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Abstract

Carbon dioxide is the main cause of the greenhouse effect and it contributes to global warming. Zeolite NaA is
an excellent adsorbent among other materials but its potential as a carbon dioxide adsorption still needs to be
developed. Therefore, this research was to synthesize zeolite NaA from rice husk ash under different
temperatures and crystallization times. The synthesized zeolite NaA was modified with zinc by an ion exchange
method. Adsorbents were tested for the carbon dioxide adsorption at different operating temperatures and flow
rates. The results showed that the zeolite NaA was successfully synthesized from rice husk ash under the optimal
condition of the crystallization temperature at 333.15 K and time for 2 h. The zeolite NaA can be synthesized
at low temperature and time for crystallization resulted in low cost absorbent while achieving high efficiency.
The modification of zeolite NaA with zinc played a key role to increase the BET surface area, micropore volume
and total pore volume and resulted in an increase in carbon dioxide adsorption capacity. High carbon dioxide
adsorption at 89.08% with the operating temperature at 573.15 K and carbon dioxide flow rate of 1 L/h were
shown with 5 wt.% zeolite NaA.
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1 Introduction

Climate change is one of the most urgent environmental
problems caused by greenhouse gas emission from
human activities [ 1]. Carbon dioxide (CO,) is considered
as a major greenhouse gas for accelerating global
warming. The main CO, sources could be released from
cement industries and power plants etc. [2]. In 2019, CO,
emissions from natural gas, coal and oil in electricity

generation are 94.2 million tonnes of CO,. The CO,
emissions have decreased by 5% compared to 2018.
Renewable sources are used instead of coal as a fuel
to generate electricity. Currently, renewable sources,
such as biomass power plant are used to generate
electricity about 10% of the total electricity generation
[3], but they also produce various pollutants,
such as nitrogen oxides (NO,), sulphur oxides (SO,),
carbon monoxide (CO), water, particulates and CO, [4].
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Consequently, the CO, capture from the use operation
biomass power plants in electricity generation needs
to be developed to reduce CO, emissions. The CO,
capture and storage (CCS) technology is considered.
Post-combustion CO, capture technology has become
one of the important options to reduce CO, emissions,
as important green and economic technology [5].
The solvent absorption, cryogenics, membranes and
solid adsorption methods can be employed in this
technology [6]. The solvent absorption, cryogenics
and membranes have disadvantages such as corrosion
problems, requires high cost, high energy consumption
and regeneration. Solid adsorption as the adsorbents
could provide superior advantages over conventional
methods. It requires lower energy consumption, simpler
processes and lower environmental effects [7]. Typical
adsorbents are zeolites, activated carbons and metal-
organic frameworks, etc. [8].

Zeolite is one of the most promising adsorbents for
CO, capture application. It is a high surface area, strong
dipole—quadrupole, inexpensive, thermal and mechanical
stability [7], [9]. In previous researches, synthesis
and characterization of zeolites for CO, adsorption
such as NaA, NaX, NaY, ZSM-5 and T-type zeolite were
investigated [1], [9]-[12]. The appropriate choice of
zeolites for CO, adsorption depends on numerous factors
such as Si/Al ratio, polarity properties and the number of
cations, etc. [2], [7], [13]. Salehi ez al. [13] reported that
the zeolite NaX and NaA exhibit higher CO, adsorption
capacity than zeolite NaY at atmospheric pressure and
298 K. Due to zeolite NaX and NaA have a lower Si/Al
ratio than zeolite NaY, the presence of the larger surface
area, more alkali-ions in the zeolite frameworks and
the stronger dipole-quadrupole exhibit stronger CO,
adsorption capacity. The Si/Al ratio of zeolite NaX and
NaA are approximately 1. While zeolite NaY has the
same structural framework as zeolite NaX, but it has
a Si/Al ratio of approximately 3 and lower cations.
Likewise, Yi et al. [14] also studied adsorption on
zeolites FAU and LTA. The zeolite NaY has a lower
CO, adsorption capacity than zeolite CaA and NaX.
Because zeolite NaY has a higher Si/Al ratio than zeolite
CaA and NaX, zeolite NaY exhibits more non-polar
and weaker interactions between CO, and cations. On
the other hand, zeolite CaA has more negative charge,
which makes its high polar. While zeolite NaX and NaY
have the same structure, but zeolite NaX presents higher
polar due to its lower Si/Al ratio.

