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Introduction

In the 215t century, both the development and functioning of the economy will still be
based on the use of natural raw materials. Poland is a serious manufacturer of many of
them, first of all of coal and copper, but also others, including:sulfur, salt, limestones or
sands and gravels. According to the latest data of the Mineral and Energy Economy Re-
search Institute of the Polish Academy of Sciences from 2012 (Smakowski et al. ed. 2014)
a declining trend of the production of many of them is being observed. The raw materials,
of which production decreased significantly, meaningover 10% include limestones, while
the largest decline — over 23% — was recorded in the group of limestones exploited for the
purpose of the lime industry. These are limestones showing the highest quality, measured
by the CaCO; content. One of the main recipients of this type of raw material is the energy
industry based on national coal. In connection with the implementation of the stringent
standards of SO, emission, which forced the implementation of advanced technologies of
flue gas desulfurization (FGD) based on carbonate sorbents, the demand for high quality
limestones is gradually increasing from year to year. Increasing the supply of raw materials
of this type is becoming necessary. Technological descriptions of desulphurisation processes
show that sorbent consumption by one of the largest hard-coal-fired domestic power plants
and applying the wet method of flue gas desulfurization/FGD is approx. 25 tonnes/hour,
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assuming that the year-long operation of the power plant requires deliveries of over 219 tho-
usand tonnes of the sorbent with a particle size distribution below 65 um (of limestone po-
wder). In order to produce such an amount of limestone powder one would need to convert
approximately 280 thousand tonnes of limestone, which is the order of magnitude of the
total annual extraction in the case of the Géra Mackowa deposit or almost 14% of the annual
extraction in the Czatkowice deposit (assuming that the yield of the fraction below 63 um
from 1 extracted tonne of limestone will constitute 79%). Despite this, Poland has numerous
and rich deposits of high-quality limestones (documented for the needs of the lime industry),
however, their intensive exploitation can lead to the rapid depletion of such resources. There
is the opportunity for increasing the limestone resource base in led for over 30 years open-
cast mining of lignite in the Betchatow region, where one of the most important accompa-
nying minerals are limestones.

1. Belchatow limestones

The Betchatow lignite deposit is situated on the rift fault trough of Kleszczow, formed
in the Mesozoic sediments, Jurassic-Cretaceous limestones and marls. The shores of the rift
fault create slopes of exploitation fields in Betchatéw and Szczercow. They are gradually be-
ing exposed as a result of the progressive coal exploitation. In order to ensure the stability of
slopes during extraction, necessary is modeled to the desired inclination. This is indispensa-
ble in this case limestones exploitation, which must be preceded by a detailed recognition and
documentation of the geological conditions of the deposit, physico-mechanical parameters
and extraction technology design. Limestones are a monolithic rock, not suitable for mining
with basic machines working in strip mines, therefore their presence increases the costs of
functioning of the Belchatow Mine in a significant manner. Already in the 1960s, at the sta-
ge of exploration of the deposit the tests that were taken aimed at an indication of possible
directions of their utilization. In Geological Documentation of the Lignite Betchatoéw Deposit
(1964) limestones, generally, were recognized as useless for development. It was marked to
show that it is possible to get the raw material of use for the needs of the cement industry and
for the manufacture of agricultural limestone/soil lime from some lots with the application
of selective exploitation. Nevertheless, surveys were continued in areas, where the necessity
of forming the slopes at significant sections was predicted. In subsequent Comprehensive
Geological Documentations of the Lignite Betchatow Deposit — Szczercow Field (1977) and
Belchatow Field (1983) and in subsequent appendices to both documentations (Appendix in
Cat. B... 1975; Appendix... 1989; Appendix No. 1... 1989; Field Szczercow 2009, 2009a;
Field Betchatow... 2011) indicated areas of the limestones occurrence with beneficial physi-
cal and chemical parameters, possible for management in the cement industry, metallurgical
industry, for the production of burnt limericultural limestone and highway aggregate.

The Belchatéw limestones have been selectively exploited since 1995. The only form of
their management was and is the production of highway aggregate, mainly for the needs of
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the mine for the construction of haulage roads and local roads. So far about 2 million tonnes
of limestones (Adamczyk et al. 2012) have been extracted and managed in the Lignite Bet-
chatow Mine. Further exploitation of these rocks in significant quantities will be necessary
for the purpose of extracting lignite balance resources . It is expected that approx. 2 million
tonnes of limestones remains to be extracted from the Belchatow Field, and from 20 to
almost 70 million tonnes (Adamczyk et al. 2012) in the Szczercow Field, depending on the
variant of shaping of the excavation contour. In such a situation it became necessary to create
new directions of economic utilization of the Betchatow limestones, which have not yet been
taken into account. Actions have been taken in order to determine their usabilities for the
production of limestone powder for flue gas desulphurisation process needs in the nearby
Betchatéw power plant. The lots of limestones occurring in the parts of upper surface of
the complex of bedrocks, being in a direct contact with Neogene sediments turned out to be
problematic or even impossible for management.

