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Abstract. The annual accumulation of Coal Ash and Slag Waste (CASW) at TPP
ash dumps poses a critical environmental challenge, particularly in Kazakhstan due to
the high ash content (approximately 40%) of Ekibastuz coal. This yields millions of
tonnes of waste on vast technogenic deposits. The problem is twofold: fly ash
contaminates soil and groundwater with heavy metals, and water from hydro-ash
removal systems (HARS) is a highly mineralized effluent requiring costly disposal. The
low utilization rate necessitates the complex integration of solid and liquid waste
components into industrial circulation as a strategic priority. This timely solution
addresses the dual environmental problem, simultaneously reducing waste volumes and
significantly decreasing the consumption of natural resources (cement and fresh water)
in the construction industry. This article specifically investigates the feasibility of the
integrated use of CASW derived from Ekibastuz coal: utilizing fly ash as a mineral
admixture and employing water from HARS as the mixing water in the production of
lightweight cellular concrete, namely polystyrene-foam concrete. The research is
dedicated to studying the combined effect of these two components on the processes of
structure formation and the resultant key physic and mechanical properties of the
cement stone. 10 ensure the safety and characterize the raw materials, including the
ash from the Ekibastuz Basin, the study utilized X-ray fluorescence analysis (XRF), X-
ray diffraction analysis (XRD), and structural morphology assessment using a
scanning electron microscope (SEM). The article presents the detailed findings on the
physic and mechanical properties of the obtained composites, confirming their
potential for safe and effective industrial application.
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Anparna. Koty snexmp cmanyusnapoinviy (AKOC) kyn yiindinepinde icvin
catibin Kyn-Kooic xanovikmapwvinvly (KKK) owcunakmanyoel Kaszaxeman ywin ezexmi
9KONOUANBIK Macene 60nbin mabwvliadvl, oumkeni KIC nezizinen Kyl kon (wamamen
40 %) Exibacmys xemipin scaeadvl. Byn ken opblHOApblHOa ayKbiMObl MeXHO2eHOIK
MULTUOHOARAH MOHHA KAJIObIKMAPbLIHLIY MY3LIYiHe 2Ken CcoKkmbulpaosl. Amanzaw
Macene KOC cunamman mypaobvl: Yuina Kyja mMOnulpaKmsl HCIHe HCepachmul CyiapblH
ayvlp MemanoapmeH 1acmaiovl, an 2uopokyaicoro dxcyuenepiner (I'KXK) wvikkan cy —
KblMbam Kaoeze capamyovl Kaxcem ememiH, KYPAamblHOA MUHEPANOapbl HCOApbl
azviHObl ¢y Ooavin madwviiadvl. Ocbl dHcanama OHIMOepOi NAUudAIaHYObIH MOMEH
oeneetii Kammul JHCoHe CYUbIK KANObIK KOMNOHEHMMEPIH OHEPKICINMIK AtiHANbIMEA
KeweHOl mapmyovl Cmpameusiivl OAcbIMObIKKA QUHAIObIpaosl. byn yaxmolivl
wewim Kanobikmapovly Kelemin 0ip Mme3einde azauma Ombulpuln, KYPblIblC
CEKMOopbIHOagbl mabueu pecypcmapobvl (yemenm neH cy) mymoviHyObl aumapivlKmatl
memeHoeme OmuvlpulN, KOC IKOJOLUANBIK MacelleHi scosdvl. byn maxanaoa Exidbacmys
KeMipin oicazy Homudicecinoe anvinean KKK-ubi kewienoi naiidanany MymKiHOiei
Kapacmulpsliaosl: Yuna Kynoi Munepaiovl Kocna peminoe scane I K)K-0an anvinean
Cyovl JiceHin Yanwl OemoH, aman aumkaHod NeHONOJUCUPOIOEemOH 6HOIpIciHOe
apanacmuelpy cybl peminoe KOJNOAHy. 3epmme)y OCbl eKi KOMNOHEeHMMIH KYpblIblM
My3i1y npoyecmepine dcaHe onap myovlpamvlH YeMeHm MACbIHbIY He2i32el usuxa-
MeXaunukanvlk Kacuemmepine Oiprecken acepin 3epmmeyee apHanead. Llluxizam
Mamepuanoapvinsly, OHblY iwinde Exibacmys baccelini KyaiHiH cCunammamaniapolHbiy
Kayincizoicin —Kammamacels emy Yulin peHmeeHOIK-(hiyopecyenmmik —manoay,
permeeHOik-gpazanvix manoay (PDT) sicone cxamepaeyuii 31eKmMpoHObIK MUKPOCKON
(COM) apkblivl KYpulislMOblK MOpghosocusHbl bazanay dHcyseze acvipbliovl. Makanada
ANLIHRAH KOMNO3UMMmMepOiy Kayincis jcane muimoi eHepKacinmix Ko10auy aaeyemiH
pacmatimvli QU3UKA-MEXAHUKATLIK, Kacuemmepin 3epmmeyoiy MoJblK Hamuoicenepi
YCHIHBLIEAH.

