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ABSTRACT

In the present study, Acacia leucophloea wood sawdust is utilized to prepare biochar by direct pyrol-
ysis. This biochar is applied as an alternative adsorbent for the adsorption of Basic Red 29 (BR29)
cationic dye and Reactive Red 2 (RR2) anionic dye. The adsorption performance of biochar on both
the dyes is evaluated by varying the solution pH (2-10), agitation speed (30-170 rpm), initial dye
concentration (40-100 mg L™), contact time (100 min), temperature (300, 310 and 320 K) and adsor-
bent dose (25-200 mg). The maximum removal of 98% is achieved for RR2 using biochar under
the optimum conditions of 50 mg dosage, the temperature of 300 K, 170 rpm of agitation speed,
60 mg L™ of initial dye concentration and pH of 2. For BR29, the same removal efficiency is achieved
at pH 10 under the same operating conditions. The adsorption kinetics of both the dyes follows the
pseudo-second-order model and the adsorption isotherms are best suited by the Freundlich model.
Thermodynamic studies suggest that the adsorption process is spontaneous and exothermic for
anionic dye and endothermic for cationic dye. These findings reveal that the biochar can be used as
an alternative adsorbent to remove dyes from aqueous solutions.

Keywords: Reactive Red 2 (RR2); Basic Red 29 (BR29); Biochar; Adsorption; Kinetics

1. Introduction

Synthetic dyes have been used widely in many fields
such as textiles, paper, leather tanning, plastics, rubber, and
dye manufacturing industries [1,2]. Based on their charge
upon dissolution in an aqueous medium, dyes can be classi-
fied as cationic (basic dyes), anionic (direct, acid and reactive
dyes) and non-ionic (disperse dyes) [3]. Basic and reactive
dyes have been used mostly in the textile industry because of
their bright color, water-solubility, low cost and feasibility of
application to fabric [4].

As they have a high intensity of colors, basic dyes are
greatly visible even in very low concentrations. Reactive
dyes are highly soluble in water and 5%-10% of the dyes
released as such in the dye bath cause highly colored
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effluent polluting severely the environment [5]. Moreover,
due to relative chemical stability and little biodegradability,
the elimination of reactive dyes from the environment is a
topic of much concern.

It has been reported that approximately 100 tons of dyes
per year are discharged into water streams by the textile
industries [6]. Hence the release of dyes into the environ-
ment creates environmental degradation. In an aqueous
environment, dyes can cause skin allergies, cancer, muta-
tion, reduced light penetration and reduced photosynthetic
activity [7]. Therefore, it is necessary to apply efficient and
effective techniques for the treatment of dyes to safeguard
the environment.

Numerous methods such as adsorption, electro-coagu-
lation, ion exchange, advanced oxidation process, biological
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treatment, and photocatalytic degradation have been applied
to the treatment of dyes containing effluents [8]. Among
these, adsorption is the most effective process used by the
industries to remove the toxic chemicals present in the
effluent. Various adsorbents such as clays [9,10], activated
carbons in different forms [11], carbon nanotubes and nano-
composites [12,13] are used successfully to remove dyes from
aqueous solution. The most widely used adsorbent for the
adsorption process in industrial wastewater treatment sys-
tems is activated carbon due to its large specific surface area.
However, activated carbon is more expensive and therefore
its widespread use is restricted. Hence it is essential to search
for low cost and easily available material as an alternative
for activated carbon.

Thermal or hydrothermal degradation of biomass at
elevated temperature with little or no oxygen yields a sta-
ble carbon-rich material referred to as biochar [14]. Biochar
can be used as a sustainable sorbent to remove organic and
inorganic pollutants from water [15]. Some studies have
reported the utilization of biochar as an alternative adsor-
bent [16,17]. In the present study, batch mode adsorption
experiments are conducted to study the adsorption ability of
Acacia leucophloea wood sawdust (ALWSD) derived biochar
for the removal of Basic Red 29 (BR29) and Reactive Red 2
(RR2) in aqueous solutions. To the best of knowledge, the
current study is the first reported one to prepare biochar
from ALWSD for dye removal via direct pyrolysis without
any further activation process.

