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Abstract. In this work, we report the mechanical properties of an alternative material based on a mixture of
natural clay and ferruginous sand in pellet form for CO2 capture. These raw materials were collected from
Ecuador, and they contain iron and titanium oxides from volcanic origin. To evaluate the effect of the sand
content on the mechanical properties of pellets, the samples were manually prepared with 0 (control sample),
15, and 25 wt.% sand contents and analyzed using free-fall drop impact and uniaxial compression tests. The
uniaxial compression test was carried out under three conditions: using sieved sand, using sand without sieving,
and under wet conditions. The sand contents caused the drop number to decrease in the free-fall drop impact
test. From the uniaxial compression test, the compressive strength, elastic modulus, and toughness were calculated. The elastic modulus showed a better performance for samples with lower porosity. The compressive
strength demonstrated higher values for samples with 15 wt.% sand contents than for samples with the other
sand contents. The toughness values did not signiﬁcantly change. It was evidenced that the porosity, mineral
composition, and humidity exerted an inﬂuence during the mechanical tests. The mineral phases were analyzed
by X-ray diffraction, and quantitative analysis based on whole-powder-pattern ﬁtting revealed that the iron
and titanium oxide contents increased as the concentration of sand in the pellets increased.

1 Introduction
Power generation and some industries, such as reﬁneries,
cement plants, and steel products, are currently responsible
for the high emissions of carbon dioxide (CO2) into the
atmosphere. Anthropogenic CO2 is mainly the product of
the burning of fossil fuels, which has increased its concentration in the atmosphere. The increase in the CO2 concentration has had adverse effects, such as global warming and
damage to biodiversity. At present, several strategies exist
for mitigating CO2 emissions (Garba and Galadima, 2020;
Sifat and Haseli, 2019). The application of Carbon Capture
and Storage (CCS) is identiﬁed as the most useful strategy
owing to its capacity to achieve the objective of the International Energy Agency (IEA) to store at least 1 Gt of CO2
annually by 2030 (IEA, 2017).
CO2 separation from gas mixtures (e.g., ﬂue gas, fuel
gas, and natural gas) can be achieved through solid
sorbents arranged in ﬁxed beds into adsorption towers.
Hakim et al. (2016) reported the adsorption/desorption
* Corresponding authors: mricaurte@yachaytech.edu.ec;
jtafur@yachaytech.edu.ec

capacity for CO2 capture using iron oxides and established
that hematite has a particular afﬁnity for CO2 adsorption.
Baltrusaitis et al. (2007) focused on studying the surface
reactions of CO2 at the water–iron oxide interface and
determined that the presence of water enhances CO2
adsorption by a factor of ﬁve compared to that under dry
conditions. Alternative materials for CO2 adsorption have
been reported using different porous materials, such as
Metal-Organic Frameworks (MOFs) (Ghanbari et al.,
2020; Zhao et al., 2014), activated carbon (Al Bahri et al.,
2012; Creamer and Gao, 2016; González et al., 2009), mesoporous silica (Rao et al., 2017; Zeleňák et al., 2008; Zhang
et al., 2019), zeolites (Garshasbi et al., 2017; Pham et al.,
2016) and mineral clays (Chen and Lu, 2015; Guo et al.,
2015). The use of mineral clays as CO2 adsorbents has been
studied due to their low cost, abundant availability in
nature, and high thermal and mechanical stability. However, Chouikhi et al. (2019) pointed out that mineral clays
have a low capacity for CO2 adsorption under ambient conditions (CO2 adsorption capacity: 3–18 mg CO2/g sorbent),
which is why mineral clays need a pretreatment such as
acidic treatment (Cecilia et al., 2018; Komadel and
Madejová, 2013), amine impregnation (Goméz-Pozuelo
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et al., 2019) or amine grafting (Arencibia et al., 2019) to
improve the CO2 adsorption capacity (7–144 mg CO2/g
sorbent).
Porous materials must meet technical and economic
criteria before their use at the industrial scale; for example,
they must have hydrothermal, chemical and mechanical
stability, inexpensive raw materials, regeneration capacity,
selectivity, appropriate adsorption/desorption kinetics,
and low heat capacity (Choi et al., 2009). The study of
the mechanical properties of solid sorbents is essential for
their technological development and scaling up. The solid
sorbents have to demonstrate microstructural and morphological stability during the initial loading of the solid
sorbents and the normal operation of ﬁxed bed towers.
Commonly used solid sorbents suffer attrition because of
the operation conditions caused by the volumetric ﬂow rate,
vibration, and temperature (Samanta et al., 2012). The
adsorbent breakage leads to environmental and operational
implications related to the particles and dust generation
inside the adsorption towers (Cavalcanti et al., 2018;
Sivrikaya and Arol, 2013).
This work aimed to evaluate the mechanical properties
of pellets for CO2 capture prepared with natural raw
materials from Ecuador (Lagos et al., 2020). The pellets
were prepared from natural clay, which was used as a binder
for the ferruginous sand. The sand composition in the pellets
was 15 and 25 wt.%. The pellet quality was analyzed under
dry and wet conditions. For this purpose, free-fall drop
impact and uniaxial compression tests were performed.
For the uniaxial compression test, cylindrical specimens
were prepared due to the geometric characteristics required
in this test. The identiﬁcation of mineral phases in the pellets
was performed by powder X-Ray Diffraction (XRD).

