHep (st Benir.

WNsyuaa pasaumuHble 100aBKU, YUEeHBIE
OIIpeNeNnIN, YTO Pa3sMepP MOJIEKYJ B IO~
0aBKe sBJAETCI KPUTHUUYECKUM B cCJIyuae
WICIIOJIb30BaHUA ee KakK An(PpPy3mOHHOTO
Oappepa. DBoJbllime MOJIEKYJIBI, HaIPU-
Mep, IIeJLJII0JI03a YBeJINUNBaeT BI3BKOCTh,
HO He yayuriaerT 1upPysnoHHBIN Oapbep.
MaseHbKUE MOJIEKYJIBI, PA3MEPOM MEHee,
yem 100 HAaHOMETPOB, YMEHbBIIAIOT Aud-
y3uI0 NOHOB.

Hatin Benn o6bwsacusaer: «Korma wmo-
JeKyJa Ho0aBKHU SABJsAeTCsS OOJIBIIOI, HO
IIPUCYTCTBYET B HU3KO! KOHIIEHTPAIlUU,
9TO NMPUBOAUT K TOMY, UTO HMOHBI JIETKO
IIPOHUKAIOT CKBO3b Oaphep. Ho Korga BbI
umMeeTe OOJBIIYI0 KOHIIEHTPAIIUIO MOJIE-
KyJ MaJIeHbKOTO pasMepa, YBeJINUUBaIo-
X BA3KOCTH PacTBOpa, 9To Oojee ad-
(beXTUBHO [OJA YMEHBIIEHUA CKOPOCTU
MIPOHUKHOBEHUS NOHOBY .

YMeHbIIIeHIe CKOPOCTH IIepeBuKe-
HUSA NOHOB IPUBOAUT KaK K YMEHBIIIEHUTO
CTOMMOCTH KallUTAJILHOTO PEMOHTA, TaAK U
K CHIUJKEHUIO PUCKAa MOJTHOTO BHE3aITHOTO
paspyIieHnsa 6eTOHHON KOHCTPYKI[UU.

Hamomo6aBKu MOTYyT OBITh HAIIPAMYIO
CMeIllaHbl ¢ 0ETOHOM U COBPEeMEHHBIMU
TEXHOJIOTUYECKUMHU NpeMuKcamu. Tak-
JKe MMoJIyYaeTcs JYUIINN pe3yabTaT, eCIu

Nanobuil

Creation of diffusion barrier for ions
of hostile environments [3, 4, 5]

Engineers of national institute of stan-
dards and technologies NIST have pat-
ented a method increasing the concrete
service life twice.

Instead of changing size and quantity
of concrete pores, they have changed vis-
cosity of concrete solution in micro-scale
in order to decrease speed of a chlorides
and sulfates filtration of the subsoil
waters getting into concrete. «To float
through pool with honey will borrow
more time, than through pool with wa-
ter», — engineer Dale Benz claimed.

Studying various additives, scientists
have determined that the molecules size
of an additive is critical in the case if it
is used as a diffusion barrier. Greater
molecules, for example ones of cellulose
or ksantum, increase viscosity, but at the
same time do not improve a diffusion bar-
rier. Small molecules, which size is less
than 100nm, reduce diffusion of ions.

Dale Benz explains: «When the mol-
ecule of the additive is big, but is present
at low concentration, it leads to that ions
easily get through a barrier. But when
you have greater concentration of mol-
ecules of the small size increasing vis-
cosity of a solution, it is more effective
for reduction of speed of penetration of
ions».

Reduction of ions movement speed re-
sults in reduction of overhaul cost as well
as in decrease of risk of full sudden de-
struction of a concrete structure.

Nanoadditives can be directly mixed
with concrete and modern technological
premixes. The best result is obtained, if
additives are involved in concrete with
damp absorbents and fine sand. Research
is proceeding also with concrete mixes
and engineers are searching for a way
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ITo0aBKU 3aMeIllaHbl B 0€TOH C BJIAKHBIMU
abcopbeHTaMu m MeJKuM mneckom. Hc-
cJaeqoBaHIe IIPOJOJIKAETCS M Ha APYTUX
MaTepuajgax, HHMKeHephl HIIYT CII0C00
VAYYIINTh u300peTeHne CoKpalleHrueM
KOHIIEHTPAIIUN U IIeHbI J00aBKU, HE00XO0-
OUMOM I/ YBEJIWUYEHUS CPOKA CJIYKOBI
OeToHA.

