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Abstract. The utilization of waste sugarcane bagasse in order to reduce landfill residue and CO, emission is very crucial. In
this research, we present a low-cost and easily accessible approach to fabricating cellulose aerogel from waste sugarcane
bagasse using a NaOH/Urea/H,O gelation solution with different amounts of urea as cross-linking agent. The resulting
cellulose aerogels were carbonized and activated to produce activated cellulose carbon aerogel (SB-ACCA). Among the
samples, the material with a cellulose:urea ratio of 1:1, designated as SB-ACCA-1.0, exhibited outstanding properties,
including the highest BET surface area of 642.3 m? g together with a high specific capacitance of 96.5 F g*. These properties
both contribute to its significant salt adsorption capacity of 19.49 mg g* at 1.2 V, which could be further enhanced to 23.91
mg g at 1.4 V. These results reveal a viable pathway for utilizing waste sugarcane bagasse and numerous types of
agricultural wastes to develop cellulose carbon aerogel electrodes for capacitive deionization in the desalination of salt water,
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as well as other advanced materials for different environmental applications.
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1. Introduction

One of Vietnam’s most significant industrial crops is
sugarcane, with the plantation area covering around
127,000 hectares. In the 2020 — 2021 season, around 0.763
million tons of sugar was produced from about 7.498
million tons of sugarcane (Nguyen et al. 2022b). However,
after industrial processing of sugarcane, including the
cleaning and the juice extraction, the sugarcane bagasse
byproduct is discarded as residue in large quantity (Anukam
et al. 2016). About 270 tons of bagasse is disposed for
every 1,000 tons of sugarcane (Wuri et al. 2021). However,
very little amount of waste sugarcane bagasse could be
utilized, mostly as biosorbent for organic dyes and heavy
metals (Lemessa et al. 2023, Ong et al. 2010, Safa et al.
2018). As a result, sugarcane bagasse is burned as a solid
waste disposal method, which may lead to many
environmental issues. Therefore, it is absolutely crucial that
the waste sugarcane bagasse be handled appropriately, or be
converted into something more valuable (Alokika et al.
2021).

Since sugarcane bagasse contains a large amount of

*Corresponding author, Ph.D.,
E-mail: longnh@ntt.edu.vn

**Co-corresponding author, Ph.D., Associate Professor,
E-mail: nthoang@hcmus.edu.vn

Copyright © 2025 Techno-Press, Ltd.
http://www.techno-press.org/?journal=mwt&subpage=7

cellulose (32 — 45%), hemicellulose (20 — 32%), lignin (17
— 32%), ashes (1 — 9%) and other component (2%) (Arni
2018, Karp et al. 2013, Yao et al. 2015), it is an economical
raw materials for a variety of industries, such as paper
making, biofuel, biogas, biochar and bioenergy (Ajala et al.
2021, Bhatnagar et al. 2015, Hiranobe et al. 2024). Its high
cellulose content makes it one of the most cost-effective
and sustainable sources of cellulose (Sun et al. 2004a,
Thiangtham et al. 2019, Wulandari et al. 2016). This
cellulose can be transformed into various types of new
materials, such as cellulose acetate membrane (EI-Gendi et
al. 2012, Katariya and Pate 2022) for membrane water
desalination and nanofiltration, or employed as hydrophilic
modifier for other types of membrane (Yang et al. 2019).
Recently, there have been some researches on the use of
sugarcane bagasse as a base material for the synthesis of
aerogel (Kumar et al. 2021), including pristine cellulose
aerogel (CA) or pyrolyzed cellulose carbon aerogel (CCA),
which can be used in various applications of thermal
insulation (Thai et al. 2020), oil absorption (Li et al. 20214,
Li et al. 2021b, Thai et al. 2020), and water pollution
treatment (Ahamad et al. 2019, Lei et al. 2021, Sun et al.
2021). Thanks to their adjustable pore structure, wide density
variation, good electrical conductivity, high mesoporous
volume and large surface area, as well as their low cost and
ready availability, cellulose carbon aerogel derived from
biomass and biowaste has become one of the up-and-
coming electrode materials for the desalination of brackish
or seawater via membrane capacitive deionization (MCDI)
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Table 1 A performance comparison between Zr-BADS and
other fillers

Carbon aerogel samples

Cellulose: Urea ratio

SB-ACCA-0.75 1:0.75
SB-ACCA-1.0 1:1.0
SB-ACCA-1.5 1:15

technology (Nguyen et al. 2022a, 2023a, b, 2024, Tran et
al. 2022). Moreover, their adsorption properties can be
further enhanced by tailoring their structures, which can be
achieved through modifying the amount of cross-linking
agent in the structure of the carbon aerogel (Nguyen et al.
2023b), or employing different types of cross-linking agents
(Nguyen et al. 2024). The MCDI was employed as it was
proven to be superior compared the CDI process in terms of
salt removal efficiency and prevention of the “co-ion” effect
(Kim and Rhim 2016).

