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Abstract

A great deal of research has been done worldwide on the assessment
of realistic CO, adsorption capacities of different coals, which is
important for the understanding and predicting of processes associated
with the geological storage of carbon dioxide (CO,). The focus of this
article is on measuring the CO, amounts adsorbed by coals regarding
their petrographic type and coalification rank. Most of the samples
were taken from the Velenje lignite seam (ortho-lignite, Slovenia).
Samples of meta-lignites and bituminous coals from Hrastnik (meta-
lignite, Slovenia), RaSa (bituminous coal, Croatia) and the Sokolov
Basin (meta-lignite, Czech Republic) have been analysed as
comparing coals. Adsorption measurements were undertaken using the
gravimetric method at the temperature of 21 °C and the CO, pressure
of 3 MPa. The measurements show that different ortho-lignite
lithotypes (dried, ground, and under 200 um sieved material,
compressed under uniaxial compression of 9 MPa and filled with
CO,) adsorbed on average 29 m’ of CO, per tonne of lignite, varying
from 22 to 39 m® of CO, per tonne of lignite. However, higher rank
coals adsorbed slightly more CO,, that is, between 31 and 42 m’ of
CO, per tonne of coal.
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Introduction

Thermal power plants running on different coals are still very important producers of electricity in the
world (Nemitallah et al., 2019). They are, however, also one of the greatest contributors of CO, emissions into
the atmosphere. Even at plants where new units were recently installed in accordance with BAT (best available
technologies), options for minimisation of greenhouse gas emissions are still limited. Consequently, CO,
sequestration into deep coal seams is a promising option regarding the high prices of CO, allowances and public
pressure due to environmental pollution (De Silva and Ranjith, 2014; Nagy, 2006; Tajnik et al., 2013). This is a
particularly convenient choice for those thermal power plants, where coal deposits are close to the power plant
and where part of estimated coal resources will not be excavated due to densely populated areas above coal
layers or due to some other reasons. Such a case is also the Velenje Coal Mine and the nearby So$tanj Thermal
Power Plant.

The Velenje Coal Mine, from which most of the samples for this study have been collected, is an
underground mine exploiting an intermountain mega-lenticular seam. Lignite is mined from the depth of 200 to
500 m, with an annual production about 3.5 Mt. The lignite seam is on average 60 m thick, 8.3 km long and up
to 2.5 km wide (Brezigar, 1987; Brezigar et al., 1987; Vrabec, 1999). The §o§tanj Thermal Power Plant (ca.
1000 MW) produces about 35% of electricity consumed in Slovenia. Lignite burning in this power plant is
planned for the coming decades. CO, emissions diminished in the last 30 years due to technological
improvements and are expected to decrease in the coming years as well. Nevertheless, they will still be an
environmental problem.

Worldwide, possibilities to capture and store CO, into deep coal seams (besides deep saline aquifers and
depleted hydrocarbon fields) have been studied (Hartai, 2014; Leung et al., 2014), and also applied in the last 25
years. Coals are suitable for carbon dioxide storage because they are highly porous materials that enable the
sorption of CO, into their porous structure.

Most world studies of CO, sorption into coals are dealing with sub-bituminous and bituminous coals (Pini
et al., 2010; Saghafi et al., 2007). Our study primarily intends to contribute to the understanding of CO,
adsorption into ortho-lignite, to examine its capacity for “storing” CO, after injection in its different lithotypes.
Moreover, this study contributes new results to the previous investigations of CO, adsorption of coals in
particular of lignites carried out by somewhat different approaches (Likar et al., 2008; Zapusek and Hocevar,
1998; Zula et al., 2011).

Apart from methane (CH,), CO, is in many cases the main naturally occurring gas in coals. From the
studies dealing with gasses in lignite (Kandu¢ and Pezdi¢, 2005; Kanduc et al., 2003; Lazar et al., 2014; Si et al.,
2015), it is well known that CO, and CH, are of different origins and that they mix in very different ratios in
different zones of the seam. They are dangerous because they can cause gas exhalations and/or gas and coal
outbursts into mine workings. Between these two gasses, CO, seems to be even more dangerous than CH,
because it is less mobile, more tightly adsorbed, and if exhalated it accumulates at the bottom of the mine
workings.

