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Abstract. The fly ash derived from Ekibastuz HEPS-2 has a unique
combination of physical and chemical properties, making it a highly suitable
mineral additive for use in the production of Portland cement CEM II/A-Z. Its
specific surface area of 290 m#/kg ensures a high degree of fineness, which is
essential for achieving optimal particle packing and promoting efficient
hydration reactions when mixed with cement. The true density of 2.1 g/cm?3
indicates that the fly ash particles are relatively light yet dense enough to
integrate well with cementitious materials. By mechanically blending carefully
calculated proportions of Portland cement CEM | 32.5 or CEM 1 42.5 with this
fly ash, it is possible to achieve significant improvements in the performance and
sustainability of the resulting CEM 11/A-Z cement. The blending process takes
into account the specific chemical properties of the fly ash, such as its pozzolanic
activity, which refers to its ability to react with calcium hydroxide to form
additional cementitious compounds. This reaction enhances the strength and
durability of the cement over time, making it particularly advantageous for long-
term applications in construction. Through precise mechanical blending with
Portland cement CEM | 32.5 or CEM | 42.5, it is possible to achieve enhanced
performance, improved sustainability, and cost efficiency, making it a valuable
component in modern cement production.
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KIOHE LIEM 1 42,5 KACUETTEPIHIH O3I'EPYI1
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Peceit

Annatna. Exioacmyz ['POC-2-Oe anvinzan Kynoiy QUIUKATBLIK JHCIHE
XUMUANBLIK  Kacuemmepiniy Oipeeei yunecimi oap, oyn owwt LJEM 1I/A-111
nopmaanoyemenm OHOIpICiHOe KoN0aHy2a eme KOAdulbl MUHEPAlobl KOCNadd
avnanovipaowvl. Onviy 290 m%/ke menwixmi Oeminiy ayoaHvl OoIuLeKmMepOiH
OHMALNbl OPAMACHIHA KOl HCEMKI3Y HCIHe YeMEeHMNEeH apaniackanoa muimoi
2uopamayusi peakyusiapblHa HcaPOeMOecy YIULiH KaHCem HCOAPbL HCYKATbIKNbL
gammamacwlz emeoi. [llvinatiet mwvievizoviy 2,1 2/cm® Oonzanovikman Kyn
Oonwekmepi  JHceHin, con cebenmi yemeHmmi Mamepualoapaa KocKaHod
auopamayus peakyusacvlna sHcaxcol acep emeoi. LIEM I 32.5 nemece [IEM I 42.5
NOpMIAHOYeMeHMINIY —~ MYKUAmM  ecenmeniceH  NPONOPYUANAPLIH — KYAMEH
MexXaHuKkanwlx aparacmulpy Homudxcecinoe anvinean L[EM II/A-1II yemenminiy
OHIMOLNIc] MEH MYPAKMBLIbIZbIH AUMAPAbIKMAU HCAKCAPMY2A MYMKIHOIK Oepeoi.
Apanacmuipy npoyeci 6apvicblHOa Kyn0iH epeKuie XUMUANLIK Kacuemmepi,
MbICATbL, OHLIH NYYYOILAHOLIK OelceHOiniel eckepinedi, OY1 OHbIH KOCLIMULA
yemenmmi KOCbLIbICMAP MY3Y VWH Kalbyull 2UOPOKCUOIMEH 2peKemmecy
Kabinemin 6in0ipedi. Byn peakyus yakeim eme Keie yemenmmiy bepikmici MeH
Y3aK mep3imOinicin apmmulpadsl, OV OHbI acipece Y3aK Mep3iMOi KYPuliblC
Konoaunbanapvl ywin naudarvl emedi. I[EM [ 32.5 nemece I[EM I 42.5
nopmianoyemMeHmimeH Mexanukaibly mypoe Kyaoi OYpvic apaiacmuipy apKblivl
OJl JCAKCAPMDBLIZAH OHIMOLNIKKE, IKOJIOSUSLILIK MA3ANbIKKA HCIHE YHeMOLIIKKe
KOJL dIcemKize anaovl, OY1 OHbl 3aMaAHayu yemernm eHoIpicinoe2i KYHObl KYpamoac
emeoi.

