
1. Introduction 
Due to various agricultural practices and industrial 
and domestic activities, the textile industry’s 
intensive consumption of large quantities of water 
and chemicals, particularly synthetic dyes, has had 
a negative impact on aquatic ecosystems and the 
wider environment [1-3]. Dyes can be measured 

using UV–Vis spectrometry. The absorbance 
value ranges from zero to 2. When no light is 
absorbed, P0 equals P, and transmittance equals 
one. Consequently, absorption is zero. If the light 
absorption and transmission are 90% and 10%, 
respectively, resulting in T = 0.1 (absorbance 
=1).  The resulting spectrum is a graph of 
absorbance against wavelength. This UV–Vis 
spectrophotometer range was from 200 to 800 
nm. The wavelength of light that different colored 
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A B S T R A C T
Adsorption on biomass has gained popularity recently as a method 
for reducing pollutants in wastewater before release. This work 
investigates the adsorption of malachite green (MG) onto sugarcane 
bagasse (SCB). To optimize the process, the mass of the bio-adsorbent, 
contact time, temperature, and pH of the MG solution were investigated 
with the adsorbate and the adsorbent. The observed results indicate 
that MG adsorption on SCB is more effective in the environment 
because of the electrostatic interactions between the organic cations 
of the dye and the negatively charged SCB surface in this pH range. 
In ideal circumstances, SCB removes 97% of MG. The adsorption of 
MG on SCB is better described by the pseudo-second-order model, 
according to adsorption kinetics modeling. UV-Vis spectrophotometers 
were used to analyze the fluids under study and determine the dye 
concentration. Malachite green has a limit of quantification (LOQ) of 
0.1 mg L-1 and a limit of detection (LOD) of 0.06 mg L-1 using UV-Vis 
spectrophotometry. The measuring range of the procedure is 0.1 to 30 
mg L-1, which guarantees precise and repeatable results. According to 
adsorption isotherm modeling, the Freundlich and Langmuir models 
best describe MG’s adsorption on SCB. Given that both the Freundlich 
parameter 1/n and the Langmuir separation coefficient RL are smaller 
than 1, it is clear that MG’s bio-adsorption on SCB is beneficial. The 
study’s findings demonstrate that SCB, an underutilized agricultural 
waste, is a reasonably priced bio-adsorbent with a substantial capability 
for treating wastewater that contains dyes.
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dyes absorb varies. Most dyes are conjugated 
substances with alternate double and single bonds 
and generally absorb light in the visible spectrum. 
Dyes have a narrower energy gap, and electrons 
are excited by lower-energy light at visible light. 
Measure the object’s spectral reflectance before 
using a UV–Vis spectrophotometer to assess 
color. Fluorescein and indigo dye are studied 
using UV–Vis absorption spectroscopy [3]. Since 
these chemicals require treatment to lower the 
pollutant concentration before being released into 
the atmosphere, they are frequently highly harmful 
since they are difficult for effluents to biodegrade 
[4,5]. Malachite Green (MG) is a cationic dye 
that is extensively utilized in several industries, 
including the fish business, food additives, paper, 
leather, wool, and silk dying, as well as distilleries 
[6]. Although, Malachite green (MG) is harmful to 
the immunological and reproductive systems and 
can cause cancer, genotoxicity, mutagenicity, and 
teratogenicity in fish [6,7]. MG in any fish intended 
for consumption is severely prohibited in the 
United States and the European Council due to its 
excessive buildup in fish tissue [6]. Furthermore, 
by changing the water’s color and lowering the 
amount of sunlight that reaches the surface, the 
discharge of MG into nearby waters may modify the 
environment. Water-soluble MG can, nevertheless, 
have detrimental effects even at low concentrations, 
including the suffocation of aquatic vegetation 
and the development of cancer, mutagenesis, 
and teratogenic effects in humans [8]. Numerous 
techniques, including biological treatment for 
biodegradable pollutants, coagulation-flocculation, 
electrochemical treatment, nanofiltration, ion 
exchange, and adsorption, can be used to remove 
contaminants from wastewater [9,10]. Because of 
the adsorption process’s cost, efficiency, simplicity, 
and adaptability benefits are utilized increasingly 
frequently [11-14]. Various agricultural wastes 
have been employed as biosorbents for wastewater 
treatment. These include rice husk derivatives [15]
which was used to remove crystal violet (CV), 
nostoc Linckia [15]which was used to remove 
crystal violet (CV), coffee black [16], argan shell 