2. Materials and methods
2.1. Preparation and characterization of biochar

The precursor, whitebark ALWSD is collected from
sawmills in the southern part of India. The samples are
washed with water several times to remove the impurities,
dried in sunlight, labeled as ALWSD and stored in a plas-
tic container for the preparation of biochar. The biochar is
prepared from ALWSD via the direct pyrolysis process.
Approximately, 30 g of ALWSD is taken in a silica crucible
covered with a lid and heated in a muffle furnace at a rate
of 10°C min™ until 700°C and held at this temperature for
2 h and allowed to cool at room temperature. The biochar
produced is washed with distilled water and dried at 100°C.
The dried biochar is ground with mortar and pestle and
stored in a container for characterization and adsorption
studies.

To elucidate the functional groups present in biochar
before and after dyes adsorption, Fourier-transform infra-
red spectroscopy (FTIR) (PerkinElmer, USA) are recorded
between 4,000 and 400 cm™. The crystalline phase of ALWSD
and biochar is investigated by X-ray diffraction (XRD) mea-
surements performed on an X'PERT-PRO diffractometer,
(Netherlands), using monochromatic copper radiation at
45 kV and 30 mA over the 20 range of 0°-80°. Further, the
surface morphology of biochar before and after adsorption
is analyzed by field emission-scanning electron microscopy
(FE-SEM) (TESCAN performance in nanospace, USA) and the
textural property is measured by N, adsorption—desorption
isotherms at 77 K (Autosorb-1, Quantachrome). The carbon,
hydrogen and nitrogen contents of biochar are determined
with an elemental analyzer (Elementar Vario EL III). Further,

the point of zero charges (pH,, ) of the biochar is determined
by salt addition method in a series of 100 mL conical flask
using 0.1 mol L' KNO, solutions [18].

2.2. Adsorbate

The dyes selected for adsorption studies are RR2 with
chemical formula C H, CLNNaQO,S, molecular weight =
61534 gmol™ and A__ =489 nm and BR29 with chemical for-
mula of C H  CIN,S, molecular weight = 368.883 g mol™ and
A,.. =476 nm purchased from local dye suppliers. To prepare
the stock solution of 1,000 mg L7, the required amount of the
dyes is dissolved in distilled water and the desired concen-

trations are obtained by further diluting the stock solution.

2.3. Batch adsorption experiments

The adsorption experiments are conducted in a series of
100 mL Erlenmeyer flasks containing 50 mL of the dye solu-
tions and the flasks are agitated in an orbital shaker (REMI,
RIS-24BL, Mumbeai). Batch mode adsorption experiments are
conducted by varying different parameters such as adsor-
bent dosage (25200 mg), effect of pH (2-10), agitation speed
(30-170 rpm), initial dye concentrations (40-100 mg L™) and
contact time (100 min) to determine the optimum conditions
for adsorption. The pH of the dye solutions is adjusted by
using 0.1 M HCl or NaOH. Moreover, thermodynamic stud-
ies are conducted under the same procedure by varying
solution temperatures (300, 310, and 320 K) keeping the other
parameters constant. After all the studies, the adsorbent is
separated by filtration and the dye concentration is deter-
mined by a UV-Visible spectrophotometer (Elico: DR3900,
Hyderabad) using absorbance wavelength values (A )
for each dye. The percentage of dye removal, adsorption
capacity (g, mg g™) and the equilibrium adsorption capacity
(9, mg g™), is calculated by Egs. (1)-(3), respectively.

% removal = [COC] x100 1)
CU
V(C,-C,)
a :7‘;1 : )
V(C,-C,
g =) ©
m

where V is the solution volume (L), m is the mass of adsor-
bent (g) and C, C, and C, are the dye concentrations (mg L™)
at initial, at any time and equilibrium respectively.

The adsorption kinetics of RR2 and BR29 onto biochar
is studied using pseudo-first-order in Eq. (4) [19] pseudo-
second-order in Eq. (5) [20] and intra-particle diffusion
models in Eq. (6) [21].
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q = kpif“'5 +C (6)
where k,, k, and k, are the pseudo-first-order (min™), pseudo-
second-order (g mg™ min™) and intra-particle diffusion rate
constant (mg g™ min™?) respectively. C is a constant and it
gives information about the thickness of the boundary layer.

