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Abstract: The presence of cationic dyes; especially the basic ones in an aqueous solution causes several problems. Therefore,
it is necessary to reduce itfrom industrial effluents before being discharged into the environment. This study aimed to
investigate the removal of Basic Blue 41 (BB41) dye from an aqueous solution using agricultural waste as an adsorbent. This
study was conducted in a batch experimental system. The effect of various parameters such as initial dye concentration, pH,
pH,,. and adsorbent dosage was studied. The data were examined by Freundlich, Temkin, Debinin-Radushkevich, pseudo first
order and pseudo second order kinetic, and thermodynamic parameters. The characterization of the adsorbent was determined
by the Scanning Electron Microscopy (SEM), Fourier transform infrared (FTIR) and X-Ray Diffraction (DRX). The results of
this work showed that the Scolymus Maculatus adsorbent was proven most effective in removing Basic Blue 41 from an
aqueous solution at pH=7,09 with 85,14%. The results showed also that the adsorption process follows the Freundlich isotherm
as well as pseudo-second-order kinetic. The results of the thermodynamic process showed that the adsorption is spontancous
and endothermic in nature.
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environment.

Many of these dyes do not only destroy aquatic organisms
but also harm human beings because of their carcinogenic,
mutagenic and teratogenic properties; as well as respiratory
toxicity [4-6]. In addition to that; the presence of dyes in the
effluents reduces the photosynthetic activity in aquatic plants
and thus disturbs the equilibrium of nature [7]. Moreover, dyes
give a significantlybad taste and odor to water bodies [8, 9].

Given the unhealthy consequences of the water pollution
resulting from dyes; removal of these toxic organic dyes
from wastewater is a major problem faced by textile
industries, therefore; it is necessary to find effective ways to
remove them.

There are several available processes for color removal
from wastewater; such as ultrafiltration [10], electrodialysis

1. Introduction

A lot of people throughout the world especially in the
developing countries like parts of Asia and Africa are very
much struggling to get pollution free hygienic water both for
drinking as well as for household use [1]. Water pollution is
one of the most undesirable environmental problems in the
world. Textile industries produce a lot of wastewater; about
700.000 tons of organic dyes every year, 200,000 tons of
these dyes are discharged in wastewater during the
production of textile without any treatment [2]. Wastewater
containing dyes is one of the most serious water pollutions
caused by textile, paper, plastic, leather and other industries
[3]. Generally; they are very stable compounds and thus are
very much difficult to get them removed from the
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[11], electrochemical oxidation [12] and advanced oxidation
processes [13]. Some of these treatment methods have shown
to be effective, however, they have some limitations; such as
the excess amount of chemical usage and lack of effective
color reduction. The adsorption technique is a promising way
to remove dyes and organic compounds from aqueous
effluent [14]. Different types of adsorbents that are used for
the treatment of wastewater contaminated by textile effluents.;
the ones that come in their natural form such as Xanthium
Strumarium L. Seed hull [15] and coconut mesocarp [16],
and others that come in their activated forms such as oxalic
acid treated Artocarpus odoratissimus peel [17], surfactant
treated saponite [18], Modéfication clay mineral boron
enrichment, zeolitic tuff [19], and Prolin polymer [20].

There are few studies related to the use of a type of
Scolymus as an adsorbent to the removal of dyes and metals
[21, 22]. Scolymus Maculatusis is a cost effective plant,
abundant and easily available in the Mediterranean countries,
it is known to be non-toxic as it is used in food [23] and some
medical treatments [24, 25].

The objective of this work is to study for the first time, the
adsorption capacity of Scolymus Maculatus from Algeria; in
the removal of the cationic Basic Blue 41 (BB41).

