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a b s t r a c t
This research aims to assess the employability of fava bean peels (FBP) as low-cost adsorbents in 
the removal of Brilliant Green (BG) and Eriochrome Black T (EBT) from aqueous solutions and 
therefore in colored wastewater treatment. Scanning electron microscopy (SEM) and Fourier 
transform infrared spectroscopy (FTIR), and pHPZC were used to characterize these materials. 
The constants of Langmuir, Freundlich, and Dubinin-Radushkevich have all been determined. 
The adsorption capacity of BG and EBT was 28.14 and 7.91 mg g–1, respectively, at 5 g L–1 FBP 
dose, 40 mg L–1 initial dye concentration, temperature 20°C, and contact time BG (80 min) and 
EBT (40 min). The calculated thermodynamic parameters indicated that adsorption of BG was 
endothermic and exothermic for EBT. The isotherm studies show that the adsorption experimen-
tal data of both dyes are fitted well by the Freundlich isotherm model. The adsorption of the two 
dyes studied on fava bean peels is perfectly described by a pseudo-second-order kinetic model. 
Cyclic experiments have indicated that the current bio-adsorbent can be effectively reused to 
remove BG and EBT from aqueous solutions. Removal efficiencies remained above 84% and 10% for 
BG and EBT respectively even after four adsorption–desorption cycles. As a consequence of these 
relevant results, our inexpensive and environmentally friendly material could provide enormous 
application prospects in large-scale wastewater treatment in the industrial level.
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1. Introduction

Today, the biggest problem for the environment and 
ecosystems is water pollution, which is considered an indis-
pensable element of all socio-economic activities, regardless 
of the degree of the country’s development. Industries often 
produce liquid pollutants loaded with mixtures of dyes, 
acids, bases, and soluble solids [1]. The textile industry is 

the most important in terms of using dyes to color fibers 
out of all the industries [2]. Some dyes have been muta-
genic and carcinogenic [3,4]. Alteration of kidney, liver, 
brain, reproductive and central nervous system functions 
are among the effects of dyes in humans [5]. Brilliant green 
is a very controversial dye due to its negative effects on the 
immune and reproductive systems [6]. When consuming 
the dye orally, it may cause nausea, coughing and shortness 
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of breath, diarrhea, and vomiting and brilliant green can 
also cause eye burns responsible for permanent eye dam-
age in humans and animals [7,8]. It is also considered 
highly toxic to the lungs when inhaled [9]. Furthermore, 
the color of BG in wastewater reduces light penetration 
[10], preventing aquatic plants from photosynthesis, which 
can be hazardous to the environment. Eriochrome Black T 
is commonly used as a complex metric detector to deter-
mine water hardness [11]. Its release into water resources 
has affected aquatic life by limiting the reoxygenation 
capacity of water bodies and the photosynthetic capacity 
of aquatic plants [12,13]. Thus, human exposure to EBT 
dye is harmful and can cause serious health problems [14].

Therefore, to protect human public health and the 
receiving ecosystem, the effluent must be adequately 
treated before its release into the environment. It is, there-
fore, necessary to reduce pollution by setting up an appro-
priate treatment system including a discoloration unit.  
A wide variety of physicochemical and biological techniques 
have been developed and have shown great discoloration 
efficiency [15], in particular coagulation- flocculation [16], 
oxidation [17,18], membrane filtration [19], and aerobic 
and anaerobic biological treatment [20]. However, there are 
several technical and economic constraints to these proce-
dures, such as cost, sludge generation, and low biodegrad-
ability [21].

Adsorption has gained importance as the most desir-
able technique for the treatment of wastewater loaded with 
organic and inorganic substances [22,23], due to its low cost 
of operation and maintenance, ease of handling, simplicity 
of design, its profitability, its large adaptability and its excel-
lent performance [24,25]. As well as the adsorption process 
does not cause any side effects or toxicity to the water [26]. 
However, the efficiency of adsorption depends on adsor-
bents which have high adsorption capacity, selectivity and 
are efficient, economical, and robust which can be recycled 
many times [27,28]. Bio-adsorbents from residual biomass 
sources are economical, renewable, and environmentally 
friendly for wastewater treatment. Therefore they have 
attracted attention in recent years, with an accentuation on 
the use of crude lignocellulosic biomass as raw materials for 
the production of new adsorbents [29]. Several authors are 
directed to the study of dye adsorption over various natural 
materials such as clays [30–37], bagasse agricultural mate-
rials of sugarcane [38], corn cobs [39], coconut shell [40], 
potato peels [41], industrial wool waste [42], fly ash [43], 
blast furnace sludge [44], etc.

