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Abstract

This work deals with the synthesis and characterization of clay-based catalysts. The catalysts prepared in this work were
clays activated through acid treatment and clays pillared with Co and Fe. For the preparation, natural clays from four
different regions of Kazakhstan were used: Akzhar, Asa, Karatau and Kokshetau. The FTIR analysis showed that the
pillared clays have an amount of iron in its structure. The N, adsorption isotherms obtained were classified as Type II,
according to IUPAC classification, typical of macroporous materials. The Sger calculated with the N> adsorption
isotherms for the activated clays showed to be higher than the Sger results for natural clays. XRD patterns helped to gather
information about crystalline phases of the clay, allows classifying the type of clay used in the work. The acid
characterization showed that the procedures used for the preparation of the acid activated clays and pillared clays caused
structural modifications, which is another result that suggests the success of both methods.
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1. Introduction

In addition to cost, catalytic properties and
availability are important criteria for choosing a
good catalyst. This has encouraged the scientific
community to search for materials that are both
efficient and cheap. There are in the literature
several reports of different low-cost materials that
can be used as catalysts, such as chitosan hydrogel,
lignin and modified clays [1].

Modified clays have been explored for several
applications as low-cost materials, showing
interesting catalytic and adsorptive properties[2,3].
In the last years, studies about layered
aluminosilicate (clays) report its high activity in the
Fenton-like process used in the oxidation of organic
pollutants. Furthermore, such materials are also a
good option for the removal of pollutants by
adsorption.

Among modified clays, the pillared clays have
been frequently studied for different applications.
Pillared clays (PILCs) are porous materials resulting
from the process of pillaring lamellar clays. The
preparation of pillared clays is one approach to the
rational design of porous solids with a pore size
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distribution on a molecular length scale. Pillared
clays are a special class of intercalated materials in
which the intercalant gallery is sufficiently large to
allow access to the intracrystal surfaces of the
layered structure [4]. Their surface area and
permanent porosity allow them to be very attractive
solids for adsorption and catalysis purposes.

PILCs can be obtained from smectite clay
minerals, which is a phyllosilicate class of minerals
with TOT structure, through a procedure that can be
divided into three fundamental steps: a) preparation
of the pillaring solution that contains the pillaring
cations (as for example AI**, Ga**, Ti*', Zr*", Fe**
and Cr’"); b) intercalation of these cations into the
interlayer space of the clays, which involves the
natural substitution of exchangeable cations present

between the sheets of the clay mineral; and c)
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Fig. 1 the methodology described above it is
represented.

Acid activated clays are another class of modified
clay materials commonly used for several
applications. The acid activation of the clay consists
in the reaction between the clay mineral with an acid
solution, such as sulfuric, nitric or phosphoric acids.
The procedure is broadly used in the cleaning
(washing) of natural clays, or even in order to
increase the surface area of the clay [6]. The
mechanism consists on an acid attack, in which the
hydrated cations present in the interlayer spaces of
the clay mineral are exchanged by hydrated protons.

Fig. 2 illustrates the mechanism explained.
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Fig. 1. Representation of the pillaring process.

Fig. 2. Scheme of the acid activated clay
formation.

The origin of the electrical charge in the structure
of the clays is of two kinds: a permanent charge
resulting from the isomorphic substitution of AI** or
Si*" in the mineral structure and a variable (pH-
dependent) charge resulting from proton
adsorption/desorption reaction on the surface.
Depending on the pH, the surface of the clay can
bear negative, or positive or no charge. The pH
where the net total particle is zero is called the point
of zero charge (pHpzc). This parameter is one of the
most important parameters used to describe
variable-charge surfaces. Another test that can be
done to corroborate with the pHpzc results is the
determination of acidity and basicity. The acidity
and basicity results can also be used to observe the
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effect of the treatments used in the preparation of
the activated and pillared samples.

In this study, the synthesis of acid activated clay
and pillared clay using natural clays from
Kazakhstan; viz. Akzhar, Asa, Karatau and
Kokshetau (AKN, ASN, KAN, and KON samples,
respectively) is assessed. It is also very important to
study the characteristics of catalysts. Thus, in this
study, the materials were characterized by using the
results obtained in FTIR and XRD analysis, N»
adsorption isotherms and acid characterization.

