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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. Ash generated at municipal solid waste incineration
plants is a technogenic resource widely used in building materials. Its utilization
reduces environmental burden, improves material properties, and conserves
natural raw materials. Objective. To evaluate the possibility of using fly ash from
municipal solid waste incineration as a mineral additive in Portland cement to
reduce environmental load. Methods. The effect of fly ash on CEM [ 52.5N Portland
cement was studied. Chemical composition was determined using an X-Max
spectrometer; mineralogical composition was studied using a Rigaku MiniFlex
600 X-ray diffractometer. The effect of ash was assessed according to AZS EN
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196. Compressive strength was tested on a UTEST hydraulic press. Results. Fly
ash has elevated contents of CaO, Na:O, K0, P:0s, SOs and Cl". According to
XRD, it contains calcite, portlandite, lime, anhydrite, dicalcium silicate, quartz,
halite, sylvite, ferrian sanidine, and an X-ray amorphous aluminosilicate phase.
The addition of 1-5% ash does not change normal density, but 28-day strength
decreases by 20.1-32.4%. At 10-20% ash, strength decreases by more than one
third; at 30%, twofold. Combined use of ash with zeolite rock from the Aydag
deposit promotes neutralization of undesirable impurities and heavy metals.
The optimal total content of the complex additive is 10-15% (5-7.5% ash and
5-7.5% zeolite), at which strength reduction is moderate and does not exceed
23-24% relative to the unified control. Conclusions. Fly ash can be used as a
mineral additive in Portland cement mainly in low doses or combined with zeolite
rock. The addition of ash changes hydration and hydrolysis processes, promotes
formation of a denser modified cement stone structure, ensures immobilization of
heavy metals, and reduces consumption of natural raw materials. High doses of
ash (20-30%) are not recommended because of significant strength loss. Fly ash,
not bottom ash, was studied. Future research should focus on long-term durability
and optimization of the ash-to-zeolite ratio for industrial applications.
Key words: fly ash, Portland cement, pozzolanic activity, mineral additives,

zeolite rock, cement hydration
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AnHoTauMs. O3exminiei. TYPMBICTBIK KQIIBIKTAP/IbI KaFy KOCIMOPBIHAAPBIHAA
aNbIHFAaH KYJI — KYpbUIBIC MaTrepuaiJiapblHIa KEHIHEH KOJJaHbUIAThIH
TEXHOTeHIIK pecypc. OHBI Kofiere jKapary IKOJOTHSUIBIK JKYKTEMEH1 azalTasbl,
MaTepHaIap/IblH KACHETTEPiH jKaKcapTa bl )KOHE TaOMFHU IIUKI3aTThl YHEMICHII.
Maxcam. DKOMOTHSIIBIK >KYKTEMEHI a3alTy YIIiH TYPMBICTBIK KaJJIbIKTap/bl
Kary/laH MIBIKKaH YINma KyJAi MOpTIaHIIeMEeHTKE MHUHEPAIIbIK Kocla peTiHae
naiiasany MYMKIHIIKTepiH Oaranay. Odicmepi. ¥mma kynaig CEM I 52.5N
MOPTAaHALEMEHTIHIH KacCHeTTepiHe ocepi 3epTTenli. XUMHAIBIK KypaMmbl X-Max
CIEKTPOMETPIMEH, MUHEPaJOTHIbIK KypaMmbl Rigaku MiniFlex 600 pentrenmix
nudpakromerpiMer asbIKTanabl. Kynmin ocepi AZS EN 196 cranmapThIHBIH
TajanTtapbiHa coiikec Oaranmannapl. Yarinepain oepiktiri UTEST ruapaBnukaisik
npeccinie ceHanAbl. Homuowcenep. ¥ma xynniy kypambiaga CaO, Na2O, K20,
P20s, SO xone Cl- memmepi sxorapbl. POA nepekrtepi O0ibIHIIA KYJIAC KaJIbIHT,
MOPTIAHIUT, U3BECTh, aHTUJPUT, CKIKAJIBIUIII CUIIMKAT, KBapll, TaJUT, CUIbBHT,
(deppraH CaHUIMH JKOHE PEHTIeHOaMOP(THI alOMOCHIMKATTHI (haza Oap. 1-—5%
KYJI KOCKaHJa KaJBINTHI THIFBI3ABIK ©3repMeli, Oipak 28 ToymiKTiK OepikTik
20,1-32,4%-ra remenpeiini. 10-20% Ky kockaHia OepikTik yiTeH Oip OeikTeH
actam, ai 30% ke3iHjie mamMaMeH eki ece Tomenae . Kymnmi Aiiar keH OpHBIHBIH
LEOIHUTTIK XKBIHBICBIMEH Oipre KoJIaHy Ka)KeTci3 Kocnajap MeH ayblp MeTajliap bl
OeliTapanTanaplpyFa bIKnan ereai. Kemenai KocnaHblH OHTARIIbI JKaJIbl MOJIIIepi
10-15% (5-7,5% xyx xxoHe 5-7,5% 1eonut), Oyl Ke3ae OCpIKTIKTIH TOMEHCY1
KaJIBINTHI JCHTEHIe )oHe OipTyTac Oakbuiayra KaThICThl 23—24%-1aH acmaii/ibl.
Kopvimvinovinap. ¥1mmna xyiaai NOpTAaHIIEMEHTKE MUHEPAIIBIK KOCIa PETiHAC
HETi31HEeH a3 MeJIlIep/ie HeMece EONUTTIK JKbIHBICTICH Oipre Koganyra 0oiabl.
Kyn xocy ruzaparanus »oHe THAPOIU3 MPOLECTEPiH O3repTil, IEMEHT TAChIHBIH
THIFBI3 MOJU(HKALMSIAHFAH KYPBUIBIMBIHBIH KaJbIITacyblHa bIKOAT €Tel,
ayblp MeTalaapibl UMMOOMIIHM3alMAIayAbl KaMTaMachl3 €TeAl JKOHE TaOuFu
LIMKI3aT IBIFBIHBIH a3aiTansl. Kynain skorapsl gosanapsl (20—30%) OepiKTiKTiH
aiiTapnelKTaii TOMEHJeyiHe OallnaHBICTBl YCHIHBUIMAWABI. 3epTTey HBICAHBI —
yIIma KyJI, TOMEHT1 KYJI eMec.

