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ABSTRACT: Introduction. The use of modifying nano-additives in the production of binding building materials is one of the
most effective ways to control the technological parameters of concrete by conducting good control of the rheological character-
istics reliability. Plasticizing additives increase the water-holding capacity of building compositions, which leads to the dispersed
nanosystems stability. This article is focused on examining the physical and chemical mechanisms of the supramolecular effects
of polycarboxylate ethers on technological and rheological characteristics of cement nanobinders. Methods and materials. This
study describes controlled hardening processes of concrete nanocompositions with demanded technological characteristics in
the presence of highly effective plasticizers. Moreover, this paper carries out the analysis of the innovative trends in regulating the
consistency of building nanocomposites with the use of new comb-like polycarboxylate esters, which as superplasticizers allow to
purposefully influence the kinetics of structure formation of cement nanocomposites. Results. Electrostatic and steric repulsion
mechanisms, as well as the dispersing effects of innovative and traditional plasticizing nanoparticles, affect the adsorption and dif-
fusion layers of the hydrated cement nanobinders ultrastructure. The most effective plasticizing properties are shown by comb-like
polycarboxylate esters (CPE) with a linear chain molecular weight of =12000 g/mol and a length of side branches which correspond
to a molecular weight of =750 g/mol. The supramolecular mechanism of nanosteric van der Waals repulsive forces begins to be
detected at a distance of =11 nm, and the elasticity of the lateral branches of innovative CPE is = 5 nm. Individual segments of CPE
macromolecules enter the diffuse layer of dispersed nanosystems due to lateral interactions of anions of functional groups, hydro-
phobic fragments, etc.; they enhance the plasticizing effect of cement binders in concrete nanocompositions. Discussion. When
using superplasticizing CPE, the density of concrete nanocomposites can be increased by reducing the amount of water mass to
the cement mass ratio to the optimal 0.3; at the same time, technological pumpability and reliability control of the joint hardening
kinetics with fillers are preserved within the framework of the technological problems system solutionsconcept. Supramolecular
interaction of «anchoring» functional groups of polyacrylic acid containing solid phase cations of cement microparticles, fractal
clusters of calcium hydrosilicates and simultaneous steric stabilization of polyethylene glycol radicals give the necessary rheologi-
cal characteristics to construction nanocompositions and allow the construction of high-strength 55+80 MPa building materials.
Conclusions. The branched comb-like nanostructure of polycarboxylate esters exhibits effective technological characteristics of
superplasticizers for concrete, building mortars and dry building mixes.
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INTRODUCTION logical characteristics reability. Plasticizing additives
increase the water-holding capacity of building compo-
he use of modifying nano-additives in the produc- sitions, which leads to the dispersed nanosystems sta-

tion of binding building materials is one of the most  bility. In the production of self-compacting concrete,
effective ways to control the technological parameters  high-performance superplasticizers are used, which are
of concrete by conducting good control of the rheo-  based on comb-like polycarboxylate ethers (CPE) system
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hardening that can significantly increase the technologi-
cal saving time of concrete nanocomposites and strength
of building structures by 1,5—2 times [1, 2].

This article is focused on examining the physical
and chemical mechanisms of the supramolecular effects
of polycarboxylate ethers on technological and rheological
characteristics of cement nanobinders.

METHODS AND MATERIALS

Currently, traditional plasticizers based on lignosul-
fonates and sulfated melamine and naphthalene formal-
dehyde polymers are used to reduce energy consumption
and labor intensity in the production of concrete mixtures.
The inclusion of conventional plasticizers in the con-
crete mix allows toincrease mobility and workability while
maintaining the necessary rheological characteristics,
i.e., to reduce the consumption volume of the mixing
water. Electrostatic and steric mechanisms of repulsion,
as well as dispersing effects (water reduction, reduction
of hydration time, etc.) of nanoplasticizing additives affect
the adsorption and diffusion layers of cement nanobind-
ers. However, the plasticizing effect of using traditional
nano-additives is limited in time due to rapid adsorption
of cement microparticles, surface screening and reduced
hydration processes, and as a result, their dispersing ef-
ficiency decreases.

