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Abstract

This study presents a simple method for the production of activated carbon (ACS) from sugarcane bagasse. To increase
the CO:z adsorption efficiency, the ACS/CS/EDTA composite was prepared by modifying ACS with
ethylenediaminetetraacetic acid (EDTA) and chitosan (CS). The as-prepared materials were characterized by X-ray
Diffraction (XRD), Field Emission Scanning Electron Microscope (FE-SEM), Energy Dispersive X-ray Spectroscopy
(EDS), High Resolution — Transmission Electron Microscope (HR-TEM), Fourier Transform Infra-Red (FT-IR), and N2
adsorption/desorption isotherms. The obtained ACS is an amorphous and porous material and contains both micropores
and mesopores. The micropore volume, mesopore volume, Brunauer—Emmett-Teller (BET) surface area and average
pore width of the ACS are 0.112 cm3/g, 0.193 cm3/g, 354.8 m2/g and 55.7 A, respectively. The dispersion of EDTA and
CS on the activated carbon leads to a deterioration of the structural properties while it increases the aggregation of the
ACS/CS/EDTA composite. The performance of the materials was evaluated by COz adsorption at ambient pressure.
The effects of EDTA, adsorption temperature and gas composition were also investigated in detail. In addition, the
durability of the composite was evaluated through the adsorption and desorption cycle.
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1. Introduction animal feed, pulp, decorative pots, for the
Sugarcane bagasse is the fibrous part of production of plywood and for packaging products
[1-3].

sugarcane after the juice has been squeezed out
and is a by-product of sugar mills. The main
components of sugarcane bagasse are fibers,
water and a small amount of soluble substances.
Sugarcane bagasse is in the form of fibers that are
insoluble in water or other solvents. Normally, the
sugarcane is disposed of as waste after the juice
has been pressed, as it can no longer be used. In
reality, however, bagasse has many uses and is
used in many areas of life, e.g. as fertilizer, fuel,

In recent years, Vietnam has been one of the
largest sugarcanes producing countries in the
world with an average production of 15 to 18
million tons/year. After the sugarcane is pressed
to extract sugar, about 4.5 million tons of bagasse
are produced annually. Sugarcane bagasse, which
mainly contains cellulose (50 by weight), with the
remainder consisting of hemicellulose (25 %) and
lignin (25 %) [4], is considered an important raw
material for the production of low-cost activated
carbon, which helps to increase the value of

* Corresponding Author. sugarcane and reduce solid waste emissions.
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The synthesis of activated carbon from
sugarcane bagasse can be carried out by one-step
pyrolysis in the presence of ZnClg, NazCOs, NaOH,
H3POg, etc. [5]. These chemicals play an important
role in preventing the formation of aromatic
hydrocarbon  macromolecules from lignin,
lowering the temperature of lignin dehydration,
and destroying the structural carbon network at
high temperatures to form porous channels in the
activated carbon [6]. The high-quality porous
activated carbon was prepared from sugarcane
bagasse by an implicit chemical activation method
using ZnClz as a chemical activator, the material
showed fast adsorption kinetics and high
adsorption capacity for diclofenac sodium
(315 mg.g1) [7]. Activated carbon was prepared by
pyrolyzed with KOH as a potential positive
electrode catalyst for vanadium redox flow
batteries sugarcane bagasse [8], the activated
carbon showed mesoporous material with the
surface area of 1255 m?2/g. The activated carbon
produced from sugarcane bagasse with a large
surface area (1500 m?2/g) and high porosity
exhibited a high adsorption capacity for toxic
chemicals [9]. The activated carbon prepared from
sugarcane bagasse by physico-chemical activation
in an acidic medium (H3PO4 85 wt%) and
subsequent activation at high temperature
showed high removal of (Pb) and (Cu) at pH = 5,
Qmax = 968.72 and 754.14 mg.g™1, respectively [10].

