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DEVELOPMENT OF ASH-SOIL COMPOSITE
MATERIAL BASED ON WASTE FROM THERMAL
POWER ENGINEERING

The article discusses the possibility of using ash from coal combustion
at GRES-2 in the Pavilodar region to obtain ash-soil composite materials
designed to strengthen the foundations of highways. The purpose of the
study is to develop the composition of ash soil material with high physical,
mechanical and operational characteristics. Within the framework of
the study, the tasks were set to study the regularities of the formation of
the structure of the material, as well as to develop the technology of its
manufacture. The theoretical and practical significance of the work lies
in the possibility of reusing industrial waste, reducing the environmental
burden and the cost of building road infrastructure.

A review of domestic and foreign literature on the use of fly ash in
the construction industry was also carried out. Particular attention in the
literature review was paid to studies carried out in Kazakhstan, where
there are significant volumes of ash waste from thermal power plants and
state district power plants, especially in regions with a developed energy
industry, such as Pavlodar, Karaganda and East Kazakhstan regions. The
results of the analysis show the relevance of processing ash into building
materials in order to improve the environmental and economic efficiency
of road construction.
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Introduction

The relevance of the topic is due to the need to solve environmental and
economic problems associated with the utilization of ash generated in the process
of coal combustion at thermal power plants. [1; 2]. In the Republic of Kazakhstan,
as in many countries with developed energy sector, significant volumes of ash are
generated annually, which are stored in ash dumps, occupying valuable land plots
and harming the environment. [3]. At the same time, ash has a number of potentially
useful properties that can be effectively used in the construction industry, especially
in the production of road construction materials. [4;5].

The purpose of this work is to develop an ash-soil composite material with
high physical and mechanical properties, suitable for strengthening the foundations
of highways. The object of the study is the ash-soil materials of the Pavlodar region,
and the subject is the development of an effective composition and technology
for its manufacture.

The following tasks are considered in the work:

— to identify the patterns of formation of the structure and properties of ash-
soil composites [6];

— to determine the influence of formulation and technological factors [7];

—to develop a technology for strengthening road bases using ash [8].

The scientific novelty lies in the theoretical substantiation and experimental
confirmation of the processes of hardening and structure formation of ash soils by
varying the composition, humidity and compaction pressure [9; 10]. The practical
significance of the work lies in the creation of an environmentally friendly and
cost-effective building material that contributes to the processing of industrial
waste and improves the quality of road construction [11; 12].

Literature review

In recent years, there has been a steady increase in interest in the reuse of
ash and ash and slag waste from thermal power engineering to create composite
building materials. This is due to the environmental problems of waste disposal
and the need to develop sustainable solutions in construction.

Thus, El Kanzaoui M. et al. [13] studied the physical and mechanical
behavior of a new composite material based on ash from coal combustion at ultra-
supercritical thermal power plants. The authors showed that properly modified
ash can be used as an effective filler in composite matrices, demonstrating good
thermal insulation and strength characteristics.

Saha M. [14] presented a systematic review of the literature on ash-based
composites, focusing on the relationship between the structure, production
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technology and properties of finished materials. The work highlights the potential
to create a standardized classification of ash for engineering applications.

A study by Hosseinpour Sheikhrajab A. and Osmanlioglu A.E. [15] analyzed
the effect of ash obtained at the Tunchbilek TPP on the properties of cement
composites. The results showed that when replacing up to 30 % of cement with
ash, strength characteristics improve, especially in the late hardening periods, due
to pozzolanic reactions.

Kolokhov V. et al. [16] investigated the possibilities of secondary use of
ash and slag from coal-fired thermal power plants in Ukraine in construction.
They determined the optimal parameters for waste preparation and treatment,
which improve adhesion to the cement matrix and increase resistance to external
influences.

Islam M.R. et al. [17] proposed an innovative approach to soil stabilization
using medical and coal ash in combination with plastic fibers. Their composites
have shown increased bearing capacity and erosion resistance, which confirms
the prospects of such solutions for road construction.

Methods and materials

To conduct the study, fly ash from coal combustion was used at the Ekibastuz
GRES-2, located in the Pavlodar region. The ash was selected from the ash dump
and pre-dried at room temperature. Local sandy and sandy loam soils that meet
the requirements for use in road construction were used as a soil base.

Mixtures of ash and soil components were selected in different ratios (from
10 % to 50 % ash from the weight of the dry mixture) to determine the optimal
composition. To improve the strength characteristics, binders were introduced
into the composition: Portland cement and lime in small quantities (up to 10 %).

— Determination of the granulometric composition of ash and soil;

— Compression strength tests according to the GOST method after 7, 14 and
28 days of hardening;

— Determination of the density and moisture content of samples;

— Water and frost resistance tests to check the resistance of the material to
weather conditions;

Study of the microstructure of the solidified material using a microscope
(optical and/or electronic).

Samples were prepared by static compaction into cylindrical shapes, then
kept under standard conditions (humidity 90-95 %, temperature +20-22°C).
After that, laboratory tests were carried out to assess the physical and mechanical
characteristics.