Tyiiin ce3gep: ymma Kyn, NOPTAAHALUEMEHT, MyHLIOJAHIBIK OCICEHIITIK,
MUHEpaNIbl KocTanap, IEOJUTTIK KbIHBIC, IEMEHT THAPaTalUsIChl
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AHHOTAUUA. AKmyarbHocms. 3051a, 00pa3yroINascs MPU CKUTAHUU TBEPJIbIX
OBITOBBIX OTXOZAOB, IPEACTABIIECT COOON MOTEHIMATIbHBIN TEXHOTEHHBII pecypc
JUIs. TIPOM3BOJICTBA CTPOUTENFHBIX MarepuaioB. Ee ucronp3oBaHne B KauecTBE
MUHEpaNbHOM J100aBKM MOXET CIIOCOOCTBOBATh CHIKECHHIO 3KOJOTHYECKON
HaTpy3KH, palliOHAITBHOMY UCTIOIB30BAHHIO OTXO/I0B U COKPAIICHHUIO MTOTPEOICHNUS
MPUPOAHOTO ChIpbsi. Bmecte ¢ Tem 3(peKTHBHOCTE MPUMEHEHHs] TaKoi 30JIbl
OIIPENeIIIeTCS] €€ XMMUYECKUM U MUHEPAJIOTHYECKHUM COCTAaBOM, COIECPKAHUEM
HEXKEJNaTeNbHBIX TpPUMEce M BIMSHHEM Ha (HU3MKO-MEXaHHYECKHE CBOWMCTBA
LEMEHTHBIX MaTepuayioB. [{eny. OUEHUTh BO3MOXKHOCTH HCIIOJIB30BAHUS 30JIbI-
yHOca, 00pa3yronieicsi Mpyu CKUTAaHWH TBEPJBIX OBITOBBIX OTXOJIOB, B Ka4eCTBE
MUHEpaNbHOW N00aBKM K MOPTIAHALUEMEHTY Ui CHW)KEHHUS 3KOJOTHYECKOU
Harpy3ku M palHOHAJIBHOTO MCIIOIb30BAHUS BTOPUYHBIX PECYpcoB. Memoowi.
HccnenoBano BiHMSHUE 305IbI-yHOCA Ha CBOWCTBA NOpTIAaHALEMEHTa Kiacca
npoudHoctu CEM 1 52,5 N. Xumuueckuil coCTaB 30Jbl ONPEACISUIA C
HCIIONBb30BAaHUEM cIIeKTpoMeTpa X-Max, a MHHEpPAIOrM4eCKHH CcOCTaB -
METOIOM peHTreHogaszoBoro aHaiuza Ha augpaxkromerpe Rigaku MiniFlex
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600. OueHky BIuSHHS 000aBKM Ha (PU3MKO-MEXaHHMUECKHE XapaKTEPUCTHKH
LEMEHTHBIX MAaTepuanoB NPOBOAMIM C NPUMEHEHHEM METOAOB HCIBITAaHUM,
MIPEAYyCMOTPEHHBIX cepueil crarmaptoB AZS EN 196. IIpodHOCTh TpU CHKaTHH
OTIPEIEIISUTH C UCTIONb30BaHueM Tuapasiaudeckoro npecca UTEST. Pesyromamei.
VYcTaHOBIEHO, YTO HCClieAyeMas 30Ja-yHOC XapaKTepU3yeTcsl IMOBBIIICHHBIM
comepkanueM CaO, Na.O, K.O, P.Os, SOs u xunopuznos. Ilo pesynbraram
peHTreHo(a30BOro0 aHald3a B €€ COCTAaBE BBISABICHBI KaJbIUT, MOPTIAHINT,
