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Abstract. The article deals with the issues concerning the formation of
the structure and properties of fine-grained concrete with organomineral
additive produced through mechanochemical activation of thermal power
plant fly ash together with superplasticizer. The additive is produced in a
high-speed activator at the collision particles' speed of about 80 m/s. The
use of the additive in fine-grained concrete in the amounts of 0.5-1%
increased the strength by 30-50% and reduced the size and volume of
pores. The cement consumption in such concrete is close to the cement
consumption in common concrete of equal resistance.

1 Introduction
The thermal power plant fly ash with the following chemical composition was used for the
research: SiO2 - 40...58 %, Аl2О3 - 21...27 %, СаО - 4...6 %, Fe2O3 - 4...17 %, NaO0.4...1.4 %, К2О – 0.4...4.7 %.
Moreover, the composition of the fly ash included, among others, small amounts of SO3,
MgO and TiO2.
Highly-homogeneous, chemically active and law water demand nanomodified
organomineral additive was produced through mechanochemical activation in a high-speed
activator with an annular processing chamber at the speed of impact of material particles of
about 80 m/s.
This includes not only grinding of materials, but also change of physical and chemical
state and structure.
The crystal lattice is disturbed and transformed up to its transition to amorphous state.
Such modification is accompanied by an increase in the specific area and increase in the
surface energy of the substance.
The grain size composition of the activated fly ash with the presence of 0.3% S-3
superplasticizer,obtained with the use of a laser granulometer, is shown on Fig.1.
The analysis of the grain size composition of the mechanochemically activated fly ash
shows that it contains particles with a size of less than 10-6 m.
The number of particles of less than 500 nm amounts to 2.06% and that of the 500 to
1000 nm particles amounts to 3.12%.
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Fig.1. The integral and differential distribution of particles based on the size of mechanoactivated fly
ash

The additive was tested in fine-grained concrete (FGC) prepared on the basis of PTsD0
М500 Portland cementand silica sand by weight proportion of 1:2, with the mobility
determined on a standard shaker apparatus, and with a spread diameter of 17 cm.
4x4x16 cm samples steam cured under the following regime: 3 + 3 + 5 at 80°С with
isothermal warming were made.
The physical and mechanical characteristics of the obtained test resultsare shown in the
table 1.
Table 1. Physical and mechanical properties of FGC on the basis of multicomponent binders.

item #

Binder composition

1
PTs
2
PTs + 25 % AF
3
PTs + 40 % AFwith SP
4
PTs + 25 % AFwith SP
5
PTs + AF(1 : 1)
Note: AF means activated fly ash

Bending strength
MPa
%
6.0
100.0
5.65
94.2
5.97
99.5
5.76
96.0
5.96
99.3

Compression strength,
MPa
%
32.2
100.0
32.0
99.4
48.4
150.3
41.6
129.2
34.4
106.8

In the context of impact on concrete, fly ash is an active mineral additive; moreover, it
fulfills the function of a filler making the concrete denser.
In the process of curing, beside the pozzolanic reaction, amorphous silica and
aluminium oxide interreact with calcium hydroxide produced from cement hydration,
which results in the formation of law-basic hydrosilicates and calcium hydroaluminates
[7,8].
This not only contributes to better strength and density, but to longer life of
nanomodified fine-grained concrete.
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Conclusion
The research carried out shows that the application of nanomodifiers on the basis of
mechanoactivated fly ash in the amount of 0.5-1% has a positive influence on the structure
and on physical and mechanical properties of fine-grained concrete, since it contributes to a
35-40% reduction of cement consumption and 30-50% increase in the strength.
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