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Cement-ash compositions with ash - fluidized bead removal

Abstract. The results of studies of ash-fluidized bed removal by X-ray structural analysis, differential thermal analysis and IR
spectrometry are presented. Ashes and ash-slags of the fluidized bed have slightly different properties due to the fact that in
fluidized bed boilers the fuel is burned for several seconds longer than in traditional boilers. During this time, the dispersed
part of the mineral component of the fuel has time to melt and transform into a glass phase, as a result of which their internal
energy increases and they become capable of chemical reactions. The results of the research allowed us to establish that the fly
ash of anthracene coal from domestic deposits when burned in a fluidized bed can be classified as medium-calcium and sulfate,
which may hide the manifestation of hydration properties. The results of the IR spectrometry study confirmed the presence of
calcium sulfate compounds of the gypsum and anhydride type in the fly ash composition. Sulfate minerals in the presence of
aluminates and moisture can contribute to the formation of the ettringite mineral during the hardening of cement-ash
compositions, which can contribute to the emergence of expansion stresses in cement stone. However, the study of cement-ash
stone by X-ray structural analysis methods at the age of six months does not confirm the formation of ettringite. Testing of
cement-ash compositions showed that the strength of the compositions at the vintage age is somewhat lower than that of cement
stone. However, with a further increase in the hardening period, the rate of strength gain of the compositions is somewhat
greater than that of cement stone.

Keywords: fly ash, fluidized bed, cement-ash compositions, IR spectroscopy, X-ray diffraction analysis, differential thermal
analysis
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Introduction.

As is known, fly ash is a product of coal combustion
in the furnaces of thermal power plants. For complete
combustion, coal is ground to a powdery state and
blown into the furnace. Coal combustion lasts only 3-4
s. at a temperature of about 1600 ° C. In this case, non-
combustible minerals are liquefied at the outlet of the
furnaces during rapid cooling and form glassy
structured spherical ash particles, the properties of
which depend on various factors, such as the
composition of the coal, the source of coal, grinding,
combustion environment, boiler shape, types of added
minerals, processing conditions, etc. When coal is
burned, about 80% fly ash and 20% bottom ash are
formed. [1]. Fly ash is covered by flue gases and is
carried outside, deposited on mechanical or
electrostatic filters, after which stored in dumps. The
normal size of ash particles ranges from 2.5 to 35 mm,
so storing ash requires additional capital investments to
keep it moist.

Ash - fly ash, formed from coal combustion at
TPPs, is a high-tonnage waste. Construction and
operation of a technological facility at TPPs for the
collection, transportation and storage of fly ash waste
require significant capital expenditures, as well as costs
for its maintenance. The formation and storage of waste
has a negative impact on the ecosystem of the adjacent
territory of the area of their location due to:

- diversion and disturbance of land for the
construction of ash dumps and their engineering
infrastructure;

- ingress of soluble compounds from the dump bowls
into surface and groundwater with their subsequent
saturation;

- sawing of ash from the surface of the dump bowls,
especially when a significant amount of them
accumulates and the free capacities on the dump are
completely exhausted.

To date, about 360 million tons of ash and slag have
been accumulated in the dumps of Ukrainian thermal
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power plants on an area of over 3,200 hectares. Their
average annual output reaches 14 million tons and, due
to the deterioration of fuel quality, tends to increase [2].
This creates technological and environmental
problems, since production costs and the cost of
environmental protection measures increase. The
urgency of the problem of ash and slag accumulation is
also determined by the fact that the share of thermal
power plants in the state's energy strategy is increasing.
It is known that even during normal operation of ash
and slag dumps, manifestations of unfavorable
geoecological processes and phenomena occur that
disrupt the ecological balance in the areas where they
are located.

At the same time, ash and slag materials are largely
identical in chemical and mineralogical composition to
natural mineral raw materials. Their use in industry,
construction industry and agriculture is one of the
strategic ways to solve the environmental problem in
the area of operation of thermal power plants. The real
solution is to use ash and slag as a secondary raw
material in the construction sector: from the production
of concrete, cement, bricks to laying roads. Ukrainian
partners have experience - the Polish Union for the
Utilization of Fuel Combustion Products is actively
working in this direction. Today, ash and slag are
considered waste, but in our country we have already
reached the understanding that this is a product, a
valuable material resource. In recent years, scientific
research, especially by domestic scientists, has shown
new directions for the effective use of ash-slag mixtures
in the creation of slag-alkali binders, relevant
regulatory documents have been developed and are
being implemented in practice. At the same time, not
enough attention has been paid to the development of
rational ways to use ash-slag mixtures in modern
economic conditions for road construction in Ukraine.