In this research, waste sugarcane bagasse was converted
into MCDI-utilized cellulose carbon aerogel electrodes using
different urea content. The composition of the fabricated
carbon aerogel, together with their physicochemical and
electrochemical properties, were intensively characterized.
Their desalination performance was evaluated through the
NaCl adsorption capability using batch mode MCDI.

2. Experimental
2.1 Materials and chemicals

Sugarcane bagasses were collected from local markets
near Thu Duc City, Ho Chi Minh City, Vietnam. Graphite
sheet (200 um in thickness) was acquired from Mineral Seal
(USA). Polyvinyl alcohol (PVA) and glutaric anhydride
(GA) were purchased from Acros, Belgium. Commercial
anion-exchange membrane (AEM, 100 um in thickness)
was supplied from Liaoning Yichen Membrane Technology.
Sodium hydroxide, formic acid, acetic acid, hydrogen
peroxide, urea, potassium hydroxide, and sodium chloride
were obtained from Sigma Aldrich (USA). All reagents
were used as received without any further purification.

2.2 Fabrication of activated cellulose carbon aerogel
from sugarcane bagasse

Cellulose was purified from the biomass using the
purification process of cellulose from corn stalks based on
previous publications of our research group (Nguyen et al.
2022a). Briefly, the collected sugarcane bagasses were
boiled at 100 < to remove the carbohydrates, pulverized
into fine powder, then the powder was treated with 4%
NaOH solution and the mixture of HO0,: HCOOH:
CH3;COOH to remove the lignin and hemicellulose. After
each step, the powder was filtered, washed with distilled
water until neutral pH, and dried for 12 h at 70 C to acquire
sugarcane-bagasse-derived cellulose (SB-Cellulose).

SB-Cellulose was then mixed with the mixture of
NaOH: Urea: H,O (with different cellulose: urea ratio) for 4
h at -5 €. The obtained solid was dried at 50 <C for 12 h,

followed by the solvent exchange in distilled water until
neutral pH. The as-prepared suspension was frozen in a
freezer for 24 h at -80 < and then freeze-dried for 48 h at
-80 «C and 1 MPa to yield the sugarcane-bagasse-based
cellulose aerogel (SB-CA-x).

SB-CA-x was carbonized in N2 atmosphere for 2 h at
800 <C to obtain sugarcane bagasse cellulose carbon aerogel
(SB-CCA-x), which was then activated by immersing in a 3
M KOH solution for 12 h at room temperature and
subsequently calcining for 2 h at 700 9 to obtain
sugarcane-bagasse-derived activated cellulose carbon
aerogel (SB-ACCA-x) samples, which were denoted as
presented in Table 1.

2.3 Preparation of activated cellulose carbon aerogel
electrodes

The preparation of SB-ACCA electrodes was conducted
using the curing agents consisting of 6% aqueous polyvinyl
alcohol (PVA) and glutaric anhydride (GA) (Ngo et al.
2022). First, the mixture of 6% PVA solution and GA was
stirred for 1 h, then SB-ACCA powders (with SB-ACCA:
PVA/GA ratio of 1. 9) were added, and the mixture was
homogenized for 10 minutes at 15,000 rpm. The resulting
slurry was coated onto a graphite sheet (200 mm x 300 mm
x 200 pm) by the doctor blade techniques. Last, SB-ACCA
electrodes were dried for 4 h at 120 °C.

2.4 Physicochemical and electrochemical
characterizations

The mass and the dimensions of the cellulose aerogel
sample was measured by an analytical balance (Precisa XR
125SM) and a digital caliper (Titan), respectively. The
density (p) and porosity (P) are calculated using Egs. 1 and 2
(Anovitz and Cole 2015, Wang et al. 2012a):

pP== (1)

P=1-— 2)

with m being the sample mass (g) and V being the sample
volume (cm?), p being the sample density (g cm) and pc =
1.528 g cm™ being the bulk density of cellulose from
literature (Shi et al. 2019).

