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Thefly ash of class C for ceramic technology

R Sokolar and M Nguyen

Institute of Technology of Building Materials an@@ponents, Brno University of
Technology, Faculty of Civil Engineering, Veveril395, 602 00 Brno, Czech Republic

Abstract. The properties of different Czech fluidized fly astFFA(class C fly ash according

to ASTM C618 12a with high content of CaO in thenficof anhydrite primarily) and emisions

of SO in flue gas during the firing of FFA are discuss&tie decomposition of anhydrite

CaS04 was observed during the soaking time at £20@uring the firing of dry pressed

bodies based on pure fluidized fly ash. The effattfluidized fly ashes admixtures on the
properties of ceramic bodies is as fluxing agerd #re source of CaO for the creation of
anorthite in the fired ceramic body. The propertafs domestic fluidized fly ashes in

connection with their utilization in ceramic techogy are described.

1. Introduction

Fluidized fly ash FFA is a secondary raw materi@hergy by-product from the process of combustion
of coal in fluidized bed boilers. Fluidized ashpi®duced by fluid combustion of finely ground coal

together with limestone or dolomite at lower tengperes (about 850 °C) compared with tradition
combustion of pure solid fuel (coal) at about 14G0- classical high-temperature fluid fly ash (CFA)

is produced. The term "fluidized fly ash" is unkmoim foreign scientific literature. Fluidized flysh

is generaly called as "class C fly ash" accordingtite American Standard ASTM C618-12a -

Standard Specification of Coal Fly Ash and Raw Dalt Natural Pozzolan for Use in Conrete, which
classifies fly ash based on the content of seleotedes and divides them into two basic groups.
"Class F" — classical high temperature fly ash'ataks C" - fluidized fly ash, see table 1.

Table 1. The classification of fly ashes according to ASTIG18.

Class X(SiO+Al;Os+Fe0s) SO LOI
C min 50 % max 5 % max 6 %
F min 70 % max 3 % max 6 %

Total production of by-product energy productshia Czech Republic in 2014 was approximately
13.7 million tonnes. The total production of alpgs of fly ash was 9.3 million tonnes - high-
temperature ash production about7.9 million tor(88s%) and fluidized fly ash 1.4 million tonnes (15
%). The fluidized technology is one of the mostydap methods for burning of coal and other sorts of
fuel in thermal power plants. In conjunction withsdilphurization, this is the most efficient method
for the limitation of harmful emissions (especiadlylphur dioxide) in the air. Fluidized fly ashee a
generated during burning a fine grain mixture célgoowder, fly ash and limestone or dolomite in
fluidized-bed boilers, which are burning the airm coal dust at lower temperatures (usually up to
900 °C) in comparison with the classic burning ma grates where the burning temperature is up to
1450 °C.
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The fly ash-clay mixtures for the single-firing pess technology for the dry pressed ceramic tiles
were developed experimentally, using kaolinic steare clay as the basic raw material and classical
high temperature fly ash [1-2]. The bodies prepdmgthis method show a high shrinkage after firing,
often even in the reduction cores, in comparisah wtiandard bodies based on natural resources. The
limited shrinkage after firing the fly ash-clay rhixe may be achieved by the addition of limest@ie [
4], which however decreases the bending strengtheobody [3]. Blast furnace slag [5] with a high
content of CaO in the mixture and with fly ash naégo decrease the firing shrinkage of body atdirin
temperatures up to 1150 °C, much like the low alggtophyllite [6]. Tincal ore waste [8], talc [9]
and metal finishing wastes [10] in the fly ash mietbehave as a flux, and, on the contrary, thegfir
shrinkage of the body increases with increasedgtigms of those materials in raw materials mixture
Fluidized fly ash was used successfully during pheparation of glass-ceramic materials [11-12].
Fluidized fly ash shows a worse sinterability (l@ghvater absorption, porosity) than classical high
temperature fly ash [13]. It is possible to imprake sintering activity of fly ash mixtures by il -
their water absorption after firing decreases i, 1

