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a b s t r a c t
In this work, a low-cost and eco-friendly biosorbent developed from Thapsia transtagana stems (TTS) 
was investigated as an alternative to the current expensive methods for removing dyes from textile 
wastewater. Biosorption potential for the uptake of methylene blue (MB) and methyl violet (MV) was 
evaluated in batch mode under different condition. The experimental results show that biosorption 
yield increases with an increase in the biosorbent dosage. Maximum biosorption occurred at neutral 
to basic pH values. Kinetic data were properly fitted with the pseudo-first-order model instead of 
pseudo-second-order model. Equilibrium uptake was increased with an increase in the initial dye 
concentration in the range of 20–200 mg/L according to Langmuir isotherm model. The maximum 
monolayer biosorption capacities were 183.23 and 222.82 mg/g for MB and MV, respectively. The 
biosorption of the dyes was exothermic in nature (DH° = –21.07 kJ/mol for MB and –16.85 kJ/mol 
for MV). The reaction was accompanied by a decrease in entropy (DS° = –40.35 J/K.mol for MB and 
–50.41 J/K.mol for MV). The Gibbs energy (DG°) increased from –4.91 to –3.74 kJ/mol and from –5.57 
to –4.22 kJ/mol, respectively for MB and MV, when the temperature was increased from 25°C to 55°C. 
The surface of TTS has been thoroughly characterized by FTIR spectroscopy, scanning electron micros-
copy–energy-dispersive X-ray spectroscopy, Boehm titration, and point of zero charge.
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1. Introduction

Water pollution caused by organic pollutants has become 
a serious problem worldwide that threatens the balance 
of nature and the sustainable endurance of human beings 
[1]. Wastewaters from textile industries represent a serious 

problem all over the world. They contain different types 
of synthetic dyes which are known to be a major source of 
environmental pollution, in terms of both the volume of dye 
discharged and the effluent composition [2–4]. Most of these 
dyes are toxic, mutagenic, and carcinogenic. Moreover, 
they are very stable to light, temperature, and microbial 
attack, making them recalcitrant compounds. From an 
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environmental point of view, the removal of synthetic dyes 
is of great concern.

Nowadays, many treatment processes like coagulation, 
flocculation, ion exchange, membrane separation, reverse 
osmosis, oxidation, etc. are available for the removal of dyes 
from aqueous solution. Major drawbacks of these methods 
include handling and disposal problems, high cost, techni-
cal constraints, etc. However, adsorption is preferred for 
the removal of these pollutants due to easy handling and 
removal performance. On the other hand, the economy and 
efficacy of the adsorption process are limited by the physico-
chemical characteristics and the cost of the adsorbent [5–9].

Various biomasses have been tested to reduce dye concen-
trations from aqueous solutions as potential biosorbents such 
as carob shells [10], tomato waste [11], mango seed kernel 
[12], jackfruit leaf [13], Diplotaxis harra and Glebionis coro-
naria L. [14], sugar beet pulp [15], Bacillus cereus [16], Ziziphus 
lotus fruit peels, and avocado kernels seeds [17]. However, 
the adsorption capacities of the abovementioned adsorbents 
are not very high. In order to improve the efficiency of the 
adsorption processes, it is necessary to develop cheaper and 
easily available adsorbents with high-adsorption capacities.

The focus of this study was to assess the potentiality of 
Thapsia transtagana stems (TTS) for the removal of synthetic 
dyes from aqueous solutions. This plant is plentiful, easily 
available, and non-toxic. We chose, in this study, methylene 
blue (MB) as a model compound because of its strong adsorp-
tion study on solids and its use in characterizing adsorptive 
materials. Methyl violet (MV) dye was also used as a model 
compound of textile dyes.