2. Methodology

2.1. Preparation of modified materials
2.1.1 Acid activated clays

Acid activated clays were prepared by first
heating 150 mL of 4 M H,SOs to 80 °C in a three-
necked round bottom flask. When the temperature
of the system stabilized, 3 g of natural sample is
added in the flask. The resulting suspension was
stirred at 80 °C for 3 h. After cooling the dispersion,
the suspension was filtered and the supernatant
discharged. The activated clay was repeatedly
washed until the rinsing waters reach a pH close to
the natural pH, which is 7. The material was
recovered and then dried in an air static oven at 60
°C overnight to obtain the AKA, ASA, KAA and
KOA activated clays from the AKN, ASN, KAN,
and KON samples, respectively.

2.1.2 Pillared clays

The first step for the preparation of the pillared
clays is the pillaring solution. The pillaring solution
was prepared by mixing appropriate volumes of
aqueous 0.5 M Fe** and 0.25 M Co*" chlorides with
a 0.5 M NaOH to obtain a final solution of molar
ratio OH/ (Fe + Co) = 2:1, with a pH = 2.7. The
NaOH was slowly added into the solution
containing Fe and Co at room temperature, and later
it was left aging during 72 h. Before performing the
pillarization, the clays were cleaned with a sodium
acetate buffer solution.

For the pillaring process, the aged pillaring
solution was added in a 2 wt% suspension for each
cleaned clay until reaching a mass ratio of (Fe +
Co)/clay = 1:2. The final suspension was stirred at
room temperature during 3 h for the intercalation of
the metals present in the pillaring solution. After the
intercalation step, the suspension was left aging



during 72 h and then the material was filtered and
washed several times until the rinsing waters reach
the natural pH. For the last step of the preparation
of the pillared clay, the filtered material was dried
in an air atmosphere oven at 60 °C overnight and
then calcined at 600 °C for 5 h in an air atmosphere
muffle. This procedure resulted in the AKP, ASP,
KAP and KOP pillared clays from the AKN, ASN,
KAN and KON, respectively.

2.2 Characterization

2.2.1 Fourier transformed Infra-red spectroscopy
(FTIR)

The FTIR spectra of the 16 different samples
were recorded on a Perkin Elmer FT-IR
spectrophotometer UATR Two infrared
spectrophotometer, with a resolution of 4 cm™. The
range of wavenumber used in the analysis was from
450 to 4000 cm!. All the measurements were done
from the solid samples at room temperature.

2.2.2 Surface and pore analyzer

The textural properties of the materials were
determined from N adsorption-desorption
isotherms at 77 K, obtained in a Quantachrome
instrument NOVA TOUCH LX* using long cells
with a bulb and an outer diameter of 9 mm. The
specific surface area (Sger) was calculated by the
BET method using the software Quantachrome
TouchWin, in the range of p/py 0.05 — 0.35.

2.2.3 X-ray diffraction (XRD)

The measurements of powder X-ray diffraction
(XRD) were obtained by depositing the material in
the glass sample holder and analyzing on a
diffractometer DRON 3. For the interpretation of
the results, the software HighScore Demo was used,
from PANanalytical.

2.2.4 Acid characterization

One of the tests that can be done for the acid
characterization of the clays is the pH of the point
of zero charge (pHpzc). For this determination, 0.09
g of clay was added in 6 different erlenmeyers and
then 15 mL of 0.01 M NaCl with distinct initial pH
values (pH)) adjusted to different values (2, 4, 6, 8,
10 and 12) by means of 0.02 M NaOH and 0.02 M
HCI solutions. The erlenmeyers were placed in an
orbital shaker IKA KS 130 Basic and agitated for 24
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h at 400 rpm. After the agitation, the suspension was
filtered and the pH of the filtrate was measured
(pHFr). The pH of the point of zero charge was found
in the interception between the curve pHy x pHr and
the identity curve.

