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Abstract

The biosorption process using natural materials has found widespread applications than to their inexpensiveness, availability,
and reusability. The aim of this research is to investigate the efficiency of psyllium seed powder in removal of reactive orange
16 dye. The impacts of various influential parameters such as initial pH, contact time, adsorbent dose, temperature and dye
concentration were evaluated using a batch biosorption method. Data analysis was conducted by SPSS 19. The removal effi-
ciency of reactive dye 16 using the natural adsorbent psyllium was obtained to be 94% in optimal conditions (pH 4, contact
time =40 min, and adsorbent dose =2 g/L). Biosorption equilibrium experiments indicated that the best fit was achieved with
Langmuir isotherm model. Maximum adsorption capacity was found to be 206.6 mg/g at 303 K. Kinetic analysis revealed
that adsorption experimental data were best fitted by pseudo-second-order model. Free energy of adsorption (AG®), enthalpy
(AH®), and entropy (AS°) changes were calculated to predict the nature of adsorption. Thermodynamic evaluation indicates
that a spontaneous process has occurred. Inexpensive, locally available, and effective materials could be used for dye removal
in wastewater treatment processes. Undoubtedly low-cost adsorbent benefits for commercial purposes in the future.
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Introduction are the largest group of water-soluble synthetic dyes, hav-

ing the greatest variety in terms of dye type and structure

The extent of production of dye in the world is estimated
to be 1 million tons/year; synthetic dyes are widely use
in industries including cosmetics, leather, paper, and tex-
tile industries (Ahmadian et al. 2012; Rahimi et al. 2016;
Samadi et al. 2015). Textile industries are one of the largest
consumers of dyes with different chemical quantities and
qualities (Geetha et al. 2015; Qi et al. 2017). Textile dyes
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(Malakootian et al. 2015a, b). Dyes can be categorized into
different types that are usually classified based on their par-
ticle charge upon dissolution in aqueous application medium
such as cationic (all basic dyes), anionic (direct, acid, and
reactive dyes), and non-ionic (Yagub et al. 2014). Dyes have
a complex molecular structure which is mostly carcinogenic,
mutagenic, unbiodegradable, and stable, causing harmful
effects to the environment (Zhang et al. 2015). Discharge
of dye wastewaters resulting from textile industries to water
body results in reduced sunlight penetration and unfavora-
ble sight situation, reducing photosynthesis and increasing
turbidity of water (Zadeh and Malakootian 2017). Further,
by decreasing the intensity of photosynthesis of water plants
and algae in aquatic environment, they cause environmental
damage, as a result of which effective and efficient treatment
of them is an environmental necessity (Ponnusami et al.
2008; Yu et al. 2009). Reactive orange 16 dye is known
as a reactive dye, which has one atom or a set of suscep-
tible atoms which react with cellulose hydroxyl or amino
acid functional group of wool and eventually with similar
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synthetic fabric (Shen and Gondal 2017; Wang et al. 2015,
2017).

Types of treatment used for dye removal are coagulation
(Kuppusamy et al. 2017), chemical oxidation (Malakootian
et al. 2015a, b; Samarghandi et al. 2014), ozonation (Ghuge
and Saroha 2018), reverse osmosis (Wang et al. 2018),
membrane filtration, and electrochemical (Malakootian
et al. 2017). Adsorption process is one of the most effective
processes of advanced wastewater treatment, with low cost,
availability, and reusability being its major advantages over
other methods (Asgari et al. 2014; Moussavi et al. 2013,
2014; Seid-Mohammadi et al. 2014; Malakootian et al.
2018). The use of natural adsorbents is a simple, fast, and
practical method due to being free from problems associated
with separation, filtration, etc. (Malakootian et al. 2018).
Various low-cost materials have been studied as potential
biosorbents for dye adsorption such as green composite
(Deniz and Ersanli 2016), chitosan (Chen et al. 2017), cac-
tus fruit peel (Kumari et al. 2017), chitin/lignin (Wawrz-
kiewicz et al. 2017), alginate nanoparticles (Geetha et al.
2015), tannery solid waste (Mella et al. 2017), Penicillium
janthinellum (Wang et al. 2015), Haloxylon recurvum (Has-
san et al. 2017).

