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Abstract

In this paper CO2 adsorption over SBA-15 and MCM-41 molecular sieves functionalized by grafting technique with 3-aminopropyl-
triethoxy silane was investigated. Starting from commonly used SBA-15 molecular sieve a different sample named SSBA-15 was
synthesized by tetraethyl orthosilicate hydrolysis using P123 block copolymer as surfactant and 1-phenyldecane as expansion agent.
The surface of SSBA-15 molecular sieve was modified by two ways synthesis steps: first using (3-Glycidyloxypropyl)
trimethoxysilane and second by introduction of ethylene diamine (N2) as an amination agent. The prepared amino-functionalized
mesoporous materials were further characterized by different investigation methods: FT-IR spectrometry, X-ray diffraction analysis,
SEM-EDX, nitrogen physisorption analysis at 77 K. Adsorption-desorption measurements towards CO2 were investigated using
Temperature-Programmed desorption (TPD). In order to find the optimum value of the adsorption—desorption process, the influence
of temperature in the range of 50-80°C was followed. Using a combination of mass spectrometry and thermogravimetry the resulted
gases during the adsorption—desorption process of CO2 were identified. Compared to already published literature, the herein reported
results of the studied amino functionalized sieves for CO2 adsorption-desorption process are significantly better and can be
considered as promising. The best results obtained in case of MCM-41-sil were further investigated by adsorption-desorption cycles.
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1. Introduction

Considering the growth of industrialization
development and increasing emission of CO; in the
atmosphere, it is necessary to constantly work on
improving the adsorptive properties of porous
materials for carbon dioxide adsorption, usually by
modifying their surfaces. Mesoporous materials have
been used as adsorbents, catalysts supports and
heterogeneous catalysts in various applications as
shown by Abolfazl et al. (2012) and Sheng et al.
(2014). In the last years, the research area has been
focused on the CO; adsorption solutions regarding this
direction. It is very important to develop effective

methods for this purpose. Suitable adsorbents for CO,
should combine several properties such as: good
adsorption capacity, high selectivity and high stability
(Harja et al., 2021; Zang et al., 2019). From the
literature data, it is found that mesoporous materials
such as SBA-15 (Khader et al., 2015; Ma et. al., 2009;
Sayari et al., 1998; Son et al., 2008) and MCM-41
(Heydari-Gorji et al., 2011; Son et al., 2008) with
well-ordered structures were applied for different
applications (Barbosa et al., 2011; Ciesla and Schuth,
1999; Doadrio et al., 2004; Manianglung et al., 2019)
due to good performances. These materials are
characterised by a uniform hexagonal cylindrical pore
system, tunable pore size (15-100 A), high surface
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area (>700 m?/g), large pore volume (>0.7 cm®/g),
large number of silanol groups (~40-60%), negligible
pore blocking effect, high surface reactivity, and good
hydrothermal, chemical and mechanical stability
(Beck et al., 1992; Selvam et al., 2001). Investigations
by Zhao et al. (1998), have shown that SBA-15 also
possess some of the desirable properties, such as large
surface area (600-1000 m?/g), well-defined pore
structure with variable pore diameters (50-300 A) and
a highly ordered hexagonal mesostructured.

By functionalizing the surface of these
materials with different organic groups (thiol, vinyl,
amine, phenyl, propyl) has attracted much attention in
recent years as reported by Wang et al. (2004), Wang
et al. (2006) and Popa et al. (2018). Thus, amine
functionalized mesoporous silica presents a very good
capture for CO due to a very high selectivity towards
CO; at a low partial pressure, a wide range of
temperature as demonstrated by Gargiulo et al. (2014),
Sanchez-Zambrano et al. (2018) and Sharma et al.
(2012), and, an controlled pore size, and easy surface
modification using functionalization agents (Asefa
and Tao, 2012; Chenetal., 2017; Zelenak et al., 2008).