The use of such methods made it possible to assess how the properties of the
material change with different proportions of ash and to select the composition
that has the best strength and durability.
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Results and discussion

Study of ash-soil compositions strengthened with binders. In the context of
high costs for traditional road construction materials (cement, bitumen, crushed
stone), the development of new building compositions using local resources
and industrial waste is of particular relevance. Within the framework of this
experimental work, the possibility of improving the physical and mechanical
properties of soils with the use of fly ash and ash and slag mixtures (ASS) formed
during the combustion of coals from the Ekibastuz deposit at the Ekibastuz
GRES-2 was investigated.

The experiments were carried out on loam and sands from the Aksus deposit,
which has a significant amount of raw materials for construction needs. The
following binders were chosen:

— PC400-D20 Portland cement, which has high strength and a quick set of
strength characteristics;

— Hydraulic quicklime with an active calcium oxide content of 6570 %;

— Hardening activator — calcium chloride (CaCl.), used to accelerate the
hardening of compositions and increase their durability.

Improving the properties of loam using fly ash

At the first stage, the waterlogged loam was drained by introducing fly ash in
an amount of 5 % to 30 % by weight. The results showed that an increase in the
dosage of ash leads to a noticeable decrease in the moisture content of the material,
which creates the prerequisites for its subsequent strengthening.

Strengthening loam with binders

In the second part of the experiment, the improved ash mixtures were
strengthened with binders. It was found that the use of cement in the conditions
of the northern regions of Kazakhstan requires increased dosages due to the deep
seasonal freezing of soils. Therefore, the main emphasis was placed on the use of
lime as a more economical and climate-adapted material.

To increase the hardening efficiency, 1 % of calcium chloride dissolved in
the mixing water was additionally added to the lime ash mixture (with 25 % fly
ash). The mixtures were subjected to compaction and hardening under conditions
close to reality. The following characteristics were determined:

— Uniaxial compressive strength,

— Water resistance coefficient after water saturation,

— Frost resistance after freeze/thaw cycles,

— Optimal humidity and maximum density.

The composition (loam + ash) shows the lowest strength — 0.35 MPa, which
is not enough for use in construction purposes.

The addition of lime significantly increases the strength to 1.04 MPa due
to the formation of bonds between particles due to the pozzolanic-type reaction.
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The combination of lime and CaCl: is even more efficient at 1.25 MPa, thanks
to faster hardening and higher structure density.

The cement in the composition gives a strength of 1.38 MPa, confirming its
active role in the formation of a strong binder.

The maximum strength of 1.60 MPa is achieved by using cement and CaCl.
together, which provides both strength and accelerated hardening.

Figure 1 — Effect of the composition of sol-primers on strength after 28 days

The results showed that the addition of fly ash and reinforcement with
lime with an activator can significantly improve the strength and frost-resistant
characteristics of ash-soil compositions, making them suitable for use in the
foundation of road structures of the IV road-climatic zone. Thus, the combination
of local soils, ash and slag waste and available binders (Portland cement and lime)
is a promising direction for the construction of inexpensive and durable road bases.

Conclusions

1 The use of fly ash as a mineral binder in the composition of ash and soil
mixtures makes it possible to effectively dispose of man-made waste and reduce
the cost of building materials.

2 The combined use of CaCl. with lime or cement gives a pronounced
synergistic effect — higher strength is achieved due to accelerated hardening and
reduced porosity of the material.
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3 The maximum strength (1.60 MPa) is obtained by using cement and CaCl,
which indicates the prospects of this composition for load-bearing elements in
low-rise construction and foundation construction.

Recommendations

1 To improve the strength characteristics of ash soils, it is recommended to
use combined compositions based on ash, cement (6—8 %) and CaCl: (1-2%) as
an activating additive.

2 The optimal ratio of components should be specified taking into account
the characteristics of the local ash and soil, as well as the technological conditions
of molding.

3 To accelerate strength gain in conditions of low temperature and humidity,
it is advisable to use CaCl: as a hardening accelerator.

4 In the production of building blocks and foundation elements, use
compositions with cement and CaCl- that provide a strength of more than 1.5 MPa.

5 Further research on the durability and water resistance of the developed
compositions, including alternating freezing and thawing, is recommended to
assess their suitability under different climatic conditions.
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05.09.25 . OacelIn mbIFapyFa KaObLIIaH bl