The second test used in this work for acid
characterization is the acidity and basicity
determination. In order to determine the acidity and
basicity in the different samples, 0.2 g of catalyst
was added in 2 different erlenmeyers. One of the
erlenmeyers contained 25 mL of a 0.02 M HCI
solution for basicity determination, and the other 25
mL of a 0.02 M NaOH solution for acidity
determination. The resulting suspensions in the
erlenmeyers were placed in an orbital shaker IKA
KS 130 Basic and agitated during 48 h at 400 rpm.
After the agitation, the suspension of each
erlenmeyer was filtered to remove the solid
material, and 20 mL was used for the determination
of the concentration by titration. Knowing the
concentration of the resulting solution it is possible
to obtain the number of moles that react with the
acidic or basic centers of the clay, and then, to
calculate the acidity and basicity for each sample.
Phenolphthalein was used as an indicator in both
titrations.

3. Results

3.1. Fourier transformed infra-red spectroscopy
(FTIR)

The FTIR spectra obtained by analysis of the
different prepared clays are depicted in Fig.3.

In the Kokshetau spectra given in Figure 3(A), it
is possible to observe a band appearing at 3,692 cm
! for the natural clay. This band is due to the -OH
stretching vibration for water adsorbed at the
interlayer, the reason why this signal is absent in the
samples subjected to a calcination treatment [7].
Observing the spectra of Akzhar, Asa, and Karatau
clays, it is possible to realize that the natural clays
have a band in the range of 1,440 — 1,455 cm™'. This
band is due to the presence of calcite in the
materials, and its disappearance is a consequence of
the exchange between calcium and the pillaring
metals, indicating the success of the pillarization
[8]. That band was found to be absent in the FTIR
spectra of the pillared clays and of the activated
clays, explained by the fact that the acid treatment
and the pillaring process causes a structural
modification.
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Fig.3. FTIR spectra of the A) Kokshetau clays, B)
Karatau clays, C) Akzhar clays and D) Asa clays.

The band in the range of 1,005 to 1,010 cm™ is
present in the spectra of all samples and represents
the stretching vibrations of the Si—O bond group.
The band at 870 cm™ for natural samples can be
ascribed to the AlI-Mg-OH bending vibrations [7].
The absence of transmittance in this band in the
spectra of the pillared samples also could mean that
the cation Mg?* was exchanged in the pillaring
procedure by the pillaring cations used. In the range
of wavenumber from 776 to 780 cm’, there is a
signal of transmittance attributed to the presence of
quartz impurity.

The last band, which is present in the range of
460 to 465 cm’!, represents important information
deserving special attention. This band is related to
the presence of bending vibrations of Si—O-Fe
bonds, which is present in all of the samples since
the natural clays also contain an amount of these
bonds in its structure [9]. The signal of the
transmittance in this band is present in AKP, ASP,
KAP, and KOP pillared clays, which suggests the
successful incorporation of Fe by the pillaring
process in the structure of the clay.

3.2. Surface and pore analysis

The adsorption isotherms of N, at 77 K on
prepared samples are depicted in Fig. 4. As can be
observed, the acid activated materials show the
highest adsorption capacity. The higher adsorption
for the activated sample is less visible for the KOA
sample, and this occurs because the acid treatment
was not able to significantly increase the surface
area of this material. Besides that, the same
tendency can be observed in Akzhar, Asa, and
Karatau samples, with higher adsorption being

obtained in the activated sample followed by the
natural and pillared samples. According to the
ITUPAC classification, it is possible to conclude that
the physisorption isotherms obtained in this work fit
in Type II. This classification is attributed to
nonporous or macroporous adsorbents, for which
the shape of the isotherm is a result of unrestricted
monolayer-multilayer adsorption up to high p/p°
[10].

The results of Spzr obtained from the adsorption
isotherms are shown in Table 1. The Szer values
confirm that the materials with the highest BET
surface area are the acid activated clays, which
represents a good result since the main goal of this
kind of treatment is to increase the surface area of
the material. The pillared clays presented a lower
surface area than that of the natural clays. This
effect occurred by the fact that the calcination
treatment done as the last step of the pillaring
procedure may have caused the collapse of the
pillars. This supposition is valid taking into
consideration some works reporting that above 400
°C the pillars collapse in some samples, and this can
be the case in this work. Another explanation for the
result obtained could be the blockage of the pores of
the material with the particles of iron and cobalt, as
a consequence of the high concentration of these
metals in the pillaring solution.

Volume adsorbed (cmig)

Volume adsorbed (cm’fa)

Relative pressure pip’

Relative pressure plp’

Fig. 4. Adsorption isotherms of N, at 77 K of the
A) Akzhar clays, B) Asa clays, C) Karatau clays
and D) Kokshetau clays.

