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Abstract: The study examines the effect of active mineral additives on the physical and mechanical
properties of composite binders. Use of such additive will allow to adjust plasticity of binder and terms of
hardening, water resistance, density of binder, to increase durability of finished construction products.
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Introduction

The largest amount of industrial waste is accumulated by enterprises of mining, metallurgical
and heat industries. The colossal accumulation of such waste disrupts the ecological balance in
nature, is a source of environmental pollution. International experts claim that the ecological
situation in Ukraine is dangerous, so today the issue of solid household and industrial waste
disposal is acute [1-4].

The use of industrial waste in the construction industry will solve a number of problems: -
environmental (dispose of industrial waste), economic (reduce the cost of mortars, concrete and
recycled products), and social (increase housing construction, reduce the cost of housing) [4- 5].

Research results

One of the most common types of waste in the Vinnytsia region is the fly ash (SW) of
Ladyzhyn TPP, which is a fine material consisting of fine particles ranging in size from a few
microns to 0.14 mm. The use of fly ash as a fine aggregate in concretes and mortars has a positive
value. First: the average density of construction products is reduced compared to products on
natural sand. Secondly, the concrete mixture using fly ash does not delaminate. Thirdly, due to the
hydraulic activity of the ash, the heat treatment time is reduced and 10-15% of cement is saved [6-
7].

The experience of studying cement-ash concrete shows that replacing part of the cement with
ash-removal, leads to a decrease in water consumption of the concrete mixture. The use of ash as an
active mineral component helps to increase the chemical resistance of cement concrete. Moderate
ash content in the mixture increases the water resistance of concrete, due to the hydraulic properties
of the ash, improving the particle size distribution of the concrete mixture and reducing the open
porosity of concrete [8-9]. Thus, with the use of fly ash as an active mineral component and
aggregate, fine-grained dense concrete will have the best specified special properties.

Another, no less common type of waste is the red sludge of the Nikolaev alumina plant. The
problem of bauxite sludge utilization can be solved by their complex processing with subsequent
production of a number of valuable products - cast iron, alumina, cement [10-11]. Red sludge is
characterized by valuable physical and chemical properties that allow you to control the physical
and mechanical properties of concrete and mortar. Characteristic features of red sludge as an
alkaline microfiller are alkaline reaction (pH is 12) and fine structure - 90% of the particles have a
radius of less than 10 um. Also, red sludge is characterized by a constant chemical composition



according to the laboratory of the Nikolaev alumina plant, the content of oxides in the red sludge is
within the following limits (tabl 1).
Table 1
The content of oxides in the red sludge
Oxides SiO, TiO, Al, O Fe, O CaO Na, O P, Os V5 Og I. 1. 0

Mass

frfaction 9,5-11,1 | 4,4-5,6 | 17,0-19,0 | 39,0-43,0 | 7,6-9,5 | 6,2-6,9 | 0,2- 0,3 |0,2-0,25|7,9-10,5
0

oxides,%

In [11-13], based on the results of X-ray analysis and electron microscopy, it was found that
calcium hydroxide is intensively formed in the “metal-cement dough” transition zone. Cements
containing an increased amount of iron may contain dicalcium ferrite, which as a result of hydration
gives dicalcium hydroferrite 2CaO * Fe,O3 ¢ H,O [12]. This compound in Ca (OH), solutions is
converted to 3Ca0 ¢ Fe,O3 * 6H,0 and 4CaO « Fe,O3 ¢ 13H,0. It should be emphasized that three-
and four-calcium hydroaluminates and hydroferrites form solid compounds with the general
formulas: 3CaO - (Aleg, FEzOg) * 6H,0 and 4CaO - (Aleg, F9203) * 13H,0 [13]

The efficiency of activation of fly ash (SV) is associated with an increase in the bond strength
of cement stone with SV. It is common to increase the degree of isotropy of the physical and
mechanical characteristics of ash-cement binder at all stages of hardening. These data are confirmed
by the results of determining the performance properties, of which water absorption is an important
characteristic associated with the porosity of concrete, its density, as well as corrosion and frost
resistance [14]. Water absorption of concrete on aggregates activated by solutions of acids, salts,
alkalis decreases by an average of 18-21%. Methods of increasing the adhesion of elements of the
concrete contact zone take into account the geometry, physical and chemical nature of the
aggregate, the specifics of the formation of hydrates and mineral substrate, especially the formation
of concrete structure at three hierarchical levels [14-15].

Conclusion.

As a result of analytical studies of the influence of poly functional active mineral additives,
namely bauxite sludge and fly ash, on the physical and mechanical properties of composite binders,
it was found that the mineral additive has a complex effect on the physical and mechanical
properties of the binder. Its use allows you to adjust the plasticity of the binder and hardening time,
water resistance, density of the binder, increase the strength of finished construction products while
reducing cement consumption.
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