2. Material and Methods
2.1. Adsorbate

De-ionized water was used throughout the experiments
for solution preparations. The Basic Blue 41 (BB41) was
supplied by FITAL Company, Algeria and was used as
received. The structure of BB41 is shown in Figure 1. A
stock solution of 200 mg/L was prepared by dissolving an
accurate quantity of the dye in distilled water and diluting it
to obtain the experimental solution to the designed initial dye
concentration.
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Figure 1. Chemical structure of basic blue 41.
2.2. Preparation and Characterization of Adsorbent

The Scolymus Maculatus plant was naturally harvested
in July in Ain Defla, Algeria. The sample was washed
several times with distilled water to remove the soluble
impurities, dried at 353 K for 24h [21]. Then the dried
plant was cut into small pieces and powdered using a
mixer. The structure, surface morphology, texture and
porosity of the adsorbent were observed using scanning
electron microscopy (SEM, JEOL JSM 6830), X- ray
Diffraction and FT-IR spectra.

Figure 2. (a) Image of Scolymus Maculatus (b) Scolymus Maculatus powder.
2.3. Batch Adsorption Studies

Batch experiments were conducted to investigate the
parametric effects of contact time, initial dye concentration, the
dose of adsorbent, pH of solution and temperature. We have
followed the same experimental protocolfor all the factors
studied; where samples were prepared from a stock solution
and diluted to the required initial concentration (5-25mg/L).
Samples were withdrawn at the suitable interval and were
separated from the sorbent by centrifugation for 10 minutes;
and their residual dyes concentration was determined by
spectrophotometer UV visible OPTIZEN 3220at A=610nm.

The dye removal percentage can be calculated by the
following equation:

R(%):%*IOO (1)
0
Co -G

qQe =———*V ()
m

Where: C, and C; are the initial and final concentration
respectively, V is the volume of the solution (L) and m is the
adsorbent weight (g).

3. Results and Discussion
3.1. Characterizations of the Adsorbents

The SEM micrograph of the Scolymus Maculatusis
illustrated in Figure 2. It is clear that the adsorbent (Scolymus
Maculatus) has a considerable number of heterogeneous
pores, which indicates that the adsorbent has a porous
structure [26], where there is a good possibility for the dye to
be trapped and adsorbed [27]. In addition, EDX analysis
showed the surfaces of the adsorbent. The presence of carbon
and oxygen was detected. There are also impurities such as
Mg, Ca, Al Si, Fe, Cu, Cl, S and P.

B I T T T

Figure 3. (a) SEM image and (b) EDX of the Scolymus Maculatus adsorbent.



American Journal of Engineering and Technology Management 2022; 7(2): 27-35 29

X- ray Diffraction was used to identify the phases present
in the sample. The measurements were performed using an x-
ray Diffractometer X’Pert-Pro MPD Panalytical with Cu Ko,
radiation scan, and were conducted from (26=5-70°). The
Scolymus Maculatus showed in the Figure 3, a typical
spectrum having two main peaks and secondary ones. The
main peaks are taken as indicative of the presence of highly
organized crystalline while, the secondary peaks indicate that
there is an amorphous structure.

The FT-IR specter of Scolymus Maculatus biomass in the
range of 400-4000 cm™ was taken to obtain information on
the nature of the functional groups at the surface of the
adsorbent. The specter presented in Figure 4 showed broad
and superposed bands around 3500 - 3200 cm™ which could
be due to the over lapping of O-H and N-H stretching
vibration. The specter displays absorption peaks at 2921.45 -
2923.50 cm™ and 2851.99 — 2862.78 cm™ which correspond
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to C-H stretching vibration for CH2 and CH3 respectively.
The adsorption peaks around 1598.86 and 1608.06 cm™ are
indicative of C=C stretching vibrations. The band at 1319.73
cm™ was assigned to C-N for the aromatic amine group. The
biomass surface was slightly shifted to 1319.17 cm™. The
band at 1235.30 cm™ and 1238.49 cm™ are indicated of C-O
of acid groups stretching vibrations.

Figure 4. X-ray diffraction for ScolymusMaculatus before adsorption.
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Figure 5. FT-IR spectra of Scolymus Maculatus before and after adsorption respectively.