Biosorption experiments were carried out as function of 
contact time, biosorbent dosage, initial concentration of dyes, 
temperature, and solution pH. Biosorption kinetic data were 
fitted to the pseudo-first-order and the pseudo-second-order 
kinetic models. Equilibrium isotherms were modeled by 
Langmuir and Freundlich models. The surface properties 
of biomass were characterized by FTIR, scanning electron 
microscopy–energy-dispersive X-ray spectroscopy (SEM–
EDX), and the pH of point of zero charge (pHpzc). The func-
tional groups were also determined by Boehm titration.

2. Experimental

2.1. Materials

All chemicals used in this study were of analytical grade. 
Cd (NO3)2·4H2O (98%), Co (NO3)2·6H2O (98%), NaCl (99.5%), 
HCl (37%), Na2CO3, NaHCO3, and MV 2B dye were obtained 
from Sigma-Aldrich (Germany). HNO3 (65%) was from 
Scharlau (Spain), NaOH (98%) from Merck (Germany), and 
MB dye was from Panreac (Spain). The characteristics and 
chemical structure of the dyes are listed in Table 1.

2.2. Preparation and characterization of the biosorbent

TTS used in this study was collected from the region of 
Oued Zem in Morocco. It was first cleaned, dried in sunlight, 
cut into small pieces, and then powdered to a particle sizes 
lesser than 125 μm using a domestic mixer. The powdered 
biosorbent was stored in hermetic glass bottle for further use. 
FTIR transmittance spectra of the biosorbent were recorded 
in the region of 4,000–400 cm−1 by using a Scotech-SP-1 

spectrophotometer. Samples were prepared as KBr pellets 
under high pressure. The surface morphology was observed 
by SEM using an FEI Quanta 200 model. The pHpzc was 
determined according to the method described by Noh and 
Schwarz [18]. The pH of NaCl aqueous solution (50 mL at 
0.01 mol/L) was adjusted to successive initial values in the 
range of 2–12 by addition of HNO3 and/or NaOH. Moreover, 
0.05 g of each biosorbent was added in the solution and 
stirred for 6 h. The final pH was measured and plotted vs. the 
initial pH. The pHpzc was determined at the value for which 
pHfinal = pHinitial. Basic and oxygenated acidic surface groups 
were quantified by Boehm titrations [19]. About 0.1 g of each 
sample was mixed with 50 mL of 0.01 M aqueous reactant 
solution (NaOH, Na2CO3, NaHCO3, or HCl). The mixtures 
were stirred at 500 rpm for 24 h at room temperature. Then, 
the suspensions were filtrated by a 0.2 μm membrane filter. To 
determine the content of oxygenated groups, back titrations of 
the filtrate (10 mL) were achieved with standard 0.01 M HCl 
solution. Basic group’s content was also determined by back 
titration of the filtrate with 0.01 M NaOH solution.

2.3. Biosorption studies

Batch equilibrium experiments were performed to deter-
mine the efficiency of TTS for the removal of MB and MV 
from aqueous solution under various process conditions. The 
effect of initial solution pH on the removal efficiency was ana-
lyzed over the pH range 2–11. The pH was adjusted using 
0.1 N NaOH and/or 0.1 N HNO3 solutions. The effect of T. tran-
stagana dosage was investigated in the range of 0.1–6 g/L. 
Kinetic was carried out by varying the contact time from 2 to 
180 min. Experiments were done by agitating 250 mL of dyes 
solutions of 50 mg/L with 0.2 g/L of biosorbent. Biosorption 
equilibrium was established for different dyes initial concen-
trations between 20 and 200 mg/L. The effect of solution tem-
perature was tested in the range of 25°C–55°C.

After each biosorption experiment was completed, the 
solid phase was separated from the liquid phase by centrif-
ugation at 3,000 rpm for 10 min. Samples were diluted by 
distilled water, and the residual concentrations were deter-
mined from UV–Vis spectrophotometer.