We are currently facing a number of pressing
global environmental problems, including climate
change, the destruction of biodiversity, freshwater
resources, the ozone layer and soils, and pollution
from toxic and persistent organic substances.
These problems are interlinked and all have a
direct impact on human life and social
development. Above all, climate change is always
regarded as the hottest environmental issue,
whether at the national or global level. Moreover,
it is also seen as an important issue affecting the
process of sustainable development worldwide.
Scientists widely agree that the increased socio-
economic development activities in many sectors
such as energy, industry, transportation,
agriculture and forestry in recent decades have
increased the concentration of greenhouse gasses
(N20, CH4, CFCs, H2S, and especially COz2) in the
atmosphere, leading to global warming and thus
climate change [11]. Scientists and countries have
tried to find alternative energy sources such as
solar and wind energy. However, fossil fuels still
make up a large part of the world's energy supply
and cannot currently be completely replaced by
other sources. As a results, a large amount of CO2
and other harmful gasses emitted by factories and
engines need to be removed before they are
released into the environment [12].

In addition to research on metal oxide-based
materials for CO2 removal [13-16], activated

carbon-based composites have also attracted a
great deal of attention from scientists due to their
mechanical and chemical stability and easy
regeneration. The nitrogen doped porous carbon
sponge synthesized using a hard template and
physical activation was very efficient in adsorbing
COg, the uptake was 2.16-2.50 mmol.g! at 25 °C
and 1bar [17]. The novel Zn-doped activated
carbon developed from liquid agricultural biomass
was efficient in adsorbing COg2, the adsorption
capacity was 370.41 mg.g! at 25 °C [18].
Microwave pyrolysis of waste biomass can be used
to produce micro-mesoporous activated carbons,
the role of textural properties for CO2 was
investigated and CO: adsorption of 4.1 and 2.8
mmol.g'? at 0 and 25 °C, respectively, was
demonstrated [19]. Activated carbons were
prepared from a lignocellulosic material, African
palm shells (Elaeis guineensis), by chemical
impregnation of the precursor with solutions of 1—
7 % w/v Cu(NO3)2 and showed adsorption of CO2
between 103 and 217 mg.g-! [20]. Activated carbon
prepared from olive waste was used as an
adsorbent for the capture of COgz, the maximum
adsorption capacity according to the Langmuir
model (gm) was 9.374 cm3.g! [21]. These
investigations show that activated carbon itself
has a low adsorption of COs. The Integration of
activated carbon with metals, metal oxides or non-
metallic elements can increase the CO2 adsorption
capacity. However, the functionalization of
activated carbon with organic substances
containing basic functional groups to interact with
CO:2 is a mystery that researchers are still
investigating. In this study, the activated carbon
was produced from sugarcane bagasse. To
increase CO2 adsorption efficiency, the surface of
the activated carbon was surface modified with
EDTA and CS. The resulting composites were
characterized and used to adsorb CO:z at ambient
pressure.

2. Materials and Method
2.1. Chemicals and Materials

The sugarcane bagasse was obtained from the
province of Thanh Hoa in Vietnam. The chitosan
was imported from China.
Ethylenediaminetetraacetic acid (EDTA), sodium
acetate trihydrate (CH3COONa.3H20, 99%),
isopropyl alcohol (99%), sodium hydroxide (NaOH,
99%), hydrochloric acid (HCl, 37%), acetic acid
(CH3COOH 2%), ammonium solution (NHs, 28%)
and the necessary chemicals were purchased from
Merck. N2 (99.99%) was used as purge gas during
activation and regeneration in the cyclic test, CO2
(99.99%) was used for the sorption test. Double
distilled water was used for all experiments.
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2.2. Preparation of ACS

Normally, 80 g of sugarcane bagasse was
washed to remove sugar and sand and dried at 80
°C for 8 h. The dried bagasse was ground to a fine
powder and sieved with a mesh size of 1 mm, then
mixed with 80 g of saturated NaOH solution.
Subsequently, the paste mixture was dried and
calcined anaerobically at 800 °C for 60 min. After
cooling, the product was ground in a porcelain
mortar and sieved to obtain a particle size of 0.7
mm, and then it was mixed with 1 M HCI solution
in excess for 1 day to allow the reaction to
complete. The product was then filtered, washed
with distilled water and dried at 150 °C for 10 h to
obtain activated carbon powder and denoted as
(ACS).