Table 1- Sger from the materials.

Material  Sger(m%*g) | Material  Sper(m*/g)
AKN 17 KAN 20
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AKA 35 KAA 43
AKP 13 KAP 13
ASN 17 KON 26
ASA 32 KOA 28
ASP 11 KOP 19

3.3. X- Ray diffraction (XRD)

For this analysis, Karatau and Kokshetau clays
were chosen, since they showed the highest surface
areas among the clays. Fig. 5 gathers the XRD
diffractograms of the analysed samples. Observing
the XRD patterns obtained, it is possible to realize
that both clays present the typical reflection of
montmorillonite [11]. In KAN it is also possible to
find traces of saponite, kaolinite, and muscovite
[13,14]. In KON, in addition to the already
mentioned montmorillonite, there is also the
correspondence for the presence of kaolinite [12].
Therefore, both clays can be classified as bentonite,
which is the denomination given to the clays
composed by a mixture of different clay minerals,
with a majority composition of montmorillonite
[14].

All the samples present a peak at 26.7° related to
the presence of quartz (SiO» impurities). The
analysis of the diffractograms also allowed the
identification of calcite for the Karatau sample and
the absence of calcite for Kokshetau samples, which
corroborates with FTIR results.
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Fig. 5. XRD diffractograms of the A) Karatau
samples and B) Kokshetau samples.

It is possible to observe that the signal for SiO,
and metal oxides such as aluminum oxide and iron
oxide [15] decreased in the diffractograms of the
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Karatau and Kokshetau samples after the acid
treatment. This can be explained by the fact that the
acid treatment washed the impurities of SiO; from
the clay structure, also leaching a small amount of
iron metals. For the pillared sample KAP, it is
possible to observe that the signal for the SiO»
impurities decreased and that the signal for the iron
oxide increased significantly, putting in evidence
the incorporation of iron in the material. In fact, the
signal attributed to iron oxide in this sample was
higher than in the others.

Finally, in the diffractogram of KOP, the signal
for iron oxide was significantly higher than in that
observed for the natural sample KON, also
confirming the successful incorporation of iron in
the clay structure. Besides all the differences
between the signals in both diffractograms of the
Karatau and Kokshetau samples, it is interesting to
observe that the signal for montmorillonite,
kaolinite, saponite, and muscovite were not
significantly changed in the different samples. This
suggests that the structure of the clay is stable,
although passing through some structural changes
the main structure remained [16].

3.4. X- Acid characterization

The results obtained for both analysis is exposed
in Table 2.

Table 2. Results for the acid characterization.

Acidity

Basicity

Samples — (imolig)  (umolig)  PHr
AKP 812 538 7.15
ASP 475 372 7.55
KAP 687 627 7.42
KOP 950 652 7.37
KOA 987 614 7.24
KON 350 245 7.77

The results obtained for acidity and basicity show
that this feature is weak for the samples. As can be
observed, all pillared clays have a similar result for
the pHpzc, with a difference in the decimal case. An
interesting comparison can be done between the
samples KOA, KON, and KOP. According to
specific studies of pHpzc of pillared clays is
expected that the result for the pillared clay is lower
than the result obtained with the natural sample. For
this work, even than small, it is possible to observe
that there is a difference between the pHpzc of the
KON and the pHpzc of the KOP, showing that



structural modification has occurred in the clay. Not
only the KOP but also the KOA present a different
result for pHpzc, which suggests that structural
modifications also occurred with the acid treatment
[17].

4. Conclusion

The acid activated clays and pillared clays were
successfully prepared in this work. The
characterization techniques allowed ensuring that
structural modification occurred in the clay and that
these modifications are related to the formation of
the desired materials. In FTIR analysis, for example,
the disappearance of the calcite band after the
pillaring procedure is the strongest clue of the
formation of pillared clays. N, adsorption isotherms
allowed the calculation of Sggr areas, and showed
the increase in the area for the acid activated clays,
suggesting that the acid activation was successful.
XRD analysis reinforced the presence of calcite in
natural samples and its absence in pillared samples,
which corroborates with FTIR results. At last, the
acid characterization results supported the idea that
structural modifications occurred in the clay after
the acid activation and pillaring procedure.
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