Among them, Zeolite A has exquisite properties
showing high selectivity toward CO, adsorption and
regenerability [10], due to its diameter size of 4 A
that is highly versatile molecular sieve including the
three-dimensional pore structure and solid acidity [15].
But, its potential as a CO, capture adsorbent still needs
to be developed. Therefore, the behavior of zeolite A
under different synthesis conditions and modification
of structure including the adsorption process needs to be
investigated. Zeolite A can be prepared with alumina-rich
and silica-rich materials [15]. Rice husk ash (RHA) is
silica-rich material obtained from biomass power plant,
which is suitable to produce a low cost zeolite for CO,
capture [16]. The silica extraction from RHA in zeolite
synthesis is one of the solutions to add value to RHA
and reduce the amount of RHA waste [12]. Normally,
silica extraction has many methods, such as pyrolysis
and solvent extraction methods. The solvent extraction
method was chosen to produce silica because it is
produced at lower temperatures, lower amounts of
energy, lower cost and larger amounts of silica [17].

In general, zeolite NaA is prepared by hydrothermal
method from silicate and aluminate solution. There
are many synthesis techniques of conventional
hydrothermal methods, such as autoclave or in oven
operations [13], [18], [19]. In addition, many authors
have reported for zeolite NaA synthesis using other
sources, such as ultrasound and microwave heating. It
is anew method and very simple, but this technique also
takes a high temperature and a long time to crystallize
the zeolite NaA [20],[21]. There are many researchers who
have investigated effects of crystallization temperatures
and time [18]-[22]. Among the conventional methods,
all techniques also take a high temperature and a long
time of crystallization. Therefore, crystallization at low
temperature and short time is still being developed to
obtain zeolite NaA with a high degree of purity as well as
to reduce the cost of synthesis.

The CO, adsorption from large volume at high
temperature of flue gases is still expensive and high
energy consumption [7], [8]. In order to modify zeolite
for CO, adsorption at high temperature, decrease the
cost and increase the efficiency of zeolites for CO,
adsorption need to be developed. Surface modification
of'the zeolite could enhance the CO, adsorption capacity
by increasing the alkalinity and cation incorporated
to the zeolite structure [8], [23]. Several authors have
shown that surface and chemical properties of zeolite
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can be improved by incipient wetness impregnation
and aqueous solution ion exchanged methods [2], [24],
[25]. The results showed that Ni (II) was successfully
incorporated into zeolite Y with the impregnation and ion
exchange method. The Ni (I) loading in both methods
does not affect the zeolite Y structure. Worathanakul
and Saisuwansiri [26] reported that Cu and Fe
impregnated zeolite Y show higher adsorption
capacities than the pure zeolite Y. In another study,
Chen et al. [27] reported that Li*, Pd*", and Ag"
exchanged zeolite 13X show better CO, adsorption
capacity than the pure zeolite 13X. Zeolite LiPdAgX
showed the highest CO, adsorption capacity due
to its high number of adsorption sites and thermal
conductivities. Among these methods, the aqueous
solution ion exchanged method is one of the most
commonly used methods. The degree of ion exchange
depends on the size and charge of the metal ion
[28].

Smykowski et al. [29] have studied CO, adsorption
on Cu, Zn, Ni, Pd/DOH zeolite by DFT method.
Zinc cation has a stronger interaction with the CO,
molecule than other cations, which leads to stronger
CO, adsorption. In addition, Esquivel et al. [30] have
found that Zn (II) exchanged zeolite beta is generated
Lewis acid sites and redox properties to modify the
surface charge characteristics of zeolite. According to
reports on adsorbent modification, there is no report
of Zn-ion-exchanged zeolite NaA for CO, adsorption.
Therefore, the developmental of a novel zeolite can
offer desired properties of cost and adsorption capacity
with the most important challenges.

The objective of this research was to develop
zeolite NaA synthesized from RHA at Si/Al ratio of 1.
The effects of crystallization temperature and time
on the zeolite NaA synthesis were investigated in this
work. The zeolite NaA was modified with different
weight percentages (wt.%) of zinc by an ion exchange
method to improve CO, adsorption capacity from
biomass power plant flue gas. The CO, adsorption
on the adsorbent was examined at different operating
temperatures and CO, flow rates.

