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Abstract
This study shows the results in the preparation of zeolite P using a natural clinoptilolite. Three samples of clinoptilolite were
analyzed to determine the sample with high purity of clinoptilolite; however, quartz and albite also were identified in the samples.
The synthesis of zeolitic material was achieved in a hydrothermal system considering five factors: dose of CTAB, temperature,
time of reaction, solid/liquid ratio and NaOH concentration. A factorial experimental design was implemented and 32 experiments
were achieved. The obtained samples were characterized by XRD, SEM and N2 physical adsorption. The principal factor in the
formation of zeolite P was the concentration of NaOH. The zeolite P synthesized was impregnated with diethanolamine (DEA)
and used to capture CO2 obtained a value of 2.5 mmol/g as CO2 adsorption capacity.
Keywords: clinoptilolite, CO2 capture, amine, zeolite P, hydrothermal synthesis.

Resumen
Este estudio muestra los resultados de la preparación de zeolita P utilizando una zeolita natural clinoptilolita. Tres muestras de
clinoptilolita fueron analizadas para determinar la muestra de mayor pureza; se identificó clinoptilolita, además de cuarzo y albita
en las tres muestras. La síntesis del material zeolítico se realizó en un sistema hidrotermal que consideró cinco factores: dosis de
CTAB, temperatura y tiempo de reacción, relación sólido/líquido y concentración de NaOH. Se implementó un diseño factorial
de 32 experimentos. Las muestras obtenidas fueron caracterizadas mediante XRD, MEB y adsorción física de nitrógeno. Los
principales factores involucrados en la formación de la zeolita P fue la concentración de NaOH. La zeolita P sintetizada fue
impregnada con dietanolamina y utilizada en la captura de CO2 con la cual se obtuvo una capacidad de adsorción de hasta 2.5
mmol/g.
Palabras clave: clinoptilolita, captura de CO2, aminas, zeolita P, síntesis hidrotermal.

1 Introduction

There are three principal processes to capture CO2
(CC) from atmosphere: absorption, adsorption and
separation by membranes. Absorption use liquid
solutions of amines; methylamine (MEA) is the most
used amine (Yang et al., 2008) for its high selectivity
to acid gases. For example, the process Econamine
FG Plus (30 %wt. aqueous MEA solution) can capture
330 tonnes CO2/day (Steeneveldt et al., 2006). In spite
of high efficiencies, the energy used to regenerate
the amines represents 70% of the costs in the CC
systems. Moreover, amines are degraded when they
are regenerated by heating. The use of membranes is
a technology in development that promises relevant

results. Inorganic membranes are the most studied
for their high-temperature application. Membranes
made from alumina, carbon, glass, silicon carbide,
titania, zeolites, and zirconia, supported on different
substrates, such as α-alumina, γ-alumina, zirconia,
other zeolites or porous stainless steel (Yang et al.,
2008).

Zeolites are used in many fields like wastewater
treatment, gases separation and catalysis because their
acid and basic properties and geometrical selectivity,
principally. In gas separation, zeolites have been used
for gases purification by adsorption or geometrical
selectivity. Several zeolites have been evaluated at low
temperatures, <100° C, and medium-high pressures
(100-800KPa) to CC. The Table 1 shows some
reported studies for the CC with zeolites.
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Table 1. Adsorption capacity of CO2 of zeolites.
Zeolite (pore size, nm) (Temperature/Pressure/Technique) Adsorption capacity (mmol/g) Reference

ZSM-5 (nr) 0-100°C/nr /TGA 2.6 Lee et al. (2015)
Zeolite 13X (0.24) 0-75°C/400-800 KPa/TGA 6 Liu et al. (2014)
Zeolite 5A (0.20) 5
Zeolite NaA (nr) 25°C/101 KPa /TGA 3.7 Kacem et al. (2015)

Zeolite Rho (0.36) 25-800°C/101 KPa/ TGA 3.4 Cheung et al. (2013)
Chabazite (0.37) 0 °C/103 KPa/ Isothermal 5.6 Araki et al. (2012)

