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HIGH-REACTIVE POWDER CONCRETE ON THE BASIS OF ORGANIC
NANOMODIFIKATOROV

A significant range of organic and mineral binders produced by the industry allows
for a wide variety of combinations, providing a variety of resulting compositions. This,
in turn, makes it necessary to establish general regularities in the formation of their
properties. An attempt is made in this article. The results of studies of the properties of
concrete, which are a composition of Portland cement, fine aggregate and mineral—
organic complex, intended for the creation of special structures. It is shown that the use
of the organic component of the mineral-organic complex of micelle-forming
surfactants or polyalcohols leads to the sealing of the inner surfaces of the pores that
are formed in concrete, which leads to an increase in the strength of concrete. It has
been proven that the most effective use of the mineral is as a mineral component of
complex organic compounds containing so—called d-elements, such as iron. The
currently widely used mineral-organic compositions of the first type are, as a rule,
"mineral binder — organic polymer" or "mineral binder — bitumen (tar)" systems. These
types of mineral-organic compositions have undergone quite serious tests and have
been tested in operation and have not sufficiently confirmed their effectiveness. But, as
you know, these types of organic materials have the disadvantage of aging, which is
accompanied by depolymerization (polymer) or a change in structure (asphalts, tars).
Therefore, the durability of this type of resistance is limited by the organic component of
the mineral-organic composition. It is known that the adsorption properties of
derivatives of higher fatty acids depends on the length of the hydrocarbon radical. This
is due to the strength of attachment of derivatives of higher fatty acid to the mineral
surface. This largely depends on the solubility of the compositions are formed. The
solubility of these compounds is, in turn, is determined by the order of solubility of the
corresponding salts higher fatty acids. The solubility of these compounds, in turn,
determined by the solubility of the respective salts of fatty acids. The authors obtained a
mineral—-organic material which is a system of "mineral binder based on calcium — fatty
acid — a substance containing iron". Mechanism of structure obtained mineral-organic
material explained as follows. As is well known, are unsaturated higher fatty acids with
two or more double bonds with oxygen independently oxidized.

Keywords: concrete, cement, construction, mineral-organic complexes,
surfactants.

Materials for repair of building structures, in particular, concrete should have a
number of special properties that define the possibility and scope of their application.
Thus, these materials should have: the required compressive strength; necessary
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deformable under load; minimum own deformations (shrinkage and swelling); high
adhesion to concrete structures repaired; Non—corrosive to concrete structures repaired,;
resistance to external influences; durability.

Currently widely developed complex binders, which include both mineral and
organic components. This type of binding materials have properties that distinguish
them from the "traditional™ mineral binders.

A considerable range of organic matter and mineral binders, which produces
industry, allows combinations vary widely, providing diversity derived compositions.
This, in turn, makes it necessary to establish the general laws governing the formation of
their properties. Attempt it and done in this paper.

Analysis of the known mineral-organic compositions allows, in general, be divided
into three types:

1. The mineral-organic compositions, the formation of the structure and, as a
consequence, the physical and mechanical properties of which there is no interaction
between their mineral and organic components.

2. Of the mineral-organic compositions, the formation of the structure and, as a
consequence, the physical and mechanical properties which is due to the interaction
between their mineral and organic components.

3. Mineral-organic compositions structure formation and, as a consequence, the
physical and mechanical properties which is due to the interaction between their mineral
and organic components, as well as products of their interaction.

The basis of the Structure of the mineral-organic compositions of the first kind,
which got at the moment, the most widely used is the so—called "rule of domination,"
suggested Professor Sivertsev G.N. This rule is the basis of the formation of the
properties of such complex binding as slag cement, gypsum cement and other binders.
According to this rule, the basis of the properties of the compositions of this type creates
their most active component.

Mineral-organic compositions of the species, have specific characteristics:

- One component of the mineral-organic compositions or the products of its
structure formation does not need to be aggressive to another component of the mineral-
organic compositions or the products of its structuring;

- The most active component of the mineral-organic compositions or its products
of structure should not affect the structure formation of the less active component;

- Product structure formation less than the volume of the active component
mineral-organic compositions must not exceed the pore volume formed during the
structuring over the active ingredient. Otherwise, in the rock formed during the
structuring of the most active component of the mineral-organic compositions, there
will be internal stresses and, as a consequence of heterogeneity, which will contribute to
the deterioration of its properties;

Should provide a high adhesion between the products of structure of all components
of the mineral— organic compositions.