The Velenje lignite is a typical ortho-lignite, according to the International Classification of in-Seam Coals
(ECE-UN, 1998). Therefore, we presume that our study will also contribute to the understanding of CO,
adsorption properties of lignites in general.

Material and Methods
Adsorbed gas volume determination

Coal is defined as a sedimentary rock composed prevailingly of lithified organic matter. It contains less than
50 wt% of ash on a dry basis (ECE-UN, 1998). It is coalified to different degrees, that is, coal rank: from peat,
through lignite (ortho- and meta-), sub-bituminous coal, bituminous coal to anthracite. In general, coal is a
porous material characterised by a mixture of micro-, meso- and macro-pores. Micro-pore diameters are less than
2 nanometers (nm), meso-pore diameters are 2—50 nm, while macro-pore refers to pores of diameters larger than
50 nm (Flores, 2014; Gan et al., 1972; Senel et al., 2001). Gas molecules adsorbed to the surfaces of pores are
much smaller. The size of the main gas molecules is as follows: CO, — 0.33 nm, CH, — 0.38 nm and N, — 0.36
nm (Flores et al., 2008; Kurniawan et al., 2006).

The highest possible stored quantity of gas in coal is an aggregate of the adsorbed gas on micro-pore
surfaces and the gas trapped in macro-pore systems. However, as reported by Saghafi et al. (2007), the quantity
of the adsorbed gas greatly exceeds the quantity of gas trapped in pores. Most CO, in coals is therefore stored in
the adsorbed state in micro-pores. The reverse situation is rare and only possible in the case of very high gas
pressure and water-free macro-pores.

The volume of gas that can be adsorbed into coal is a function of the energy that a free gas possesses.
Energy obviously depends on temperature and pressure. When these parameters are constant over time, the
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adsorbed and free phase achieve kinetic equilibrium. Consequently, the degree of adsorption and desorption is
equal.

In this research, the adsorption capacities were obtained with measurements of adsorption isotherms using
the gravimetric method as described and physically ascertained by Saghafi et al. (2007). This method is based on
direct measurement of the increase in weight of a geological material as it is saturated with gas at a defined gas
pressure. Figure 1 presents the assembled measuring system, which was used in our experiment. The CO, source
is connected to both measuring and reference cells that are filled with gas at the same time. Scales are connected
to a computer, through which data on the mass rising in both cells versus time is collected. Gathered data from
such adsorption graphs is the basis for further calculation. A typical adsorption isotherm for gravimetric
measuring of the adsorbed gas in a geological material is shown in Figure 2.
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Fig. 1. System for gravimetric measuring of the CO, amount in geological materials (Saghafi et al., 2007)
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Fig. 2. Typical adsorption isotherm for gravimetric measuring of the adsorbed gas in geological material (Saghafi et al., 2007)

Mass increase of an empty reference cell and a cell filled with the sample is measured when both cells are
exposed to the same gas pressure. The aim of the reference cell is to get data to calculate the density of gas at
measurement pressure and temperature (Saghafi et al., 2007):

d - refy (])

where:
Wrer — measured mass of gas in the reference cell
V.t — the volume of the reference cell.

The excess mass can be calculated with the expression:

wg = w-—V

void

d,, (2)

where:
w — a mass of gas in the measuring cell,
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Vioia — uncorrected volume of the void (the difference between the volume of the empty canister and the
volume of coal).

To get actual adsorbed gas mass, the void volume in the measuring cell must be corrected for the volume of
adsorbed gas, which partly occupies the initial void. The net void volume is, therefore:

Wa s
(Vvoid)l = Vvoid - d s ’ (3)

ads
where:
d,gs — adsorbed gas density

Wags — adsorbed gas mass.

The adsorbed gas mass:
Wads =w- (Vvoid)l |:ug (4)

Using an expression for net void volume (eq. 3) in the expression for adsorbed gas mass (eq. 4), the
adsorbed gas mass is:

w = (5)

The adsorbed volume of gas at standard conditions is:

— Wads ( 6 )
ads d st
g

where:
V.as — adsorbed gas volume at standard conditions
d," — gas density at standard conditions (gas pressure 101.325 kPa, temperature 20 °C).