[17]the wood powder from the shell of Argan 
nuts was used in raw form, or modified form 
by Sodium hydroxide, as a new economic and 
ecologic adsorbent. The effectiveness of these 
materials was evaluated on Methylene Blue (MB),  
marine macroalga sargassum muticum [18]which 
has prompted greater research into effective and 
sustainable removal techniques. Even though there 
have been major efforts in the previous few decades, 
more study is still necessary to fully examine the 
long-term performance and usable applicability of 
adsorbents and different adsorption techniques for 
the removal of dye. In the present study, a brown 
marine macroalga Sargassum muticum was used 
as an effective and sustainable biosorbent for 
the crystal violet (CV), and brown seaweed [18]
which has prompted greater research into effective 
and sustainable removal techniques. Even though 
there have been major efforts in the previous few 
decades, more study is still necessary to fully 
examine the long-term performance and usable 
applicability of adsorbents and different adsorption 
techniques for the removal of dye. In the present 
study, a brown marine macroalga Sargassum 
muticum was used as an effective and sustainable 
biosorbent for the crystal violet (CV). The fibrous 
waste left behind after sugarcane is crushed to 
extract juice in sugar mills and refineries, known 
as bagasse, has been the subject of numerous 
scientific investigations highlighting its potential 
use [17,19]. The material’s favorable qualities, 
including biodegradability, availability, buoyancy, 
and low cost, have shown it to be successful in 
eliminating pollutants from wastewater, including 
heavy metals and dyes. Furthermore, it mainly 
comprises cellulose, hemicellulose, and lignin, 
which have polymer structures rich in hydroxyl 
and carboxyl groups that interact with the chemical 
contaminants in the treated solution [20-22]. This 
work aims to investigate and examine the inherent 
ability of sugarcane bagasse to extract Malachite 
green by examining the effects of different 
experimental settings on the adsorption process. 
These parameters include mass and contact 
time, solution pH, and temperature. To illustrate 
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the feasibility of the process, thermodynamic 
parameters, such as enthalpy, entropy, and free 
energy, were determined. The thermodynamic 
characteristics demonstrate the spontaneous nature 
of the MG adsorption process on SCB. 

2. Materials and methods
2.1. Materials
The dye considered in this study is a green color 
called malachite green or diamond green B (CAS 
N.: 2437-29-8, CHEMICALS, India) [23]. It was 
first prepared by Hermann Fischer in 1877. Its 
molecular structure is shown in Figure 1. It was 
used as supplied. The colored solutions at varying 
concentrations were prepared by dilution from a 
stock solution of 23 mg L-1 using distilled water. 
Analytical-grade chemicals were used for all 
experiments. Hydrochloric acid (HCl, 99% CAS 
N.: 7647-01-0) and sodium hydroxide (NaOH, 99%, 
CAS N.: 1310-73-2) were acquired from Sigma-
Aldrich (Saint-Quentin-Fallavier, France).The main 
characteristics of the dye are described in Table 1.

Fig. 1. The chemical structure of the MG [6].

2.2. Characterization Techniques
The powder X-ray diffraction patterns (XRD) of 
the sample were collected with a Bruker AXS 
model (D8-advance A25) diffractometer using 
Cu-Kα foundation (λ = 1.5418 Ǻ) at 40 Kv, 20 
mA, and a scan range 5–70. XRD results were 
recorded in the 2θ range between 2° and 70° in 
0.02° angle increments.  Infrared spectra were 
performed using a Shimizu IRAFFINIY-1S 
Fourier transform spectrometer (FTIR) equipped 
with a detector (TGS) and a ceramic source, 
separated by an optical system using a Michelson 
interferometer. The samples were prepared as 
12 mm diameter pellets with a mass of 3 mg of 
solid diluted in 97 mg of KBr. Absorption spectra 
were analyzed with a resolution of 20 cm-1 in the 
wavelength range between 400 and 4000 cm-1. 
UV-visible spectrophotometry is a qualitative 
and quantitative analysis method that identifies 
a chemical species’s presence and concentration. 
For this purpose, the spectrophotometer used is of 
the type (SHIMADZU-UV 1800) that allows the 
measurement of the absorbance of a solution at a 
precise wavelength in the range between (190 to 
900 nm) from the concentrations deduced from the 
Beer-Lambert law: A = ε. ℓ.C.
The point of zero charge corresponds to the pH 
level at which the solid’s surface charge becomes 
neutral; it was determined by the method of 
addition of solid [24]due to their low cost, 
availability, cost-effectiveness, and efficiency. In 
this study, we were interested in the elimination 
of crystal violet dye, from aqueous solutions, by 
adsorption on almond shell-based material, as a 
low-cost and ecofriendly adsorbent. The almond 
shells were first analyzed by Fourier transform 
infrared spectroscopy (FTIR). The specific surface 
of the solid material corresponds to its overall 
surface per mass unit; it was determined by the 
method of adsorption of methylene blue.