Tyilin ce3mep: kyu, yemenm, OQUIAHBLICMBIPELIW, CV KAHCEMMINill,
bepikmik
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HAVYYHAA CTATBHA

U3MEHEHUE CBOMCTB MOPTJAHALEMEHTOB LIEM | 32,5 U LIEM |

42,5 ITPU JOBABJIEHUMU 30JIbI-YHOCA
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1“KaparaHI[HHCKI/H71 TexHu4yeckui yauBepcuteT umeHu A.Carunosa”, Kaparanna, Kazaxcran
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AHHOTanus. 30J1a-yHOC, TOJydeHHas oOT Okubacty3ckoit I['POC-2,
00J1ajaeT YHUKAIHHBIM COYETaHUEM (PU3MUYECKHX U XUMHUUYECKHX CBOMCTB, YTO
nemaer e€ BechMa MOAXOMANIECH MUHEpPaTbHOW M00aBKOW JJi MPOU3BOJICTBA
noptinananementa Mapku [IEM II/A-I11. E€ ynenpHas mOBEPXHOCTh COCTABIISIET
290 m?/kr, 4TO 0O€ECIIEeYNBAET BHICOKYIO CTEIIEHb TOHKOCTH MOMOJIa — Ba)KHBIN
(dakTop UIsI ONTHMANTBHOW YMAKOBKH YacTHI] U 3()(PEKTUBHOTO TPOTEKAHUS
TUpaTallMOHHBIX PeaKIUil IPU CMEIIMBAHUU C IeMEHTOM. VIcTHHHAS IIOTHOCTh
301161, paBHas 2,1 r/cM?, yka3pIBaeT Ha TO, YTO YACTHUIIbI JOCTATOYHO JIETKHE, HO
IPU 3TOM JIOCTATOYHO IUIOTHBIE JJISi XOPOIIeH WHTErpanuu C LEMEHTHBIMU
Marepuanamu. [lyréM MexaHMYecKOro CMEUIMBaHHUS TOYHO pPacCUYUTAHHBIX
nponopiuid nopriaanauementa LIEM 1 32.5 wim LIEM 1 42.5 ¢ nanHo# 3051011
BO3MOXHO  JOOUTHCS  3HAUUTEIBHOTO  MOBBIMICHHUS  OSKCILTyaTallMOHHBIX
XapaKTEPUCTHK U HKOJOTHYHOCTH IMoJIydaeMoro remenrta Mapku LIEM 11/A-I11.
[Ipu cMemmBaHUM YYUTHIBAIOTCA CrieU(PUUECKUE XMMUYECKHE CBOMCTBA 30JIbI,
B YAaCTHOCTH IMYIIOJAHOBass aKTUBHOCTh — CIIOCOOHOCTH pPEearupoBath C
TUAPOKCUAOM KajblMsi ¢ 0Opa3oBaHUEM OMOJHUTENBHBIX IIEMEHTHPYIOIIUX
COoeMHEHUN. DTa peakius CHOCOOCTBYET MOBBIIIEHUIO MPOYHOCTH U
JOJITOBEYHOCTU IIEMEHTAa C TEYEHHWEM BPEMEHH, YTO OCOOCHHO BaXKHO JUIf
JOJITOCPOYHBIX CTPOUTENBHBIX MPOEKTOB. TOYHOE MEXaHNYECKOE CMEIIMBAHNUE C
nopmianainementoM IEM 1 32,5 wom LHHEM | 42.5 no3Bonsier no0uThCS
YIYUIIEHHBIX AKCIUTYaTallMOHHBIX MOKa3aTelNel, MOBBIIICHUS YCTOMYUBOCTH U
SKOHOMHYECKON A(PPEKTUBHOCTH, JieNasi 30]y-YHOC II€HHBIM KOMIIOHEHTOM
COBPEMEHHOTO [IEMEHTHOTO MPOU3BO/ICTBA.

KiroueBble cjioBa: 305a-yHOC, IEMEHT, BSDKYIEe, BOJOMOTPEOHOCTH,
MIPOYHOCTb.
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1 INTRODUCTION

One of the major environmental challenges in Kazakhstan is the accumulation of fly ash and
ash dumps from thermal power plants (TPPs). These volumes are increasing annually and are
expected to reach 1 billion tons in the coming years. Globally, the problem is growing faster, as
countries like China and India generate thermal energy by burning coal in TPP boilers (Kurgankina
2019).

Over 300 technologies for utilizing fly ash can produce various materials such as
aluminum, iron, silica, rare metals, white carbon black, and many others. However, the
construction and road industries are the largest fly ash consumers, accounting for over 80% of
global fly ash usage (Derepko 2015).