Some researchers have proven that finer ash
contributes to an increase in the pozzolanic effect, as a
result of which concrete becomes denser, strong and
resistant to the action of alkalis, sulfates and silica
[3.4.5].

It is known that many countries of the world have
found methods of using ashes and ash slag in the
national economy, including in construction, because it
is some material rich in mineral oxides [6,7,8]. Some
researchers find that fly ash can be used not only in
construction, but also in agriculture to improve the
properties of land [9].

Fly ash can also be used in the production of
ceramic building materials, as an additive to clays to
regulate their technological properties. A more
important area of use of ash remains concrete
technology [10]. Due to the presence of oxides such as
SiO, and AlLSiOs in the composition, ashes become
similar to Portland cement [11]. At room temperature
and in the presence of moisture, the ash chemically
reacts with calcium hydroxide, forming compounds
similar to the hydration minerals of Portland cement
[12,13]. The glass phase contained in the ash when used
with Portland cement chemically reacts with calcium

hydroxide, which is released during the hydration of
cement minerals, and forms calcium hydrosilicates of
the C+S£H type, which contributes to the compaction
and strengthening of cement stone [14, 15]. It should be
noted that the increase in compressive strength is
observed only over a long period of time [15]. The use
of fly ash as an additive or part of cement and concrete
allows for some economic benefits. There is data in the
literature that fly ash can be added in an amount of up
to 75% of the cement mass, but there are strict
recommendations for the use of fly ash in cements and
concretes [16]. There is data on the use of fly ash in the
production of lightweight aggregates for concrete
[17,18,19]. There is information on the use of fly ash in
road construction as one of the components of the
earthen embankment and it is claimed that this allows
you to save on earthworks [20,21,22,23,24].

There is information on the use of fly ash in the
technology of producing burnt bricks. It is noted that

Objective of the research. To study the properties
of the fluidized bed fly ash and the products of ash
hydration with Portland cement

Research methodology: The work used the
methods of X-ray structural and differential thermal
analysis, IR spectrometry.

Results and discussions: Fig. 1 shows the X-ray
diffraction pattern of the fluidized bed fly ash X-ray
structural analysis allows us to investigate the chemical
and mineralogical composition of the ash. The most
common oxides in the ash are silicon oxide SiO,
aluminum oxide Al,O3, calcium oxide CaO and iron
oxide Fe;Os. Traces of MgO, Na»O, K,0, SOs, TiO».
MnO and C can also be found. The X-ray diffraction
pattern shows the presence of gypsum mineral or
calcium sulfate dehydrate (CaSO42H,0) in the ash with
peaks 4.5191; 4.2689; 3.0408. The presence of
anhydrous calcium sulfate, or the mineral anhydride
(CaSOy4 ) shows peaks -3.5149; 3.1959; 2.578; 1.8711,
1.1424. Both minerals belong to calcium sulfates and,
when decomposed, emit sulfur gas (SO3) and calcium
oxide. The presence of silicon oxide in the ash is
indicated by peaks with peaks at 3.3476; 2.4575;
2.2851; 2.1306; 1.9201; 1.6724. Thus, the crystallized
part of the ash-slag consists of calcium-containing
minerals and silicon oxide. The non-crystallized part of
the fly ash can be observed by analyzing the noise part
of the X-ray diffraction pattern. This part, as a rule,
consists of amorphous oxides and is considered to be
chemically active components. The hydraulic activity
of the ash-slag is associated with the presence of such
compounds as lime in a free state or anhydride, which
are able to react with water to form a water-resistant
stone without the introduction of additional activators.

According to [30], for ashes and ash-slags of the
“fluidized layer”, which are the tested ash-slags, the
manifestation of hydraulic properties is more
characteristic than pozzolanic, due to the presence of
free calcium oxide in the composition.
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Figure 1 —X-ray diffraction pattern of fly ash.

At the same time, the presence of amorphous
aluminosilicates, the amount of which exceeds 50%,
also determines the manifestation of pozzolanic
activity. CaSO4 remains a sufficiently active
component, which reacts isothermally with water.

The composition of the ash was also confirmed by
the results of differential thermal analysis, the
thermogram of which is shown in Fig. 2
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Figure 2 — Fluadized bed ash derivations

As is known, minerals and oxides of elements react
differently to temperature changes. This effect is used
to determine the presence of certain minerals in the
composition of mineral building materials. On the
derivatives we can observe the effect at a temperature
of 390 which belongs to calcium sulfate; and the effect
at a temperature of 550 °C belongs to CaO. The effect
at a temperature of 625 °C confirms the presence of
ALOs3 in the composition of fly ash, the effect at a
temperature of 845 °C proves the presence of silicon
oxide SiO; .