The use of fluidized fly ash in concrete technologgopolymers, solidification of dangerous
substances, or stabilization of unstressed lay@rsdads is studied abroad especially. The studies
about the application of FFA in ceramic technolagy rare. The recycling of three different fly ashe
(FFA) obtained from the coal fired thermal powears has been studied for the glass materials [15].
There is evident that all used fly ashes are typ fifass C) according to their chemical composition
The significant difference in CaO content (6,76/-8B %) is interesting (table 2).

Table 2. Chemical composition of used fly ashes [15].

Fly ash Si0, Al,Os CaO MgO FegOs NaO KO SQ  LOI
Cayirhan 4153 17.77 1252 446 993 257 243 7.25 0.68
Seyitomer 4458 2254 676 898 985 022 060 252 3.83

Afsin-Elbistan 1811 7.63 3780 350 523 022 060 1822 8.40

All presented results of scientific research of Fifization in ceramic (fired) materials did not
solve the problem of sulfur dioxide emissions -stisi the aim of Czech Science Foundation project
GACR 18-02815S Elimination of Sulphur oxide emissituring the firing of ceramic bodies based on
fly ashes of class C (2018 — 2020). The aim ofadltecle is an evaluation of properties of Czech
fluidized fly ashes (mineralogical and chemical pasition, granulometry, morphology of grains)
compared with traditional classic high-tempertatfise ash. The problem of sulphur oxide SO
emissions in flue gas during the firing of pure FBAd pure stoneware clay dry pressed bodies is
discussed. Main goal of the research is to defomitions when the FFA can be used in ceramic
technology as a unexpensive source of CaO — nagdaséie modern production of porous wall tiles
(group BIll according to EN 14411) for example.

2. Propertiesof fluid fly ash (FFA)

Three Czech fluidized fly ashes FFA (from Hodoninsova and Ledvice Thermal Power Plant)
compared with classical high-temperature fly asth @ffom Melnik Thermal Power Plant) as non-
plastic raw materials for the preparation of labanasamples were used.

2.1. Chemical and mineralogical composition

The basic difference between CFA and FFA congisteé mineralogical composition (figure 1). CFA
contain up to 80 % glassy phase as the main compoaed up to 20 % mullite. SQontent is
usually below 1 %, because calcium sulphate deceagpat temperatures above 1150 °C. FFA are
characterized by their higher $@ontent (in the form of anhydrite Cag{free calcium oxide CaO
(up to 15 %) and calcite CaG(Fluidized fly ashes do not contain either glalsase or mullite. The
chemical composition of FFA therefore typically reasigh content of CaO (table 3). FFA shows
usually hydraulic properties (they solidify and dem after the mixing with water, without additioh o
any other components). Quartz is presented in typibs of fly ashes (figure 1). A comparison of the
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mineralogical composition of high temperature anadffly ash is shown in figure 1 (powder X-Ray
diffraction). The creation of anhydrite in FFA dugithe combustion of the milled coal and limestone
mixture inside the fluidized boiler we can desdilaecording to chemical equations:

1. Decomposition of limeston€aC0; - Ca0 + CO, (2)
2. Reaction of S@released from coal with Ca@CaO + 250, + 0, = 2CaS0, (2

The following table (table 3) shows the chemicahposition of the typical Czech class C fla ashes
from three thermal power plants in Hodonin, Ledvared Tisova, as well as the classical high
temperature fly ash from thedihik power plant. The chemical composition of &llidized fly ashes
is very similar with slightly higher amount of calm oxide (over 20 %) and a lower amount of
alumina and Si@ On the other hand, classical high-temperatureaiif from the Minik plant
contains only 2.2 % CaO and higher content e©Aland SiQ.

Table 3. Chemical composition of different Czech fluid cl&#y ashes (Hodonin, Tisova,
Ledvice) compared with traditional high temperatilyeash (Melnik).