2 Materials and Methods
2.1 Materials

Silica and zeolite NaA adsorbents were prepared by

reacting the following: RHA obtained from U-Thong
biomass Co, LTD., Thailand (contains 70.19 wt.%
Si0,), hydrochloric acid (HCl, Merck, Germany),
sodium aluminate (NaAlO,, Sigma Aldrich, Singapore),
sodium hydroxide (NaOH, Merck, Germany), zinc
nitrate (Zn(NO,),*6H,0, Merck, Germany), distilled
water and deionized water (DI).

2.2 Silica extraction

The methodology used to pretreat RHA before silica
extraction is based on the works of An et al. [31] with
modifications in the boiling time to remove the metallic
ions completely. 5 g of RHA was mixed with 1 M
HCL solution and boiled for 1 h under stirring. The
suspension solutions were separated through filtration
and washed with DI water. The solid residue was dried
at 393.15 K for 12 h. The RHA after pretreatment was
mixed with 2 M NaOH solution at 343.15 K for 1 h.
The solutions were separated through filtration and
mixed with 1 M HCL solution until the pH became 7.
Then, the solution was aged at room temperature for
18 h. The gel product was separated through filtration
and washed with distilled water to obtain solid of silica.
The product was dried at 378.15 K for 12 h. The silica
in the form of Na,SiO, was obtained.

2.3 Zeolite NaA synthesis

According to the research of Cheung et al. [32] and
Worathanakul ez al. [33], have found that the better
crystallinity was obtained for zeolite NaA at crystallized
temperatures higher than 313.15 K and 2 h. While,
crystallization at lower temperatures and shorter times
showed a low degree of crystallinity resulting in poorly
crystallized samples. In order to get a synthesis with
lower energy consumption and higher efficiency, the
heat crystallization at 333.15 and 373.15 K for 2 and
4 h were selected in this study. Zeolite NaA synthesis
was carried out following the experimental procedure
reported by Worathanakul ef al. [33] with different
crystallization temperatures and times. Initially, the
NaOH was mixed with DI water, divided into two equal
volumes (B1 and B2). The NaAlO, was added into B1
solution and stirred for 10 min (V1). The Na,SiO,
from RHA and NaOH was placed in B2 solution and
stirred for 10 min (V2). Then, the V1 solution was
slowly added to the V2 solution under stirring until
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homogenous. The obtained sample was heated at
different temperatures (333.15 and 373.15 K) and
times (2 and 4 h) of heat crystallization. The solutions
were separated through filtration and washed with DI
water until the pH was below 9. The crystalline zeolite
was dried at 378.15 K for 8 h. The pure zeolite NaA
powder was obtained.

2.4 Modification of Zeolite NaA

The zeolite NaA was modified with different wt.%
of zinc loadings (1, 3 and 5 wt.%) by ion exchanged
method. The obtained zeolite NaA powders were added
to the 1 wt.% Zn aqueous solution and stirred at room
temperature for 24 h. The suspension solutions were
separated through filtration and washed with DI water.
Finally, the samples were dried at 393.15 K for 12 h
and calcined at 873.15 K for 5 h. The 1 zeolite ZnA
powder was obtained. In addition, the 1 wt.% of Zn
aqueous solution was changed to 3 wt.% and 5 wt.%
of Zn aqueous solution by repeating in the above steps
to Zn loading to zeolite NaA. The modified zeolite
NaA with 1, 3 and 5 wt.% Zn loadings were denoted
as 1 zeolite ZnA, 3 zeolite ZnA and 5 zeolite ZnA,
respectively.

2.5 Characterization analysis

The chemical composition of RHA was examined by
X-ray fluorescence spectroscopy (XRF, Bruker AXS,
Germany). The purity and modification of zeolite NaA
were explored by X-ray diffraction analysis (XRD,
Bruker AXS, Germany). In order to characterize the
morphology of the obtained samples, the SEM images
were identified by field emission scanning electron
microscopy (FESEM, JSM-7001F, JEOL, Tokyo, Japan).
The surface area and porosity of the obtained samples
were determined with Brunauer—-Emmett-Teller analysis
(BET, Autosorb 1C, Quantachrome, USA).

2.6 CO, adsorption measurement

Flue gas from biomass power plants typically contains
NO,, SO,, CO, CO,, water and particulates. In this
study, it is assumed that NO,, SO,, CO, H,0O and
particulates are removed after the pretreatment process,
so that the feed flue gas contains CO,. In the present
study, the flue gas from the power plant is released at

J1pU MO[

Fixed Bed Reactor CO, Analyzer
|

!