These materials have recently emerged as a
promising class of solid adsorbents that can effectively
adsorb CO2, and may be used in a variety of
approaches as demonstrated Bollini et al. (2011) and
Galarneau et al. (2003). Na Rao et al. (2018) obtained
maximum CO, adsorption capacities of 3.53 mmol/g
! for 50%-PEI-MCM-41 and 2.41 mmol/g* (50%-
APTS-MCM-41) at 25 °C and 1 atm. The samples
graphed with aminopropyl (AP), ethylenediamino
(ED) and diethylenetriamino (DT) showed amine
efficiencies in CO; capture up to 0.38 mol CO./ mol
N leading to uptakes of CO, ranging between 38.2-
76.9 mg COz/mol N obtained at 45°C and 1 bar
pressure (Sanz et al., 2015). Carvalho et al. (2015)
studied the impregnation of SMCM-41 adsorbent
material obtained from sand compared to MCM-41,
using mono and diethanolamine amines (MEA and
DEA) at different concentrations for CO, adsorption
performance. The best CO, adsorption capacity was
achieved for MCM-41 (1.39 mmol g*) and SMCM-41
(10.40 mmol g?) for 3% MEA impregnation at 1 bar
pressure. In the case of 3% MEA and pressures closed
to 1 bar it proved that the adsorption results are much
more satisfactory compare to pure MCM-41 and
SMCM-41.

The present study was carried out to find out
how the temperature influences the CO, adsorption-
desorption process on amino functionalized SBA-15
and MCM-41. The gases resulting during the
adsorption—desorption process of CO;on the prepared
materials were identified using mass spectrometry
combined with thermal analysis technique. The best
results obtained are going to be further investigated by
adsorption-desorption cycles in order to establish the
regeneration capacity of the molecular sieves.
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2. Experimental

2.1. Preparation of molecular sieves

MCM-41 molecular sieve was prepared by the
method presented in the literature data by Beck et al.
(1992), while SBA-15 was synthesized following the
procedure published by Zhao et al. (1998). These
molecular sieves were functionalized by grafting,
using 3-aminopropyl-triethoxy silane (APTES) as a
functionalization agent. The preparation method of the
functionalized materials for obtaining 1 g of molecular
sieves is previously described by Borcanescu et al.
(2019). The prepared compounds were denoted as:
MCM-41-sil and SBA-15-sil.

A modified SBA-15 sample named SSBA-15
was prepared by the following procedure: tetraethyl
orthosilicate (TEOS) was first hydrolysed by P123
block copolymer wused as surfactant and 1-
phenyldecane as expansion agent. The reaction steps
for synthesis of SSBA-15 were reported in previous
paper (Borcanescu et al., 2019). The difference
between the synthesis of SSBA-15 and of SBA-15 is
the presence of 1-phenyl-decane used as expansion
agent. First step in the synthesis of modified SSBA-15
was to wuse a silane coupling agent, (3-
Glycidyloxypropyhtrimethoxysilane, and secondary
an amination reagent: ethylene diamine (N2). This
compound was denoted as SSBA-15+N2. In all the
cases, the role of the amine was to improve the CO;
adsorption capability.

2.2. Characterization methods

Infrared spectra of the mesoporouse materials
were recorded on a Jasco FTIR 430 spectrometer. The
prepared materials were recorded in the 4000-400 cm
range, using the KBr pellets. The phase compositions
of the projected molecular sieves were performed on a
Bruker D8 Advance powder diffractometer. This
measurement instrument was equipped with a copper
target X-ray tube in the range 20=0.5+5. Textural
characteristics of the outgassed samples were
collected using a Quantachrome Nova 2000 series
with N2 isotherms obtained at 77 K. Specific surface
was calculated based on BET (Brunauer—Emmet—
Teller) method. The cumulative pore volume was
calculated by the BJH (Barrett-Joyner-Halenda)
method and adsorption pore volume VpN, was
determined based on the adsorption isotherm obtained
results. The morphology of the molecular sieves and
amino-functionalized mesoporous materials was
investigated using high-performance scanning
electron microscope JEOL JSM-6610LV low vacuum
SEM at the following conditions: 15 kV acceleration
voltage, 20 nA beam current and 1 mm spot size. The
samples were coated by ion sputtered gold layers
using Leica EM SCDO005 sputter coater.