2 Experimental procedure
2.1 Raw materials and initial treatment
The clay samples used were taken from Yantzaza, located
in Zamora Chinchipe Province, Ecuador. These samples
were dried in an oven at 100 °C for 12 h as initial treatment.
Ferruginous sands were taken from Ancon, located in Santa
Elena Province, Ecuador. The sand samples were previously dried at 100 °C for 8 h, and then a portion of the
samples was sieved. For the sieving process, stainless steel
sieves (from Retsch, Germany) were used, and the sieves
numbers were 4, 8, 16, 30, and 50 mesh. Finally, the grain
size obtained was 300 lm.
2.2 Sample preparation
The pellet preparation was performed manually. First, the
clay was mixed with different amounts of sieved sand
(promoting a homogeneous dispersion in the mixtures) to
obtain samples with sand contents of 0 (control sample),
15, and 25 wt.%. Then, distilled water was added with a
dropper (approximately 8% of the total volume), and a
13 mm spherical mold was used to shape the pellets.
Finally, the samples were calcined in a Boeco mufﬂe furnace
with a temperature ramp of 5 °C/min until reaching 450 °C

over 14 h. The specimens for the uniaxial compression test
were prepared similar to pellets, although using a
13  26 mm cylindrical mold. In these samples, clay was
mixed with sieved sand and not sieved sand to obtain
specimens with sand contents of 0 (control sample), 15,
and 25 wt.%. All the samples were left to rest in distilled
water for six days to analyze the humidity conditions.
The selected quantities of 15 and 25 wt.% of sand content
are based on a commercial sorbent, in which the iron oxide
concentration is in a range of 10–30 wt.% (Abatzoglou and
Boivin, 2009).
The prepared samples (pellets and specimens) were
labeled in three different groups. The ﬁrst group was named
C-304 R X%, the second group was labeled C-304 S X%,
and the last group was named C-304 W X%, where C-304
refers to clay, R mentions to sand that was not sieved,
S designates sieved sand, W denotes wet conditions, and
X% represents the sand content by weight, expressed in a
percentage.
2.3 Mechanical property determination
The free-fall drop impact test and the uniaxial compression
test were used to determine the mechanical properties of the
pellets. The free-fall drop impact test was performed by
dropping the pellets from a height of 1.5 m. With the help
of a CCD camera, the falls were ﬁlmed to obtain the height
of the ﬁrst rebound. At least seven tests were performed for
each composition, and each trial had several repetitions or
until the pellet ruptured. The drop number provides
information on the average number of drops before a pellet
fracture is detected.
The uniaxial compression test was performed with a
United DSTM electro-mechanical series Universal Testing
Machine (UTM). The compression occurred at a constant
velocity of 10.9 lm/s. This test follows the ASTM D2166
standard. At least seven specimens were tested with the
UTM. The information provided by the UTM gave the
diagram force versus deformation relationship; hence, it
was normalized. The crushing force was calculated by
estimating the maximum peak on the force versus deformation curve. The elastic modulus was calculated by the leastsquares method from the stress versus strain curve. The
compressive strength was obtained by dividing the crushing
strength by the cross-sectional area of the sample. Finally,
the toughness value was obtained by integrating the area
under the curve stress versus strain; by deﬁnition, the
toughness is the total energy required to fracture or crack
the pellets. All the values were averaged, and the standard
deviation was calculated. Also, the ductile or brittle nature
of the specimens was recorded.
The relative porosity percentage was estimated once the
pellets were prepared and calcined. First, three samples
were weighed 3 times with an analytical balance. Then,
they were allowed to rest in distilled water for six days.
Finally, the samples were removed from the distilled water
and weighed on an analytical balance. Equation (1) was
used for calculating the relative porosity percentage:
mf  mi
% Porosity ¼
 100;
ð1Þ
mf
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Fig. 1. Experimental procedure used in this work.