2.3. Preparation of ACS/CS/EDTA composite

Two 100 mL beakers were prepared. Beaker
A: 0.1 g of chitosan was accurately weighed into a
100 mL beaker containing 10 mL of 2%
CH3COOH. The mixture was stirred with a
magnetic stirrer for 12 h to completely dissolve the
chitosan. Beaker B: 0.2 g of ACS was accurately
weighed into a 100 mL beaker containing 20 mL
of isopropyl alcohol, and then stirred at 70 °C for
5 min, as presented in Figure 1(a). Beaker B was
poured into beaker A. The solution was stirred at
70 °C for 60 min to allow the chitosan to adhere to
the ACS. Then 10 mL of EDTA solution was slowly
added to the mixture and stirred gradually until
the EDTA was evenly distributed on the surface of
the ACS. The mixture was filtered using a
Buchner funnel and then washed several times
with distilled water. The resulting solid was dried
at 80 °C for 12 h to obtain the ACS/CS/EDTA
composite, as presented in Figure 1(b).

Beaker A
(a) s ) 0.1gCS+10 mLCH;COOH2%
l~§_ Stirring for 12 h

Beaker B

0.2 gACS + 20 mL isopropyl alcolhol

Stirring at 70 °C for 5 min
\
L_b

(b) _ BeakerA 10mLH,0 EDTA
Beaker B Stirring at 70 °C for 60 min +
> ¥ 4
y Continuous
stirring

£ F .
composite Dryat 80°C

ine
grinding \  for12h
o 1 ]
[ ,

Figure 1. The scheme of preparation of
ACS/CS/EDTA composite

ACS/CS/EDTA L
Filter
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2.4. Characterizations

The crystalline phase of sample was
investigated by X-ray power diffraction (XRD).
XRD patterns were obtained by using Bruker D8
Ax XRD-diffractometer (Germany) with Cu-Ka
irradiation (40 kV, 40 mA). The 20 ranging from
10 to 90° was selected to analyses the crystal
structure. The morphology and size of the samples
were observed field emission scanning electron
microscopy (FE-SEM, JEOL-7600F). Textural
properties were measured via Ng
sorption/desorption isotherms using a
Quantachrome instrument (Autosorb i1Q, version
3.0 analyzer). The specific surface area, pore
volume and pore diameter were obtained by using
the Brunauer-Emmett-Teller (BET) method.

2.4. COz adsorption test

The CO:2  adsorption/desorption  was
performed in the thermogravimetric analyzer
(TGA, Versa Thermal Instrument), as shown in
Figure 2. The TGA system has a temperature
range up to 1000 °C, a capacity of 1.0 gram, a
sensitivity of 0.2 ug and an accuracy of 0.1%. The
balance operates on the zero-balance principle
and uses a highly sensitive transducer coupled
with a tout-band suspension system to detect
minute changes in sample mass.

Normally, a sample quantity of 0.1 g was
added to the sample container. Prior to CO:
sorption, the prepared samples were activated at
150 °C in an N2 stream of 30 mL.min-! for 1 h to
remove moisture, solvent and other adsorbates.
The sample was then cooled to the sorption
temperature and the N2 gas stream was replaced
by a CO2 stream of 20 mL.minl. The mass of
adsorbent increased due to the sorption of CO2. As
it approached saturation, the weight increase was
caused by the CO:z adsorbed on the sample and
calculated by the following Equation [14].

Weight

Computer Weight
gain

L

Time

=

{ ! | n
1: Sample Container 2: Balance 3: Furnace air
4:Valve 5: Optional Rotometer 6: Optional flow controller

Figure 2. TGA structure and process
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Weight of Adsorbed CO,

COZ Adsorption (%) = Weight of Adsorbent

X 100%
(1)