Psyllium is the common name used for several members
of the plant genus Plantago (Singh et al. 2007). Seeds of
Plantago commercially referred to as psyllium. The dried,
ripe seeds of Plantago such as psyllium, arenaria, and ovata
are used in medicine and pharmacology. The mucilage
obtained from the seed coat by mechanical milling/grinding
of the outer layer of the seeds contains arabinose, xylose, and
non-reducing terminal residues. Mucilage is a white fibrous
hydrophilic material and forms the clear colorless mucilagi-
nous gel by absorbing water and water uptake in oil/water
emulsion for use in oil refineries (Rao et al. 2016; Singh
et al. 2007). Plantago has advantages such as chemically
inert, non-toxic, low cost, biodegradable and widely avail-
able. In this study, the bioremoval of reactive dye was inves-
tigated by psyllium seed powder. The effects of important
operating variables like pH, contact time, adsorbent dose,
temperature and initial dye concentration on the adsorption

of reactive dye were investigated through bath biosorption
experiments. Scanning electron microscope and transmis-
sion electron microscopy were used for the characterization
of the biosorbent. The isotherms (Langmuir, Freundlich),
kinetics (Pseudo-first-order, pseudo-second-order, and intra-
particle diffusion models), and thermodynamic studies were
performed.

Materials and methods
Biosorbent preparation

The psyllium was crushed by manual mill and sifted by an
18-30 mesh sieve so that the size of the adsorbent would
reach 0.5 mm. Scanning electron microscope (SEM) device
and transmission electron microscopy (TEM) are used to
observe the physical structure of the adsorbents surface in
Fig. 1.

To remove debris and soil, they were washed with deion-
ized water and dried at 50 °C for 24 h. Up to the applica-
tion, the adsorbent was kept in a desiccator or plastic bot-
tle. Thereafter, the adsorbent was dried in steel container
at 50 °C for 24 h. Then, to conduct the thermochemical
reaction, the oven temperature was adjusted at 120 °C for
90 min. Once the adsorbent was cooled down, it was washed
with distilled water at neutral pH and then filtered. The
kinetic models, pseudo-first-order, pseudo-second-order,
and intraparticle diffusion model have been used for this
study (Li et al. 2010).

Biosorbate preparation

The chemical structure of dye shown in Fig. 2 was purchased
from Sigma-Aldrich. To prepare the stock solution of con-
centration 1000 mg/L, 1000 mg of dye powder was mixed
with 1 L of distilled water in a volumetric flask. It was then
diluted with distilled water accordingly to obtain working
solutions of the desired concentrations. Measurement of
dye concentration in the experimental samples was done by

Fig.1 SEM (a) and TEM (b) of the molecular structure of the biosorbent
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Fig.2 Chemical structures reactive organic 16

UV-Vis spectrophotometer (HACH-USA) at the wavelength
of 492 nm (Marrakchi et al. 2017).

Batch biosorption studies

To do the experiments, Jar test device was used. A certain
amount of the psyllium adsorbent was added to each beaker.
First, the fast mixing stage was done at 200 rpm for 2 min.
Then, for each slow mixing stage, rate of 40 rpm was con-
sidered for 15 min with sedimentation time of 30 min. After
each jar test, samples were immediately taken from the
sampling solution from a depth of 4 cm below the surface
(Ai and Jiang 2010). Across all of the stages of the experi-
ment, the same dye concentrations but without adsorbent
were used as control samples. To optimize the adsorption
conditions, the optimal values of each of the factors influ-
encing the biosorption process: pH (2-10), contact time
(5-300 min), biosorbent dose (0.5-2 g/L), initial dye dose
(50-300 mg/L), and temperature (283-303 °K) were studied.
HCI and NaOH 0.1 mol/L. were employed to adjust the pH
of the samples. The adsorption experiments were replicated
three times at each stage. Analysis of variance was then per-
formed to retain the significant terms (p < 0.05) and exclude
the insignificant terms (p > 0.05) (Deniz and Ersanli 2016).