The behaviour during heating process of the
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obtained functionalized materials has been monitored
by thermal analysis using TGA/SDTA 851-LF 1100
Mettler Toledo. This apparatus system was coupled
with a Pfeiffer Vacuum Thermo Star GSD320 mass
spectrometer equipped with a 200 °C silica capillary.
The description of the adsorption-desorption
measurements was presented in detail by Borcanescu
et al. (2019).

Each sample was pre-treated in flowing N, at
150°C. The investigated mesoporouse molecular
sieves were cooled to the desired adsorption
temperature range 50 - 80°C, and exposed to 30%
mixture of gases CO,/N, (70 mL mint) for 90 min.
The desorption step took place in the range of 60-
180°C. Temperature rate was increased with 10°C
min and the isothermal treatment was performed at
180°C for 30 min. The best promising results obtained
for the tested adsorbents were further investigated by
adsorption-desorption cycles in order to study the
stability and renderability of the compounds.

The sample tested for the adsorption —
desorption cycles was pre-treated in flowing N, at
120°C. The investigated molecular sieves were then
cooled to the desired adsorption temperature (60°C),
and further exposed to 30% CO,/N; (70 mL min)
mixture of gases for 30 min. These steps were repeated
several times with an increase of the temperature rate
with 10°C min™,

3. Results and discussion
3.1. Infrared spectroscopy

The FT-IR spectra of the studied functionalized
materials were recorded in order to identify the
functional groups anchored on the surface of the
prepared molecular sieves. For all the spectra (Fig.1),
four characteristic bands were identified between
1090 and 460 cm. These intensities can be associated
with Si—-O-Si stretching vibrations corresponding to
silica condensed networks. The broad absorption band
around 3440 cm?, in all the spectra, can be associated
with OH stretching due to the water molecules
adsorbed onto hydrogen bonded silanol groups,
indicating that the silica framework is hydrophilic.

The FT-IR spectrum of the parent MCM-41 is
evidenced by the following peaks: 1230 cm?
(shoulder) and 1081 cm™ which are characteristic
peaks of stretching vibration of the Si—-O-Si bond; a
characteristic peak is observed at 795- 800 cm?
corresponding to Si-O-Si stretching vibrations; and a
peak is found at 461 cm corresponding to banding
vibration. After modification with APTES, the MCM-
41 still retained its siliceous structure, but some
additional bands are observed at 697 cm™. The weak
peak can be attributed to the bending of N-H bonds.
The bending vibrations present at 1589 cm?
corresponds to symmetrical -NHs*. The presence of
these two bands confirms the existence of amine
groups (Kamarudin et al., 2013). Further, the small
band present around 1484 c¢cm? attributed to —-NH3*
stretching vibration in the case of MCM-41-sil and

SBA-15-sil composites, confirms the grafting of
APTES, used as a functionalization agent on silica
composites (Fig. 1) (Maria Chong and Zhou, 2003).

The spectrum of SSBA-15+N2 is characterized
by typical bands of stretching vibrations of Si-O-Si
groups in the silica structure, which appear at 1080,
800 and 461 cm™. The broad absorption band centred
at 3369 - 3418 cm, and a weak absorption band at
1636 cm?, indicate the presence of water due to the
absorbed water molecules in the sample, and belong to
the bending vibrations of H-O-H. In case of SSBA-
15+N2 the FT-IR band present at 1522 cm™ can be
assigned to N-H stretching, the band present at 795
cm? can be attributed to N-H bending vibrations
respectively. Thus the stretching frequencies evidence
the successful grafting procedure of ethylene diamine
on SSBA-15 molecular sieve.
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Fig. 1. FTIR spectra of MCM-41-sil, SBA-15-sil and
SSBA-15+N2 functionalized materials

3.2. X-ray diffraction spectra analysis

According to the X-ray diffraction analysis
results, SBA-15 and SSBA-15 samples presents
hexagonal structure, being evidenced by the three
diffraction peaks present at the following low angles:
0.98°, 1.62° and 1.83°. These diffraction peaks
corresponds to (100), (110) and (200) Miller crystal
planes. In the functionalized sample denoted SBA-15-
sil, the diffraction peaks are shifted to lower angles
compared to SBA-15 sample without
functionalization (Fig. 2). This is due to the widening
of the silica frameworks (increases the lattice
parameter) during functionalization. The X-ray
diffraction spectra of both composites indicate well-
ordered  hexagonal pore arrangement and
characteristics of SBA-15 type material. XRD patterns
of the aminated SSBA-15 sample exhibited three clear
peaks characteristic of hexagonally ordered structure,
but relative intensities of (110) and (200) peaks to the
(100) peak are decreasing compared to parent SSBA-
15. This may indicate that order of the mesopores
decreases when the sample is modified.