3. Results and Discussion
3.1. Characterization

The results of the XRD analysis of the ACS
and ACS/CS/EDTA materials are shown in Figure
3. The XRD spectra of the two samples are almost
identical, which proves that the ACS material
does not change its structure after surface
functionalization. In addition, both samples are
characterized by a diffraction peak with a large
half spectrum at 25°. The broad peak proves that
the activated carbon produced from bagasse is
amorphous. In the XRD spectrum of the
ACS/CS/ETDA composite, the peaks at 33.55 and
44.73° corresponding to (511) and (224) planes,
respectively, are small, and indicate crystalline
EDTA (JCPDS 27-1927). This partly due to the
uniform distribution of EDTA on the surface of
ACS [22], but may also be due to obscuration by
the peak of ACS. Furthermore, the absence of the
CS peak proves that it is present in amorphous
form and acts as a bridge between ACS and
EDTA.

The SEM results of ACS and ACS/CS/EDTA
are shown in Figure 4. ACS has a honeycomb
structure, a homogeneous surface with closely
connected thin layers forming a fine porous
network. SEM images at different magnifications
(5 um, 1 um, and 500 nm) show that the surface of
the ACS sample has many very small, evenly
distributed pores in Figure 4(a-c). This indicates
that ACS can provide a large surface area, which
is advantageous for applications requiring high
adsorption capacity. ACS/CS/EDTA, on the other

¢ EDTA
* * ACS
- °
= °
G ACS/CS/EDTA
VT AN A A A A A A !
g *
g
E
ACS

10 20 30 40 50 60 70 80

2 - Thetal (Degree)

Figure 3. XRD pattern of ACS and ACS/CS/EDTA

composite.

hand, has a more complex structure, with large
blocks and irregular loose sheets. SEM images of
this sample at magnifications of 10 pm and 5 pm
show the presence of pores with deep grooves and
distinct voids. The pores of the composite are not
only smaller but also unevenly distributed,
resulting in a rough surface in Figure 4(d-e). This
shows that the combination of EDTA and CS with
ACS in the sample has changed the surface
structure and created more active sites that
increase the CO2 adsorption capacity. This change
is important for optimizing the material surface
for applications in the adsorption process.

The elemental composition of the
ACS/CS/EDTA composite was analyzed by EDS
spectrum. Figure 4(g) shows that the composite
contains 93.3 wt% C, which is the largest
proportion in the sample; 6.3 wt% O, 0.2 wt% Na,
0.2 wt% Si. The presence of Na may be due to
EDTA. However, N was not detected due to the
detection limit of the EDS method. The presence
of C in a high proportion (93.3%) indicates that CS
was tightly bound to the ACS surface. Although
N, an important component of CS and EDTA, was
not detected, the presence of oxygen (O) at 6.3 %
can indicate that EDTA was functionalized and
dispersed on the material surface.

The HR-TEM image of the ACS/CS/EDTA
composite shows a complex microstructure
(Figure 5). At low magnification, the image shows
clusters of particles with a heterogeneous
structure, including unevenly sized particles and
irregularly shaped thin layers stacked on top of
each other, as seen in Figure 5(a, b). Upon closer
inspection of Figure 5. (c, d), the crystals show
tight aggregation with dark and light areas

Figure 4. SEM images of (a-c) ACS and (d-f )

ACS/CS/EDTA; (g9 EDS
ACS/CS/EDTA.

spectrum  of
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reflecting the uneven distribution of components,
indicating strong binding between EDTA,
chitosan and ACS in the composite structure. At
higher magnification Figure 5. (e, f), the layers are
arranged in an ordered fashion. The characteristic
interlayer distance for EDTA was calculated to be
0.595 nm, suggesting that EDTA may be present
in the crystal phase. This complex association
between different phases may contribute to the
adsorption capacity of the composite.

50 nm b, 20 nm 28 10 nm
r— - — —

Figure 5. HR-TEM images of ACS/CS/EDTA.
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Figure 7. (a) N2 adsorption/desorption
isotherms and (b) pore size distribution of ACS
and ACS/CS/EDTA.

