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FLY ASH AS A COMPONENT OF CONSTRUCTION MATERIALSE
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Abstract: The issue of effectively utilizing fly ash is a global environmental problem that requires urgent
attention and immediate action to resolve. Studies show that enormous volumes of fly ash are generated annu-
ally, yet only 25% of this waste is recycled. To address this alarming situation, efforts must focus on increasing
its use across various industrial sectors. Promising applications of fly ash in construction, electronics, resource
recovery, wastewater treatment, agriculture, and other industries require further research. Of particular interest
is the use of fly ash in industrial processes. The physical, chemical, and mineralogical properties of fly ash—
such as its morphology, specific surface area, porosity, and chemical composition—make it an ideal material
for various technological processes. Expanding the use of fly ash in various industrial sectors and its applica-
tion in processes will significantly increase its utilization rate and reduce its negative impact on the environ-
ment.
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Introduction further use in the production of building materi-
The annual increase in ash and slag waste amo-  als has become a pressing task. Such an appro-
unts to approximately 1.5 million tons, with the  ach allows for a reduction in the anthropogenic
area of land used for their disposal reaching  impact on the environment, as well as a decrease
about 20,000 hectares. The accumulation of ash  in costs for both waste storage and product ma-
dumps leads to a deterioration of the environ-  nufacturing. The low rate of ash dump utilization
mental situation in the surrounding area and the  is due to the limited research on ash and slag
region as a whole. As a result of “dusting,” ash ~ waste, resulting from its complex morphologi-
particles pollute the air, and the migration of  cal, mineral, and elemental composition.
components leads to soil and water contamina- The use of recycled materials in the construc-
tion with heavy metal ions (copper, lead, cobalt,  tion industry contributes to the development of
nickel, manganese, etc.) and toxic elements (ar-  high-tech enterprises capable of producing com-
senic, antimony, strontium, barium, etc.). petitive materials using ash and slag waste. Such
In this regard, finding effective methods for =~ materials include dry construction mixes, high-
processing this waste with the potential for its  strength cements, ash-mineral thermal insulation
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products, cellular concrete blocks, lime-ash
bricks, and other types of products where ash
and slag waste acts as a component that impro-
ves the performance characteristics of the pro-
ducts.

Due to their high chemical reactivity, ash
dumps contribute to the contamination of at-
mospheric precipitation and meltwater with cal-
cium hydroxide and heavy metal compounds.
This leads to a disruption of the chemical and bi-
ological balance in adjacent water bodies and ca-
uses serious environmental consequences. In ad-
dition, large thermal power plants incur signifi-
cant financial costs associated with transporting
ash and slag waste to storage sites and construc-
ting ash dumps. At the same time, these costs are
constantly rising, as the price of land allocated
for such facilities continues to increase. At the
same time, these wastes constitute a man-made
raw material that can be effectively utilized to
meet societal needs. The construction industry is
the largest consumer of various industrial was-
tes.

Construction is one of the most material-in-
tensive sectors of the economy and, more than
any other industry, offers vast opportunities for
the efficient use of byproducts from large-scale
manufacturing, including the fuel and energy
sector, metallurgy, and other industries. Ash
from thermal power plants is a cheap and virtu-
ally inexhaustible source of raw material that
could become the primary raw material for the
construction industry, since only the construc-
tion industry is capable of utilizing such a large
volume of generated ash. Fly ash is a finely dis-
persed material consisting, as a rule, of particles
ranging in size from fractions of a micron to 0.14
mm. It is produced as a result of burning solid
fuel at thermal power plants and is captured by
electrostatic precipitators; it is then collected in
a dry state using an ash collector for industrial
use, or sent to an ash dump along with water and
slag. Fly ash is produced at thermal power plants
that use pulverized coal. Some thermal power
plants collect up to 2,000 tons of ash per day.
The amount of ash can vary—from 30 to 300
grams per kilowatt-hour of electricity generated.
Coarse ash (in small quantities) is collected at
the bottom of industrial boiler furnaces, and the
flue gas is then cleaned mechanically and, most
importantly, using electrostatic precipitators,
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which ensure high flue gas cleaning efficiency.
Dry ash is collected at a storage and homogeni-
zation site and then transferred to silos, from
which it is typically transported in tankers (road,
rail, or barge). To facilitate loading and unload-
ing operations during transportation and storage,
the ash is sometimes moistened with water (10—
20%). It is sent either directly to the consumer or
back to the furnace for reuse. Sometimes the ash
is moistened with a large amount of water
(30%), in which case it is transported as a slurry
through pipelines and collected in settling tanks.
In rare cases, ash is sent for sintering in cyclone-
type boilers. It is then rapidly cooled in water, as
in the granulation of blast furnace slag. This pro-
duces fused ash. The advantage of such ash is the
almost complete absence of unburned material,
but its particle size is much larger than that of fly
ash (0.5-3 mm for fused ash, 1-200 pm for fly
ash). Thermal power plants that process ash us-
ing this method are particularly widespread in
Germany and the United States.