2.3. Preparation of the solid
Sugar cane bagasse was used as a bio-sorbent in 
this study. It was collected from a local vendor 
after the sugar cane had been crushed to extract 

Table 1.  Physico-chemical properties of MG
Parameters Characteristics
Molecular formula
Molecular weight
Absorption maxima
Commercial name
Appearance

C52H54N4O12

927.03 g.mol-1

618.0 nm
Malachite Green oxalate (MG) Green 
crystalline powder
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the sugar cane juice. It was then washed several 
times with water to remove dirt. The final rinses 
were carried out with distilled water to remove 
chemical residues such as salts and other soluble 
substances, then dried at 60°C for 24 hours. After 
drying, the dried sugarcane bagasse was ground 
using a grinder (mark: FRITSCH, Germany). 
They were then sieved using a sieve shaker (mark: 
FRITSCH, Germany), and the particle size used 
was determined to be less than or equal to 0.2 
mm. The final product is stored for experimental 
studies.

2.4. Adsorption procedure
All the experiments in this work were conducted 
in the same experimental setup, except for the 
study of the effect of temperature, in which a 
water bath was used to set the temperature to the 
desired value. For this purpose, a series of samples 
is prepared by suspending a precise quantity in mg 
of the biomass in a volume of 20 mL of an aqueous 
solution of the green dye malachite of known initial 
concentration C0 (2.5×10-5 M). The suspensions 
are then stirred for a time (t) ranging from 5 to 
70 minutes. After this time, the supernatant was 
extracted by centrifugation. The solution was 
analyzed by UV-visible spectrophotometry at a 
wavelength of 618.0 nm. The determination of the 

adsorbed amounts of MG is performed from the 
calibration line (Scheme 1 ).
The adsorbed amounts are calculated using the 
following Equation 1.

 (Eq. 1)

Where C0 and Ce are the initial and equilibrium 
concentration of the dye in mg L-1, respectively; m 
is the mass of the solid in g; V is the volume of the 
dye solution MG in L, and quads is the adsorbed 
amount per gram of adsorbent in mg g-1.

2.5. Modeling of adsorption kinetics 
To interpret the MG adsorption on SCB 
experimental data. Three kinetic models were 
utilized: intra-particle diffusion, pseudo-second-
order (PSO), and pseudo-first-order (PPO).

2.5.1.Pseudo-first-order model
The pseudo-first-order model is given by Lagergren, 
which is expressed by the following Equation 2 [25].

(Eq. 2)

Scheme 1. Procedure for separating MG on SCB by UV-visible.
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Where k1 is the first order reaction rate constant 
of adsorption of MG on BCS in (min-1), qe, qt the 
amount of MG adsorbed at equilibrium and at time 
t in (mg g-1), t the contact time in (min).
After integration with initial conditions qt0 at t = 0, 
Equation 3 was obtained. For the representation of 
Log (qe-qt) = f(t), we obtain a line that gives k1 
and qe.

(Eq. 3)

2.5.2.Pseudo-second order model
The following expression gives the pseudo-
second-order model in Equation 4 [26].Where 
K2 is the second-order reaction rate constant of 
adsorption of MG on SCB in (g.mg-1.min-1). 

(Eq. 4)

After integration of Equation 4, we obtain 
Equation 5. The linearization of the Equation 5 
gives Equation 6.    

(Eq. 5)

(Eq. 6)

The representation of  t/qt = f(t) allows us to obtain 
a line from which we determine k2 and qe.

2.5.3.Intra-particle diffusion model
The intra-particle diffusion is described by  
Equation7  by Weber and Morris [27]. The Kd is the 
intra-particle diffusion rate constant in (mg g-1 min 
0.5), and C is the boundary layer thickness in (mg 

g-1). In Equation 7, the representation of qt = f (t1/2) 
(allows to calculate kd and C.

(Eq. 7)

2.6. Thermodynamic parameters
The thermodynamic parameters (∆G°), (∆H°), 
and (∆S°) for the studied system (MG/SCB) were 
determined and calculated at different temperatures 
(25°C, 35°C and 45°C). The adsorption-free energy 
(∆G°) is calculated according to the standard 
Gibbs formula defined by Equation 8. 

(Eq. 8)

qe (mg g-1) represents the amount of adsorbed dye 
at equilibrium, and Ce (mg L-1) is the residual 
concentration of the adsorbate at equilibrium.
Also, the thermodynamic parameters of adsorption 
of the MG on the adsorbent can be estimated from 
the curve representing the variation ln (Kd) as a 
function of 1/T, which was shown in Equation 9.