Figure 6 shows the FT-IR spectra of the ACS
and AC/CS/EDTA samples. The appearance of
absorption peaks at 3274 cm-! in the spectra of
both material samples is due to hydrogen bond
(O-H), phenolic hydroxyl or N-H stretching
vibrations [23]. In particular, the intensity peak
at 3274 cm?! in the FT-IR spectrum of
AC/CS/EDTA is significantly enhanced, indicating
that the number of hydrogen bonds is increased
after modification by EDTA and CS (—OH bonds
in EDTA and CS molecules). The peaks at 1570
cm! can be assigned to the N-H deformation
vibration, phenolic hydroxyl, C=C or C=0
stretching vibration [24]. In the FT-IR spectra of
the AC/CS/EDTA composite, the intensity of this
peak was significantly enhanced, indicating the
occurrence of the C=0 and N-H stretching
vibrations of EDTA and CS, respectively. The
peaks at 890 cm-! can be assigned to the C—H
stretching vibrations. In addition, the absorption
peaks at 2094, 1370 and 1016 cml are
characteristic of N-H, C-N and C—O bonds in
EDTA and CS molecules, respectively [23, 24].
The absorption peaks of the pure AC and the
AC/CS/EDTA composite are almost identical,
indicating that the modification with EDTA and
CS does not change the original chemical
properties of the pure AC material. However, the
increased peak intensities and the appearance of
new absorption peaks in the FT-IR spectra of the
composite indicate that the EDTA and CS
molecules are dispersed and crystallized on the
surface of the pure ACS.

The textural properties of the sample are
shown in Figure 7. Pure ACS exhibits a diverse N2
adsorption/desorption isotherm. The part of the
curve corresponding to p/p. 0-0.5 is of type I,
attributed to microporous material, and the
remaining part of the curve, p/po 0.5-1.0, is of type
4 with a type H4 hysteresis loop (Figure 7(a))
attributed to the IUPAC classification and often

Z
=
(olo}
I
(=]o]
(o]

=)

(9]

Z
e
=

'ACS/CS/EDTA

Transmittance (%)

1
1
1
1
1
1
1
1

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 6. FT-IR spectra of ACS and
ACS/CS/EDTA
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associated with narrow slit pores. The pore size
distribution of the composite concentrates in the
range of 30-40 A (Figure 7(b). As seen in Table 1,
the micropore volume and mesopore volume are
0.112 and 0.193 cm?2.g-1, the BET surface area and
average pore width are 354.8 m2.g-1 and 55.7 A,
respectively. The Nz adsorption isotherm was
lower and the hysteresis loop of the
ACS/CS/EDTA composite was smaller than that of
AC. The pore size distribution of the composite is
not concentrated. The micropore volume,
mesopore volume, BET surface area and average
pore width are 0.008 cm3.g-1, 0.062 cm3.g'1, 54.8
m2.g! and 47.1 A, respectively. The decrease in
the textural properties of the composite can be
attributed to the dispersion and blocking of the
pores in ACS by EDTA and CS molecules.

3.2. COz adsorption

The results of the COz adsorption studies of
ACS and ACS/CS/EDTA composite are shown in
Figure 8. The CO: is adsorbed slowly on ACS,
achieving an adsorption rate of only 2.81 wt.% in
120 min, although ACS is a porous structure
material with a large surface area, as shown
above. This demonstrates that COz interacts only
weakly with the surface of the activated carbon
synthesized from sugarcane bagasse. While the
CO:z adsorption rate on the ACS/CS/EDTA
composite is very fast in the first 20 min, the

T T T T T Y T

204 | ———ACS
—— ACSICS/EDTA

(a)

200

150

100

Quantity Adsorbed (cm®g STP)

o
o o
\
1

02 04 06 08 10
Relative Pressure (p/p°)

o
)

adsorption of 13.09 wt.%, the adsorption increases
slightly thereafter and reaches saturation after
120 min, resulting in a COz adsorption capacity of
18.28 wt.%. The improvement in adsorption can
be attributed to the uniform dispersion of EDTA
on the surface of ACS and the interaction of CO2
with the N-containing functional groups in EDTA
and CS. The surface area and pore volume do not
play a decisive role in CO2 adsorption.