The adsorbed amounts and the removal efficiency were 
calculated by the following equations:

q
C C
R

=
−( )0  (1)

Table 1
Molecular structure and physical characteristics and of MB and 
MV

Name Molecular structure MW 
(g/mol)

λmax 
(nm)

Methylene blue 
(basic blue 9)

N

S N (CH3)2(CH3)2 N

Cl

+
319.85 661

Methyl violet 2B 
(basic violet 1)

Cl

(CH3)2 N

N(CH3)2

NH(CH3)
+

393.95 584
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where q is the adsorbed amounts (mg/g), C0 is the ini-
tial dye concentration (mg/L), C is the dye concentration 
after biosorption, and R is the mass biosorbent per liter of 
solution (g/L).

2.4. Adsorbent regeneration

Batch process was employed for MB desorption and 
regeneration. The TTS was loaded with 1L MB solution of 
50 mg/L initial concentration at initial pH and contact time 
3 h. After saturation, the suspension was filtered, and the 
residual solid was contacted with distilled water or various 
solutions of H2SO4, HNO3, NaOH, and NaCl of 0.1N each 
as the desorbing solution at the same operating conditions 
adopted in adsorption. Regeneration studies were conducted 
by using the same adsorbent. The percentage of MB desorbed 
was calculated by the following equation:

% Desorption =
×
×

100 C
q R

d

e
 (3)

where Cd (mg/L) is the concentration of MB desorbed, qe 
(mg/g) is the adsorption capacity of the adsorbent, and R is 
the weight ratio of the TTS used in desorption.

3. Results and discussion

3.1. Characterization

3.1.1. FTIR analysis

FTIR spectroscopy in the range of 400–4,000 cm−1 was 
employed to obtain information on the nature of functional 
groups at the surface of the biosorbent. The spectrum pre-
sented in Fig. 1 shows broad, strong, and superimposed 
bands around 3,600–3,200 cm−1 which may be due to over-
lapping of the stretching vibration of hydrogen-bended 
of the hydroxyl group linked in cellulose, lignin, adsorbed 

water, and N–H stretching [20]. A weak absorption peaks at 
1,757 cm–1 is attributed to stretching of carboxyl groups. The 
bands at 1,635 cm–1 is indicative of OH bending vibrations. 
The strong absorption band at 1,614 cm–1 is characteristic of 
C=O stretching vibrations of ketones, aldehydes, lactones, or 
carboxyl groups [10]. The band at 1,414 cm–1 is corresponding 
of C–O stretching. The band at 1,360 cm–1 assigned to C–N 
groups on the biomass surface. The absorption peaks around 
1,160 and 1,060 cm–1 are indicative of P=O and P–OH stretch-
ing vibrations. Peaks in the region of wavenumbers lower 
than 800 cm–1 could be attributed to N-containing bioligands.

3.1.2. Boehm titration and pHpzc

Surface functional groups play an important role in 
sorption processes. These functional groups are principally 
divided as acidic or basic groups, which affect the surface 
charge of the biosorbent and consequently the biosorption 
efficiency [21]. Boehm titration was used to quantify the 
surface functional groups present on TTS biosorbent. The 
obtained result is illustrated in Table 2. From the table, it can 
be seen that the biosorbent surfaces are constituted mainly of 
acidic groups which are due to presence of carboxylic, phe-
nolic, and lactonic groups and a less quantity of basic groups. 
Generally, biosorbent with greater surface acid groups have 
a higher cation exchange property. These results suggest 
greater sorption performance for selected dyes. The pHpzc 
of the biosorbent was found to be 6.5 (Fig. 2). This value is in 
agreement with Boehm titration result, which shows a domi-
nance of acidic groups at the surface of the biosorbents.

3.1.3. SEM–EDX analysis

The surface of TTS was analyzed by SEM as shown in 
Fig. 3. The figure indicates that TTS has rough surface with 

Fig. 1. FTIR spectrum of TTS biosorbent.

