
Slovak Geo! Mag. 2008, 19 - 22

C02 sequestration with the use of fly ash from hard coal
and lignite combustion

Alicja Uliasz-Bochenczyk, Eugeniusz MOKRZYCKI

Mineral and Energy Economy Research Institute of Polish Academy of Science
Wybickiego 7; 31-261 Krakow, Poland

aub@min-pan.krakow.pl

Abstract. Mineral sequestration relies upon permanent C02 bonding in natural minerals or wastes. It is an
ecologically safe method, because C02 is permanently bonded, and the occuring in the reaction carbonates do
not affect the environment negatively. For C02 bonding there may be used natural mineral resources such as
f.ex.: olivines, serpentinites or permanent inorganic alkaline waste, containing CaO and MgO in the form
reactive with C02. Among such waste are f.ex.: fly ash, which are the potential material for carbon dioxide
sequestration via mineral carbonation.

In the article a review of findings on the use of fly ash for C02 bonding via mineral carbonation has been
discussed. One of the aspects of mineral carbonation of particular interest is the influence of C02 insertion on
the leachability of chemical contamination. In the article there have been presented the exemplary results of
chemical contamination contents in the leachates from 'pure' and with inserted C02 ash-aqueous suspen-
sions.

The presented findings show that the insertion of C02 has caused changes in chemical impuri-
ties concentrations in leachates, with concentrations being either increased or decreased, however
they are not great.
Key words: C02. fly ash from hard coal combustion, fly ash from lignite combustion, mineral carbonation,
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1. Introduction

The reduction of increasing anthropogenic C02 emis-
sion has recently become one of the most important
problems as far as the environmental protection. Profes-
sional power industry is one of the biggest sources C02
emission. This is where a significant amount of solid
waste is produced: slags, fly ash, fly ash with desulphuri-
zation products and gypsum mixtures. Fly ash is the po-
tential material that can be used for C02 bonding. Polish
professional power industry, which is the greatest emis-
sioner of C02 in Poland, uses, above all, fossil fuel - hard
coal and lignite. In 2006 C02 emission from Polish pro-
fessional power industry amounted to 150,918 th. tons,
including 91,544 th. tons from the power plants using
hard coal, and 56,959 th. tons from power plants and
combined heat and power plants (CHPs). At the same
time 13,341 th. tons were captured, including 7,156 th.
tons from power plants and CHPs operating on hard coal,
while from power plants on lignite - 6,157 th. tons
(Emitor 2007).

The issue of C02 emission reduction from power
plants and CHPs may be combined with the use of fly ash
for its sequestration via mineral carbonation (Uliasz-
Bochenczyk et al. 2006, Uliasz-Bochericzyk& Mokrzy-

cki, 2006), which is based on C02 reaction with metallic
oxides, resulting in the formation of insoluble carbonates
(IPCC...2005).

For C02 sequestration via mineral carbonation there
may be used fly ash from fossil fuel combustion in power
industry (Mazurkiewicz et al. 2004; Soong et al. 2006;
Baciocchi et al. 2006; Back et al. 2006; Uliasz-Bochen-
czyk & Mokrzycki, 2006), as well as ash from waste
combustion (Meima et al. 2002; Costa et al. 2007).

The CaO and MgO contents determine fly ash ability
to C02 bonding (Johnson, 2000; Back et al. 2006;
Baciocchi et al. 2006). However, the reactivity of fly ash
depends mainly on the CaO content, with MgO content
being less important.

Mineral carbonation, or more precisely, the so called
accelerated carbonation, has been suggested not only as a
method of C02 sequestration that is emission reduction,
but also as a method of chemical stabilization of fly ash
not being widely used in economy, assigned mostly for
deposition. This involves, first of all, fly ash from waste
combustion (Costa et al. 2007, Meima et al. 2002, Zhang
et al. 2007, Li et al. 2006).

In both cases, that is C02 sequestration and stabiliza-
tion, the important issue of C02 usage is its impact on the
impurities leachability and the change of for example pH.
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2. Mineral carbonation of example ash aqueous sus-
pensions with compositions based on fly ash from
hard coal and lignite combustion

Polish professional power industry is based on the use
of two main fuels for its energy production: hard coal and
lignite. Fly ash from professional power industry from
hard coal and lignite combustion has been used in the
examinations.