Zeolite T (0.36x0.51) 15-40 °C/100 KPa/ Isothermal 4.01 Ridha and Webley, (2009)
Zeolite Y (1.2) 0-25°C/0-101 KPa/ Isothermal 6.45 Jiang et al., (2013)

nr: not reported

Table 2. Adsorption capacity of CO2 using mesoporous materials.
Material (pore size, nm) Temperature/Pressure/Technique Adsorption capacity (mmol/g) Reference

MCM-41 (5) 45°C/101 KPa/ Isoterma 2.36 Hefti et al. (2015)
SBA-15 (6.6) 30-75°C/ 1-100 KPa/ TGA 0.5 Sanz et al. (2015)

Silice 120°C/ 101 KPa/ TGA 2.36 Jing et al. (2014)
MCM-41 (3) 25°C/ 101 KPa/ TGA 2.54 Kilntong et al. (2014)
SBA-15 (6.5) 2.66

MCM-41 (10.9)
25-70°C/ 101 KPa/ TGA

6.98
Lin and Bai, (2012)MCM-41 (9.6) 5

MCM-41(8.2) 3.6
MCM-41 (11.4) 25-100°C/ 101 KPa/ TGA 4.68 Serna-Guerrero and Sayari, (2010)

The adsorption capacities of zeolites superior to
4 mmol/g has been obtained at elevated pressures
or low temperature. The average value is about 2.35
mmol/g. Because the CO2 molecule has a kinetic
diameter close to 0.33 nm the diffusion in the pores of
zeolites is difficult and the materials with superior pore
size for the CC are preferable. Siliceous mesoporous
materials have superior preference by adsorption of
big molecules due to their great pore size and they also
have been used in CC. Table 2 shows some studies of
CC with mesoporous materials.

It is important to note a major adsorption
capacity of the MCM-41 type material because the
average value is about 3.53 mmol/g. This value is
approximately 40% more than in the case of zeolites
evaluated at the same conditions of temperature and
pressure.

For the case of natural zeolites, clinoptilolite
is the more abundant worldwide used in
wastewater, principally (Pérez-Escobedo et al., 2016).
Clinoptilolite can be used too as source of Si and Al. In
fact, clinoptilolite have been used in the preparation of
traditional ceramic materials (Heydari et al., 2011; San
et al., 2003; Hosseini et al., 2015) and the elaboration
of cement (Brundu and Cerri, 2015).

In the synthesis of zeolites using clinoptilolite,
Kang et al., (1998) achieved the preparation of
zeolite P and hidroxysodalite. Joshi and Joshi (1985)
synthesized analcime and faujasite type zeolite with

calcic clinoptilolite. de Fazio et al., (2008) studied
the hydrothermal transformation of clinoptilolite
obtaining zeolite P. Kamali et al., (2009) and
Kazemian et al., (2009) synthesized zeolite NaA
with clinoptilolite and aluminum sulphate and sodium
aluminate. Wang and Lin, (2009) achieved the
synthesis of zeolite P, zeolite Y and analcime.
Behin et al., (2016) used synthetic clinoptilolite for
the synthesis of zeolite P. With the objective of
synthesize a mesoporous material, Shindo et al.,
(2008, 2010) used clinoptilolite and CTAB. The
authors demonstrated the formation of MCM-41 type
material as well as zeolite P with 3.5 M NaOH solution
at 100° C during 72 hours of synthesis.

Zeolite P is a Gismondine type zeolite with Na+

cation of compensation in the extra-framework of
zeolite, and a pore size of 0.31x0.45 and 0.28x0.48
nm (Espejel-Ayala et al., 2015). Although these
authors achieved an interesting work, the possibility
to use the synthesized material to CC was not
proposed; moreover, the optimization of parameters
of synthesis of zeolites was not achieved. In the
present work, the preparation of a zeolitic material is
achieved using a Mexican natural zeolite, with quartz
and feldspar as principal impurities, in hydrothermal
conditions. It is important to note that for natural
clinoptilolite the adsorption capacity of CO2 is low,
approximately 0.105 mmol/g (Hernández-Huesca and
Aguilar-Armenta, 2002).
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2 Experimental

2.1 Materials

Three natural samples of zeolites were studied from
three different regions of Mexico: San Luis Potosi,
Puebla and Morelos, identified as Cli1, Cli2 and Cli3,
respectively. CTAB surfactant from Aldrich was used
as template. NaOH analytical grade mark Aldrich
was used for the hydrothermal synthesis. For the
functionalization of zeolitic materials diethanolamine
(DEA) was used.