Fly ash was also investigated by IR spectroscopy,
the results of which are shown in Fig. 3.

The IR spectra of fly ash contain bands
characteristic of silicates and aluminosilicates. Silicate
minerals with different types of crystal lattice structures
are characterized by absorption bands in the region of
1050-1200 cm-1, which are due to the stretching
vibrations of the Si-O group; in the spectrum they
appear as a series of weakly expressed peaks against the
background of a broad band common to sulfates. In
general, the spectrum shows bands characteristic of
quartz. In this case, a shift of the stretching vibrations
of the Si-O bond relative to the reference values
characteristic of quartz is observed to the low-
frequency region, which is due to the influence of the
Al203 oxide impurity. The spectrum also contains a
doublet characteristic of aluminosilicates in the range
of wave numbers 770-810 cm-1, which refers to the
vibrations of the Al-OH and Si-O-Al bonds.
Deformation vibrations of the Si-O bond are expressed
in the absorption band in the range of wave numbers
500-400 cm-1.

The presence of carbonates in the composition of
ash and slag is confirmed by the presence of absorption
bands, which are due to C-O vibrations: valence - an
intense band at a wave number of 1440 cm-1, a narrow
intense band at 875 cm-1; deformation - a weak band at
713 cm-1, as well as bands at 2516 and 1795 cm-1.

Sulfate groups are determined by the intense
absorption band in the wavenumber range 1090-1180
cm-1 and 680-650 cm-1. The absorption is due to the
presence of vibrations of the S-O bond. According to
the position maximum, it is possible to reliably
determine a mineral in the sulfate group. For example,
for gypsum, the maximum of the characteristic band is
located at a wave number of 660 cm-1, for anhydrite, a
shift of this band to the high-frequency region is
observed, in the spectrum of ash and slag this is the
band at 678 cm-1. For gypsum, the presence of two
types of differently bound water in the structure is
identified by a strong splitting of the doublets of the
bands in both the valence and deformation vibrations of
the OH groups of water molecules. Judging by the
spectrum, only anhydrous sulfates are present in the
composition of ash and slag.
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Figure 3 — Spectrogram of fly ash

The high-frequency region of the absorption bands
with values: 2918; 2850 and 3443 cm-1 refers to the
valence vibrations of the bonded OH groups. The
absorption band with a frequency of 1630 cm-1 refers
to the valence vibrations of water molecules. The
presence of bands corresponding to valence,
deformation vibrations of OH groups and valence
vibrations of water molecules is associated with the
phenomenon of moisture adsorption from the
environment due to the high activity of minerals that
make up the ash and slag.

Thus, studies have established that the ash and slag
contains anhydrous calcium sulfate and it may be
anhydrite.

In order to establish the possibility of using fly ash
in cement compositions, cubes with a side of 30 mm
with different fly ash contents were tested. The samples
hardened at a temperature of 20 = 2 ° C and air humidity

of 80 -95%. The results of their testing at the age of 30
and 180 days are given in Table 1 and Fig. 4.

As we can see from the table and figure, the
compositions harden over time. Thus, the strength of
pure cement stone increased by 7.5% compared to the
vintage age. Compositions with the addition of fly ash
show an increase in strength from 6.0 to 10%.
Apparently, silicon oxide, which is in the ash in an
amorphous state, reacts with calcium hydroxide by
reaction, forming calcium hydrosilicates, which
contributes to the strengthening and compaction of
cement stone by reaction.

Ca(OH); + SiO2 +mH>0 = CaO' SiOy" nH:0 (1)

The formation of calcium hydrosilicates was
confirmed by the results of the study of cement-ash and
cement stones by X-ray structural analysis, the
diagrams of which are shown in Fig. 5 and 6.

Table 1 — Test results of cement-ash compositions

Strength, MPa at age
Ne Ash content, % 30 days £ £ 180 days
1 0 51 55
2 10 48 51
3 20 45 48
4 30 44 46
5 40 41 43
6 50 37 41
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Figure 5 — X-ray image of cement stone

C3S —3Ca0-Si0y; C2S —2Ca0-Si0s; C — CaCO; P — Ca(OH):
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Figure 5 — X-ray image of cement-ash stone at the age of 180 days.