The adsorptive removal of BG and EBT dye using locally 
available and modified adsorbents has been described by 
several authors among which manganese oxide-coated 
zeolite [45], Acid modified grapheme [46], the yellow pas-
sion fruit peel ‘Passifora edulis f. Flavicarpa’ [47], orange peel 
and orange peel-modified chemically [48], clay [49,50], Pinus 
roxburghii leaves [51], Sandpaper wastes [52], Bambusa 
Tulda [53], lawsonia inermis seed powder [9], Ferroferric 
oxide/polypyrrole composites [23], Limestone chitosan 
alginate nanocomposite [54], etc.

The originality of this study is justified by the fact 
that it is an integrated part of the agri-food waste recov-
ering process in an experimental project exploiting the 
adsorption phenomenon, to propose a contribution to the 

total or partial elimination of a dissolved dye with ratio 
cost-effectiveness. For that, we used fava bean peels (FBP) 
as an inexpensive and very abundant adsorbent material 
in North Africa, especially in Morocco for the removal of 
the basic dye Brilliant Green (BG) and the acidic dye Black 
Eriochrome T (EBT).

The main purpose of our work is to evaluate the fava 
bean peel’s adsorption capacity concerning two organic 
dyes, namely Eriochrome Black T (EBT) with anionic 
character and Brilliant Green (BG) with a cationic char-
acter. Scanning electron microscopy-energy dispersive 
X-ray (SEM-EDX), Fourier transform infrared (FTIR), and 
point of zero charges (pHpzc) measurements were used to 
characterize the adsorbent. Various experimental param-
eters were analyzed such as the effect of the dye initial 
concentration, temperature, contact time, adsorbent dose, 
pH solution, and ionic strength. The adsorption capacity 
of the fava bean peels was studied using the isotherms of 
Langmuir, Freundlich, and Dubinin–Radushkevich. The 
pseudo-first-order, pseudo-second-order, and intraparticle 
diffusion models were used to study adsorption kinetics. 
Also, that thermodynamic study and regeneration were 
evaluated.

2. Materials and methods

2.1. Preparation of adsorbed solution

We investigated two dyes; Brilliant Green (cationic) 
and Eriochrome Black T (anionic) were used without puri-
fication in this study. The stock solution was prepared 
by dissolving a quantity of the two dyes weighed accu-
rately to obtain a concentration of 100 mg L–1. Diluting the 
stock solution with distilled water yielded the required 
concentration experimental solutions.

2.2. Preparation of the adsorbent

The fava bean peels were collected and washed with tap 
water many times to remove any dust or adherent impu-
rities, then it was rinsed with distilled water three times, 
air-dried, and put in an oven at 60°C/24H. The material 
has been crushed and sieved to a particle size of less than 
250 μm. Finally; the material was stored and preserved to be 
used later on.

2.3. Characterization technique

The chemical structure of FBP was analyzed using 
the KBr pellet method onto a BRUKER (Vertex70) Fourier 
Transform Infrared (FTIR) spectrometer, in the wavelength 
range 4,000–400 cm–1. The surface morphology of FBP was 
analyzed using scanning electron microscopy (SEM) cou-
pled with energy-dispersive X-ray spectroscopy (EDX). 
The use of these approaches allowed researchers to see the 
surface morphology of adsorbents. The SEM observation 
was carried out at the UATRS Materials platform.

The point of zero charge pHpzc is a very important char-
acter of the surface; it corresponds to the pH value for which 
the surface charge of the adsorbents is zero. So this parame-
ter characterizes the alkalinity or the acidity of the surface. 
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At pH below pHpzc, the surface charge is positive and, at pH 
above pHpzc, it is negative. A very simple method was applied 
to determine the pHpzc in beakers of 200 mL one introduces 
100 mL of NaCl (0.01 M) by adjusting the pH to the desired 
value by adding NaOH or HCl (0.1 M). Then 0.2 g of the 
material to be characterized is added to each beaker. The set 
was left under constant stirring for 24 h, and the final pH 
is then determined. By plotting ΔpH (pHf – pHi) as a func-
tion of the adjusted pHi, the intersection of the curve with 
the axis that passes through zero gives the isoelectric point.

2.4. Adsorption procedure

All adsorption experiments were performed in a batch 
system: the objective is to study the effect of the initial dye 
concentration (20–30–40 mg L–1), the dose of the fava bean 
peels powder (1–5 g L–1), the contact time (0–120 min), 
the solution temperature (20°C–60°C) and the pH (2–12). 
Adsorption tests were performed in beakers containing 
200 mL of the colored solution with constant stirring. The 
samples were taken every 5 min, subsequently, the adsor-
bent was separated from the stained solution by filtration 
in a centrifuge at 60 rpm for 3 min, and then the concen-
tration of Brilliant Green and Black Eriochrome T dyes 
was then evaluated using a UV-visible spectrophotome-
ter (Selecta Vr-2000 spectrophotometer) to measure the 
absorbance of the solution at the maximum wavelengths 
of 625 and 520 nm, respectively. All experiments were 
performed in duplicate.