2.2 Characterization of samples of
clinoptilolite

XRD analysis were achieved in a Bruker D8 Advance
in a step size of 0.02 from 5-60 2θ. The chemical
composition was implemented by Scanning Electron
Microscope coupled with Energy Dispersive X-ray
(SEM-EDX) in a Jeol 6510LV equipment.

2.3 Preparation of zeolitic material

The preparation of zeolitic material was achieved
in a hydrothermal system with NaOH solution. The
clinoptilolite sample was chosen considering the
sample with high purity of clinoptilolite. A 2k full
factorial design was implemented with k=5: amount
of CTAB, time, temperature, NaOH concentration and
solid/liquid ratio. The experimental matrix is showed
in the Table 3. Only one replica of the experiments was
achieved.

The preparation of zeolitic material was achieved
following the modified procedure of Beck et al.
(1992). In each experiment NaOH solution was placed
in a flask; furthermore, CTAB was placed in agitation
during 30 minutes. The clinoptilolite was aggregated
and the system was placed in reflux at the conditions
established in each experiment.

Table 3. Experimental matrix of the 2k factorial
design in the preparation of zeolitic material with

natural clinoptilolite.

Variables Level 1 Level 2

CTAB (g/mL) 0.015 0.03
Time (h) 24 48

Temperature (°C) 60 90
NaOH (M) 1 2

solid/liquid ratio (g/mL) 0.1 0.2

After that, the solid was separated by filtration and
rinsed with water (80° C). The sample obtained was
dried at 120° C during 24 h and finally calcined at 550°
C during 4 h.

2.4 Characterization of zeolitic material

XRD and SEM analysis were achieved in the same
conditions described in the characterization of the
sample of clinoptilolite. Surface area was carried out
in a N2 adsorption equipment Belsorp mini. The
samples were degasified during 24 h at 200° C in a
flux of N2.

2.5 Preparation of amino-functionalized
zeolitic material

The preparation was followed in accord of Yang et al.,
(2015) to obtain 10% of DEA in the zeolitic material.
DEA was placed in 10 mL of ethanol for 10 minutes.
0.5 g of zeolitic material was placed during 30 min;
furthermore, the system was placed at reflux at 80° C
for 2 hours. Subsequent, the solid was dried at 50° C
during 12 hours.

2.6 CO2 capture tests

Sorption tests were achieved by the adsorption/desorption
technique as follow, 200 mg of sample were placed in
a glass tube of 9 mm of inner diameter at 75° C for
15 min in a flux of 60 mL/min of N2 and a pressure
of 1 atm. Furthermore, flux of CO2 was implemented
at the same temperature and flux. The desorption was
monitored until 110° C. CO2 5% in Ar was used.

3 Results and discussion

3.1 Natural zeolite clinoptilolite characteri-
zation

EDX-SEM analysis shows the chemical composition
of zeolites (Table 4). The Si/Al ratio values are accord
with the typical interval of the natural clinoptilolite.
It is important to consider the mineralogical
composition because the total Si and Al not belong
to the clinoptilolite. Quartz and feldspar are in
the samples and affecting the Si/Al ratio. The
[Al/(Na+K+(Ca/2)+(Mg/2))] ratio is a parameter to
estimate the possible minerals in the samples.
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Table 4. Chemical composition of clinoptilolite
samples.

Element
Sample

Cli1 Cli2 Cli3

O 47.02 49.98 50.57
Si 37.66 35.47 20.38
Al 8.18 5.65 10.62
Ca 3 2.47 5.67
K 2.14 3.4 3.31
Na 0.66 1.39 3.28
Mg 0.54 0.83 5.58
Fe 0.76 0.78 0.56

Si/Al ratio 4.42 6.04 3.46[
Al

Na+K+Ca/2+Mg/2

]
ratio 0.8 1.23 0.59

Table 5. Mineralogical composition identification in
the clinoptilolite samples.