The amount of dye biosorbed per gram of psyllium is
calculated using Eq. (1):
q. = M (1)

w

The percent dye biosorbed from aqueous solution by psyl-

lium is calculated using Eq. (2):

C
Percent dye biosorbed = [1 - C_e] x 100 )
0

where C;, (mg/L) is the initial concentration, C, (mg/L) equi-
librium concentration, V is the volume of dye solution (L),
and W is the mass (g) of the adsorbent.

Biosorption isotherms and kinetics

Adsorption properties and equilibrium data, generally known
as adsorption isotherms, describe how pollutant interacts

Table 1 The kinetic and isotherm models used for biosorption pro-
cess on psyllium

Model Parameters Linear equation

Kinetic

Pseudo-first order (Lagergren) g ey, & go = qe(l _ ekt )

Pseudo-second order (Ho) eexp ko L =L 41y
: 49, ke g
Intraparticle diffusion (Web- k;, C; q, = kit1/2 +C,
ber)

Isotherm

i 1
Freundlich kg, n Ing, = Inkg + - (ln Ce)
Langmuir ki, g9 GGy L

9e 90 k gq

with adsorbent materials and so they are critical in optimizing
the use of adsorbent (Cotillas et al. 2014). The linear equa-
tions related to the mentioned kinetic models are presented
in Table 1.

The pseudo-first-order model is based on solid capacity.
This model considers the rate of occupation of biosorption
sites proportional to the number of unoccupied sites. This
model equation is shown in Table 1 where k, (min~') and ¢,
and g, (mg/g) are rate constant, the biosorption capacity at
a time #, and the equilibrium of pseudo-first-order kinetics.
The pseudo-second-order model is associated with situation
when the rate biosorption process controls the overall biosorp-
tion kinetics as shown in Table 1 where k, [g/(mg/min)] is the
second-order rate constant of adsorption. The initial sorption
rate [h (g/mg min)] can be calculated by h1=k,qZ. In the intra-
particle diffusion model, k; (mg/g min®?) is the rate constant
and C; (mg/g) provides insight into the boundary layer effect
which increases proportionally with the intercept value (Hall
et al. 1966; Langmuir 1918; Wang et al. 2015; Wawrzkiewicz
et al. 2017).

Linear increase of Langmuir isotherm in Table 1 where k;
(L/mg) is the Langmuir constant and g, (mg/g) is the maxi-
mum adsorption capacity; C, (mg/L) is the equilibrium con-
centration of dye in solution. Linear increase of Freundlich
isotherm in Table 1 where k (mg!~/" L"/g) is the capacity
of the adsorbent and n is the intensity of adsorption constant.
The plot of Ing, versus InC, is employed to determine the kg
and n from intercept and slope, respectively (Konicki et al.
2017).

The thermodynamic parameters of the biosorption such as
Gibbs free energy change, AG (kJ/mol), enthalpy change, AH
(kJ/mol), and entropy change, AS (kJ/mol K), are evaluated by
Egs. (3) and (4) (Tang et al. 2012).