1.1. The mineralogical and petrographic nature

Limestones occurring in the area of the exploitative Szczercéw Field are rocks mostly of
white color, with massive and solid texture. According to the Folk classification, one should
determine them as allochemical microcrystalline limestones. The primary role of rock-for-
ming play in their case sponges, bryozoans, echinoderms or foraminifera, to a lesser extent.
Apart from bioclasts, intraclasts and ooliths are also an important ingredient of limestones.
The content of allochemical ingredients is differentiated, within the range of 10 to 40% of
rock volume. Their nature allows investigated limestones such as biomicrites, biointramicri-
tes and bioomicrites to be classified (Hycnar et al. 2007).

Roof lots of limestones, occurring in the immediate vicinity with Neogene sediments, in
the so-called contact zone possesses properties of a different mineralogical and petrographic
nature. They are characterized by strong rubble, karstification, the presence of numerous
caverns filled with clay or even occurrence in the form of detrital minerals. Apart from that,
they are covered by processes of secondary mineralization. The effect of these processes are
of a strongly porous texture (Phot. 1) and the varied in mineral and chemical composition,
which translates into lower levels of CaCOj.

The porous texture occurring in the tested limestones is primarily the result of activity
of karst solutions, rich in CO, resulting from the decomposition of organic matter. The ob-
served pores are both intergranular, e.g. between ooliths in bioomicrites, and intragranular
(internal particle size distribution), e.g. within the bioclasts or calcitic sparite crystals. A si-
gnificant porosity also shows microcrystalline rock matrix (Phot. 2). In this case, the occu-
rrence of pores between individual crystals of micrite or microsparite can also be the result
of grain dissolution of the crystals.

A common feature of tested limestones is their presence in tectonics discontinuities,
known as stylolite seams, as well as cracks and compaction slits. In the limestones from the
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Phot. 1. The limestone from the zone of Mesozoic-Neogene contact in Belchatow deposit.
The porous texture. Polarizing microscope, Xp

Fot. 1. Wapienie ze strefy kontaktu mezozoik-neogen w ztozu Betchatow.
Tekstura porowata. Mikroskop polaryzacyjny; Xp

Phot. 2. The limestone from the zone of Mesozoic-Neogene contact in Betchatow deposit.
Porous microcrystalline limestone rock background. SEM/EDX

Fot. 2. Wapienie ze strefy kontaktu mezozoik-neogen w ztozu Betchatow.
Porowate mikrokrystaliczne tlo skalne wapieni. SEM/EDX



www.czasopisma.pan.pl P N www.journals.pan.pl

IS

POLSKA AKADEMIA NAUK

Hycnar 2015 / Gospodarka Surowcami Mineralnymi — Mineral Resources Management 31(4), 75-94 79

Phot. 3. The limestone from the zone of Mesozoic-Neogene contact in Betchatow deposit.
The compaction slit pyrite filled. Polarizing microscope, Xp

Fot. 3. Wapienie ze strefy kontaktu mezozoik-neogen w ztozu Betchatow.
Szczelina kompakcyjna wypetniona pirytem. Mikroskop polaryzacyjny; Xp

contact zone, this type of texture elements are filled, mainly, with iron sulfides and an or-
ganic substance of vegetable origin (Phot. 3 and 4), to a lesser extent with carbonate cement
or silica.

The varied mineral composition of limestones from the described contact zone manifests
itself with the presence of a series of mineral phases. Apart from calcite, which remains its
principal mineral constituent, minerals from the group of SiO, — opal, chalcedony and quar-
tz, clay minerals mainly represented by kaolinite, as well as pyrite, siderite, hematite, barite,
celestite, gypsum and apatite have been identified (Fig. 1).