Widely used at present mineral-organic compositions first type generally are
systems "mineral binder — organic polymer™ or "mineral binder — bitumen (tar)." These
types of mineral-organic compositions were quite serious trials and tested in operation
and underconfirmed their effectiveness. However, as is known, these types of organic
materials have the drawback of aging, which is accompanied by depolymerization
(polymer) or a change in structure (asphalts, tars). Therefore, the durability of this type
of resistance is limited by the mineral—-organic compositions organic component.
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Thus, the known complex binders which include the mineral-organic compositions
of the first kind, have a fairly serious constraints in their production technology. This
reduces the amount mineral-organic compositions first type, which can be obtained on
the basis of their.

In the mineral-organic compounds of the second variety also has its own
characteristics. The main feature — is the strength and stability of the products of the
interaction of components of these compositions, as well as the possibility of forming
products of their interaction, which weaken the structure.

Mineral and organic compounds of the second type — silicon-organic Compound
obtained first. They have a lot of properties that can be used for the repair of reinforced
concrete structures. From this point of view a sufficient interest is the question of
obtaining mineral-organic compositions second type based on organic materials,
polymerized under certain conditions (in particular, polyhydric alcohols). Since it is
known that the replacement of unsaturated alcohols, such as vinyl, active hydroxyl
hydrogen or an alkyl radical acid residue formed ethers or esters — quite stable
compounds. They are easily polymerized to form polymers (e.g. polyvinyl converted
into polyvinyl alcohol — resistant polymer product).

It is known that polyhydric alcohols readily react not only with the alkali metals, but
also with hydroxides of heavy metals. Moreover, the elimination of water from alcohols
such results, depending on reaction conditions to form a polymer:

nHOCH,-CH,OH — [—CHQ-CHQ-O-]n +n H,0.

The most prominent representative of the composition of the second type has a
cement—based trivalent alcohol — glycerine and lead oxide. This cement within a few
hours of hardening has a compressive strength of up to 40.0 MPa and adhesion to steel
up to 3.5 MPa, due to the formation of glycerate lead — PbC3;H60; by the reaction:

PhO +(C3HsO3 — PhC3HsO3z + H0.

This — early strength cement, substantially dimensionally stable cover which can be
used for various soedineniyat materials used at elevated temperatures (250°C), by the
action of water, hydrochloric acid at any concentration and dilute sulfuric acid.

However, it should be noted that in the process of forming the structure of this
mineral and organic compounds released water species that is the source of structural
defects in the composite material, and as a consequence limits the potentially achievable
strength. This same drawback also have mineral-organic compounds which are soluble
in water.

This inconvenience, obviously, can be eliminated by introducing in the mineral—
organic compounds of the second "water absorbent". These are substances that bind
water liberated in the course of the main reactions. Absorbent water should generate
little or insoluble substances containing a significant amount of chemically bound water.
Thus, a study conducted by the author, it was found that the use of mineral-organic
compounds, which is a system of "polyol — multivalent metal oxide," the place of PbhO
or PbO together with gypsum or Portland cement improves the strength of the resulting
composite material 1.5 ... 2.0 times for securing released water. This is the third type of
mineral and organic compounds compositions.

It is known that the adsorption properties of derivatives of higher fatty acids (HFA)
depends on the length of the hydrocarbon radical. This is due to the strength of
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attachment of derivatives of higher fatty acid to the mineral surface. This largely
depends on the solubility of the compositions are formed. The solubility of these
compounds is, in turn, is determined by the order of solubility of the corresponding salts
higher fatty acids. The solubility of these compounds, in turn, determined by the
solubility of the respective salts of fatty acids. For example, the ability to dissolve
oleates can be positioned in a certain sequence, ascending ability to dissolve: Fe®* <Pb?*
<Mn?" <Mg?* <APP* <Ca?*. From this it follows that the higher the salt of d—elements of
fatty acids (e.g., iron salts or manganese salts) have very low solubility. lons — d—
element (such as iron) are stronger polymerizer fatty acids, for example, by reacting:

3[CH(CHQ)7COOH:CH(CH2)7COONLZ] + Fe(OH)3 =
Fe[CH(CH);COOH=CH(CH,),COO];3 + 3-NaOH.

On the surface of minerals containing iron, creates a solid molecular layer of iron
salts of higher fatty acids.