The volume of adsorbed CO, per tonne of material is:

c — ads ) (7)

where:
w,. — the mass of coal sample.

In this research, the value 0.915 g/cm3 as adsorbed CO, density (d,4;) was used after Walker and Mahajan
(1978), although other proposed values can also be found in the literature (Angus et al., 1976; Fitzgerald et al.,
2005; Hall et al., 1994; Humayun and Tomasko, 2000; Span and Wagner, 1996; Sudibandriyo et al., 2010).

The major problem, associated with the reliability of measuring adsorption isotherms with a system
assembled, is due to the high pressure connected to cell sealing. To verify this, the relative error was calculated
based on the relation between the measured maximum and final mass of the gas in the reference cell (Fig. 3, Tab.
2). Furthermore, the measurement uncertainty of the system was verified by measuring and calculating the value
of CO, adsorbed on the same sample and was +3.2%.
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Mass of gas (g)

Time (s)
Fig. 3. The typical measurement of gas mass in the reference cell

Samples

In order to compare the adsorption capacities, coal samples of various lithotypes and ranks were gathered
from different locations. Set of samples was composed of the following coals:

- ortho-lignite (Velenje, Slovenia, Velenje Basin, Pliocene, samples 1V to 8V) (Marki¢ et al., 2001;
Marki¢ and Sachsenhofer, 2010);
- meta-lignite — durain (Hrastnik, Slovenia, Sava Folds, Oligocene, sample 9H) (Hamrla, 1959; Bruch

1998);

- bituminous coal — vitrain (Ra$a, Croatia, Adria Foreland, Paleogene, samples 10R to 12R) (Meduni¢ et
al. 2020);

- meta-lignite — durain (Sokolov, Czech Republic, Sokolov Basin, Miocene, sample 13S) (Rojik et al.,
2014).

The vast majority of samples are from the Velenje lignite seam. They were taken from three underground
borehole cores in the active mining area. Originally, the set of samples from Velenje included 20 samples, but it
was later reduced to 8 samples with combining two or three samples with very similar lithotype composition.
The combining of samples was necessary in order to obtain sufficient sample quantity for the adsorption testing.
Other coals were studied mostly as comparing ones. They were taken from the coal seams in the underground
mines of Hrastnik and RaSa, and from a coal seam in the opencast mining area of the Sokolov Basin. It was
expected that the ortho-lignite samples, which represent coals of the lowest coalification rank, will show
somewhat different CO, adsorption characteristics, most probably lower than the higher rank coals. Noticeable
differences were also expected within the ortho-lignite samples due to considerable lithotype heterogeneity
(Marki¢ et al., 2001; Marki¢ and Sachsenhofer, 2010). The following lithotype components were distinguished
(Fig. 4): xylite (X; xylite-rich coal; ICCP, 1993; Taylor et al., 1998), detro-xylite (dX; Marki¢ and Sachsenhofer,
2010), xylo-detrite (xD; Marki¢ and Sachsenhofer, 2010), and fine detrite (D; matrix coal; ICCP, 1993; Taylor et
al., 1998). Xylite lithotype is a fossil-wood appearing in pieces larger than 64 mm (i.e., average borehole
diameter). On the contrary, detrite or matrix lithotype is composed of fine plant detritus that passed early
coalification during the peat-to-lignite transformation process. This is called biochemical gelification, which
affected plant detritus more easily and rapidly than xylites (Diessel, 1992; Stach et al., 1982; Taylor et al., 1998).
Detrite is homogeneously dark brown (weakly gelified; ICCP, 1993; Taylor et al., 1998) to black (gelified;
ICCP, 1993; Taylor et al., 1998). Detro-xylite and xylo-detrite contain xylitic pieces within fine-detrital matrix.
In the case of detro-xylite, the woody pieces are larger than 32 mm, whereas in xylo-detrite lithotype they are
smaller than 32 mm (Fig. 4).