Therefore, the component composition of lignosul-
fonate, synthetic melamine- and naphthalene-formal-
dehyde macromolecular traditional plasticizers are mixed
with regulators of technological parameters: setting in-
hibitors, in particular, to preserve the rheology (viscosity,
thixotropy) of modified concrete mixtures. This process
leads to some difficulties: the use of complex plasticizers
based on sulfated melamine and naphthalene formalde-
hyde macromolecules with setting inhibitors slows down
the kinetics of concrete strength gain, increases the period
of formwork turnover, etc. [3—7].

Plasticizing compositions based on innovative CPE
are supramolecular complexes made of a macromolecular
matrix and various nano-additives that correct the setting
and hardening time of calcium hydrosilicates, enhance
the speed of strength gain and the ability to conduct con-
crete work at low sub-zero temperatures [8]. Linear poly-
carboxylate macromolecules are synthesized by radical
polymerization of acrylic acid in an aqueous solution,
with comb-like analogues of polycarboxylate esters being
technologically obtained by esterification with methoxy-
lated polyethylene glycol of various molecular weights
(350—1000 g/mol).

Along with the size of the main chain of the CPE mac-
romolecule, the length of the side chains (ridges) and
their frequency play an important role as a superplasti-
cizer (hyperplasticizer) [9, 10]. The most effective plas-
ticizing properties are shown by CPE with the molecular

weight of the linear part of = 12000 g/mol and the length
of side chains corresponding to the molecular weight of
=~ 750 g/mol. The van der Waals forces of nanosteric re-
pulsion begin to manifest at a distance of = 11 nm, and
the elasticity of the side branches of the CPE is = 5 nm.

RESULTS

Due to the interaction of delocalized negative charges
of carboxyl groups of CPE macromolecules with immobi-
lized and partially neutralized calcium cations of cement
nanobinders, surface adsorption of the hyperplasticizer is
carried out at the initial stage of interaction. As a result,
after adsorption of CPE on the surface of hydrated ce-
ment microgranules (with size of = 20—30 microns), mi-
croparticles of calcium hydrosilicates begin to repel each
other and disperse more strongly. The supramolecular
mechanism of action of CPE is based on the physical and
chemical “pushing” of a part of water molecules from the
adsorption layer on the surface of cement nanobinders to
the diffuse layer, which in turn increases the mobility of
concrete building material.

Individual segments of CPE macromolecules “come
out” and a diffuse layer of dispersed nanosystems en-
hances the plasticizing effect of cement nanobinders
due to lateral interactions (anions of functional groups,
hydrophobic fragments, etc.) (Fig. 1). A structured hy-
drate nanolayer (size = 70 nm) is formed on the calcium
hydrosilicates fractal clusters surface (aquacomplexes
of tetrahedral polysilicates) of cement microparticles,
and the range of mobility retention of concrete building
materials increases to 4—5 hours.

The mechanism of plasticizing supramolecular na-
no-additives CPE action is based on the chemisorption
of macromolecules on the surface of cement clinker mi-
croparticles and strengthening of electrostatic repulsion.
In this case, a double electric layer is formed, which leads
to a shift of the T-potential values to a more electronega-
tive region, and it contributes to the dispersion of nano-
binders due to spatial repulsion [11]. Supramolecular
interaction of the CPE “anchor” functional groups with
cations of the cement microparticles solid phase and si-
multaneous steric stabilization by polyethylene glycol
radicals gives the necessary rheological characteristics
to construction nanocompositions. Voluminous CPE
macromolecules are adsorbed on the surface of cement
microparticles and enhance dispersion due to steric re-
pulsion (Fig. 2).