W3BECTh, AaHTU/IPUT, JBYXKAJIbLHEBbII CUIMKAT, KBapll, TAJIUT, CUIBBUT, (heppHaH-
CaHUAWH W peHTreHoamopdHas amromMocwiukaTHas ¢aza. Beemenme 1-5 %
30JIbl MPAKTUYCCKHU HC BJIUACT Ha HOPMAJIbHYIO T'YCTOTY HEMCHTHOI'O TECTa,
OJIHAKO MPHUBOJIUT K CHIKEHHIO MPOYHOCTH TPU CXKATUU B BO3pacte 28 CyTOK
Ha 20,1-32,4 %. Ilpu yBennuenun conepkanus 3oibsl 10 10-20 % cHuxeHune
MPOYHOCTHU MPEBHIIACT OJHY TPETh OTHOCUTEIHLHO KOHTPOJIBHOTO COCTaBa, a mpu
no3upoBke 30 % MpoYHOCTh yMEHBIIAETCS NPUOAU3UTEIbHO BaBoe. COBMECTHOE
HCIIOTH30BaHUE 30JIbI-YHOCA C IICOTUTOBOU MTOPOTI0H AHIAarCKOTO MECTOPOKICHHUS
CHOCO6CTByeT CHMXKCHHNIO HECIraTUBHOI'O BIIUSHHSA HCEKCEIIATCIBbHBIX HpHMeCCﬁ u
MOTECHIIUATBLHOW UMMOOWIIM3AIINH TSHKEIIBIX MeTauioB. ONTHMAaIbHOE CYyMMapHOE
coiep)KaHUe KOMIUIEKCHON MuHepalbHOW Jo0aBku cocrtaBiser 10—15 %, mpu
9TOM JI0JIS KaKJOT0 KOMIIOHEHTA - 30JIbI-YHOCA U LIEOTUTOBON OPO/IbI - HAXOAUTCS
B npenenax 5-7,5 %. Ilpn yka3aHHBIX COOTHOIIEHMSIX CHHMKEHHE MPOYHOCTH
[0 CPaBHEHHIO C KOHTPOJIBHBIM COCTaBOM He mpeBblmaeT 23-24 %. Bwvigoowi.
PC3YJ'H)T3TLI HCCIca0oBaHUA CBUACTCILCTBYIOT O BO3MOXXHOCTHU HCIIOJIL30BaHUSA
30JIbI-yHOCA OT CXKUI'aHUSA TBCPIAbIX 6I)ITOBI>IX OTXO040B B KaU€CTBEC MI/IHCpaJ'[I)HOI\/'I
N00aBKM K MOPTIAHALEMEHTY MPEUMYIIECTBEHHO B HEOONBIIMX KOJMYECTBAaX
1100 B COYETAaHWHU C MPUPOAHON LEOIMTOBOH Moponoi. Beenenue 30ibl BausieT
Ha NPOLECCHl TMApaTallMyd LEeMEHTa U (POpMUpPOBaHHE CTPYKTYpPhl LEMEHTHOTO
kamHs. [IprMeHeHne KOMIIJIEKCHOM 100aBKH MOXKET CIIOCOOCTBOBAaTh CHUKEHUIO
HEraTUBHOTO BO3JCMCTBHS OTIENBHBIX MPUMECEH M COKpPAIIEHHUIO MOTPeOIeHus
MPUPOJIHOTO ChIPbs. IIpn 3TOM BBICOKHE HO3MPOBKHU 30ibI-yHOCA (20-30 %) He
PEKOMEHIYIOTCS BCIEICTBUE CYHIECTBEHHOTO CHM)KEHHS IPOUYHOCTU LIEMEHTHBIX
MarepuaioB. llomydeHHBIE pe3ynbTaTbl OTHOCSTCS K 30Jie-yHOCY W HE MOTYT
OBITH HEIIOCPEACTBEHHO PACIPOCTPAHEHBI Ha TIOHHYIO 3011y, 00Pa3yIoILyoCs IpU
COKUT'aHUU OBITOBBIX OTXOJOB.

