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ABSTRACT

The adsorption of Acid Blue 25 (AB25) ions by aquatic plants, Potamogeton pusillus and
Ceratophylum demersum from aqueous solutions was studied. The adsorption was studied as
a function of solution pH (2–11), contact time (0–60min), biomasses dosage (0.1–2.5 g/L), ini-
tial dye concentration (30–100mg AB25 /L), biosorbents particle size (53–500 lm), addition of
neutral salts (20–100mg KNO3/L and 20–100mg KH2PO4/L), and salinity (0.5–40 g NaCl/L).
The results of equilibrium adsorption were successfully described through Freundlich and
Temkin isotherm for both of the biosorbents. Maximum adsorption capacity of 183.46 and
129.68mg/g were observed for P. pusillus and C. demersum, respectively. Different kinetic
models including pseudo-first order, pseudo-second order, and intra-particle diffusion were
examined, and the pseudo-second order was shown to be the best model to fit the adsorp-
tion kinetics data. Thermodynamic parameters demonstrated that adsorption of AB25 ions
was spontaneous and endothermic at a temperature range of 10–40˚C. FTIR analysis
confirmed the responsibility of several functional groups on the surface of the biosorbents
for the adsorption of AB25 in this process.

Keywords: Biosorption; Aquatic plants; Acid Blue 25 dye; Potamogeton pusillus; Ceratophylum
demersum

1. Introduction

Synthetic dyes are widely used in industries such
as the textile, rubber, paper, plastic, leather, cosmetic,
pharmaceuticals, and food ones [1]. The increasing use
of dyes in various industrial applications has resulted
in the discharge of toxic dye effluents into the water
streams causing serious environmental pollution [2].
Dye-containing effluents are highly problematic waste-
water because they affect esthetic merit and reduce
light penetration, and photosynthesis. In addition,

most dyes are toxic, carcinogenic, and mutagenic for
humans and other organisms [3]. Wastewaters from
textile and dyestuff industries are among the most
difficult wastewaters for treatment because of the
availability of non-oxidizable dye contents [4].
Anthraquinonic dyes, such as Acid Blue 25, represent
the second most important class of commercial dyes
after azo-compounds. They are an important class of
commercial dyes that are primarily used for wool,
polyamide, and leather dying [5]. Therefore, a suitable
and effective treatment method should be devised.
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Different physical and chemical processes include
ozonation, photo-oxidation, electro-coagulation, adsorp-
tion (using activated carbon), froth flotation, reverse
osmosis, ion exchange, membrane filtration, and floccu-
lation have been used for the treatment of wastewater
containing dyes [6–8]. However, major disadvantages of
these methods include production of toxic sludge, high
operational cost, technical limitations, usually depen-
dent on the concentration of the waste, lack of effective
color reduction and sensitivity to a variable wastewater
input as reported by many researchers [9].

There is a growing interest in developing low-cost
and highly efficient alternative technologies for waste-
water treatment. In recent years, investigations have
shown that the biosorption could be an effective pro-
cess for dye removal from dye wastewaters. Biologi-
cally originated materials such as barley husk [10]:
cotton waste, rice milling waste [11]; hen feather [12–
14]; rice husk [15]; Corynebacterium glutamicum [16];
decrystallized chitosan [17]; Cosmarium sp. [18];
Caulerpa scalpelliformis [19]; and aquatic plants [20,21]
have been used as biosorbents to remove dyes from
wastewaters. Among these materials, several biosor-
bents showed extraordinary properties as biosorbents.
Therefore, biosorption is an ideal alternative for the
decontamination of dye-containing effluents, espe-
cially for the treatment of low-concentration effluents.