Fly ash from hard coal combustion in power plant Ja-
worzno with CaO content - 4,94%, MgO - 2,55 and fly
ash from lignite combustion in power plant Belchatow
with CaO content - 21,6%, MgO - 0,78% and free CaO -
1,1% has been used in the research. The free CaO content
has not been stated in ash from hard coal combustion
(Uliasz-Bochenczyk et al. 2007).

Above all, the contents of CaO and MgO in fly ash
determine the process of mineral carbonation. While
comparing the contents of CaO, MgO and free CaO in
the examined ash, a high CaO content (21,6%) is notice-
able, in the fly ash from lignite combustion and relatively
low CaO content in ash from hard coal combustion
(4,94%), with no free CaO content stated in its composi-
tion.

For the purpose of confirmation of mineral carbona-
tion processes in ash aqueous suspensions, an examina-
tion of C02 absorption for fresh ash aqueous suspensions
as well as phase composition by means of roentgeno-
graphic method has been carried out and a supplementary
study of the microstructure with the use of scanning mi-
croscope for hardened ash aqueous suspensions.

The studies of C02 absorption extent by ash aqueous
suspensions have been carried out using especially cre-
ated installation consisting of two measurement sites,
including measurement sets for pressure chambers and
registering devices as well as gas cylinder and reducer
(Uliasz-Bochenczyk et al. 2007).

The maximum absorption of ash aqueous suspensions
on the basis of fly ash from hard coal combustion in
power plant Jaworzno, has been confirmed with the ratio
of ash to water 1,5 amounting to 1,22 g CO2/100 g, for
the suspensions prepared on the basis of fly ash from lig-
nite combustion in power plant Betchatow, the maximum
absorption has been stated with the ratio of ash to water
1,25 amounting to 4,15 g CO2/100 g (Uliasz-Bochenczyk
et al. 2007).

In the roentgenographic and microstructure studies
the presence of calcite has been of particular interest, as
the basic product of mineral carbonation. The presence of
calcite has been stated in ash aqueous suspensions pre-
pared on the basis of ash from hard coal combustion as
well as in ash aqueous suspensions prepared on the basis
of ash from lignite combustion (Uliasz-Bochenczyk et al.
2007).

The following phases have been found in the ash
aqueous suspensions with compositions based on ash
from hard coal combustion in power plant Jaworzno:
mullite (Al459 Sii.41 097), haematite (Fe203), quartz (Si02),
calcite (CaC03) and maghemite (Fe203).

The following phases have been confirmed in the ash
aqueous suspensions with compositions based on ash

from lignite combustion in power plant Belchatow:
haematite (Fe203), quartz (Si02), calcite (CaC03), et-
tringite (Ca6(Al(OH)6)2(S04)3(H20)25.7), calcium sulphate
(CaS04), calcium silicate (Ca2Si04), which has been con-
firmed by the results of examinations with the use of
scanning microscope (example - Fig. 1).

In the roentgenographic examinations the presence of
CSH phase has not been stated, however, it has been
found in the SEM examinations in the form of gel
(Uliasz-Bochenczyk et al. 2007).

3. Leachability of chemical impurities

The leachability of chemical impurities has been car-
ried out for ash aqueous suspensions with and without
inserted C02 in order to determine its possible influence.

Chemical oxygen demand (COD) in the analyzed
solutions of aqueous extracts has been examined
according to standard PN-74 C-04578/03. The chlorides
content has been marked with Volhard method, and the
designation of sulphates has been done with the use of
inductively coupled plasma atomic emission spectrometry
method (ICP AES). The plasma emission spectrometry
method has been used to mark: arsenic concentration,
chrome, cadmium, copper, lead, nickel, zinc, arsenic and
mercury. The findings of chemical impurities concentra-
tions as well as the results of pH values designations and
COD marking in the leachates from ash aqueous suspen-
sions, 'pure' (without C02) and with the inserted C02
have been presented in table 1.

