
Introduction

Fly ash is a waste material, generated at a gigascale in

the production of electricity and heat. Because of its

chemistry and the amounts generated, it represents a po-

tential major environmental concern. The mineralogy and

chemistry allow it to serve as a source of materials for

large-volume applications, low- as well as high-tech. The

applicability of different fly ash types as a secondary

source material is determined by their respective bulk

mineralogies and chemistries. These result both from coal

type and chemistry, and from the coal combustion process

used. In the Czech Republic, two major technologies are

used: conventional (combustion of pulverized coal in

grate boilers) and fluidised bed combustion. The fluidised

bed combustion (FBC), belonging to new, “cleaner” coal

combustion technologies, generates coal combustion

residues (CCRs) distinctly different from residues from

conventional combustion. The differences occur in many

aspects, involving mineralogy, major- and minor-element

chemistry, mechanical and rheological properties. 

The intended large-scale production of these materials

has to be assessed carefully, at best assisted by miner-

alogical studies of the bonding of potentially hazardous

elements (PHEs) and its durability. This article considers

environmental aspects of the fluidised bed combustion of

North Bohemian brown coal, as compared to convention-

al combustion.

More than 85% of power generation in the Czech

Republic is realised through brown coal combustion.

This coal is mined in the North Bohemian Coal Basin.

Although its chemistry and mineralogy vary broadly, it

can be generally described as high-S lignitous coal of

relatively low calorific value (10–20 MJ.kg-1). Large-

scale combustion of this coal, performed in power plants

not equipped with desulphurisation units in the past, has

caused serious damage to the environment by introducing

large volumes of sulphur dioxide and other hazardous

compounds into the atmosphere. After 1989, the Czech

government agreed to drastically decrease the emissions

of sulphur dioxide. Desulphurisation of all power plants

was accomplished in 1999; besides that, several power /

heating plants were converted to fluidised bed combus-

tion. In spite of the dramatic drop in gaseous emissions,

neither the conventional boilers with wet or semi-dry

limestone scrubbing, nor fluidised bed furnaces produce

less solid CCR. Moreover, the volume of combustion

residues is increased by additives or washing agents in-

troduced into the burned coal (FBC) or flue gas (desul-

phurisation). The mineralogy and chemistry of fly ashes

from conventional coal combustion are relatively well

known, although mostly on bulk level, while FBC prod-

ucts (bottom ash, fly ash) are known to a much lesser de-

gree. Bulk concentrations of trace elements in FBC ashes

from North Bohemian lignite were studied by Smolík et

al. (1998), a.o.

Material and methods

Material studied

This paper provides results of a detailed study of FBC

ashes from a set of experiments performed in an atmos-

pheric FBC pilot plant in Mazingarbe (France) with four

model types of North Bohemian brown coal, differing in

calorific value and sulphur content. The principal proper-

ties of the used coal types are given in Table 1.

The four coal types were combusted with four differ-

ent additives (2 limestones ± lime, dolostone) under dif-

ferent oxygen inputs to the furnace (to meet two different

emission limits). The total number of coal/additive/com-
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A b s t r a c t . Coal combustion residues represent very abundant inorganic waste materials. The change from conventional combustion of powdered

North Bohemian brown coal to its combustion in fluidised bed boilers in several Czech power and heating plants calls for detailed mineralogical and

geochemical characterisation of the combustion residues. The main differences between fly ashes from both combustion systems result from different

burning temperatures and differing systems of desulphurisation (coeval with combustion / post-combustion). Both these factors influence the chemi-

cal and phase compositions as well as the speciation of trace elements. The study further shows that the validity of the surface enrichment model

(Linton et al. 1975) can be limited. 
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