Tube Furnace

Figure 1: Experimental setup for CO, adsorption.

Gas Exit

temperature in the range of 313.15 to above 573.15 K
with a total pressure of approximately 1 atm, depending
on the design and operation of the process [6], [34].
Therefore, this research is conducted at a temperature
of 373.15, 573.15 and 873.15 K.

The experimental work was set up with a gas flow
meter, adsorption column, tube furnace for heating and
CO, analyzer (Handheld CO, meter GM 70, Finland)
shown in Figure 1. The samples were prepared in a
packed bed reactor and placed inside the tube furnace.
Then, the adsorption experiments were carried out at
different temperatures (373.15, 573.15 and 873.15 K)
and flow rates (1, 3 and 5 L/h) of pure CO, (99.80%:
HP Grade, Linde, Thailand). All samples were
performed at atmospheric pressure and the adsorption
time for 2 h. The inlet (C,) and outlet (C) concentration
of CO, were monitored to obtain the data required for
calculation of CO, conversion and breakthrough curve
according to Equations (1) and (2), respectively.

c,-C
c %100 €))

0

%CO,Conversion =

Breakthrough curve =

C 2)

3 Results and Discussion

3.1 Silica extraction

After extraction, the sample was composed of 97.73,
2.24 and 0.03% by the gross weight of silicon dioxide
(Si0,), aluminum oxide (Al,0,) and iron oxide
(Fe,0,), respectively. Furthermore, XRF data showed
that the after extraction of SiO,, it contained a very
small amount of impurity. The obtained SiO, after
extraction from RHA was the highest compared
to unextracted sample. These results have been
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corresponded with studies by An and co-workers [31].
the most of impurity contents were removed after
treatment with HCI, which resulted from the chemical
reaction between acid and metals. Chloride ion (CI")
from HCl protonated the silicon (Si) and formed silicon
chloride (SiCl,) during the treatment with HCI. Thus,
obtained SiCl, was insoluble resulting in silicon, which
was not removed during the treatment with HC1. While
treatment with HCI, the CI” from HCI will react to the
metallic element (potassium: K, sodium: Na, zinc: Zn,
magnesium: Mg, copper: Cu, calcium: Ca, manganese:
Mn and iron: Fe) and formed salts (potassium
chloride: KCI, sodium chloride: NaCl, zinc chloride:
ZnCl,, magnesium chloride: MgCl,, copper chloride:
CuCl,, calcium chloride: CaCl,, manganese chloride:
MnCl,, iron chloride: FeCl,). The metallic chloride
obtained was soluble resulting in metallic, which was
dissolved and removed by filtration. This result was
corresponded with a study by Matori et al. [35]. The
result also showed that the RHA pretreatment with the
boiling time of 1 h was highly effective for removing
the metallic ions compared to RHA pretreatment and
was similar to the work of An et al. [31]. Therefore,
extracted SiO, could be an effective way to produce
high purity of SiO, powder.

3.2 Zeolite NaA synthesis
3.2.1 Effect of temperature and time

Figure 2(a) shows the XRD patterns of samples
prepared with different temperatures (333.15 and
373.15K) and times (2 and 4 h) of heat crystallization.
The XRD results showed that zeolite NaA was the main
peak corresponded to peaks standards. It can be seen
that the width of peaks was decreased with increasing
crystallization temperature and time resulting in
increased crystal size corresponds to the research
of Jin et al. [36]. The obtained results were also
consistent with Cheung et al. [32] reported the
crystallization temperature and time were related to the
crystal quality of zeolite NaA. Moreover, the temperature
and time in our zeolite NaA synthesis were still lower
than the previous study and zeolite NaA still has good
performance [32]. The SEM images for different
temperatures (333.15and 373.15 K) and times (2 and 4 h)
of heat crystallization [Figure 2(b)—(e)] show particles
with spherical structure, uniform distribution and

(a)

4h,373.15K

A 2h,373.15K
0.24°"
A 41h,333.15K
= 0.26°
A 2h,333.15K
0.28°" ]

| Zeolite NaA
1 . .