Furthermore, the adsorption isotherms are studied using
the Langmuir Eq. (7) [22], Freundlich Eq. (8) [23] and Temkin
Eq. (9) [24] isotherm models.

e e )
ae Qmax QmaxKL
1
log g, =— logC, +log K, 8)
n
gq,=BInK,.+BInC, )
where Q° (mg g) is the maximum saturated monolayer

adsorption capacity of an adsorbent, K, (L mg™) is the
Langmuir constant, K, (mg g™')(L mg™)"/" is the Freundlich’s
constant, # is the measure of the effectiveness of adsorp-
tion process, B = R /b, is the Temkin constant (J mol™) and
K, is the equilibrium binding constant corresponding to the
maximum binding energy (L mg™).

Thermodynamic parameters of the adsorption process
such as standard Gibbs free energy change (AG®) (k] mol™),
standard entropy change (AS°) (J mol? K) and standard
enthalpy change (AH®) (k] mol™) are calculated as follows [25]:

AG°= -RTInK (10)

AG® = AH® — AS® 1)

The van’t Hoff equation is given as follows:

K= A 1 AS° (12)
R T R

where R is the gas constant (8.314 ] mol™ K™), K is the equi-
librium constant calculated from the model that provides
the best fit [26] and T is the temperature (K). The value of
AG® can be calculated directly from Eq. (11) while AH° and
AS° are determined from the slope and the intercept of a plot
InK against 1/T respectively.

3. Results and discussion
3.1. Characterization of biochar
3.1.1. Physicochemical characterization of biochar

The carbon, hydrogen and nitrogen contents of biochar
obtained from the elemental analysis are 50.32%, 2.32%,
and 1.40% respectively. The specific surface area of biochar
obtained by N, adsorption-desorption isotherm is 550 m* g
and this value is relatively large when compared with the
other biochars like coconut shell (536 m? g™') [27], maize straw
(70 m? g) [28] and Eucalyptus sawdust (12.198 m? g™) [29].

In addition, biochar has an average pore diameter of
4.078 nm, hence according to the International Union of
Pure and Applied Chemistry (IUPAC), the biochar can be
considered as a mesoporous material [30].

3.1.2. XRD analysis of ALWSD and biochar

The XRD patterns are measured to analyze the crystal-
line phase of the ALWSD and its biochar. These patterns are
shown in Fig. 1. The two peaks at approximately 20 = 22°
and 16° seen in ALWSD correspond to cellulose crystal
structure and they become wider in biochar. This obser-
vation suggests that the structural destruction of cellulose
occurs during pyrolysis and leads to the formation of amor-
phous structure in biochar. The amorphous structure is good
evidence for dye adsorption purposes [31]. An amorphous
adsorbent usually has an irregular surface with more empty
sites and this allows the dye molecules to get entrapped
into the adsorbent surface [32]. Some additional peaks are
also observed in biochar structure indicating the presence
of inorganic minerals such as calcite, quartz and sodium
chloride [33].

3.1.3. FTIR analysis

The presence of functional groups on the biochar is con-
firmed by FTIR analysis. The FTIR spectra of biochar are
obtained before and after the adsorption of BR29 and RR2 and
the results are shown in Fig. 2. The biochar spectrum before
dye adsorption shows a band at 3,446 cm™ indicating the
—OH stretching vibrations of water, alcohols, carboxylic acid,
and phenols. The band at 2,917 and 2,847 cm™ is attributed
to the asymmetric and symmetric -CH stretching vibrations
of -CH, group. The band at 1,437 cm™ corresponds to -OH
bending vibrations of phenol while the band at 1,388 cm™
represents —-CH bending in alkanes or aryl groups. Further,
the band observed at 1,627 cm™ confirms the presence of
—COO group in biochar. After the adsorption process, the
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Fig. 1. XRD patterns of ALWSD and biochar.
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Fig. 2. FTIR spectra for biochar (a) before and (b) after adsorption
of BR29 and RR2.

dye loaded biochar spectrum shows some changes in the
above-mentioned bands. The band observed at 3,446; 2,917;
2,847; 1,627 and 1,437 cm™ in the biochar before dye adsorp-
tion shifted to lower frequencies indicates the involvement
of functional groups in the adsorption process. In addition,
some new peaks observed at 1,179; 1,574; and 1,213 cm™in
the dye loaded adsorbent confirm that the dye molecules are
adsorbed on the surface of biochar.