Phot. 4. The limestone from the zone of Mesozoic-Neogene contact in Betchatow deposit.
The stylolite seam filled of lignite. Polarizing microscope; Ip, Xp

Fot. 4. Wapienie ze strefy kontaktu mezozoik-neogen w ztozu Betchatow.
Szew stylolitowy wypeltniony uweglong substancja organiczng. Mikroskop polaryzacyjny; Ip, Xp
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Fig. 1. The phase composition of the limestone from the zone of Mesozoic-Neogene contact in Betchatow
deposit presented at the diffraction patterns
C — calcite, P — pyrite, G — gypsum, Q — quartz, S — siderite, B — barite, Ap — apatite, K — kaolinite

Rys. 1. Sktad fazowy wapieni ze strefy kontaktu neogen — mezozoik w ztozu Betchatow
przedstawiony na dyfraktogramach
C —kalcyt, P —piryt, G — gips, Q — kwarc, S — syderyt, B — baryt, Ap — apatyt, K — kaolinit

Following the complex phase composition of examined limestones also occurs varied
chemical composition within the individual samples (Table 1). The content of CaCO; is
included in a wide range from 48.67 to 88.37% of weights and is on average 70.90% of the
masses. Among other chemical components, the high content of silica reaching even to more
than 26% of masses, as well as iron and aluminum and magnesium and sodium draws atten-
tion. Therefore, it is concluded that the tested limestones in most cases do not comply with
the requirements for carbonate sorbents used in fluidized furnaces, in which the content of
CaCOj should be at least 85% of the masses (Lysek 1997).
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Table 1.  The chemical composition of the limestone from the contact zone Neogene-Mesozoic
in Belchatow deposit [% wt.]

Tabela 1. Skfad chemiczny wapieni ze strefy kontaktu neogen-mezozoik w ztozu Betchatow [% mas.]

Parameter Sio, TiO, Al,O5 | Fe,O4 CaO MgO MnO Na,O K,0 P,0O4

min. 7.01 - 0.01 020 | 27.34 - 0.014 0.02 0.01 0.01

max. 26.95 0.73 7.52 11.42 | 49.51 4.21 0.321 3.41 0.75 0.21

average 17.34 0.08 1.76 2.76 | 39.83 0.53 0.060 0.52 0.10 0.07

Explanation: — down to 0.01% wt.

1.2. Diagenetic and epigenetic transformations

The phase and chemical composition, as well as structural and textural features limesto-
nes from the Belchatéw deposit (exploitation Field Szczercéw) occurring in the contact zone
with the Neogene sediments are the result of diagenetic and epigenetic processes. They sho-
uld be understood as the physical and chemical transformations of sediments ongoing from
the moment of sedimentation to the end of lithification (diagenesis) and occurring in rocks
already after lithification (epigenesis). The most important are: compaction, cementation, as
well as processes of dissolution and recrystallization.

In the tested rocks both the effects of mechanical compaction triggered with pressure of
the overburden rocks (blanket rocks), and chemicals associated with the processes of disso-
lution under pressure have been observed. Mechanical compaction processes already occur-
red at an early stage of diagenesis. They have led firstly to the reduction of volume, and, thus
to increase the density of the sediment. Mechanical compaction occurred in the sediment
at least partially without lithification. This is evidenced by the presence of densely packed
as well as flattened, and even plastically deformed ooliths (Phot. 5). On the other hand,
evidence for the presence of the latter mechanical compaction is the occurrence of cracked
grains and bioclasts, fragments of which have been exploded or even displaced relative to
each other (Hycnar et al. 2007). Stylolitization and related processes of dissolving rock un-
der pressure also belong to the late diagenetic signs of compaction (Phot. 6). Mechanical
pressure in consolidated rock caused the formation of crackings, which then were roads of
the migration of solutions and resulted in the dissolution of rocks manifesting itself among
others, with incompleteness of grains adhering to stylolite seams (Phot. 6).

At an early stage, diagenesis compaction has been discontinued by cementation, which
led to an increase in the stiffness of the sediment. This is indicated by the occurrence of
whole, uncrushed skeletal remains in limestones, as well as enclosing over preserved inter-
granular pores with sparite cement (e.g. in bioomicrites) (Hycnar et al. 2007). At the stage
of epigenesis stylolites also ceased to be migration roads of solutions, they were filled with
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Phot. 5. The limestone from the zone of Mesozoic-Neogene contact in Betchatow deposit.