(Eq. 9)

The values of are calculated 
from the slope and intercept of the line obtained by 
plotting ln (Kc) versus  respectively.

2.7. Modeling of adsorption isotherms
2.7.1. Langmuir Isotherm Model 
The Langmuir model was initially employed for 
systems featuring monolayer adsorption occurring 
on the surface of the adsorbent. This model 
assumes that all adsorption sites are identical, do 
not depend on surface coverage, and take place 
without lateral interaction with the adsorbate 
molecules. The following Equation 10 represents 
this model. In equation 10, qm is the maximum 
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adsorbed quantity in mg g-1, and K1  is the 
Langmuir constant in L mg-1. To determine 
the adsorption parameters of this model, we 
use the linear form of the Langmuir isotherm, 
represented by Equation 11.  In addition, among 
the essential characteristics of the Langmuir 
isotherm is the separation factor RL, defined by 
Equation 12.   

     

(Eq. 10)

(Eq. 11)

 (Eq. 12)

With: Ci is the initial concentration of the dye (mg 
L-1) and KL the Langmuir constant (Lmg-1).  Values 
of RL indicate the shapes of isotherms to be either 
unfavorable (RL > 1), linear (RL = 1), favorable 
(0 < RL < 1) [28].

2.7.2.Freundlich Isothermal Model
The Freundlich empirical model is founded on 
adsorption on heterogeneous surfaces and is 
represented by Equation 13. The linearization of 
this equation implies a passage of the terms in 
logarithmic form. 

 (Eq.13)

Where qe is the amount adsorbed at equilibrium, 
Ce is the residual concentration of the dye at 
equilibrium, and n represents the adsorption 
intensity and indicates whether the adsorption is 
favorable. If n<1 linear adsorption, if n>1 physical 

adsorption is favorable [29]. the linear form of the 
isotherm by plotting Log qe = f(LogCe). 

2.7.3.Temkin Isothermal Model
The Temkin isotherm is derived assuming that the 
decline in adsorption heat follows a linear trend, 
unlike the logarithmic decrease presumed by 
the Freundlich equation. Generally, the Temkin 
isotherm is expressed by Equation 14 [30].

(Eq.14)

The bT and AT are Temkin isotherm constants, R 
is the perfect gas constant (8.314 KJmol-1), Ce is 
the equilibrium concentration of dye ions (mg L-1), 
and T is the absolute temperature.

3. Results and discussion
3.1. Characterizations
3.1.1.XRD Analysis
The XRD diffractogram of sugarcane bagasse is 
shown in Figure 2. The SCB is mainly composed 
of lignin, cellulose, and hemicelluloses. The 
two peaks detected have values of 2ɵ around 
16 and 22 due to the semi-crystalline structure 
of the cellulose contained in the biomass  [31]. 
Moreover, the XRD spectrum resembles that of 
other lignocellulosic residues [32].

3.1.2.FT-IR analysis
Fourier transform infrared spectroscopy was 
utilized to analyze the SCB solid, and the resulting 
FT-IR spectrum is presented in Figure 3. The FT-
IR spectra of BCS show the presence of many 
functions on the surface of the adsorbent such 
as: The strong band appearing at 3374 cm-1, is 
attributed to OH groups (alcohols, phenols, and 
carboxylic acids) [33,34]. The band at 1732 cm-1 is 
characteristic of the stretching vibration of the C=O 
of xylan carboxylic acids present in hemicelluloses 
[23].The bands at 1611 cm-1  ant 1640 cm-1 is 
attributed to the C=C deformation (aromatic of 
lignin) [35], thus the band at 1370 cm-1 confirms 
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the presence of methoxy -C-O groups of lignin 
[36], the bands at 1250 and 1052 cm-1 are attributed 
to the stretching vibration of the C-O bonds of the 
aromatic compounds and the acid, alcohol, phenol, 
ether, and ester functions [33],830 cm-1 due to the 
vibration of the aromatic C-H bond, corresponding 
to the polysaccharides and lignin [37], and the band 
appears at 606 cm-1 due to the elongation of the 
C-X bond (alkyl halide) [33].

3.1.3.Point of zero charge 
In this work seven vials were prepared, each 
containing 50 ml of sodium chloride NaCl (10-3 
M). The pH of these vials is adjusted to the initial 
pH (values between 2 and 12) by adding NaOH or 
HCl solution (0.1M). After the initial pH adjustment, 
100 mg of the solid was added to each vial. The 
suspensions were kept under stirring, at room 
temperature, for 24 h, and the final pH was measured.  
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Fig. 2. Powder XRD patterns of SCB.