To investigate the effect of EDTA content on
the adsorption capacity of composites, the ratio of
EDTA : AC was veried from 0.25 to 1. The samples
were labeled as ACS/CS/EDTA-X, where X stands

—a— ACS/CS/EDTA
18 ACS

° 0 ' 2‘0 ' 4‘0 I 6‘0 ' 8’0 ' 150 ' 150
Time (min)

Figure 8. CO2 adsorption on the ACS and

ACS/CS/EDTA samples.

0.005
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0.004 - —— ACSI/CS/EDTA
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Figure 7. (a) N2 adsorption/desorption isotherms and (b) pore size distribution of ACS and ACS/CS/EDTA.

Table 1. Textural properties of ACS and ACS/CS/EDTA.

Samples BET Micropore External Micropore Mesopore Average
surface Area area surface area volume volume pore yvidth
area (m2.g1) (m2.g1) (cm3.g1) (cm3.g1) (A)
(n*.g'")
ACS 354.8 259.3 0.112 0.193 55.7
ACS/CS/EDTA 54.8 19.2 0.008 0.062 47.1

Copyright © 2024, ISSN 1978-2993



Bulletin of Chemical Reaction Engineering & Catalysis, 19 (4), 2024, 605

for the ratio of EDTA. The result is presented in
Figure 9. When the ratio is 0.25, the adsorption
occurs rapidly in the first 20 min, the amount of
adsorbed COz2 is 8.26 wt.%, then the adsorption
increases slightly and reaches saturation after
120 min, the adsorption capacity reaches 11.6
wt.%. When the ratio increases to 0.5, the
adsorption capacity of the composite increases
significantly. After 20 min the adsorption amount
1s 13.09 wt.% and after 120 min the adsorption
capacity is 18.28 wt.%. This proves the role of
EDTA in increasing the adsorption capacity of
COg2, This is in good agreement with previous
studies on amine-modified activated carbon for
CO:z adsorption [25,26]. However, as the ratio
increases further, the CO2 adsorption decreases,
which may be due to the uneven dispersion of
EDTA on the surface of the activated carbon when
the its concentration is high. The CO2 adsorption
capacity of the composite at ratio 1 decreases to
12.60 and 16.42 wt.% after 20 and 120 min,
respectively.

To study the effect of temperature on COzq
adsorption, in this study, the temperature was
varied from 25 to 150 °C. The results are
presented in Figure 10. As the temperature
increases, the adsorption of CO2 decreases. In the
first 20 min, the CO:z adsorption rate at 50 °C is
slightly higher than at 25 °C, however, the
adsorption capacity at 25 °C is higher than at 50
°C. When the temperature increases further, COz
adsorption significantly decreases. At 150 °C, the
amount of adsorbed COz was 0.97 wt.% in the first
20 min and after 120 min the adsorption capacity
remained almost unchanged. This proves that
adsorption 1is an exothermic process and
increasing the temperature can reduce adsorption
of COz on composite. This is in complete
agreement with previous studies on solid
materials modified by amine for CO2 adsorption
[27,28].

—s—0.25
18 4|——0.5
——1.0

CO, adsorption (%)
o
1

0 T T T L T 1 U T T

0 20 40 60 80 100 120
Time (min)

Figure 9. Effect of EDTA content on COs:

adsorption.

To investigate the effect of gas composition on
CO2 adsorption, the feed gas was varied from
100% COz2 to 30% CO2 and 10% COz. The results
are shown in Figure 11. The results show that the
gas composition has a significant influence on the
adsorption rate and efficiency. As the COz content
decreases, the rate and adsorption capacity also
decrease. For pure COgz, the adsorption at 20 min
and the adsorption capacity at 120 min are 13.09
and 18.28 wt.% respectively. These values are
decrease to 11.63 and 16.50 wt.%, 8.31 and 15.84
wt.% corresponding to a CO2 content of 30 and 10
%. However, the CO:2 adsorption rate in wet
condition is faster in the first 20 min compared to
the dry state, the amount of CO: adsorption
reaches15.49 wt.% after 20 min. Thereafter,
adsorption only slightly increases and it reaches
saturation after 120 min. The adsorption capacity
in the wet state is still lower than in the dry
condition, showing the sorption capacity of 17.67
wt.%. This can be attributed to the reaction of COz
with water to form H2COs, which tends to adsorb