Tyiiin ce3nep: nonucmuponbemon, ywna Kyi, Kalblnmsl mblebl30blK, KAmMaro
yakwvimol, Kblcy bepikmizi, 2uopamayusi.
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AuHotauus. FEdceco0noe naxkonjieHue 30n0unakosvix omxodos (3L10) na
30n00meanax mennosgvlx anekmpocmanyuil (TOC) npedcmasnsem coboti ocmpyio
9KON02UYECKYI0 npobnemy, ocobenHo axmyanvhytlo oas Kazaxcmana, 20e TOC
NPEUMYUECMBEHHO  COHCUSAIOM  IKUOACMY3CKULL Y20lb € BbICOKOU 301bHOCMbIO
(npubnuzumenvuo 40%). Imo npueooum Kk 06pPA3068aHUI MULTUOHOE MOHH OMX0008
HAa OOWUPHBIX MEXHOLEHHbIX Mecmopodicoenusx. IIpobrema umeem 080UCMBEEHHbLI
Xapakmep. Jlemyydas 3014 3acpA3HAEm NOoY8y U CPYHMOBble B00bl MANCETLIMU
Memannamu, a 600a u3z cucmem euoposzonoyoanrenus (I3Y) saensemcs
8bICOKOMUHEPANUZOBAHHBIM CHIOKOM, MPeOyIouwum 00pococmosiuelt Ymuiu3ayuu.
Huskuii yposensv ymunuzayuu maxux noOOYHuIX NPOOYKMOE Oendem KOMNIEKCHOe
goseuenue MmeepoblxX U HCUOKUX KOMNOHEHNO8 OMX0008 8 NPOMbIULLEHHBLL 000pOm
cmpame2uueckum npuopumemom. Jlannoe ce0es8peMeHHOe peuieHue YCmpaHsiem
0BOUHYIO IKONO2UHECKVIO NPOOIeMy, 0OHOBDEMEHHO COKpawds 0OvbeMbl 0mMX0008 U
CYWeCMBEHHO CHUICASL NOMpeOiieHUe NPUPOOHLIX Pecypco8 (yemenma u NpecHoll
800bl) 6 cmpoumenbHom cekmope. B dannoii cmamve ucciedyemces 603MOACHOCHD
Komniekchoeo ucnonvzosanus 3110, nonyueHHvix npu cocueanuu KUOACMY3CKO20
Velsi: UCNONb308AHUe jlemyyell 307bl 8 Kauecmee MUHepaibHOU 000a8KU U 800bl U3
'3V 6 kauecmee 600l 3amMEOpeHUs NPU NPOUZBOOCBE 1€2KO20 AHEeUC020 Demonda,
a umenmHo newmononucmuponbemona. Hccredosanue NOCEAUEHO  UYUEHUIO
COBMECMHO20 GIUAHUAL O8YX KOMNOHEHMO8 HA NPOYeccsl CMPYKmMypooopaz08aHus u
00yC06IeHHble UMU Kllouesble (DUUKO-MEXAHUYECKUe CBOUCMBA YEeMEHMHO20
Kamus. J{ns obecneuenusi 6€30naACHOCMU XAPAKMEPUCMUK CbIPbeBblX MAmMepuaios,
BKIIOYASL 301y Oxubacmysckoz2o bacceitina, OvLIU npuMeHeHbvl
peHmeeHoyopecyeHmubll anaius, pewmeenogaszosviti anaius (POA) u oyenka
CMPYKMYPHOU  MOPOROcUU C  UCNONb308AHUEM CKAHUPYIOUe20 NIeKMPOHHO20
muxpockona (COM). B cmamve npedcmasnenvl noopobHble pe3yibmamvl
UCCTe008aHULl  (PUBUKO-MEXAHUYECKUX — CBOUCME  NONYVYEHHbIX  KOMHO3UMO8,
noomeepoicoaroujue  Ux nomeHyuan oaa  6e30nacHoeo U - Ihgdexmuenoco
NPOMBIULLEHHO20 NPUMEHEHUSL.