The presence of iron broken double bonds in the unsaturated fatty acid radical and
the degree of polymerization. This, as is known, leads to an increase in strength and
length of the polymer. Thus, upon reaction d—elements (e.qg., iron) salts of fatty acids and
polymerization occurs under normal conditions of organic compounds, which enables to
form a polymer having a branched structure.

The resulting reaction product of the organic component and d—member new item
(e.g., sodium hydroxide) is reacted with a mineral component (gypsum or Portland
cement) and allows to increase the strength of the resulting composite material.

Thus, the effect of the polymerization revealed the presence of fatty acid salts using
a d—element ions (e.g., iron).

Based on this effect, the authors obtained a mineral-organic material which is a
system of "mineral binder based on calcium — fatty acid — a substance containing iron".
Mechanism of structure obtained mineral-organic material explained as follows. As is
well known, are unsaturated higher fatty acids with two or more double bonds with
oxygen independently oxidized. In the first step of the hydroperoxide groups formed by
oxidation type

; (/)fOfH
CH-CH CH, CH-CH- —» CH-CH-CH-CH-CH

Then, using piroksidnyh bridges (—O—O—), individual radicals higher fatty acids
are interconnected to form the spatial structure of the polymer. At the same time part of
the molecules of higher fatty acids with a greater or lesser rate of splitting water — to
hydrolysis, which is amplified by the hydroxyl ions.

OF R . / : ) .
sl / HO) O=Fe b CafOH),
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In the presence of alkali (carrier which, in this case, is a mineral binder based on
calcium derivatives higher fatty acids cleaved with formation of a polyhydric alcohol
and a calcium salt higher fatty acids — Ca—
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Liberate calcium hydroxide is reacted with a polyol, thereby forming its calcium
derived, for example,_ N

('('If()llr'_' .( ‘3,/.\'()5 — (al ‘_xf//.()_? 2 //:()‘

Providing that in water, according to, is chemically bonded to the mineral binder
based on calcium, resulting in dehydration of the remaining alcohol. This in turn allows,
as stated above, its polymerization and, consequently, to increase the strength of the
resulting composite material.

This type of mineral-organic material can be used for the repair and strengthening of
structures, including those operating in conditions hostile environment.

The adhesion of concrete on the basis of this type of mineral-organic material 50 ...
70% higher than that of concrete without additives. Consequently, these concretes can
be used effectively in the repair of reinforced concrete structures, including the exposed
to high temperatures.

The research lead to the following conclusions: theoretically justified and
experimentally confirm the role of substances containing d—elements (iron, manganese,
etc.). Fatty acids, polyalcohols and their derivatives, which are polymerized d—elements
allow to obtain a new type of mineral and organic materials effective for repair of
building structures having high physical and mechanical properties, in particular com-
pressive strength and adhesion to concrete existing building structure.

Applied conditions determined way to obtain concrete, which exhibit high strength.

Concrete, intended for the production of special construction must have certain
properties. Chief among these is the high strength and high strain. Improved de-
formation for a particular construction enable the emergence of vibrations muffle, e.g.,
seismic effects, which together with the increased strength will improve the reliability of
buildings.

High—strength concretes appeared in foreign practice in the early 60—ies of the last
century. Especially promising are obtained at the end of the 80s of the twentieth century
in France, the so—called reactive powder concrete — Reactive powder concretes (RPC).
This new generation of concrete with a compressive strength of 200 to 800 MPa and a
tensile strength of 25 to 150 MPa. Components of the concrete are Portland cement, fine
ground quartz, fine sand, steel and microfiber super— plasticizer at water—solid ratio in
the range 0.12-0.15. Concrete called "reactionary powder" due to the high dispersion of
the components and the increased number of hydraulically active materials. The concept
of RPC is to provide mothers with a minimum of structural defects — of microcracks and
pores. Optimizing the particle size distribution of concrete components it provides a
very high density. In this regard, the use of high— strength concrete provides fine ground
fillers.

So ground limestone in the concrete composition is widely used in France and
Germany [3]. Significantly higher sealing effect in the structure of concrete is achieved
using of ultrafine silica fume [1]. Using fly ash reduces the water consumption while
maintaining the mobility of the concrete mix, modifying the composition of cement
hydration products [5]. Acceleration of hydration and increase in strength provided by
the use of said concrete in their composition nano dispersed substances, in particular,
silica and other serpentine minerals [2, 4, 8, 9].