where mf is the mass after the six days of resting in water
and mi is the initial mass.
2.4 XRD characterization
XRD analysis was carried out to obtain information
about the crystalline phases and the mineral content of the
pellets. The powder diffractometer used in this characterization was a Mini-ﬂex-600 from Rigaku with a D/tex ultra
2 detector and 8-positions multipurpose stage. The measurement conditions were 40 kV and 15 mA for the X-ray generator in a sealed tube with a Cu Ka1,2 radiation source. For
collecting data, the selected angular region was 2h = 5–90°
with a step width of 0.005°. SmartLab Studio II software
was used to identify and quantify the crystalline phases.
The sample preparation procedure for XRD analysis
consisted of grinding the pellets of the mixed samples in
an agate mortar to a ﬁne powder. The samples analyzed
were: (i) the control sample C-304, (ii) pellets with a sand
content of 15 and 25 wt.%, (iii) sieved ferruginous sand,
all under dry conditions. In order to simplify the crystalline
phase identiﬁcation of magnetic metallic oxides, a portion
of sieved ferruginous sand was magnetically separated using
a magnet (2 Tesla). Therefore, two different samples were
obtained, the enriched metallic ferruginous sand (E.M.
ferruginous sand), and the nonmagnetic ferruginous sand
(N.M. ferruginous sand).
Last, the experimental procedure steps (raw materials
and initial treatment, sample preparation, mechanical
property determination, and XRD characterization) are
summarized in Figure 1.

3 Results and discussion
3.1 Mechanical properties
The mechanical properties evaluation of the pellets is a necessary step for its industrial scale-up for CO2 capture purposes. An adequate mechanical resistance is required to
evaluate the ﬁlling behavior of the pellets in an adsorption

Fig. 2. Drop number as a function of sand contents in pellets
under dry and wet conditions.

tower and the stability of the packed bed during the adsorption process to avoid the breakage of pellets. The pellet
quality was assessed as a function of the sand quantity in
the pellets by the free-fall drop impact test. Also, the uniaxial compression test was used to analyze the inﬂuence of the
mineral composition, porosity, and humidity in the
samples.
3.1.1 Free-fall drop impact test
The free-fall drop impact test is intended to provide information about the response of pellets to collisions that occur
during handling, for instance, adsorption tower ﬁlling activities. The behavior of the drop number as a function of the
sand content in pellets is shown in Figure 2. Regarding the
control sample (C-304), the wet and dry conditions
exhibited an average of 10 drops (overlapped in Fig. 2);
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Fig. 3. Compressive strength of the specimens: (a) dry and wet control samples and (b) specimens with sand contents under different
conditions: sand that has not been sieved (R), sieved sand (S), and wet conditions (W).

nevertheless, the standard deviation was higher for wet
conditions. The sand content in pellets affected the drop
number under both conditions; dry pellets showed a decrease
with an average of 4 drops for C-304 S 15% and C-304 S 25%
with the dry control sample. Similar behavior was evidenced
for wet pellets, in which sample C-304 S 25% demonstrated
the same drop number (overlapped in Fig. 2) compared to
those under dry conditions, in contrast to C-304 S 15%,
which was slightly higher with ﬁve drops compared with
the sample under the dry condition. According to Tavares
and de Almeida (2020), the drop number for suitable
handling should be at least 4; therefore, all the samples in this
study can be considered suitable for handling.
Gul et al. (2014) have argued that some factors inﬂuence the pellet behavior regarding the mechanical resistance
in terms of the drop number, i.e., the type of clays used as
binders, moisture, surface area, pellet size, and pelletizing
conditions. In this case, the uniformity of the grains is not
the same owing to the differences in particle sizes between
clay and sand, so it can be deduced that the particle size
uniformity due to the increase in sand content inﬂuences
the mechanical resistance of the free-fall drop impact test.
3.1.2 Uniaxial compression test
From the uniaxial compression test, the elastic modulus,
the compression strength and the toughness of the samples
were calculated. The compressive strength could provide an
idea of the pellet behavior under the operational conditions
of the packed bed in adsorption towers. The mineral composition, humidity, and porosity play essential roles in the
behavior of the samples against uniaxial compression; in
fact, this could be evidenced in the three different conditions of specimens. The results showed different tendencies
of the specimens concerning the mechanical resistance
under compressive forces.
The compressive strength of the control sample was
higher under dry conditions than under wet conditions
(Fig. 3a). The highest compressive strength values were