In this work, aquatic plants, Potamogeton pusillus
and Ceratophylum demersum were used in order to
decolorize the dye solution containing Acid Blue
25dye. They are commonly found in ponds, lakes,
ditches, and quiet streams with moderate to high
nutrient levels. They can float free in the water col-
umn and sometimes form dense mats just below the
surface. They are cosmopolitan plants which can
spread rapidly and grow in a wide range of aquatic
habitats [22]. Therefore, the aim of the present work
was to investigate the bisorption of AB25, using P.
pusillus and C. demersum under experimental condi-
tions. Thus, the influence of several operating parame-
ters such as initial solution pH, biomass dosage,
contact time, biosorbents particle size, initial dye con-
centration, addition of neutral salts and water salinity
was examined during the adsorption of AB25 dye
onto the biosorbents.

2. Materials and methods

2.1. Adsorbate

Acid Blue 25 [1-amino-9,10-dihydro-9,10-dioxo-
4-(phenylamino)-2-anthracenesulfonic acid, monoso-
dium salt] was provided from Alvan Sabet company,
Iran (Fig. 1). An accurately weighed quantity of the

dye was dissolved in deionized water to prepare a
stock solution (1,000mg/L). The solutions for all tests
were prepared from the stock solution to the desired
concentrations through successive dilutions using
deionized water.

2.2. Biosorbents

The freshwater macrophytes (C. demersum,
P. pusillus) were collected from Zayandeh Rood river
in Isfahan province, Iran, and washed with tap and
distilled water three times in order to remove other
macrophytes species, adhering algae, and insect
larvae. The biomasses were sun-dried for three days
and then dried in an oven at 70˚C for 24 h. The dried
biomasses were cut, ground in a mortar, and
subsequently sieved; and the particles with a different
size of 53–500lm were used for adsorption experi-
ments.

2.3. Adsorption experiments

Biosorption experiments were conducted in
100mL Erlenmeyer flasks with total reaction volume
of 50mL. The pH of solution was adjusted at desired
values by adding 0.1M NaOH or HCl using pH meter
(Metrohm, 620, Switzerland). Then, conical flasks
were shaken for the required time period in 25 ± 2˚C
on a rotary shaker (Labcon, FSIM-SPO16, USA) at
130 rpm.

To determine the optimum conditions of biosorp-
tion (with maximum AB25 decolorization), experi-
ments were performed with varying initial solution
pH (2–11), reaction time (0–60min), biomass dosage
(0.1–2.5 g/L), initial dye concentration (30–100mg/L),
biosorbent particle size (53–500 lm), nitrate and phos-
phate salts (20–100mg/L), and salinity (0.5–40 g/L).
All experiments were performed in duplicate and the
results expressed as means values.

O
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Fig. 1. Chemical structure of Acid Blue 25.
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2.4. Biosorption isotherms

Equilibrium experiments were carried out by tak-
ing 0.4 g/L of biosorbents in 100mL conical flasks
containing 50mL of the AB25 solution in the initial
concentration range of 10–50mg/L at initial solution
pH 2. The mixture was shaken in a rotary shaker
(labcon, FSIM-SPO16, United States) at 130 rpm keep-
ing temperature constant (25 ± 2˚C). After 1 h, samples
were filtered and analyzed quantitatively. Then, most
commonly adsorption isotherms were applied via the
Langmuir, Freundlich, Doubinin–Radushkevich (D–R)
and Temkin models.

2.5. Biosorption kinetics

Biosorption kinetics of experiments was carried
out in 500mL conical flasks containing 250mL of the
dye solutions using 0.4 g/L of biosorbents at initial
pH 2. The flasks were agitated for 60min on a rotary
shaker at 130 rpm under a constant temperature
(25± 2˚C). The samples were taken at predetermined
time intervals, filtered and analyzed to determine the
residual dye concentrations. Three kinetic models,
viz., pseudo-first-order, pseudo-second-order, and
intraparticle diffusion models were employed to
understand the sorption kinetics.

2.6. Thermodynamic study

Biosorption of Acid Blue 25 was finally investi-
gated at different temperatures (10, 25, and 40˚C) in a
rotary shaker under pre-optimized conditions, specifi-
cally 0.4 g/L biomasses level, 30mg/L initial dye con-
centration, pH 2 and 130 rpm. Various thermodynamic
parameters such as enthalpy changes (DH˚), entropy
changes (DS˚), and Gibbs free energy changes (DG˚)
were applied to determine the nature of adsorption
process.