For adjustment of the properties and obtain highly ductile concrete mixtures with
low water—cement ratio, with high cohesion and resistance to stratification used
superplasticizers — organic polyelectrolytes, whose main function is to disperse the
chemical environment in heterogeneous systems [7].
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Analysis of the results of scientific research in the field of surface—active substances
(SAS) showed that almost all modern plasticizers used in concrete technology, refer to
molecular. At the same time, in terms of physical and chemical mechanics, the most
rational use of colloidal or semi—colloidal (according to the classification of
Academician PA Rehbinder) surfactants. These types of surfactants which form
micelles. At a certain concentration, the molecules of these substances are combined
into micelles, whose properties differ from the properties of the molecules. In the first
place, the micelles have the size and shape corresponding to the shape and size of
nanoparticles that can be attributed to their nanoparticles. These nanoparticles —
micelles, to a much lesser extent in comparison with molecular surfactant shield the
cement particles, which reduces their impact on the timing of setting and hardening of
concrete. Besides micelles S—surface—active substances practically not lead to a
hydrophobic surface of cement particles, while absorbing hydrophobic particles which
might fall into the concrete mix or specially introduced into it.

Virtually all types of RPC, which are at present, the broader scientific development,
based on Portland cement, the activity of which is limited, and, apparently, to date, been
exhausted. At the same time, has long been known as a kind of binders slag-alkaline
knitting [6], the activity of which, even without the use of special techniques, which are
used to improve the strength Portland cement concrete reaches 80 MPa. The
disadvantage slag-alkaline concrete considered their increased deformability, but
modern types of high— strength concrete (eg, Reactive powder concretes — RPC) based
on Portland cement also have increased de— formability comparable with deformable
slag-alkaline concrete. Development of these types of concrete is obtained RPC [8,9],
modified polyols. At the same time demonstrated [10] that in the technology of porous
concrete effectively use polyols instead of alkali salts of organic acids that are micelle—
forming surfactants.

The aim of this study is to determine the effect of the strength of the micelle—
forming surfactant RPC.

Experiments were conducted in accordance with standard techniques. Checking the
stability of the samples was performed on a universal machine UMM-100. The date of
manufacture of Portland cement concrete used M400 as fine aggregate — iron ore
tailings. As a micelle—forming surfactants (SSAS) — sodium oleate.

Studies have revealed that S—surface—active substances micelles during the setting
and hardening of cement are adsorbed at the interface "hydration products of cement —
water" or "grain cement, which has not hardened — water", they formed on the inner
surface of pores and cracks, keeping this surface by chemisorp- tion.

The experimental results showed that the introduction of the Reactive powder
concretes (RPC) S-surface— active substances which are chemically adsorbed on the
surface of the pores and cracks in the body of cement paste, leads to consolidate their
inner surface, which entails an increase in strength of cement, and as a consequence,
concrete in compression.

Thus, it was found that an increase in S-surface— active substances to a
predetermined concentration (micelle concentration) leads to dramatic decrease in
interfacial tension in the system. A further increase in the content of S—surface—active
substances does not change the surface tension.

It should be noted that increasing the concentration S—surface—active substances to a
concentration corresponding to micelle formation is accompanied not only by reducing
the surface tension but also increase the strength of concrete. Contents corresponding S—

66



surface—active substances their critical micelle concentration, the system has the lowest
surface tension and maximum strength, which in this case is 120 to 250% of the strength
of concrete without additives depending on its composition.

A further increase in the content of S—surface—active substances over their critical
micelle concentration does not change the surface tension, and is accompanied by a
decrease in the strength of concrete. This is due to the fact that excessive molecule S—
surface—active substances shield binder particles, reducing the degree of hydration.

Conclusion.

Studies and analysis of their results suggest the following conclusions:

1. Established that introduction of reactive powder concretes — Reactive powder
concretes (RPC) micelle— forming surfactants which have dimensions and properties of
the nanoparticles leads to an increase in the strength of concrete.

This process occurs by reducing the surface tension of molecules S—surface—active
substances and chemisorption of these molecules at the inner surface of the pores and
cracks in the concrete, which in turn provides a strengthening of the wall.

2. It is proved that there is content in the S—surface— active substances RPC, which
ensures the formation of the great strength of concrete.