Table 2
Chemical groups on the surface of TTS biosorbent

Functional groups (meq/g)
Carboxylic Lactonic Phenolic Total acid Total basic
0.484 0.494 0.516 1.494 0.409

Fig. 2. Determination of the point of zero charge (pHpzc) of TTS.
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irregular structure morphology and pores of different size 
and different shape. This kind of morphology can favor the 
biosorption of dyes on different parts of the biosorbent. The 
chemical composition was identified by the EDX analysis. 
The EDX spectrum with chemical compositions for TTS is 
given in Fig. 4. The EDX spectrum revealed mainly the pres-
ence of carbon (63.27%) and oxygen (31.45%) associated with 
some minerals such as potassium, nitrogen, and calcium.

3.2. Biosorption performance

3.2.1. Effect of pH on the removal of dyes

The pH of aqueous solutions is an important factor that 
controls the surface chemistry of biosorbent and ionic state of 
dye molecules. Changes observed in the biosorption of MB 
and MV by TTS as a function of solution pH are presented 
in Fig. 5. The figure indicates that the biosorption was weak 
in acidic medium and increases with the increase in solution 
pH. Both the dyes give the same behavior with solution pH, 
which suggest that surface of biosorbent was the main factor 
controlling these changes. The pHpzc of the biosorbent was 
found to be 6.5 indicating that for pH values higher than 6.5, 
the surface of the biosorbent particles becomes negatively 
charged, and the opposite for pH less than 6.5. Consequently, 
the adsorption of dyes at acidic pH is disfavored by repul-
sive forces existing between functional groups of the dye 

molecules and the positively charged surface of the biosor-
bents, which is predominant in this range of pH [22,23]. The 
optimal pH for high sorption of MB and MV were achieved 
at pH = 5.00 and 5.71, respectively.

3.2.2. Effect of biosorbents dosage

Fig. 6 illustrates the effect of biosorbent dosage on the 
biosorption of MB and MV. This figure indicates that the 
biosorption yield increased from 36.58% to 87.61% and from 
55.06% to 89.93%, respectively for MB and MV, when the 
biosorbent dosage was increased from 0.1 to 6 g/L. This can 
be expected because the higher the dose of biosorbent in the 
solution, the greater is the availability of exchangeable sites 
for the pollutants [24]. Even though the removal efficiency 
increased with adsorbent dosage, the biosorption capacity 
decreased with increase in biosorbent dosage. This is because 
the amount of dye molecules in contact with unit weight of 
biosorbent decreases with increase in biosorbent dosage. 
From a practical viewpoint, the optimum dosage of 0.2 g/L 
was chosen in further experiments.

3.2.3. Biosorption kinetics

Kinetics of biosorption is desirable as it provides infor-
mation about the dynamic of the reaction in terms of order 
and of the rate constant, which is important for efficiency of 

Fig. 3. SEM image of TTS.

Fig. 4. Energy-dispersive X-ray (EDX) analysis of TTS.

Fig. 5. Effect of pH on the biosorption of MB and MV onto TTS: C0 = 50 mg/L, 
contact time = 120 min, R = 0.2 g/L, and T = 25°C.

Fig. 6. Effect of biosorbent dosage on the biosorption of MB and 
MV onto TTS: C0 = 50 mg/L, contact time = 120 min, initial pH, 
and T = 25°C.
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the process. Fig. 7 shows the variation of biosorbed amounts 
of dyes vs. contact time. The figure shows that the biosorp-
tion was found to be rapid at the first period of the process, 
and then the rate of biosorption becomes slower and then 
stagnates with the increase in contact time. The equilibrium 
times was found to be 60 min for the both dyes. Biosorption 
kinetics data were analyzed using two kinetic models, 
pseudo-first-order model [25] and pseudo-second-order 
model [26].

The first-order rate expression of Lagergren based on 
solid capacity is generally expressed as follows:

q = − −qe e k t( )1 1  (4)

where qe and q (both in mg/g) are, respectively, the amounts 
of dye biosorbed at equilibrium and at any time t (min) and 
k1 (1/min) is the rate constant of biosorption.