Sample Composition (XRD)

Cli1
Clinoptilolite, 81.84%

Quartz, 23.42%
Albite, 24.74%

Cli2
Clinoptilolite, 36.72%

Quartz, 24.54%
Albite, 38.74%

Cli3
Clinoptilolite, 30.05%

Quartz, 33.80%
Anorthite, 35.66%

Figures 

 

Figure 1. XRD of clinoptilolite. C: clinoptilolite, Q: quartz; A: albite; An: anorthite. 

 

 

 

Figure 2. Difractograms of experiments a) group 1 (1, 5, 6, 9, 15, 17, 23, 25, 26, 27, 28 and 

32); b) group 2 (4, 11, 20 and 21); c) group 3 (3, 10, 12, 22 and 30); d) group 4 (4, 11, 20 and 

21). 
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Fig. 1. XRD of clinoptilolite. C: clinoptilolite, Q:
quartz; A: albite; An: anorthite.

In the case of zeolites, this value is close to 1;
however, for Cli3 the value is 0.53 indicating the
presence of feldspar or calcium carbonate. Cli1 and
Cli2 have a value close to 1 that is an evidence of high
abundance of zeolite clinoptilolite.

The mineralogical composition was identified by
XRD and quantified applying the Rietveld method
(Table 5). Clinoptilolite is present in 52.8, 36.8 and
30.6% for Cli1, Cli2 and Cli3, respectively. Quartz,
albite and anorthite were also identified, as well as,
XRD peaks of anorthite were observed in the sample
Cli3 (Figure 1).

3.2 Results of the synthesis of zeolitic
material from natural clinoptilolite

Table 6 shows the mineralogical phases and adsorption
capacity of the prepared materials with the natural
clinoptilolite by the 2k design. Zeolite type P was
identified in all of the prepared samples; in 12
experiments only was identified zeolite type P. This
zeolite has a Si/Al ratio value between 1-5 indicating
that the Si and Al source in the reaction were the
albite and clinoptilolite because quartz is inert at low
pressure and temperature considered here.

The XRD diffractograms obtained from each
experiment were classified in four groups showed
in the Figure 2 and four samples were classified
separately. The separately depicted experiment are 13,
18, 19 and 31 (Figure 3a-d). Moreover, the relative
intensity in the XRD diffractograms was calculated to
evaluate the presence of original aluminosilicates and
the zeolite P. It is important to note that the amorphous
halo was identified in all of the diffractograms.

Figure 2a shows the XRD diffractograms and the
relative presence of albite, clinoptilolite, quartz and
zeolite P in the experimental prepared samples. The
intensity of the peak at 22.5 2θ that corresponds to
clinoptilolite in the original sample is lower than the
experiments related at the group 1. Zeolite P has a
relative intensity average of 20.47±1.16 arbitrary units
(au) indicating that the source of Si and Al was the
clinoptilolite because the intensity of albite remains
constant: the albite originally has a relative intensity
of 28.22 au while the average in the experiments of
group 1 is 21.99±1.19 au. The presence of amorphous
halo is different in each diffractogram.
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Table 6. Experimental matrix and results of synthesis of zeolitic material from natural clinoptilolite.

Exp.
Experimental factor Results

CTAB, Time, Temp., NaOH, Sol/liq., Identified phases Surface area, Adsorption capacity
g/mL h ° C M g/mL m2/g of CO2, mmol/g

1 0.015 24 60 2 0.1 A, C, P, Q 36.85 2.3
2 0.03 24 90 4 0.1 P 27.66 1.8
3 0.015 48 60 4 0.1 P 34.27 2.2
4 0.03 48 90 2 0.1 C, P, Q 40.73 2
5 0.03 24 60 2 0.1 A, C, P, Q 40.44 2.2
6 0.03 24 90 2 0.2 A, C, P, Q 27.36 2.2
7 0.015 48 90 4 0.1 P 31.61 1.8
8 0.015 48 60 4 0.2 P 26.89 1.6
9 0.03 24 60 4 0.1 A, C, P, Q 45.47 1.5