Recently published study has shown that the
hexagonal structure of MCM-41 mesoporous material
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is also confirmed by the presence of the characteristic
diffraction peaks at low angles. The MCM-41
structure is preserved and after the functionalization
process. After introduction of amine groups through
the amination agent, the diffraction peaks
characteristic for MCM-41 mesoporous material were
only marginally shifted to higher values. This
information is in accordance with the decrease of pore
size and surface area of the composite (Meléndez-
Ortiz et al., 2014).
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Fig. 2. X-ray diffraction spectra of SBA-15, SBA-15-sil,
SSBA-15 (a) and SSBA-15+N2 (b) functionalized
materials

3.3. Specific surface area

The isotherms of studied functionalized
samples could be classified as type 1V isotherms with
H1 hysteresis loops, a typical characteristic of
mesoporous materials, according to some of the
isotherms reported in the previous research
(Kamarudin et al., 2013; Sanchez-Zambrano et al.,
2018) and to the ITUPAC classification (Rodriguez-
Estupinan et al., 2015). The main textural parameters
like specific surface area, pore volume and an average
pore diameter were calculated from the N, adsorption
isotherm.

The experimental data of textural parameters
are presented in Table 1. In case of SBA-15-sil
molecular sieve, surface area and pore volume are
decreased approximately to half of the SBA-15
textural characteristics: specific surface area from
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725.0 to 288.8 m?/g and pore volume from 1.99 to
0.664 cm®/g as can be seen from Table 1. This
decrease process of the textural parameters can be due
to the functionalization process. More probably the
APTES ligand reacts with the silanol groups located at
the both external and internal surface openings of the
pores, resulting in the restriction of the diffusion of
nitrogen molecules as Majda et al. (2016)
demonstrated. The data also reveal that the surface
area and the pore volume of MCM-41 decrease after
modification with 3-aminopropyl-triethoxy silane to
655.8 m?/g and to 0.611 cm®/g, respectively, due to the
increasing number of silica particles and/or
occupation of the pores. However, the highest
decrease of surface area and pore volume is achieved
for SSBA-15+N2.

3.4. SEM analysis

The morphologies of the representative
synthesized functionalized materials were
investigated using SEM. SSBA-15 presents the rope-
like structure with an average diameter below 1 pm as
can be noted from SEM images presented in Fig. 3.
SBA-15 presents the same rope-like structure also as
Ratchadapiban et al. (2018) had demonstrated. The
structure can be aggregated into a highly ordered and
aligned macroscopic  structure. The surface
morphology in case of SSBA-15+N2 functionalized
material (Fig. 3b), is practically the same, being
confirmed by the results obtained from X-ray analysis
mentioned above.

3.5. EDX analysis

In Table 2 are presented the results of the EDX
analysis for the studied functionalized materials.
Following elements such as C, O and Si are detected
by EDX analysis in the molecular sieve’s
composition. In the case of the materials
functionalized by grafting with 3-aminopropyl-
triethoxy silane, weight percent of Si decreases from
47.43 % to 40.73 % (sample MCM-41 and MCM-41-
sil). In case of the sample SSBA-15+N2 compared to
sample SBA-15 this decrease, of Si content, is more
visible due to presence of the silane bonding agent,
(3Glycidyloxypropyl)trimethoxysilane, and also of
the amination reagent: ethylene diamine (N2).

