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ABSTRACT: Introduction. One of the promising areas related to formation of concrete structure on the basis of a mineral binder with
specified performance properties employs the addition of ultradispersed fillers (nanomodifiers) to the binder composition. Wastes
of quartz and hydro-removal ash are used as nanomodifiers. The presence of nanoparticles in the binder can significantly change
the processes of hydration and hardening of the concrete mix. Materials and methods. Hydro-removal ash from Omsk combined
heat and power plant 5 (CHPP-5), cement and quartz waste obtained from the production of highly pure quartz concentrate which
acted as an enhancer of pozzolanic activity to hydro-removal ash were used as materials for cement stone on the basis of a quartz-
ash-cement binder. Nanomodifier was obtained as a result of mechanical, mechanohydraulic (water) and mechanohydrochemical
(water + Megalit S-3ML additive) activations. Activation of the quartz-ash mixture was carried out in a continuous-action rotary mill.
The mechanical method provides only mechanical activation, and the mechanohydraulic method provides mechanical, hydraulic,
turbulent and acoustic activations. The mechanohydrochemical method provides all actions of hydraulic activation including
chemical one. Results. The article investigated cement stone on the basis of quartz-ash-cement binder (activated quartz waste
and hydraulic ash from Omsk CHPP-5, cement). The technologies of activation of the quartz-ash mixture by increasing the specific
surface of the dispersed phase for the production of quartz-ash-cement binder are considered. The obtained results of the weight
distribution of particles of hydro-removal ash and quartz before and after activation show that the average size of the nanoparticle
diameter is from 25 pm to 1.5 um and specific surface is 967-7729 cm?/g. Conclusions. The use of nanoparticles in a quartz-ash
mixture allows increasing the strength characteristics of cement stone from 23 to 59%. The use of quartz waste from the production
of high-purity quartz concentrate and ash hydraulic removal from Omsk CHPP-5 power plant with the introduction of the proposed
technologies for their activation allows increasing the formation of cement stone on a quartz-ash-cement binder by increasing the
package density and chemical activity of nanoparticles in the processes of phase formation of hydrate compounds, which will reduce
intergranular space between non-hydrated cement grains and will improve physical and mechanical characteristics of cement stone.
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INTRODUCTION

One of the promising arcas aimed at studying forma-
tion of concrete structure on mineral binder with
the specified performance properties is introduction of
ultradispersed fillers (nanomodifiers) into the composi-
tion of binder. The effect of introduction of nanoparticles
into concrete is expressed in the fact that not only an
additional phase interface appears in the system, but also
a carrier of quantum-mechanical manifestations emerges
[1,2,3].

From the nanoscale point of view, the particles pos-
sess qualitative effects determined by the dependence of
chemical and physical properties on the ratio of the num-
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ber of atoms in the near-surface and internal volumes of
the particles. Such particles and their ensembles acquire a
different physicochemical and mechanochemical activity
that can radically change the processes of structure forma-
tion synthesis and change the thermodynamic and energy
situation in a dispersed system, such as the structure of
a cement stone on a quartz-ash-cement binder [2, 3, 4]

Artificial nanotechnology creates nanosystems in both
ways: “top-down” and “bottom-up”. It is already well-
known phenomena of nanostructured objects self-orga-
nization which involve the processes of self-organization
of substances at the atomic-molecular level, that makes
it possible to create unique objects without external in-
fluence. [5].
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Cement hydration products in the form of tiny par-
ticles — submicrocrystals — with sizes less than 0.1 mi-
crons create a colloidal system in the interlayers between
hydrated cement grains: tobermorite gel. Coagulation
contacts appear between the particles, which leads to
the formation of a coagulation structure. A feature of
these contacts is the obligatory presence between the
particles of a thin stable layer of film water (disperse
medium) [6, 7].

The physical contacts of the coagulation structure
of the cement gel result in a migration of atoms, there
are more signified attraction forces between the atoms,
which leads to a tendency of self-organization of cluster
structures [8, 9].

The presence of nanoparticles in the system can signif-
icantly change the processes of hydration and hardening
of the concrete mix. When choosing a system of require-
ments for nanoparticles as concrete structure modifiers,
we can distinguish: structure-forming and technological
aspects, reflecting the phenomena and mechanisms of
formation of the structure of high-strength concretes,
explaining the effects of nanomodification and charac-
terizing the impact of nanomodifiers in the structure of
concrete; structure-forming participation and modify-
ing effect of nanosized particles, which increase package
density of capillary-bound and free water, as well as a sig-
nificant chemical participation of nanosized particles in
heterogeneous processes of phase formation of hydrated
compounds. At the same time, during the colloidizing
and nucleation stages and phase formation, nanoparticles
are mainly defined by specific surface energy, nanoscale
particles are determined mainly by the specific surface
energy, which is a function of the particle size and the
specific surface area of their surface.