One of the most promising applications of fly ash is as an additive in cement types CEM
Il and CEM V, where its content can range from 6-35% and 18-49% by mass, respectively, as
specified by GOST government standard 31108-2020 "Common Construction Cements.
Technical Requirements” (Government standard 31108-2020). In this context, studying the
changes in the properties of Portland cement with fly ash additives is highly relevant.

Purpose and Object of the Study

This study aims to examine the specific effects of fly ash on the properties of Portland
cement CEM 1 32.5 and CEM 1 42.5.

« Object of the study: Fly ash from Ekibastuz HEPS-2.

« Subject of the study: Physicochemical and physico-mechanical properties of CEM |
cements with the addition of fly ash.

2 LITERATURE REVIEW

About 5-7 million tons of fly ash waste are generated annually in Kazakhstan. These
wastes are mainly formed in the process of coal combustion at TPPs, SDPPs and industrial
boilers (Maikonov 2023). At present 100 million tons of fly ash waste are accumulated in the
country, in some estimates one can find figures of several billion tons, if we take into account
the accumulated waste for the whole period of operation of coal-fired TPPs (Zhanikulov 2023).
These wastes represent a significant environmental problem, as they occupy large storage areas
and can have harmful effects on the environment if not properly disposed of. However, they
also represent a valuable raw material that can be utilized for various purposes such as the
production of Portland cement, building materials or other industrial additives, thus improving
the load resistance as well as solving the disposal problem (Reis 2021).

The use of fly ash as an additive in the production of Portland cement has several
important advantages and can improve the properties of the final product (Chen 2010). Fly ash
is a by-product of coal combustion that often contains calcium, silicon, aluminum, and iron
oxides, making it potentially useful in the cement industry (Klassen 2024).

The chemical composition of fly ash contains oxides of calcium (CaO), silicon (SiO-),
aluminum (ALOs) and other components that are active in reaction with calcium hydroxide
(Ca(OH).) formed during cement hydration. In particular, silicon and aluminum in fly ash can
stimulate the formation of calcium silicates, which are the main components that determine the
strength characteristics of cement.

Fly ash can be used as an active additive in the production of Portland cement to improve
its hydraulic properties. The active components of fly ash (e.g., SiO2 and ALOs) react with
calcium hydroxide during hydration to improve the strength and durability of the material. This
promotes the formation of additional silicate and aluminocalcium phases that improve the
mechanical properties of cement (Taimasov 2015).

Effect on thermodynamic processes. When fly ash is added to the raw mix for Portland
cement firing, changes in thermodynamic processes may occur:
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- Reduction of firing temperature: Fly ash can reduce the melting point of the mixture and
optimize the firing process, improving the energy efficiency of production.

- Formation of new phases: New calcium-silicate and aluminosilicate phases can be formed
during the firing process with the addition of fly ash, which improve the durability and strength of
cement.

Advantages of using fly ash:

- Improved cement strength: Mixing fly ash promotes the formation of additional active phases
such as calcium silicate (C-S-H), which improves the strength characteristics of cement, especially in
the later stages of curing.

- Reduced raw material costs: Fly ash is a by-product that can be used instead of some of the
traditional input materials (e.g. clay and limestone), thus reducing the cost of cement production.

- Environmental benefits: The use of fly ash promotes the utilization of coal industry waste,
which reduces the amount of waste and the negative impact on the environment.

- Reduction in CO: emissions: Fly ash can reduce the amount of clinker required for cement
production as it can partially replace it in the raw material mix. This helps to reduce the carbon dioxide
emissions that are generated during the cement clinker firing process (Green economy 2013).

Potential problems and limitations:

- Low fly ash activity: Fly ash may not always be active enough to have a significant effect on
improving cement properties if it has not been pretreated.

- Change in cement properties: Excessive addition of fly ash can lead to a reduction in early
cement strength as it can slow down the hydration process and increase curing time.

The use of fly ash as an additive in Portland cement production has many advantages including
improved cement strength, reduced environmental impact and savings on raw materials. However, it
is important to properly dose the fly ash into the raw material mixture as excessive amounts can
adversely affect the properties of cement (Zhanikulov 2022).

