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EVALUATION OF THE USE OF COAL FLY ASH FROM 

MUNICIPAL HEAT � POWER PLANT WITH REGARD  

TO FOREIGN EXPERIENCES 

A b s t r a c t

construction industry, the majority is still stored. This is particularly true for ashes from power plants. Understandably, the 

disposal of ashes is of great ecological and economic importance. Recycling and recovery are the best available options 

Natural zeolites are used in numerous economic and industrial sectors. Their limited resources raise the need to look for and 

composition, it is possible to use them as a raw material for the synthesis of zeolites. The aim of the research was to assess 

method. In the experiment, the coal ash collected from under electrostatic precipitators in Kielce Power Plant was used. 

The effect of chemical activation on the sorption properties of coal ash was examined. The chemical conversion consisted 

sorption capacity were obtained.

The aim of the paper is to assess the possibility of utilizing the furnace waste from Kielce Power Plant. A necessary condition 

for the recovery and utilization of the waste is to identify their characteristics and properties.

Keywords:

1. Introduction

criteria limiting the use of ash in concrete production 

is a high content of chlorides, sulfates and loss on 

ignition. The high ignition loss is usually typical of 

ashes from power plants and makes them unsuitable 

for use in construction engineering. Therefore, they 

costs connected with securing and monitoring the 

A relatively new direction discussed in the literature 

is the use of sorption capacity of ash (Woolard et 

al., 2002). Ashes collected directly from under the 

electrostatic precipitators have high sorption capacity 

for pollutants in wastewater so they are applied 

in the production of sorbents used in the treatment 

of wastewater and waste gases (Cheerarot and 

sorption capacity. Fly ashes, especially those with 

used to manufacture zeolites by means of chemical 
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conversion. The impact of alkalis (NaOH, KOH) on 

conditions leads to the creation of zeolite-structure 

Hollman et al., 1999]. 

Fly ash is collected by electrostatic or mechanical 

different shapes and sizes, composed of spherical 

glass particles, a large number of irregular aggregates 

and balls of colorless slag glaze with an empty interior. 

Fly ash contains also a small amount of elongated 

slivers of unburned carbon.

Grain size of furnace waste is closely related to 

The

2/kg, for 
2/kg, and for calcium ash 

2

The density of the furnace waste depends on the 

by: the composition of mineral matter, the amount 

of unburned carbon and the shape and structure of 

individual grains of ash (Bastian, 1980). The density 

, and is smaller 

than the density of sandy and silty soil, which is 

 (Kucowski, 1997).

� glassy phase (with a large number of irregular 

aggregates) and considerable number of 

spherical grains,

� crystalline phase which consists of mullite, 

� clay phase (amorphous).

The following mineral composition of furnace ash 

1998):

2
O , Fe

2
O

� metallic grains � mainly Fe (having a spherical 

� silicates and aluminosilicates � of the the 

insular, ring, chain, layered and spatial structure. 

The morphological diversity of ash particles is 

shown in Figure 1.

Fig. 1. A porous char residue (unburnt carbon) 

(microspheres). SEM carbon natural surface on the ESP 

The chemical composition of the furnace waste 

varies in broad ranges � which is one of the reasons 

ash are determined by a number of factors, of which 

the most important are: the type of coal burned and 

the type of installation in which the coal is burned 

(a type of boiler and technological conditions of coal 

Figure 2 illustrates the areas of coal ash utilization 

limited by the following criteria: pozzolanic properties, 

particle size and chemical composition. Pozzolanic 

properties of coal ash enable obtaining materials of 

low mechanical strength that can be used to stabilize 

the waste and as an ingredient in cement production.

asphalt, plastics, paper and its coarser fractions for 

grinding and polishing powders. In addition, ash is 

used for the production of ceramic products such as 

brick, glass and refractory materials.

be a valuable source for the recovery of magnetite 

plastics), coal, silica, alumina, iron. It is also used 

as a raw material in cement production if the quality 

additative to agricultural soils.

