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ABSTRACT:

This study investigates the preparation and application of modified biochars derived from
rice husk and sugarcane bagasse for the removal of crystal violet (CV) dye and Pb(II) ions from
aqueous solutions. Four adsorbents, designated RH1, RH2, SG1, and SG2, were produced via
carbonization followed by chemical activation of agricultural residues. Adsorption kinetics were
evaluated using pseudo-first-order and pseudo-second-order models, with the latter providing
a superior fit, particularly for Pb(II) removal (R?> = 0.9997-1.000). Structural and surface
characterizations using FTIR and SEM analyses revealed that chemical activation enhanced
surface heterogeneity and porosity, while functional groups played a key role in pollutant binding.
The findings demonstrate that modified biochars derived from agricultural waste represent an
efficient and low-cost adsorbent for the simultaneous removal of dyes and heavy metals from

wastewater.
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1. Introduction

Industrial effluents containing synthetic dyes
and heavy metals remain a major environmental
concern because these pollutants are persistent,
toxic, and difficult to remove completely by
conventional treatment methods. Synthetic dyes
released from textile and related industries reduce
light penetration, increase chemical oxygen demand,
and may exert adverse effects on aquatic organisms
and human health. Crystal violet (CV), a cationic
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triphenylmethane dye, is especially problematic
because of its strong color intensity, resistance to
biodegradation, and potential toxicity (Forgacs et
al., 2004; Lellis et al., 2019). In parallel, lead is a
non-biodegradable heavy metal that can accumulate
in ecosystems and cause neurological, renal, and
developmental disorders even at relatively low
exposure levels.

Adsorption has been widely considered one of
the most attractive treatment methods for both dyes
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and heavy metals because it is simple to operate,
does not require sophisticated equipment, and can
be implemented with low-cost solid materials. In
recent years, biochar produced from agricultural
residues has emerged as a promising adsorbent due
to its carbon-rich structure, pore network, aromatic
surface, and oxygen-containing functional groups.
The adsorption performance of biochar depends
strongly on feedstock type, pyrolysis conditions, and
post-treatment or activation steps, all of which affect
surface area, mineral content, ash composition, and
the abundance of reactive functional groups (Ahmad
et al., 2014; Mohan et al., 2014).

Rice husk and sugarcane bagasse are abundant
agricultural residues in Vietnam and many other
tropical countries. Their conversion into biochar
offers a dual benefit: reducing solid-waste burden
and generating a useful material for water treatment.
Previous studies have shown that biochar can
adsorb both organic pollutants and metal ions,
including lead, from contaminated water (Liu &
Zhang, 2009; Mohan et al., 2014). At the same
time, adsorption behavior is commonly interpreted
using kinetic and equilibrium models, with pseudo-
second-order kinetics and classical isotherm models
often providing valuable insight into adsorption
mechanisms and capacity (Ho & McKay, 1999; Foo
& Hameed, 2010).

In this study, modified biochar from rice husk and
sugarcane bagasse was prepared and evaluated for the
removal of CV and Pb(Il) from aqueous solution. The
work compares four adsorbent samples (RH1, RH2,
SG1, and SG2), examines the effects of pH, dosage,
contact time, temperature, and initial concentration, and
interprets adsorption behavior using characterization
observations and kinetic modeling.

2. Materials and methods

2.1. Raw materials and chemicals

The feedstocks were crushed, screened, and
dried, then compacted before carbonization. The
resulting chars were chemically activated, washed
or adjusted to neutral pH, dried again, and preserved
for subsequent experiments. The final products
were coded RH1 and RH2 for the rice-husk-derived
biochars and SGI and SG2 for the sugarcane-
bagasse-derived biochars.

2.2. Preparation of modified biochar
The feedstocks were processed according to

the workflow reported in the thesis presentation.
In brief, raw materials were crushed, screened, and
dried, then compacted before carbonization. The
resulting chars were further subjected to chemical
activation, washed or adjusted to neutral pH, dried
again, and preserved for subsequent experiments.
The final products were coded RH1 and RH2 for the
rice-husk-derived biochars and SG1 and SG2 for the
sugarcane-bagasse-derived biochars.

2.3. Characterization and batch adsorption tests

A calibration curve was prepared for CV analysis,
and the residual dye concentration was determined
photometrically. Pb(IT) concentration was determined
by spectrometric analysis. FTIR spectra were used
to evaluate changes in surface functional groups
before and after adsorption, and SEM micrographs
were used to examine morphological changes due to
activation and contaminant uptake.