Thai researchers Panumas Saingam et al. (Panumas 2024) investigated the production of self-
compacting concrete using bulk fly ash and calcined calcium carbonate with Portland cement.
Various experimental data such as workability, mechanical properties, durability and microstructural
characteristics were obtained. The results of the workability tests showed that all mixtures met
satisfactory conditions in terms of flow times ranging from 2.50 to 4.55 seconds and cone settlement
values ranging from 650 to 800 mm. The optimum compressive strength is 73.8 MPa at 91 days,
which is 7.7% higher than that of the control group. The high replacement ratio, up to 20% fly ash,
provided a compressive strength of 58.9 MPa at 91 days. This clearly shows the prospect of
significantly reducing cement consumption while maintaining structural integrity. These results
indicate the possibility of reducing cement consumption in concrete production, which again defines
low carbon emissions and waste management in line with international Sustainable Development
Goals.

Belgian scientists Shiju Joseph et al. (Shiju, 2019) studied Portland cement by blending with
large amount of fly ash and using Na>SOas. Increasing the rate of replacement of Portland cement
clinker with additional cementitious materials such as fly ash, strategies to reduce the environmental
impact of cement and concrete industries. Although fly ash is widely available, especially in
developing countries where most construction activities are projected to take place in the near future,
in practice replacement rates are limited to about 25-30% due to its low reactivity. This paper studies
the effect of sodium sulfate on the activation of Portland cement mixed with 50% by weight of class
F fly ash. Activation of Na>SO4 with fly ash promotes a significant increase in strength at both early
and later ages.

Erik Stoltenberg-Hansson (Erik Stoltenberg-Hansson 2011) was tested with class F fly ash
used to produce cement with 20% fly ash. Unground and ground fly ash were mixed with reference
Portland cement of high fineness and tested for strength in mortar (ISO/CEN method). The fly ash
was also tested for chemical composition, bulk density and specific gravity, fineness (Blaine) and
particle size distribution (laser method). There is considerable variation in the specific gravity of the
delivered fly ash. It is shown that even a small amount of grinding significantly increases the specific
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gravity and improves and homogenizes the particle size distribution, resulting in higher strength. The
increase in strength corresponds to a decrease in air void content. Grinding fly ash and clinker together
in large scale mills reduces energy consumption, providing the same strength after 28 days as mixed
cement with fly ash with higher fineness.

3 MATERIALS AND METHODS

The binders used in this study were Portland cement of grades CEM | 32.5 and CEM |
42.5 A comparative analysis of the physico-mechanical properties and chemical characteristics
of these cements was conducted, based on the technical requirements outlined in government
standard 31108-2020. The comparison, shown in Tables 2-5, demonstrates that the properties
of these cements meet the regulatory standards. Thus, they can be effectively used as a

benchmark for evaluating the suitability of fly ash as an additive for cements grade CEM 1.

Table 1

Phase Composition of CEM | cement types

Phases Compositions (%)

CEM 1325 CEM 1425
Alite (3Ca0-SiOy, C3S) 55.3 63.7
Belite (2Ca0-SiOy, C2S) 18.8 10.4
Aluminate (3Ca0O-Al;03, C3A) 3.8 5.1
Ferrite (4CaO-Al,O3Fe;03, C,AF) 12.7 11.4
Gypsum (CaS042H,0) 6.8 6.2

Table 2

Comparative Data on Physico-Mechanical Properties of Standard Requirements and Cement CEM | 32.5
(Note: If data from Table 1 needs to be included, please provide the table content or structure.)

