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INFLUENCE OF FLY ASH AND SLAGS
OF BOILER WITH CIRCULATING FLUIDIZED BED
ON PROPERTIES OF CONCRETE

The properties of fly ash and slag of boilers with circulating fluidized bed are under
consideration. In the Donetsk region several new generations of boilers are operating,
permitting to burn the poor fossil fuels, including coal tailings. The ash and slag produced in
this case are having somewhat different properties in contrast to the conventional waste TPP.

In the study of fly ash and slag’s properties, the up-to-date methods are applied, based on
X-ray phase (XRD), DT and spectral analyses.

The question of the allocation of a large area of land for the storage of waste at thermal
power plants. It was found that in windy weather wastes soar into the air, creating a cloud of
dust and chemicals dissolved in rainwater and contaminate groundwater

The aim of the present study is to identify the influence of fly ash on the strength
properties of heavy concrete and on its resistance to water saturation and drying.

The research strength of concrete based on mathematical experiment planning
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BIIJIMB 30/I1-BUHECEHHS TA 30JI0LIJIAKIB
KOTJIIB I3 HUPKYJIAIIMHUM KUIJVIAYUM IITAPOM
HA BJIACTUBOCTI BETOHY

Hocniooxceno enacmugocmi  301U-6UHECEHHs mMA  30J0WIAKOBUX MAC KOMIIE i3
YUPKYIAYTUHUM KUNIAYUM wapom. 3asnadeno, wo y [loneywvkiii obnacmi excniyamyomvcs
KIIbKaA KOMJi8 HOB020 NOKONIHHS, SKI 00380110Mb CNANI08AMU OIOHe Kam 'siHe 8Y2ilis, 8 MOMY
yucai U 8i0xo0u 30azavenHs 8YeiLIsA: 30U [ WAAKU, WO VIMEOPIOIOMbC NPU YbOMY, MAOMb
dewo  I[Hwi  eracmueocmi, Ha  GIOMIHY  6i0  mpaouyiunux  6i0xodie  TEC.
Pozenanymo numanusn eudinenus 3naumoi niaowi 3emai nio CcKAa0y8awHs Bi0X00i6  Ha
mepumopii TEC. 3’acosano, wjo y 6impany nocody 6ioxoou 30iUMaromevcs y NO8Iimps,
VIMBOPIOIOYU XMAPU NULY, @ XIMIUHI CROJYKU POZYUHAIOMBCA Y 00WO0BIL 600i Ma 3a0pYOHIOIOMb
IpyHmogi eoou. [locnioxcenns enacmugocmeu 301 1 30710ULIAKIE NPOGEOEHO  CYUACHUMU
Memooamu, 3acHO8aHUMU Ha penmeeHoghazosux (PDA), cnexmpanvnux ma oughepenyitino-
mepMiyHUx auanizax. Buxonano 0ocniodcenns miynocmi 6emonié Ha 0CHOGI MamemMamuiHo20
NIAHYBAHHS eKCNEPUMEHIM).

Knrouogi cnoea: 3ona-eunecenns, 3010WNAKU, KOMAU 13 YUPKYAAYIUHUM KURJAAYUM
wapom, MiyHicms npu CMuUcKy, 6emoHu.

148 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 2 (47)" 2016.




Introduction: Humanity needs energy, living space, natural and artificial materials,
however, these needs, as a rule, cause wastes.

Some wastes are formed in the process of energy production, for example, at burning coal
in the heat power stations’ boilers. Up to the present moment, at heat power stations of many
world countries, coal is burnt in ordinary boilers, which efficiency is rather poor. For the latest
15 — 20 years, there have been produced boilers with a circulating fluidized bed, where coal is
being burnt for a longer time than in traditional ones, therefore coal is burnt completely. The
similar boilers have been operated in Ukraine since 2001 at one of the largest heat power
stations in Europe — Starobeshivska HPS.

Latest study sources and publications review. Ashes and slags are divided into high-
calcium (CaO> 20 % wt) and low-calcium (CaO <20 % wt). The first category contains mostly
crystalline slag, and the other one — glass and amorphous clay intrusions. High-calcium ashes
are divided into low-sulfate (S0; <5 % wt), obtained at coal and turfs burning, and sulfate (S0;>
5 % wt), obtained at burning slags [2].