Fourier Transform Infrared (FT-IR) spectra were acquired
recorded using a Cary 630 FTIR (Agilent Tech. Inc., CA).
X-ray diffraction (XRD) patterns were obtained from 10°to
70° using a D8 ADVANCE X-ray Diffractometer (Bruker
AXS) with CuK, radiation (A = 0.154 nm). Scanning
Electron Microscope (SEM) analysis was performed using
JSM-IT500 Microscope (JEOL). Nitrogen adsorption-
desorption isotherms were measured using Micromeritics
Gemini VIl (USA), and the surface areas were determined
using Brunauer—-Emmer—Teller (BET) method. Raman
spectra was recorded using an XploRa Plus Raman micro-
scope system (Horiba, Japan).

Cyclic voltammetry (CV) analysis was carried out using
an Autolab PGSTAT 302 N (Eco-chemie) in a standard
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Fig. 2. FT-IR spectra of (a) different waste-sugarcane-
bagasse-derived materials and (b) SB-CA-x materials

three-electrode electrochemical cell, with the fabricated
carbon aerogel electrode (3.0 x 2.5 cm) being the working
electrode, Pt being the counter electrode, and Ag/AgCl

being the reference electrode, in aqueous 0.5 M NaCl
electrolyte. Specific capacitance values of the carbon
aerogel electrodes were calculated from Eq. 3.

1
. — 3
¢ 2><m><v><AEXfIdE ©)

with C being the specific capacitance (F g%), [IdE being
the integrated area of the CV curve, m being the electrode
mass (g), v being the potential scan rate (V s'), and AE
being the potential window width (V).

Galvanostatic charge-discharge (GCD) measurements
were conducted in 0.5 M NaCl electrolyte using a Lanhe
CT3001A Battery testing system with two fabricated carbon
aerogel electrodes (1.0 x 1.0 c¢cm). Specific capacitance
values of the carbon aerogel electrodes from the GCD plots
were calculated from Eq. 4.

Ixt

Cs= (4)

CmaxV

with Cs being the specific capacitance (F g™), | being the
applied potential (A), t being the charge — discharge time
(s), m being the electrode mass (g), and V being the
potential window width (V).

2.5 Desalination capability

The desalination capability was measured on the MCDI
system as presented in Fig. 1 (Ngo et al. 2022), with the
CDI cell consisting of a two fabricated carbon aerogel
electrodes (3.0 cm x 2.5 cm x 200 um) parallel and
separated from each other using a commercial AEM and an
insulating plate. The 200 ppm NaCl feed water solution was
pumped at a constant rate of 20 mL min! through the CDI
cell. The inlet conductivity was measured until constant
specific conductivity. After that, a 1.2 V potential was applied
to the CDI cell, and the decreasing specific conductivity
was measured every 30 seconds until constant values were
reached. Salt adsorption capacity (SAC) and salt adsorption
rate (SAR) were calculated using Egs. 5 and 6:

_ (G -Coxv

SAC (%)

SAC

with SAC being the salt adsorption capacity (mg g*); SAR
being the salt adsorption rate (mg g* min™); Co, C; and C.
being the NaCl solution concentration (mg L™) calculated
from the solution specific conductivity at the beginning, at t
minutes and at the end, respectively; V being the NaCl
solution volume (L); m being the electrode mass (g); and t
being the adsorption time (minutes).

3. Results and discussion
3.1 Characterization of SB-ACCA-x materials

Fig. 2 displays the FTIR spectra of the waste- sugarcane-
bagasse-derived materials. In Fig. 2a, the intramolecular
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Fig. 3 XRD patterns of (a) different waste-sugarcane-bagasse-derived materials, (b) SB-CA-X, (c) SB-CCA-x, and (d) SB-