Indicator Name Unit of Test Method Standard Actual Value Note
Measurement Standard Requirement
Fineness by passage government
through the sieve % standard 30744- Not standardized 97.0
No. 008 2001, Section 5.1
government
; 0 standard 30744- .
Normal consistency % 2001, Section Not standardized 27.5
6.2.1
government
. o . standard 30744- Not earlier than
Initial setting time minutes 2001, Section 75 210
6.2.2
. government
zgiluargsigﬁi)blllty mm standard 30744-  Not more than 10 No changes
P 2001, Section 7
. government
g?jr:p;resswe strength at MPa standard 30744- Not less than 16 17.0
4 2001, Section 8.2
government Minimum value
Compressive strength at MPa standard 30744- _ 32.5 41.0
28 days . Maximum value
2001, Section 8.2 505
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Group |
: government "
Compressive strength MPa standard 30744-  More than 25.5 28.0 effective
after heat treatment . ness for
2001, Section 8.2
CEMI
The specific effective government
activity of natural Ba/kg standard 30108- Up to 370 103.1
radionuclides 94, Appendix A
Table 3
Comparative Data on Chemical Indicators of the Standard Requirement and Cement CEM | 32.5
Determined Units of Standard A.?g;?' Test Method Uncertaint
Characteristics Measurement Requirement values Standard y
Lo % government standard
Loss on ignition Not more than 5.0 2.34 5382-2019, Section 7 -
Mass fraction of % government standard
insoluble residue Not more than 5.0 1.96 5382-2019, Section 8 B
Sulfur (VI) oxide % government standard
content Notmorethan35 142 5385 9019, Section 14
Mass fraction of % government standard
magnesium oxide Not more than 5.0 1.14 5382-2019, Section 10
Chloride ion % Not more than 0.018 government standard
content 0.10 ' 5382-2019, Section 21
Table 4
Comparative Data on Physico-Mechanical Properties of the Standard Requirement and Cement CEM 1 42.5
Unit of
Indicator Name Measurem Test Method Standard Actual Note
ent Standard Requirement Value
Fineness by passage government standard
through the sieve No. % 30744-2001, Section Not standardized 97.4
008 5.1
government standard
Normal consistency % 30744-2001, Section Not standardized 28.0
6.2.1
minutes government standard
Initial setting time 30744-2001, Section  Not earlier than 60 220
6.2.2
. government standard
Volume_ stability mm 30744-2001, Section Not more than 10 No
(expansion) 7 changes
Compressive strength at government standard
MPa 30744-2001, Section Not less than 10 29.7
7 days 8.2
Compressive strength at MPa government standard Mmm}in; value
28 days 30744-2001, Section Lo 45.3
8.2 Maximum value
' 62.5
Compressive strenath government standard Group |
P g MPa 30744-2001, Section More than 27.0 29.3 effectiveness
after heat treatment
8.2 for CEM |
The specific effective government standard
activity of natural Bg/kg 30108-94, Appendix Up to 370 100.7
radionuclides A

Table 5

Comparative Data on Chemical Indicators of the Standard Requirement and Cement CEM | 42.5

Determined Units of Standard Actual Test Test Method Uncertaint
Characteristics Measurement Requirement Values Standard Y
Loss on ignition % Not more than 251 government standard B

5.0

5382-2019, Section 7
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Mass fraction of % Not more than 187 government standard 3
insoluble residue 5.0 ' 5382-2019, Section 8
Sulfur (VI) oxide % Not more than 185 government standard
content 3.5 ' 5382-2019, Section 14
Mass fraction of % Not more than 111 government standard
magnesium oxide 5.0 ' 5382-2019, Section 10
Chloride ion % Not more than 0.035 government standard
content 0.10 ' 5382-2019, Section 21

The fly ash from Ekibastuz HEPS-2 was used as a mineral additive with the following
chemical and mineralogical characteristics (Tables 6-8).

Table 6
Chemical composition (%)
Unspecified
Component Si0;  AlLO; (FeO3+FeQ)  CaO MgO SO3 K20 Na,O (loss on
ignition)
Percentage (%)  56.7 28.6 6.4 1.1 0.35 1.3 0.03 0.52 3.0
Table 7
The phase composition (%, rounded):
Mineral Phase Mullite a-quartz Sillimanite Hematite Glass Unburned
(3Al205-Si0y) (Si0y) (Al,03-Si0y) (Fe203) phase carbon
Percentage (%) 38 32 12 5 10 3
Table 8
Grain size distribution of ash particles (%):
Grain Size (mm) Particles up 0.45 0.25 0.1 0.09 0.08 0.06 0.05 0.045 0.04
t0 0.5 mm mm mm mm mm mm mm mm mm mm
Distribution (%0) 0.14 2.26 3.6 25.8 084 1212 4.5 21.46 21.38 7.9

Unburned carbon is mostly found in larger particles, while the glass phase is in smaller
particles. The minerals are evenly distributed across all fractions.

Activity modulus: Basic modulus (CaO+MgO) /(SiO2+Al203) ~ 0.02, and the hydraulic
activity modulus (CaO+Al>03+MgO) /(SiO2+ TiO2) is 0.53. This indicates that the fly ash is
highly acidic and thus it has low activity.

Specific surface area — 290 m#/kg;

True density — 2.1 g/cmg;

Bulk density — 780 kg/mé.

As seen from Table 9, fly ash can be used as a mineral additive for CEM | and CEM V
cement types, based on its chemical characteristics.