Ycunexve nyuuonaHoBoii peakuuu
1 NOBbILIEHNE NPOYHOCTH
LLeMEHTHbIX NpoAyKToB [6, 7, 8]

Hamogmoxkcug KpeMHUA SBJISAETCA MU-
POBBIM JINAEPOM II0 00'beMaM IIPOM3BOJ-
crBa, cocrasiaammum 40% ot obiiero
00'beMa IIPOM3BOACTBA HAHOIOPOIIIKOB.

Hamomucnepcuu ruapo30Jd IOBYOKU-
CU KpPeMHHuSA — OAUWH U3 IPOAYKTOB IIO-
JUKOHAEHCAIINY KPEeMHHEBBIX KICJOT,
K KOTOPBLIM OTHOCATCA TaKiKe I'IAPOresiu,
cunuKarein (CHUJIMKaKCepOream), aspo-
cuasl 1 1p. OQHAKO IIOJIyUeHUEe 30JIei NI
resneir SiO, ABIsAETCA OUYEHB JOPOTOCTOS-
IIIUM IIPOI[ECCOM, UTO OTPAHUUYMBAET UX
IpUMeHEeHHNe IJIA CO3JaHUsI CTPOUTEJIb-
HBIX MaTepPHUaJIoB.

IIpuMeHeHMe HAHOAUCIIEPCUU TUILPO-
30J151 KpeMHe3eMa (COCTOSAINETr0o 13 BOIbI
¥ HaHOUYACTHUI[ aMOP(MHOro KpeMHezeMa
Y Ha3bIBA€MOT'0 KOJIJIOMAHBLIM KpeMHe-
3eMOM) B KaudecTBe JHCIEPCHOM (asbl
IIO3BOJIET AOCTHUYL ABOMHOro sdderra:
MIOBBIIIIEHUSA TYIIIOJaHOBOCTH I[€MEHTOB
U IIPOYHOCTU IIeMEeHTHOT'0 KaMHsA. Pazmep
YaCTHIL 30JI1 MOXKET KoJiebaThCs B IIpeae-
agax or 1 go 100 u 6oJee HM, a X KOHIIEH-
Tpamua gocruraer 50 macc.% wu BwIIIe
Ipu obecIIeueHN YCTOMUYNBOCTU CUCTEM.

Ilocnennee osdHauaer, UTO OHU YCTOM-
YMBBI K CeAUMEHTAIIUN U Tejieo0pasoBa-
HUIO, a TaKyKe CIIOCOOCTBYIOT IIPOIIECCY
o0pasoBaHUA HU3KOOCHOBHBIX T'HIPOCHU-
JHUKaATOB KaJbIIUI.

Nanobuil

to improve the invention by reducing of
concentration and the price of the addi-
tive necessary for increasing of concrete
service life.

Pozzolana reactions strengthening
and increase of cement products
durability

Silicium nanodioxide hydrosols is
the world leader by production volume,
which is equal to 40% of total amount of
nanopowders manufacture.

Nanodispersions of silicium dioxide
hydrosol is one of the silicon acids poly-
condensation products, including also
hydrogels, silicagels (silicakserogels)
fumed silica, etc. However, production
of Si0O, sols or gels is a very expensive
process, that limits their application for
building materials creation.

The application of silicium nanodiox-
ide hydrosols, called amorphous silica,
consisting of water and amorphous silica
nanoparticles, as a disperse phase allows
achieving double effect: to increase poz-
zolana reactions of cements and cement
stone durability. The size of sol par-
ticles can be in the range from 1 to 100
and more nanometers, and their concen-
tration reaches 50 mass percentage and
more, when providing system stability.

The last means, that they are resistant
to sedimentation and gel formation, and
also favour the process of formation of
low basic hydrosilicates of calcium.
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IN THE WORLDO Of THE 800KS

SCIENTIFIC AND TECHNICAL LITERATURE.
NANOMATERIALS AND NANOTECHNOLOGIES

Some information on the books proposed by the limited company
«Techinform» in the sphere of nanomaterials and nanotechnologies is
given.

Key words: nanocrystal alloys, nanoelectromechanical systems, sol-gel material
technologies based on nanodispersed silica, nanostructural materials.
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