Fig. 3. FT-IR spectra of the BCS solid
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The representation of ΔpH = f(pHi) a determines the 
pHpzc value. The latter results from the intersection 
of the curve with the x-axis [38]. The representation 
of ΔpH = f(pHi) a allows us to determine the value 
of pHpzc, which is ulster in Figure 4. It shows that 
the pH value at which the solid surface has zero 
charge corresponds to pH = 7.3, so the solid surface 
is opposing at pH > 7.3 and positive below pH = 7.3.

3.1.4.Determination of the specific surface
The specific surface area of SCB was determined 
by the methylene blue adsorption method, which 
consists in studying the adsorption of methylene blue. 
A precise mass in mg of the biomass was suspended 
in a volume of the aqueous solution of methylene 
blue of known initial concentration, and the kinetics 
of the process were followed until a maximum value 
of the adsorption capacity was obtained. The specific 
value is calculated by Equation 15 [39]. The value of 
SBM  was obtained at 28.44 m2 g-1.

SBM = qm.NA.S                                                                    

( Eq.15)

With SBM: specific surface determined by BM 

adsorption (m²g-1); qm: maximum adsorbed 
quantity (mol g-1); S: the surface of a BM molecule 
(175 Å2); NA: Avogadro number. 

3.2. Study of MG adsorption on BCS 
Various parameters influencing the adsorption 
phenomenon are examined: the mass of the 
adsorbate, the solution’s initial pH, the adsorbent-
adsorbate contact time, and the solution temperature.

3.2.1.Effect of adsorbent mass.
Different adsorbent masses ranging from 0.01 to 0.1 g 
are added to individual 20 mL samples of an aqueous 
solution containing 2.5×10-5 M of the dye to determine 
the optimal quantity of adsorbent required to remove 
the highest amount of dye. The solution is then stirred 
magnetically for 60 minutes until the adsorption 
equilibrium is reached. The findings of this experiment 
are presented in Figure 5. Also, Figure 5 shows that the 
percentage of dye removal increases with the mass of 
the bio-adsorbent and a stabilization of the adsorption 
rate beyond a mass of 50 mg, which indicates that 
the adsorption equilibrium is reached from 50 mg of 
adsorbent (saturation). An optimal amount of 50 mg of 
biomass will be necessary to fix the maximum amount 
of the dye, corresponding to the removal of 97%.
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Fig. 4. Point of zero charge of BCS
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3.2.2.Effect of temperature
In order to determine the optimal temperature that 
gives highest capacity of adsorption, studies were 
done in a water bath at temperatures 25, 3 0, 35, 40, 
and 45°C by adding 50 mg of the bagasse in 20mL 
of the GM solution of a concentration of 2.5 ×10-

5M, for one hour under stirring. The results obtained 
are shown in Figure 6 below. The resulting curve 
indicates that when temperature increases from 

25 to 45°C, the MG adsorption capacity decreases 
from 12.84 to 12.50 mg g-1. This result, in line with 
Arrhenius’ law, implies that the surface reaction 
is exothermic and that the contact between the 
dye molecules and the biosorbent’s active sites 
decreases with increasing temperature, which is 
detrimental to the adsorption process [40]. The best 
results are obtained at room temperature.
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Fig. 5. Percentage of MG removal as a function of bagasse mass.

Fig. 6. Influence of the temperature on the amount of adsorbed dye.
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3.2.3.Effect of contact time 
To determine the time required for saturation of 
the adsorbate by the adsorbent/maximum retention 
of the dye, volumes of 20 mL of the dye solution 
at a concentration of 10-4 mol L-1 are mixed with 50 
mg of the biomass at the following temperatures 25, 
35 and 45°C. The whole is stirred at times ranging 
from 5 to 70 minutes. Separation was performed 
by centrifugation of the suspension. The residual 
concentrations were determined using the UV-
VIS spectrophotometer at 618 nm. The results 
are shown in Figure 7. The figures show that the 
amount of MG adsorbed by biomass adsorbent at 
different temperatures increases over time until an 
equilibrium plateau is reached, after 50 minutes. 
This is because the adsorbent’s surface initially has 
active sites available for use. After this time (the 
equilibrium time), there is a decrease in adsorption 
efficiency because fewer free sites remain on the 
adsorbent’s surface [24]. Additionally, the graphs 
demonstrate that the quantity of MG adsorbed by the 
biomass is somewhat temperature-sensitive. Raising 
the temperature has a negative effect on adsorption, 
indicating an exothermic process. Notably, this 
adsorption happens quickly, taking place in the first 
forty minutes after adsorption begins.