The construction and road industries are the areas 

engineering and construction of dams.

construction industry.
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total utilization: 17.7 million tonnes. (European Coal 

Combustion Product Association, http://www.ecoba.org)

 

 protection

Several studies have shown that adsorptive capacity of 

and Hongwei, 2006), removing heavy metals from 

wastewater (Wang et al., 2006, Wang et al., 2007, Hui 

A separate research direction developed recently 

chemical conversion. A considerable diversity of 

a raw material is observed. Different ranges of heat 

treatment, proportions of components (ash: NaOH) 

and procedures are applied. It should be stressed 

that numerous zeolite structures can be synthetized 

et al., 1999).

and IIA groups, such as Na, K, Mg, Ca. The general 

Paderewski, 1999):

M
2/n

O · Al
2
O  · ySiO

2
 · wH

2
O

where:

n � cation valence,

w � water content,

The basic unit of three-dimensional crystal structure of 

zeolite are tetraedrits (Si,Al)O , characterized by varying 

ratio of silicon to aluminum and creating different multi-

Free spaces in the zeolite structure are so well 

developed that the cations and water molecules are 
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able not only stay in them but also roam freely under 

in the unit cell (Resonant Contrast Diffraction for Direct 

http://www.esrf.eu/UsersAndScience/Publications/

show the sorption, catalytic and molecular-sieve 

properties.

Sieve effect means that only the particles below 

a certain critical size (window size) pass to the interior 

channels while larger ones remain outside the sieve. 

The sorption properties of zeolites are determined by 

their internal structure. Thanks to it they are used for 

drying, cleaning and separating of gases. The zeolites 

in relation to water (due to its dipole properties) 

which makes them useful in drying inert gases and 

atmospheric air.

A characteristic feature of zeolites is the surface area 
2 · g-1. (Payra i Dutta, 

The process of zeolite synthesis from the coal ash 

can be single or multistage. Four methods of obtaining 

The concept of chemical conversion of ash into the 

zeolite consists in treating the grains rich in alumina 

stage the aluminosilicate gel is formed which then 

The zeolitization mechanism according to Murayama 

a batch hydrothermal synthesis process includes three 

stages:

1) the dissolution of aluminium and silicon from 

2) the deposition of aluminosilicate gel on ash 

surface,

the crystallization of zeolite from aluminosilicate 

gel (Murayama i in., 2002).

and silicon come are observed:

1) amorphous aluminosilicate glass,

2) quartz, and

mullite.

The aluminosilicate glass phase is the largest and 

most unstable of the phases in the hydrothermal 

environment, and therefore has the highest rate of 

dissolution, and is the largest contributor to the 

zeolites produced. Quartz is less stable than mullite, 

athough quartz and

some authors report little to no reactivity for quartz 

Murayama i in., 2002).
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Different pore sizes and the presence of 

them applicable in the selective adsorption of gaseous 

zeolites in removal of CO
2
, SO

2
 or NO  from gaseous 

The development of methods for the synthesis of 

in the possibility of their utilization in industry and 

environmental protection.

3. Materials and research methods

The ash used in the research was collected in the 

years 2007, 2008, and 2009 from the heat recovery 

installation of Kielce Power Plant. The criterion of 

ash selection was its chemical composition making 

it usuitable for use in the construction engineering 

collected directly from under the electrical precipitator 

in accordance with the standard POBOR PROB BS 

of unburned carbon and high content of silicon and 

Table 1.

used in the research

Chemical properties

Oxide

composition
Percentage[%]

Mineral

composition

Percentage

[%]

Si O
2

45.67 Quarto 12.4

SiO
2 reactive

33.17 13.3

Fe
2
O

3
8.01 CaO 0.7

Al
2
O

3
23.47 periclase 2.4

CaO 5.09 hematite 1.8

3.69 maghemite 1.1

SO
3

0.61 anhydrite 2.4

wCaO 0.064 amorphous f. 66.0

Na
2
O 0.83

K
2
O 1.40

Physical properties

Loss on 

ignition
7.52

Fineness

density
3

surface area
6170 cm2

To estimate the repeatability of burned coal quality 

and hence ash quality the basic parameters of the coal 

burned in Kielce Power Plant are presented in Table 2.