The deformed ooids. Polarizing microscope, Xp

Fot. 5. Wapienie ze strefy kontaktu mezozoik-neogen w ztozu Betchatow.
Zdeformowane ooidy. Mikroskop polaryzacyjny, Xp

Phot. 6. The limestone from the zone of Mesozoic-Neogene contact in Belchatow deposit.
The dissolved intraclasts at the stylolite seam. Polarizing microscope; Xp, CL image

Fot. 6. Wapienie ze strefy kontaktu mezozoik-neogen w ztozu Betchatow.
Rozpuszczone intraklasty na szwie stylolitowym. Mikroskop polaryzacyjny; Xp, CL

an organic substance of vegetable origin (Phot. 4), with pyrite (Phot. 7), as well as carbonate
cement and silica.

The most important textural feature of the described rocks is the porosity. It occurs first
of all in secondary porosity, having no relationship with the original characteristics of the
sediment. The original pores, occurring e.g. inside some bioclasts or created as a result of
the activity of living organisms as e.g. hollow forms, channels after infauna in the later
stages of diagenesis, have been filled primarily by calcite and also silica minerals or iron
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Phot. 7. The limestone from the zone of Mesozoic-Neogene contact in Betchatow deposit.
The stylolite seam filled of pyrite. Polarizing microscope, Xp

Fot. 7. Wapienie ze strefy kontaktu mezozoik-neogen w ztozu Betchatow.
Szew stylolitowy wypetniony pirytem. Mikroskop polaryzacyjny, Xp

sulphides. In the case of a limestones from the contact zone, porosity is associated mainly
with the karst processes and is also the result of the among-grain dissolution of carbonates
(among-grain porosity) and etching of larger mineral grains (inside-grain porosity). Pores
associated e.g. with the occurrence of stylolites as well as slits and cracks as a result of me-
chanical pressure in a consolidated rock in various stages of diagenesis have been partly or
even totally built-up (Phot. 3, 4, 7).

1.3. The mineralisation processes

Secondary processes of mineralization such as: silicification, pyritization, calcitiza-
tion are directly related with diagenetic and epigenetic transformations. Sulfatization and
phosphating should also be mentioned (Hycnar et al. 2007). Mineralization processes, that
occurred under the influence of chemical and biochemical factors are responsible for com-
plex mineral composition of limestones from the contact zone, as they led to the creation of
the series of non carbonate mineral phases as well as the younger generation of calcite.

The process commonly occurring within the surveyed limestones is silicification. The
enrichment process of rocks in silica has occurred by filling various kinds of pores, stylolite
seams, cracks and compaction slits as well as the replacement of calcite e.g. in bioclasts.
Under the described appearances silica usually takes on the form of opals (type A or type
CT) or chalcedony occasionally takes on the form of microcrystalline quartz. One should
combine the silica sources in the silification process with diagenetic processes of Neogene
clay rocks occurring within the subcoal series, meaning in the immediate vicinity of the
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bedrocks. Water rich in silica was squeezed from the clays in the mechanical compaction
process. A certain amount of silica can also come from the dissolution of plagioclases and
from the transformation of terrigenous material, mainly of potassium feldspars grains. Silica
precipitation from pore solutions undoubtedly favored the presence of carbonic acid formed
as a result of the decomposition of organic substances of vegetable origin. The silicification
of formations occurring in the contact zone of bedrocks with Neogene sediments was of
primarily a late diagenetic or even epigenetic nature.

Apart from silicification, pyritization is a very well developed mineralization process.
Pyrite fills the channels after infauna, stylolite seams, slits and compaction cracks and being
the effect of tectonic stresses, as well as rock pores caused by activity of karst solutions.
It also commonly replaces calcite in the bioclasts. Under the described appearances, this
sulphide adopts different morphological forms starting from amorphous, through frambo-
idal and finishing with crystals with idiomorphic (automorphic) outlines. Diversifying the
morphology of pyrites crystal has also been found within framboides themselves. Edifying
microframboides takes both oval shapes, and sharp edges with well developed cell walls
(Phot. 8). Forms with sharp edges of framboides should be considered as the effect of re-
crystallisation of oval forms. This phenomenon is possible with the restriction that the slow,
undistorted supply of iron and sulfur will be provided during the growth of framboides
(Stachura and Ratajczak 2004; Sawtowicz 2000). Therefore framboidal concretions bearing
characteristics of recrystallisation can be considered as the older generation of pyrite in

Phot. 8. The limestone from the zone of Mesozoic-Neogene contact in Belchatow deposit.
The pyrite framboids in the pore of rocks. SEM/EDX