The pseudo-second-order model can be expressed as 
follows:

q
k q t
k q t
e

e

=
+

2
2

21  (5)

where k2 (g/mg min) is the rate constant of 
pseudo-second-order biosorption.

Parameters of the pseudo-first-order and pseudo 
-second-order models were estimated with the aid of the 
nonlinear regression. The obtained data and the correlation 
coefficients, r2, are given in Table 3. The table shows that the 

calculated equilibrium values (qcal) from pseudo-first-order 
model were close to the experimental values (qexp) than the 
others calculated from the pseudo-second-order kinetic 
model. Moreover, the correlation coefficients were closer to 1 
in the case of pseudo-first-order than of pseudo-second-order 
model. This result suggests that the biosorption of MB and MV 
onto TTS could be better described by the pseudo-first-order 
model instead of pseudo-second-order kinetic model. 
Therefore, these observations are in agreement with the 
experimental results presented in Fig. 7, which indicates that 
the biosorption of MB and MV from aqueous solution onto 
TTS biomass occurs through two consecutive stages. During 
the first stage, which is a fast one, the biosorption processes 
take place at the surface and are probably determined by the 
chemical interactions that bind the cationic dyes on the bio-
mass surface. The second stage, which occurs more slowly, 
involves the diffusion of cationic dyes inside of biosorbent 
structure [27].

3.2.4. Biosorption isotherms

Biosorption isotherms are another important tool that 
helps understanding the mechanism of the biosorption pro-
cess. Also, the equilibrium biosorption studies determine the 
capacity of the biosorbent, which can be described by a bio-
sorption isotherm, characterized by certain constants whose 
values inform the surface properties, heterogeneity, biosorp-
tion intensity, and affinity of the particular adsorbent [28]. 
Moreover, it gives the information about the distribution 
of the solute between the liquid and solid phases at various 
equilibrium concentrations. The biosorption isotherms are 

Fig. 7. Kinetics of (a) MV and (b) MB biosorption by TTS: C0 = 50 mg/L, R = 0.2 g/ L, initial pH, and T = 25°C.

Table 3
Pseudo-first-order and pseudo-second-order kinetic parameters for the biosorption of MB and MV

Dye qexp (mg/g) Pseudo first order Pseudo second order
qcal (mg/g) k (1/min) r2 qcal (mg/g) k (g/mg min) r2

MB 140.84 136.75 1.365 0.985 139.314 0.030 0.981
MV 179.80 173.55 0.005 0.971 163.614 0.554 0.925
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illustrated in Fig. 8. The figure indicates that dyes removal is 
highly concentration dependent. The increase in biosorption 
capacity with concentration is probably due to a high driving 
force for mass transfer. In fact, high concentration in solu-
tion implicates high dye molecules fixed at the surface of the 
biosorbent. Equilibrium data obtained were analyzed using 
Langmuir and Freundlich isotherm models.

The Langmuir [29] isotherm assumes that the numbers 
of surface biosorption sites are fixed, biosorption behavior 
is independent of surface coverage, and all adsorption sites 
are represented by similar types of functional groups. The 
Langmuir model is the most frequently used in many sorp-
tion processes to evaluate the maximum sorption capacity. 
The linear form of Langmuir isotherm is represented as 
follows:

q
q K C
K Ce

m L e

L e

=
+1  (6)

where qm (mg/g) is the maximum monolayer biosorption 
capacity, KL (L/mg) is the Langmuir equilibrium constant 
related to the biosorption affinity, and Ce is the equilibrium 
concentration.

The Freundlich isotherm is an empirical model of hetero-
geneous surface sorption with non-uniform distribution of 
heat sorption and affinities [30]. The form of the Freundlich 
equation can be stated as follows:

q K Ce F e
n= 1/  (7)

where KF (mg1–1/n g–1 L1/n) is the Freundlich constant and n is 
the heterogeneity factor. The KF value is related to the bio-
sorption capacity; while 1/n value is related to the biosorp-
tion intensity.