Table 1. Relative porosity percentage of pellets with
different sand contents.
Samples
Relative
porosity (%)

C-304

C-304 S 15%

C-304 S 25%

17.99

16.83

14.54

for the specimens with a 15 wt.% sand content: the
C-304 S 15% sample, followed by the C-304 R 15% sample
(Fig. 3b). The samples that showed the least resistance were
those that were moistened with water (C-304 W 15% and
C-304 W 25%). It was expected that the control sample
would show a higher compressive strength due to the
absence of sand; however, the values of C-304 S 15% and
C-304 R 15% were higher than the control sample. These
values could be related to relative porosity; samples with
higher compressive strength values demonstrated a lower
porosity percentage. However, samples with 25 wt.% sand
contents did not have higher compressive strength values
than samples with 15 wt.% sand contents even though they
had less porosity. This could be related to the mineral composition because under compressive forces, minerals with
higher hardness, such as hematite, quartz, and ilmenite,
show breakage at lower stress due to contact with other soft
mineral phases. The lower porosities of C-304 S 15% and
C-304 S 25% could be related to the sand content since
these particles ﬁll the void space. According to Howarth
and Rowlands (1986), high porosity is responsible for creating microfracture networks that distribute stress under
compression. The porosity percentage values are summarized in Table 1. It was evidenced that the samples under
wet conditions showed the lowest compressive strength.
The crushing force is a determining factor for using clay
as a binder since it must meet certain criteria. According to
Kawatra and Ripke (2002), a vital performance principle
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Fig. 4. Crushing force of the specimens: (a) dry and wet control samples and (b) specimens with sand contents under different
conditions: sand that has not been sieved (R), sieved sand (S), and wet conditions (W).

Fig. 5. Elastic modulus of the specimens: (a) dry and wet control samples and (b) specimens with sand contents under different
conditions: sand that has not been sieved (R), sieved sand (S), and wet conditions (W).

for a binder should be a minimum of 22.5 N per pellet under
the dry state. The crushing force values in the uniaxial
compression test were considerably higher than the minimum value based on the required quality of an acceptable
binder (Fig. 4); therefore, under different conditions, the
values are suitable even under wet conditions such as
post-combustion.
The highest elastic modulus values presented the
samples C-304 S 25%, and it exceeded the values of the
C-304 S 15% and the control sample with a minimum difference (Fig. 5). This result could be attributed to the relative
porosity; however, the standard deviation is high. Based on
the literature, the results obtained show the trend that
authors have argued about in terms of the elastic behavior
of porous and brittle materials; they reported that the
higher the porosity is, the lower the elastic modulus values

are (Asmani et al., 2001; Schöpfer et al., 2009). Samples
without sand that was sieved exhibited lower values than
samples with sieved sand. Also, the presence of water
decreases the elastic modulus considerably. It is important
to point out that the results for the main elastic modulus
values were achieved from the best linear ﬁt, such that
the values were greater than 0.9855.
For toughness measurements, the control samples
showed similar values under dry and wet conditions
(Fig. 6a); nevertheless, the standard deviation was higher
for wet conditions. In addition, the toughness exhibited
identical values for C-304 S 15% and C-304 R 15%; moreover, for samples with 25 wt.% sand contents, the toughness
decreased (Fig. 6b).
Under compressive forces, the crack energy disperses in
the material and leads to the formation of surface cracks.
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Fig. 6. Toughness of the specimens: (a) dry and wet control samples and (b) specimens with sand contents under different conditions:
sand that has not been sieved (R), sieved sand (S), and wet conditions (W).

Fig. 7. Specimen shapes after failure under the uniaxial
compression test: (a) control sample (C-304) and (b) sample
C-304 S 25%.