Fot. 8. Wapienie ze strefy kontaktu mezozoik-neogen w ztozu Betchatow.
Framboidy pirytowe w pustce skalnej. SEM/EDX
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relation to the framboidal forms built from spherical microframboides. The common oc-
currence of pyrite in the form of framboidal concretions proves that pyritization process,
in most cases, are of a biochemical nature. On the other hand, numerous occurrences of
pyrite framboidal concretions within stylolite seams or in their immediate vicinity sugge-
sts that appropriate pyritization processes occurred during epigenesis and were associated
with the decomposition of organic substance of vegetable origin. Prevailing reducing con-
ditions, with the help of microorganisms resulted in the destruction of amino acids leading
to the separation of hydrogen sulfide, which subsequently took part in the crystallization of
pyrite (Olszewska 1971). Not all forms of the occurrence of pyrite are connected with the
activity of microorganisms. Pyrite filling the pores of karst voids, slits and tectonic cracks,
as well as replacing calcite in the skeletal elements is the result of crystallization from ionic
solutions.

With considerable diversifying the chemical composition and the genesis of formation is
also characterized by calcite. In the described sample, rocks form three generations differing
from each other in color and luminescence. Calcite that does not have luminescence now
exists only in the form of relics in the allogeneic ingredients mainly bioclasts (Phot. 9). Non
-luminescent form of calcite should be regarded as the primary, ’pure” variation of calcium
carbonate formed by the living organisms. It has been replaced by younger generations of
calcite (of red and yellow color in the luminescence) at various stages of diagenesis, created
as a result of secondary mineralization processes (Phot. 9). Calcite with luminescence of
a red color was subject to an influence of diagenetic solutions containing Fe?" (Sikorska
2005). It can be assumed that this form of calcite was formed at the final stage or shortly after
the crystallization of pyrite. Showing a yellow luminescence crystallized under shortage of
Fe?* and with the significant participation of Mn2" (Sikorska 2005). This form of calcite may

be combined with the hypergenical conditions and filtration of groundwaters of meteoric
origin. Migration routes of diagenetic solutions, which were the source of crystallization of
the youngest calcite generation can also be seen in photograph 9 (image in CL).

Phot. 9. The limestone from the zone of Mesozoic-Neogene contact in Belchatow deposit.
The generations of calcite with different color in luminescence. Polarizing microscope; Xp, CL

Fot. 9. Wapienie ze strefy kontaktu mezozoik-neogen w ztozu Betchatow.
Generacje kalcytu o zroznicowanej barwie w luminescencji. Mikroskop polaryzacyjny; Xp, CL
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3. The limestones from contact zone as sorbents SO, in fluidised furnaces

In Poland limestones with a content of CaCO; above 85% of masses are used as sorbents
SO, in fluidised furnaces (Lysek 1997; Wista-Walsh 1997). Sorbent in the form of ground
limestone is introduced into the combustion chamber together with fuel. Calcium carbo-
nate (CaCOs;) contained in limestone in a typical fluidised furnace temperature of 850°C
undergoes the process of thermic dissociation (decarbonatization) with the creation of CaO
with extensive surface area and porosity and CO,. Subsequently, sulfur dioxide reacts with
calcium oxide initially forming calcium (IV) sulfate CaSO; and then calcium sulfate (VI)
CaS0O, calcium sulfide (CaS), which is also is oxidized to calcium sulfate (CaSO,) (Antony
and Granatstein 2001; Wieczorek-Ciurowa 1995) may also be the intermediate product of
sulfation reaction. The sorption of SO, is on the surface of the pores produced during the
decarbonatization process (Chan et al. 1970).

The assessment of sorption capacity in relation to SO, of the surveyed limestones was
carried out according to the guidelines developed by the Ahlstrom Pyropower Development
Laboratory (1995). This method is based on the appointment of two indicators: reactivity
(RI) and absolute sorption (CI). The reactivity indicator specifies the ratio of calcium con-
tent in the sample to the quantity of sulphur after the sorption process [mol Ca/mol S]. On
the other hand, the absolute sorption CI indicator specifies the sulfur content after sorption
by 1000 g of sorbent [g S/1000 g of sorbent]. SO, sorption tests of were carried out on the
material with a grain size of 0.125-0.250 mm. In accordance with the requirements, be-
fore sulfation, the samples were subjected to decarbonatization process in a temperature
of 850°C in 30 minutes. Subsequently, for a further 30 minutes the gas was passed through
samples containing 1780 ppm of SO,, 3% of O, and 16% of CO, at a speed of 950 ml/sec.
In the next stage the sulfur content was determined after sorption on the LECO apparatus for
elementary analysis. On the basis of the results of research the values of indicators RI and CI
have been designated. The assessment of the sorption capacity was performed based on the
standard values of the mentioned parameters (Table 2).