AG’ = —RTInK, 3)
AS®  AH®
In KL = T - ﬁ (4)
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In Egs. 3 and 4, R is the universal gas constant (=8.314 J/
mol K) and k; (L/mol) is the equilibrium constant. The val-
ues of AH° and AS° are calculated by plotting the linear dia-
gram of Ink; versus 1/T, which are the slope and intercept of
the linear equation of the mentioned diagram (Hassan et al.
2017). The fitting of experimental data to the isotherm and
kinetic models was assessed by the correlation coefficient
(R,) and the residual root mean square error (RMSE). The
value of R, which may vary between 0 and 1 indicates the
degree of fitting of experimental data to the model. The R,
expression is given by Eq. (5):

Zi\; 9e — Geex ?
. (6 ) 5

Zi’il (Qe - Qe,exp)2 + (qe - qe,exp)2

The RMSE represents the match between the experimen-
tal data and the calculated data used for plotting the isotherm
and kinetic models where 7 is the number of data points. It
is defined as (Eq. 6):

N

" 1 5 2 (a.- Geexp) 6)

i=1

RSME =

Results and discussion

The effect of pH

The most important factors affecting the capacity of adsor-
bent are solution pH. The efficiency of adsorption is depend-
ent on the solution pH, since variation in pH leads to the var-
iation in the degree of ionization of the adsorptive molecule
and the surface properties of adsorbent (Tang et al. 2012).
Figure 3 reports the effect of solution pH on dye adsorption.

The removal efficiency for the contaminant increased
by elevation of pH from 2 to 4, while it diminished at pH,
above 4. The maximum removal efficiency for the anionic
dye has been related to pH 4 as large as 94.2%. Thus, the
subsequent experiments of the biosorption process on dye
were performed at pH 4 as the optimal pH. The removal

Dye Removal (%)

w
o

pH

Fig.3 The effect of changes in pH on the dye removal by biosorbent
(Cy=100 mg/L, time =40 min and 7=20 °C)
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efficiency has had a descending trend at pH below 5. With
the increase in pH from 5 to 10, the removal efficiency has
had a descending trend for the contaminant. This might be
due to the tough competition between the extra OH™ ions
and the negatively charged molecules of the dye for adsorp-
tion on the surface of the adsorbent. The pH at which the
surface charge is zero is called the point of zero charge (pzc)
and is typically used to quantify or define the electrokinetic
properties of a surface. The value of pH is used to describe
pzc only for systems in which H*/OH~ is the potential
determining ions. Due to the presence of functional group
such as OH™ group, anionic dye adsorption is favoured at
pH<pHpZC where the surface becomes positively charged
(Liu et al. 2013). Similar results have been reported by natu-
ral polysaccharides-modified graphene oxide for anionic dye
removal (Qi et al. 2017) and biosorption of dye by alginate
nanoparticles (Geetha et al. 2015).

Effect of contact time

Contact times are the most important factors in the study
of the adsorption process because they give data about the
kinetic for complete interaction to the surface of the adsor-
bent (Greluk and Hubicki 2010). Figure 4 shows contact
time for the dye adsorption examined over a 300-min period
at initial concentrations of 50 mg/L of the contaminants at
the optimal pH.

The adsorption rate of the adsorbents has been far higher
at initial times than subsequent times. In other words, with
increase in contact time, the adsorption capacity increased
for the contaminant. After 40 min, virtually no significant
change has occurred in the adsorption capacity. Thus, with
increase in contact time from 40 to 300 min, the adsorp-
tion capacity has increased from 22.5 to 23.7 mg/g. This
significant increase in the adsorption capacity at the begin-
ning of contact time can be due to existence of numerous
active and non-saturated sites in the external surfaces of
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Fig.4 The effect of changes in contact time on the dye removal by
biosorbent (T=20 °C, pH 4, C;=100 mg/L)
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the adsorbent. However, over time, it is observed that the
adsorption capacity has become stable for contaminant. This
constancy of adsorption capacity, i.e., reaching the equilib-
rium point within duration longer than 60 min might be due
to saturation of active sites on the surface of the adsorbent
or completion of the adsorbent capacity (Satilmis and Budd
2017). Similar effects were observed by other researchers
for contact time on the dye removal by different adsorbents
(Kim et al. 2016; Konicki et al. 2017).