The following equation is applied for calculating 
the adsorption quantities from the change in solution 
concentration:

q
C C V
m

mg/g( ) =
−( )0  (1)

where q is the adsorption amount (mg g–1), V is the solu-
tion’s volume (L) and m is the adsorbent mass (g), C0 is 

the initial concentration of dye (mg L–1), and C is the final 
dye’s concentration in an aqueous solution after phase 
separation (mg L–1).

3. Results and discussion

3.1. Characterization of the adsorbent

The presence of the bond characterizing fava bean peel 
powder is confirmed by the absorption bands observed 
(Fig. 1). We focus on a few of these groups: the intense 
absorption band at 3,289 cm–1 can be attributed to the O–H 
stretching vibration of the water of constitution [55], the 
band 1,698 cm–1 shows a C–C symmetric plane [56]. The 
band at 1,607.21 cm–1 is attributed to the stretching vibra-
tion of the (C=O) and (C=C) bonds [57]. The bands 1,520 
and 1,427 cm–1 are assigned to the C=C stretching of the 
lignin [58,59]. The band 1,314 cm–1 corresponds to the 
C–H stretch of cellulose [58]. The bands observed at 1,155, 
1,022, and 927 cm–1 could represent the C–O–C of cellulose 
[58,60]. Also, the presence of absorption band assigned to of 
plane bending vibration of O–H is located at 765 cm–1 [61].

In the images Figs. 2a and 2b, we can observe microcavi-
ties on the adsorbent surface, which seems to indicate a very 
porous irregular structure favorable for good diffusion of the 
dye molecules. The weight percentage of chemical compo-
sitions available at the surface was determined employing 
energy dispersive spectrometer (EDX) analysis. The results 
grouped in Fig. 2c indicate that the material contains mainly: 
carbon (35.32 wt%), oxygen (61.40 wt%), and low content of 
calcium (2.35 wt%) and magnesium (0.93 wt%).

3.2. Effect of initial concentration and contact time

The effect of the initial concentration and the con-
tact time on the biosorption of the two dyes, Eriochrome 
Black T and Brilliant Green, by fava bean peels were stud-
ied, and the results are represented in Fig. 3. The latter 
shows that the amounts of the dyes’ adsorption increased 
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Fig. 1. Fava bean peels powder FTIR.
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progressively with the two dyes concentration increasing, 
and the adsorption equilibrium time is reached after 80 min 
of contact for the adsorption of BG and after 40 min for the 
adsorption of EBT. This difference is linked to the struc-
ture and nature of the molecules. The adsorbent amount at 
20, 30, and 40 mg L–1 were found to be 14.10, 21.34, and 
28.14 mg g–1 for BG and 5.40, 7.12, and 7.91 mg g–1 for EBT, 
respectively. Compared to the results of the two dyes, it 
is found that the adsorbed amount of Brilliant Green was 
greater than the Eriochrome Black T. This may be due to the 
reason that since FBP is acid; there may be the presence of 
certain irremovable acid groups on the surface of the FBP 
which would have been involved in forming a covalent 
bond with the basic dye molecules effectively compared to 
the acidic dye molecules [62].

3.3. Effect of adsorbent dosage

The adsorption capacities of Brilliant Green and Erio-
chrome Black T on FBP decrease from 14.10 to 3.67 mg g–1, 

and from 4.56 to 1.32 mg g–1, respectively, in increasing 
the adsorbent dose from 1 to 5 g L–1. The results, shown 
in Fig. 4, reveal a considerable decrease in the amount 
adsorbed as the adsorbent dose is increased. As the amount 
of adsorbent increases, the number of active sites available 
for adsorption also increases. In the meantime, the adsorbed 
amount was reduced by increasing the dosage, because 
some available sites on the surface adsorbent had not been 
saturated and the adsorbate/adsorbent ratio decreased [63]. 
These results indicate that the optimum dose of our FBP 
biosorbent is on the order of 5 g L–1.

3.4. Effect of temperature

To determine how temperature can affect Brilliant 
Green and Eriochrome Black T dye biosorption, experi-
ments were conducted from 20°C to 60°C by fixing the initial 
concentration of the two dyes at 20 mg L–1.