Table 2.  The reference values reactivity (RI) [mole Ca/mole S] and sorption content (CI) [g S/g sorbent 1000]
(Lysek 1997)

Tabela 2. Warto$ci wzorcowe reaktywnosci (RI) [mol Ca/mol S] i sorpcji bezwzglednej (CI)
[g S/1000 g sorbentu] (Lysek 1997)

The rating sorption capacity of the sorbent RI CI
Excellent <25 >120
Very good 2.5-3.0 100-120
Good 3.0-4.0 80-100
Sufficient 4.0-5.0 60-80
Low quality >5.0 <60




www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMIA NAUK

Hycnar 2015 / Gospodarka Surowcami Mineralnymi — Mineral Resources Management 31(4), 75-94 87

Research has shown that limestones occurring in the contact zone with Neogene sedi-
ments in the Szczercow Field have a sorption properties in respect of SO, despite the low
content of CaCO;, which suggest that these rocks can be utilized in the form of sorbents
for lowering the emissions of SO, in fluidised furnaces. The value of the coefficient of
reactivity (RI) remains at the level of 4.47-1.55. On the other hand, the coefficient value
of absolute sorption (CI), which determines the sulfur content after sorption by 1000 g of
sorbent [gS/1000g of sorbent] is within the range of 62—150. The presented values of the
coefficients allow one to assess the capacity of the sorption of limestones at the level from
excellent to sufficient (Hycnar et al. 2007). It should be noted that the unqualified majority
of limestones was characterized by the sorption ability at the level of very good, achieving
a coefficient of reactivity ca 2.7, and sorption of approx. 95. The designated sorption capac-
ity of limestones surveyed is comparable with standard sorbents received from carbonate
raw materials.

Structural and textural features, such as the size of calcite crystals and the microporosity
had a significant influence on the formation of the sorption properties of the tested lime-
stones in conditions of fluidised furnace. As can be seen on photograph 10, the crystal size is
varied within individual grains of sorbent. Larger, sparite calcite crystals are present within
the microcrystalline rock matrix.

In photograph 11 the surface of the grains of a sorbent after decarbonatization process
is presented. Porosity system expansion and thus increasing the specific surface area of the
sorbent able to react with the SO, has been achieved as a result of the release of CO, from

Phot. 10. The limestone from the zone of Mesozoic-Neogene contact in Betchatow deposit
(0.125-0.250 mm fraction). The crystals of calcite in the microcrystalline, porous rock background (SEM/EDX)

Fot. 10. Wapienie ze strefy kontaktu mezozoik-neogen w ztozu Belchatoéw (frakcja 0,125-0,250 mm).
Sparytowe krysztaty kalcytu w mikrokrystalicznym, porowatym tle skalnym. SEM/EDX
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Phot. 11. The limestone from the zone of Mesozoic-Neogene contact in Betchatéw deposit (0.125-0.250 mm
fraction). The grain surface after the calcinations process, the cracks on it (SEM/EDX)

Fot. 11. Wapienie ze strefy kontaktu mezozoik-neogen w ztozu Betchatow (frakcja 0,125-0,250 mm).
Powierzchnia ziarna po procesie dekarbonatyzacji, widoczne pgknigcia (SEM/EDX)

the calcite structures. Crevices and cracks created within large calcite crystals have played
an important role in this case. During the thermal dissociation of calcite, they perform the
function of rapid roads of diffusion of CO, from the structure of calcite (Boyton 1966; Lech
2011). The decarbonatization process also includes the interior of sorbent grain with their
presence. In this manner, the sorption of SO, occurs not only on the surface of the grains of
sorbent after decarbonatization, but also reaches into the deeper layers. SO, particles pen-
etrate into the interior of sorbent grains through the diffusion channels and are sorbed also
on the the inner surface after decarbonatization. Grains of sorbent, which generated cracks
during decarbonatization process (Phot. 11) were characterized by a significantly higher
assessment of reactivity as compared to the grains in which of this type of slits are not gener-
ated (Phot. 12). In the event that there is no manufacture of cracks, the SO, sorption process
takes place on surface of sorbent grains, which is coated with a layer forming a sulphate.
As aresult, the sorption of SO, is locked in the initial stage of the process.

In real conditions prevailing in the circulating fluidised furnaces are exposed its next
unreacted layers, which after the process of decarbonatization will be able to adopt new
portions of SO, as a result of attrition of reacted covered with the products of surface des-
ulphurization of sorbent. However, in this case both the process of decarbonatization and
sorption run less efficiently and there is a slow uptake of SO,.

