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ABSTRACT

This work discusses the studies based on the microstructural properties of the improved ash and
slag materials obtained after flotation enrichment with SEM-EPMA analysis (Scanning Electron
Microscope and Electron Probe Microanalysis). According to the results of the analysis
aluminosilicate microspheres was found in all four samples with a certain concentration and their
similar morphology were identified. The microspheres are characterized by a spherical shape and
a rough shell surface. Moreover, the shells are characterized by different morphology, which is
typical after flotation enrichment. The size of the microspheres is less than 100 microns. The
chemical composition of all four samples are inhomogeneous and was found by linear EDS (Energy-
dispersive X-ray spectroscopy) analysis. However, the average values of the content of elements
are quite close to each other. The special significance of the work is emphasized by the cross
section of the shells of microspheres, which are similar to the crystallization structure of molten
metal. They play an important role as materials in the construction industry. According to the
results of SEM-EPMA studies, it is recommended to apply ash and slag materials, containing
aluminosilicate microspheres, obtained after flotation enrichment, in construction industry.
Keywords: Ash and slag waste, aluminosilicate microspheres, scanning electron microscope,
microstructure, microanalysis.
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Introduction

The current state of solid waste processing
at thermal power plants is extremely low today,
which leads to a significant accumulation of
bottom-ash waste in ash-disposal areas. When
burning coal in a boiler furnace at a state district
power station, the composition of flue ash waste
can consist of 95-98% of mineral compounds of
aluminum oxides, silicon, calcium, titanium, iron,
alkali oxides, sulfates, and sulfides. Processing of
such ash products can be converted into
valuable goods [[1], [2]], such materials as
aluminosilicate hollow microspheres. several times
lower than that produced by industrial methods.

For several decades, microspheres have been

widely used all over the world in construction:

The aluminosilicate microspheres formed during
the combustion of coal in power plant boilers as a
result of granulation of the melt of the mineral part
of the coal and the splashing of crushed small
droplets with internal gases have a diameter from 10
to several hundred micrometers, on average about
100 microns. The wall thickness is from 2 to 10
microns, the melting point is 1400-1500°C, the
density is 580-690 kg/m3. The microspheres'
properties are close to hollow microspheres which
are obtained from melts by industrial methods. It is
essential that the cost of hollow ash microspheres is

special cements, masonry mortars, plasters, liquid
concrete; in the automotive industry: tires, brake
friction pads, casting molds, body fillers; in the oil
industry: plugging materials, drilling fluids, grinding
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materials; in ceramics: refractories, tiles, aluminum
cement, insulating coatings, etc.

Any technical problem where weight reduction is
high
strength and volume savings, increased resistance to

required with low thermal conductivity,
erosion, and aggressive media can be solved with the
use of aluminosilicate microspheres.

In connection with the above, we have studied
aluminosilicate microspheres using SEM-EPMA. This
SEM-EPMA technique with a special electron probe
microanalyzer will provide information on the
chemical composition of the sample in an arbitrarily
chosen area of microscopic dimensions with high

accuracy.
Research method
The studies were conducted using JXA-8230

probe (JEOL) at an
accelerating voltage of 25 kV and an electron beam

electron microanalyzer
current of up to 5 nA (Fig. 1). The technical
capabilities of the device correspond to its passport
data, according to which the detection of impurities
or components of a substance (from boron to
uranium) and the calculation of their concentrations
are performed with standard methods based on
JEOL own EPMA program. The dimensions and

current of the electron beam were selected
empirically to provide sufficient statistics for the
collection of characteristic X-ray radiation (CXR)
pulses, and the so-called “dead time” ranged from 10
to 30%.

The the
perpendicular position of the sample concerning the

mounting  corresponded  to
electron beam, which makes it possible to obtain the
results of automatic calculation of the detected
pulses with high reliability.