Table 9

Comparative Data of Chemical Indicators of the Standard Requirement and Fly Ash

Units of Standard Norm Actual
Indicator Name Measurement Testing Standard according to government  Value of Fly
standard 31108-2020 Ash
Alkali oxide content (R20) 0 government standard
calculated as Na,O & 5382-2019, Section 12 Not more than 2.0 0.54
0 government standard
MgO content % 5382-2019, Section 7.3 Not more than 5.0 0.35
Loss of mass upon 0 government standard
calcination (ppp) & 5382-2019, Section 4 Not more than 5.0 3.0
VVolume uniformity (cement mm government standard
expansion with fly ash 30744-2001, Section 7 Not more than 10 9.0
addition)
government standard
Reactive SiO, content % St A, el No less than 25 26

(X-ray fluorescence
analysis)
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Mass fraction of reactive % government standard

Ca0 5382-2019, Section 7 Not more than 10 05
Mass fraction of free % government standard

calcium oxide CaO 5382-2019, Section 13 Not more than 1 Absent
The specific effective government standard

activity of natural Ba/kg 30108-94 Up to 370 72

radionuclides

The phase composition of cement and fly ash was determined using the modernized DRON-
3M diffractometer with CuKa radiation, along with accompanying software. X-ray diffraction
patterns were obtained in the 26 angle range from 10 to 70°. The chemical composition of the fly ash
was determined using the energy-dispersive X-ray fluorescence spectrometer EDX-8000.

The physical-mechanical properties of cement and fly ash were determined by the technical
requirements of government standard 30744-2001 (Government Standard 2001) and government
standard 8736-2014 (Government Standard 2014). The specific effective activity of radionucides
was measured following government standard 30108-94 (Government standard 1994).

The effect of fly ash contents on the strength of Portland cement CEM | was determined using
samples with dimensions of 2x2x2 cm, made from a mixture with normal consistency. The samples
were steam-cured at 90°C following a 3+10+3 hour schedule (rise + isotherm + fall).

The strength of the samples was tested after one day of autoclave curing. The strength of the
autoclaved samples after water storage was tested in 7, 14, and 28 days. The fly ash content in the
binder composition was 5%, 10%, 15%, and 20% by weight.

The compressive strength of the samples was tested using the hydraulic press with software,
which allowed the obtained data to indicate their grade strength.

3 RESULTS AND DISCUSSION

Table 10 shows the influence of the fly ash content on the normal consistency and setting times
of Portland cement CEM 1 42.5, from which the following can be concluded:

e Fly ash increases the water demand for cement, the higher the ash content, the greater the
increase in water demand. For example, the normal consistency of pure cement is 28.5%, but adding
5%, 10%, and 15% fly ash rises to 29.5%, 30.5%, and 31.5%, respectively. As a result, under the
same conditions, the strength of hardened fly ash-containing cement will be lower during the early
setting periods compared to cement without ash. This is because the increased water content raises
the porosity of the cement paste, which in this case reduces its density and strength.

« Fly ash delays both the initial and final setting times of cement, and the higher the content,
the more the setting times are delayed in the fly ash-cement paste. For example, the initial and final
setting times of pure cement paste are 165 and 200 minutes, respectively. While with the addition of
15% ash, they reach 205 and 250 minutes, respectively.

« The fly ash from the Ekibastuz HEPS-2 increases the water demand of Portland cement CEM
| 42.5 and delays the setting times of the cement paste.

« Based on this, it can be inferred that ultra-acidic fly ashes, (e.g. fly ashes from Ekibastuz coal),
generally possess these properties in the cement-fly ash-ultra-acidic-water system.

Table 10
Influence of fly ash content on normal consistency and setting times of cement paste
Sample Cement CEM 1425 N Fly Ash (%) N_ormal Setting Times (hour-minute):
No. (%) Consistency of start end
Cement Paste (%)
1 100 0 28.5 165 210
2 95 5 29.5 180 230
3 90 10 30.5 190 240
4 85 15 315 205 250

The increased water demand for fly ash-containing cement, which also causes a delay in the
setting times of the cement, can be attributed to the following factors:
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« The presence of unburned carbon (coke) in the fly ash, which has a high-water demand
(up to 50%);

« The abundance of hollow particles in the fly ash, which absorb additional water due to
their porous structure.

Table 11 provides data on the strength change of autoclaved samples:

« Without the addition of fly ash.