There exists no unified classification of ash-slags wastes. The first classification was
made in 1953 at development of the ASTM Standard. In 1960 it was suggested to consider
ashes as a puzzolanic admixture, and in 1968 natural puzzolans and ashes were combined into
the common ASTM C 618 Standard with a generic name of “mineral admixtures” [3].

Fly ashes do not require any further processing being added to Portland cement or
concrete. It must answer the standards requirements [1].

At manufacture of heavy-weight concrete, precast and cast (solid) concrete structures, fly
ashes can replace part og sand or cement or it can be used as a separate component: active
micro-filler. Slags and ash-slags can replace sand partly or completely. At using ashes, the
properties of concrete improve. Therefore, ashes have acquired a wide application and are very
popular among manufacturers.

Fly-ashes and ash-slags are normally colored in grey or light grey, close to the cement’s
colour, and ashes and ash-slags, obtained after coal burning in boilers with a circulating
fluidized bed, possess reddish colour tinge. This colouring is determined by transformation of
ferric oxide in clay minerals at coal burning, resulting in the terracotta colour.

Products of Portland cement minerals hydration (C-S-H, hydrosilicates, ettringite, etc.) in
the cement paste are calculated by means of the stoichiometric model, suggested in J.Ronald’s
paper [5]. Another two clinker phases (aluminates and ferrites) react with water, too, and
formulate hydration products in the form of calcium hydro-aluminates and calcium hydro-
ferroaluminates. As a result of aluminate’s reaction with gypsum, ettringite is formed in cement
paste. Later it transforms into monosulfate as a result of its reaction with carbon dioxide.

The degree of clinker materials hydration with slags depends upon many factors, such as
W/C (water-cement) ratio, temperature, slag’s reactive capacity and fineness of cement
components, therefore, it is difficult to predict it. To model slag hydration with clinker minerals
it is necessary to mix cement with various amounts of slag and study it at certain age [7].

Problem statement. The assignment of the present paper is studying the properties of
fly-ashes and ash slags of boilers with a circulating fluidized bed and their influence on the
concrete strength properties.

Basic materials and results. The true density of fly-ash and ash slags was determined by
the traditional method, it equals 2,47 g/cm’. The bulk density of fly-ashes makes 800 kg/m’,
and that of ash slags — 1320 kg/m’. Analysis of the ash slags granulometric composition
answers the fineness modulus requirements: Mg = 1,1. The fly-ash granulometric composition
was studied by means of the laser particle analyzer Cilas 990 and it made 0,2 — 500um.
Fly-ashes mostly contain particles sizing less than 82 pum.

For the more detailed study of fly-ashes and ash slags properties the technology of X-ray
diffraction analysis (XRD), spectroscopy and differential thermal analysis (DTA) were used.
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Figure 1 — X-ray diffraction pattern of fly ash and ash slag

Table 1 — Chemical composition of fly-ash and ash slag of boilers
with a circulating fluidized bed at Starobeshivska HPS

Composition | ALLO3 | SiO; | SO3 K;O | CaO | TiO; | FeO |ZnO | In,03

Fly-ash 26,89 | 4895 | 7,36 | 3,90 | 5,17 | 0,81 | 6,12 | 0,04 | 0,76

Ash slag 5,03 | 16,07 | 5,32 | 1,62 | 68,64 0 3,32 0 0

As to the amount of CaO, fly-ash belongs to low-calcium (CaO <20 % wt), i.e. to acidic
ashes; as to the content of SO3; - to sulfate (S03> 5 % wt) ashes. Ash slags belong to high-
calcium (CaO> 20 % wt), i.e. to basic ashes; as to as to the content of SO;3 - to sulfate (S05;> 5
% wt) ashes.

As it is shown in Table 1, fly-ash and ash slag do not contain the unburnt coal part, thus
eliminating restrictions for their application in heavy weight concretes. The most detrimental
component is sulfur gas which can be combined with other oxides as anhydride CaSO,4 or
ferrous sulfate FeSO,4. In the both cases, sulfur compounds can induce delayed ettringite
formation, which can cause destruction of the set cement structure.