KbLJTY DQHEPTETUKACBHI KAJIIBIKTAPBIHAH KYJI/UI
TOIIBIPAK K¥PAMAJIBI MATEPUAJIIAPBIH 93IPJIEY

Maxkanaoa Ilaenooap obavicbinoazer I POC-2-0e kemipdi scazydar
anviMean Kyaoi agmomoOunb JCoNOAPbIHbIY Ip2emAacvli Hul2atimyad
apHanzan Kyai-monvlpax KOMHO3UMMIK Mamepuaioapvli ary yuin
navoanany MymKinoiei Kapacmolpvlizat. 3epmmeyoin MaKCcamvl — Hco2apol
DUBUKATBIK, MEXAHUKATIBIK JCOHE IKCHILYAMAYUSIBIK CURAMMAMAAapbl 6ap
KYJl MeH MONbIPAK MAMepUaIbiHbIH KypamblH scacay. 3epmmey wenbepinoe
Mamepuanovly KypolibIMbIHbIY KATbINIMACY 3AHObLILIKMAPbIH 3epmmey,
COHBIMEH KAMAp OHbl JHCACAY MEXHOTO0SUSACHIH 93IpTiey MiHOemmepi KoublLiobl.
JKympicmully meopusiibli JHcoHe RPAKMUKATbIK MAHbI30bLIbIEb] OHOIPICIK
Kan0blKmapobl Kauma oHOey, IKOA0SUSLbIK HCYKMEMEHI JHCOHE HCOT
UHDPAKYDBLIBIMBIH CATY ULbL2bIHOAPbIH A3AUNY MYMKIHOIZIHOE JHCambip.

Conoail-ax, Kypbliblc UHOYCMPUSICHIHOA KYA0i Natioaiany 6oubIHuA
OMAHOBIK HCOHe WemeldiK 90ebuemmepee Wory #cacanobl. Ooedbuemmepoi
WoIyoa epexute KOHL JHCHbILY IeKMp CHAHYUSIAPb MEH MeMIeKemmiK
AYOAHObIK, 2IeKMP CIMAHYUSIAPLIHBIY Kyl KALOLIKIMAPbIHGIY AUMapblKmail
kesemi 6ap Kazaxcmanoa, ocipece Ilasnooap, Kapazanovt scomne [lvizvic
Kasaxcman obnvicmapuvl cusikmol SHEp2eMUKaiblK caidacol 0ambl2an
atmakmapoa sicypeizineen sepmmeyiepee ayoapuliobi. Tanoay Homusicenepi
JHCON KYPBLIbICLIHbIY IKOLOSUSIBIK HCOHE IKOHOMUKALBIK MUIMOLTICIH
apmmuipy MAaKcamoinoa Kya0i Kypbliblc Mamepuaioapbina oHoeyoiy
o3exminiein kepcemeol.

Kinmmi ce30ep: xyn xandvikmap, KOMRO3UMMIK mMamepuanioap,
OHEPKICINMIK KaNObIKMAp, KOMIp.
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PASPABOTKA 30JIOTPYHTOBOI'O KOMIIO3UIIMOHHOI'O
MATEPHUAJIA HA OTXOJAX TEIINIOOHEPTETUKH

B cmamve paccmampusaemcs 03M0HCHOCHb UCHOIB308ANUS 30711
om corcueanus yenst Ha I'POC-2 Ilasnooapckoil obracmu 0iist NOAY4eHUs.
30102PYHIMOBLIX KOMNOZUYUOHHBIX MAMEPUATO8, NPEOHAZHAYEHHBIX OISl
VKpenjienus 0CHO8AHULl asmomoouiIbHulx dopoe. Llenv uccredosanus —
pazpabomia cocmasa 30102PYHMOB020 MAMEPUAIA C 8blCOKUMU PUUKO-
MEXAHUYECKUMU U IKCHILYamMayUOHHbIMU Xapakmepucmuxkamu. B pamxax
uccne008anus NOCMAGICHbl 3a0a4U N0 U3YYEHUIO 3AKOHOMEPHOCHell
Gdopmuposanus cmpykmypvl Mamepuang, d makdice no paspadbomre
mexHono2uu e2o uzzomosienus. Teopemuueckas u npakmuieckas
BHAYUMOCIb PAOOMbL 3AKAI0UAENCA 8 603MONCHOCHU BMOPULUHO20
UCTIONIL308ANUSL NPOMBIULIEHHBIX OMX0008, CHUINCEHUU IKOJ02UYECKOU
HA2py3KU U 3ampam Ha CImpoumenbCmaeo 00PONCHON UHPPACMPYKMYPb.

Taxoce bvin nposeden 0030p omevecmeeHHoU U 3apybedcHol
aumepamypsi N0 meme UCNOIb30BAHUS 301bl-YHOCA 6 CMPOUMENbHOU
ompacau. Ocoboe eHUMAHUE 6 TUMEPaAmypHOM 0030pe ObLIO YOeieHO
UCCIEO08AHUAM, BbINONHEHHBIM 6 Kazaxcmane, 20e umeiomcs 3HayumenvHoie
06vemol 30100mx0006 om TOL] u I'POC, ocobento 6 pecuonax ¢ pazsumot
IHepeemu1eckol npomMbluieHHocmolo, makux kax Ilasrooapckas,
Kapazanounckas u Bocmouno-Kasaxcmanckas obnacmu. Pezynomamol
aManu3a NOKA3bI8alOm akmyaibHOCHb NepepabomKU 3016l 6 CIPOUMENbHbLE
MaAmepuanvl ¢ Yeavblo NOBbIUEHUS IKOI02UHECKOU U IKOHOMULECKOU
ahpexmusHoCmU OOPOINCHO20 CIMPOUMENLCIEA.

Knrouesvie cnosa: 3ona-yHoc, ymuauzayus omxo008, KOMHOZUYUOHHbLE
Mamepuansl, NPOMbIULTEHHbIE OMXO00bL, Y20Jlb.
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