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Abstract. Technologies for the disposal of industrial waste in the
production of building materials are becoming particularly relevant in
connection with the global trend of systematic reduction of the negative
anthropogenic impact on the environment. Therefore, one of the goals of
the pilot project of the innovative coal-watercoal cluster of housing and
communal services is the utilization of ash waste from the combustion of
coal-water fuel suspension in the production of building materials. The
methodology of ash waste disposal consists in the modification of Portland
cement with fine fly ash additives in the production of heavy concrete. As
a result of the experiments, the authors proposed a recipe for a concrete
mixture with ash waste additives. Tests of control samples of concrete and
proposed samples of ash concrete with the addition of ash from the
combustion of coal-water slurry were carried out. The brand of the
proposed ash concrete in terms of compressive strength, corresponding to
the design brand, is determined. Thus, we save the consumption of
Portland cement as a binder, which is the most expensive component of
concrete. At the same time, we dispose of man-made waste as a safe
additive in the production of concrete with specified performance
characteristics. The result obtained with the utilization of ash waste as an
effective and safe aggregate for heavy concrete can be used in the
implementation of a pilot project of an innovative coal-watercoal cluster of
housing and communal services. Ash concrete with the addition of ash
from the combustion of coal-water slurry can be recommended for use in
industrial and civil construction.

1 Introduction

Industrial waste management is a particularly relevant topic for the global community. A
large amount of industrial waste is disposed of, including in the production of building
materials.

The project to create an innovative coal-watercoal cluster of housing and communal
services includes the preparation of an innovative coal-water fuel suspension in boiler
houses of housing and communal services, followed by combustion in specially equipped
furnaces [1-3].
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To reduce the impact of construction and housing on geospheres [4-6], it is necessary to
dispose of ash waste obtained by burning the produced coal-water fuel suspension [7-14].

Therefore, the purpose of this study is to implement in practice the possibility of
recycling ash waste in construction during the production of heavy concrete.

The theoretical and practical possibility of using ash waste from the burning of coal-
water slurry, as well as other man-made waste, in the production of concrete has already
been considered by some authors [15-26].

This article examines the issues of the formulation of ash concrete with the modification
of Portland cement by the addition of ash waste from the combustion of coal-water slurry
produced within the framework of the innovative coal-watercoal cluster of housing and
communal services.

The hypothesis of the study was the assumption that the ash from the combustion of
coal-water slurry can be an effective aggregate of heavy concrete, which allows to reduce
the cost of its production by saving the binder (Portland cement) while maintaining the
required strength.

The authors present the results of theoretical and practical studies that experimentally
confirm the possibility of ash utilization as a fine additive in the production of heavy ash-
concrete.

2 Materials and methods

In the article, the authors used the analysis of the literature data and the theoretical
generalization of the methods. The methodology of theoretical and practical research is
based on standardized methods of research, conducting and experimenting, and processing
experimentally obtained data.

The material for experimental studies was fly ash collected after burning coal-water
suspension. The methodology of ash waste disposal consists in the modification of Portland
cement with fine ash additives in the production of heavy concrete.

These methods allowed the authors to make experimental samples of ash concrete, to
test them on a press, to determine the brand of the proposed ash concrete. And also to
develop practical recommendations for the processing of waste from the burning of coal-
water fuel mixture in the production of heavy ash concrete within the coal-watercoal cluster
of housing and communal services.

3 Results

The efficiency of the projected innovative coal-watercoal cluster of housing and communal
services depends not only on obtaining an innovative water coal fuel mixture with specified
rheological and environmental properties and its more complete combustion, but also on the
possibility of recycling ash waste [2, 15].

After burning the resulting fine coal-water suspension with a sufficiently homogeneous
granulometric composition, which provides stable rheological properties at the stage of
preparation, storage and transportation, deep demineralization and reduction of harmful
emissions due to almost one hundred percent combustion, fine waste is formed in the form
of ash particles with a porous structure.

The burning of coal-water slurry and the collection of ash waste were carried out at the
experimental site «Amalteay in Izhevsk with the direct participation of the first author
(Zommer T.V.).

The process of preparing a innovative coal-water fuel suspension by the method of
water hammer with wet grinding of coal in an aqueous medium [3, &, 9, 15] is reflected not
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only in a more complete combustion, but also in the formation of fine waste in the form of
ash particles with a porous structure (figure 1).

Fig. 1. Porous microstructure of ash particles from coal-water fuel combustion at the experimental
site of «Amaltea» in Izhevsk [8, 15]

In the framework of coal-watercoal cluster housing offered several options for disposing
of fine ash from the combustion of coal-water fuel slurry (figure 2).
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Fig. 2. Options for utilization of fine ash from the combustion of coal-water fuel slurry within the
coal-watercoal cluster of housing and communal services

In this article, we consider the option of recycling fine ash from the combustion of coal-
water fuel slurry as a filler of heavy concrete.

The optimal composition of concrete is considered to meet the technical requirements of
construction and have the lowest cost. The most expensive component of concrete is
cement. Therefore, even its partial replacement with waste from the combustion of coal-
water fuel suspension is an important technical and economic task.

The study of the average technological sample of ash waste was carried out in the
concrete laboratory of the I.V. Tananaev Institute of Chemistry and Technology of Rare
Elements and Mineral Raw Materials of the KSC RAS in order to assess the effectiveness
of their use as a micro-filler of concrete [10].