ACCA-X materials

hydrogen bonding was observed at 3338 cm™, C-H
stretching in the cellulose compounds was detected at 2897
cm?! (Kathirselvam et al. 2019, Reddy et al. 2014), the
bending mode of adsorbed water was observed at 1639 cm™
(Morén et al. 2007, Rosa et al. 2012, Szcze$niak et al.
2007), CH; bending vibration was found at 1428 cm™ (He
et al. 2018), OH bending may be at 1376cm™ (Sun et al.
2004b), the C-O asymmetric bridge stretching was detected
at 1101 and 1160 cm™ (Sun et al. 2004b), and the C-O-C
pyranose ring vibration was found at 1036 cm™ (Sun et al.
2004b). The peak at 831 cm™ in the sugarcane bagasse,
which was due to glycosidic linkages between sugar units,
was not observed in SB-Cellulose, confirming the removal
of sugar thanks to the boiling step in the purification
process (Oliveira et al. 2017). Similarly, the disappearance
of the peak at 1729 cm™ indicated that there were neither
the ester linkage of lignin nor the acetyl and uronic ester
groups of hemicelluloses in the structure of SB-Cellulose
(Sun et al. 2005), suggesting that lignin and hemicelluloses
were totally eliminated after the basic and acidic treatment.
In the FT-IR spectra of cellulose aerogel using different
cellulose: urea ratio (Fig. 2b), four main cellulose bands can
be detected as mentioned above. After the gelation process,
the aforementioned bands underwent the “red shift” to the
lower region, which was due to inter- and intra- fibrillar
swelling of cellulose caused by the gelation process with

the NaOH - urea mixture (Cai and Zhang 2005, Schimper
et al. 2011). The gelation process also leads to a structural
change from cellulose | to cellulose Il (Oh et al. 2005).
Moreover, there may be a new urea functional group
(RHN-CO-NHR) peak at 1641 cm, which may overlap
with the aforementioned 1639 c¢cm™ peak (Baldanza et al.
2018). It can be concluded that the gelation process using
the NaOH — urea mixture played a vital part in forming the
cellulose aerogel structure and changing the characteristics
of the cellulose structure.

Fig. 3 displays the XRD patterns of the waste-sugarcane-
bagasse-derived materials, showing the characteristic
cellulose I peaks at 20 = 15.94°, 22.34°, and 34.79°, which
corresponded to the (110), (200) and (004) planes (Bano
and Negi 2017), respectively. Additionally, the intensity of
the cellulose peaks in SB-Cellulose increased compared to
the sugarcane bagasse, indicating that there was less lignin,
since the intensities of the peaks would decrease if the
lignin content in cellulose sample increased (Fig. 3a) (Wang
et al. 2012b). Fig. 3b exhibits the XRD patterns of cellulose
aerogel using different cellulose : urea ratio, showing three
cellulose II characteristic peaks at 260 = 12.56, 20.46 and
22.03% which corresponded to the (110), (110) and (020)
lattice planes, respectively (Cai and Zhang 2005, French
2013, Wan and Li 2016, Yu et al. 2017). This cellulose I to
cellulose 11 structural change was caused by the dissolution
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of cellulose into the low-temperature solution of NaOH and
urea (Chen et al. 2015, Wan et al. 2019). After carbonization
(Fig. 3c), there were two characteristic carbon aerogel peaks

SB-ACCA-0.75
——SB-ACCA-1.0
—SB-ACCA-1.5

Raman Intensity

T T T T T
500 1000 1500 2000 2500
‘Wavenumber / cm™

Fig. 6 Raman spectra of SB-ACCA-x materials

at 20 = 23.5 and 43.7°, which were accredited to the (002)
and (100) planes (Seifi et al. 2016). Moreover, all of the
board diffraction peaks indicated the amorphous carbon
structure and disordered graphite microcrystals of the
carbon aerogel samples. After KOH activation (Fig. 3d),
there was a sharp small peak at 20 = 26.859 which is the
distinguishable (002) peak of graphite (Siburian et al.
2018), indicating an increase in ordered structure of
activated carbon aerogel samples.

SEM images of the SB-CA samples (Fig. 4a—c) show
the bird’s nest structure, which is the hydrogen-bonded
network structure between surea and cellulose, as explained
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in our previous research (Nguyen et al. 2024). The particle
size decreased dramatically and the three-dimensional porous
structure collapsed after carbonization and activation (Fig.
4d-i), which was caused by the structural shrinkage due to
the aggregation of the internal hydroxyl groups as well as
the intermolecular hydrogen bonds at high temperature (Gu
et al. 2022).