The insertion of C02 to ash aqueous suspensions pre-
pared on the basis of fly ash from hard coal combustion
as well as those from lignite combustion has caused either
an increase or a decrease in concentration of various im-
purities in the leachates.

The insertion of C02 to suspensions based on ash
from hard coal has brought about a decrease in the con-
tents of Zn, Cu, As, Hg, Cd, Cr, chlorides and sulphates,
and at the same time an increase in the contents of: Pb,
Ni and pH.

The insertion of C02 to suspensions based on ash
from lignite has caused a decrease in the contents of Zn,
Cr, Ni as well as sulphates and chlorides, with an increase
in the contents of: Cu, Pb, As, Hg, Cd and pH.

The findings have been compared with the values of
the highest acceptable values of pollution indexes for
treated industrial sewage stated in the Regulation of
Minister of Environment on 29th November 2002
(Regulation...2002a) on conditions to fulfill while entry
to water or ground of sewage as well as on the substances
harmful to water environment (Journal of Laws
02.212.1799 on 16th December 2002) - annex 3, the val-
ues of acceptable leachability stated in standard - PN-G-
11011 'Materials for solidifying stowage and grouting of
workings', as the fly ash is, above all, economically used
in mining, as well as with the requirements for water
quality categories stated in the Regulation of Minister of
Environment on 27th November 2002 on conditions to
fulfill while using surface water deposits as drinking wa-
ter (Journal of Laws 02.204.1728 on 9th December
2002).
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Fig. 1 Ash aqueous suspension prepared on the basis of  fly ash from hard coal combustion with inserted C02

Table 1 Chemical impurities contents in leachates from ash aqueous suspensions 'pure' and with the inserted C02, mg/dm

Chemical impurity
type

Suspension on the basis
of fly ash from hard coal
combustion without C02

Suspension on the basis
of fly ash from hard coal
combustion with inserted

C02

Suspension on the basis
of fly ash from lignite

combustion without C02

Suspension on the basis
of fly ash from lignite

combustion with inserted
co2

Zn 0,031 0,021 0,0080 0,0056

Cu 0,00058 0,00029 0,00037 0,00041

Pb 0,00002 0,00003 0,00003 0,00004

Ni 0,00040 0,00041 0,00024 0,00013

As 0,0118 0,0068 0,00022 0,00034

Hg 0,0044 0,0029 0,00017 0,00020

Cd 0,0011 0,00042 0,00011 0,00017

Cr 0,039 0,016 0,0065 0,006

cr 7,1 3,5 1,8 0,0

so42" 455,9 285,7 132,8 92,0
ChZT
mg02/L

<5,0 <5,0 <5,0 <5,0

pH 10,2 10,8 8,1 11,2
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The findings have exceeded highest acceptable values
of impurities indexes stated in Regulation (Regula-
tion...2002a) for pH (acceptable 8,5 has not been ex-
ceeded only in the case of suspension with composition
based on fly ash from lignite combustion without C02).
The remaining obtained impurities concentrations were
below acceptable standards.

The obtained results of chemical impurities concen-
trations do not exceed the values of chemical contents
stated in standard PN-G-11011.

The findings of leachability have been compared with
the requirements for water quality categories stated in the
Regulation of Ministry of Environment on 27th Novem-
ber 2002 (Regulation...2002b). The obtained concentra-
tions have exceeded the acceptable values only in the
case of suspensions based on fly ash from hard coal com-
bustion, in the case of mercury (acceptable 0,005
mg/dm3) and sulphates (acceptable 250 mg/dm3) and pH
in the case of the two types of suspensions (acceptable
8,5 has not been exceeded only in the case of suspension
with composition based on fly ash from lignite combus-
tion without C02).

4. Summary

Fly ash may be the material used for C02 sequestra-
tion. Regardless of a low extent of absorption, as for ex-
ample in suspensions based on fly ash from hard coal
combustion, waste is worth considering for C02 seques-
tration, because of its great amounts. However, when
deciding about ash usage for C02 sequestration, the
leachability of chemical impurities should be taken into
consideration, as far as their later use. The presented
findings show that the insertion of C02 has caused
changes in chemical impurities concentrations in lea-
chates, with concentrations being either increased or
decreased, however they are not great.
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