3.2. Effect of Contact Time and Initial Dye Concentration

The contact time is an important parameter for economical
wastewater treatment. The effect of contact time on removal
is shown in Figure 5. This figure shows that the adsorption is
very fast in the first 20 minutes of contact. This may be due
to the availability of active sites on the adsorbent at the
beginning of adsorption. Equilibrium adsorption was
established within 75 minutes in the range from 5 to 25mg/L
of BB41.

The yield of removal of the adsorption of BB41 onto

Scolymus Maculatus increased significantly from 75.71 to
86.14% when concentration increased from 5 to 25mg/L as
shown in Figure 5, dye adsorption in primary stages of
treatment was fast and after that became slow near the
equilibrium point which was due to many empty surface sites
available for adsorption in primary stages. As time passes;
occupation of empty maintained surface sites becomes
difficult due to repulsive force between molecules of dye
adsorbed on the solid phase and dye molecules present in the
solution phase.
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Figure 6. The effect of contact time and initial dye concentration on the
removal of BB41 onto Scolymus Maculatus.

3.3. Effect of the Dose of Adsorbent

The effect of the biomass amount on the adsorption of basic
blue 41 (BB41) was examined by varying the amount from 0.5
to 6g/L. the initial concentration was fixed at 10mg/L, the pH
remained without any adjustment at room temperature and a
time of 75min. Data obtained from experiments are presented
in Figure 5 which shows that the increasing adsorbent dosage
resulted in a sharp increase in the adsorption yield. The
adsorption yield increased from 63.68 to 85.14% when the
adsorbent dosage increased from 0.5 to 4g/L. This result could
be due to an increase in the number of the possible binding site
and surface area of the adsorbent [21]. A further increase in
biomass concentration over 4g/L to 6g/L causes a decrease in
adsorption yield, and that could be explained as a consequence
of a partial aggregation of biomass.
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Figure 7. The effect of dose of adsorbent on the removal of BB41 onto
Scolymus Maculatus.

3.4. pH Effect

The pH is one of the most important factors affecting the
adsorption process. In order to study the influence of pH on the

BB41 removal on Scolymus Maculatus, experiments were
carried out over a pH range of 4-9. The Figure 8 indicates that
in the acidic range (<7.09) the pH has a strong effect on the
adsorption process; reaching an optimal value of pH =7.09.
However, for a pH between (7.09 and 9.01) the removals
decrease. The isoelectric point of Scolymus Maculatus was
found to be at a pH of 6.56 (Figure 7), this result demonstrates
that the Scolymus Maculatus surface has a positive charge
when pH values less than the point of zero charges is
(pH,=6.93), and thus should be able to absorb anions.

Figure 7 shows an increase in the rate of removal of BB41
in a pH range between 4.1 and 7.09, the maximum value is
82.72% for a pH equal to 7.09, and beyond this value, we can
observe a free fall in basic Environment. We can conclude
that the molecular form has better retention than the cationic
form. Similar studies [28, 29] indicated that when the values
of pH increased; the basic blue 41 removals in Scolymus
Maculatus adsorbent decreased.
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Figure 8. Effect of pH solution on adsorption of BB41 on Scolymus
Maculatus (a) and (b) at the point of zero charge.

3.5. Adsorption Isotherms

The analysis of the isotherm data is fundamentally
important to determine the adsorption capacity of the
adsorbent. The adsorption equilibrium is reached when the
concentration of adsorbate in bulk solution is in dynamic
balance with the one in the liquid-adsorbent interface.
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Several isotherms of adsorption equilibrium were applied for
the analysis of this equilibrium data. In this work, models
such as Freundlich (Freundlich, 1906), Temkin, and Dubinin-
Radushkevich were used to describe the data derived from
the adsorption of basic blue 41 onto Scolymus Maculatus.
The empirical equations of the Freundlich model [30] are
based on sorption on a heterogeneous surface, and suggested
that the model be adsorbed in monolayer or multilayer. The

linear Freundlich equation is given by the following equation:

Inq, =InK; +llnCe 3)
n

Where q.: is equilibrium dye concentration on adsorbent
(mg/g), C. is the equilibrium dye concentration in solution
(mg/L), Ky (mg/g) (L/g”“) is the Freundlich constant related
to adsorption capacity, and n is the heterogeneity factor.