The N adsorption—desorption isotherms of the SB-
ACCA samples are presented in Fig. 5, and their
corresponding specific surface areas are presented in Table
2. According to the IUPAC classification, all of the SB-
ACCA samples exhibited an isotherm of type | with a
hysteresis loop of type H4, commonly observed for
carbonaceous materials possessing both micropores and
mesopores (Kaneko 1994, Linares-Solano et al. 2016).
Among the samples, SB-ACCA-1.0 exhibited the highest
surface area of 642.3 m? g! with 67.60% of micropore
surface area (434.2 m? g%), followed by SB-ACCA-0.75
with a surface area of 641.2 m? g! and a micropore
percentage of 86.80% (556.6 m? g). Higher urea content
(SB-ACCA-1.5) resulted in a lower specific surface area
but a higher percentage of micropores compared to SB-
ACCA-1.0. Urea, when incorporated into the cellulose
structure, can act as a plasticizer by disrupting the hydrogen
bonds between cellulose chains. This disruption enhances
the flexibility of the cellulose matrix, facilitating the
formation of smaller cellulose chains as well as more

number of micropores during the gelation process (Abas
and Attia 2023). Moreover, urea can also act as a cross-
linking agent by forming hydrogen bonds with cellulose
chains (Nguyen et al. 2024). This cross-linking effect
restricts the mobility of the cellulose chains, leading to a
denser and more compact structure during the carbonization
and activation processes. As a result, the formation of larger
mesopores is hindered, while the development of smaller,
more uniform micropores is promoted. Additionally, during
the activation process, the presence of urea can influence
the decomposition pathway of cellulose. The cross-linked
structure may favor the generation of micropores by
creating localized regions of higher thermal stability, which
resist collapse into larger pores. This mechanism explains
the observed increase in micropore percentage and the
corresponding decrease in mesopore and macropore
volume, which contribute significantly to the lower specific
surface area. The BET results corresponded well with the
aforementioned SEM images.

Comparison of Raman spectra of the SB-ACCA-x is
shown in Fig. 6, showing two noticeable peaks were at 1331
and 1581 cm™X. The D-band at 1331 cm™ corresponds to
defective graphitic structures, while the G-band at 1581
cm? corresponds to the graphitic composition of samples
(Ferrari and Robertson 2000). The relative intensities of
these two bands (Io/lg) indicates the degree of disorder and
defects in carbons (Jawhari et al. 1995). Specifically, Ip/lg
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values of SB-ACCA-0.75, SB-ACCA-1.0 and SB-ACCA-
1.5 are 1.05, 0.91 and 0.93, respectively (Table 3). The
increase in the urea content led to a decrease in the Ip/lg
value, indicating a somewhat higher degree of structural
order in the carbon aerogel samples. This result agrees well
with XRD results.

3.2 Characterization of SB-ACCA-x electrodes

The CV diagrams of the SB-ACCA electrodes are
presented in Fig. 7a, showing a nearly rectangular shape,
which indicated that the double layer effect dominated the
capacitive behavior of the electrode. It can be observed that,
with the scan rate increasing from 5 to 100 mV s, the
specific capacitance values of SB-ACCA-0.75, SB-ACCA-
1.0 and SB-ACCA-1.5 electrodes gradually decreased from
88.8, 96.5 and 49.5 F g* to 12.21, 12.87 and 7.79 F g%,
respectively (Fig. 7b). This is because the lower scan rate
will provide the ions with more time to diffuse from the
solution to the pores of the electrode (Quan et al. 2017).
The CV curves SB-ACCA-1.0 electrode at 5 mV s at
various potential windows (from -0.5 - 0.5V to -0.8 — 0.8
V) are shown in Fig. 7c. It can be seen that the quasi-
rectangular shape of the CV curves remain unchanged,
suggesting that the SB-ACCA-1.0 electrode can exhibit
good supercapacitive behavior and work well even at high
potential window like 1.6 V (Mohd Abdah et al. 2019). The

specific capacitance value of SB-ACCA-1.0 is superior at
all potential windows (Fig. 7d). Additionally, the specific
capacitance values of SB-ACCA-x electrodes increased
when the potential window was widened, although there
was not much difference. However, as the potential window
increased, there were some changes at both of the oxidation
and reduction ends. This phenomenon was due to the water
reduction at -0.85 V and water oxidation at 0.8 V (Hendel
and Young 2016), which are undesirable reactions.
Therefore, it is best to conduct the electrosorption processes
at a smaller potential window of less than 1.6 V.