3.1.4. FE-SEM analysis

Scanning electron microscopy (SEM) micrographs of
biochar before and after adsorption are taken to analyze the
changes in the surface morphology of the material as shown
in Figs. 3a—c. The SEM image of biochar displays the pores
present in the biochar before adsorption in Fig. 3a. It can
be seen from Fig. 3b that there are no noticeable changes in
the surface morphology of the biochar after being subjected
to BR29 adsorption. However, the surface of biochar after
being exposed to RR2 dye appears smooth and the pores are
partially covered by the dye as seen in Fig. 3c.

3.2. Adsorption studies
3.2.1. Effect of contact time and initial dye concentration

Fig. 4 shows the adsorption capacity of biochar towards
the percentage of BR29 and RR2 dye removal vs. contact time
at the initial dye concentration of 40-100 mg L™. It can be
seen that the performance increases with time until equilib-
rium is attained. This behavior is in good agreement with
the previous studies reported for anionic and cationic dye
removal [34,35]. The adsorption process attains equilibrium
time within 10 min for BR29 and 70 min for RR2 and after
that, there is no change in the removal percentage. This may
be due to the saturation of reactive sites with dye molecules.
The findings also reveal that BR29 dye reacts with the reac-
tive sites of the biochar faster than RR2 and hence equilib-
rium is attained shortly.

3.2.2. Effect of pH

Fig. 5 shows the influence of pH on the adsorption effi-
ciency of biochar. It can be seen that pH plays an important
role in the adsorption process of both the dyes. It is observed
from Fig. 5 that higher pH leads to the maximum removal
percentage of BR29 while the decrease in pH favors the
removal of RR2. This behavior is more common for cationic
and anionic dyes reported in the literature [36,37] and can be
explained by considering the electrokinetic behavior of the
adsorbent. The high availability of ions like H" at acidic and
OH- in the basic solution may be the reason for decreasing
the removal percentage of BR29 and RR2 in acidic and basic
conditions respectively. pH,,. of an adsorbent is another rea-
son to describe the adsorption behavior of anionic and cat-
ionic dyes. The pH,,. of the biochar is 7.5. This implies that
when the pH of the dye solution is above pH,,., the adsor-
bent surface would be negatively charged and it favors the
adsorption of BR29 while below pH, ., the adsorbent surface
becomes positively charged, and hence it favors the adsorp-
tion of RR2 due to electrostatic attraction.

3.2.3. Effect of agitation speed

The agitation speed experiments are studied in the range
of 30, 60, 90, 120, 150, and 170 rpm as shown in Fig. 6 keep-
ing the other process parameters constant. It is observed that
when the agitation speed increases from 30-170 rpm, the
adsorption of both the dyes increases. Hence, the optimum
agitation speed for both dyes is fixed at 170 rpm with the
removal of 91.36% for BR29 and 79.83% for RR2. Lower agi-
tation speed may cause inefficient diffusion of adsorbent in
a solution that led to particle aggregation. The same findings
are observed for the adsorption of crystal violet onto pine-
apple leaf powder [38] and acid orange 74 dye onto Pinus
roxburghii leaves [39].

3.2.4. Effect of adsorbent dose

The effect of biochar dose on dye removal efficiency is
investigated by varying the dosage of biochar from 25 to
200 mg at a fixed temperature, contact time and adsorbate
concentration as shown in Fig. 7. It is observed from Fig. 7 that
the dye uptake gets increased with an increased amount of
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Fig. 3. SEM micrograph of biochar (a) before adsorption, (b) after the adsorption of BR29, and (c) after the adsorption of RR2.

biochar dose from 25 to 200 mg. However, the removal effi-
ciency of 95% for BR29 and 90% for RR2 is achieved for 50 mg
dose. Hence, for further studies, the optimum dose of 50mg is
fixed for both the dyes.

3.2.5. Effect of temperature

The adsorption of BR29 and RR2 onto biochar is studied
in the range of 300-320 K and shown in Fig. 8. It is observed
from Fig. 8 that for both the dyes the amount of dye adsorbed
increases with increasing temperature confirming the endo-
thermic nature of the adsorption process. This may be the
result of the increase in the number of adsorption sites in
the adsorbent which is formed by breaking internal bonds
in the adsorbent at high temperature [40]. The same trend
is observed for the adsorption of BR29 by activated car-
bon and conducting polymer composites [41] and adsorp-
tion of Reactive Red 195 by Euphorbia tirucalli polypyrrole
composite [42].