KuroueBble cioBa: nonucmuponbemon, nemydas 3014, HOPMATbHASL 2yCmoma,
CPOKU CX8AMbBIBAHUS, NPOYHOCMb HA Cocamue, 2UOpamayusl.
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1 INTRODUCTION

Today, the construction industry relies on a variety of structural and thermal insulation
materials. Among the most common are lightweight concretes, which include gas concrete, foam
concrete, and polystyrene-foam concrete. However, these materials often suffer from high cost and
certain limitations in their physic and mechanical properties (Dvorkin et.al., 2022).

A major degradation factor in polystyrene-foam concrete is the delamination between the
cement paste and the polymer particles. Consequently, the use of effective aggregates, especially
those that enhance the concrete's strength and structural integrity, plays a crucial role in product
longevity. The development and implementation of new polystyrene-foam concrete compositions
based on affordable, high-performing alternative aggregates is therefore of paramount environmental
importance.

This need is compounded by the necessity of responsibly managing industrial waste. The
problem of directional structuring using dispersed materials, along with the application of waste from
Combined Heat and Power Plants (CHPPs) such as slags and sludge is highly relevant (Khudyakova
et.al., 2019). Solving this challenge can significantly improve the properties of composite,
multifunctional materials based on cements and polymers, eliminate the need for expensive chemical
additives, increase structural strength, and crucially, reduce the cost of cements used in concrete
production. In fact, utilizing industrial waste in construction minimizes the generation of primary
waste, reduces the use of virgin resources, and boosts the overall sustainability of the construction
industry. When selecting the composition for polystyrene-foam concrete, special attention must be
paid to incorporating local raw materials, particularly man-made waste, the proper disposal of which
directly contributes to environmental improvement.

Thus, the purpose of this article is the comprehensive investigation of polystyrene-foam
concrete samples based on a cement binder utilizing the combined application of fly ash and water
from hydro-ash removal systems (HARS). The research is aimed at studying the influence of these
components on the processes of structure formation and the physic and mechanical properties of the
composite, with the ultimate goal of achieving cement economy, improving concrete quality, and
solving pressing environmental problems.

To achieve this goal, the following tasks must be solved:

- investigate the properties of the raw materials for the production of polystyrene-foam concrete
samples.

- investigate the technological properties of the fresh polystyrene-foam concrete samples.

- investigate the patterns of changes in the hydration properties of the resulting hardened
samples.

- the scientific novelty of the research in this article lies in the creation of polystyrene-foam
concrete with the necessary functional properties based on the innovative use of fly ash and water
from a hydro-ash removal channel (HARS water).

The practical significance of the research lies in developing a sustainable and cost-effective
method for producing polystyrene-foam concrete through the complete utilization of both fly ash and
HARS water.

This work directly addresses major environmental challenges associated with TPP waste by:

- providing a feasible technology for utilizing millions of tonnes of industrial waste;

- achieving significant cement savings and reducing the need for primary resources (fresh
water);

- offering a scientifically validated composition for a multifunctional building material with
improved physic and mechanical characteristics.
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2 LITERATURE REVIEW

The study of the properties of concrete with hydraulic removal ash is devoted to foreign articles
(Yimam et.al., 2021; Luo et.al., 2021). There are known works that are devoted to the study of the
properties of concrete with the replacement of a part of cement with hydraulic removal ash
(Golewski, 2020; Srikanth et.al., 2021).

The researchers confirmed that fly ash possesses the necessary pozzolanic properties for
activation within the composition of the cement binder (Zou et.al., 2020). It was established that the
coal ash and slag waste (CASW) from the combustion of Ekibastuz coal possesses the potential for
use in the production of building materials due to its silica-alumina composition (Thenepalli et.al.,
2018).