Batch adsorption tests were carried out to
determine the effects of solution pH, adsorbent
dosage, contact time, temperature, and initial
concentration. The investigated pH range was
approximately 4-8 for RH materials and 4-9 for SG
materials, depending on the contaminant system.
Adsorbent dosage was varied from 1 to 15 g/L.
Contact time was studied up to 180-240 min, and
the temperature effect was evaluated at 30, 40, and
45°C.

H (%) = [(Co — C¢) / Co] x 100

qe (mg/g) = [(Co— Ce) X V] /m

where H is removal efficiency, q. is equilibrium
adsorption capacity, Co and C. are the initial and
equilibrium concentrations of solute, V is the
solution volume, and m is the mass of adsorbent.

2.4. Kinetic analysis

The adsorption data were interpreted using
pseudo-first-order and pseudo-second-order kinetic
models. Comparison between the calculated
adsorption capacities and the experimental values,
together with the coefficient of determination (R?),
was used to identify the more suitable kinetic
description for each adsorbent-pollutant system.

3. Results and discussion
3.1. SEM characterization
The feedstocks were crushed, screened, and

dried, then compacted before carbonization figure
1. The resulting chars were chemically activated,
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Figure 1. SEM micrograph of charcoal RH before (a) and after activated (b); charcoal
SG before (c) and after activated (d)
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washed or adjusted to neutral pH, dried again, and 3.2. Adsorption of crystal violet
preserved for subsequent experiments. The final The effect of pH showed that CV adsorption

products were coded RH1 and RH2 for the rice- depended strongly on both the feedstock and
husk-derived biochars and SG1 and SG2 for the the modified sample code. For the rice-husk-
sugarcane-bagasse-derived biochars. derived biochars, adsorption capacity increased
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from acidic conditions to a maximum around pH
6-7, with RH2 reaching approximately 4.0 mg/g
and outperforming RH1. This trend is consistent
with reduced competition from H" ions and more
favorable electrostatic interaction between the
cationic dye and the deprotonated biochar surface
at moderately acidic to neutral pH. For the bagasse-
derived samples, SG1 maintained a relatively high
adsorption capacity across the examined pH range
and increased slightly toward alkaline conditions,
whereas SG2 exhibited much lower unit adsorption
capacity despite achieving high removal efficiency
at suitable doses.

Increasing the adsorbent dose improved the
percentage removal of CV for most materials because
more active sites became available in the system.
However, the adsorption capacity per unit mass
decreased with increasing dose, which is a typical
result of unsaturated adsorption sites and particle
aggregation at high solid loading. Contact-time plots
show a rapid initial adsorption stage followed by a
slower approach to equilibrium. Depending on the
material, equilibrium was largely approached within
about 90-180 min. The temperature and initial-
concentration plots indicate that adsorption capacity
increased as the initial CV concentration rose and was
generally favored at elevated temperature, especially
for SG-based materials, suggesting improved mass
transfer and possibly endothermic behavior.

The kinetic parameters summarized in Table 1
show that the pseudo-second-order model provided a
better fit than the pseudo-first-order model for all CV
adsorption systems. The R? values for the pseudo-
second-order model ranged from 0.9937 to 0.9998,
while the calculated q. values were also much closer
to the experimental values. This finding suggests
that surface interactions and site availability played
an important role in the adsorption process. The
agreement was especially strong for SG1 and SG2,
for which the pseudo-second-order model yielded R?
values above 0.999.

3.3. Adsorption of Pb(Il)

For Pb(Il) adsorption, all materials displayed
appreciable capacity across the examined pH range.
RH2 reached its highest adsorption capacity near
pH 6, while RH1 showed a broader plateau from
mildly acidic to near-neutral conditions. The SG
materials also performed well and maintained q
values above about 10 mg/g over most of the tested
pH range. At higher pH, apparent Pb(II) removal
should be interpreted carefully because partial
metal hydrolysis or precipitation may contribute in
addition to adsorption.