KuroueBsble cjioBa: 301a-yHOC, MOPTIAH/IIIEMEHT, MYII[0JIAHOBAs aKTUBHOCTb,
MUHEpaJIbHbIC T00AaBKH, IIE0JINTOBAsI IOPOJIA, THIpATAIlUs [IEMEHTA

Introduction. In conditions of intensive growth of household waste volumes,
one of the most urgent environmental and technological tasks is their efficient
processing and disposal. A significant part of solid household waste is subjected to
heat treatment at incinerators, which significantly reduces the volume of waste and
reduces the load on landfills. However, a large amount of ash is generated during
incineration, requiring further processing or safe storage. The accumulation of
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ash is a potential environmental hazard due to the content of various mineral and
chemical compounds in it.

One of the promising ways to solve this problem is the use of ash in the
construction industry as a mineral additive. The use of man-made waste in
the production of building materials contributes to the rational use of natural
resources, reducing the cost of production and reducing the negative impact on the
environment. Of particular interest is the possibility of using ash in the production
of cement compositions, since the active mineral components contained in it can
affect the hydration processes and the formation of the cement stone structure.

Modern research shows that the ash formed during the incineration of
household waste may have pozzolan and mineralizing properties that enhance the
performance of building materials. However, the presence of soluble salts and
other undesirable impurities in its composition requires a detailed study of the
chemical and mineralogical composition, as well as an assessment of the effect of
ash on the physico-mechanical properties of cement systems.

In this regard, it is relevant to study the possibility of using ash from the
incineration of household waste as an independent or complex mineral additive
in the composition of Portland cement. The use of such waste will simultaneously
solve the tasks of resource conservation, increasing the efficiency of waste disposal
and improving the properties of building materials.

Currently, energy saving in the field of building materials, efficient use of
natural rocks using technogenic waste, development of efficient composition of
composite adhesives based on natural and artificial mineral components, use of
energy of technogenic processes and achieving application of wastes obtained as a
result of it in production are considered to be relevant research (Shishakina,2019;
Razakova et al., 2020; Guvalov, 2018.; Kazybayeva et al., 2014; Klinkov, 2010;
Larionov, 2009; Klinkov, 2015).

Since the ecologically clean raw material base in the building materials
industry is limited, at the same time, in order to prevent environmental pollution,
it is advisable to attract less ecologically clean, i.e. naturally polluted raw material
sources, on the one hand, and raw material resources for recycling — production
and consumption wastes — to this field in order to prevent environmental pollution
(Sarmiento, 2019).

The organization of efficient utilization of technogenic wastes, depending on
the degree of harmfulness of their composition, is one of the most important issues
in both ecological and economic terms, as a partial solution to the problems of
eliminating some threats to human life and the environment. Considering that
the reserves of sufficiently pure natural raw materials are limited and constantly
decreasing, the production of environmentally safe construction materials from
naturally polluted sources and technogenic waste is a promising direction in the
construction materials industry in terms of expanding the raw material base,
reducing the cost of construction products, and preventing the increase in the
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volume of newly generated and existing waste (Dzhabbarova, 2020; Aryngazin,
2018; Tekenov et al., 2017; Spanov et al., 2019; Samuseva, 2009; Guvalov, 2018).

The solution to the problem of obtaining environmentally safe construction
materials through the use of natural and technogenic raw materials is possible with
the implementation of complex measures and a systematic approach, including the
stabilization of heavy metals in the presence of high concentrations, their chemical
bonding with poorly soluble compounds, or their blocking in the structure of
construction materials. Taking into account the above, the direction of the current
research work is to find an effective field of application of ashes obtained at the
Baku municipal waste plant.

Materials and Methods. CEM 1-52.5N Portland cement imported from the
Holcim cement plant located in Garadagh district was used for the research. The
chemical and mineralogical compositions, setting time and normal density of the
cement are given in Table 1-3.

Table 1. Chemical composition of CEM I - 52.5N cement, %.

