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ABSTRACT

In this study, sugarcane bagasse was pyrolyzed at 600 °C in N2 to generate
biochar following by modification with sodium dodecyl sulfate (SDS) solution.
The adsorption ability of both biochar and SDS modified biochar was
examined with methyl violet. Adsorption experiments were conducted with
dye solution having a different concentration at the adsorbent dose of 5 g/L.
Obtained results indicated that the removal efficiency of biochar increased
from 64.30% to 97.54% as the concentration of SDS modifying solution
increased from 0 to 0.4 g/L, respectively. The adsorption on biochar and
modified biochar fits well to Langmuir model. The maximum adsorption
capacity of biochar without modification was 10.58 mg/g, but increased 14.68
mg/g after being modifying with SDS solution 0.3 g/L. The adsorption fitted
well to pseudo second order kinetic model with rate constants of 0.077 and
0.161 (g/mg'min) The success of study demonstrated that the dye adsorption
on sugarcane bagasse-based biochar can be significantly improved by
treatment biochar with SDS solution. This suggests a facile and cost-effective
way to modify biochar for dye adsorption.

Introduction

Sugarcane is an important crop which provides raw
material for sugar, ethanol, and jaggery production
industry.  According  to  Foreign  Agricultural

Biochar is one of the most popular adsorbents used for
the removal of contaminants from water. This adsorbent
is usually produced from agricultural waste such as
sugarcane, corn straw, coconut shell, sawdust, rice husk,
etc. by thermal pyrolysis in an inert atmosphere [1-3]. The
surface of biochar contains various functional groups that
can adsorb different contaminants. Agriculture-based
biochar has been investigated to remove heavy metal
ions [4], dyes [5], antibiotics [6], etc. in water.
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Service/USDA, annual global sugar production reached
181.2 million tons in 2022 [7]. It is estimated that about
280 kg of wet bagasse is generated for every ton of
sugar [8]. Even though, bagasse has been used as
animal feed and raw material for some other industries,
a huge amount of bagasse from sugar production
industry is not utilized. This is a valuable and inexpensive
resource for biochar production. Several works have
been carried out to convert sugarcane bagasse into
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biochar for contaminant adsorption [9, 10], however,
raw biochar usually has low adsorption capacity [11].
Thus, significant effort has been spent to modify raw
biochar to enhance its adsorption capacity. Inyang et al.
found that biochar prepared by thermal pyrolysis in inert
gas has Pb adsorption capacity of 31.3 mmol/kg but it
increased to 653.9 mmol/kg as it was prepared in an
anaerobically digested condition [11]. To enhance
sulfamethoxazole adsorption on sugarcane bagasse
derived biochar, Prasannamedha et al. conducted
biochar activation with  NaOH and as result its
adsorption capacity reached 400 mg/g, higher than
commercial activated carbon [12]. In another study,
biochar was prepared by in-situ acid treated method to
improve the toluene adsorption capacity up to 771.1
mg/g, which is three times higher than commercial
activated carbon [13]. These modification methods can
improve the adsorption capacity of biochar; however,
they are usually complicated methods and may involve
more toxic chemicals. The utilization of toxic chemicals
during processing may downgrade the green nature of
biochar, therefore, it requires a more benign method to
modify and improve the adsorption capacity of biochar.
Accordingly, the objective of this study is to find a facile
and more benign method to modify sugarcane bagasse
derived biochar to enhance its dye adsorption capacity.
Recent studies showed that the introduction of
surfactant on the surface of biochar can enhance its
adsorption toward heavy metals and organic
components in water [14-16]. Surfactant has been used
to modify different agriculture waste derived biochar [17,
18], but, it has never been tested on sugarcane bagasse
derived biochar. Thus, the purpose of this work is to
modify sugarcane bagasse derived biochar with sodium
dodecyl sulfate (SDS) and investigate its potential for the
enhancement of methyl violet adsorption.

Experimental

Materials

Sugarcane bagasse was collected from a sugarcane
juice shop in Hanoi and dried in oven at 105 °C for 24h
before being cut into small pieces with size of
approximately 2.0x0.5cm for later experiments. HCl
(36%), and NaOH (98%) were received Xilong Scientific
Co. Ltd. Metyl violet (MV) were purchased from HiMedia
Laboratories Private Limited. N2 gas (99.99%) and
ethanol (95%) were supplied by a local supplier.