10 0.015 24 60 4 0.1 P 25.24 1.5
11 0.015 48 90 2 0.1 C, P, Q 31.56 1.8
12 0.015 24 90 4 0.2 P 21.21 1.5
13 0.03 48 60 2 0.1 C, P 35.24 1.8
14 0.03 24 90 4 0.2 P 27.6 1.6
15 0.03 24 60 2 0.2 A, C, P, Q 31.63 2
16 0.03 48 90 4 0.1 P 40.82 1.7
17 0.03 48 60 2 0.2 A, C, P, Q 30.85 2.4
18 0.03 48 90 4 0.2 C, P 28.71 1.4
19 0.03 24 60 4 0.2 A, C, P 28.71 1.9
20 0.03 24 90 2 0.1 C, P, Q 32.68 2
21 0.015 48 60 2 0.1 C, P, Q 28.25 1.9
22 0.03 48 60 4 0.2 P 23.6 1.4
23 0.015 48 60 2 0.2 A, C, P, Q 28.83 2
24 0.015 24 90 4 0.1 P 26.4 1.7
25 0.015 24 60 2 0.2 A, C, P, Q 25.65 2.5
26 0.015 48 90 2 0.2 A, C, P, Q 26.37 2.6
27 0.015 24 60 4 0.2 A, C, P, Q 38.65 2.5
28 0.015 24 90 2 0.2 A, C, P, Q 30.2 2
29 0.015 48 90 4 0.2 P 26.87 1.4
30 0.03 48 60 4 0.1 P 32.48 1.6
31 0.015 24 90 2 0.1 C, P, Q 30.37 2.8
32 0.03 48 90 2 0.2 A, C, P, Q 29.77 1.7

Natural clinoptilolite C, Q, A 19.563 1.4

In the group 2 (Figure 2b) is notable the presence
of zeolite P and the amorphous halo that is superposed
over the peaks of the original minerals in the sample
of clinoptilolite. Two principal peaks are observed
together; for example, the peaks at 12.49 and 13.41
2θ that indicates the coexistence of zeolite type P
tetragonal and cubic. Katović et al., (1989) studied
the formation of zeolites type P establishing that the
formation of zeolite type P tetragonal crystallized in
first time and the cubic in the second one. These
authors explained that the formation of zeolite type
P cubic occurs by the dissolution of the tetragonal
specie observing a major consume of Al presents