The results presented in Fig. 5 show that temperature has 
no effect on the amount adsorbed of Brilliant Green, whence 

100 μm 30 μm

(b)(a)

Fig. 2. SEM microscopy (a and b) coupled by EDX (c), for FBP.
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the adsorption capacity remains constant with increasing 
temperature, while the amount adsorbed of Eriochrome 
Black T decreases slightly from 1.32 to 0.78 mg g–1. This 
suggests that the interaction of the adsorbent/adsorbate is 
endothermic nature for BG and is exothermic nature for EBT.

Güzel et al. [64] have reported that this thermody-
namic phenomenon can be explained by the fact that an 
increase in temperature adds strength to the rate at which 
the adsorbate molecule diffuses through the outer bound-
ary region, and inner pores of the adsorbent particles, due 
to the low viscosity of the solution. In general, the higher 
temperature leads to an enhancement in the amount of 
adsorption due to the movement of the adsorbate mol-
ecule, which also increases with temperature.

3.5. Effect of pH

The solution’s pH is an important parameter that con-
ditions the state of the surface charge of both the adsor-
bent and the adsorbate. Its effect on the adsorption of BG 
and EBT was examined using the same solid–liquid ratios 
as in the kinetic study. The initial concentration of the two 
dyes was set at 20 mg L–1. The explored pH was adjusted 
from 2 to 12 by adding HCl (0.1 N) and NaOH (0.1 N). 
The stirring time is that corresponding to the equilibrium 
time of each dye.

The effect of pH on the adsorption of BG and EBT on FBP 
is studied in Fig. 6a. The adsorption capacity of BG increases 
slightly with increasing pH and indicates a maximum value 
of 3.66 mg g–1 at pH = 12. On the other hand, a decrease 
in the adsorbed quantity of EBT is observed, going from 
3.06 to 0.73 mg g–1 when the pH of the solution increases.

To better illustrate these results, we have determined 
the point of zero charges (PZC). The FBP’s pHpzc is equal 
to 4, which means that the adsorbent surface is nega-
tively charged at pH > 4 and positively at pH < 4 (Fig. 6b) 
[65]. When the pH is higher than the pHpzc of our mate-
rial, its surface is negatively charged, and the cationic dye 

(BG) molecules in the solution are positively charged. 
Adsorption can therefore be considered through electro-
static interactions between different charges of adsor-
bent FBP and adsorbate BG. These interactions increase 
with increasing pH because the FBP surface area loading 
becomes negative as the solution becomes more and more 
basic. While the negative charges (OH–) increase as the 
pH increases, which prevents adsorption of the anionic 
dye due to the electrostatic repulsion between the surface 
of the FBP and the Eriochrome Black T molecules [66].

3.6. Adsorption kinetics

The adsorption kinetics studies are performed to pro-
vide information on the adsorption amount, to determine 
the time required to reach the equilibrium state between 

1 2 3 4 5

2

4

6

8

10

12

14

q e
(m

g.
g-1

)

Dose (g/L-1)

 BG
 EBT

Fig. 4. Effect of adsorbent dose. Interval adsorbent dose 
(1–5 g L–1), C0: [BG] = [EBT] = 20 mg L–1, V = 200 mL, T = 20°C ± 2°C.

0 20 40 60 80 100 120

0

5

10

15

20

25

30

q t
(m

g.
g-1

)

Time(min)

 [BG]=20mg.L-1 [BG]=30mg.L-1 [BG]=40mg.L-1

[EBT]=20mg.L-1  [EBT]=30mg.L-1 [EBT]=40mg.L-1

Fig. 3. Effect of contact time, and initial concentration of BG and 
EBT dyes. Interval Ci = (20–40 mg L–1), w = 0.2 g, V = 200 mL, 
T = 20°C ± 2°C and stirring time 120 min.

20 30 40 50 60
0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

q e
(m

g.
g-1

)

Temperature(°C)

 BG
 EBT

Fig. 5. Effect of temperature. Interval of temperature (20°C–60°C), 
w = 1 g, C0: [BG] = [EBT] = 20 mg L–1, V = 200 mL.



L. Nahali et al. / Desalination and Water Treatment 245 (2022) 255–269260

two phases, as well as the effluent adsorption equilibrium 
constants.

The kinetics of dye adsorption on adsorbent supports is 
required for selecting the optimal operating conditions for 
large-scale processing.

Three classical kinetic models: the pseudo-first-order, 
the pseudo-second-order, and the intraparticle diffusion 
models were used to test the experimental data on dye 
adsorption by fava bean peels.

The first-order model is based on the adsorbed quan-
tity and the first-speed equation, as expressed by Lagergren 
[67] and cited by Ru-Ling et al [68]. The following relation 
represents this model [69]:

ln lnq q q K te t e−( ) = − 1  (2)

where K1: constant rate of Lagergren’s first order (min–1), 
qt and qe: are adsorbent amount at time t and equilibrium 
(mg g–1), t: time of contact (min).