Consequently, the crack propagation leads to a rupture due
to the void space caused by the pore. On the other hand,
samples with 15 wt.% sand contents have higher toughness
values than the control samples because they have lower
porosity; therefore, they can accumulate more energy before
rupture occurs (Kuruppu and Chong, 2012). In general, the
toughness values were low, which could be attributed to
brittle behavior.
In general, the wet samples demonstrated a lower
mechanical resistance under all conditions against uniaxial
compression testing. It is argued by Erguler and Ulusay
(2009) that the higher the water content in clays is, the
lower the mechanical resistance under compressive forces.
The reduction in mechanical properties may be due to the
development of hydraulic pressure in the pores ﬁlled
with water, affecting the stresses among grains during
compression. Additionally, the alteration of some of the
minerals comprising the pellets under wet conditions can

Fig. 8. XRD patterns of C-304, C-304 S 15%, C-304 S 25%, and
ferruginous sand, N.M. ferruginous sand, and E.M. ferruginous
sand. The nomenclature for the mineral phases is as follows:
quartz (Q), orthoclase/microcline (O), muscovite (M), aragonite
(A), magnetite (N), ilmenite (I), labradorite (L), and calcite (C).

affect the mechanical properties. In this case, the samples
were kept in distilled water for six days for analysis under
extreme conditions. In this way, the samples were saturated
with water, which is why the noteworthy decrease in their
mechanical properties under compression forces. The study
of samples under wet conditions is important because, during CO2 adsorption processes at the industrial scale, the
condensed water can be present in the system. The water
is either contained in the gas stream (steam water or condensed water) or is a reaction product between CO2 and
iron oxides; hence, the mechanical properties of the adsorbent could be affected.
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Table 2. Qualitative and quantitative analysis results of C-304, C-304 S 15%, C-304 S 25%, N.M. ferruginous sand, and
E.M. ferruginous sand.
No

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Compound

Quartz
Orthoclase/microcline
Muscovite
Albite
Kaolinite
Guidottiite
Hematite
Brookite
Magnetite
Ilmenite
Calcite
Aragonite
Labradorite
Anorthite

Relative abundance (%)
C-304

C-304
S 15%

C-304
S 25%

Ferruginous
sand

E.M.
ferruginous
sand

N.M.
ferruginous
sand

44.70
23.90
20.40
4.50
3.00
2.30
0.90
0.30
–
–
–
–
–
–

37.40
22.30
10.70
4.40
4.00
1.20
0.20
–
0.25
3.20
0.84
6.10
7.70
1.71

37.20
18.40
5.10
3.70
2.90
0.90
0.14
–
0.31
4.15
1.20
12.00
11.80
2.20

38.50
–
–
–
–
–
–
–
1.80
5.30
7.40
23.00
20.30
3.70

13.60
–
–
–
–
–
–
–
27.70
58.70
–
–
–
–

38.50
–
–
–
–
–
–
–
–
–
3.60
15.90
31.90
–

(–) Not present.

The samples without sand that was sieved demonstrated lower mechanical resistance than samples with
sieved sand. This result could be attributed to the mineral
composition in the samples; for instance, the higher quartz
abundance of samples mixed with sand that was not sieved.
According to Sousa (2013), at higher quartz contents, the
uniaxial compressive strength decreases due to an increase
in quartz–quartz contact, which reduces the capacity of
the samples to accommodate the deformation. A similar
behavior could be attributed to the ferruginous sand
because minerals that makeup it, such as magnetite and
ilmenite, have high hardness values (approximately 6 on
the Mohs scale) (Hu et al., 2011). Consequently, at higher
sand contents, the contact among the metallic oxides and
other minerals increases, which can make the occurrence
of a fracture easier. Minerals that contain hydroxyl and
water molecules (kaolinite and muscovite) have lower hardness, meaning that they are easier to break when they come
into contact with other minerals with a higher hardness
under compressive forces.
The specimens after the fracture during the uniaxial
compression test are shown in Figure 7. The specimens
had longitudinal cracks throughout the samples, which indicated a brittle behavior because of sand addition (Fig. 7b).
Omrani et al. (2020) reported that their samples of clay and
sand without ﬁbers showed similar behavior.
3.2 XRD characterization
The XRD patterns show the diffractograms of the different
samples that were analyzed; they are the control sample
(C-304), C-304 S 15%, C-304 S 25%, sieved ferruginous
sand, N.M. ferruginous sand, and E.M. ferruginous sand