(JCPDS 00-038-0241)

Intensity

(d)2h,373.15K |§

Y ! d

-

Figure 2: XRD patterns and SEM images of zeolite
NaA with different temperatures and times of heat
crystallization.

highly crystalline structure. Figure 2(b) to (e) indicated
that crystal sizes were 0.30+0.06,0.34+0.03,0.39+0.02
and 0.42 + 0.03 um diameter, respectively corresponds
to the research of Worathanakul ez al. [33]. The reduction
of crystallization temperature and time in this novel
synthesis method was a successfully developed
process zeolite NaA synthesis with short time and
low temperature. This can also help the reduction of
time and energy consumption of the synthesis. Thus,
the optimum heat crystallization for the zeolite NaA
synthesis from RHA was 333.15 K for 2 h, where high
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Figure 3: XRD patterns and SEM images on zeolite
NaA with different wt.% of Zn loadings.

purity zeolite NaA at low crystallization temperature
and time were optimized and used throughout the
entire experiments.

3.2.2 Effect of Zn loading

The effect of Zn loading on the structural properties
of zeolite NaA was investigated by XRD shown in
Figure 3(a). The XRD patterns show that zeolite NaA
after loading Zn was the main peak that corresponded to
standard peaks of zeolite NaA. It can be observed that
the structural integrity of zeolite NaA was maintained

the same structure even after the incorporation of the
Zn [37]. Particles of 1 zeolite ZnA, 3 zeolite ZnA
and 5 zeolite ZnA had uniform distribution as shown
in Figure 3(b)—(d), respectively. The crystals have a
similar size of approximately 0.33 + 0.08 pm diameter.

BET analysis of zeolite NaA with different wt.%
of Zn loadings by ion exchange method was shown in
Table 1. As the wt.% of Zn loading increased, the BET
surface area, micropore volume and total pore volume
of the zeolite were increased. The high surface area
suggested that more active sites were available on the
zeolite, which were useful for the enhancement of the
CO, conversion [17]. It is apparent that the addition of
Zn*" to the zeolite NaA improved the BET surface areas
and pore volumes. In contrast, the pore size showed a
decreasing trend with an increased from 1 to 3 wt.%
Zn loading, due to loaded Zn caused blockage some
pores of some the zeolite NaA. Zn** can be the main
one exchange with two Na and the two types of cation
occupying different sites in zeolite crystal. It caused
partial blockage of pores and released some pores of
the zeolite simultaneously, which corresponded to the
research of Chen et al. and Salehi and Anbia [13],
[27]. Based on the above reasons, it did not affect the
increase of the BET surface area of zeolite NaA, which
is similar to the report of Zhang et al. [17]. Therefore, the
5 zeolite ZnA was used throughout the CO, adsorption
experiments.

Table 1: BET analysis of Zn loading to zeolite NaA

BET Surface | Micropore | Total Pore Pore
Samples Area Volume Volume | Diameter
(m’/g) (em’/g) (em%/g) A)
Zeolite 29.58 0.015 0.103 22.27
NaA
1 zeolite 35.42 0.018 0.146 21.18
ZnA
3 zeolite 54.30 0.023 0.212 19.46
ZnA
5 zeolite 73.94 0.029 0.286 18.03
ZnA

3.3 CO, adsorption capacity
3.3.1 Effect of Zn loading
The effect of Zn loading was focused in this section.

The experimental data was performed with the constant
operating temperature at 573.15 K and the CO, flow
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Figure 4: CO, conversion and breakthrough curves
of zeolite NaA with different wt.% of Zn loadings for
CO, adsorption at 573.15 K and flow rate of 5 L/h.

rate of 5 L/h. As shown in Figure 4(a), the %CO,
conversion was increased with increasing of Zn
loading to zeolite NaA. The CO, adsorption of the
5 zeolite ZnA was observed that it was increased by
approximately 3.5 times when compared to that of
the zeolite NaA. It was corresponding to the results of
BET analysis. As it was apparent from Figure 4(b), the
breakthrough curve of 5 zeolite ZnA did not change
much. The breakthrough curve of zeolite NaA sharply
increased in the behavior at first and increased slightly
until gradually constant, which may attribute to the
fastest diffusivity [26]. Similar behavior breakthrough
curve of 1 zeolite ZnA and 3 zeolite ZnA were found. It
was implied the 5 zeolite ZnA was beneficial for CO,
adsorption under experimental conditions.