« With fly ash added in the range of 5-20% by mass.

e The strength of cement and fly ash-cement stone after one day of curing under
hydrothermal conditions and after 7, 14, and 28 days of further curing in water.

The following can be concluded based on the strength synthesis data of cement and fly
ash-cement stone:

e Pure cement stones achieve standard strengths of 45.7 MPa after one day of
hydrothermal treatment and 53.3 MPa after 28 days of curing in water. Hydrothermal treatment
significantly enhances their strength compared to natural curing conditions.

o Fly ash-cement stones exhibit lower strength than pure cement stones even after
undergoing hydrothermal treatment and 28 days of curing.

« Furthermore, as the fly ash content in the binder increases, its negative impact on the
strength of the fly ash-cement stone becomes more pronounced.

« However, the rate of strength gain in fly ash-cement stone surpasses that of pure cement
stone. For instance, the strength of pure cement stone made from CEM 1 42.5 is 46.5 MPa after
one day of hydrothermal treatment and increases to 53.3 MPa after 28 days of water curing,
showing a gain of 6.8 MPa. In contrast, cement stone with a 5% fly ash addition has strength
values of 33.8 MPa and 45.3 MPa, with a gain of 11.5 MPa over the same period. These results
suggest that at 90 days and even at 360 days the strength of fly ash-cement stone will likely
exceed that of pure cement stone.

Table 11
Influence of fly ash content on the strength of autoclaved cement stone
Binder Composition (%) Strength of autoclaved samples (MPa)
Cement Fly ash Age of Specimen (days) The difference in
CEMI CEM I strength between 1
325 425 1 7 14 28* and 28 days of curing
100 - - 36,0 42,7 43,4 45,7 9,7
- 100 - 46,5 47,8 49,5 53,3 6,8
95 - 5 33,8 38,3 41,3 45,3 11,5
90 - 10 30,5 35,4 38,9 42,4 11,9
85 - 15 28,7 33,3 37,5 40,8 12,1
80 - 2,0 25,6 29,8 33,8 38,3 12,7
- 95 5 36,7 45,5 47,8 48,7 42,0
- 90 10 33,8 43,7 45,5 46,5 12,7
- 85 15 32,3 40,8 43,8 44,8 12,5
- 80 20 32,0 39,8 41,7 43,5 11,5

Note: Some of the samples will continue curing in a water environment. Testing will be conducted after 90, 180, and
360 days.

This trend, where cement stone with ash shows relatively low strength at early ages but has the
potential for greater long-term strength development, has been previously observed by the authors of
studies. It can be attributed to the following combined factors:

« The relatively low strength at early ages is primarily attributed to the reduced cement content
in the hardening system.

« The prolonged strength development in ash-containing hardened systems is attributed to the
active participation of fly ash components in the hydration process. These components include:

 Glass-crystalline particles serve as nuclei for the crystallization of new phases.
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« The glass phase possessing pozzolanic and hydraulic properties, interacts with lime, reducing
its content in the hardening system and forming additional cementing substances.

« The reactive surface of silica, which reacts with lime and other new aqueous compounds to
create a strong contact zone.

e These physicochemical processes collectively enhance the long-term strength of the ash-
cement-water system.

4 CONCLUSIONS

According to chemical indicators, the fly ash from Ekibastuz HEPS-2 meets the technical
requirements of government standard 25818-2017 and government standard 31108-2020 as a mineral
additive for Portland cement CEM 1II.

Despite its significantly higher growth rate (approximately 11-12 MPa compared to 7-10 MPa
for pure cement), the strength of fly ash-cement stone during the early stages of hardening remains
lower than that of pure cement stone. This is primarily due to the highly acidic nature of fly ash and
its low glass phase content (10%).

The study of Portland cements CEM | 32.5 and CEM 1 42.5 with the addition of fly ash has
demonstrated significant changes in their physical and mechanical properties. The incorporation of
fly ash influences the hydration process, leading to modifications in setting time, compressive
strength, and overall durability.

Additional mechanochemical technological treatments are strongly recommended to increase
the activity of acidic fly ashes, and the authors of this article are currently working on these methods.

Overall, the use of fly ash as a supplementary cementitious material offers economic and
environmental benefits by reducing clinker consumption and lowering CO2 emissions. The optimal
dosage of fly ash should be carefully considered to balance strength development and durability
requirements for specific construction applications. Future research should focus on optimizing fly
ash content and evaluating its effects under various curing conditions and environmental exposures.
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