The backscattered electron mode (COMPO),
which gives better images of such objects compared
to the observation and shooting mode in secondary
electrons (SEI) was used for all areas selected for
scanning electron microscope (SEM) studies. The
in the
backscattered electron mode is the known fact of
brighter emission of particles with a large atomic
number in comparison with particles that make up

main feature of the SEM contrast

the general background [3].

All automatic calculations in the EPMA program,
which the JXA-8230 electronic
microanalyzer, are performed the
approximation of an absolutely flat surface located

are used in
from

perpendicular to the electron beam. The most
important consequence of not meeting flat

Figure 1 —JEOL JXA-8230
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Table 1 — Chemical composition of samples of aluminosilicate microspheres

Elements compounds Al203 SiO: SO3 CaOo TiO2 Fe203 Na:0 P20s
weight % 18.850- | 42.224- | 0.128—- | 2,058—- | 1.024- | 4.698—- | 0.226— | 0.285-
20.770 | 48.231 0.421 2.922 1.117 12.975 0.447 0.461

surface requirements are the loss of accuracy for
sample analysis. The work used the techniques used
in IMOB JSC.

Research results and their discussion

Samples of aluminosilicate microspheres
produced after flotation concentration of ash from
burning coal in TPP from various deposits in
Kazakhstan were taken for the study.

The chemical composition of the samples (Table
1) is represented mainly by oxides of aluminum,
silicon, iron, calcium, titanium, sulfur, sodium, and
the content varies considerably depending on the
composition of the original ash. As a result of the
research, micrographs were produced in the mode
of backscattered electrons and secondary electrons
at magnifications from X100 to X3500.

Samples are free-flowing powder in the form of
various particles of irregular shape, various
structures and globules with a variety of
morphological features: ideal spheres with an intact
smooth or perforated surface, hollow spheres filled
with small particles, in the form of fragments, and all
kinds of porous grains of irregular shapes. The size

range of the observable particles is from 1 to 150
microns.

The sample presented in Figure 2 demonstrates
the most characteristic differences in the shape and
morphological features of individual globules: ideal
spheres with an intact smooth and rough surface,
hollow spheres, and aggregates of small spheres on
the surface or in cavities and dimples of large
globules. According to COMPO data, the particles
size is on average 1-150 microns. (Fig. 2). EDS
analysis from the surface of the microspheres
showed that the main elements of the shells consist
of Al, Si, Ca, Fe, K, S, Ti, Mg, Mn, Cu, Zn. (Fig. 3).

It should be noted that the composition of the
material is very heterogeneous for all samples, and
this heterogeneity is also manifested for particles of
the same sample with the same morphological
characteristics. Figure 2 shows the EDS spectra of the
particle morphology of microspheres of samples No.
1,2,3,4, which demonstrate a different set of
elements.

The average elemental composition of the
microsphere material according to the EDS

analysis is shown in Table 2.

Figure 2 — General view of the accumulated aluminosilicate microspheres (X100)
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Figure 3 — EDS analysis from the surface of microspheres (X500)
Table 2 — Average elemental composition of the surface of microspheres
Element (in % wt) Sample No. 1 Sample No. 2 Sample No. 3 Sample No. 4
0] 50.15 51.42 49.54 47.34
Mg 0.65 0.34 0.48 0.69
Al 7.05 6.98 8.95 8.12
Si 9.85 12.11 13.98 13.76
0.81 0.07 0.05 0.03
K 0.12 0.32 0.29 0.27
Ca 141 0.11 1.29 2.45
Ti 0.44 0.27 0.65 0.32
Mn 0.28 0.18 0.04 0.87
Fe 8.85 3.44 2.45 28.78
Cu 0.62 0.57 0.69 0.51
Zn 0.41 0.39 0.55 0.42
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These samples are characterized by an almost
spherical shape and a rough surface of the shell,
which different  morphologies. The
microspheres are less than 100 um in size (Fig. 4).

More detailed results of the analyzes are given in
our work [4].

