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Anomauin

Posenanymo mooicnugicmos BUKOPUCIMAHHA 301U-GUHECEHHS OISl UPOOHUYMEBA 6YOIGeNbHUX CMIHOBUX MAMepIianis,
@izuxo-ximiuni npoyecu npu mepmooopodYi 30102TUHAHUX MAMEPIalie ma MexHoN02is 6U20MOGIEHHs 30IbHOT Yealu
MemOoOOM HANIBCYX020 NPECYBANHSL.
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Abstract

The possibility of using fly ash for the production of building wall materials, physical and chemical processes in the
heat treatment of ash-clay materials and the technology for manufacturing ash bricks by semi-dry pressing are consid-
ered.
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Introduction

The development of the construction industry is aimed at creating new efficient materials, which can sig-
nificantly reduce energy and material costs with minimal damage to the environment [1-3]. The production
of small wall products, which are the defining building materials, is constantly increasing [4-6].

The use of industrial waste to obtain mineral binders is one of the important areas of science. Therefore,
the replacement of clinker in cement with man-made waste with high content of active mineral additives will
provide a significant contribution to the conservation of natural resources [7-9]. This not only solves envi-
ronmental problems, but is also economically viable, as it reduces the cost of production [10].

The aim of the work is to consider the possibility of using fly ash for the production of ceramic materials
and products with improved physical and mechanical properties.

Results of the research

On the territory of Ukraine accumulated more than 100 million tons of ash-man-made raw materials, the
amount of which increases annually by more than 10 million tons [6].

According to the data conducted in Article [11], 0.2% of ash from thermal power plants is used in
Ukraine, and it is often uncontrolled and primitive. In the CIS countries, about 3% of ash and slag waste is
used. At the same time, the level of ash and slag utilization in the United States is up to 15%, England - up to
43%, France - up to 55%, Germany - up to 67% [12-15]. All this determines the need to process the ashes of
Ukraine in large-scale production, for example, in the manufacture of binders, concrete and products based
on them.

In Ukraine and abroad [3, 5] shows that ash is a valuable mineral raw material used in the construction
industry for the manufacture of various building materials. One of the main consumers of ash from thermal
power plants should be the production of small-piece wall products in the form of bricks or blocks. Brick
factories in Ukraine annually consume more than 20 million tons of clay and require replenishment and ex-
pansion of the raw material base. The problem of using ashes from thermal power plants as the main and
fuel-containing raw material for the production of bricks has received much attention in recent years.

Studies have shown [16] that the crystalline phase of ash-slag mixtures is represented mainly by quartz,
feldspars, pyroxenes, amphiboles, as well as neoplasms anhydrite, hematite, magnetite, spinel, mullite, gele-
nite, wollastonite, anorite, belite, aluminate and ferrite, also melilites, iron-calcium pyroxenes, etc.

The input of coal enrichment waste is accompanied by a decrease in the strength of the samples as a result
of the minimum formation of glass phase and an increase in porosity. The low content of the glass phase is
due to the more refractory kaolinite-hydromicaceous composition of the clay substance.

It is shown that the main process of strengthening ceramic materials based on sols is the formation and



development of a liquid phase, which binds other components, fills pores, and densifies samples.

A comprehensive study on the development and development of the technology of plastic molding ash
bricks was carried out on the basis of the use of ash from the combustion of coal in the Ekibastuz and Kara-
ganda basins. As a result of research in laboratories, semi-industrial and industrial conditions, the possibility
of obtaining ash-ceramic products with high physical and mechanical properties was established: compres-
sive strength 10-60 MPa, water absorption - 16-20 %, average density 1300-1600 kg / m®.

The processes associated with heat and mass transfer during drying and firing of ash-clay materials have
been studied. During heat treatment of ash-clay materials obtained by plastic molding, complex phase and
structural changes occur, causing the formation of a strong porous material. A significant content of amor-
phous clay matter, glass phase and residual carbon suggests the main difference between ash and clay raw
materials. The presence of these phases in ashes causes the formation of crystals of mullite, cristobalite, tri-
dymite and other neoplasms in the material during heat treatment.

In order to study the possible behavior of ashes during firing, the authors conducted firing of various ash-
es at temperatures of 1000 - 1100 °C. Ash burning in the temperature range of 1000-1100 °C showed that
anorthite is intensively formed.

Ash is a non-plastic material, which necessitates the use of an appropriate binder to improve the formabil-
ity of products obtained on its basis.

As plasticizing additives to ashes, clays with high and moderate plasticity are used, which have clay min-
erals in their composition, represented by kaolinite, montmorillonite, hydromica and monothermite.

There is also an opinion that the aluminosilicate Al,03¢2Si0O,, called metakaolinite, is the products of de-
hydration. This point of view is shared by a number of authors [17].

Modern studies show that after dehydration of kaolinite, bonds remain between aluminum, silicon and
oxygen, which is proved by the hydration ability of clay minerals after calcination. The presence of some
order in metakaolinite was established by the electron diffraction data of the authors, who observed hexago-
nal plates characteristic of kaolinite in the dehydration products.

The composition of the initial clays has a significant influence on the process of formation and develop-
ment of mullite. It has been established that the temperature of mullite formation during firing of kaolinite
clays lies in the range of 1100-1200 °C and depends on the amount and type of impurities contained in them.
With an increase in the content of hydromica in kaolitic-hydromicaceous clays, the temperature of mullite
formation decreases, and with a decrease in the content of montmorillonite in kaolinite-montmorillonite
clays, it increases. Mullite with the most perfect structure is formed during firing of kaolinite-
hydromicaceous clays up to 1300 °C [14].

In ash-clay mixtures, as a result of chemical reactions that are thermodynamically probable in the systems
under consideration, taking into account the possible range of composition of the initial mixtures and the
firing temperature, several tens of different compounds can be formed. Since the main components in the
ashes used in the production of wall ceramic products are silicon and aluminum oxides, their interaction with
each other is one of the most important reactions in the firing of ash-clay mixtures. At temperatures above
1000 °C, the formation of mullite is most likely. In addition to mullite, cristobalite, wollastonite, clinoensta-
tite, spinel, olivine, pyroxene, anorthite, albite, diopside, and iron oxides (hematite, magnetite, wustite) are
likely to form in ash-ceramic materials.

When obtaining ceramic wall materials based on ash, fuel is not introduced into the raw mixture, since the
ash contains residual carbon, represented by coke and semi-coke. A feature of phase transformations during
the firing of ash-based ceramic materials is the processes of burning out coke, semi-coke and carbon monox-
ide, which is in the closed pores of the glass phase. The process of burnout of the coke residue occurs due to
the diffusion of oxygen from the furnace gases into the samples.

In the presence of easily reduced compounds in the mixture, the coke residue of the ash is oxidized by
oxygen, which is formed due to the reduction of iron oxides. As a result of the processes of burning out the
residual carbon of the ash inside the product during firing, a reducing environment is created, which contrib-
utes to better sintering of the particles of the initial mixture and the production of bricks with increased
strength indicators.

Conclusions
In the study of physical and chemical processes during the heat treatment of ash-clay materials, intensive
formation of cristobalite at 1050-1100 °C was noted. In this temperature range, instead of finely dispersed
formations, mullite crystals are observed in the samples. Cinder-ceramic materials are characterized by a



relatively porous structure. At the same time, the phase composition and structure of ash-ceramic materials,
which ensure their high physical and mechanical properties, are determined by the composition of the initial
ash-clay mixture and their firing temperature.
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