Looking into the ash and slag waste processing, a significant amount of research and
development is carried out on their secondary processing for extraction of valuable components and
production of construction materials (Gao et.al., 2020). The wastes produced by certain industries
are valuable secondary raw materials, that are heat-treated, containing calcium and silicate
components necessary for the production of binders and composite materials based on cements and
polymers and represent both single-component and multi-component raw material. The quality of
materials can be improved by strengthening the matrix with micro- and nanoparticles (Khamit et.al.,
2024; Syndarbekova et.al., 2025).

Refering to the research by author (Golewski, 2018) on the possibility of utilization of industrial
waste, the addition of fly ash from ash dumps to cement mix strengthens the structure as a result of
the presence of microparticles in the ash and their positive effect on the properties of composite
material. Depending on the material, the fractional composition of HARS, fly ash, addition of fly ash
to cement can have different effects on the properties of the resulting material. Fly ash can affect the
hydration and hardening of cement as well as the strength of the product. In some cases, fly ash
increases the standard consistency and plasticity of cement batter, making it easier to handle during
the construction period (Takirova et.al., 2025; Abildaeva et.al., 2022). The complex crystallization
processes of cement play a crucial role in the strength of materials and the durability of the resulting
material. The structure of the hydrated cement mass can influence the porosity, permeability and
mechanical properties of concrete (Niyazbekova et.al., 2023).

Fly ash content influences the hydration and hardening processes of compositions, which are
accelerated by heat and humidity treatment. In addition, as a result of the redistribution of volume
changes with the addition of fly ash and water from the hydraulic ash trap channel, the cracking is
reduced (Bo et.al., 2021).

In addition, replacement of ordinary water with water from ash removal facility of TPPs for
cement batter production is a feasible solution to environmental and economic problems associated
with the utilization of ash and slag waste. On one hand, the use of fly ash in concrete leads to saving
of expensive Portland cement, as well as to the reduction of heat generation during concrete
hardening, on the other hand - to a slower curing and strengthening of concrete products. Ash is an
excellent substitute for cement. It contains calcium oxide, which has good cementitious
characteristics. There is a reduction in cement consumption and improvement of the operational life
of the building material. At the same time, the strength of the resulting mixture does not decrease, but
on the contrary — increases (Guanlei et.al., 2022). Fly ash in dry form has no binding properties. It is
activated after it interacts with the cement binder component. Thus, the cement consumption during
the preparation of the concrete mix for polystyrene concrete is reduced to a large extent.

Thus, recycled fly ash can be utilized as a potential construction material to solve the problems
related to utilization and also to save a considerable amount of cement consumed for concrete
preparation (Li et.al., 2022). The use of industrial waste in construction has been achieved in many
countries around the world, demonstrating the potential of this approach to improve the sustainability
of the construction industry.

When analyzing the literature sources, the results of experimental tests of the technological
characteristics of polystyrene concrete based on fly ash and water from the hydrosol removal channels
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were not found by the author. Therefore, it is necessary to conduct a study on the development of
polystyrene concrete samples based on fly ash and water from hydrosol removal.

3 MATERIALS AND METHODS

In the research, the composition consisting of Portland cement (18-20 %), expanded polystyrene
(5 % of the mass of cement dough), plasticizer (0,05-0,2 %), sand (44-48 %), water is taken as the
control sample (11-15 %). For the investigated samples, the basic composition is as for the control
sample, while replacing a part of the cement with 3-5-8-10-15 % fly ash, and also water from the
hydraulic ash trap was added instead of ordinary water.

Raw material composition for polystyrene concrete contains portland cement (M450),
granulated expanded polystyrene foam (strength 0,20-0,75 MPa, fractions 0-10 mm, bulk
density - 20-30 kg/m?®), the form of mineral additive used was the fly ash from the ash dump of
Petropavlovsk TPP, water was used from the hydro-ash removal facility TPP "Aluminum of
Kazakhstan", additionally the bulk composition contains polyfractional sand and plasticizer.

In the manufacture of polystyrene concrete mixture, the Portland cement M450 Performa Plus
450 Jambyl Cement was used, the properties of which comply with GOST 31108-2020 (Ordinary
cements. Technical conditions).