In the general formulation of the problem concerning
the development of a nanosystem, one should consider
structure-forming and technological aspects that re-
flect the processes and mechanisms of structure forma-
tion, as well as the compatibility of the surface energy of
nanoparticles with chemical additives and the technol-
ogy for introducing nanomodifiers into the structure of
a concrete mixture, which is the result of an increase
in the packing density of nanodispersed particles and
chemical participation of nanoparticles in heterogeneous
processes of phase formation of hydrate compounds and
self-organization of substances at the atomic-molecular
level [10].

This possibility is determined both by the chemical-
mineralogical composition of the particles and by the
high values of their specific surface area and, as a con-
sequence, by the specific surface energy. This will fill the
microporosity of the cement stone, but also significantly
reduce the amount of capillary-bound and free water,
while compacting the nanosystem of hydrate forma-
tions. [11, 12].

At the stage of the coagulation period, nanoquartz par-
ticles act as a substrate of crystalline seeds of crystallization
centers. The most important factors in the implementation
of these mechanisms are the physicochemical properties of
nanoparticles and their size, which determines the duration
of the mechanisms and the concentration of nanoparticles
per unit volume of the hardening system of cement stone
on a quartz-ash-cement binder [13].

METHODS AND MATERIALS

The optimal raw material resource for the produc-
tion of building materials in Omsk is the ash from the
hydraulic removal of Omsk CHPP. More than 75 mil-
lion tons of hydraulic ash have been accumulated on ash
dumps with a total area of 755 hectares. On the territory
of Omsk, three CHP plants of six operate with Ekibastuz
coal, the ash content of which reaches 65%, consisting of
chemical elements (carbon, hydrogen, oxygen, nitrogen)
and mineral parts (clay minerals, which include oxides of
silicon and metals, hydroxides metals, silicates Al, Mg
carbonates Fe, Mg, Ca).

The main requirement for the successful use of hydro-
removal ash CHPP-5 is the stability of their physico-
chemical parameters and the ability to exhibit pozzolanic
activity with cement hydration products, the ability to
bind calcium hydroxide at ordinary temperatures with the
formation of insoluble compounds [14, 15].

In this regard, the purpose of the research is to obtain
a cement stone with high physical and mechanical prop-
erties due to a nanomodifier obtained by mechanical,
mechanohydraulic (H,0) and mechanohydrochemical
(H,O + Megalit S-3ML additive) activation, based on
ultrafine ash from the hydraulic removal of Omsk CHPP-
5 and quartz waste as an enhancer of pozzolanic activity
to hydro-removal ash [16].

In studies quartz waste from the production of highly
pure quartz concentrate and hydro-removal ash from
Omsk CHPP-5 was used as a material for cement stone
on the basis of quartz-ash-cement binder. The content of
hydro-removal ash oxides and quartz waste is presented
in Table 1.

The block diagram of the study of the physical and
mechanical properties of cement stone on a quartz-ash-
cement binder is shown in Figure 1.

Activation of the quartz-sol mixture was carried out
in a continuous rotary mill “Vyuga-3”, shown in fig. 2.

Mechanical method provides only mechanical ac-
tivation. The mechanohydraulic method provides
(pHZO = lkg/m?’) mechanical, hydraulic, turbulent and
acoustic activations. The presence of finely ground ac-
tive dust in a solution of film water obtained from the
activation of quartz waste and hydro-removal ash is also
involved in the processes of structure formation synthesis.
With the mechanohydrochemical method, respectively,
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Table 1
Oxide content, % mass
Name SiO, ALO, Fe, O, CaO MgO P,0, Na,O K,0 ppp
Quartz waste 98—99 | 0.1-0.3 | 0.1-0.2 | 0.1-0.3 | 0.0-0.1 - 0.2-0.3 | 0.2-0.5 | 2.1-3.0
Ashes of 51-60 | 24-32 | 3.5-8.3 | L1-2.1 | 0.2—15 | 0.4—0.7 | 0.1-1.4 | 0.3-0.7 | 5.2-5.5
hydroremoval
Activation method
Without Mechanical Mechanohydraulic eChaml}Ydr.OChmc
activation activation activation activation
Average size of particle diameter, d, pm.
Specific surface of particles, cm?/g.
0:100 20:80 30:70 40:60 50:50 60:40

Physical and mechanical characteristics of cement stone on the basis of quartz-ash-
cement binder at the ratio of the mass of activated quartz-sol mixture to the mass of
cement.

(Average density, g/fecm®. Compressive strength, MPa)

0:100 20:80 30:70

40:60 50:50 60:40

binder.

Based on the results of the study, we accept the optimal ratio of the mass of the
activated quartz sol mixture to the mass of cement in%: without activation — 20:80;
with mechanical activation — 30:70; with mechanohydraulic activation — 40:60; with
mechanohydrochemical activation — 50:50 for cement stone on a quartz-ash-cement

Fig. 1. Block diagram of the study of the physical and mechanical properties of cement stone

on a quartz-ash-cement binder

all methods of hydraulic activation and chemical, which
affects the mechanisms of cement hydration, being in
a solution of film water, contribute to a more active par-
ticipation in the processes of formation of the crystalline
ordered structure of cement stone at the atomic and mo-
lecular level. The plasticizing additive Megalit S-3 ML

in an aqueous solution was used as a chemical reagent
(szo+C_3Mﬂ = L.15 kg/m?) [17-22].