From the GCD curves of SB-ACCA-x electrodes (Fig.
8a) and those of SB-ACCA-1.0 electrode recorded at
different current densities (Fig. 8c), the GCD curves are
observed to show typical nearly symmetrical triangular
shape, indicating perfect double layer capacitor properties.
These results agrees well with the CV results as discussed
above. Moreover, the specific capacitance values calculated
from the GCD curves were nearly similar to those
determined from the CV curves (Fig 8b). SB-ACCA-1.5
electrode exhibit a higher resistance drop (69.5 Q)
compared to SB-ACCA-0.75 and SB-ACCA-1.0 (46.8 and
44.6 Q, respectively), which may be resulted from the
crosslinked structure (Huo et al. 2019). The increase in the
urea amount as the cross-linking agent may lead to the
decrease in the number of mesopores (which decrease
electron mobility) as well as the increase the number of
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Table 4 parameters of first- and second-order kinetic models for mcdi process using sh-acca-x electrodes

First order Second order
SAMPLE
mSAC (mg g?) K (s?) R? mSAC (mgg?') K(mggsls?) R?
SB-ACCA-1.5 11.21 0.0267 0.9531 11.48 4.73x 10 0.9808
SB-ACCA-1.0 18.81 0.00517 0.9668 21.17 3.302 x 10 0.9883
SB-ACCA-0.75 18.06 0.0059 0.9848 19.98 4.105 x 10 0.9974

micropores (which allow more electrons to be trapped in the
tortuous paths) (Armatas 2006, Diaz-Curiel et al. 2021),
thus increase the resistance values. Additionally, the current
densities greatly affected the specific capacitance values of
the electrode, as the specific capacitance decreased from
96.8 to 4.9 F g~* with the current density increasing from
0.1 to 1.0 A g (Fig. 8d). This phenomenon could be
caused by the reduced ability of the electrode to use their
active surface at elevated current densities (Raavi et al.
2023).

3.3 Capacitive deionization desalination using waste-
sugarcane-bagasse-derived carbon aerogel electrode

As observed in Fig. 9a, the maximum SAC (mSAC)
values for the SB-ACCA-0.75, SB-ACCA-1.0 and SB-
ACCA-1.5 electrodes were 18.45, 19.49 and 11.34 mg g7,
respectively, which was consistent with the properties
investigated previously such as the specific surface area,

specific capacitance and resistance drop. However, the
average salt adsorption rate inferred from the adsorption
curve of the SB-ACCA-1.0 sample was lower than that of
the SB-ACCA-1.5 electrode (Fig. 9b). The reason was that,
at the initial stage, the adsorption rates of the electrodes
were similar, but due to poor adsorption capacity of the
SB-ACCA-1.5 electrode, the desalination process quickly
saturated at about 340 seconds to reach 11.34 mg g2, while
the process using SB-ACCA-1.0 electrode saturated at 1220
seconds with a significantly higher mSAC value. This can
be observed more clearly through the Kim-Yoon diagram
(Fig. 9c), as the SB-ACCA-1.0 and SB-ACCA-0.75
electrodes have superior mSAC and ASAR values
compared to the SB-ACCA-1.5 electrode.

The kinetics of NaCl adsorption process was investigated.
As observed in Fig. 9d and Table 4, the coefficients of
determination of the second-order kinetic model are higher
compared to that of the first-order kinetic model (R? =
0.9808 — 0.9974 compared to 0.9531 — 0.9848), and the
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mMSAC value derived from the second-order kinetic model
corresponds to the actual value. Therefore, it can be
concluded that the adsorption process of salt ions onto the
waste-sugarcane-bagasse-derived carbon aerogel electrodes
through the capacitive deionization system is more
consistent with the second-order kinetic model rather than
with the first-order kinetic model.

The desalination process was then conducted using
SB-ACCA-1.0 electrode at different charged potential (Fig.
10). Higher potential resulted in higher mSAC value, as it
increased from 6.59 mg g at 0.8 V to 23.91 mg g* at 1.4
V, together with a higher ASAR values. This result can be
explained that higher potential could generate stronger
electrostatic interaction, thus it is able to adsorb greater
amount of salt ions.

4. Conclusions

In this study, cellulose aerogel was fabricated from waste
sugarcane bagasse using the NaOH/Urea/H,O gelation
solution with different amount of urea, then was carbonized
and activated to acquire activated cellulose carbon aerogel.
The best materials with the cellulose : urea ratio of 1 : 1,
denoted as SB-ACCA-1.0, exhibited the highest specific
surface area of 642.3 m? g! with 67.60% of micropore
surface area (4342 m? g*) and the highest specific
capacitance value of 96.5 F g, resulting in a high salt
adsorption capacity of 19.49 mg g* at 1.2 V, which can be
enhanced to 23.91 mg g at 1.4 V. This result suggests a
potential application of cellulose carbon aerogel derived
from waste sugarcane bagasse as well as other biomass and
biowaste as a potential material for MCDI-utilized electrode
for the desalination of salt water.
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