The use of polystyrene foam as a filler is characterized by weight reduction and improvement
of thermal insulation properties of the composite material.

Fly ash from ash dump of Petropavlovsk TPP is used in order to reduce the required
consumption of Portland cement and the value of thermal conductivity coefficient of the polystyrene
concrete produced.

Polyfractional sand acts as a stress distributor in the mass of adhesive cement binder so that the
cement mixture does not crack when drying.

Plasticizer is used to increase the ease-of-use of the mixture, reduce the operational humidity
and coefficient of polystyrene concrete. The Extraplast PC plasticizer was used in the work, which
meets the requirements of GOST 24211-2008.

To obtain the raw material composition, molding of products is carried out from a moistened
mixture of Portland cement, fly ash, polyfractional sand, polystyrene foam and water from the
hydraulic ash removal facility.

Preliminary mechanical activation of fly ash is carried out, where it is intensively mechanically
processed in mills-activators.

For dissolution, clean water is used, which meets the requirements of GOST 23732-2011
(Mixing water for concrete and mortars). This means it must be potable or technical water, free
from harmful impurities (acids, oils, excessive salts). The resulting solution is added to the dry mix
and mixed for 1 minute at 150 rpm and then 2 minutes at 300 rpm. The dosed raw materials are mixed
at 100 rpm.

Samples are poured into prismatic molds with the dimensions of 160 mmx40 mmx40 mm. Then
the samples are shaken on a vibrating table to reduce air bubble formation and ensure proper
compaction. The plastic concrete mixture is compacted for 30 s. After 24 hours, the samples are
extracted and placed in a curing chamber at a temperature of 20 °C and a relative humidity of 95 %.

Standardized methods of cement dough testing were used in the study: determination of
standard consistency, setting time of cement dough, determination of physical and mechanical
parameters of concrete samples in accordance with regulatory documents. The samples were molded
in accordance with GOST 30744-2001 (Cements. Test methods using polyfractional standard
sand). Samples of cement composition were prepared, portland cement was used as a binding
material, corresponding to the requirements of GOST 31108-2020, sand was used as a fine and coarse
aggregate, corresponding to the requirements of GOST 8736-2014 (Sand for construction works.
Technical characteristics). Determination of standard consistency and setting time of cements was
carried out on a Vic’s device in accordance with GOST 310.3-1976 (Cements. Methods of
determination of standard consistency, setting time and strength). Determination of flexural and
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compressive strength was carried out on a hydraulic press PGM-100 MG4A. Samples were made of
a cement and tested in accordance with GOST 310.4-1976 (Cements. Methods of determination of
flexural and compressive strength).

The elemental composition was analyzed on X-ray fluorescence spectrometer PANalytical
(Axios Max model (Rh 2.4 kW)). The phase composition was determined by X-ray diffraction on a
smartLAB X-ray diffractometer manufactured by RigakuCorporation. The source of X-ray radiation
is a CuKa (1.54059) X-ray tube. Pacnipenenenue gactuil o pasmepam o0pas3roB — 30J1, 0TOOPaHHBIX
B 30JI00TBajiaX, U3ydaJid ¢ TIOMOIIb0 JlazepHoro ananu3aropa (FRITSCH Analysette 22 Nanotec).
The microstructures of raw materials were studied using a Tescan Vega 3 SBH scanning electron
microscope with an AztecLive Lite Xplore 30 energy dispersive microanalysis system.

4 RESULTS AND DISCUSSION

When studying the properties of raw materials, an elemental analysis of the composition was
carried out, as well as their analysis of the granulometric composition, SEM and RFA analysis of the
structure of ash and slag waste.

For a purposeful utilization of fly ash and HARS as raw materials, and for a safe storage and
utilization of ash and slag wastes, it is necessary to have information about their properties and
characteristics. The average value from 5 samples is given.

The results of analyzing the composition of samples are shown in Table 1.