in the gel of synthesis. In the present study the
clinoptilolite and albite were source of Si and Al for
the synthesis of the two species of zeolite type P. The
signals of quartz are not observed but that is not the
evidence of its dissolution because the presence the
amorphous halo is observed. As similar in the group
1 this group should have an amorphous material. The
experiment belong to this group were obtained with
the high concentration of NaOH studied indicating
the possibility for using an intermediate concentration.
However, the others experimental factors have to be
considering to achieve a complete analysis.
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Figure 3. Difractograms of experiments a) 13, b) 18, c) 19 and d) 31. 
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Figure 3. Difractograms of experiments a) 13, b) 18, c) 19 and d) 31. 
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Fig. 2. Difractograms of experiments a) group 1 (1, 5, 6, 9, 15, 17, 23, 25, 26, 27, 28 and 32); b) group 2 (4, 11, 20
and 21); c) group 3 (3, 10, 12, 22 and 30); d) group 4 (4, 11, 20 and 21).
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Figure 4. Normal probability for the a) albite, b) clinoptilolite, c) quartz and d) zeolite P. 
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Fig. 3. Difractograms of experiments a) 13, b) 18, c) 19 and d) 31.
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For the group 3, the two peaks of the species of
zeolite type P are not identified. Only the peak that
correspond at zeolite type P tetragonal are observed. In
the same form by group 2 the experiments of the group
3 were obtained with the high concentration. In Figure
2c are showed peaks with different amplitude. For
example, the sample 22 has a wide peak in comparison
with the sample 30. The unique difference in the
preparation method was the solid/liquid ratio: for the
experiment 22 was of 0.2 g/mL while experiment 30
was 0.1 g/mL. The last one indicates that a major
amount of clinoptilolite in the sample promotes the
slow growth of the crystal of the zeolite P. It is the
same case for the experiments 10 and 12. The first one
has a higher intensity than the experiment 12 because
the experiment 10 was achieved with a low solid/liquid
ratio that promotes a rapid growth of crystals of zeolite
P. Figure 2d shows the diffractograms of the group
4 which were identified clinoptilolite, zeolite P and
quartz. For albite, the principal peaks not appeared
indicating the possible dissolution of this mineral.
Moreover, the presence of zeolite type P tetragonal and
cubic are observed. Between the experiments 11 and
21 the only differences in the method of preparation
was the temperature, 90 and 60° C, respectively. In
the diffractogram of the experiment 21 the peaks of
zeolite type P tetragonal and cubic are more intense
than in the case of experiment 11. In the last one the
peaks that correspond at zeolite P tetragonal are lower
than the zeolite P cubic indicating that the dissolution
of zeolite P tetragonal to form the cubic structure.
It is in accord with the study of Katović et al.,
(1989) which the sequence of formation is as follow:
amorphous material→zeolite P tetragonal→zeolite P
cubic. The experiments 13, 18, 19 and 31 were not
classified because the difference in the form and
position of the observed peaks. In the Figure 3a is
depicted the diffractogram of experiment 13 which the
peaks of zeolite P cubic are more intense than the
tetragonal one. In comparison with the experiment 13,
the 18 presents a most intense of the peaks of zeolite
P tetragonal, that is, the correlation to explain the
formation of zeolite P species is difficult to observed.
Under this consideration the results of intensities in
the difractograms were statistically analyzed in order
to obtain a correlation between the abundance of
mineralogical phases and the surface area.

3.3 Statistical analysis of the mineralogical
phases identified

Principal effects and interaction of effects were
analyzed for each phase identified considering them as
a response. The normal probability plots are depicted
in Figure 4.

Figure 4 shows the significance effects on
the response. The experimental factors with non-
significance effect for the response are according
the straight line but the factors without significant
effect are depicted in other position. For the case
of the dissolution of albite showed in the Figure 4a
the significant effect is the solid/liquid ratio and the
NaOH concentration. For the clinoptilolite and quartz
dissolution the NaOH concentration is the principal
effect. In the case of the occurrence of zeolite P the
NaOH was also the principal effect. To determine the
negative or positive effect by the experimental factors
the Pareto charts were depicted (Figure 5).

In Figure 5a-c the NaOH concentration appear
with a negative effect, that is, the increase of
NaOH concentration decrease the intensity of albite,
clinoptilolite and quartz in the reaction of preparation.
On the other hand, the Si and Al present in the albite
and clinoptilolite are available in the gel of synthesis
to form the zeolite P, that is, to increase the intensity
of the signal for this zeolite the high amount of
NaOH in the reaction is necessary. CTAB have not
a principal effect in all of the cases. CTAB template
has the effect to form the small structures by the
formation of micelles at the evaluated conditions here.
Several studies show that the crystal size is affected
by the presence of CTAB in the reaction of formation
of zeolites (Kativić et al., 1989; Kong et al., 2009;
Wang et al., 2012). In this case, the crystal size of
zeolite P synthesized by natural clinoptilolite here was
affected by the CTAB; however, the impurities in the
synthesis, as quartz principally, and the dissolution of
albite and the clinoptilolite were determinant factors
to inhibit this effect. That is, the formation of micelles
of CTAB were not successfully achieved. However,
the results of CO2 adsorption capacity is satisfactory
because the high values; for example, values higher
than 2 mmol/g were founded. The analysis of the
Table 1 and 2 showed that the average value for CO2
adsorption capacity of zeolites is 2.35 mmol/g being
the 4 the maximum value. For the case of mesoporous
materials (Table 2), the maximum value is 4 mmol/g.
The zeolitic material synthesized in the present study
have a minimum, maximum and average value of 1.4,
2.8 and 1.92 mmol/g, respectively.
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Figure 5. Pareto diagram for the a) albite, b) clinoptilolite, c) quartz and d) zeolite P. 