Table 2. Parameters of coal burned in Heat and Power 

Station in Kielce

2007 2008 2009

22614 23010 23565

Ash content [%] 17.3 16.8 14.5

Sulphur content [%]    0.57    0.49    0.39

laser 

diffractometer Malvern Mastersizer Microplus which 

pyrophosphate solution in recirculation conditions. 

During the measurement process ultrasounds were 

used to break up agglomerates � the time of ultrasound 

application was dependent upon the moment of re-

agglomeration. The results are presented on a graph 

showing sample grain-size distribution.

electrical precipitator at power plant in Kielce

The analysis of qualitative and quantitative phase 

composition was performed by X-ray diffraction 

using D8 Discover X-ray diffractometer produced by 

Bruker AXS. Data recording was carried out in the 

of crystalline phases was determined quantitatively 

with internal parameters computed on the basis of the 

standard NIST SRM 660a � LaB6. In order to quantify 

crystalline phases and determine the total content of 

amorphous phase the X-ray method with the inserted 

internal formula was used. Due to chemical stability 
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al., 2001).

In order to assess the usefulness of ashes as 

NaOH. The effectiveness of chemical conversion 

of ash into a hypothetical form of zeolite was 

evaluated by comparing ash sorption for methylene 

blue after conversion with ash sorption before 

chemical conversion. In addition, sorption isotherms, 

Chemical treatment consisted in treating ash with 

NaOH solution at room temperature 180oC ±10oC

and at atmospheric pressure. For this purpose, 1g 

of ash was placed in a solution of 7M NaOH. The 

contact time of ash with NaOH was 21 hours. Then 

the precipitate was drained, washed with hot distilled 
oC. In 

order to determine the differences in sorption capacity 

the sorption intensity of organic compounds using 

methylene blue as a model organic compound was 

in the solution was analyzed by spectrophotometry. 

0.1 dm of a suitably prepared dye solution (methylene 

blue). The concentration of dye was determined 

measure the color intensity by spectrophotometry. 

calculated from the difference of dye concentrations 

before and after the sorption process. This result was 

compared to the one obtained for sorption of ash not 

undergoing chemical conversion. Grain morphology 

Neophot 2.

4. Results and discussion

It should be noted that ash collected directly from 

under the electrical precipitator shows high sorption 

capacity towards dye and can serve as a good sorbent 

sorption capacity towards methylene blue was 

obtained, as shown in Figure 8.

from power plant in Kielce in the period 2007-2009

The process is caused by changes of ash surface 

character as shown in Figure 9. and Figure 10. 

(Fig. 9A). However, as a result of chemical treatment 

new structures are formed on the surface of ash 

particles highly increasing their porosity (Fig. 9B 

change of ash surface character determins the increase 

of their sorption properties towards methylene blue.
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A

B

Fig. 9. SEM. Microscopic structure of individual grains 

Fig. 10. SEM. Microscopic structure of individual grain 

The amorphous phase with the aluminium and 

silicon compounds is particularly susceptible to 

chemical conversion (Table 1). During chemical 

treatment Si / Al glass on the grain surface turns into 

gel and then crystallization of a zeolite structure takes 

et al., 2002). The more of amorphous phase in the ash 

sample the more effective the process.As shown by 

amorphous phase, which facilitates the formation of 

zeolite structures.

Table 3.

Test method
[m2

Fly ash after 

[m2

measured by BET 

method

3.8719 104.8395

area measured by 

Langmuir method

4.9153 132.1400

In order to estimate the impact of time when the 

samples were collected (the ashes collected in three 

different years were tested) upon repeatability of 

results the statistical test was conducted on the 

basis of monoagent analysis of variance of sorption 

results. At the beginning the assumption was made 

that sampling time affects the adsorption capacity 

relatively homogeneous and the sampling time has no 

5. Summary

it seems reasonable to look for its new applications, 

especially as far as ash from power plants is concerned.

chemical properties are not utilized in construction 

engineering can be used in raw state as sorbents. 