Effect of amount of adsorbent

Adsorbent dosage is a significant factor affecting process
to determine the capacity of adsorbent for a given amount
of the adsorbent. Figure 5 reports the results obtained from
investigation of the effect of different concentrations of the
adsorbent under the optimal conditions (pH 4 and contact
time =40 min).

With the increase in the adsorbent dosage from 0.5 to
2 g/L, the percentage of dye removal from 70 to 94% but
with the increase in the adsorbent dosage above 2 g/L effi-
ciency removal is fixed. Therefore, at 2 g/L, the removal
efficiency has been above 90%.

Effect of initial dye concentration

The effect of initial dye concentration depends on the active
reaction between the concentration of the dye and the avail-
able pores on an adsorbent surface. Figure 6 indicates the
results obtained from investigation of the effect of different
dye concentrations under optimal conditions (pH 4 and con-
tact time =40 min).

The variations in the initial dye concentration have had a
negative impact on the extent of adsorption, such that with
the increase in the initial concentration of the dye from
50 to 300 mg/L, the removal efficiency grows from 90 to
94.3%. Elevation of removal efficiency in investigation of
changes in the amount of the adsorbed dye might be due to
the saturation of adsorption sites on the adsorbent surface.

100 -
95
90 A
85 1
80 1
75 A
70 A
65
60
55 1
50

Dye Removal %

0.6 1.2 1.8 24 3
Biosorbent dose(g/L)

Fig.5 The effect of changes in the biosorbent dosage on the dye
removal (7'=20 °C, time =40 min, pH 4, C,=100 mg/L)

Dye Removal %
0 0 \O \O
SWn oW
v
L 2
l

50 100 150 200 250 300
Intial concentration (mg/L)

Fig.6 The effect of changes in the concentration of the adsor-
bent on the dye removal efficiency by the biosorbent (7=20 °C,
time =40 min, pH 4)

The constant of the number of active sites on the adsorbent
versus the increase in the number of the molecules of the
adsorbent or saturation of the adsorbent surface at high con-
centrations (Kim et al. 2016). The increase in dye concen-
tration causes an increase in the driving force between the
solution and biosorbent and hence the mass transfer resist-
ance between the dye and the psyllium is reduced leading
to an increase in the biosorption capacity (Kumari et al.
2017). Similar results are reported for the adsorption dye
by biosorbent (Alizadeh et al. 2018).

Adsorption kinetics

The values of the kinetic parameters of the biosorption pro-
cess of reactive 16 dye are presented in Table 2 for the initial
concentration.

The values of calculated biosorption capacity (g, ) for
the pseudo-first- and second-order kinetics were obtained
as 22 and 24.2 mg/g, respectively. Further, the experimental
biosorption capacity (g e,) result is 23.5 mg/g. The results
indicate that the adsorption behavior of the contaminant over
time follows pseudo-first-order and pseudo-second-order
models, in accordance with the results of Rodrigo (Rodrigo
et al. 2018). The higher values of R, for all the varying ini-
tial concentrations of dye indicate the better fit of pseudo-
second-order kinetic model (Marrakchi et al. 2017). It is
confirming that adsorption rate decreased with the increase
in initial dye concentrations as observed by the effect of con-
tact time study (Kumari et al. 2017). The kinetics of adsorp-
tion of many dye species onto various biosorbents was also
found to be of pseudo-second-order in the literature: reactive
orange 16 adsorption in carbonized fish scales (Marrakchi
et al. 2017), reactive orange 16 on chitosan (Marrakchi et al.
2016), reactive orange 16 adsorption on brewery yeast (Kim
et al. 2016).