We can determine the adsorption rate constant K1 by 
plotting ln(qe – qt) as a function of time t.

The reaction rate of the pseudo-second-order kinetic 
model is proportional to the amount adsorbed on the adsor-
bent’s surface and the amount adsorbed at equilibrium. 
This model can be represented in the following form [70]:

t
q K q

t
qt e e

= +
1

2
2  (3)

where K2: constant rate of pseudo-second-order (g–1 mg min); 
qe: the amount of adsorbate in the adsorbent at equilibrium 
(mg g–1); qt: the amount of adsorbate in the adsorbent at 
time t (mg g–1); t: time of contact (min).

The slope and y-intercept of the line t/qt as a function 
of t can be used to determine the adsorbed quantity at 
equilibrium qe and the pseudo-second-order constant K2.

The intra-particle diffusion model or Weber-Morris 
model assumes that the diffusion process is the only step 

controlling adsorption [71]. This model can be tested by 
applying the following equation [67]:

q k t It p= +1 2/  (4)

where qt is the amount of solute on the adsorbent sur-
face at time t (mg g–1), kp is the intraparticle rate constant 
(mg g–1 min1/2), t is the time (min), and I (mg g–1) is a con-
stant that gives an idea about the thickness of the boundary  
layer.

The intraparticle diffusion rate constant kp and the 
constant I were calculated from the slope of the line obtained 
by plotting qt and t1/2.

Fig. 7 represents the three models of the adsorption 
kinetics of BG and BET on FBP. The three parameters of 
the kinetic model have been collected in Table 1, which 
also shows the determination coefficients and the amount 
adsorbed by the two dyes studied (BG and EBT). From 
these results, we can see that in the case of intraparticle 
diffusion and pseudo-first-order kinetics models, the quan-
tity adsorbed by the experimentally determined equilib-
rium differs from that calculated, on the other hand, the 
adsorption quantity values of the two dyes calculated from 
the pseudo-second-order model are closest to those deter-
mined experimentally, indicating the advisability of using 
this model to describe the adsorption of Brilliant Green and 
Eriochrome Black T by the FBP material.

The determination coefficients of the pseudo-second- 
order model are of the order of 0.99. For the pseudo-first- 
order model, the determination coefficients are between 
0.43 and 0.85 for the BG and EBT. These results confirm 
that the adsorption kinetics of BG and EBT on the fava bean 
peels obey the pseudo-second-order model. In addition, the 
equilibrium adsorption capacity (qe) of the pseudo- second-
order closely corresponded to the experimental values 
(qe,exp). These results indicate that the limiting step of this 
adsorption could be chemisorption.
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Fig. 7c shows the plot of the intraparticle diffusion 
model applied to the system studied. It can be observed that 
the linear traces did not go through the origin, indicating 
that the intraparticle diffusion was not the only step that 
controls the rate of adsorption of the two dyes on FBP [72]. 
The graphs demonstrate that in the adsorption process, 
there are two stages of diffusion: the first is due to external 
diffusion of BG and EBT molecules on the surface of FBP, 
and the second is due to intraparticle diffusion, which is 
a delayed process due to the low dye concentration in the  
solution.

3.7. Adsorption isotherms

Isothermal models are generally used to describe 
the relationship between the adsorbed amount and the 
solute concentration in a given solution at adsorption 
equilibrium and constant temperature [73].

The study of the two dyes’ adsorption isotherms on 
our material is carried out using different concentrations 

of adsorbate and an adsorbent dose of 5 g L–1. In a beaker 
containing 200 mL of solution, the experiments were car-
ried out. To ensure that the adsorption/desorption equi-
librium was established, the adsorbent and adsorbate 
were in contact for 120 min with constant agitation.

The fixation data of the two dyes on FBP are processed 
using Langmuir, Freundlich, and Dubinin–Radushkevich 
linear equations.

The Langmuir model is a very simple mono-layer 
adsorption model. It assumes that adsorption occurs at 
specific and homogeneous adsorption sites within the 
adsorbent. Langmuir’s linear form is expressed by the 
following equation [71,74]:

C
Q K Q

C
Q

e

e L

e= +
1

max max

 (5)

where Ce: Equilibrium concentration (mg L–1), Qe: adsorp-
tion capacity at equilibrium (mg g–1), Qmax: is the maximum 
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Table 1
Comparison between the intraparticle diffusion model, pseudo-first-order and pseudo-second-order adsorption constant rate, 
calculated and experimental qe values for different initial BG and EBT concentrations

C0  
(mg L–1)

qe,exp  

(mg g–1)