The Freundlich isotherm constants Ky and n were
calculated from the slope and the intercept of the plot
between Ln q. and Ln C..
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Figure 9. Freundlich plot for the adsorption of basic blue 41on Scolymus
Maculatus.
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Figure 10. The linearized Temkinisothermfor the adsorption of basic blue
41on ScolymusMaculatus.

The Temkin isotherm suggests that the adsorption heat of
molecules decreases for the first adsorbed layers of the dye
and then increases.

The Temkin equation is given by:

4e =~LoLnA,*C, @)
by

Where br(J/mol) is a constant related to the adsorption
heat and Ar (L/mg) is the isotherm constant. The Temkin
isotherm constants b and At were determined from the slope
and the intercept of the plot between g, and Ln C..

The Dubinin-Radushkevich (D-R) isotherm model [31]
focuses on the heterogeneity of the surface energies and has
the following expression:

Lnq, = Lnq,, —B*sz (5)

—_ * _L
€ =RT*Ln(l C ) 6)

(4

Where q,, is the maximum adsorption capacity (mg/g), B is
a coefficient related to the mean free energy of adsorption
(mol*/J%), ¢ is the polarity potential (J/mol), R is the gas
constant (8.314J/mol.K), T is the temperature (K), and C, is
the equilibrium concentration (mg/L).

The D-R constants can be determined from the intercept
and the slope of the plot between Ln g, and & (Figure 9). For
B value obtained; the adsorption energy can be calculated
using the following relationship.

Ezﬁ 7

It is important to present the D-R isotherm in this study
because it can be used to estimate the type of adsorption. If
the E is between (8 and 16 KJ/mol) range, the adsorption
process can be explained to be chemisorption, while for
values of E < 8KJ/mol, the adsorption process is physical in
nature.
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Figure 11. The linearized D-R isotherm for the adsorption of basic blue
41on Scolymus Maculatus.
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The parameters of the different isotherms are shown in the
table below.

The Freundlich isotherm showed a good fit to the
experimental data with a high correlation coefficient (0.998).
Values of n between 1 and 10 (1/n less than 1) represent
favorable adsorption.

The correlation coefficient for the Temkin isotherm model

(0.946) indicates that the adsorption process was characterized
by the uniform distribution of bending energy, and to
distinguish between chemical and physical adsorption on the
heterogeneous surface; the equilibrium data were tested with
the D-R isotherm model. The estimated values of energy E
were found less than 8 KJ/mol which means that adsorption of
basic blue 41 on Scolymus Maculatusis physical in nature.

Table 1. Isotherm Parameters for the adsorption of basic blue 41 dye on Scolymus Maculatus.

Freundlich Temkin D-R
r’ 1/n Ky (mg/g) (L/g"™) r’ br (J/mol) Ar (L/mg) r’ qs (mg/g) B E (Kj/mol)
0.998 0.94  1.0691 0.946  861.5 1.957 0.92 5332 0.337 1218
. L. t 1 t
3.6. Adsorption Kinetic P B +— ©)
@ (Ky*ql) a

Legergren’s pseudo order equation is widely used to
investigate the kinetics of the adsorption process from
aqueous solution. In this work, pseudo-first-order and
pseudo-second-order processes was used to describe the
adsorption process of Basic blue 41 onto Scolymus
Maculatus, using the following equations:

Pseudo first order [32], Pseudo second order [33].