Depending on the synthesis conditions, it is possible
to obtain CPE macromolecules of different structures
of the main and side polyester chains, and this allows us
to design effective superplasticizers with a different ratio
of the steric factor and the density of the anion charge in
the macromolecule, taking into account the composi-
tion of the nano-binding building material. The presence
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Fig. 1. Scheme of formation of microparticles of calcium hydrosilicates (1) on the surface of fractal clusters of cement

binders of a comb-like polycarboxylate esters adsorption nanolayer (2)

Fig. 2. Supramolecular mechanism of action on cement nanobinders (1)

macromolecules of comb-like polycarboxylate esters (2)

of ion charges of the main chain of CPE macromolecules  the dispersing effect of the supramolecular mechanism:
provides the formation of an electrostatic effect, while  the interphase energy of adhesion of cement nanobinders
the side ridges cause spatial repulsion, which increases  decreases, the degree of disaggregation increases.
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DISCUSSION

The economic use of plasticizing nano-additives in
concrete production is technologically feasible, since it
allows managing the reliability of the strength set of con-
struction nanocomposites based on fractal clusters of cal-
cium hydrosilicates of cement binders. Using superplasti-
cizing CPE, it is possible to increase the density of con-
crete nanocomposites by reducing the amount of water
mass to the cement mass ratio (water/Portland cement)
to an optimal 0.3, while maintaining good pumpability
and managing the reliability of uniformity. A compara-
tive study of the effect of innovative compatible CPE in
the amount of 0.1 to 0.9% on the mobility of the con-
crete composition, which was determined by measuring
the cone sediment (Fig. 3) on the physical and chemical
kinetics of hardening of cement nanobinders showed that
they are superior in technological parameters to tradi-
tional lignosulfonate, melamine and naphthalene form-
aldehyde polymers.

To date, there is no universal plasticizing nano-addi-
tive that demonstrates the same high efficiency regardless
of the characteristics of the feedstock and the production
technology of cement binders. The main drawback of us-
ing superplasticizers is air extraction (5% or more), and
this problem is solved by adding defoamers or air-remov-
ing nano-additives. For each specific case of a cement
nanobinder, it is necessary to select a superplasticizer
component in accordance with the operational param-
eters of the technology for producing concrete composites
of controlled hardening with fillers.

Supramolecular CPE with an increased electrostatic
effect interact faster with hydrated cement nanowires and
are able to exert an intensifying effect on the hydration
processes. As a result, this leads to accelerated growth
of fractal nanoparticles [12] on the surface of clinker par-
ticles and increases the strength of the concrete nanocom-
posite for 8—12 hours. Despite the higher price of CPE
in a comprehensive assessment,which takes into account
the factors of quality, technological parameters, savings
of cement binders, etc., the cost of concrete nanocom-
posites using polycarboxylate hyperplasticizers [13, 14] is
lower than using cheaper lignosulfonates based on sulfated
melamine and naphthalene formaldehyde macromole-
cules.

At minimum dosages, compatible CPE allows ensur-
ing the non-layability and workability [15, 16] of con-
crete compositions and their high performance char-
acteristics, including increased corrosion resistance.
This is important fromboththe economic point of view
and from the point of view of controlled increase in
the technological characteristics of concrete or other
building mixes (such as gypsum [17], cement, etc.), in
particular, reducing their creep and shrinkage defor-
mations, as well as the possibility of obtaining high-
strength (55+80 MPa) building materials by controlled
hardening.

New effective plasticizing nano-additives [18—22] are
increasingly used in the construction industry, for ex-
ample, to control the rheological behavior of dispersed
systems in the process of 3D printing; in the production
of self-compacting concrete nanocompositions: the du-
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Fig. 3. The effect of superplasticizer concentration (c) on mobility (cone
sediment — /) of a concrete nanocomposition with a water / cement ratio = 0.3
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rability of building structures is enhanced, and the initial
disadvantages of CPE, such as air entrainment, slowing
down of hydration (hardening) and high cost, have now
been successfully overcome. The main functional pur-
pose of modern hyperplasticizers is to reduce the viscosity
of the concrete mix to a highly mobile consistency, which
ensures controlled pumpability. It should also be noted
that the innovative CPE in demand is effectively used in
the modern resource-saving construction industry for
the disposal of man-made waste, including waste ash
[23-25].
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