In previous works, the study of aluminosilicate
microspheres from the ash and slag waste of the
Aksu State District Power Plant is considered, which
the chemical and elemental composition revealed
using scanning electron microscopy with an X-ray
spectral  microanalyzer confirm the same
composition. The paper [5] also states that the use
of ash and slag waste (ASW) from thermal power
plants brings the technology of thermal power plants
closer to waste-free by 80%. When coal is burned

have

from the Ekibastuz deposit, about 40-50% of silicon
ash is formed. Alumina can be obtained from this
ash, and cement can be obtained from alumina
production waste.

However, despite the heterogeneity of the
chemical composition of the samples, the averaged
values for the content of elements are quite close
(Table 2).

You can also see spheres with shells similar to
the crystallization structure of the molten metal [[6],
[7], [8]]. From Table 2 and Figure 4, the chemical
composition of the areas marked with a yellow cross
may indicate the content of phases resembling
fayalites, magnetites, hortonolites, ferrites, spinels,
ganites, or hypoeutectic silumins [[9], [10]].
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Figure 4 — Photographs of microspheres in enlarged form from X500 to X1200 (a - sample No. 1 (X650),
b - sample No. 2 (X1200), c - sample No. 3 (X500), d - sample No. 4 (X500))
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From the point of view of greater detail, it is
recommended to perform X-ray diffractometric
measurements with large statistics after the
separation of the components in the ash.

Conclusions

The research results indicate that
aluminosilicate microspheres from bottom-ash
waste from state district power stations can be used
as ready-made microspheres after flotation ash
concentration. Its use in the industry and the
construction industry is one of the strategic ways to
solve environmental problems. Ash has good
prospects for widespread use to save resources that
are to solve economic problems associated with the
preservation of natural resources, building

materials, non-ferrous, rare metals, and other
materials.
The paper presents new data on the

concentration composition associated with the
microstructure. The microstructure gives us the
ability to visually predict the general state of the
microspheres, which is applicable to the
construction industry. In the construction industry,
aluminosilicate microspheres are used as a filler in:

inorganic building materials, lightweight structural
materials and ultralight concretes, wall blocks, dry
mortars, lime mortars, cement, plaster, high-
strength wear-resistant floor coverings for industrial
premises, paint, insulating  roofing  and
soundproofing materials, finishing and plaster
gypsum for insulation of external walls of buildings,
sound and heat insulating coatings, decorative
materials, as well as for mastics when sealing cracks
and joints, fillers, sealants, etc.

Studies have shown that our microsphere is
superior in quality to imported ones, and its
acceptable cost leads to a reduction in the cost of
finished products and a direct economic benefit to
the manufacturer. So, expensive lime and cement
can be replaced with aluminosilicate microsphere up
to 50 wt.%, and the plasticizer up to 30 wt.%, while
the properties of the materials are improved.

According to rough estimates, the cost of such
microspheres is ten or more times lower than that of
microspheres produced by industrial methods.
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POM-PCMA kemerimeH antoMoCUINKaTTbl MUKpocdepanapabl 3epTrey

'benenbaes M.XK., *U6paesa .M., 'AnTtaitbaes B.T., 2Ait6acos E.}XK.

IMeTannyprus skaHe KeH 6aibITy MHCTUTYTbI, KasakcTaH, Aamarsl K.

2Konymbuiickuin yuusepcutet, CLUA, Hblo-Mopk

TYWIHAEME
Makanaga

dnoTaumanbik

6albiTyfaH  KeWiH  anblHFaH  Kya-Waak — mMaTepuangapbliH

MMKPOKYPbINbIMABIK 3€PTTEY HITUXKENEPi KeNTipinreH. PacTpabIK 31EKTPOHAbI MUKPOCKOMUAHbI

JKOHEe PeHTreHAiK CneKkTp/ik MuKpoaHanusai (PIM-PCMA) Tangay HaTukenepi 6olibiHwa benrini