Pseudo-first-order Pseudo-second-order Intraparticle diffusion

qe  
(mg g–1)

K 
(min–1)

R2 qe(cal)  
(mg g–1)

K2 
(g mg–1 min–1)

R2 Kp1  

(mg g–1 min1/2)
I (mg g–1) R2

BG
20 16.69 6.079 0.034 0.65 15.15 0.009 0.99 0.83 6.57 0.99
30 21.69 7.493 0.036 0.65 22.72 0.008 0.99 1.035 12.156 0.99
40 28.83 6.353 0.02 0.43 29.41 0.005 0.99 0.938 18.489 0.94

EBT
20 5.40 1.263 0.041 0.85 5.524 0.106 0.99 0.213 3.85 0.94
30 7.12 1.562 0.063 0.83 7.246 0.124 0.99 0.277 5.327 0.95
40 7.91 1.844 0.062 0.75 8.064 0.098 0.99 0.348 5.663 0.95

0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8

1.0

1.5

2.0

2.5

3.0

3.5

4.0
 BG

Ln
(Q

e)

Ln(Ce)

y=1.405x-0.150
R2=0.99

(a)

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6
0.7

0.8

0.9

1.0

1.1

1.2

1.3  EBT
Ln

(Q
e)

Ln(Ce)

y=0.354x+0.016

R2=0.997

(b)

Fig. 8. Isotherm of Freundlich of BG adsorption (a) of EBT adsorption.

2 4 6 8 10 12 14 16
0.2

0.4

0.6

0.8

1.0

1.2

1.4
 BG

C
e/Q

e

Ce

(a)

y=0.975x-0.046
R2=0.39

5 10 15 20 25 30 35
1

2

3

4

5

6

7  EBT

C
e/

Q
e

Ce

(b)

y=-0.180x+7.215
R2=0.76

Fig. 9. Isotherm of Langmuir of BG adsorption (a) of EBT adsorption (b).



263L. Nahali et al. / Desalination and Water Treatment 245 (2022) 255–269

adsorption capacity (mg g–1), and KL: is the equilibrium 
constant related to the affinity between adsorbent and 
adsorbate (L mg–1).

The line is obtained by plotting Ce/Qe as a function of Ce.
The Freundlich isothermal model suggests that the 

adsorption surface is heterogeneous with sites of different 
adsorption energies. The following equation expresses the 
linear Freundlich form [75]:

ln ln lnQ K
n

Ce f
f

e= +
1  (6)

where Kf: is the Freundlich constant and 1/nf is the adsorp-
tion intensity. If 1/n < 1, the process is favorable and if 
1/n > 1, it represents unfavorable conditions [76]. Qe: the 
capacity of adsorption at equilibrium (mg g–1), Ce: equi-
librium concentration (mg L–1).

The graphical representation of ln(Qe) as a func-
tion of ln(Ce) is a line with directing coefficient 1/n and 
y-intercept ln(Kf).

The Dubinin–Radushkevich isothermal model is a model 
generally applied to express the adsorption mechanism by 
distributing Gaussian energy over a non-homogeneous 
surface. The isothermal model for D–R is expressed by the 
following equation [77].

ln DR DRq q Ke m= −ln e2  (7)

where qe: the amount of adsorbate in the adsorbent at 
equilibrium (mg g–1), qmDR theoretical isotherm saturation 
capacity (mg g–1), KDR: Dubinin–Radushkevich isotherm 
constant; and e: potential of Polanyi.

e = +






RT

Ce
ln 1 1

 (8)

The adsorption energy constant E is calculated as follows:

E
K

=
1

2 DR

 (9)

The relative adsorption isotherms parameters of Lang-
muir, Freundlich, and Dubinin-Radushkevich were calcu-
lated and illustrated in Table 2. The graphical representations 
of the linear models are shown in Figs. 8–10. Based on the 
values of the maximum adsorption quantity and the cal-
culated Langmuir equilibrium constants and determina-
tion coefficients, that R2 = 0.39, R2 = 0.76 are very far from 
1. Therefore the studied process is not described by the 
Langmuir isotherm for the two dyes studied. Thus, the 
adsorption of BG and BET on the surface of the FBP mate-
rial is multilayer. Whereas the adsorption of BG and EBT is 
satisfactorily described by the Freundlich model R2 = 0.99. 
This isotherm indicates that the two dyes were adsorbing 
on heterogeneous surfaces and that it was a multi-layered 

Table 2
Isotherm constants for dye adsorption

Langmuir Freundlich Dubinin–Radushkevich

Qmax (mg g–1) KL (L mg–1) R2 Kf (mg g–1) nf R2 qm (mol g–1) Kad (mol–2 J–2) E (kJ mol–1) R2