3.2.4.Effect of pH
Several tests were conducted to evaluate the effect 
of the reaction media’s pH on the adsorbent’s 
ability to adsorb dye. This required putting biomass 
suspensions in 20 milliliters of dye solution and 
changing the pH between 2 and 12 during 50 minutes 
of contact. By adding 0.1M of HCl or 0.1M of NaOH, 
the suspensions’ pH was brought to the required 
level. Figure 8 displays the results of varying 
the adsorption percentage about the solution’s 
pH. The graph shows the significant impact of 
the character of the mixture on the adsorption of 
MG by the adsorbate. As a result, effective dye 
retention is observed over a pH range from 8 to 10, 
with particularly remarkable performance at pH 
10. Above this pH range, a decrease in retention 
efficiency is observed. To explain the effect of 
solution pH on these interactions, the pH value of 
the zero charge point pHpzc was used. Since the 
pHpzc of the solid used is 7.3, the surface of the 
adsorbent is positively charged when the pH of 
the solution is below this value and is negatively 
charged when the pH of the solution is above this 
value. As the dye used is cationic, its dissolution 
releases positively charged ions, so hydrophobic 
and chemical interactions could be the main 
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adsorption forces in the pH range below pHpzc. The 
significant retention of the dye at pH values above 
pHpzc can be explained by electrostatic interactions 
between the different charges in the suspension 
and the surface of the adsorbent. In addition, MG 
molecules (pka = 10.3) [6] are protonated in the 
acid medium and deprotonated at higher pH values, 
which explains the decrease in dye retention at pH 
values above 10.

3.3. Thermodynamics parameters 
Figure 9 shows the evolution of ln(Kc) as a function 
of   . The activation energy of the adsorption process 
is determined by applying the Arrhenius equation 
of k = A.e - Ea ⁄ RT. The thermodynamic parameters 
are grouped in Table 2. The results confirm the 
exothermic nature of MG’s adsorption onto the 
adsorbent (ΔH° is negative). A decrease in disorder 
during the adsorption of MG onto the adsorbent is 
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indicated by the negative values of ΔG° and ΔS°, 
which indicate that the process is spontaneous [41]. 
The Arrhenius equation was also used to compute 
the activation energy value, which is less than 40 kj 
mol-1. This suggests that a physisorption mechanism 
underlies the adsorption process.

3.4. Modeling of adsorption kinetics
3.4.1.Pseudo-first-order kinetics
The figure shows the results of these models, with 
the kinetic parameters derived from the slopes and 
intercepts of the theoretical lines. Table 3 shows the 
kinetic parameters derived from the linear Lagergren 
models. The obtained data (Figure 10 and Table 3) 
demonstrate that the experimental points for this model 
are not entirely linear, the experimentally adsorbed 
quantities of malachite green are significantly different 
from the calculated qcal, and the R2 coefficients depart 
considerably from the value of 1. As a result, this 
model cannot explain the outcomes of the adsorption 

of malachite green on our adsorbent.
3.4.2.Pseudo-second order kinetics
 The experimental results were also compared with 
the pseudo-second-order kinetic model Figure 
11. The results obtained for the linear adsorption 
kinetics models are shown in the figure 11.
Table 3 shows the kinetic parameters calculated from 
the slopes and ordinates of the theoretical lines. 
According to Figure 11, the model with the highest 
correlation factor is the pseudo-second-order model. 
The adsorbed quantity values in this model qcal 
are similar to those obtained experimentally qexp, 
with correlation coefficients R2 close to 1. In this 
way, it can be concluded that the pseudo-second-
order model better represents the malachite green 
adsorption process on the SCB solid. It would 
appear that the biosorption of MG molecules by 
the SCB from an aqueous solution proceeds rapidly 
[42]. This result is similar to that observed in other 
research [6].

Table 2.  The thermodynamic parameters
Temperature

(oK)
∆H°ads

(Kj mol-1)
∆S°ads

(jK-1 mol-1)
∆G°ads   

(Kj mol-1) R2 Ea
(Kj mol-1)

298

-25.90 0.49

-26.046

0.998 35.75
303 -26.048
308 -26.051
113 -26.053
318 -26.056

Fig. 10. Application of the pseudo-first-order model on MG-SCB adsorption
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3.4.3.Intra-particle diffusion model
Figure 12 below shows a graphical representation 
of the variation of the amount of dye adsorbed at 
each time qt as a function of the square root of 
time (t1/2). According to these results, the curves 
representing qe = f (t0.5) do not pass through 
the origin, which indicates that the diffusion of 
the dyes into the biomass pores is not the only 
mechanism determining the adsorption kinetics, 
the double linearity of the curves suggests that 
there is a combination of two different steps. 
Therefore, the rate of adsorption kinetics varies 
from one step to the other. Table 4 displays the 
parameters of the intra-particle diffusion model 
for the adsorption of MG on SCB. From these 
results, it can be seen that the diffusion rate 