Biochar preparation and modification

Sugarcane bagasse samples were pyrolyzed in tubular
furnace having a diameter of 2.54 cm under N2

atmosphere at 600 °C. Temperature was increased from
room temperature to 600 °C at ramping rate of 10
°C/min and then maintained at 600 °C for 90 min.
Biochar (BC) obtained was stored in vial for later tests
and modification.

BC samples were modified with SDS by a wet method.
In a typical experiment, 1 gram of BC was dispersed in
SDS solution having concentration of from 0.1t0 0.4 g/L
following by shaking on a shaker for 6 h at room
temperature. Finally, samples were filtered, dried for 12h
at 100 °C, and stored in vials for later characterization
and tests. Samples were denoted as BC-SDS01, BC-
SDS02, BC-SDS03, and BC-SDS04 for BC treated with
SDS solution having the concentration of 0.1, 0.2, 0.3,
and 0.4 g/L, respectively.

Characterization

The morphology of biochar was studied by scanning
electron microscopy (SEM) using JEOL 7500F coupled
with Energy-dispersive X-ray spectroscopy (EDX). MV
concentrations were analyzed by UV-Vis absorption
method using Jenway 6850 at wavelength of 584 nm.

Adsorption experiment

In a typical adsorption experiment, a desired amount of
BC from 0.05 to 0.2 g was weighed and dispersed into
25 ml beaker containing 10 mL of dye solution with a
desired concentration from 20 to 150 mg/L and
mounted on shaker at a shaking rate of 50 rpm at room
temperature (26 °C). The pH of solutions can be
adjusted by the dropwise addition of NaOH 0.1 M and
HCI 0.1 M. Water samples were periodically taken and
analyzed for dye concentration by UV-Vis
spectrophotometric method. The amount of dye
adsorbed on samples; g (mg/g) was calculated
according to equation (1).

g =9

m

where, Coand Ce is initial and final concentration of dyes
(mg/L), V is the volume of solution (L), and m is the mass
of adsorbent (g).

Results and discussion
Adsorbent characterization

Initially, raw sugarcane bagasse appeared in pale yellow,
but turned black and became more fragile after being
pyrolyzed at 600 °C under N> atmosphere as shown in
Figure 1 a and b. Observation on scanning electron
microscope showed that sugarcane bagasse has
multiple nano pores on its structure (Figure 1c) and thin
layers are sometimes exfoliated from bulk. Upon
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pyrolysis, the majority of its structure turned to flake-like
and honeycomb-like structures (Figure 1 d and e). The
honeycomb-like structures contain porous channels in
round or oval shapes having diameter or width ranging
from about 1 to 3 um. According to previous studies,
fibrous components such as lignin, hemicellulose, and
cellulose in sugarcane bagasse undergo different
reaction processes such as fragmentation and
depolymerization. These processes generate highly
porous biochar with variety of functional groups which
are adsorptive sites on the biochar’s surface [9, 10]. The
structure of biochar was well preserved after
modification and dye adsorption as exhibited in Figure
1f. Previous works indicated that the surfactant
modification may alter the surface charge of biochar
and therefore improve its adsorption ability [19, 20].
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Figure 1: Photos of sugarcane bagasse (a) and biochar
(b); SEM images of sugarcane bagasse (c), biochar (d),
SDS modified biochar (e), and SDS modified biochar
after MB adsorption (f), and EDX spectra of sugarcane
bagasse (g) and biochar (h).

https://doi.org/10.62239/jca.2024.069
28

Elemental analysis by EDX (Figure 1 g and h) revealed
that sugarcane bagasse contains mainly carbon and
oxygen, about 52,77 wt% and 47,23 wt%, respectively.
The carbon and oxygen contents, however, changed
significantly after pyrolysis, in which, carbon increased to
87,72 wt% while oxygen reduced to 12,28 wt%. This
variation is likely due to the release of water and volatile
components together with the decomposition of
biomass at high temperature. This indicated that
sugarcane bagasse was carbonized to form biochar.
Experimental data showed that the biochar recovered
from sugarcane bagasse reached an average efficiency
of 24.25 wt%. After modification, EDX analysis showed
the presence of sulfur element with a content of about
0.3 wt%. This indicated that SDS molecules were
deposited on the BC during modification.