BG 21.73 0.04 0.39 1.16 0.71 0.99 24.41 4.51·10–4 33.3 0.86
EBT 5.55 0.02 0.76 1.01 2.82 0.99 9.65 1.9·10–3 16.22 0.81

0 1000 2000 3000 4000 5000 6000
0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0
 BG

Ln
(q

e)

ε2

(a)

y=-4.51E-4x+3.195
R2=0.86

0 100 200 300 400 500 600 700 800
0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8
 EBT

Ln
(q

e)

ε2

(b)

y=-0.0019x+2.267
R2=0.81
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process. In this study, the value of n is 0.71, which means that 
the process is unfavorable for the adsorption of BG on FBP. 
On the other hand, the value of n is greater than unity (2.82), 
implying that the adsorption process to be favorable for EBT.

For the Dubinin-Radushkevich model, the average free 
energy was determined from the line graph of the DRK model, 
E = 16.22 and 33.3 kJ mol–1 for BG and EBT respectively, 
this value is greater than 8 k mol–1 which explains that the 
adsorption process is of ion exchange type. As well as the 
determination coefficients of Brilliant Green and Eriochrome 
Black T are of the order R2 = 0.86 and 0.81, respectively.

3.8. Thermodynamics of adsorption

The study of the influence of temperature on the adsorp-
tion of the two dyes on the substrate studied makes it pos-
sible to determine thermodynamic parameters such as 
the variation of the standard entropy DS°, the variation of 
standard enthalpy DH° and Gibbs free energy variation of 
DG°. These standard thermodynamic adsorption quantities 
are related to the dissolved body distribution coefficient 
(Kd) by the following equations [78]:

K
Q
Cd
e

e

=  (10)

∆G RT Kd° = − ⋅ ln  (11)

lnK S
R

H
R Td =

°
−

°
⋅

∆ ∆ 1  (12)

∆
∆ ∆S H G

T
° =

° − °  (13)

where R: the perfect gas constant (R = 8.314 J mol–1 K–1), 
T: the absolute temperature of the solution (K), Kd: the 
partition coefficient, Qe: the amount of adsorbate in the 
adsorbent at equilibrium (mg g–1), and Ce: equilibrium 
concentration (mg L–1).

Plotting the lnKd curve as a function of (1/T) allows 
you to calculate ΔH (slope of the line) and ΔS (y-intercept). 
Fig. 11 shows the lnKd = f(1/T) curve for the adsorption of BG 
and EBT by fava bean peels. The thermodynamic parame-
ters of this process are shown in Table 3.

The results grouped in Table 3 show that the enthalpy 
DH values of BG adsorption are positive. Thus, we can con-
firm that the adsorption process is endothermic, while for 
EBT, the values are negative so, the adsorption process is 
exothermic. The negative values of free enthalpy DG shows 
that the adsorption process is feasible and thermodynam-
ically spontaneous for Eriochrome Black T, while the posi-
tive DG° values suggesting that the sorption process of BG 
on FBP was unspontaneous. Generally, the binding energies 
of physical adsorption are in general <80 kJ mol–1, while the 
energies of a chemical bond are between 80 and 400 kJ mol–1 
[79,80]. In our case, the enthalpy values are between 
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Table 3
Equilibrium constant and thermodynamic parameters for the adsorption of BG and EBT onto FBP biosorbent

ΔH° (kJ mol−1) ΔS° (J mol−1 K−1) ΔG° (kJ mol−1)

20°C 30°C 40°C 50°C 60°C

BG 1.976 –0.985 2.011 2.173 2.290 2.429 2.564
EBT –14.107 –22.786 –5.626 –6.433 –7.040 –7.706 –8.358
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–8.358 and 2.564 kJ mol–1, which means that the adsorp-
tion of BG and EBT by FBPs is physical in nature. On the 
other hand, the entropy ∆S negative values of the two dyes 
reflect the increased disorder at the solid/liquid interface.

3.9. Effect of ionic strength

Wastewater comes from textile industries; water contains 
various concentrations of organic and inorganic ions and 
usually cations [81].

One of the factors controlling the electrostatic and 
non-electrostatic interactions between the adsorbate and 
the adsorbent surface is the ionic strength due to the pres-
ence of salts in the solution [82]. To understand the impact 
of this parameter on the adsorption process of the two 
anionic and cationic dyes on FBP, different concentrations 
of sodium chloride (NaCl) and potassium chloride (KCl) 
(0.1–0.4 g L–1); were added to the dyes at high concentrations 
initial 20 mg L–1 and an FBP ratio of 5 g L–1 at residual pH of 
the solution.