Ash waste from the combustion of watercoal slurry is mainly represented by the ash
part. At the same time, the ash particle content of less than 0,315 mm is about 98%.

The properties of ash from the combustion of coal-water slurry were determined taking
into account the requirements of GOST 25818-91 «Fly ash of thermal power plants for
concrete. Technical conditionsy.

The chemical composition of ash from the combustion of coal-water slurry is shown in
Table 1.
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Table 1. Chemical composition of ash from the combustion of coal-water suspension [15]

Name of the chemical component Actual GOST requirements
value 25818-91/
30108-94 (for item 12)
Content CaO, % 4,0 no more than 10
2 Content MgO, % 1,6 no more than 5
3 Content of sulfur and sulfuric acid compounds
in terms of Ha SO;, % by weight 0,36 no more than 3
4 Content of alkaline oxides in terms of Na,O, % 2,95 no more than 3
5 Mass loss during calcination 0,88 no more than 3
6 Specific surface area, M*/kg 450-480 not less than 150-300
7 Residue on the sieve 008, % 12 no more than 15-30
8 | Bulk density, kr/m’ 530 -
9 True density, kr/m° 2220 -
10 | Humidity, % 0,12 no more than 1
11 | Impurities HET -
12 | Effective specific activity of natural 200 370
radionuclides, Bq/kg

As can be seen from Table 1, ash waste meets the requirements for various types of
concrete and reinforced concrete structures. Since the effective specific activity of natural
radionuclides, equal to 200 Bq / kg, does not exceed the permissible value (370 Bq/kg), the
waste can be used for construction purposes without restrictions.

Laboratory tests were carried out on a series of samples prepared in compliance with the
requirements of GOST 10180-2012 «Concrete. Methods for determining the strength of the
control samples" from the working concrete mixture».

For the preparation of control samples-cubes of heavy concrete with a rib size of
150x150x150 mm, we used: as a binder — Portland cement 500-DO0, as a filler — granite
crushed stone and quartz sand.

In the proposed composition of the prototypes, a part of the Portland cement was
replaced in the concrete mixture with ash from the combustion of a coal-water suspension
in the amount of 20% of the binder weight. Forming of control and experimental samples in
cubic forms took place on a vibrating table for 3 minutes.

For the control and proposed concrete mixes, the components listed in Table 2 were
used.

Table 2. Components of the control and proposed concrete mixes

Components Consumption per 1 »* of concrete mix, kg/m’
Control composition Proposed composition
Portland cement 500-D0 420 336
Quartz sand 845 845
Granite crushed stone 950
Fly ash - 84
Water 147 147

The control samples-cubes with Portland cement (without additives) and the proposed
samples with the addition of ash waste from the combustion of a water-coal mixture were
kept under normal conditions after preparation until the brand strength was set for 28 days.

After 28 days, the control and proposed samples were tested for all quality indicators.

When determining the brand strength of concrete, we were guided by the requirements
of regulatory documents: GOST 22690-2015 «Concrete. Determination of strength by
mechanical methods of non-destructive testing», 28570-2019 «Concrete. Methods for
determining strength from samples taken from structuresy», 18105-2018 «Concrete. Rules
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for the control and evaluation of strength», 10180-2012 «Concrete. Methods for
determining the strength of control samples», which regulate the method of testing and
processing the results.

We used a destructive test method, in which the control and proposed samples were
successively subjected to destruction by means of a press. After each test, the values of the
maximum compressive forces were recorded, and statistical processing was performed

(Table 3).
Table 3. Test results of the control and proposed formulations after 28 days
Compositions of the mixture | Sample size, Average | Compressive | The strength
mm density, strength, class of the
kg/m® MPa concrete in
compression
Control
(without additives) 150x150x150 2362 26.1 B20
Proposed
(with the addition of fly ash) 150x150x150 2420 27.5 B20

The analysis of the results in Table 3 showed that the proposed composition (with the
addition of fly ash) has the same strength class as the control one (without additives).

Thus, we solve the problem of reducing the environmental burden on the environment
by recycling man-made waste from the combustion of coal-water suspension (fly ash) as a
safe additive in the production of concrete with specified performance characteristics.

At the same time, there is a significant saving of up to 20% of the consumption of the
most expensive component of concrete — binder (Portland cement).

The obtained result can be used during the implementation of the project of the coal-
watercoal cluster of housing and communal services in the utilization of ash from the
combustion of coal-water fuel as an effective and safe filler for heavy concrete.

Also, thanks to the conducted research, it becomes possible to increase the resource
efficiency of coal-watercoal technology. And in general, environmental and technological
indicators are improving as part of the creation of a pilot site for an innovative coal-
watercoal cluster of housing and communal services [2, 3].

4 Conclusions

The study conducted within the framework of the project of the innovative coal-
watercoal cluster of housing and communal services allowed us to confirm the
hypothesis, answer the questions raised and draw the following conclusions:

1. the proposed formulation of heavy concrete with the modification of Portland
cement with ash waste from the combustion of coal-water slurry allows the
disposal of fly ash in heavy concrete while maintaining the design strength;

2. the assumption that the ash from the combustion of coal — water slurry is an
effective aggregate of heavy concrete, which allows saving up to 20% of the most
expensive component-binder (Portland cement), is experimentally confirmed);

3. the results obtained allow us to develop practical recommendations for the use of
waste from the combustion of water-coal slurry in the production of heavy-ash
concrete for construction within the coal-watercoal cluster of housing and
communal services.

The reported study was funded by RFBR, project number 19-35-90135.
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