constant Kd values in the first step are higher than 
those in the second step, which indicates that the 
first step of the dye diffusion kinetics is faster 
than the second step. The first step represents 
the dyes’ diffusion on the adsorbent’s external 
surface. In contrast, the second step reflects 
the diffusion of the dye molecules through the 
internal pores within the biomass particles, 
which is a slower step [43]. Thus, the values of 
the constant C are different from 0; this last one 
expresses the thickness of the diffuse layer; we 
notice that the intra-particle diffusion is not the 
only factor that controls the rate of adsorption of 
malachite green on the adsorbent [44]. Table 4. 
Parameters of the intra-particle diffusion model 
of MG on BCS.

Fig. 11. Application of the pseudo-second-order model on GM-BCS adsorption.
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Table 3.  Kinetic parameters of linear modeling of MG dye adsorption.
Temperature Adsorbed values Pseudo-first order model Pseudo-second order model

 (oK) qexp(mg.g-1) qcal K1 R2 qcal K2 R2

298 12.86 3.54 2.21 0.914 12.50 0.049 0.999
308 12.66 0.1 2.81 0.866 12.50 0.082 0.998
318 12.51 0.01 0.48 0.965 12.50 1.28 0.999
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According to these results, the curves representing 
qe = f (t0.5) do not pass through the origin, which 
indicates that the diffusion of the dyes into 
the biomass pores is not the only mechanism 
determining the adsorption kinetics, the double 
linearity of the curves suggests that there is a 
combination of two different steps. Therefore, the 
rate of adsorption kinetics varies from one step to 
the other. Table 4 displays the parameters of the 
intra-particle diffusion model for the adsorption 
of MG on SCB. From these results, it can be 
seen that the diffusion rate constant Kd values in 
the first step are higher than those in the second 
step, which indicates that the first step of the dye 
diffusion kinetics is faster than the second step. 
The first step represents the diffusion of the dyes 
on the external surface of the adsorbent, while 
the second step reflects the diffusion of the dye 
molecules through the internal pores within 
the biomass particles, which is more of a slow 

step [43]. Thus, the values of the constant C 
are different from 0; this last one expresses the 
thickness of the diffuse layer; we notice that the 
intra-particle diffusion is not the only factor that 
controls the rate of adsorption of malachite green 
on the adsorbent [44].

3.5. Modeling of adsorption isotherm
3.5.1.Langmuir Isotherm
Figure 13 illustrates the modeling results obtained 
from the model, while Table 5 summarizes the 
isotherm’s parameters. The data presented in 
Table 5 shows that the experimental data for MG 
biosorption on biomass is well described. This 
is confirmed by the high value of the coefficient 
of determination (R2 = 0.98), proving that the 
biosorption process occurred in a monolayer 
fashion. In addition, MG dye ions (KL = 0.011 L mg-

1) highly refined the biosorption sites on the biomass 
surface, demonstrating their ability to effectively 
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 T= 25°C  T= 35°C  T= 45°C
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)

t0,5(min0,5)
Fig. 12. Application of the external diffusion model to adsorption MG -SCB

Table 4. Parameters of the intra-particle diffusion model of MG on BCS.
Temperature 1st right 2nd right

(oK) C K1 R2 C K2 R2

298 0.92 2.23 0.917 12.45 0.057 0.65

308 0.95 2.54 0.94 12.29 0.06 0.58

318 0.96 2.53 0.969 12.01 0.07 0.807
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remove dye particles from aqueous solutions 
[18]. Deviations from the linearity of biosorption 
are considered when determining the Langmuir 
isotherm model’s second parameter (dimensionless 
factor RL). The value of RL is between zero and one, 
indicating favorable biosorption [28]. Furthermore, 
the maximum dye adsorption amount predicted by 
this model, qm, closely matches the experimental 
value (qexp:12.84 mg g-1).

3.5.2.Freundlich isotherm
The outcomes of modeling the adsorption 

isotherm of the dye on the adsorbent are depicted 
in the following Figure 14, based on this model. 
According to Sahu and colleagues [45], it has been 
reported that the higher the value of n, the more 
intense the reaction between the adsorbate and the 
biosorbent. In addition, the increase in the R2 value 
(0.98) indicates that multilayer biosorption has an 
impact on the process. This also shows that the 
Freundlich isotherm model accurately illustrates the 
equilibrium of MG biosorption by SCB biomass, 
with a high affinity between the heterogeneous 
biomass surface and the MG particles [45].