EDX analysis confirms the presence of N
(4.59 % for MCM-41-sil, 2.90 % for SSBA-15+N2
and 2.32 % for SBA-15-sil respectively) in addition to
the previous mentioned elements for the
functionalized  molecular  sieves.  After the
functionalization process of the studied molecular
sieves with different amination reagents, the amino
functional group provided are linked on the surface of
the support material. Thus, based on the obtained
results we can say that the functionalization process of
the mesoporouse materials took place successfully
being also confirmed by the chemical results, low-
angle X-ray diffraction and N adsorption-desorption
analysis.
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Table 1. Morphology characteristics data of the studied functionalized materials

No sample Specific surface area | Pore volume BJHpes Average pore diameter
' (m?/g) (cm¥/g) BJHpes (nm)

1. SBA-15 725.0 1.19 6.64

2. SBA-15-sil 288.8 0.664 6.63

3. SSBA-15 766.5 1.294 6.62

4. SSBA-15+N2 224.8 0.337 5.49

5. MCM-41 1299.7 0.695 3.30

6. MCM-41-sil 655.8 0.611 3.25

(b)

Fig. 3. SEM images of a) SSBA-15 and b) SSBA-15+N2 functionalized materials

Table 2. Elemental analysis of the functionalized mesoporous materials

C | N | 0 | Si
No. Sample Wi
1. SBA-15 - - 50.72 49.28
2. SBA-15-sil 36.37 2.32 44.34 16.87
3 SSBA-15 37.61 - 50.31 12.08
4. SSBA-15+N2 36.60 2.90 48.85 11.65
5. MCM-41 - - 52.47 47.43
6. MCM-41-sil 16.32 4.59 38.29 40.79

3.6. Thermal analysis

First endothermic effect present on the DTG
curves below 100°C (Figs. 4-5) can be attributed to the
removal of physically adsorbed water overlapped with
crystallization water of the mesoporous functionalized
materials. Is it is very important to notice the second
endothermic effect accompanied by a major weight
loss that can be observed in the temperature range of
300-500°C (Fig. 4 and Fig. 5) for all the analysed
mesoporous materials. These could be assigned to
small traces of P123 surfactant thermal removal
process (Zhao et al., 1998) and the decomposition of
3-aminopropyl-triethoxy  silane. The  small
endothermic effect present on DTG curve at
approximately 550°C can be assigned to the
dehydroxylation of the silicate networks as observed
on mesoporous pure-silica materials (Kim et al., 2017)
and/or the elimination of residual ethoxy groups
because of incomplete hydrolysis of TEOS, as
reported in literature.

In case of SSBA-15+N2 functionalized
material the peaks present above 250°C can be
correlated to the gradual loss of the amino propyl
functional groups (Popa et al., 2018).

3.7. CO; adsorption and desorption investigated by
TPD method

It is very important that the studied amino-
functionalized materials to present promising
adsorption-desorption properties and should be used
in the industrial area for CO, removal. From this point
of view the synthesized materials were investigated by
the TPD method. The results of CO, adsorption-
desorption process of functionalized materials and
their isotherms at the investigated temperature (60 °C)
and corresponding mass spectrometry analysis are
presented in the figure below (Figs. 6a and 6b).

The CO; adsorption capacity of the adsorbent
composite is express in mmol CO,/gram of adsorbent.
This mass gain can be seen from the tested sample in
the adsorption process (Fig. 6a). For more accurate
results the mass gain of the tested functionalized
material was calculated from the thermogravimetric
curves, from the mass loss during the desorption step
(Fig. 6a).

The influence of CO, adsorption temperature
over the all three functionalized materials was
investigated in order to choose the optimum value for
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the adsorption—desorption process. In case of the
functionalized materials at 60°C termogravimetric
curves of the mass gain of these samples are more
representative regarding CO; adsorbed quantity.
Ranging the TPD temperature, the CO, adsorbed
quantity decreases as can be observed in Fig. 7.

If the temperature for CO; adsorption is 70
°C, the achieved results for the mass gain in the
adsorption process are satisfactory for composites
MCM-41-sil, SBA-15-sil and SSBA-15+N2, and the
calculated values are 2.18, 1.09 and 1.73 mmol
COy/gram SiO», respectively (Fig. 7). The values for
CO,, adsorption capacity of MCM-41-sil and SBA-15-
sil tested at 80 °C are quite similar to the values of the
composites tested at 50°C, while in case of SSBA-
15+N2 it is considerably lower (Fig. 7). The best
results were obtained in case of MCM-41-sil, 3.32
mmol CO; and SSBA-15+N2 samples 1.96 mmol CO,
per gram, while the optimal temperature for CO;
adsorption—desorption by TPD results was 60 °C.