SiC; Al20s FeOs TiO; CaO MgO MnO KO NaO SQ LOI
Hodonin 32.5 16.0 6.7 0.6 245 34 0.1 0.8 0.1 4.0 4.5
Tisova 350 233 55 54 215 1.6 0.1 0.5 0.1 2.5 4.5
Ledvice 35.7 25.4 6.5 1.8 20.5 11 0.1 15 0.3 3.3 3.8
Melnik 57.3 29.3 5.1 1.7 2.2 1.4 0.0 1.6 0.1 0.1 1.2
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Figure 1. X-Ray diffraction of different types of fly ash F& and FFA: M-mullite, Q-quartz, A-
anorthite, C-calcited, Ca-CaO.
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2.2. Granulomnetry

The difference in morphology between classical hgghperature fly ash CFA (left) and fluidized
fly ash (right) in the images from the scanningcllen microscope SEM is evident (figure 4). High-
temperature of combustion creates spherical sha@&A grains with different diameters. Grains of
fluidized fly ash are irregular shaped with shadges due to lower temperature of combustion.

Granulometry of the fly ashes used was determinedrding to the residue on a screen with a size
of 63 um (R63). From the granulometric point of view, thaédized fly ash from the Ledvice power
plant differs. It contains the highest proportidngoains above 63m which is approximately twice
number compared to the other analysed FFA. The giaé comparison is shown in table 4.

T a.

Figure 2. Morphology of classical high-temperatuire fly ashAC(left) and fluidized fly ash — class C
FFA (right), SEM 1500x.

Table 4. Granulometry of the fly ashes according to thedwsion a screen
with a size of 631m - Res,

FFA Hodonin Ledvice Tisova
Re3[%0] 32.2 54.2 25.1

2.3. SO, emissoins during the firing

Dry pressed body based on pure FFA (Hodonin) has beed with continual analysing of flue gas
(content of S@) by use of the TESTO M-I 300 flue gas analyzethwi maximum measurable limit of
4000 ppm. Decomposition of anhydrite during theksaa time at 1200 °C (figure 3) produces
calcium oxide, sulfur dioxide gas and oxygen vememsively according to the equation (reverse
reaction (2):

2CaS0, - 2Ca0 + 250, + 0, (3)

The same decomposition we can observe during tire fof pure ceramic clays (for example
stoneware clay MM — figure 4.), but from the loviemperatures (about 700 °C). The source of IBO
fuel gas during the firing of ceramic bodies is o of pyrite (marcasite) in clays — the
decomposition of pyrite (marcasite) is evident dliba temperature of 450 °C (figure 4) via equation

(4):

4FeS, +110, O B - 2Fe,0, + 890, 4
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Figure 3. The content of sulfur dioxide in flue gas during firing of class C fly ash (FFA —
Hodonin).
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Figure 4. The content of sulphur oxide in flue gas duringfihag of stoneware clay (MM).

3. Conclusion

The aim of the paper was to have a think abouptssibility of application of fluidized fly ash @ds

C fly ash according to ASTM C618 12a) in the prdducof fired (ceramic) materials as a source of
CaO in raw materials mixture. Fluidized and claaisitigh-temperature fly ash were compared in
terms of mineralogical and chemical compositioraigrmorphology and granulometry and their
different firing behavior.
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Every year about 1.5 million tonnes of fluidizeg 8sh are produced in Czech Republic but there
has not been found a wider application ofr FFA ésample in the production of fired building
materials because the decomposition of anhydritethns releasing the emissions of sulfur dioxide
have not been solved.

The aim of research within the Czech Science Fdiomgvia acknowledgement) solution is to
define the temperature interval in which the anhigddecomposes, the determination of the, SO
content in the flue gas and the design of thertreat of the raw material mixture for the binding of
SO into the ceramic body without emissions.
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