20
184
16 4
R 144
Z o]
5
8 10+
il i —s—Pure CO,
8 —— Mix gas (30% CO,)
41 —v— Mix gas (10% CO,)
24 —<— Pure CO,, in wet condition
0 ; ' . ; : :
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Figure 11. Effect of gas component on CO:
adsorption.
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Figure 10. Effect of temperature on COz:
adsorption.
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rapidly to the nitrogen functional groups in EDTA
and CS. However, due to the limited active sites,
the maximum adsorption capacity is not greater
than that under dry condition.

As can be seen from the results in Figure 8,
the ACS/CS/EDTA composite shows the rapid
adsorption in initial 20 min. The adsorption
capacity corresponds to 71.61 % of the saturation
capacity within 120 min at 25 °C. With regard to
the reproduction of CO:2 capture, fast cyclic
operation 1s desirable. However, in this study,
cyclic CO: sorption/desorption tests were
conducted under accelerated test conditions (short
sorption and desorption times) to evaluate the
stability of ACS/CS/EDTA. Adsorption of pure
COz was performed at 25 °C for 20 min and
regeneration with an N2 flow was carried out at
300 °C for 30 min to complete the desorption of
CO2 (Figure 12). The ACS/CS/EDTA composite
proves to be relatively stable in the
adsorption/desorption of COz2. The sorption
capacity of ACS/CS/EDTA at the 10tk cycle is 12.22
wt.%, which is 94.6 % of the capacity at the first
adsorption. This shows that the ACS/CS/EDTA
composite is stable 10 times at the activation
temperature of 300 °C and the regeneration
temperature of 300 °C and can be a potential
material for application in COz capture.

4. Conclusion

The activated carbon successfully synthesized
from sugarcane bagasse proves to be a porous and
amorphous material. The activated carbon has a
surface area of 354.8 m2.g! and contains both
micropores and mesopores with the values of
0.112 and 0.193 cm3.g'1, respectively. ACS has a
low adsorption capacity of only 2.81 wt.% after 120
min. The novel ACS/CS/EDTA composite was
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Figure 12. Cyclic test temperature profile and
sorption capacity of ACS/CS/EDTA composite
operated by sorption at 25 °C and regeneration
at 350 °C; pure CO:z sorption and N2
regeneration.

prepared by modifying the surface of ACS by EDTA
and CS. This leads to reduce the textural
properties of the ACS/CS/EDTA composite. The
surface area, micropore volume and mesopore
volume are 54.8 m2.g1, 0.008 cm3.g-1 and 0.062
cm3.g-l, respectively. However, this does not
reduce the CO2 adsorption of the composite. The
nitrogen-containing functional groups are able to
interact with CO2z and can increase the adsorption
rate and capacity. At optimum EDTA:ACS ratio is
0.5, the ACS/CS/EDTA shows rapid adsorption in
the initial stage. The amount of adsorbed COz2 is
13.09 wt.% in the initial 20 min and reaches
saturation after 120 min with an adsorption
capacity of 18.28 wt.%. The adsorption capacity of
composite decreases with increasing temperature.
At 150 °C, the adsorption capacity is only 0.97
wt.%, which proves that the adsorption process is
exothermic and desorption can take place at
medium temperature. It is proven that the gas
composition influences the adsorption. The lower
the CO:2 content in the input gas, the lower the
adsorption. In addition, the presence of moisture
increases the adsorption rate in the initial stage,
which can be explained by the formation of a weak
acid H2COs that quickly interacts with basic,
nitrogen-containing functional groups. However,
the presence of water does not increase the
adsorption capacity throughout the process. The
adsorption capacity under wet conditions reached
17.67 wt.%, which is lower than that under dry
condition. In addition, the stability of the
ACS/CS/EDTA composite is demonstrated by the
adsorption/desorption cycle experiment. The
adsorption capacity at the 10th cycle is 94.6%
compared to the first time. This proves that the
ACS/CS/EDTA composite has the potential to
capture COz from flue gas.
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