(Fig. 8). For the analysis, microcline and orthoclase were
uniﬁed in only one phase because their phases are similar.
It can be observed that the strongest diffraction peak
for all samples, except for E.M. ferruginous sand, came
from quartz. The C-304 diffractogram exhibits minerals
such as orthoclase/microcline (O), muscovite (M), and
quartz (Q). The same mineral phases remained in sample
C-304 S 15%, which also had a slight peak for magnetite
(N) and a stronger peak for aragonite (A). For C-304, the
25% magnetite (N) peak was stronger, and a slight peak
appeared for ilmenite (I) and labradorite (L).
Regarding N.M. ferruginous sand, quartz remained.
Small peaks can be observed for calcite (C) and aragonite
(A). Another peak attributed to labradorite (L) is shown
with a stronger intensity than the other phases. In contrast,
E.M. ferruginous sand showed the highest peak for
magnetite and ilmenite (N, I) and medium-sized peaks for
quartz (Q). The components that exhibited a percentage
lower than 5% are not labeled in Figure 8.
The quantitative and qualitative analysis results are
shown in Table 2. Because the clay did not have a previous
puriﬁcation treatment, it was evidenced that it contains
many minerals. It can be observed that for C-304, the main
mineral phases were quartz, orthoclase/microcline, and
muscovite, as shown in Figure 8. Lower contents of mineral
phases, such as albite, kaolinite, guidottiite, hematite, and
brookite, were also detected. The addition of 15 wt.%
ferruginous sand led to identifying minor amounts of
magnetite, ilmenite, calcite, aragonite, labradorite, and
anorthite.
Regarding C-304 S 25%, the metallic oxide contents
increased at a low percentage; however, the orthoclase/
microcline, muscovite, kaolinite, and albite contents
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decreased since their minerals came from clay. In contrast,
the quartz content remained almost constant for all the
samples, except for M.E. ferruginous sand. Concerning the
N.M. ferruginous sand, the nonmagnetic mineral phases
shown in Figure 8 were quartz, aragonite, labradorite,
and calcite; among them, there was less calcite. On the
other hand, iron and ilmenite oxides were detected, and
the ilmenite content represented more than half of the
magnetically separated sample. The contents of metallic
oxides in the sieved ferruginous sand were low compared
to the other mineral phases.

4 Conclusion and perspectives
In this study, free-fall drop impact and uniaxial compression tests were performed with a novel material prepared
from Ecuadorian raw materials for CO2 capture. The
samples subjected to the mechanical test possessed sand
contents of 0 (control sample), 15, and 25 wt.%. Concerning
the free-fall drop impact, the control samples under wet and
dry conditions presented a drop number of 10. In contrast
to the control sample, the pellets with sand contents under
wet and dry conditions decreased the drop number to 4,
except for C-304 S 15%, which had a drop number of 5.
It can be concluded that the presence of water in calcined
pellets does not affect the drop number, in contrast to the
presence of sand. The data calculated from the uniaxial
compression test suggested that samples with 15 wt.% sand
contents possessed higher values for compressive strength
than the control sample owing to their lower porosity.
The elastic modulus showed the highest value for the
sample with 25 wt.% sand contents; however, the control
sample and C-304 S 15 wt.% showed similar values. The
toughness values were lower and did not vary signiﬁcantly.
Moistened samples showed the lowest values under all conditions, possibly evidenced by the hydraulic forces generated in the pores under compressive stresses. Therefore, it
was proven that the porosity, mineral composition, and
humidity affect the mechanical properties in the uniaxial
compression test. After the sample fracture, the specimen
showed brittle behavior due to the formation of longitudinal
cracks. These results revealed that this material possesses
suitable mechanical properties under all tested conditions
for handling.
The XRD results showed that the amounts of aragonite,
labradorite, iron, and titanium oxides increase at higher
sand contents. The E.M. ferruginous sand presented higher
values than the other samples for magnetite and ilmenite.
An important characteristic of the material is the clay,
which serves as a binder and does not need a puriﬁcation
process, making it an inexpensive binder material for industrial applications. In addition, the high contents of iron and
titanium oxides in ferruginous sand indicate that it is a
potential material for CO2 capture processes.
Subsequent studies of CO2 capture in systems at high
pressures and high temperatures will be performed using
the solids characterized in this study to determine their
CO2 adsorption capacity and identify potential industrial
applications of the CO2 capture process using clay/sand

pellets. Additionally, strategies including impregnation
with amines or the inclusion of vegetable ﬁbers and thermal
regeneration of pellets will be examined to improve the CO2
absorption process.
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