The applicability of the pseudo-second-order model sug-
gested that chemisorption might be the rate-limiting steps that
control this adsorption process (Ahmad and Rahman 2011).
Therefore, it can be concluded that the slowing stage in the dye
biosorption process has been chemical biosorption (Masoomi
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Table 2 Kinetic parameters of the biosorption process on psyllium

Adsorbent
Dye

Kinetic model

Adsorbent
Dye

Kinetic model

Adsorbent
Dye

Kinetic model

Intraparticle diffusion

Pseudo-second order

Pseudo-first order

0.5 kl 242 qe,cal (mg/g) 22 qe,ca] (mg/g)
16.7 G, 0.009 k; (min~") 0.07 k, (min~")
0.6 R 0.99 R 0.98 R?
Tab!e. 3 .The. parameters of Solution tempera- Equilibrium isotherms
equilibrium isotherms of ture (°K)
biosorption process on psyllium Freundlich Langmuir
R 1nkp(mg/g) (L/mg)"" R ki, (L/mg) qo (mg/g)
283 0.98 0.69 9.45 0.99 0.03 201.1
293 0.97 0.64 12.03 0.99 0.04 204.08
303 0.97 0.62 13.23 0.99 0.04 206.6
et al. 2017). The values related to the first (k;)- and second 150 -
. . 140 - N
(k,)-order reaction constant are almost the same, suggesting g 1301 == Ractive dye
that reactive 16 dye molecules have been adsorbed on psyl- g e Langmier
lium biosorbent with the same rate (Zuo et al. 2016). It is also < 100 Freundlich
observed that the value of boundary thickness layer (C;) in the E gg ]
intraparticle diffusion model for the contaminant has not been = Zg ] y
5 i
zero. This suggests that intraparticle diffusion has not been -g 50 L
the only controller stage of the process and possibly external 8 gg ] /
adsorption mechanism has also been influential as a controlling B 201
. . . Lo 10 -
factor in the biosorption process (Wawrzkiewicz et al. 2017). 0 i i i i i .
0 10 20 30 40 50 60

Biosorption isotherms

Adsorption isotherms are essential for explaination of how
biosorbate will interact with biosorbent and are critical for
optimization, interpretation, and prediction of adsorption data
(Deniz and Ersanli 2016). Thus, the equilibrium data were
analyzed using Freundlich and Langmuir isotherm models.
Table 3 indicates the values of the parameters of Langmuir
and Freundlich equilibrium isotherms for adsorbed dye within
283-303 °K.

The correlation regression coefficients (R,) revealed that the
adsorption processes were better explained by Langmuir model
(R,=0.99 for Langmuir and R,=0.97 for Freundlich). The
Langmuir isotherm fits with the experimental data that due to
the homogeneous distribution of active sites onto the biosorbent
surface (Kumari et al. 2017). The maximum biosorption capac-
ity (g,) based on Langmuir model was obtained as 206.6 mg/g
at 303 °K. The separation factor, R| , can be determined from
Langmuir plot as per the following Eq. (7):

1

R =—1
LT 1K G, 0
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Dye Residual dosage (mg/L)

Fig.7 The curve of the equilibrium models of biosorption process on
the adsorbed dye (T'=20 °C, time =40 min, pH 4, C,=100 mg/L)

where R; value in this study was favorable (0 <R < 1) (Gre-
luk and Hubicki 2010). Figure 7 presents the comparison
of the calculated equilibrium parameters according to the
isotherm models for dye adsorption on psyllium.

As shown in Fig. 7, the maximum values of biosorp-
tion capacity have increased with the rise in the solution
temperature, based on Langmuir isotherm model for the
contaminant. For example, with the increase from 283 to
303 °K, the maximum biosorption capacity for the dye
has also grown from 201.1 to 206.6 mg/g. Similar results
in others studies are reported where malachite green dye
removal by calcium Alginate (Geetha et al. 2015), bril-
liant green removal by binary oxidized cactus fruit peel
(Kumari et al. 2017). This trend suggests that elevation
of temperature has had a positive effect on the biosorp-
tion capacity (Faulconer et al. 2012); thus, it is concluded
that biosorption of reactive 16 dye has been favorable
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Table4 The thermodynamic parameters of the biosorption process
on psyllium