Another  important  parameter of the
adsorption—desorption process is the adsorption
efficiency of the adsorbent (expressed in mmol
COz/mmol NHy). The efficiency of the adsorbent was
calculated with the Eq. (1):

adsorbe mmol g~
dsorbed C0O? lg1

Adosrption ef ficiency =
p fr 4 amine content (mmol g—1)

)

Through its values this parameter offers
information of great interest about CO; adsorption of
the amino incorporated groups. From the literature
data it is very well known that each amination agent
used for CO, adsorption process corresponds to an
optimal synthesis temperature. This information is
necessary for the adsorption process to take place.
From the interaction of CO; with amine group’s
results carbamates formation, leading to the as named
CO; zwitterion RH,N+-COO-, which corresponds to
1, 3-zwitterion, where 1 and 3 represents the positive
and negative centers, respectively (Ridha et al. 2020).
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Fig. 4. TG-DTG-DTA curves of SBA-15-sil functionalized material
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Fig. 5. TG-DTG-DTA curves of MCM-41-sil functionalized material
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Fig. 6. TPD steps of functionalized materials MCM-41-sil, SBA-15-sil and SSBA-15+N2 and corresponding adsorption isotherms

Generally, for this reaction to take place two
amine groups per one CO, molecule is necessary. This
adsorption efficiency can be defined as the CO2/N
molar ratio. The carbamate formation is a reversible
chemisorption process. The best values of adsorption
efficiency for all 3 studied adsorbents are obtained at
60 °C. For instance, the value of adsorption efficiency
for MCM-41-sil is 0.64 mmolCO,/mmolINH, and for
SSBA-15+N2 is 0.55 mmolCO2/mmoINH; (Fig. 7).
With increasing the temperature to higher values (70-
80°C) the adsorption efficiency decreases, as can be
seen in Fig. 7.

The results obtained in our research group
comparing to those reported in the literature (Hiyoshi
et al. 2005; Yan et al. 2011) concerning the CO2/NH,
ratio values for the studied amino molecular sieves can
be considered promising for the possible applications
based on the CO; adsorption-desorption process.

Some of the results reported in the literature
regarding mesoporous materials used for CO;
adsorption are presented in Table 3. These support
materials properties are influenced by different

synthesis conditions such as: the type of amine used,
the tested method and adsorption conditions.

The amine dependence efficiency with the
organic loading is different for every used adsorbent.
In the literature is also confirmed that the higher
organic content of the double functionalized samples
is in accordance with the positive effect of this method
achieving higher efficiencies in CO; adsorption.

Ahmeda et al. (2016) studied the reactivity of
monoethanolamine, diethanolamine and
triethanolamine loaded on the siliceous mesoporouse
materials for CO, adsorption at low pressure. The
reactivity of these amines decreases from
MEA>DEA>TEA. SBA-15 mesoporous materials
with different synthesis characteristics have been
synthesized by Vilarrasa-Garcia et al. (2014). By
using 3-(triethoxysilyl)propylamine as grafting agent
which react with free silanol groups present on the
silica surface, it was observed an improvement of CO,
uptake to 0.64 mol CO2/mol N. The samples have the
capacity to regenerate as it can be achieved a constant
activity after 3 adsorption-desorption cycles.
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Mass spectrometry together with
thermogravimetry was used to identify the resulting
gases from the adsorption—desorption process of CO;
on synthesized samples. The main compound present
on the MS spectra of the graphed materials is CO;
(Fig. 6b), and also a small amount of H.O.