The calculated parameters for Langmuir and Freundlich 
models are reported in Table 4. From the table, it can be seen 
that Langmuir model indicates higher values of correlation 
coefficients than Freundlich model. These results indicated 
that the biosorption of dyes was best fitted by the Langmuir 
isotherm model. The maximum monolayer biosorption capac-
ities were found to be 183.23 and 222.82 mg/g, respectively for 
MB and MV. These values were compared with those of sim-
ilar biosorbents reported in the literature as given in Table 5. 
It can be observed that the results of this study were found 
to be higher than those of the majority of the related biosor-
bents given in this table. Therefore, this adsorption behavior 
is probably determined by the relaxed structure of the adsor-
bent. The existence of physical bonds between functional 
groups proved by FTIR spectra (Fig. 1) prevents the penetra-
tion of cationic dyes inside of adsorbent material particles, 
and in consequence, the adsorption process occurs only at 
TTS surface, being well described by Langmuir model [31].

3.2.5. Effect of temperature and thermodynamic parameters

The biosorption of the dyes was studied at various tem-
peratures from 25°C to 55°C as shown in Fig. 9. A decrease in 
the removal efficiency was observed with an increase in solu-
tion temperature. Generally, the temperature has two major 
effects on the biosorption process. Increasing the temperature 
is known to increase the rate of the diffusion of molecules 

Fig. 8. Biosorption isotherms of (a) MV and (b) MB onto TTS.

Table 4
Isotherm parameters and correlation coefficients calculated for the biosorption of MB and MV onto TTS

Dye Langmuir Freundlich
qm (mg/g) KL (L/mg) r2 KF (mg1–1/n g−1 L1/n) n r2

MB 183.23 0.039 0.980 33.33 3.20 0.937
MV 222.82 0.065 0.946 56.45 3.82 0.878
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across the external boundary layer and the internal pores of 
the biosorbent particles, owing to the decrease in the viscosity 
of the solution. In addition, changing temperature will change 
the equilibrium capacity of the biosorbent for a particular 
adsorbate [44]. From these results, thermodynamic parameters 
including the change in free energy (∆G°), enthalpy (∆H°), and 
entropy (∆S°) were used to describe thermodynamic behavior 
of the biosorption of the dyes. These parameters were calcu-
lated by considering the following reversible process:

dyeinsoulution biosorbed dye

For such equilibrium reactions, KD, the distribution 
constant, can be expressed as follows:

K
q
CD
e

e

=  (8)

The Gibbs free energy is as follows:

DG° = –RT ln (KD) (9)

where R is the universal gas constant (8.314 J mol/K) and T is 
solution temperature in K.

The enthalpy (DH°) and entropy (DS°) of biosorption 
were estimated from the slope and intercept of the plot of 
ln KD vs. 1/T yields, respectively.

lnK G
RT

H
RT

S
RD =−

∆ °
= −

∆ °
+
∆ °

 (10)

The thermodynamic parameters calculated from the val-
ues of the slopes and the intercepts are reported in Table 6. 
The negative values of DG° at different temperatures indi-
cate that the biosorption is thermodynamically feasible and 
is a spontaneous process. The increase in DG° values with 
increase in temperature shows a decrease in feasibility of bio-
sorption at higher temperatures. The enthalpy of biosorption 
(DH°) was found to be –16.85 kJ/mol for MB and –21.07 kJ/mol 
for MV. The negative DH° is indicator of exothermic nature 
of the biosorption and also its magnitude gives information 
on the type of biosorption, which can be either physical or 
chemical. The negative value of DS° for the corresponding 
temperature interval indicated decreased randomness at the 
solid–solution interface with the loading of species onto the 
surface of TTS. It also suggested the probability of a favorable 
biosorption process.