Table 1
Composition of fly ash and HARS

. Al 18,211 6.608
2 Si 39,724 18,327
3 P 0,71 1,717
4 S 0,21

> Cl 0,119 1,172
6 K 1,589 3,207
7 Ca 9,896 13,350
8 Ti 2,996

9 \ 0,062

10 Ml 0,502

1 Fe 23,968 2,852
12 Ni 0,001

13 Zn 0,018

14 Ga 0,013

15 As 0,004

16 Rb 0,012

17 Sr 0,189

18 v 0,025

19 Zr 0,040

20 Nb 0,006

21 Sr 0,032 0,025
22 Te 0,022 0,017
23 Ba 0,326

24 Eu 0,132

25 Yb 0,015

28 Ir 0,000

29 Pb 0,004
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As it can be observed from Table 1, compounds of the main ash-forming macroelements such
as Si, Al, Fe, O, Ca, Ti, Mg, S, K, Na make up 98-99 % of ash and slag waste. Other trace elements
are contained in ash in concentration of 0,1 % and less. During the coal combustion some of the trace
elements such as Sr, Ba, Sc, Y, La, Ti, Zr, etc. are concentrated in the slag. Other elements (Ga, In,
Tl, Ge, Sn, Pb, etc.) at temperatures above 1000 °C volatilize from the high temperature zone and
settle in electrostatic precipitators (at 110-120 °C).

Increasing the degree of crushing of fly ash has a positive effect on the strength and durability
of concrete containing fly ash. To achieve the required specific surface area, the fly ash was
additionally crushed in a planetary mill (PM 100). The grinding process was carried out for (30
minutes) until a specific surface area of (400 m?/kg) was reached. Replacing cement with the original
ash reduces the pore size of the cement paste, and the addition of crushed ash leads to a further
reduction in the pore size of the cement stone. Particle size distribution can be represented in the form
of a histogram - dependence of the number of particles on the particle size. Figure 1 shows graphs of
particle size distribution of samples - ashes taken from ash dumps.

Overview

8, (X) renuazag(l

Overview

4 (X) Jungrara ]

Figure 1 - Particle size distribution: (a) fly ash sample; (b) water from hydro-ash removal systems (HARS)
(author’s material)
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As can be seen in Figure 1(a), 70-90 % of fly ash is in sizes from 50-70 microns, 10-40 % -
from 0,2 to 3,9 microns. For ash containing water (Fig. 1(b), 70-90 % of fly ash is in sizes from 23-
36 microns, 10-40 % - from 0,2 to 0,3 microns.

Laser particle size analysis shows that the particle size and distribution of fly ash are normal,
and the distribution range is wide. This shows that the total particle size of the fly ash is uniform, but
the distribution is relatively dispersed.

Fly ash particles are compact spheres and aggregates with particle sizes from 10 to 100 microns.
From the above data, it can be concluded that this sample is very finely dispersed. Fly ash contains
silicon dioxide (SiO), calcium oxide (Ca0O), aluminum oxide (AlO) and iron oxide (FeO). Figure 2
shows microphotographs of a fragment of fly ash particle, where it can be seen that the particles
consist of glass phase with liquation products, metal compounds.

SEM HV: 5.0 kV . |

View field: 1._56 mm - . 200 pm
SEM MAG: 133 x  Date(m/dly): 04/25/24 Performance in nanospace

Figure 2 - Microphotographs of fly ash samples: (a) fly ash; (b) HARS (author’s material)

As shown in Figure 2, fly ash is formed as a result of rapid cooling of molten ash. Consequently,
most of the fly ash particles are in an amorphous state. Fly ash particles are typically spherical in
shape and have a diameter of less than 1 to 150 microns, while the size of cement particles is less
than 45 microns. This spherical shape and particle size increase the fluidity of the concrete mix and
reduce the need for water. Studies have shown that fly ash is evenly distributed, has a regular spherical
shape, smooth surface and fine particles. During the observation process, it was also discovered that
there were some irregularly shaped particles that could form after a decrease in temperature.

The features of composites’ structure formation processes containing industrial waste
dispersions were revealed by means of structural analysis by X-ray method. Figure 3 shows the phase
composition of microspheres.
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Figure 3 - X-ray phase analysis of microspheres (author’s material)

According to the data of structural analysis by X-ray method, microspheres are represented by
a mixture of mullite and quartz phases. The phase composition of microspheres determines their
morphology, samples with a high content of X-ray amorphous phase are formed in the form of thin-
walled microspheres, samples containing mullite phase are characterized by relief and perforated shell
morphology.

During the study of the technological properties of the polystyrene concrete mixture, the
physical and mechanical characteristics were determined: standard consistency, setting time,
compressive strength.