 

  
a) b) 

  
c) d) 

 

Normal Probability Plot for Albite

-4 -2 0 2 4 6
Standardized effects

0.1
1
5

20
50
80
95
99

99.9
pe

rc
en

ta
ge

Normal Probability Plot for clinoptilolite

-6.2 -4.2 -2.2 -0.2 1.8 3.8
Standardized effects

0.1
1
5

20
50
80
95
99

99.9

pe
rc

en
ta

ge

Normal Probability Plot for Quartz

-7.2 -5.2 -3.2 -1.2 0.8 2.8
Standardized effects

0.1
1
5

20
50
80
95
99

99.9

pe
rc

en
ta

ge

Normal Probability Plot for zeolite P

-3 -1 1 3 5 7 9
Standardized effects

0.1
1
5

20
50
80
95
99

99.9

pe
rc

en
ta

ge

Fig. 4. Normal probability for the a) albite, b) clinoptilolite, c) quartz and d) zeolite P.

 

 

Figure 6. Pareto diagram for the surface area of the synthesized zeolitic material. 
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Fig. 5. Pareto diagram for the a) albite, b) clinoptilolite, c) quartz and d) zeolite P.
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These values, although correspond to zeolitic
material impregnated with DEA are significances.

The results of adsorption capacity of CO2 showed
in the Table 2 were not analyzed under the statistical
methodology due to DEA impregnation was not
considered as a principal factor in the experimental
methodology. However, it is important to note that the
presence of the DEA in the synthesized zeolites here
improved the CO2 adsorption.

3.4 Statistical analysis of surface area and
CO2 adsorption capacity of zeolitic
material

Surface area is an important parameter to establish the
adsorption capacity in the materials. It is convenient to
have high values of surface area in the case of zeolitic
materials. This parameter indicates the presence of
porosity in the range of micro or mesoporous,
principally. The Figure 6 shows the effects with
significance effect to surface area of the synthesized
zeolitic materials. The parameters with significance
effect were the solid/liquid ratio and time:temperature
of reaction interaction; the values of the surface area
obtained are slightly low in relation with the synthetic
zeolites obtained with pure reactants.

There was only one factor considered with
significance over the surface area and the CO2
adsorption capacity. For this reason, the analysis
was not achieved. This indicates the low correlation
between the surface area and CO2 adsorption capacity
and the considered factors.

The values of surface area are similar to reported
by other works; for example, Derkowski et al., (2006)
determinate that the zeolite P synthesized has a surface
area of 39 m2/g. Tang et al., (2015) determined a
surface area of 42.08 m2/g for zeolite P. In this
work the means value of surface area was 30.2±5.8
m2/g with a high and low value of 45.58 and 21.37,
respectively.

For the case of CO2 adsorption capacity the mean
value is 1.92±0.38 mmol/g with a high and low value
of 2.8 and 1.4, respectively. These values are higher
than in the case of natural clinoptilolite. For this zeolite
the CO2 adsorption capacity was 1.4 mmol/g that is
low in relation with the zeolitic material synthesized
here. In other hand Wdowin et al., (2012) reported a
sorption capacity of CO2 of zeolite P of 0.39 mmol/g.
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Fig. 6. Pareto diagram for the surface area of the
synthesized zeolitic material.

Conclusions

In this study the preparation of zeolite P from
a clinoptilolite natural was achieved. The natural
clinoptilolite contained quartz and albite, as principal
impurities, and affected the synthesis of formation of
zeolite P. Clinoptilolite and albite were the principal
sources of Si and Al and the NaOH concentration
affected the dissolution of these minerals. For the case
of quartz, there is not a significance factor in the
synthesis process. The zeolite P synthesized, under
DEA impregnation, was used to capture CO2. The
maximum value was 2.8 mmol/g that represents a
high value respect to other investigations. The process
could achieve a major scale and produce zeolites with
high CO2 adsorption capacity.
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