3.3. Desorption and regeneration study

The recycling of adsorbate and successive regeneration 
and reuse of adsorbent are important issues step in order to 
check the economic feasibility of adsorption process. Hence, 
this study was dedicated to investigate the feasibility of 

Table 5
Comparison of biosorption capacity of TTS for MB and MV 
with different related biosorbents

Biosorbent
 

qm (mg/g) References
 

MV MB

Mansonia sawdust
Peach gum
Banana pith
Peanut straw char
Soybean straw char
Rice hull char

16.11
277
12

256.4
178.6
123.5

28.89
–
–
–
–
–

[32]
[33]
[34]
[35]
[35]
[35]

Bagasse fly ash
Beetroot seeds

26.25
–

–
61.11

[36]
[37]

Crosslinked amphoteric 
starch

333.33 – [38]

Sunflower seed hull 92.59 – [39]

Sugarcane dust 50.40 – [40]

Breadnut core
Ziziphus lotus fruits peel
Avocado kernel seeds

–
–
–

369.00
66.04
59.07

[41]
[17]
[17]

Casuarina equisetifolia 
needle

– 77.60 [42]

Garlic peel – 82.6 [43]

Diplotaxis harra – 185.59 [14]

Glebionis coronaria L. – 258.76 [14]

Thapsia transtagana stems 222.82 183.23 This study

Fig. 9. Effect of temperature on the biosorption of MB and MV 
onto TTS: C0 = 50 mg/L, contact time = 120 min, initial pH, and 
R = 0.2 g/L.

Table 6
Thermodynamic parameters calculated for the biosorption of 
MV and MB by TTS

T 
(K)

KD DG° 
(kJ/mol)

DH° 
(kJ/mol)

DS° 
(J/K.mol)

Methyl 
violet 2B

298 9.480 –5.57 –21.07 –50.41
308 9.006 –5.63
318 5.428 –4.47
328 4.718 -4.23

Methylene 
blue

298 7.253 –4.91 –16.85 –40.35
308 5.502 –4.38
318 4.329 –3.89
328 3.950 –3.74
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using chemical regeneration for MB elution. Results of MB 
desorption using deionized water, NaOH, NaCl, HNO3, and 
H2SO4HCl treatments are shown in Fig. 10. The figure indi-
cates that MB elution by using 0.1 N H2SO4 was optimum 
(98.61%) followed by HNO3 (0.1 N), NaCl (0.1 N), NaOH 
(0.1 N), and deionized water. Thereafter, four cycles of 
adsorption–desorption were performed using H2SO4 solution 
(0.1 N). The results given in Fig. 11 showed that the adsorp-
tion capacity does not strongly decrease after four cycles of 
desorption–adsorption compared with the original adsorp-
tion capacity. This decrease in adsorption capacity might be 
caused by the decomposition or damage caused by acidic 
solution to certain adsorption sites or functional groups pres-
ent over TTS surface [45].

4. Conclusion

This work evaluated the potential of TTS for the removal 
of MB and MV from aqueous solutions. It was found that 
the biosorbent has rough surface with irregular structure 
morphology and pores of different size and different shape. 
The surface of the particles was constituted mainly of acidic 
groups. Biosorption yield was affected by contact time, solu-
tion pH, biosorbent dosage, and initial concentration. The 
biosorption yield increases with the increase in biosorbent 

dosage. An optimum of 0.2 g/L was obtained. The optimum 
sorption capacity was obtained at neutral pH medium. 
Kinetics and equilibrium data fitted well the first-order 
kinetic model and the Langmuir model, respectively, with 
good values of the determination coefficient. The biosorp-
tion was thermodynamically feasible and is a spontaneous 
process. Finally, this study showed that low-cost, locally 
sourced, and ubiquitous TTS biosorbent have good potential 
for the removal of textile dyes from wastewaters.
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