Currently, the development of the ceramic
products industry is directly linked to the conti-
nuous modernization of existing technologies
(processes), the development of new materials,
the use of waste from local industries as raw and
additive materials, and efforts to improve cost-
efficiency and reduce the energy intensity of
existing production facilities. The trend toward
the depletion of natural resources for the produc-
tion of wall ceramics has contributed to the iden-
tification of high-quality raw materials from
waste generated by thermal power plants. The-
refore, according to the authors, one of the pro-
mising directions is the use of fly ash from the
combustion of bituminous coal at thermal power
plants (TPPs) as one of the primary fuel-contai-
ning raw materials.

Today, technologies for manufacturing mo-
dern, high-quality building materials can be ba-
sed on the use of multi-ton industrial waste, such
as metallurgical slag and fly ash from TPPs. In
general, ash can be used in three ways: — as an
additive in building materials to replace part of
the cement; — to replace part of the sand; — as an
independent component. Ash waste generated
during combustion at thermal power plants can
be utilized in various ways, including in the pro-
duction of building materials. The use of ash in
various types of construction materials promotes
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chemical reactions and interactions that improve

the properties of the resulting materials [2]. The

ash produced after the combustion of solid fuel

is captured using special electrostatic precipita-

tors and is subsequently either collected by a

special collector for industrial use in a dry state

or sent to a landfill along with the slag and water

produced during the process. The main parame-

ters for classifying fly ash include its chemical

composition, phase mineralogical composition,

particle size distribution (sieve residue), and un-

burned carbon content (loss on ignition) [3].
The composition and structure of ash are inf-

luenced by factors such as:

— fuel type and morphological characteristics

— fineness of grinding;

— ash content of the fuel,

— temperature in the combustion zone;

— chemical composition of the fuel’s mineral

components;

— combustion time of particles in a given area.

Study of the possibilities of using fly ash for
the production of ceramic bricks

Fly ash is one of the by products of thermal
power plants, formed during fuel combustion. It
is produced when flue gases are removed from
the boiler furnace by ash collectors and consists
of a gray or dark gray powder with a brownish
tint similar to the color of cement, with a bulk
density ranging from 0.7 to 1.2 g/cm?. CHP ash
has a deformation onset temperature (change in
interatomic distances) of 1200—-1300 °C, a sof-
tening point of 1225-1340 °C, and a melting
point of 1320-1460 °C. The melting range of the
ash is 120—140°C. During fuel combustion, most
of the mineral components are converted into fly
ash, which is carried away by the flue gases [5].
To investigate the possibility of using industrial
waste as a mineral powder in the production of
ceramic bricks [1], fly ash from a thermal power
plant was studied. The results of the chemical
analysis of the fly ash and clay used in the study
are presented in Tables 1 and 2, respectively.

Table 1. Chemical composition of clay

Oxide(%) A1203 SiOz Na20 Kzo CaO FeO3 MgO SO3
Clay 20.85 50.80 0.55 4.05 3.60 7.00 1.95 1.25
Table 2. Chemical composition of fly ash
Oxide(%) A1203 SiOz Na20 Kzo CaO FeO3 MgO SO3
Fly Ash 20.55 54.55 0.65 2.0 4.25 9.25 4.45 0.50
The table shows that fly ash consists mainly of ~ [TOTAL | 100 | 100 |

Si02 and Al.Os, present primarily in the form of
divalent and trivalent oxides, with CaO account-
ing for 4.25% of the total. In addition, the oxide
composition also includes Fe.Os, CaO, MgO,
Naz0, K20, TiO2, SO2, and others [4]. The ash
particles have a distinct spherical shape and
structure. Table 3 shows the particle size distri-
bution of the materials used.