The lithotype petrographic composition of the ortho-lignite samples, expressed in volume percentages, is
given below in Table 1. The lithotype composition was determined macroscopically in terms of lithotype
components as observed on samples of borehole cores (Marki¢ and Sachsenhofer, 2010). The samples were
covered with a transparent PVC foil with a 3x3 mm grid. For each core sample with a diameter of 64 mm and a
length of 150 mm, the total area of xylite, detro-xylite, xylo-detrite and fine detrite was determined by summing
up all individual 3x3 mm squares representing a specific lithotype component. The composition determined on
the surface of the core samples was considered to correlate well with the volume content of the individual
lithotype components in the samples. However, in order to ensure that the interior of the core samples did not
deviate from the findings at the outer surface, lithotype composition was visually assessed even after the core
samples had been crushed to a particle size of approx. 10 mm. In all considered cases, the interior followed the
findings obtained at the surface, so Table 1 shows the volume contents.
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Tab. 1. Macroscopically estimated lithotype composition of ortho-lignites

© Lithotype composition
g X ‘ dX | xD ‘ D
s [vol. %]

v 93 0 0 7
2V 85 0 0 15
3V 25 10 20 45
4v 10 5 10 75
5V 0 1 6 93
6V 0 0 2 98
v 0 5 12 83
8V 65 15 9 11

xylite (X), wholy extending over dimensions of
core diameter

xylite fragments (X) of different shapes,
all longer than 64 mm

the biggest two xylites are larger than 32 mm,
pieces are detro-xylite (dX), pieces between 1
and 32 mm in size are termed xylo-detrite
(xD), dark homogenous graundmass (matrix)
and the smallest (<1 mm) xylite lenses are
termed fine detrite (D)

homogenous, typically fractured fine detrital
lignite, as a whole fine detrite (D)

Fig. 4. Macropetrographic lithotype heterogeneity of the Velenje ortho-lignite (Markic et al., 2001; Marki¢ and Sachsenhofer, 2010)

For meta-lignites and bituminous coals, a conventional lithotype nomenclature was applied differentiating
among the following lithotypes: vitrain, clarain, durain and fusain (Taylor et al., 1998). However, only durain
(meta-lignite) and vitrain (bituminous coal) occur in the samples studied.

Prior to adsorption testing, the samples were dried for approximately two hours in an oven at 105 °C to the
constant weight. Then they were crushed with a jaw crusher to about 1 cm. This was followed by milling in a
disc mill and sieving to get an appropriate fraction for the analyses of adsorption, that is, below 200 pm.
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Proximate coal analysis was carried out in order to get the information on calorific value, moisture content
and ash yield (high-temperature ashing) of the investigated samples. In this study, only data on the ash yield
recalculated to the dry basis are considered.

In order to improve the understanding of lithotype varieties, the lignite samples were also investigated
microscopically in terms of the semi-quantitative maceral analysis as described by Taylor et al. (1998). Dry
samples were crushed to 1-2 mm particle size, mixed with resin, vacuumed and prepared as polished blocks
(3%3 cm) for the observation in normal reflected light under magnifications of up to x200. Macerals are basic
microscopic ingredients of coals. In our study, maceral composition was defined according to ISO 7404-3 (2009)
with the determination of 500 points in coal per polished block. The total maceral semi-quantitative composition
was then calculated as the sum of the partial compositions. Macerals were determined using the classification of
huminite macerals by Sykorova et al. (2005). The following macerals were distinguished: textinite, ulminite,
attrinite and densinite. The first two macerals are larger tissues with well-preserved cellular structure (textinite)
to uniformly gelified tissues of homogeneous appearance (ulminite). Attrinite and densinite originate from fine
plant detritus (<50x50 pm). Attrinite looks like detritus with clearly distinguishable edges of particles, whereas
densinite is homogenous due to the high degree of gelification. Distinguishing ulminite and densinite can be
critical; however, the physical properties of these two highly gelified macerals are quite similar. The content of
mineral matter was also determined.

Results and discussion

In the present study, gas adsorption was measured for 13 samples. All the samples were measured at sub-
critical CO, pressure conditions, that is, at 3 MPa and at a temperature of 21 °C. The measurements of mass
changes in the measuring and reference cells were a basis for the calculations of mass and volume of the
adsorbed CO,.