Fig. 13. Linear representation of the Langmuir model of MG adsorption on SCB
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Fig. 14.   Linear representation of the Freundlich model of MG adsorption on SCB
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3.5.3. Temkin isotherm 
Figure 15 depicts the outcomes of modeling the 
dye’s adsorption isotherm on the adsorbent, as 
per this model. According to the results in Table 5, 
the Temkin model is suitable for the biosorption 
of MG on biomass, as demonstrated by the high 
R2 value (0.97). This also confirms the possibility 
of heterogeneous sites with different binding 
energies [46]. The higher b-value (187.1 Jmol-1) 
suggests a strong interaction between MG ions and 
different functional groups present on the biomass 

surface, which is associated with the decrease 
of the adsorption heat of ions in the layer [18]. 
Furthermore, the adsorption energy of the dye from 
the aqueous solution, according to the Temkin 
model (bT), is positive, suggesting an exothermic 
nature of the adsorption [47]. According to the 
Langmuir, Freundlich, and Temkin biosorption 
isotherms, the R2 values are all greater than 0.97, 
which suggests that the biosorption process is 
multimechanistic and that it is very likely to be a 
multilayer physisorption.
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Fig. 15.  Linear representation of the Temkin model of MG adsorption on SCB

Table 5. Parameters related to the adsorption models used.

Isotherm Parameters

Langmuir

qm = 12.9
KL=0.011
RL= 0.8

R2 = 0.98

Freundlich

KF = 2.752

  = 0.69

R2 = 0.98

Temkin
AT= 1.15

bT = 187.1
R2 = 0.97
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3.6. Mechanism of MG adsorption on SCB
To propose a mechanism for MG adsorption on 
SCB, Fourier transform infrared spectroscopy 
is a critical study that must be conducted. This 
examination is an essential tool for examining the 
interaction between dye molecules and the solid 
material’s surface-active sites, and it is carried out 
both before and after MG adsorption. Comparison 
of the two FTIR spectra (Fig. 16) reveals neither 
the appearance of new bands nor the disappearance 
of bands previously observed in the raw SCB 
alone. The only change detected is a variation in 
the intensity of the absorption bands. Indeed, there 
is a reduction in the intensity of the broadband 
located between 3374 cm-1, corresponding to the 
elongation of the vibrations of the (OH) groups, 
suggesting a possible involvement of hydrogen 
bonds between the hydroxyl groups on the SCB 
surface and the nitrogen atoms of the MG in the 
adsorption mechanism. In addition, ion exchange 
could occur by replacing the sodium, magnesium, 
and calcium ions present on the biomass cell wall 
with ions from the MG dye [18]. This would also 
be a process of electrostatic interaction, as the 
biosorbent surface is negatively charged at a pH 
above 7.3 (pHpzc); this facilitates the interaction 
of the algal surface with the positively charged 
particles of the MG dye (Schema 2). Thus, it 

can be concluded that hydrogen bonding, ion 
exchange, and electrostatic interaction may all 
play a role in the biosorption of MG dye on SCB 
biomass.

4. Conclusion
The study focused on using SCB sugar cane bagasse 
waste in its natural form to remove the malachite green 
(MG) dye by adsorption in an aqueous medium. The 
physicochemical characterization of the material has 
shown that it is rich in hydroxyl groups present in 
several surface functions, such as acids and alcohols. 
The specific surface of the adsorbent is estimated at 
around 28.44 m2g-1. This surface is opposing at a pH 
greater than 7.3; the biosorbent is rich in oxygenated 
functions such as alcohol, acid, and ether, capable 
of attracting cationic pollutants in an essential 
medium. UV-Vis spectrophotometry is used to 
assess the concentrations of MG dye solutions. 
The performance of BCS in removing MG from 
wastewater was about 12.84 mg g−1, corresponding 
to a removal efficiency of 97% at room temperature. 
The study of the optimization of the conditions 
showed that the adsorption capacity decreases with 
the increase in temperature, which represents a strong 
point for treating this dye. The kinetic and isothermal 
study results clearly showed that the adsorption of 
MG on the biosorbent adhered to the pseudo-second-

4000 3500 3000 2500 2000 1500 1000 500

Ab
s (

u. 
a)

σ (cm -1)

  SCB before ads   SCB after ads

Fig. 16.   FT-IR spectra of SCB before and after adsorption of dye molecules.
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order model. The variations in adsorption and Gibbs 
free energy (ΔG°), entropy (ΔS°), and enthalpy 
(ΔH°) were computed, revealing that the adsorption 
of MG occurs spontaneously through an exothermic 
process. The investigation into the adsorption of MG 
has shown that this material constitutes an adsorbent 
abandonment and is economical and practical for the 
treatment of wastewater loaded with dyes.
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