3.3. Adsorption kinetics

The adsorption kinetic curves of RR2 and BR29 onto
the biochar at initial dye concentrations of 40, 60, 80, and

100 mg L are shown in Fig. 9. The initial fast adsorption rate
is achieved and then the equilibrium is attained. This trend
commonly occurs when a fresh adsorbent with many active
sites is in contact with the dye molecules. As time progresses,
the number of free adsorption sites decreases and after that,
there is no further adsorption. The same behavior is reported
in the literature for anionic and cationic dyes [43].

To better understand the kinetic mechanism, kinetic
models such as pseudo-first-order as in Eq. (4) and pseu-
do-second-order as in Eq. (5) are fitted with the experimen-
tal data and the results are summarized in Table 1. The high
value of R? (R? > 0.98) for both the dyes indicates that the
pseudo-second-order model is more suitable to describe
the adsorption kinetics. Moreover, it is found that for all the
studied concentrations, the calculated g, values are close to
the experimental g, values. This confirms the better fit of the
pseudo-second-order model. Similar results are reported for
the adsorption kinetics of various pollutants onto activated
carbons [44] and magnetic carbon nanotube [45]. Based on
the assumptions of the pseudo-second-order model, it can
be concluded that the adsorption of RR2 and BR29 onto
biochar may follow chemisorption.

According to the Weber and Morris [22] linear intra-parti-
cle diffusion model, the plot of g vs t° should give a straight
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Fig. 4. Effect of contact time on the percentage removal of
(a) BR29 and (b) RR2 at different initial dye concentrations.

line. If the straight line passes through the origin then the
rate-limiting step is the intra-particle diffusion, otherwise, the
adsorption process is controlled by some other mechanism.
The parameters for the intra-particle diffusion model are pre-
sented in Table 1 and the linear plots are shown in Fig. 10. As
the intercepts of all the plots are non zero, the intra-particle
diffusion mechanism is not the rate-limiting step.

3.4. Adsorption isotherms

The adsorption isotherm in the present study is obtained
at 300, 310, and 320 K with different initial dye concentra-
tions (10-100 mg L) at the equilibrium time of 10 min
for BR29 and 70 min for RR2. Freundlich, Langmuir and
Temkin isotherm models are used to analyze the equilib-
rium data. The parameter values for the adsorption of BR29
and RR2 onto the biochar calculated are summarized in
Table 2. Based on R? value, the Freundlich model is selected
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as the best fit to represent the adsorption behavior of both
the dyes on the biochar and the isotherm curves are shown
in Fig. 11. This result is consistent with literature [46—48].
The K, constant is found to decrease with the increase in
temperature for RR2 confirming the exothermic nature of
the adsorption process. Nevertheless, for BR29, the K value
increases with the increasing temperature indicating that
the adsorption process is endothermic. Moreover, the value
of n greater than unity for both the dyes indicates favorable
adsorption of anionic and cationic dyes on to the biochar.
To evaluate the adsorption property of the biochar pre-
pared, a comparison with the other adsorbents towards the
removal of anionic and cationic dyes is made and the results
are given in Table 3.
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3.5. Adsorption thermodynamics

The thermodynamic parameters calculated for the
adsorption process are shown in Table 4. The negative value
of Gibbs free energy for BR29 and RR2 indicates that the
adsorption of these dyes onto biochar occurs spontaneously
[54]. The positive and negative values of AH® for BR29 and
RR2 confirm the endothermic and exothermic nature of the
adsorption process respectively. Moreover, the magnitude
of AH° implies physisorption that occurs in the adsorption
process. The positive AS° values indicate the good affin-
ity between the adsorbent and the adsorbate during the
adsorption process.

3.6. Proposed adsorption mechanism

Generally, the possible mechanism of dye adsorption is
essential to understand the interaction of dyes and adsor-
bent. In the present study, electrostatic attraction can be
considered to explain adsorbent-dye interaction in the dye
adsorption mechanism. This interaction can be illustrated by
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Fig. 9. Linear plots of pseudo-second-order kinetics for the
adsorption of (a) BR29 and (b) RR2 dye adsorption onto biochar.



Intraparticle diffusion

Pseudo-second-order

Pseudo-first-order

Jop (MG g7)

C, (mg L)

Dyes

Calculated kinetic parameters for BR29 and RR2 dye removal by the biochar at 300 K

Table 1

S. Nirmaladevi, N. Palanisamy / Desalination and Water Treatment 175 (2020) 282-292 289

RZ

C(mgg™)

k,(mg g min™?)