In the course of the present research the influence of fly-ash on heavy weight concretes’
water saturation and drying resistance was studied. The mathematical experiment planning
method was applied for the study. The following factors were considered variables:
X, — cement content; X, — fly-ash content, which varied from 0 to 1; X3 — content of
superplasticizer «Fluid Premia 196» based on modified polycarboxylates. The study was
performed on the test cubes with the edge length of 100 mm. To manufacture the test cubes,
small fraction granite crushed stones of 5 — 10 mm, gravel sand with the fineness modulus
Mt = 1.1, mark 500 cement of Balakliya plant, Kharkov region, and fly-ash of boilers with a
circulating fluidized bed were applied. The samples were manufactured in the metal forms and
stored in the laboratory conditions for the 28 days period.

After setting, the basic samples were tested for strength at compression. The results of the
test were processed by the «STATISTICS — 10» program and are presented in Fig. 2.
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Figure 2 — Surfaces of the variable parameters influence
on strength at compression
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Figure 2 (continued) — Surfaces of the variable parameters influence
on strength at compression

Three series of samples, where the fly-ash part was of the maximum, minimum and
medium value, were tested for water saturation and drying resistance. The basic samples were
submerged into water for the 24 hours period, and the control ones remained stored in the
laboratory. Then the samples were drawn out of the water, dried during the 24 hours period at
the temperature of 110 °C. After 50 cycles they were tested for strength at compression.
The test results are presented in Fig. 3.

The diagrams demonstrate that with increase of the cement content the concrete strength
grows at compression, just as it was expected. However, the influence of fly-ash on the
concrete strength at compression is different. Thus, at the minimum and maximum values of
fly-ash content, the concrete strength at compression is lower, and at the medium fly-ash
content values the concrete strength at compression insufficiently grows. Obviously, at the
medium values, concrete acquires the maximum consolidation, due to which concrete strength
at compression grows.

The presence of plasticizer contributes to the concrete strength growth at compression.
With increase of the plasticizer content within the experiment, the concrete strength at
compression is ratably growing. At analyzing the common influence of the fly-ash and
plasticizer content, one can allocate the range of their best content (the medium fly-ash and
plasticizer content) which makes 1.0% of the cement weight.

The diagram shows that after testing for water saturation and drying resistance the basic
samples demonstrated reduction of strength at compression by 4,5 — 11,5%. It must be noted

that concrete acquires high density at using fly-ash, which contributes to lower water
saturation.
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Figure 3 — Comparative analysis of strength at heavy
weight concretes compression after 50 cycles of moisturizing and drying:
1 — fly-ash free samples; 2 — samples containing ash and sand 1:1;
3 — samples where sand is completely replaced with fly-ash.
Column 1 — control samples; Column 2 — basic samples

Thus, it was determined that heavy weight concrete strength reduced by 23% with sand
completely replaced with fly-ash at the age of three months. Obviously, at the above age,
microsilica suspension is still inert to the Portland cement hydration products.

Some ashes and ash slag oxides are known to react with Portland cement clinker minerals
or with their hydration products [7]. Portland cement acquires strength at setting mainly due to
calcium silicates (C3S 1 C,S) hydration. Hydration results in the formation of calcium silicate
hydrates of the C-S-H type and calcium hydroxide CH. The latter is able to react with silicon
oxide, contained in ashes and ash-slags of heat power stations, and to form low-basic calcium
silicate hydrates [5].

Thus, the more ashes and ash slags of silicon oxide are in the amorphous state, the more
low-basic calcium silicate hydrates are formed. However, the above reaction is running slowly
at ordinary temperatures, and before reaching the brand age of concrete setting, ashes and ash
slags remain in concrete as an inert filler [7]. This fact can explain reduction of concrete
strength in the diagrams.

Superplasticizer «Fluid Premia 196» helps to concrete strength increase at compression,
and its best content makes 1.0 —1.2% of the cement weight. The similar effect is described in
V. M. Malhotra’s article [4].

When sand is replaced with fly-ash of boilers with a circulating fluidized bed, heavy
weight concretes’ water saturation and drying resistance does not reduce [6]. In the course of
the experiment no cracks in the samples was found, thus testifying to the absence of the internal
stress. It is fair to assume that mineral ettringite had already been formed in the process of
concrete setting, however, this hypothesis requires further verification by the respective
research.

Conclusions. It was determined that ashes and ash slags of boilers with a circulating
fluidized bed do not contain unburnt coal particles. As to their chemical composition, it is
similar to that of clay, however, they have a high water demand. Concrete strength, when sand
is replaced with fly-ash, is reducing at the initial setting terms, though the concrete density is
growing. Concrete water resistance does not reduce with introducing of ashes and ash slags if
compared to traditional sand.
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