The measuring cell was each time filled with sample, and the material was then compressed uniaxially with
a hydraulic press to 9 MPa. This pressure was chosen to simulate lithostatic pressure conditions as
approximately occurring within the Velenje lignite seam at a depth of 350 m. In this case, the averaged specific
gravity (~2.6 t/m?) of overburden sediments (sands, sand- and siltstones, claystones, marls) was taken into
consideration. After the compression, measuring cell with the sample was inserted into a measuring device for
the gravimetric measuring of CO, adsorption. Before the measuring of CO, adsorption, the system was
vacuumed so that there was no gas in the cells and tubes at all. The mass of the gas under pressure in both cells
was determined by finding the total mass of the cells.

Calculated volumes of adsorbed CO, per tonne of material — c,qs (m3/t) for different coal samples are listed
in Table 2. Furthermore, lithotype and ash content on a dry basis (A") in wt% are also added.

Tab. 2. Calculated CO adsorption characteristics, lithotype and ash yield (A”);
(n.a. — not analysed)

Sample C‘E;lg/t?z I[E(Z] Lithotype [Vﬁ;]
v 32.37 2.01 xylite 2.69
2V 34.54 1.13 detro-xylite 493
3V 23.37 1.29 xylo-detrite 9.91
4V 29.56 1.52 xylo-detrite 9.81
5V 28.11 1.44 detrite 9.63
6V 26.92 1.88 detrite 14.73
v 21.57 1.10 detrite 9.83
8V 38.80 2.33 xylite 23.30
9H 31.36 1.37 durain 58.93
10R 35.62 1.19 vitrain n.a.
11IR 40.37 0.92 vitrain 8.47
12R 42.26 1.72 vitrain n.a
138 38.06 1.67 durain 4.97

The obtained results show that significantly different quantities of CO, can be absorbed by different coals
and their lithotype varieties (Tab. 2). The lowest value of the adsorbed CO, volume at 3 MPa is calculated to be
21.57 m*/t (sample 7V — ortho-lignite from Velenje), while the highest value is 42.26 m’/t (sample 12R —
bituminous coal from Rasa). Considerable variations within the ortho-lignite samples exist as well. We can see
that the difference between the lowest CO, adsorption in ortho-lignite (21.57 m*/t — sample 7V) and the highest
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CO, adsorption in it (38.80 m’/t — sample 8V) is relatively high (17.23 m’/t). This was expected because of
lithotype heterogeneity of ortho-lignites studied. Among all the investigated samples, detrital ortho-lignites
(samples 3V-7V) have the lowest CO, adsorption capacities — from 21.57 to 29.56 m’/t. Xylite-rich lithotypes
(samples 1V and 2V) show higher values of adsorption — between 32.5 and 34.5 m*/t. Xylite sample designated
as 8V has even higher sorption capacity (38.80 m’/t) than other ortho-lignite lithotypes. It has similar gas
sorption properties as coals of higher ranks — various lithotypes of meta-lignites and bituminous coals (Fig. 5).
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Fig. 5. CO; adsorption of investigated coals

Below the micropetrographic composition and gelification index (GI) are added to the CO, adsorption
capacity (Tab. 3). The gelification index (GI) is the ratio of gelified macerals (U+Ds) versus nongelified
macerals (Tx+Att) (Diessel, 1992).

Tab. 3. Micropetrographic composition (Tx — textinite; U — ulminite; Att — attrinite; Ds — densinite; Min — minerals)

o Micropetrographic composition

B Cus CO2 Tx ‘ U | Att | Ds ‘ Min | 9!
K [m/] 8

[vol. %]

v 32.37 74 13 3 7 3 0.3
2V 34.54 62 14 7 16 1 0.4
3V 23.37 20 22 19 31 6 1.4
4v 29.56 12 25 15 44 4 2.6
5V 28.11 0 3 10 83 4 8.6
6V 26.92 0 5 9 81 5 9.6
v 21.57 5 16 7 68 2 7.0
8V 38.80 10 45 19 4 22 1.7
9H 31.36 7 24 18 7 44 1.2
10R 35.62 0 14 15 62 9 5.1
11R 40.37 0 19 7 69 5 12.6
12R 42.26 0 10 12 75 3 7.1
13S 38.06 21 44 14 16 5 1.7