SiO, ALO, Fe,0, CaO MgO SO, R,0 loss in incandescent
light
229 4.8 4.4 65.22 1.4 32 0.62 0.2

Table 2. Mineralogical composition of of CEM I - 52.5N cement, %.
CS CS CA CAF
70.7 9.4 5.5 11.5

Alarge amount of ash is generated every year at the municipal waste incineration
plant in Baku. In accordance with the topic of the research work, the composition of
the ash was determined using physicochemical analysis methods. The composition
of the samples was carried out at the Analytical Center of the Institute of Geology
and Geophysics of the Azerbaijan National Academy of Sciences using modern
physicochemical methods. Chemical analyses were checked using a Spectrometer
(X-Max). Mineralogical composition was checked using an X-ray diffractometer
(Rigaku MiniFlex 600). The chemical composition of the ashes is given in Table 3.

Table 3. Chemical analysis of ash from the municipal waste incineration.

loss in incandescent
light (LIL)

6.47 | 132 | 1.50 | 5.64 | 7.01 | 1.49 | 6.40 |34.25| 0.65 |0.60 13.99

Note: LIL indicates the amount of volatile components at a temperature of 950°C.

Na,0 | MgO | ALO, | SiO, | P,0, | SO, | K,0 | CaO |Fe,0,| Cr

2 3
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Figure 1. X-ray diffraction pattern of the initial fly ash (sample 130318 N-1). Designations: C —
calcite (CaCO:s), P — portlandite (Ca(OH)2), L — lime (CaO), A — anhydrite (CaSO4), D — dicalcium
silicate (Ca2SiO4), Q — quartz (SiO:), H — halite (NaCl), S — sylvite (KCl), F — ferrian sanidine
(KFeo.2sAl0.72S130s). The abscissa is 20 (deg), the ordinate is intensity (cps).

The mineralogical composition of the initial fly ash was determined by X-ray
diffraction using a Rigaku MiniFlex 600 diffractometer. The diffraction pattern
of the initial fly ash is presented in Figure 1. According to XRD data, the main
crystalline phases identified in the ash are: calcite (CaCOs), portlandite (Ca(OH)z2),
lime (CaO), anhydrite (CaSOs), dicalcium silicate (Ca2SiOa4), quartz (SiOz), halite
(NaCl), sylvite (KCI), and ferrian sanidine (KFeo.2sAlo.72S130%). In the range of
20-35° 20, a broad halo is observed, which indicates the presence of an X-ray
amorphous aluminosilicate (glassy) phase. The presence of soluble chlorides
(halite, sylvite), sulfates (anhydrite) and free lime determines the mineralizing
and accelerating effect of the ash on cement systems, while the amorphous
aluminosilicate phase provides pozzolanic activity.

Imishli river sand was used as a filler for the preparation of solutions.

Ashes brought from the Baku municipal waste incineration plant were dried in
a drying cabinet to 1%. Dried ashes were ground to cement fineness in a 3-liter ball
mill. The grinding fineness of the ashes was determined by the residue remaining
on the 008 N° sieve.

The effect of ash on Portland cement was carried out in accordance with the
requirements of the AZS EN 196 standard.

Cement paste was prepared from the composition obtained on the basis of
the cement ash mixture, first its normal density and then the setting time were
determined.

Samples of 20x20x20mm in size were prepared on the basis of the normal
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density cement paste and their compressive strengths were tested at 3, 7, and
28 days. The test was carried out on a hydraulic press belonging to the UTEST
company.

Phase analyses of the samples were carried out in an X-ray apparatus at the
Analytical Center of the Institute of Geology and Geophysics of the Azerbaijan
National Academy of Sciences. The mineralogical composition was checked using
an X-ray diffractometer (Rigaku MiniFlex 600).

Results and Discussions. The activity of minerals was carried out according to
GOST No. 21-9-81. In accordance with the requirements of the standard, the setting
time, water resistance and the degree of saturation of the liquid phase with calcium
oxide of samples prepared from zeolite rock brought from the Aydag deposit and
ash obtained from the incineration of household waste were determined. In this
work, fly ash (FA) captured in the gas-cleaning system of the Baku municipal
waste incineration plant was studied.

For this, one part of the samples obtained from mixing air-hardening lime and
ash was used to determine the setting time, and the other part was used to check
the water resistance. The results of the experiment are shown in Table 4.

Table 4. Zeolite rock and ash activities.

o Unit of Standard Zeolite rock | Ash
N Test name .
measure | requirement Test results
1 End of setting of the dough sample day 7 should be 4 3.5
too many
2 Water resistance of dough samples glin Must be less 17 12
than 3
The amount of lime absorbed from the
3 solution after 30 days ma/q 80 >0

As can be seen from the table, both samples fully meet the requirements for
mineral active additives, but zeolite rock gives better results than ash. The results
of the study show that both additives can be used as mineral additives in the
production of Portland cement. It is worth noting that both additives can be used
in the production of clinker-free adhesives and, accordingly, in the production of
low-grade lime-slaked compositions.