Adsorption study

The adsorption ability of BC and SDS modified BC was
investigated with MV dye. Figure 2 shows the relation
between removal efficiency and adsorbed amount with
adsorption time. The adsorption of MV on BC occurred
rapidly; it was almost completed in 60 min. The
adsorption rate, however, was further enhanced with
SDS modification. As seen in Figure 2, the adsorption on
SDS modified BC was rapid at first 5 min and nearly
reached maximum adsorption after 15 min for BC
modified with the SDS solution of 0.3 and 0.4 g/L. It is
likely that the affinity between MV and BC increased due
to SDS modification, which resulted in rapid adsorption.
Besides, the removal efficiency and adsorption capacity
of BC were improved upon the SDS maodification.
Removal efficiency by BC was 64.16% but it increased to
68.85%, 79.40%, 94.05%, and 97.71% for BC modified
with  SDS solution of 0.1, 0.2, 0.3, and 04 g/L,
respectively. Similar to removal efficiency, MV adsorbed
amount also increased with concentration of SDS. It was
6.41 mg/qg for BC and increased to 9.77 mg/g as BC was
treated with SDS solution 0.4 g/L.

According to previous studies, the treatment with SDS
may create a layer of surfactant or a local of bilayer in
form of admicelles on the surface of adsorbent [19, 20].
The formation of surfactant layer depends on the
concentration of surfactant and the nature of
adsorbent’s surface. For the positive charge surface, the
adsorption of SDS may form admicelles and resulted in
conversion of surface charge [19]. The hydrophobic sites
on surface of adsorbent can interact with hydrophobic
tale of surfactant which create single layer with ionic tale
outward for adsorption [21]. In this study, the adsorption
ability of BC increased significantly with  SDS
modification. This indicated that the modification does
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not only improve the affinity between adsorbent and
dye molecules but also increase the density of
adsorptive sites on it. This demonstrated that the SDS
modification resulted in positive effect on the adsorption
performance of BC.
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Figure 2: Variation in MV removal efficiency (a) and
adsorbed amount (b) as a function of adsorption time
(adsorbent dose = 5 g/L, dye concentration = 50
ma/L, and pH ~7.0).
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To understand the adsorption mechanism of MV onto
BC and modified BC, the linear fitting of equilibrium data
to Langmuir and Freundlich isotherm models was
investigated. The linear forms of these two models are
shown in equation (2) and (3).

Ce 1 Ce

@)
de amb adm L
logq. = logks + ZlogCe 3)

where gm (Mg/q) is the maximum adsorption capacity
determined from Langmuir model and b is the binding
constant relating to the heat of adsorption, kf and n are
the Freundlich constants.

Linear fitting plots of these two models are exhibited in
Figure 3 and fitting parameters are given in Table 1. The
results showed that the adsorption MV onto both BC
and modified BC fits well to Langmuir isotherm model
with the regression coefficient (R?) ranging from 0.971to
0.979. Meanwhile, R? values for Freundlich isotherm

models are from 0.779 to 0.969. The better fitting to
Langmuir isotherm model recommended that the
interaction between adsorbates and adsorbents are
based on chemisorption. One adsorbate molecule
presumably interacts with one adsorptive site to from
homogenous single adsorption layer. It is likely that the
hydrophobic tale of SDS interacts with hydrophobic
carbon chain in biochar structure leaving positive
charge ionic sulfate tale as surface functional group. The
sulfate group in addition to free functional group on
previously existed on BC surface can interact with MV
molecules resulting in the adsorption.
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Figure 3: Linear fitting to Langmuir isotherm model (a)
and Freundlich isotherm model (b) for MV adsorption

To further demonstrate the adsorption favorability of
the adsorption process, parameters received from
Langmuir model were used to calculate the
dimensionless  separation factor RiL according to
equation (4). RL values can be used to evaluate the
favorability of adsorption process based on the
following rules, i.e. adsorption is favorable with O<R.<1,
irreversible with R.=0, linear if R = 1, and unfavorable

when Ri>1.
1

= +b.Co)

where Co (mg/L) is the highest initial concentration of
adsorbates.