The results of the study are summarized in Table 2.

Table 2
Results of a study to determine the standard consistency of cement dough
Ne Sample Standard consistency, %
1 Control sample, Portland cement M450 28,75
2 cement+3 % fly ash 28,7
3 cement+5 % fly ash 26,25
4 cement+8 % fly ash 25,5
5 cement+10 % fly ash 25,25
6 cement+15 % fly ash 24,5

Table 2 shows that increasing the amount of fly ash to 20 % reduces the amount of water for
mixing cement batter by 4 %. Fly ash has an effect on the standard consistency of cement batter,
which will have an effect on reducing shrinkage due to the water-soluble effect of fly ash and reducing
the risk of thermal cracking due to reduced heat release.

It is important to establish the effect of additives on setting time of cement. The results of the
study of the effect of additives on the setting time of cement are shown in Table 3.
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Table 3
Results of research on the effect of additives on the setting time of cement
Beginning of setting . .
Ne Sample (hour, minutes) End of setting (hour, minutes)
Control sample, Portland cement . .

1 M450 3 h. 30 min. 4 h.30 min.
2 cement+3 % fly ash 3 h. 00 min. 4 h. 30 min.
3 cement+5 % fly ash 2 h. 50 min. 4 h. 40 min.
4 cement+8 % fly ash 3 h. 20 min. 4 h. 30 min.
5 cement+10 % fly ash 3 h. 25 min. 4 h. 55 min.
6 cement+15 % fly ash 3 h. 30 min. 4 h. 40 min.
7 cement+20 % fly ash 3 h. 00 min. 4 h. 30 min.

Table 3 shows that addition of fly ash from ash dump of Petropavlovsk TPP affected the setting
time of cement dough. The beginning of setting of cement dough with addition of 10 % of ash in
comparison with cement without additives is reduced by 5 min, and with addition of 20 % - by 30
minutes.

Studies on determination of standard consistency and setting time of cement dough showed that
the best readings are No. 6 and No. 7, with "fly ash" additions of 15 % and 20 %, respectively.

The initial setting time with the addition of 20 % fly ash was reduced by 30 minutes. Especially
this indicator is important for winter concreting in the northern regions of our country.

On increasing the dosage of ash as aggregate, the compressive strength increased as compared
to the control specimen as shown in Table 4. In this case, the samples were prepared with the addition
of plain water. The samples contained plasticizer from 0.05-0.2 % depending on the weight of cement.

Table 4
Compressive strength test results
No. Sample Fly ash, % Curing time, days Compressive strength, MPa

1 0 3 7,3
) Control sample 0 7 9.6
3 (M450) 0 28 11,7
4 10 3 8,5
5 15 3 10,2
6 With fly ash 10 7 15,1
7 15 7 12,2
8 10 28 16,8
9 15 28 17,4

Table 5 shows the results of compressive strength tests of samples with the addition of water
from hydraulic traps. The tested samples contained from 10 to 15 % fly ash. The samples also
contained a plasticizer from 0,05-0,2 %, depending on the weight of the cement.

Table 5
The results of compressive strength tests of samples based on HARS
No. Sample Fly ash, % Curing time, days Compressive strength, MPa

1 3 9,5
2 10 3 8,5
3 15 3 10,0
4 7 11,2
5 10 7 10,1
6 15 7 13,2
7 28 16,3
8 10 28 21,8
9 15 28 23,3

Analysis of the results of physical and mechanical tests showed that in the first 3-7 days of
curing, the introduction of fly ash in an amount of up to 8 % caused a decrease in the cement strength
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of concrete. After 28 days, the fly ash added specimens had a strength 7 % higher than the control
specimens. The slow growth in strength of cements with fly ash is due to slower hydration processes.
The final stable structure in such cements is reached later than in conventional cement mixtures.

The results obtained showed that all the strength values for the concrete with polystyrene
containing fly ash were higher than the control concrete sample. The highest value was obtained for
the concrete containing 5 % polystyrene and 10 % fly ash as the increase in strength was 12 %. The
lowest value was associated with the control specimen which did not contain ash.