To determine the content and size of ultrafine particles
of quartz waste and hydro-removal ash particles obtained
as a result of activation, a laser analyzer “MicroSizer 201”
was used.
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Fig. 2. Continuous rotary mill “Vyuga-3”. Grinding
bodies arrangement: 1 — cylindrical body, 2 — cylindri-
cal grinding bodies — cylindrical spirals (8 pcs.),

3 — shaft with vertical plates for fastening cylindrical
spirals (8 pcs.), fixed in the body with bearings,

4 — loading window , 5 — window for dispensing
activated material

RESULTS AND DISCUSSION

The obtained results of the weight distribution of
particles of hydroremoval ash and quartz after activa-
tion show that the average particle size is from 25 um to
1.5 um (nanoparticles) with a specific surface area from
967 to 7729 cm?/g. Dispersion and particle content of

Nanobm

activated hydro-removal ash are shown in the figure in
the article [23].

Based on the results of the study, we accept the opti-
mal ratio of the mass of the activated quartz sol mixture to
the mass of cement in%: without activation — 20:80; with
mechanical activation — 30:70; with mechanohydraulic
activation — 40:60; with mechanohydrochemical activa-
tion — 50:50 for cement stone on a quartz-ash-cement
binder.

The strength of the cement stone was determined
on samples prepared from quartz-ash-cement dough of
normal density, 2X2X2 cm in size, for each composition
according to the structural scheme of the study. The tests
were carried out in accordance with the requirements
of GOST 10180-2012. The compressive strength of the
samples was determined on a “Matest” press. The physi-
cal and mechanical parameters of the obtained samples
were determined at the age of 28 days and are presented
in table 2.

The obtained results of the strength of samples of ce-
ment stone on a quartz-ash-cement binder with respect
masses of activated quartz sol mixture to the mass of ce-
ment: without activation (20:80) — durability increases
by 23%; with mechanical activation (30:70) — strength

increases by 31%; with mechanohydraulic activation

Table 2
Physical and mechanical properties of cement stone on quartz-ash-cement binder
Physical and Attitude masses of activated quartz sol mixture to the mass
.. mechanical of cement for cement stone,%
Activation method .
properties of ] . ) ] . .
samples 0:100 20:80 30:70 40:60 50:50 60:40
without activation, average average density’ 2399 2447 2454 2445 2449 2455
particle diameter — d = 25 um, | k&/m’ 100% | 102% | 102.3% | 101.9% | 102.1% | 102.5%
speciﬁczsurface area — compressive 62.9 77.3 76.7 74.8 72.3 71.1
967 cm’/e strength, MPa | 100% | 123% | 122% | 119% | 115% | 110%
mechanical activation, average density’ 2400 2435 2450 2455 2458 2474
average par‘[]cle diameter — kg/m3 100% 101.5% | 102.1% | 102.3% | 102.4% | 103.1%
g =1 16 wm, specific surface — compressive 63.08 | 79.1 82.8 80.3 78.4 76.5
911 em’/e strength, MPa | 100% | 125.1% | 131% | 127% | 124% | 121%
Mechanohy}draulic activat.ion average density, 2411 2435 2447 2451 2453 2452
o, = lg/cm’the average size kg/m’ 100% 101% | 101.5% | 101.8% | 102% | 101.9%
of the particle diameter is ) p 5 " 7 1
d = 3 um, specific surface area compressive 3.03 80. 83. 87.8 85.3 82.
5491 cm?/g strength, MPa 100% 127% | 133.1% | 139% 135% 130%
Mechanohydrochemical average density’ 2419 2453 2470 2479 2489 2504
activation (water + chemical kg/m’ 100% | 101.4% | 102.1% | 102.5% | 102.9% | 103.5%
additive) pl = 1.15 g/cm?,
;he average Cslize lofs‘the particle compressive 63.07 82.8 90.36 97.38 100.45 | 96.67
iameterisd = 1.5 um,
specific surface 7729 e’/ strength, MPa 11000, | 131% | 143% | 154% | 159% | 153%
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(40:60) — strength increases by 39% and with mecha-
nohydrochemical activation (50:50) — strength increases
by 59%.

CONCLUSION

The use of nanoparticles in a quartz-sol mixture makes
it possible to increase the strength characteristics of ce-
ment stone from 23 to 59%.

The use of quartz waste from the production of highly
pure quartz concentrate and hydraulic ash from Omsk
CHPP-5, using the proposed technologies for their acti-
vation, will improve the structure of the cement stone by
increasing the package density and chemical activity of
nanoparticles in the processes of phase formation of hydrat-
ed compounds, this will reduce intergranular space between
non-hydrated cement grains and improve the physical and
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