Comparative tests were conducted with natural mineral additives to study the
feasibility of using ash obtained as a result of household waste incineration in the
production of Portland cement, which is one of the main directions of utilization.

In order to determine the role of ash from the Baku household waste incineration
plant as a mineral active additive in Portland cement, zeolite rock was used in
parallel as a mineral additive, and Garadagh limestone was used as a mineral
additive. The chemical composition of the zeolite rock brought from the Aydagh
deposit of the Tovuz region is given in Table 5.
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Table 5. Chemical composition of zeolite rock

Sio ALO, Fe,0, Ca0 MgO SO R,0

2 3

69.42 13.6 1.55 3.18 0.89 0.14 7.9

Limestone powder brought from the Gulbakh quarry in the Garadagh region
was also used in the studies as a mineral additive, the chemical composition of
which is given in Table 6.

Table 6. Chemical composition of limestone.
SiO ALO, Fe,O, CaO MgO SO R,O

2 3 2

8.42 0.36 0.21 49.25 0.61 0.24 -

To study the effect of zeolite rock on cement, both separately and in combination
with limestone, CEM 1-52.5 cement from the HOCIM plant was used. The results
of the experiment are given in Table 7.

Table 7. The effect of zeolite rock on Portland cement.

N° Composition, % dzlt)sl;tl;jl‘l‘A, Compressive strength limit, (day), MPa
CEM 1-52,5 Zeolite rock 1 2 7 28

1 100 0 28 26.0 37.2 49.1 62.5

2 93 7 29.7 16.3 28.2 39.8 50.6

3 80 20 31.4 12.3 27.5 33.0 42.8

4 75 25 32 11.4 19.5 30.1 40.8

5 70 30 32.1 11.3 18.7 29.0 39.9

6 65 35 32.8 6.3 13.8 25.1 35.2

As can be seen from Table 7, as the amount of zeolite rock increases from 7% to
35%, the normal density of Portland cement increases from 28% to 32.8%. While
the normal density of Portland cement obtained when adding 20% of zeolite rock
increases by 12%, when adding 35% of zeolite rock, the cement grade decreases
by 17%. When the amount of zeolite rock increases to 30%, the one-day strength
of cement decreases from 26 MPa to 16.3-11.3 MPa, when the amount of zeolite
rock increases to 35%, the strength changes sharply and is only 6.3 MPa. When the
amount of zeolite rock is 7%, the brand of Portland cement obtained is 50.6 MPa.
When the amount of zeolite rock is 20%, the cement grade strength is 42.8 MPa,
i.e. it decreases by 31.5%. When the amount of zeolite rock is increased to 35%,
the cement's brand strength decreases to 43.7%.

Garadagh limestone powder was used as a mineral additive to replace a
certain amount of zeolite rock. 4-17% of the zeolite rock content was replaced
with limestone powder. The test results of the cement obtained as a result of the
complex addition of zeolite rock and limestone are given in table 8.
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Table 8. Effect of zeolite rock and limestone complex additive on cement properties.

Composition, % Normal Compressive strength limit,
N density, % (day), MPa
CEM I -52,5| Zeolite rock | Limestone 1 2 7 28
1 83 13 4 27.6 11.9 | 232 | 346 46.3
2 77 15 8 26.4 9.1 20.1 31.6 43.4
3 70 17 13 27.0 6.9 154 | 249 34.1
4 65 18 17 27.4 5.9 143 | 22.7 30.5

When adding limestone, the normal density of cement decreases slightly.
When adding zeolite rock and limestone in an amount of 20-23%, the decrease in
strength is 30.6%. This shows a good result compared to zeolite alone. However,
when adding 30-35% of complex additives, the brand strength of cement decreases
significantly and is 30.5 MPa.

The effect of ash obtained from the incineration of household waste on the
properties of Portland cement is given in table 9.

Table 9. Effect of ash from municipal waste incineration on cement properties.