RZ

k, (g mg™ min™)

qcal (mg g_l)

RZ

k, (min™")

qcal (mg g_l)

—~ 0 oo ®© N © 100
0 H o o N N =
W Al DN O DN 0 A
oo oo
o O O O O O o o
80+
A o ol
¥ O M o’ F 60
R~ o o N oo —_
AN N O IO AN DN D
[=]
&
T 40 -
m  40mg/L
20 ® 60mgL
A  80mg/L
+ 828 b oo v 100mgiL
TS Ftw Y2
W — —~ — O O DN N
0 1 I Ll T
£ 1 12 2 172 @ 4
SR BFE t¥(min™)
D DDA DD DD
o k) ike ke Nto NilEo o o \
SIS HS = RES RS ISR
N Al s 0O = O
N0 O IO N H D
o o ©O = =H O 9O 9
N O - - O O O O
©C S oo oo oS o
IO O H 0 O M = N
A H O = 0 O H O
Y18 = N oyl g
M IO N 0 N H IO ©
FEIRFEBO
AN WV N O BV RN L
D B T T B S 0 T T T T " T :
O O O O O O o O 2 4 6 8 10
t1/2(min1f2)
O O~ A O D Fig. 10. Linear plots of the intra-particle diffusion model for the
Al H O =DM .
0O o ™ o o ¥ 1o removal of (a) BR29 and (b) RR2 onto biochar.
0N O H o O o O O
S oS S S o oo
considering the point of zero charges (pH,,.) of adsorbent
and the pH dependence of the adsorption of biochar onto
BR29 and RR2. Fig. 12 gives the representation of the pro-
eB®S I RS g posed adsorption mechanisms of dye molecules by the BC.
PRS- IR NS> RN g The pH,,. of the biochar is 7.5 and it can be observed that
the biochar adsorption capacity reaches a maximum at pH 2
for RR2 and pH 10 for BR29. At low pH, the adsorbent sur-
face gets a positive charge (pH < pH,,.), hence it favors the
<+ o o < adsorption of anionic dyes, but at higher pH, the adsorbent
eEZg 3222 surface gets a negative charge (pH > pH,, ), hence it favors
@O o @ o the adsorption of cationic dye. Based on the above discus-
sion the following mechanism is proposed to explain the
possible electrostatic interactions of dyes and adsorbent.
coo ocool 4. Conclusion
<t O© O — <K O O
In the present study, the removal of cationic dye BR29 and
o anionic dye RR2 from aqueous solutions is investigated using
& & ALWSD derived biochar as a low-cost adsorbent. The biochar
= a exhibits a specific surface area of 550 m* g™. Equilibrium time
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Table 3
Comparison of the adsorption capacities of various adsorbents used for anionic and cationic dye removal
Materials Dye Temperature Maximum adsorption References
(°C) capacity g, (mg g™)
Coffee residues Basic Blue 3G 25 179 [49]
Pine tree leaves Basic Red 46 45 71.94 [50]
Pine cone Basic Red 46 45 73.53 [51]
Peanut hull Reactive Black 5 60 55.55 [52]
Biochar Reactive Red 141 35 130 [32]
Saw dust Reactive Red 141 25 2.12 [53]
Acacia leucophloea wood Basic Red 29 27 158 This work
sawdust biochar Reactive Red 2 232

Table 4
Thermodynamic parameters of BR29 and RR2 dye sorption process by the biochar

Dye Temperature (K) Equilibrium constant K AG® (k] mol™) AH® (k] mol™) AS° (J mol' K)
BR29 300 13.41 —64.74 19.19 27.98

310 13.78 -67.60

320 14.07 -70.34
RR2 300 23.09 -78.30 —46.10 10.79

310 22.28 -79.99

320 20.56 -80.43

is attained within 20 min for BR29 and 70 min for RR, which
is a short period. Kinetic study indicates that the adsorption
of BR29 and RR2 onto biochar follows pseudo-second-order
kinetics. Likewise, the adsorption isotherm study shows that
the equilibrium data are well explained by the Freundlich
isotherm model. Based on the results obtained, it is noted that
the biochar could be used as an efficient adsorbent for the
removal of cationic and anionic dyes from aqueous solutions.
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