Table 3. Particle size distribution of the materials used

Particle Size (um) Fly Ash % Clay %
<2 3 18
2-10 19 48
10-20 21 16
20-40 22 13
40-100 19 3
100> 16 2

When fly ash is used in construction, ques-
tions often arise regarding the radioactivity of
this type of waste; however, compliance with the
standard on the non-radioactivity of fly ash has
been verified. Analyses conducted by the De-
partment of State Sanitary and Epidemiological
Surveillance on the specific effective activity of
natural radionuclides in from thermal power
plants show that, based on the content of natural
radionuclides, the fly ash under study falls into
Class II of construction materials and may be
used in construction in accordance with GOST
30108-94 “Materials and Products”.

The initial stage of the work involved the
preparation of raw materials, during which the
initial clay raw material and fly ash underwent
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grinding in a planetary mill. The prepared mix-
ture was moistened with 15-20 ml of water. The
samples were pressed using the semi-dry press-
ing method. The composite materials were ob-
tained in the form of tablets and cylinders, which
were pressed using a hydraulic press. After the
pressing process, the resulting samples under-
went natural drying; if necessary, the samples
underwent artificial drying in an oven at up to
100°C. The next stage of this research was the
sintering of the composite materials. The sinter-
ing process was conducted at 950, 1000, and
1100 °C. The sintering process lasted 10 hours
with a 2-hour hold at the maximum sintering
temperature.

After the firing process, the fired samples un-
derwent the next stage of determining the phys-
ical and mechanical properties of the fired com-
posite materials, during which the main physical
and mechanical properties of the ceramic mate-
rials were measured under laboratory conditions.
The results for the fired ceramic samples are pre-
sented in Table 4. As can be seen from Table 4,
clay with a 100% content serves as the reference
standard for samples with fly ash added. In the
preparation of the experimental samples, the
brick clay was ground in a roller mill with a 1
mm aperture and then sieved through a 1 mm
mesh sieve. Ash was also obtained in the re-
quired amount and added to the mixture. To ob-
tain comparative experimental results, samples
were prepared in 6 different mixtures by mixing
clay and ash in various proportions ranging from
0% to 100% (Table 4).

Table 4. Mixing ratios of experimental samples
Marking of | A B C D E F
samples
Clay 100 | 70 60 | 50| 10
Fly Ash 30 40 | 50| 90 100

Results and Discussion.

The porosity values of the samples obtained
were calculated in accordance with general
standards. The porosity values obtained for the
experimental samples, which were mixed, pre-
pared, and fabricated in various weight ratios
and sintered at 950, 1000, and 1100 °C, are
shown in Figure 5. Accordingly, the porosity
values at 950 °C range from 30.59% to 48.48%.
The high porosity values at this temperature are
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due to insufficient sintering of the fired sample.
At 1000 °C, the porosity values are relatively
lower compared to 950 °C and reach their mini-
mum value.

Figure 5. Porosity values (%) of samples at various
temperatures

Marking of samples | 950° | 1000° | 1100°
A 41.64 | 41.27 19.49
B 30.59 | 29.67 21.81
C 34.89 | 37.37 26.88
D 37.19 | 37.98 34.18
E 43.61 | 43.78 30.98
F 48.48 | 44.57 33.08

It was determined that the porosity was 29.67%,
with a maximum porosity value of 44.57%. At
1100 °C, the porosity values decreased signifi-
cantly compared to other temperatures, ranging
from a minimum of 19.49% to a maximum of
33.08%. Images obtained using a scanning elec-
tron microscope (SEM) show that at 1100 °C, a
greater amount of glassy phase formed in the
structure. It is assumed that the decrease in po-
rosity values at 1100 °C is due to increased for-
mation of the glassy phase and the closure of
open pores. Similar results were observed in
other studies.
Conclusions