It seems therefore that tectonic discontinuities and compaction crevices and cracks have
played an important role in the formation of depicted on the photograph 11 of diffusion
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Phot. 12. The limestone from the zone of Mesozoic-Neogene contact in Betchatow deposit (0.125-0.250 mm
fraction). The grain surface after the calcinations process, lack of cracks (SEM/EDX)

Fot. 12. Wapienie ze strefy kontaktu mezozoik-neogen w ztozu Betchatow (frakcja 0,125-0,250 mm).
Powierzchnia ziarna po procesie dekarbonatyzacji, brak pgknig¢ (SEM/EDX)

channels of SO,. Forms of this type were, as a rule, filled by the organic substance after
coalification of vegetable origin or by iron sulfides. These fillings do not hinder the course
of decarbonatization process because their thermal decomposition ends in a decidedly lower
temperatures than calcite. In addition, iron oxides resulting from the decomposition of pyrite
catalyze the oxidation reactions of SO, to SO; (Schroeder and Grzesiak ed. 2011). On the
other hand, SO; particles interact more effectively with CaO intensifying the desulfuriza-
tion process (Antony and Granatstein 2001).

Conclusions

Limestones, occurring in the Neogene sediments contact zone with rocks of Mesozoic
substrate in the Betchatow deposit (Szczercow Fieldexploitation), although does not meet
quality requirements, have a chance to use in the form of sorbents for lowering the emis-
sions of SO, in fluidized furnaces. A significant influence on the sorption properties of
limestones, apart from the content of CaCOj, influences the structural and textural nature
of rocks.

The structure and texture of the surveyed limestones have been shaped at the stage of
diagenesis and epigenesis, through the processes of dissolution and recrystallization of
calcite occur under varying environmental conditions. Sparite calcite crystals have played
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the most important role in shaping the sorption capacity of limestones . Within them, dur-
ing the process of decarbonization, the cracks formed. They carry out the function of both
channels of rapid diffusion of CO, from the calcite structure, as well as SO, migration
routes to the interior of the grains of a sorbent. As a result, the SO, sorption process is not
only on the surface of the grains of a sorbent, but also includes their interior. These types
of crevices and cracks arise only within the sparite calcite crystals. They are not created
within calcite micrite. During the heating of the sorbent grains in the initial phase of de-
carbonatization process, increasing the volume of the grain, and then its shrinkage takes
place first (Boyton 1966; Lech 2011). This change of stresses causes cracks within sparite
calcite crystals.

The porosity of microcrystalline rock matrix, which also occurred as a result of diage-
netic and epigenetic processes is also of vital significance in shaping the sorption capacity of
the tested limestones. Pores between micrite or calcitic microsparite crystals both accelerate
the decarbonatization of rock matrix process, and increase its range in the deeper layers of
sorbent grains, which led to increasing the effectiveness of the uptake of SO,.

The presence in limestones of other non carbonate mineral components such as pyrite
or organic substance after carbonification of vegetable origin is also a beneficial parameter
from the point of view of the desulphurisation process effectiveness.

Sorption properties of limestones in respect of SO, in conditions of a fluidised furnace
do not depend in direct proportion on the content of CaCO;. The reactivity of limestones and
bonding ability of SO, increases with the expansion of porosity and the increase of a specific
surface area during the thermal decomposition of sorbent.

The work is statutory activities of the Department of Mineralogy, Petrography and Geochemistry
of the AGH University of Science and Technology in Cracow in 2015 (No. 11.11.140.319)
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CHARAKTER STRUKTURALNO-TEKSTURALNY A WEASCIWOSCI SORPCYJNE
WAPIENI ZE STREFY KONTAKTU MEZOZOIK-NEOGEN W ZLOZU BELCHATOW

Stowa kluczowe

sorbenty SO,, technologia spalania fluidalnego,
wspotczynniki reaktywnosci (RI) i sorpcji bezwglednej (CI)