Composition,% Strength limit, (day), MPa | Relative compressive

N° Nm:mal bending compression | strength at 28 days to

CEM 1 -52,5 | Ash, % | density, % 1 28 1 I the unified control, %
1 100 0 28.5 4.00 | 14.55 | 44.28 | 67.27 88.8
2 99 1 28.5 3.96 | 10.27 | 49.56 | 60.52 79.9
3 98 2 28.5 3.54 | 6.27 | 46.36 | 58.00 76.6
4 97 3 28.5 3.44 | 6.27 | 36.22 | 53.61 70.8
5 95 5 29.0 3.12 | 6.01 | 30.15 | 51.21 67.6
6 90 10 29.0 3.74 | 5.37 | 24.08 | 46.34 61.2
7 85 15 29.0 3.87 | 5.76 | 22.22 | 45.29 59.8
8 80 20 29.0 323 | 5.39 | 17.72 | 41.58 54.9
9 70 30 29.0 2.94 | 4.03 | 13.01 | 35.71 47.1

As can be seen from Table 9, when ash is added to cement as a mineral additive
in an amount of up to 3%, the normal density does not change. However, when
the ash content increases above 5%, the normal density increases slightly. When
adding 1-5%, the 28-day strength relative to the unified control decreases to
89.96-76.13% (a decrease of 10.04—23.87%). When increasing the ash content
to 20%, the relative strength decreases to 61.81-68.89% (a decrease of 31.11—
38.19%). However, when increasing the ash content to 30%, the strength decreases
to 53.08% (approximately by a factor of two). When adding 1-2% ash, the 1-day
strength of cement increases by 5—10% relative to the unified control. This is due
to the presence of electrolytes in the ash that accelerate setting.

Comparison of ash with zeolite rock showed that at low doses, both components
act as mineral additives, and their effects on the strength of cement are close to
each other. When the amount of ash is increased, the various admixtures in it
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negatively affect the strength of the cement, so the results are lower than in the
case of zeolite rock.

In order to neutralize the heavy metals contained in the ash and mitigate its
effect on strength, the effect of both components on Portland cement in composite
form was studied using the zeolite-containing component, which is the rock of the
Aydag deposit. The results of the effect of ash obtained from the incineration of
household waste on the properties of Portland cement in a complex form are given
in Table 10.

Table 10. Effect of ash and zeolite complex additive on cement properties.

Composition, % N Strength limit, (day), MPa | Relative compressive
ormal
No | CEM I density, bendin compression streng.th at 28 days to
sy 5 |Ash | ending| o g p the unified control, %
’ 1 28 1 28
1 100 0 0 28.5 4.16 | 15.73 | 42.68 | 67.27 100
2 95 2.5 2.5 28.5 4.64 | 949 |36.02 | 56.18 83.5
3 90 5 5 28.5 439 | 11.60 | 36.78 | 54.72 81.3
4 85 7.5 7.5 29.0 3.55 | 11.06 | 35.54 | 51.61 76.7
5 80 10 10 29.5 4.00 | 8.12 |47.43|51.13 76.0
6 70 15 15 30.5 3.67 599 |25.39|51.73 76.9

The control compositions in Tables 9 and 10 belong to different experimental
series. Their absolute 28-day compressive strengths (67.27 MPa and 75.76 MPa,
respectively) are therefore not compared directly. For correct comparison, relative
strength values should be used.

As can be seen from Table 10, when the components are added in a complex
form up to 15%, the brand strength of Portland cement decreases to 83.5-76.9%
relative to the unified control (a decrease of 16.5-23.1%). When the components
are added by 20-30%, the 28-day strength limit of Portland cement decreases
by 31.52-36.16% relative to the control of this series. Comparison of Tables 9
and 10 showed that the decrease in the strength of Portland cement is somewhat
smaller when the ash is added together with zeolite rock. This is explained by the
formation of additional cementing compounds as a result of the activating effect
of the electrolytes included in the ash on the zeolite.

During the research, samples hardened for 28 days were taken and the changes
in the microstructure of the cement stone were determined using modern testing
methods in the central testing laboratory of the Azerbaijan National Academy of
Sciences.

In order to determine the changes in the structure and phase composition of
the cement stone as a result of the addition of ash, research was conducted using
X-ray phase analysis and electron microscopy methods. During the research,
X-ray phase (Figure 2-5) and microscopic (Figure 6) analyses of cement stones
prepared without additives, with 10%, 20%, 30% ash addition were conducted.

The results of X-ray phase analysis showed that when ash is added to cement,
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the intensity of the peaks of the portlandite mineral (4.93, 2.63, 1.93 A) formed as
a result of hydrolysis decreases. The decrease in the intensity of the peaks of alite,
the main mineral of cement (3.04, 2.74 A), indicates an increase in the intensity of
the hydration process due to the influence of ash.
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Figure 2. X-ray phase analysis of cement stone without additives.
Designations: C — calcite (CaCQO:s), P — portlandite (Ca(OH)2), L — larnite (Ca2SiOs), CS — calcium
silicate (CasSiOs), G — gypsum (CaSO4-2H20). The abscissa is 20 (deg), the ordinate is intensity
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Figure 3. X-ray phase analysis of cement stone with 10% ash addition
Designations as in Figure 2.
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Figure 4. X-ray phase analysis of cement stone with 20% ash addition
Designations as in Figure 2.
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Figure 5. X-ray phase analysis of cement stone with 30% ash addition
Designations as in Figure 2.