C3S —3Ca0-Si0y; C2S —2Ca0-Si0,; C — CaCOs; P — Ca(OH): ; Q- SiO;

Analysis of the X-ray diffraction pattern shows the =~ become somewhat smaller. It can be assumed that lime
presence of additional components in the composition  begins to react with silica, which is part of the ash. But
of the cement stone. Peaks with peaks 4.2689, 3.3527,  confirmation of such a phenomenon requires further
2.4657 belong to quartz SiO2. In addition, it should be  studies of the stone over longer periods of hardening.
determined that the peaks of lime Ca(OH)2 have
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Conclusions: The results of the studies indicate that
the ash-carrying fluidized bed in terms of the content of
basic oxides belongs to medium calcium and sulfate.

Within the framework of the experiment, the fact of
the formation of ettringite was not detected either at the
stage of hardening of Portland cement with ashes, or
during further hardening up to 180 days.

Cement-ash solutions have a compressive strength
lower than control solutions from pure cement. During
further hardening, it is observed that the kinetics of
strength gain of cement-ash solutions is somewhat
higher than that of pure cement stone.
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LieMeHTHO-30/1bHI KOMMO3ULIjI 3 30/10H0-BUHEEHHS KUIMJIYOro Lapy

AnHoTaujs. HaBemeHO pe3ysibTaTH JOCITIIKEHb 30JIM-BHHECCHHS KHIULIYOTO IIAPY METOAAMH PEHTICHOCTPYKTYPHOTO,
nmudepeHianbHo-TepMidHoro aHamizy Ta IY cmekrpomerpii. 30 Ta 30JI0IUIAKM KHIULTYOTO APy MArOTh JEIIO iHIII
BJIACTHUBOCTI 3aBASKH TOMY, IO Y KOTJIaX KHIULIYOTO IIapy IajJMBO BUIATIOETHCS HA IEKTbKA CEKyHH JOBIIE HIX Y
TpaAuLIHHAX KOTJIax. 3a Ilell dYac JAWCIepcHAa YacTHHA MiHEpalbHOI CKJIAJOBOi IajlMBa BCTHUTA€ PO3IUIABHTHCH Ta
HEepPETBOPIOBATUCH K CKIISIHY (pasy, B pe3yJIbTaTi YOTo IiJBHIIY€THCS X BHYTPIIIHS €HEprisl i BOHM CTAHOBSATHCS CIIPOMOKHUMH
0 XIMIYHHMX peakiii. Pe3ympTaTw HOCTIKEHb MO3BONWIM BCTAHOBHTH, IO 30JIa-BUHECEHHS aHTPALEHOBOTO BYTI/LIL
BITYM3HSHUX POJOBUIN IPH CHATIOBaHHI B KUIULTYOMY [Iapy MOXKHA BiTHECTH IO CEPEIHBOKANBLIHOBUX Ta CyIb(aTHHUX, IO
MOXE CIPATH TNPOSBICHHIO TiApaTalifHuX BiacTHBOCcTeil. Pesymprat mocmimkenHs [Y cmekrpomerpii migTBepIuiu
HasBHICTh Y CKJIafl 30JM-BUHECEHHS CIOJYKH Cyib(aTy KalpLilo THIy Tincy Ta aHrigpuay. CymnbdaTHi MiHepalmu Hpu
HasBHOCTI aTIOMIHATiB Ta BOJIOTH MOXKYTh CIIPHATH YTBOPEHHIO MiHEpaIy €TPIHTITY B IPOLIECi TBEPAHEHHS IEMEHTHO-30IbHUX
KOMIIO3UIIH, IO MOXKE CIPHATH BHHHKHEHHIO PO3NIMPIOIOYMX HANPYXEHb y IIEMEHTHOMY KaMeHi. AJie JOCIiKCHHS
[EMEHTHO-30JIbHOTO KaMEHIO METO/IaMH PEHTT€HOCTPYKTYPHOT'O aHANi3y Y Billi IIICTh MICSIIB HE MiATBEPPKYIOTh YTBOPSHHS
eTpiHriTy. BunpoOyBaHHS [IeMEHTHO-30JIbHUX KOMITO3UIIIH MOKa3ajo, IO MIIHICTh KOMIIO3UIIH y MapOYHOMY Billi Jemio
HIDKYE HDK IIEMEHTHOTO KaMeHI0. AJle 3 IOJaJbIIMM 30UTBIICHHSIM CTPOKY TBEpAHEHHS IIBHIKICTH HaOOpY MIIHOCTI
KOMIIO3UIIIH JIeTo OibIe HiX EMEHTHOTO KaMeHIO.

Kntoyosi cnoBa: 301a-BUHECEHHS, KUIUIYHN 11ap, EMEHTHO-30JIbHI KOMITO3uILil, Y CHeKTpOoCKoIisl, peHTTeHOCTPYKTYpHUH
aHai3, qudepeHiaabHO-TePMIivHI aHaMI3.
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