Streszczenie

Jedna najwazniejszych kopalin towarzyszacych w ztozu wegla brunatnego Betchatow sg wapienie
wieku jurajskiego. Wchodzg one w sktad kompleksu skat podtoza oraz budujg zbocza pol eksplo-
atacyjnych Belchatow i Szczercow gdzie na skutek postepujace eksploatacji wegla sa sukcesywnie
odstaniane. Do tej pory w KWB Belchatéw wydobyto prawie 2 mln ton wapieni, ktore wykorzystano
w formie kruszywa drogowego. Do wydobycia pozostato okoto 2 mln ton w polu Betchatow i od 20
do prawie 70 mIn ton w polu Szczercéw. Wapienie wystepujace w ztozu Betchatéw sg zroznicowane
jakosciowo. Te znajdujace si¢ w bezposrednim kontakcie z osadami neogenskimi charakteryzuja si¢
silnym skrasowieniem, a nawet wystgpowaniem w formie zwietrzelin. Ponadto objete sa procesami
wtoérnej mineralizacji. Procesy te spowodowaty znaczne urozmaicenie sktadu mineralnego i chemicz-
nego, a tym samym przyczynity si¢ do obnizenia zawartosci CaCO;. Pomimo tego wapienie ze strefy
kontaktu mezozoik-neogen posiadaja znakomite wlasciwos$ci sorpcyjne wzgledem SO, w warunkach
palenisk fluidalnych. Wtasciwosci te sa determinowane przede wszystkim ich charakterem struktu-
ralno-teksturalnym, a zwlaszcza obecnoscia sparytowych krysztatow kalcytu w mikrokrystalicznym
tle skalnym, mikroporéw, niecigglosci tektonicznych, spekan i szczelin kompakcyjnych. Dzigki ich
obecnosci procesy zaréwno dekarbonatyzacji, jak i sorpcji przebiegajg efektywnie. Czastki CO, sa
szybko usuwane ze struktur krysztatow kalcytu, a SO, sa w stanie przeniknag¢ do wnetrza ziaren
sorbentu, gdzie sa adsorbowane na powierzchni wewnetrznej poréw powstatych w wyniku proce-
su dekrabonatyzacji. Te charakterystyczne wlasciwosci strukturalne i teksturalne badanych wapieni
zostaty uksztaltowane na etapie diagenezy i epigenezy. Przyczynily si¢ do tego przede wszystkim
procesy kompakcji mechanicznej i chemicznej, cementacji, a takze procesy rozpuszczania i rekry-
stalizacji. Pomimo niskiej zawarto$ci CaCO; wapienie ze strefy kontaktu mezozoik-neogen z powo-
dzeniem mogg by¢ wykorzystywane w formie sorbentéw do ograniczania emisji SO, w warunkach
palenisk fluidalnych.
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STRUCTURAL-TEXTURAL NATURE AND SORPTION PROPERTIES OF LIMESTONES
FROM THE MESOZOIC-NEOGENE CONTACT ZONE IN THE BELCHATOW DEPOSIT

Keywords
SO, sorbents, fluidised furnaces, indicators reactivity (RI) and absolute sorption (CI)
Abstract

Limestones of the Jurassic age are one of the most important minerals accompanying the Bet-
chatéwlignite deposits. They are part of the Belchatow and Szczercow rock subsoil complex and
form natural hillsides of exploitation fields, which are gradually being exposed due to the progressive
exploitation of coal. So far in Betchatéw Lignite Mine nearly 2 million tonnes of limestones have been
extracted, which were used in the form of highway aggregate. For the extraction (mineral recovery)
approx. 2 million tonnes remained in the Betchatow field and from 20 to nearly 70 million tonnes in
the Szczercow field. The limestones occurring in the deposit Betchatow are differential qualitatively.
Those situated in direct contact with Neogene deposits are characterized by strong karstification (karst
formation), and even occur in the form of detrital minerals. Furthermore, they are covered by proces-
ses of secondary mineralization. These processes caused significant diversity of phase and chemical
composition, and thereby have contributed to reducing the CaCO; content. Despite this, limestones
from the Mesozoic-Neogene contact zone possess excellent sorption properties in respect of SO, in
conditions of fluidised furnaces. These properties are determined firstly by their structural-textural
nature, and above all with the presence of calcite sparite crystals in microcrystalline groundmass,
of micropores, tectonic discontinuities, fracturings and compaction slits. With their presence, both
decarbonatization and sorption processes proceed effectively. The CO, particles are quickly removed
from the structures of calcite crystals, and SO, is able to penetrate into the interior of the sorbent
grains where are absorbed on the inner surface of pores arising as a result of the decarbonatization
process. These characteristic structural and textural properties of the surveyed limestones have been
shaped at the diagenesis and epigenesis stage. This contributed to all chemical and mechanical com-
paction and cementation processes, as well as the dissolution and recrystallization processes. Despite
the low CaCOj5 content limestones from the Mesozoic-Neogene contact zone can be successfully used
in the form of sorbents to reduce SO, emissions in conditions of fluidised furnaces.
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