Solution tem-
perature (°K)

AG® (kI/mol)  AH° (kl/mol)  AS° (kJ/mol K)

283 —2.11 9.33 0.04
293 —243
303 =271

on biosorbent (Greluk and Hubicki 2010). 1/n values
related to Freundlich isotherm have been low for all of the
three studied temperatures, which also suggests favora-
ble biosorption of the contaminant on the adsorbed dye
(Ahmad and Rahman 2011). Intensity of dye adsorption
interactions was expressed by n values (Wawrzkiewicz
et al. 2017). The values of n in the range of 1-10 repre-
sent good adsorption (Lawal et al. 2017). The result of
this study was 1 <n < 10, indicating favorable adsorption
(Elwakeel 2009; Ramavandi and Farjadfard 2014).

Thermodynamic study

Thermodynamic study of the adsorption process is neces-
sary to demonstrate the feasibility of the process. Table 4
also presents the values obtained for each of the thermo-
dynamic parameters of the biosorption process.

The values of standard enthalpy (AH®) have obtained
positive value which indicated that the biosorption pro-
cess is endothermic in nature; hence, biosorption is more
favorable at higher temperatures. The enthalpy changes
(AH®) and entropy (AS°) of adsorption were 9.33 kJ/mol
and 0.04 J/mol K, respectively. The positive value for AH®
indicates that the adsorption of reactive dye onto psyllium
is an endothermic process, where there is an increase in
temperature in the solid—liquid interface along the biosorp-
tion process (Ramavandi and Farjadfard 2014). The posi-
tive value of entropy reflects the affinity of the adsorbent
for reactive dye. The low value of AS® may imply that
no significant change in entropy occurred during the dye
biosorption by psyllium (Liu et al. 2013). The estimated
values of standard free energy (AG°) for adsorption
dye onto psyllium were 22.64, 24.11, and 26.35 kJ/mol,
respectively, at 283, 293, and 303 K. These results indicate
that in all temperatures studied values of AG® have been
found to be negative which confirms feasibility and a spon-
taneous physiosorption process occurred. These negative
values imply that the biosorption reaction of reactive 16
dye on psyllium biosorbent is spontaneous and possible
(Ramavandi and Farjadfard 2014; Wang et al. 2017).

Conclusion

Psyllium showed efficiency for dye removal from aque-
ous solution. The optimal conditions for the adsorbent of
reactive dye in this study are pH 4, contact time =40 min,
biosorbent dose =2 g/L, and temperature =303 °K. The
maximum biosorption capacity was 206.6 mg/g and fitted
very well to the Langmuir mode (R,=0.99). The kinetic
of biosorption followed pseudo-second-order model. The
removal efficiency of the contaminant increased with
increase in the contact time, adsorbent dose, and the solu-
tion temperature. However, the initial concentration of
the contaminant had an indirect effect on the biosorption
efficiency. Due to its high specific surface area, psyllium
is able to be used as an effective, efficient, and economical
adsorbent in removing many environmental contaminants
from water resources. The endothermic nature and spon-
taneity of the process were confirmed by thermodynamic
studies. Thus, this biosorbent is expected to be widely
used for fast and simple separation of a wide variety of
adsorbed dyes from solutions. As main advantages for the
use of psyllium are available, low cost, safe, easy operat-
ing conditions, high efficiency in decolonization, and no
chemical requirements thus have been proposed to treat
industrial wastewater containing organic pollutants and
technically easier without large quantities of solutions.
The maximum adsorption capacity of psyllium for reac-
tive dyes was in comparison with other research. Since the
variety of pollution removal using psyllium has not been
studied, future studies must focus on the use of psyllium
in more realistic conditions such as many different organic
pollutants and the application in industrial wastewaters.
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