Where; q; and q. are the amounts of BB41 adsorbed
(mg/g) at time t (min) and equilibrium, respectively. The
K, (min") and K, (mg/g.min) are the rate constants of the
pseudo-first-order and pseudo-second-order
adsorptionmodels, which are determined from the slope of
the linear plot of log (qc.-q,) versus t and the intercepts of

K. *t the lines t /q, versus t respectively for the five
log(q. —q,) =log(q.)-— (8)  concentrations used.
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Figure 12. Kinetic model for the BB41 adsorption on the ScolymusMaculatus.
Table 2. Kinetic parameters for the adsorption of BB41 onto Scolymus Maculatus adsorbent.
Concentration Pseudo premier order Pseudo second order
(mg/L) K, (min™) qe(mg g") r’ K; (g mg” min™) g (mgg')  h=Kiq. r’
5 0,1704 1,4347 0,833 0.07 1.216 0.08512 0.972
10 0,1589 0,9125 0,979 0.05 2.329 0.11645 0.995
15 0,1296 0,7819 0,986 0.035 3.460 0.1211 0.995
20 0,1301 0,7408 0,972 0.03 4.537 0.13611 0.996

According to r* values (Table 2), the BB41 adsorption is
well described by the pseudo second order kinetic model.
The calculated adsorption capacities were acceptable
compared to the experimental ones; the results suggest that
the sorption process was controlled by chemical adsorption

[33]. The rate constant generally decreased with the increase
of the initial dye concentration. Similar fitting of pseudo-
second-order has also been reported for the adsorption of
AG25 polyaniline composite [34] and adsorption of MB
using activated coconut shell [35].
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3.7. Thermodynamic Parameters

Thermodynamic parameters such as enthalpyAH®, entropy
AS° and free energy of Gibbs AG® were determined using the
following equations:

_q
K4 —C_Z (10)
AH® = -RT*LnK, an
AG® = AH® —TAS® (12)
Lok, = -2, A5 (13)
RT R

Where: Ky is the thermodynamic equilibrium constant
(L/g), R is the universal gas constant (8.314 J.mol/K) and T
is the solution temperature in K.

The enthalpy (AH°) and entropy (AS°) were estimated
from the slope and the intercept of the plot Ln K4 versus 1/T
respectively (Figure 13).
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Figure 13. The plot of In Kp vs 1/T for Basic Blue 41 onto Scolymus
Maculatus.

Table 3. Thermodynamic parameters for the adsorption of the BB41dye onto
Scolymus Maculatus.

parameters

T(°C) AG°(kJ mol™) AH°(kJ mol’)  AS°(KJ mol!) r?
22 -0,415

30 -0,5878 0.98
o 10,8038 5.957 0.219 5
50 -1,020

The negative values of AG® Table 3 indicate that the
adsorption of BB41 onto Scolymus Maculatusis
thermodynamically stable and spontaneous [36], it is also
noticed that AG® values decreased from -0,415 to -1,0198
KJ/mol with increasing temperature which can be explained
that the adsorption became lower at higher temperature as the
overall reaction is endothermic.

The value of AH® was found to be 5.957 KJ/mol which
demonstrates that the adsorption of BB41 onto Scolymus

Maculatusis endothermic in nature and controlled by
physisorption involving weak secondary forces of attraction
[37-39]. The positive value of AS® (21.95 KJ/mol) reflects an
increase in the degree of translational freedom at the solid-
liquid interface.

4. Conclusion

Scolymus Maculatus, is a green, cost effective material and
easily available, was found to be very effective adsorbent for
the removal of Basic Blue 41 from aqueous solution. The
equilibrium sorption of basic blue 41 by Scolymus Maculatus
was explained using the Freundlish, Temkin and D-R
isotherms. Freundlich isotherm was found to be the best fit
(*=0.998) isotherm suggesting the multilayer coverage of
BB41 by Scolymus Maculatus. The kinetic data show that the
adsorption process follows a pseudo second order model. The
thermodynamic study shows that the adsorption is spontaneous
and endothermic, the small values of the heat of adsorption
confirms well that the interactions between the dye molecules
and the surface of Scolymus Maculatus are physical in nature.
The same result was found by D-R isotherm model.
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