Ry, (4)
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Table 1: Linear fitting parameters for Langmuir and
Freundlich models

Langmuir Freundlich
Adsorbents q , b ,
mex R R 1 R ki
(mg/g) (mg R f
MV adsorption

BC 10.59 0.979 1580 0.009 01324 0943 6.328

BC-SDSOT 1175 0973 2578 0.006 0.2636 0.779 4.753
BC-SDSO2  13.66 0974 0495 0.028 0.1721 0.969 8.669

BC-SDSO3 1468 0971 2314 0.006 03376 0.912 5334

Calculated Ri ranging from 0.006 to 0.028 (Table 1)
means that MV adsorption onto BC and SDS modified
BC is a favorable process. Since Langmuir model fits the
adsorption data, the maximum adsorption capacity
(gmax) Of adsorbents can be calculated from fitting plots.
As seen in Table 1, gmax values of MV adsorption on BC
was 10.59 mg/g, which then increased to 11.75, 13.66 and
14.68 mg/g for BC-SDSO1, BC-SDS02, and BC-SDSO03,
respectively. These equal to 10.95%, 28.99%, and
38.62% improvement in adsorption capacity. These
results further confirmed that the modification of BC
with SDS can enhance the MV adsorption capacity of
sugarcane bagasse derived biochar.

Pseudo first and second order kinetic models were first
used to investigate the adsorption kinetics of MV on
adsorbents. Linear fitting of experimental data to these
models are given in equations (5) and (6), respectively.

k
log(qe — q¢) = logqe — 55t )

t 1

1
=—+—t 6
qc k203 qe ©)

where ki and ko are rate constants for pseudo first and
second order kinetic models, respectively.

Results in Figure 4 exhibited that the adsorption showed
better fits to pseudo second order kinetic model with R?
values reached 0999 for both BC and BC-SDS04
samples. The rate constant for BC and BC-SDS04 were
0.077 and 0.1661 (g/mg'min). This indicated that the SDS
modification does not only improve the adsorption
capacity but also enhance the adsorption rate. Even
though R? values are high for second order kinetic
model fitting, it may not always describe accurately the
adsorption. Previous studies showed that R may not be
sensitive enough to distinguish the differences [22].
Therefore, to evaluate the appropriateness of the
proposed kinetic model, nonlinear chi-square test (x?,
equation 7) was used to judge the data calculated based
https://doi.org/10.62239/jca.2024.069
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on the pseudo second order kinetic model in
comparison with experimental data. Small x° value
indicates high similarity between calculated data and
experimental data [23].

_ 2

X2: ZT1L=1 (‘Iexp dcal) (7)

dexp

where, gexp and qeal are experimental adsorbed amount

and adsorbed amount calculated based on pseudo
second order kinetic model.
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Figure 4: Linear fitting to pseudo first (a), second (b)
order kinetic models, and the adsorbed amount
calculated based on second order kinetic model (c).

The adsorption progress based on experimental data
and predicted data (based on pseudo second order
kinetic model) are presented in Figure 4 c. The obtained
results indicated that predicted data were close to
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experimental data with x° values of 0.047 and 0.024 for
BC and BC-SDS04, respectively. These values suggested
that the calculated data were similar to experimental
ones. These results further confirm the goodness of
pseudo second order kinetic model and therefore this
model could be used to predict the MV adsorption on
sugarcane bagasse biochar.

Conclusion

In conclusion, the adsorption capacity of BC can be
enhanced significantly with SDS modification. Maximum
adsorption capacity against MV increased 28.9% as BC
was treated with SDS solution 0.4 g/L. The modification
also improved the adsorption rate of MV on BC; rate
constants increased from 0.067 to 0.161 (g/mg'min). The
adsorption of MV on BC and SDS modified BC fitted well
to Langmuir model. This indicated that the adsorption
mechanism is not changed after modification. The
success of this study may provide a facile and coeffective
method for modification of agricultural waste derived
biochar for environmental application.
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