Based on the above, it can be said that ash
waste from thermal power plants is a unique ma-
terial for use in various industries, including
construction, metallurgy, agriculture, and so on,
and that various types of products can be ob-
tained and manufactured from the valuable com-
ponents extracted from it. Furthermore, the in-
troduction of thermal power plant waste into in-
dustrial circulation will not only reduce the vol-
ume of waste in existing ash dumps but also pre-
vent its accumulation by avoiding the generation
of new volumes and the creation of new storage
sites for CHP plant waste. Incorporating fly ash
into industrial processes will create a zero-waste
production system and reduce the burden and
environmental impact of the fuel and energy sec-
tor.
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UCUCU KULUN TIiKINTI MATERIALLARININ KOMPONENTI KiMi iSTIFADOSI
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Xiilasa: Ugucu kiiliin somarali istifadasi problemi global ekoloji problemdir vo onun hallina tacili digqst vo
dorhal tadbirlor tolob olunur. Tadqiqatlar gostorir ki, hor il boyiik hacmds ugucu kiil amals galir, lakin bu
tullantilarin comi 25%-i tokrar emal olunur. Bu narahatedici voziyyati aradan qaldirmagq {igiin onun miixtalif
sanaye sahalarinda istifadasinin artirilmasina digqet yetirmak vacibdir. Tikinti, elektronika, resurslarin barpasi,
tullant1 sularin tomizlonmasi, kond tosarriifati vo diger saholorde ugucu kiiliin taotbiqi tiglin perspektivli is-
tiqgamatlor daha otrafli todgiqat tolab edir. Senaye proseslorinds ugucu kiiliiniin istifadssi xiisusile maraq do-
gurur. Ucucu kiiliiniin morfologiyasi, spesifik soth sahasi, porozits vo kimyavi torkibi kimi fiziki, kimyavi va
mineraloji xiisusiyyatlori onu miixtalif texnoloji proseslar ii¢iin ideal material edir. Ugucu kiiliiniin miixtalif
sonaye sahslarinds istifadesinin genislondirilmasi va proseslords totbiqi onun istifads saviyyasini shemiyyatli
doaracads artiracaq vo atraf mithito monfi tasirini azaldacaq.

Agar sozlor: ugucu kiil; tullanti; karpic; sinterlogdirmo; mexaniki xiisusiyyatlor.
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Pe3rome: IIpoGnema 3¢(heKTUBHOrO MCHOIb30BAHUS JIETY4eil 3076l SBIACTCS ITI0OATBHON IKOIOTHUECKOit
mpo0sIeMoit, TpeOyromeii CpoOYHOTO BHUMAaHUSI 1 HEMEJIEHHBIX NIeHCTBUM i e€ pemienus. VccienoBaHus
MOKa3bIBAIOT, YTO €XKETOIHO 00Pa3yIOTCA OTPOMHBIE 00BEMBI JICTYUEH 30J1bl, OXHAKO JUIIb 25% 3THX OTXOH0B
nepepabatbiBaeTcs. UToOBI IPEO0NIETh 3TY TPEBOXKHYIO CUTYALUI0, HEOOXOAUMO COCPEOTOUNTHLCS Ha yBe-
JIMYEHUH HCIIOJIb30BaHUS €r0 B PA3IMYHBIX OTPACIAX IPOMBIIUIEHHOCTH. [IepcriekTHBHEIE HaNpaBIeHNS IPHU-
MEHEHUS JIETy4eH 30JIbl B CTPOUTEILCTBE, AIEKTPOHUKE, IEPEepabOTKE PECYPCOB, OUMCTKE CTOYHBIX BOA, CEIIb-
CKOM XO3SICTBE U JAPYTHX OTPACIAX TPEOYIOT AanbHeHmuX nccnempoBannil. OcoOblil HHTEpeC TPEACTaBISET
WCIIOJIb30BaHME JeTydel 30J1bl B MPOMBIIUIEHHBIX Ipoleccax. duznueckue, XUMUYECKUE U MUHEpaJIOTHye-
CKHE CBOMCTBA 30JIbl, TAKHE KaK €€ MOP(HOIIOTHsl, yAeIbHAasl IOBEPXHOCTD, [IOPUCTOCTh U XMMHUYECKHUI COCTaB,
JeNatoT e€ uaealbHbIM MaTepHaioM JIJIs Pa3lIMYHBIX TEXHOJOTHYECKHX MpolieccoB. Pacimpenne ucmonb30-
BaHUS JIETy4el 307161 B Pa3IMUHbIX OTPACIAX MPOMBIIUIEHHOCTH U €€ MPUMEHEHHE B MPOIIeccax 3HAYUTEIHHO
MTOBBICUT YPOBEHB €€ YTHIIN3allMU U CHU3UT HETaTUBHOE BO3/IEHCTBUE HA OKPYKAIOLLYIO CPENY.

KuroueBsle ciioBa: neTyyas 3051a; OTXOMbI; KUPIINY; CIIEKaHNE; MEXaHUYECKHE CBOWCTBA.
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