The effect of adsorbent dose was more pronounced
for the RH materials than for the SG materials when
removal efficiency was considered. RH1 increased
from roughly 30% to more than 80% removal as
the dose rose from 1 to 15 g/L, while RH2 reached

Table 1. Kinetic parameters for crystal violet adsorption

RHI 0.0051 2.6324 0.58769
RII2 0.0435 0.8676 0.9932
SGl 0.0039 2.5538 0.9252
SG2 0.0095 1.2791 0.9833

14.606
1.0352 0.9971 0.9611
7
1.5378 0.2686 0.9937 1.4708
1.8474 0.4544 0.9997 1.8276
2.3613 0.1223  0.9998 2.3212
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Table 2. Kinetic parameters for Pb(ll) adsorption

0.0005 31.9413 0.8998 2.3321 0.1735 0.9997 2.2055
RH2 0.0012 0.0283 0.8714 2.3946 0.1483 0.9999 2.3849
SGl1 0.0501 1.1333 0.9791 4.4603 0.0053 1.0000 4.4331
SG2 0.0541 1.2649 09713 4.0112 0.0080 0.9999 3.9088

nearly complete removal at around 10 g/L. In
contrast, the SG materials already showed very high
Pb(II) removal efficiency even at low dose, with only
slight changes at higher solid loading. As in the CV
system, adsorption capacity per unit mass decreased
as the dose increased. Contact-time curves showed
that Pb(II) adsorption was rapid, with much of the
uptake occurring during the first 10-30 min and
equilibrium being approached within about 30-90
min. The SG materials exhibited higher equilibrium
q values than the RH materials under the tested
conditions. Temperature and initial-concentration
plots indicated that g. increased with increasing Co
and was slightly higher at elevated temperature,
particularly at 45°C.

Table 2 demonstrates even more clearly that
Pb(II) adsorption followed the pseudo-second-order
model. For all four materials, the pseudo-second-
order model yielded R? values between 0.9997 and
1.0000, and the calculated q. values agreed very
closely with the experimental values. In contrast,
the pseudo-first-order model produced substantially
poorer fits and unrealistic calculated capacities
for some materials. These results indicate that the
adsorption of Pb(II) onto the modified biochars
was governed primarily by surface-controlled
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interactions rather than by simple first-order mass
transfer alone.

4. Conclusions

Modified biochars prepared from rice husk and
sugarcane bagasse showed promising performance
for the removal of both crystal violet and Pb(II)
from aqueous solution. FTIR and SEM observations
suggest that chemical activation improved the
surface characteristics of the adsorbents and
promoted pollutant binding. The adsorption behavior
of both contaminants was strongly affected by pH,
adsorbent dose, contact time, temperature, and initial
concentration. For CV, RH2 and SG1 were the most
effective representatives of the rice-husk and bagasse
groups, respectively. For Pb(Il), SG-derived biochars
showed particularly high removal efficiencies, while
RH2 also performed strongly under optimized
conditions. In both systems, increasing dosage
improved overall removal efficiency but lowered
the adsorption capacity expressed on a mass basis.
Kinetic analysis confirmed that the pseudo-second-
order model provided the best description of the
experimental data, especially for Pb(II). Overall,
the study highlights the potential of agricultural-
waste-derived biochar as a low-cost and sustainable
adsorbent for wastewater treatmentm
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PIEU CHE VA UNG DUNG THAN SINH HQC BIEN TINH TU’
VO TRAU VA BA MiA PE LOAI BO TiM TINH THE VA PB(I)

® DANG VIET HUNG'2
'Khoa Méi tfrudng va Tdi nguyén, Trudng Bai hoc Bach khoa
’Pai hoc Quéc gia Thanh phd H& Chi Minh

TOM TAT:

Nghién ctru tép trung diéu ché va tmg dung than sinh hoc bién tinh tir trdu va b mia dé xtur
1y mau Crystal Violet (CV) va ion Pb(II) trong dung dich. Bén vat liéu hap phu duoc ky hiéu
RH1, RH2, SG1 va SG2 duogc tao thanh thong qua qua trinh cacbon hoa va hoat hoa hoa hoc
phu pham ndng nghiép. Phan tich dong hoc cho thidy mé hinh gia bac hai phii hop véi s6 liu
t6t hon mo hinh gia bac nhat, dic biét ddi voi hé Pb(Il) (R? = 0,9997-1,000). Két qua FTIR va
SEM cho thiy, qua trinh hoat héa gitip bé mit vat liéu tré nén khong dong nhat va xp hon,
ddng thoi cac nhoém chirc bé mit cd vai trd quan trong trong qua trinh lién két chat 6 nhidm.
Két qua chimg minh than sinh hoc bién tinh tir phu phdm néng nghiép 1a vat liéu hap phu gia
ré, ¢ tiém nang cho xtr Iy nudc thai chira dong thoi chat mau va kim loai ning.

Tir khéa: than sinh hoc, triu, ba mia, crystal violet, Pb(Il), hép phu.
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