The results of studies conducted with the addition of ash showed that the
structural formation of cement changes significantly. Microstructural analysis of
the samples showed that the nature of the newly formed hydrate compounds is
different. Portlandite crystals are clearly visible in cement stone without additives.
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Figure 6. Microstructure of cement stone: a) microstructure of cement stone without additives; b)
microstructure of cement stone with 10% ash; ¢) microstructure of cement stone with 20% ash; d)
microstructure of cement stone with 30% ash.

Conclusion. Comprehensive studies on the use of municipal solid waste
incineration ash as a mineral additive in Portland cement formulations have yielded
significant results. The research focused on the structural changes and mechanical
properties of cement systems modified with ash additives. Furthermore, to address
environmental concerns related to the presence of heavy metals in the ash and
mitigate their negative impact on strength development, the effect of using a
zeolite-containing component from the Aydag deposit as a complex additive along
with the ash was investigated.

According to X-ray diffraction data, the initial fly ash contains calcite,
portlandite, lime, anhydrite, dicalcium silicate, quartz, halite, sylvite, ferrian
sanidine, and an X-ray amorphous aluminosilicate phase. The presence of soluble
chlorides and sulfates determines the accelerating and mineralizing effect of the
ash, while the amorphous aluminosilicate phase provides its pozzolanic activity.
This combination explains both the acceleration of setting at low ash doses and the
decrease in strength at high ash doses.

With the addition of 10% ash to the cement formulation, significant

156



ISSN 2224-5278 5.2026

microstructural changes are observed. The amount of portlandite crystals
significantly decreases, while the amount of softwood calcium silicate hydroxides
(C-S-H phases) increases, creating a more intetconnected microstructure. With an
ash content increasing to 20%, portlandite crystals almost completely disappear,
indicating their consumption in pozzolanic reactions, resulting in the formation of a
dense, well-packed cement paste. However, with an increase in ash content to 30%,
unreacted ash particles are observed, which act as microfillers in the systems.

Experimental results showed that adding ash along with zeolite rock results
in a slightly smaller reduction in strength compared to using ash alone. This
phonomenon is explained by the formation of additional cementitious compounds
due to the activating effect of electrolytes present in the ash on the zeolite.

The neutralizing effect of zeolite on heavy metals contained in ash is particularly
important. Zeolite minerals adsorb and immobilize heavy metal ions through ion
exchange and physical entrapment within their channel structures, preventing their
release into the environment and ensuring the environmental safety of building
materials. Furheremore, the alkaline environment created by cement hydration,
combined with soluble salts present in the ash, can partially activate the surface
of zeolite particles, releasing additional silica and alumina, which participate in
pozzolanic reactions.

The optimal total additive content for achieving balanced properties is in the
range of 10-15% (5-7.5% ash and zeolite each), where the strength reduction
is moderate while maintaining the environmental benefits of heavy metal
immobilization. At these levels, the complex additive promotes a more uniform
and dense microstructure with improved durability. The normal consistency of
cement pastes increased slightly with increasing additive content, from 28.5% for
the reference sample to 30.5% for the composition with 30% total additive.

It should be emphasized that high doses of ash (20-30%) are not recommended
for use as a mineral additive in Portland cement, since the 28-day compressive
strength decreases by more than one third and at 30% ash — by approximately a
factor of two relative to the unified control. Thus, fly ash should be used either in
low doses (1-5%) or as part of a complex additive with zeolite rock (total content
10-15%).

Thus, the conducted studies convincingly demonstrated that ash obtained
from municipal waste incineration can be effectively used as a mineral additive
in Portland cement, especially when combined with zeolite-containing rock
from the Aydag deposit. The complex additive offers a number of advantages:
sustainable waste management, reduced need for primary raw materials, effective
neutralization and immobilization of heavy metals by the zeolite, and the formation
of additional cementitious compounds due to the activating effect. An optimal
substitution level of 10-15% provides the best balance between mechanical
properties, environmental safety, and economic benefits. Future research should
focus on long-term durability and optimization of the ash-to-zeolite ratio for
industrial applications.
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