It can be concluded, taking into account the data from Table 1 and Table 3, that the prevailing xylite (X)
composition of samples 1V and 2V well correspond to the textinite (7x) composition and that the prevailing
detrite (xD + D) composition of samples 3V-7V well corresponds to the attrinite (A#f) plus densinite (Ds)
composition. It was expected that the CO, adsorption capacity of ortho-lignites would rise with the increasing
gelification and the content of fine detrite (D), but this was not confirmed clearly in our study. Only a slight
increase of the CO, adsorption capacity versus the content of fine detrite (D) can be noticed, especially if
excluding sample 7V with D = 83 % (Fig. 6). However, the gelification index (GI) positively correlates with the
fine detrite (D) content, R*> = 0.9456 (Fig. 7).
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Fig. 6. CO; adsorption of ortho-lignites in relation to the share of detrite (D)
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Fig. 7. Correlation between the content of fine detrite (D) and gelification index (GI) of ortho-lignites

High CO, adsorption of the xylite samples 1V and 2V is surprising (Tab. 2), but may be explained with the
fact that both samples are very low-ash ones yielding below 5 wt% of ash. Also, under the microscope, we found
that textinite has empty cell lumena of 5-30 um in size — darker cells in Figure 8. Only some cells are merged
and replaced by pyrite. Open-cell lumena represent great “empty” volume, although their total specific area
(specific surfaces) is relatively small. The scanning electron microscopic (SEM) image shows cellular structure

and pyrite in detail. On the other hand, an energy dispersive spectrum (EDS) indicates Fe and S peaks that are
characteristic for the pyrite (Fig. 8).

s AL L E e DAY B e i e
Fig. 8. Photomicrographs of textinite, typical maceral of xylite lithotype
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Lignites with the prevailing detrite component (samples 3V to 7V) yielded ashes of 10 to 15 wt% (Tab. 2).
Vitrains (samples 10R to 12R) are well known to be “clean” coals with low-ash content — below 10 wt%. Only
two samples have higher ash content — medium-ash xylite sample 8V with more than 23 wt% of ash and durain
from Hrastnik (sample 9H) with almost 60 wt% of ash (Tab. 2). Sample 9H can be classified as carbominerite
(Taylor et al., 1998). No clear correlation between the ash yield and CO, adsorption capacity was found.

The ortho-lignite sample defined macroscopically as xylite (sample 8V) looks microscopically as ulminite
bands in alternation with attrinite (Fig. 9). Coals with high mineral content as sample 8V can be slightly oxidised
and their ulminite and densinite ingredients became more porous.

5

Fig. 9. Photomicrographs of ulminite in alternation with attrinite

It is known from a number of studies (e.g., Faiz et al., 2007; Flores, 2014; Garnier, 2011; Gaucher et al.,
2011) that high volatile bituminous coals as our samples from RaSa, which did not yet achieve a peak of
bituminisation, are often more prone to CO, adsorption than lower rank coals. This phenomenon depends on the
microporosity of coal and/or its microfracturing system. Simply put, highly microporous geological materials,
including coals, are characterised by great specific areas (specific surfaces) of pores on which CO, “likes” to be
“tightly” and “‘strongly” adsorbed. For example, ZapuSek and Hocevar (1998) stated, that the specific surfaces of
xylitic to fine detrital lithotypes of the Velenje lignite range from 35 to almost 185 m*/g of the sample tested.

On the basis of a set of ortho-lignite samples from the Velenje deposit and the comparison of meta-lignites
and bituminous coals, it can be concluded that the lowest CO, adsorption capacities have ortho-lignites and the
highest ones bituminous coals (Tab. 4, Fig. 10).