6ip KOHLEHTpauMACbl KaHe yKcac mopdonoruacbl 6ap anoMocuaMKatTbl Mukpochepanap

aHblKTanapl. bapnbiK TOPT cbiHamada aHblKTanfaH mukpocdepanap chepanbik MilWiHMEH XKaHe

Makana kengi: 15 kasan 2021
CapanTtamagaH eTri: 26 xenmokcaH 2021
Kabbinganap!: 31 Haypeiz 2022

KabblIKTbIH epecken 6eTimeH cunatranagsl. CoHaal-aK, kabbikTap daoTaumanbik 6aribiTyaaH KeriH
ToH 9p Typni mopdonoruameH cunatranagbl. MukpocoepanapapiH, menwepi 100 MKM-aeH as.
CbI3biKTbIK IAC (dHeprogucnepcuanbik PEHTreH CMEKTPOCKONWACHI) aHanu3iMeH aHbIKTanfaH

6apablK TOPT VATiHIH, XMMUANLIK Kypambl b6ipkesnki emec. Anaiiga, oOCbifaH KapamacTaH,

3/1EMEHTTEPAIH, Kypambl 60OMbIHLLIA OpTaLLa MIHAEPI OTe XKaKblH. CbiHaManapabiH 6eTiH ckaHepaey

3/IEMEHTTEP MeH
MaHbI34bINbIFbIH

oflapAblH, NiWiHAEpPiHiH, OpHanacybiH
6ankbITblAFaH

KepceTTi. MyMbICTbIH, epeKwe

MeTanablH, KpuCTanpaHy KYPbl/bIMbIHa yKcac

MuKpochepanapabiH, KabblKTapbiHbiH, KengeHeH, Kumacbl 6aca Kepcetedi. Onap Kypblabic

CanacblHAAfbI

MaHbli3abl

matepuangap 6onbin  Tabblnadbl. BasKbITbLFAH — MeTanaplH,
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KpUCTangaHybl CUAKTLI LWbIFY Teri Napanaienb KypeTiH eKi KapanaibiM npouectepaeH Typaabl:
KPUCTaNAaHy LUOFbIPbI XaHEe OCbl KPUCTaNAaHy LOFbIPbIHbIH, ecyi. PIM-PCMA 3epTTeynepiHiH,
HaTUKenepi 6OMbIHIWA ©OHEPKACINTe KIHE KypbINbIC WMHAYCTPUACBIHAA aNOMOCUIMKATTbI
MuKpochepanapbl bap dnotaumanbvik 6alibiTysaH KeliH anblHFaH KyA-WAaK maTepuangapbiH
KONAAHY YCbIHbLIAAbI.

Tyiiin ce3dep: Kyn-wnak Kangplkrapbl, antoMOCUAMKATTbl  MUKpochepanap, PacTpabiK
3NEKTPOHAbIK MUKPOCKOM, MUKPOKYPbIIbIM, MUKPOTanAay.
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UccnepoBaHne antoMOCUANKATHBIX MUKpocdep ¢ nomoubio POM-PCMA

'pynenbaes M.}K., 'M6paesa .M., 'Antaiibaes B.T., 2Aii6acos E.}K.

MHCTUTYT MmeTannyprumn u oboraieHus, KasaxcraH, r. AamaTbl
2Konymbuiickuin yuusepcuteT, Hbtlo-Mopk, CLUA

AHHOTAUMA

B craTbe npueeaeHbl pe3ynbTaThbl MUKPOCTPYKTYPHbIX  UCCnegoBaHUU 30/10WNaKOoBbIX
MaTepuanos, MOJy4eHHbIX nocne ¢notaumoHHoro oboralieHna. Mo pesynbraTam aHanAWU30B
PacTPOBOW 3/IEKTPOHHOW MUKPOCKOMUI U PEHTTEHOCNEKTPaNbHOrO MUKpoaHanusa (PIM-PCMA)
BbIAABJIEHbI A/NIOMOCUANKATHbIE MUKpocdepbl C OnNpeaeseHHOW KOHUEHTpaumMen U Ccxoxen
mopdonorvein. OBHapyKeHHble MUKpocdepbl BO BCex 4YeTbipex npobax XapaKkTepusytoTcs
chepuyeckoit Gopmoit U LIEPOXOBaATON MOBEPXHOCTbIO 060/I0UKM. Takke 060104KM
XapaKTepusylTca pPas/iMyHON Mopdonorveii, KOTOpoi CBOMCTBEHHO nocne $AoTauUMOHHOro
oborauieHus. Paamep mukpocoep coctasnseT meHee 100 MKM. OBHapyKeHHble NuHelHbIM 34C