As shown by the elemental composition analysis data, the used ash contains silica and
aluminum. The aluminosilicate particles act as pozzolans in cement stone and the initial setting time
of cement pastes was slightly different from the setting time of pastes without additives. The
hardening processes are related to the corrosion of the surface of ash particles by calcium hydroxide
Ca(OH); released during the hydration of cement.

To obtain information about the phase composition of the cement sample with 10 % fly ash
(Fig. 5) and the control mix without fly ash addition (Fig. 4), XRD analysis was carried out. For XRD
analysis, concrete samples were taken after passing the compressive strength test. The coarse
aggregate particles were removed from the samples and the remaining hardened cement-sand mortar
was subjected to grinding in an agate mortar. No. 008 sieve was used for the sampling. The resulting
powder was then placed in a uniform layer in the cuvette and flattened at the edges. The decrease in
the amount of free Ca?* is due to its transfer to calcium hydrosilicates during interaction with water
from hydraulic ash removal. According to the results of X-ray phase analysis it can be seen that the
sample of cement stone with replacement of part of cement with ash from hydraulic ash removal
(Fig.5) is characterized by a reduced content of calcium hydroxide.

1
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Si0;
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‘ . Si0; Ca(Si0y)0 Si0; Ca(SiOno
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1°20] (Cu)
Figure 4 - Composition No. 1 (Control sample) (author’s material)

During the early curing periods, water-thick interlayers filled with Ca(OH)> crystals were
observed between cement particles and fly ash, which is also in agreement with other studies (Szostak
& Golewski, 2020). Subsequently, due to the interaction between Ca(OH) and the ash phase, the
formation of calcium hydrosilicates and other new formations began, compacting and hardening the
cement stone. The obtained X-ray radiographs of the samples indicate an increased amount of calcium
hydrosilicates in the composition with fly ash (composition Ne 2), compared to the control
composition. Also, according to X-ray radiograms it can be observed that the composition with fly
ash decreased the amount of calcium carbonate, which confirms the binding of calcium hydroxide by
silica and the formation of stronger compounds.

X-ray phase analysis of the composition with replacement of 10 % of cement with fly ash and
the control sample confirmed the pozzolanic reaction in the ash compositions.
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Figure S - Composition No. 2 with 10 % Fly Ash and HARS: (a) 3 days; (b) 7 days; (c) 28 days curing (author’s
material)

Ash in concrete contributes to the formation of a dense structure of the intergranular space of
aggregates and a less defective contact zone of aggregates with cement stone (Makhmudov et.al.,
2021). This is due to the higher degree of hydration of cement and reactions between calcium
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hydroxide and ash components to form an additional amount of calcium hydrosilicate gel with a
cryptocrystalline structure (Tolegenova et.al., 2023). Currently, based on experimental data on the
selection of rational compositions and the study of the technological characteristics of polystyrene
concrete obtained in this research work, new compositions of polystyrene concrete with an increased
strength index have been developed.

5 CONCLUSIONS

Based on the results of the conducted research, the following conclusions can be drawn:

1. As a result of studies of the chemical composition of raw materials, namely fly ash and ash
containing water, it was found that the average concentrations of Ba (barium), Sr (strontium) and Zr
(zirconium) in the initial samples are less than 1 %, which is safe for use in the production of concrete.
When studying the granulometric composition, the ash particles had sizes from 10 to 100 microns.
This means that the smaller the size of the ash particles, the higher its activity and hydration rate. The
spherical shape and particle size increase the fluidity of the concrete mix and reduce the need for
water, which was confirmed when determining the standard consistency, which decreased to 24,5 %.

2. Also, in the study of the technological properties of polystyrene concrete samples with the
above-mentioned additives have shown the evidence of an increase in strength values after 28 days
of curing.

3. Calcium hydrosilicates are formed in cement stone samples with hydrous ash, which increase
the strength, reduce porosity and water absorption of products made of them.

4. Specifically, the composition developed in this study enabled a cement economy of 20% (by
replacing cement with fly ash) and ensured 100% replacement of clean tap water with highly
mineralized HARS effluent, thus directly minimizing the use of primary natural resources and
enhancing the sustainability of the construction industry.

5. Experimental studies conducted during the work prove that additives affect the strength of
polystyrene concrete, as well as many other types of lightweight concretes. At the same time, the
properties of additives and its content in the mortar matrix also affect the strength of the cement
matrix.
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