Tab. 4. An average possible volume of CO; adsorption into different coal rank and the number of samples measured (n)

Coal rank C'”E;I;C/tc])z [r_l]
ortho-lignite 29.41 8
meta-lignite 34.71 2

bituminous coal 39.42 3

Ortho-lignites are petrographically more heterogeneous than meta-lignites and bituminous coals. This is
most probably one of the reasons why CO, adsorption capacity in ortho-lignite is also more variable than in
higher rank coals (Fig. 10). However, xylites are “end-members” in the lithotype composition of many lignites;
hence, they are not representative quantitatively for the bulk litho-typology. Thus, more representative are ortho-
lignites of intermediate lithotype composition. As determined in this study, such ortho-lignites are composed of
more than 45 vol.% of fine detrite. Their CO, adsorption capacities are between 22 and 30 m’/t, on average 26
m’/t of lignite. The real difference of CO, adsorption between ortho-lignites and higher rank coals is therefore
even higher.

Coals of higher rank than ortho-lignite exhibit higher possible gas adsorption — from 31 to 42 m*/t (Fig. 10).
Between different coal samples (ortho-lignite, meta-lignite and bituminous coal), the most appropriate type of
coal for CO, adsorption is the bituminous coal. Considering the bituminous coals, their CO, adsorption capacity
is well comparable with the CO, adsorption capacities that Saghafi et al. (2007) reported for sub-bituminous and
bituminous coals from the Sydney Basin. Their measured adsorption capacities were in the range of 40 to 80
m’/t. The mentioned researchers concluded that such coals are potentially suitable for the CO, sequestration
(Saghafi et al., 2007).
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Fig. 10. Volumes of CO; adsorption per tonne into different rank coals

Conclusion

Measurements of the CO, adsorption by the gravimetric method have been done on 13 coal samples
collected from different locations, lithotypes (having various compositions) and being of different coalification
ranks — from ortho-lignites to bituminous coals. Of all the samples, 8 were from the Velenje lignite seam
(Pliocene, Velenje Basin, Slovenia), 5 samples, as comparable coals, were from the Sokolov Basin (meta-lignite,
Miocene, Czech Republic), Hrastnik (meta-lignite, Oligocene, Sava folds, Slovenia), and RaSa (bituminous coal,
Lower Eocene, Istria, Croatia). The measurements were done on dry, crushed and milled (particle size below 200
pum) samples at the conditions of sub-critical CO, pressure at 3 MPa and at the temperature of 21 °C.

The results obtained show that different ortho-lignite lithotypes can adsorb at such conditions between ca.
22 and 39 m® CO, per tonne. The highest adsorption capacities that are in the range of 32.5 and 34.5 m’/t were
found for two xylite-rich ortho-lignites with 85 and 93 vol.% of the xylite component, and for one xylite sample
with a high content of gelified macerals (U+Ds) with the adsorption capacity of almost 39 m*/t. More detrital
ortho-lignites, in our set of samples composed of less than 25 vol.% of xylite to almost entirely fine detrital
lignite with more than 90 vol.% of the fine detrite component, adsorbed considerably less CO, — between 22 and
30 m’/t. It was found that only slightly increases the adsorption capacity along with fine detrital lignite and the
gelification index. In the Velenje ortho-lignite seam as a whole, xylite is quantitatively subordinated in relation
to lignite composed of detrite, xylo-detrite, and detro-xylite. Therefore, for these ortho-lignites the adsorption
capacities between 22 and 30 m”/t seem the most realistic.

The unexpectedly high adsorption capacity of xylite (prevailingly textinite under the microscope) can be
attributed to high lumena cell porosity, being non-gelified and not filled with a mineral matter or resinite. The
lumena pores in “clean” (very low-ash) xylites as a sum have large volumes, but small surface areas. From this
point of view, we presume that a considerable part of the injected CO, was not only adsorbed on the surfaces of
the pores but also filled the cells as a free gas.

Finally, microscopic maceral analysis of the ortho-lignites showed good correlation with their lithotypes.
The gelification index increased with the increase of the fine detrital content in the tested coal samples. As
expected, the higher CO, adsorption capacities than in ortho-lignites were measured for some higher rank coals,
that is, ca. 31-38 m°/t for meta-lignites and 3642 m’>/t for bituminous coals.
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