Moctynuna: 15 okmabpsa 2021 aHaNM30M XMMMUYECKMI COCTaB BCex YeTbipex npob HeogHopogeH. OAHAKO, HECMOTPA Ha 3TO,
PeueH3upoBaHue: 26 dekabps 2021 YCPEOHEHHbIE 3HAYeHWA MO COAEPKAHWUIO 3NEMEHTOB [OCTaTOYHO 6aM3KKU. CKaHMpoBaHWe
MpuHAaTa B nevatb: 31 mapma 2022 NMOBEpPXHOCTM MPO6 MOKasa/s PacnosioKeHWe 31eMeHTOB M uX dopmbl. Ocobyto 3HAYMMOCTb

paboTbl noayepkuBaeT nonepeyHoe ceyeHue obonoyek MUKpochep, NOXO¥KMe Ha CTPYKTypy
KpUCTaNAM3aLmmn pacniaBneHHoro metanna. OHU ABAAIOTCA BaXKHbIMU MaTepuanamu B coepe
CTpOUTENbCTBA. TakMe NPOUCXOXKAEHMA KaK KPUCTANAN3aLMA pacnaaBNeHHOro MeTanna cocTouT
13 [BYX 3/1IeMeHTapHbIX NapasielbHO NPOTEKAIOLWMX NPOLLECCOB: 3aPOXKAEHUA 3apOoAabIlLen, Uan
LLeHTPOB KPUCTaNAN3aL MK, U POCTa 3TUX LLEHTPOB KpucTanamsaumu. Mo pesynbratam PIM-PCMA
nccnenoBaHUii peKOMeHAYeTCcA NPUMEHEHME 30/10LWNAKOBbIX MaTepManoB NOMYYEHHbIX rnocne
dnoTaumoHHoro  oboralweHus, C  cofepXKaHMeM  aNloMOCUAUKATHbIX  MWKpocdep B
NPOMbILWNEHHOCTU U CTPOUTENBHOM UHAYCTPUM.

KnioueBble cnoBa: 30/10W1AKOBbIE OTXOAbI, A/NIOMOCUINKATHbIE MUKpOCdheEpbl, PacTPOBbIi
3N1EKTPOHHBIN MUKPOCKOMN, MUKPOCTPYKTYPA, MUKPOAHANM3.

NHpopmayusa 06 aesmopax:

Jokmop Ph.D., 3asedyroujuli nabopamopueli pedKux paccesHHbix anemeHmos, AO «MHcmumym
ByneH6aee Makcam Xymabaesuy

memannypeuu u obozawieHus», Aamamel, Pecnybauka KazaxcmaH. ORCID I1D:0000-0002-5437-

5436. mbulenbaev@mail.ru

JAokmop Ph.D., HayyHbili compyOHuk nabopamopuu ¢usudeckux memooos aHanusa, AO
N6paesa lyne3upa MypambekosHa «MIHcmumym memannypauu u obozawieHus», Aamamel, Pecnybauka KasaxcmaH. ORCID ID: 0000-
0002-3005-4021. E-mail: gm.ibrayeva@gmail.com