The results have shown that increasing the ionic 
strength from 0.1 to 0.4 g L–1 of NaCl and KCl resulted in 
a slight decrease in the adsorbed amount of BG, which is 
consistent with the conclusions of Hai Nguyen Tran et al. 
They reported that the amount of basic dye adsorbed only 
showed a small change. Therefore, they concluded that elec-
trostatic screening does not affect the adsorption of cationic 
BG. For EBT, the amount adsorbed also decreased with 
increasing salt concentration. This decrease is explained 
either by the competition between the ions Cl– and anionic 
EBT [83], or by the protective effect of Cl– for the ammo-
nium groups on the bio-adsorbents is increased and con-
sequently, the adsorption of the Anionic EBT is limited 
due to the repulsive force between Cl– and anionic EBT [84].

3.10. Desorption reaction and adsorbents regeneration

Desorption studies were conducted; with Distilled 
Water. All the experiments were performed; after satura-
tion of FBP at 5 g L–1, with an initial 20 mg L–1 solution of 
BG and EBT separately. The concentrations of desorbed dye 

were determined; from their absorbance characteristics in 
the UV-visible range. To verify the economic viability of the 
adsorption process, the regeneration of the adsorbents is an 
essential step.

The desorption efficiency and the desorption elimination 
of the dye are given below (Eqs. (14) and (15)) [85]:

Q V
C
Me
f

,desorption mg/g( ) =








  (14)

Q
Q
qc
e

e
%

,

,

=








 ×desorption

sorption

100  (15)

where M is the weight of spent adsorbent (g), V is the volume 
of the solvent (L), Cf is the dye concentration in the solvent 
(mg L–1).

Regeneration experiments were performed using 
200 mL of the colored solution for four successive cycles. 
There was a gradual decrease in the desorption and 
removal efficiencies of BG and EBT with the increasing 
number of cycles as shown in Figs. 12a and 12b, respec-
tively. For BG, desorption efficiencies of the four cycles 
decreased from 17.56% to 11.42%. However, there is a 
slight decrease in the elimination efficiencies of Cycles 
1, 2, 3, and 4 with 90.84%, 89.43%, 85.91%, and 84.61%, 
respectively, as shown in Fig. 12a. While in Fig. 12b, 
BET desorption efficiencies for cycles 1, 2, 3, and 4 were 
26.9%, 21.01%, 15.81%, and 10.62%, respectively. While 
the elimination efficiencies of the four cycles decreased 
from 31.7% to 11.26%. The regeneration experiments pre-
sented in Fig. 12 showed that the fava bean peels could 
be reused repeatedly in the adsorption and recovery of 
Brilliant Green and Eriochrome Black T dyes without 
significantly losing their adsorption properties.

3.11. Comparison with other adsorbents

The efficiency of the adsorption of brilliant green 
and Eriochrome Black T for various adsorbent materials 
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according to studies in the literature is presented in Table 1 
in which we have gathered the results of this work as well 
as the conditions necessary for making comparisons. Table 4  
confirms that, in comparison to other research, the adsorp-
tion processes of Eriochrome Black T and Brilliant Green 
on the fava bean peels surface show relatively shorter 
equilibrium times but very lower adsorption capacities. 
Despite these results, we can still qualify the bean peels by 
their efficiency since they are a valuable agri-food waste 
due to their abundance in all regions of Moroccan territory 
and that there is always the possibility of making it more 
promising especially by activating more sites in its specific 
adsorption surface via experimental protocols that can be 
applied in the scale of our research laboratory.

4. Conclusion

The novelty of this study is the use of an abundant 
and inexpensive adsorbent (bean peels) for the efficient 
removal of two different dangerous dyes, Erichrome Black 
T (anionic dye) and Brilliant Green (cationic dye). The max-
imum amount of dye adsorbed is estimated at 21.73 and 
5.55 mg g–1 for BG and EBT, respectively. The adsorption 
of the two dyes followed the Freundlich isotherm, and 
therefore the fava bean peels had heterogeneous surfaces. 
Kinetic studies have revealed that the adsorption process 
of the two dyes follows the pseudo-second-order model. 
The processes of adsorption were endothermic for Brilliant 
Green and exothermic for Eriochrome Black T, according to 
thermodynamic analyses. It was also found that the adsorp-
tion of the BG dye was a much more efficient process than 
the adsorption of the EBT dye on FBP. From this study, it 
can be concluded that the use of bean peels as a natural 
adsorbent, without pretreatment or activation, is effective 
for the adsorption of cationic dyes compared to anionic 
dyes. In addition to the advantage of their availability in 
large quantities, it presents an ecological alternative to tra-
ditional wastewater treatment processes. It would be inter-
esting to continue testing on real wastewater and not just on 
batch processes but also pilot-scale column processes.
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