4. CO2 adsorption-desorption cycles

A very important direction of the mesoporous
materials with adsorbent properties for the industrial
area is to establish the regeneration capacity of the
molecular sieves. From this point of view 9 cycles of
CO, adsorption-desorption were carried out for
MCM-41-sil (Fig. 8). This sample was selected
because it achieved the best value for CO, capture
while the optimal temperature for CO, adsorption—
desorption observed from TPD programme results
was 60°C. The results show that MCM-41-sil
adsorbent is fairly stable presenting a slight decrease
in adsorption capacity after 9 adsorption-desorption
cycles.

5. Conclusions

SBA-15 and MCM-41 mesoporous materials
were successfully synthesized and grafted with 3-
aminopropyl-triethoxy  silane  used as a
functionalization agent. The X-ray diffraction spectra
confirm that the functionalized materials present
hexagonal structure, as can be seen from FTIR results.

Table 3. Adsorption-desorption performance of the mesoporous materials

with different amine type loadings

Observation
Support Amine Method AdSOI.’p'tlon CO: adso_rptlon adsorption efficiency Reference
Type conditions capacity (mmol COx/mmol N)
(mg CO»/g ads) 2
N, stream,
SBA-15 PEI Impregnation 15.1v/v% CO, 82.2-105.2 - Ah”(";gfg;t al.
mL/min
MEA o
Si-MCM-41 DEA Impregnation | 2> C:up fo L bar, 27.78-39.3 - Mello et al.
TEA pure CO, (2011)
) - 20° C, up to 1 bar, ) Mukherjee et
MCM-41 APTES Grafting co, 47 al. (2019)
MEA o 102.98 .
MCM-41 BZA Impregnation zs-egarcégp ol 39.96 - M;kr(‘sgfg)et
MEA 2 64.69 '
PEI Rao et al
PE-MCM-41 ED Grafting 38.2-76.9 0.36-0.38 (2018) ’
DT .
PEI 45° C, 1bar
PE-MCM-41 TEPA Impregnation 88.2-96.9 0.20-0.25 R(azooitgf)’"
PEHA
o Vilarrasa-
SBA-15 APTES Hydrotermal | 22° G upto 1 bar, 56.3-106.1 0.45-0.64 Garcia et al.
pure CO, (2014)
. 25° C, up to 1 bar, Yuan et al.
SBA-15 APTMS Grafting o, 70 - (2014)
. 25° C, up to 1 bar, Zelenak et al.
SBA-15 APTES Grafting o, 66 - (2008)
MCM-41-sil APTES Grafting 146 0.64 This work
SBA-15-sil APTES Grafting 60° C, 1bar 54.1 0.69 This work
SSBA-15+N2 APTES Grafting 86.2 0.55 This work
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Fig. 8. Adsorption-desorption cycles of COz at 60°C on MCM-41-sil mesoporous material

The small band present on the FTIR spectra
around 1484 cm in the case of functionalized silica,
confirmed the successful grafting of 3-aminopropyl-
triethoxy silane used as a functionalization agent. The
band present at 1522 cm™ on the FTIR spectra in case
of the SSBA-15+N2 graphed sample can be associate
with N-H stretching and bending vibrations,
respectively, meaning that the grafting process of
ethylene diamine (N2) on modified SSBA-15 sample
took place. Rope-like structure of these functionalized
materials was observed based on the SEM
micrograph.

The resulting gases during thermal analysis of
the synthesized molecular sieves were identified using
mass spectrometry together with thermogravimetry,
while CO; adsorption capacity of the adsorbent
composite was calculated from the mass loss during
the desorption step of TG curves using by TPD
program. The obtained results for MCM-41- sil (3.32
mmol COz/g SIOz) and SSBA-15+N2 (0.55 Nco2 NNH2
mmol COz/mmol NH,) concerning  the
CO2/NHz/mmol/mmol values can be considered as
promising materials for the possible applications on
the CO, adsorption-desorption process.

The adsorption—desorption process on the
graphed samples was studied for the temperature
range 50-80°C. The optimal temperature determined
by TPD was found to be 60°C. CO, adsorption-
desorption cycles showed that MCM-41-sil exhibits a
relatively good stability after 9 cycles at a 60°C
adsorption temperature. The optimum regeneration
steps depend on the temperature of adsorption-
desorption process in correlation with the used
functionalized agent and tested method.
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