3.3.2 Effect of operating temperature

In order to study the effect of operating temperature on
5 zeolite ZnA, the experiments have been carried out
under the operating temperature at 373.15, 573.15 and
873.15 K with a CO, flow rate of 5 L/h. The 5 zeolite
ZnA showed that the %CO, conversion increased in
the order: 573.15 K> 373.15 K> 873.15 K as can be
seen in Figure 5(a). It can be seen that the operating
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Figure 5: CO, conversion and breakthrough curves of
5 zeolite ZnA with different operating temperatures
(373.15,573.15and 873.15 K) and CO, flow rate of 5 L/h.

temperature at 373.15 K 5 has lower adsorption than
573.15 K as a result of physical adsorption dominance
over chemical adsorption. The obtained results were
consistent with Ramasubramanian et al. [38] that the
physical adsorption showed lower adsorption than
chemical adsorption. Due to the physical adsorption,
it is caused by the weak interaction between the zeolite
and CO, molecules occur via van der Waals forces in
the pores of zeolite and the electrostatic interaction of
the zeolite surface groups [39], [40]. At 573.15 K, it
showed chemical adsorption was the dominant process
due to the incorporation of the Zn in the zeolite NaA.
There is an increase in the adsorption at 573.15 K
that was observed due to an increase in the chemical
adsorption process. Chemical adsorption arises from
relatively strong chemical interactions between the Zn
and CO, molecules with chemical bonds [6], [38]. In
contrast, the adsorbent was desorbed of CO, at 873.15
K. These results agreed with reports of Pirngruber et al.
[41] that the decrease of the adsorption was caused by
the exothermicity of the adsorbent. The breakthrough
curves demonstrated that the shape at the first phase
of 573.15 K was not changed much. Figure 5(b)
represented the breakthrough curveat373.15and 873.15K
show sharply increased first and constant curve, which
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Figure 6: CO, conversion and breakthrough curves of

5 zeolite ZnA with different CO, flow rates (1, 3 and
5 L/h) and operating temperature at 573.15 K.

may attribute to the fastest diffusivity. Both curves
were presented a trend to saturation of CO, adsorption.
While, the adsorbents at 573.15 K were found that
CO, was still diffused in the upstream, and began to
breakthrough and gradually constant curve. The results
showed that operating temperature at 573.15 K could
have high CO, adsorption with 5 zeolite ZnA.

3.3.3 Effect of CO, flow rate

To find out the effect of CO, flow rate on 5 zeolite ZnA,
the CO, adsorption studies were conducted with different
flow rates (1, 3 and 5 L/h) and fixed the operating
temperature at 573.15 K. Figure 6(a) showed that the
%CO, conversion rapidly decreased with an increasing
flow rate of CO, from 1 to 5 L/h. The CO, adsorption at
1 L/h of rate flow was more than 3 times with at 5 L/h,
due to the total adsorption operating time drastically
decreased with increasing of the CO, flow rate [42].
The shape of CO, flow rate at 1 L/h breakthrough curve
was not changed much as shown in Figure 6(b) because
of trapped CO, in the adsorbents. With increasing
the CO, flow rate (3 and 5 L/h), the breakthrough
curves became sudden at first. It may be the fastest
diffusivity. After that, the CO, concentration adsorbed

to breakthrough increased slightly and constant. Both
curves were fit to the trend to saturation. The results
showed that the CO, flow rate at 1 L/h with 5 zeolite
ZnA could have high CO, adsorption, due to the
residence time of CO, molecules at a low flow rate was
longer than with high flow rates [33].

4 Conclusions

The optimal condition for the zeolite NaA synthesis
from RHA was 2 h at 333.15 K with high purity zeolite
NaA at low crystallization temperature and time.
The obtained zeolite NaA particles exhibit spherical
morphology with uniform size distribution. After ion
exchange, the BET surface area, micropore volume and
total pore volume of 5 zeolite ZnA were higher than 1
zeolite ZnA with the same structure. The highest CO,
adsorption was found in the operating temperature
at 573.15 K and CO, flow rate of 1 L/h. Zn plays
a key role to improve the CO, adsorption capacity
on zeolite NaA. In addition, this adsorbent is lower
energy consumption and low synthesis cost with high
efficiency. These properties make it promising candidate
adsorbents for further application of CO, adsorption
in hot flue gas from biomass power plants.
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