3. It has been shown that the optimal content S— surface—active substances in RPC
meets their critical micelle concentration. At the moment, the original system (concrete)
has the lowest surface tension and resulting in the process of hardening concrete —
maximum strength.
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Bucokopeakmuenuii nopowiKoseuil 0emon  Ha  OCHOBI  Op2aHiuHUX
Hanomooughikamopis

3uaunuii acopmumenm Op2aniuHux i MIHEPATbHUX 8'SICYUUX, WO BUNYCKAIOMbCS
NPOMUCTIO8ICTIO, 0o36015€  30MUCHIO6AMU — HAUPIZHOMAHIMHIWE ~ KoMOIHayil,
3abe3neuyouu  PiSHOMAHIMHICMb  00epiicysanux Komnozuyiu. ILle, y ceow uepey,
3YMOBNIOE HEOOXIOHICIb BCTNAHOBNICHHS 3A2ANIbHUX 3AKOHOMIpHOCMeEl Y (POPMYBAHHI ix
enacmugsocmetl. Hagedeno pesynomamu docniodcenv enracmugocmetl Oemowie, ujo
npeocmasnsaioms co60 KOMHO3UYilo NOPMIAHOYeMeHmy, OpibHO20 3an08HIEAYA Mmd
MIHEPATbHO-OP2AHTUHO20 KOMNIEKCY, NPUSHAYEeHO20 Ol CMEOPEHH CHeyianbHux
koHcmpykyiu. [lokazano, wo BUKOPUCMAHHS 8 SKOCMI OpeaHiuHoi  CKIa008oi
MIHEpanbHO-0pP2aHiuHo20 KoMnaekcy miyenoymeopiowuux IIAP abo nonicnupmis
npu3800UmMs 00 YWibHEHHs 6HYMPIWHIX NOGEPXOHb NIp, 5SKI YMEOPHIMbCs 8 OenoHi,
wo npuzeooums 00 nioguweHHs Miynocmi 6Gemony. [losedeno, w0 HaubitbwL
ehexmugHe 6UKOPUCIANHSL 8 AKOCHE MIHEPATLHO20 KOMNOHEHMA CKIAOHUX CHOTYK, WO
micmams max 3eaui Od-enemenmu, nanpuxnad sanizo. [llupoko euxopucmogyeami 6
O0aHUll 4ac MIHEPATlbHO-OP2AHIYHI KOMNO3UYIL Nepuio2o muny - ye, sk NPaeguio, CUucmemu
«MiHepanvHe 8'Adcyye - OpeaHiuHull noaimepy abo «miHepanivHe 8'sdcyye - Oimym
(0vozomy)». [laHi 610U MIHEPATLHO-0P2AHIUHUX KOMRO3UYIU NPOUULIY OOCUD CEPUO3HI
sunpobyeanna i eunpobyseani 8 pobomi I HeOOCMAmMHbO NIOMEEPOUTU  CBOIO
epexmuericmo. Ane, AK 8i00MO, Yi 810U OP2AHTUHUX MAMEPIANi8 MAIOMb MAKUL HeOOIK
AK CMApPIHHA, AKe CYNPOBOOXCYEMbCA Oenonimepusayicio (nonimepu) abo 3MiHOW
cmpykmypu (acganomu, 2yoponu). Tomy 0o06z206iunicmes Oanoeo muny mamepiany
oOMedceHa OpeaHiuHOW CKAA00B0H MIHEPANbHO-0P2aHiuH020 cKaady. Bidomo, wo
aocopoyitini 61acMuU80CMi NOXIOHUX BUWUX HCUPHUX KUCTIOM 3A1eHCamdb 8i0 008XHCUHU
8y2neeo0Hego20 paouxana. Pozuunnicme yux cnonyk, y ceolo uepey, GUIHAYAEMbCS
PO3UUHHICIIO GIONOGIOHUX CONEll JCUPHUX KUCAIOM. A8mopu ompumanyu MiHepalbHO-
opeaniunuil Mamepian, KUl A615€ o600 CUCMeMy «MIHePAIbHULL KOMRO3UM HA OCHOBI
KAAbYII0 - ACUPHOL KUCIOMU - PEHOBUHU, WO MICHSIMb 3A1I30).

Knwuoei cnosa: obemon, uemenm, 0yOieHUUMEO, MIHEPATIbLHO-0P2AHIUHI
KomnjeKcu, R06epxXHee0-aKmueHi peuogunu
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