Jokmop Ph.D., Hay4Heili compyOHuk nabopamopuu peodKux paccesHHuiXx 3nemeHmos, AO

Anmaiibaee bazdam Tonbacynebi «MHCcmumym memannypeuu u obozaweHusa», Aamamel, Pecnybauka KasaxcmaH. ORCID ID: 0000-
0002-7405-6854. E-mail: bagdat777_87@mail.ru
Alibacoe EpkuH MakeHosuY KaHd.xum.Hayk, npogpeccop Columbia University, New York, USA. E-mail: erkin53@mail.ru



mailto:mbulenbaev@mail.ru
mailto:gm.ibrayeva@gmail.com
mailto:bagdat777_87@mail.ru
mailto:erkin53@mail.ru
mailto:mbulenbaev@mail.ru
mailto:gm.ibrayeva@gmail.com
mailto:bagdat777_87@mail.ru
mailto:erkin53@mail.ru

Complex Use of Mineral Resources. 2022;322(3): 66-73 ISSN-L 2616-6445, ISSN 2224-5243

References

[1] Popova M. In the Pavlodar region, the production of microspheres will be taken under control. Internet resource:
https://kursiv.kz/news/otraslevye-temy/2019-05/v-pavlodarskoy-oblasti-dobychu-mikrosfery-vozmut-pod-kontrol [Access of date:
06.12.2021]

[2] Nussbaumer T. Combustion and Co-combustion of Biomass: Fundamentals, Technologies, and Primary Measures for
Emission Reduction. Energy and Fuels. 2003;17(6):1510-1521. https://doi.org/10.1021/ef030031q

[3] Sciuba M, Beaudoin G. Texture and Trace Element Composition of Rutile in Orogenic Gold Deposits. Economic geology.
2021;116(8):1865-1892. https://doi.org/10.5382/econgeo.4857

[4] Bakirov AG, Zhunusov AK, Abdulina SA, Ibrayeva GM. Investigation of aluminosilicate microspheres from bottom ash waste
from Aksu State District Power Plant using Ekibastuz coal. Vestnik VKTU. 2020;4:72-77.

[5] Zhanatbek A, Bakirov AG. Ash and slag waste as a source of raw materials for metallurgy. Innovative processes in modern
science Materials. International scientific and practical conference under the general editorship of A.l. Vostretsova, 2019;54.

[6] Fomenko EV, Anshits NN, Vasilyeva NG, Rogovenko ES, Mikhailova OA, Mazurova EV, Solovyov LA, Anshits AG. Composition
and structure of the shell of aluminosilicate microspheres of fly ash formed from the combustion of Ekibastuz coal. Solid fuel
chemistry. 2016;4:34-43.

[7] Simion A, Vasilescu M, Filip C. Structural characterization of interfaces in silica core-alumina shell microspheres by solid-state

NMR spectroscopy. Solid State Nuclear Magnetic Resonance. 2022;117:101. https://doi.org/10.1016/j.ssnmr.2022.101773.
[8] Atyaksheva A, Sarsikeyev Y, Atyaksheva A, Galtseva O, Rogachev A. The Study of the Dependence of Optimal Structure of
Composite Materials Containing Hollow Aluminosilicate Microspheres on Humidity. Micro and Nanosystems. 2021;13(4):385-392.
[9] Kizilstein LYa, Dubov IV, Svalgluz AL, Parade SP. Components of evils and slags of TPP. Moscow, Ener-goatomizdat, 1995;177.
[10] Amangeldykyzy A, Kopobayeva AN, Askarova NS, Ozhigin DS, Portnov VS. Study of rare earth elements in the coals of the

Shubarkol deposit. Kompleksnoe Ispol’zovanie Mineral’'nogo Syr'a = Complex Use of Mineral Resources, 2021;4(319):48-56.
https://doi.org/10.31643/2021/6445.40



https://kursiv.kz/news/otraslevye-temy/2019-05/v-pavlodarskoy-oblasti-dobychu-mikrosfery-vozmut-pod-kontrol
https://doi.org/10.1021/ef030031q
https://doi.org/10.5382/econgeo.4857
https://doi.org/10.1016/j.ssnmr.2022.101773