Sorption capacity of ash was improved by chemical 

conversion in NaOH solution. The chemical 

grains. The results of obtained by electron microscopy 

structures on the surface of ash particles and the 

increase of roughness. The BET results showed that 

consistent with the results obtained for the sorption of 



47

make use of furnace waste which has not been used but 

in power plants requires both large areas and constant 
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mullit, kwarc, hematyt, tlenek magnezu, gips, 

magnetyt, kalcyt, tlenek wapnia,

i Earle, 1998):

2
O , Fe

2
O

c) krzemianów i glinokrzemianów � o budowie wy-

-

-

zilustrowano na fot. 1.

-

-

-

Na rysunku 2 zilustrowano obszary wykorzystania 

-

-

-

-

-

zastosowanie w produkcji wyrobów ceramicznych, tj. 

-

-

-

rzystywane jako surowiec do produkcji cementów, 

dróg, budowy zapór wodnych.

-

-

cja NO (Shaobin i Hongwei, 2006), usuwanie meta-

(Wang i in., 2006, Wang i in., 

-

-

nych w drodze konwersji chemicznej do postaci ze-

uzyskiwania struktur zeolitów z wykorzystaniem 

-

-

grup IA i IIA, takich jak Na, K, Mg, Ca. Ogólny wzór 

Paderewski, 1999):

M
2/n

O · Al
2
O  · ySiO

2
 · wH

2
O

M � kation pozasieciowy.

-

, charakte-

-

ki oktaedryczne (tzw. kubooktaedry). 

-

i molekularno-sitowe.

-

-

wykorzystywane do osuszania i oczyszczania gazów,  

-
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-

-

-

trza atmosferycznego.

-
2 · g-1 (Payra i Dut-

-

-

� alkaliczna fuzja + klasyczna alkaliczna konwersja

� konwersja sucha lub stopionych soli,

� dwustopniowa synteza.

-

lega na traktowaniu alkaliami ziarna bogatego w glin 

-

nie krystalizuje do postaci zeolitu (Elliot i Dong-ke 

kationów wymiennych w strukturze zeolitów spra-

-

dania nad zastosowaniem ich w usuwaniu z miesza-

nin gazowych CO
2
, SO

2

-

-

Iyer, 2002).

-

-

-

-

-

-

-

ków krzemu i glinu (tabela 1)

-

przedstawiono podstawowe parametry charakteryzu-

Wykorzystano dyfraktometr laserowy, Mastersizer 

-

-

rofosforanu sodowego w warunkach recyrkulacji. 

-

bicia aglomeratów � czas stosowania dobierano do 

momentu ponownej aglomeracji. Otrzymano wyniki 

-

-

-

-

liczonych na podstawie wzorca NIST SRM 660a � 

LaB
6

-

-

-

-

-

wykonano badanie izoterm sorpcji, chemisorpcji i BET. 

-

temperatury pokojowej 18oC± 1o

atmosferycznym. W tym celu reakcji poddano na-

-

oC.
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-

Badania sorpcji

-

.

-

-

-

-

dzono na spektrofotometrze AQUAMATE Thermo 

przed i po procesie sorpcji. Wynik ten porównano 

chemicznej. Badania SEM, morfologii ziaren przed 

skaningowym typ Neophot 2.

-

ku przeprowadzonej reakcji chemicznej uzyskano ma-

Jest to spowodowane zmianami charakteru powierzchni 

co zilustrowano na rysunkach 9 i 10 

-

-

-

-

-

-

i in., 2002). Proces ten jest tym bardziej efektywny im 

-

sprzyja tworzeniu tych struktur. 

-

ne oparte na jednoczynnikowej analizie wariancji 

-

w latach 2007-2009 wykazano graniczny poziom 

jednorodne i czas poboru próby nie ma istotnego 

Podsumowanie

-

-

-

-

-

-

-

struktur krystalicznych, na powierzchni ziaren popio-

-

-

-

-

wiskowych.

-

-

-

-