2.7. Fourier transform infrared spectra study

FT-IR analyses within the range of 400–4,000 cm�1

were recorded with a Jasco-680 (Japan) spectrometer.
Biosorption process was performed with 100mL solu-
tion containing 30mg AB25/L, initial pH 2 and 0.4
g/L of two aquatic plants. At the reaction times of
0min (control) and 60min, samples were taken and
washed with deionized water to remove the loosely
bound ions or impurities. The dye was loaded and pure
biomasses were dried at 50˚C for 24h. The samples
were mixed with KBr and then ground in an agate mor-
tar at an approximate ratio for the preparation of pel-
lets. The background obtained from KBr disk was
automatically subtracted from the sample discs spectra.

2.8. Analysis

In order to measure the concentration of AB25,
5mL sample was taken from the reaction mixture and
filtered through a 0.2 lm membrane filter (Orange Sci-
entific, GyroDisc CA-PC, Belgium). Then, the absor-
bance of the supernatant was measured at the
wavelength corresponding to the maximum absor-
bance of the sample. A calibration curve was prepared
by measuring absorbance of different concentrations
of AB25 solutions at kmax = 600 nm using a UV/vis
Spectrophotometer (Hach, DR/4000 Spectrophotome-
ter, USA).

Mass capacity of adsorption (qe) was calculated
using the mass balance equation given by Eq. (1):

qe ¼ VðCi � CfÞ
m

ð1Þ

where qe is the dye sorption (mg/g); Ci and Cf are the
initial and equilibrium dyes concentrations in the
solution (mg/L), respectively; V is the solution vol-
ume (L); and m is the mass of biosorbent (g).

3. Results and discussion

3.1. Effect of initial soloution pH

Literature data showed that during biosorption of
dye molecules, the pH of solution played an impor-
tant role on adsorption capacity of different sorbents
[23]. To study the adsorption properties of P. pusillus
and C. demersum biomass, the effect of different initial
soloution pH from 2.0 to 10.0 was investigated when
the initial concentration of AB25, temperature and
biomasses dosage was kept constant. As shown in
Fig. 2, removal efficiency (%) of AB25 dye with both
aquatic plants decreased with increase in initial

Fig. 2. Effect of initial solution pH on biosorption capacity of
AB25 by P. pusillus and C. demersum biomass, T=25 ±2˚C,
[AB25]o = 30mg/L, [Biomass weight] = 0.4 g/L.
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solution pH. Accordingly, maximum adsorption of
AB25 was obtained at pH of 2 equal to 68.64mg/g of
P. pusillus and 60.52mg/g of C. demersum.

The initial solution pH significantly influences the
overall adsorption process.

It can influence dissociation of functional groups
on the active sites of the biosorbent and the degree of
ionization of materials present in the solution [24]. In
aqueous solutions, AB25 is first dissolved and its sul-
fonate groups are dissociated and converted into anio-
nic dye ions. The adsorption process then proceeds
due to the electrostatic attractions between the ammo-
nium groups of material and the sulfonate groups of
acid dye [25]. On the other hand, aquatic plants have
positive surface in acidic aqueous solutions and there-
fore, the free amino groups are protonated and the
biomass becomes fully soluble facilitating electrostatic
interaction between sorbents and the negatively
charged anionic dyes. This cationic property will
influence the adsorption capacity, especially in the
case of anionic dyes, depending on the charge and
functions of the dye under the corresponding experi-
mental conditions [26]. This result was in agreement
with Acid Blue 25 biosorption by raw, esterified and
protonated Jania adhaerens biomass [27] and biosorp-
tion of Acid Blue 25 by the brown macroalga
Stoechospermum marginatum [1].

3.2. Effect of aquatic plants biomass dosage

The effect of various biomass dosage (0.1–2.5 g/L)
on AB25 adsorption was studied while the initial con-
centration of AB25, temperature, and initial pH of
solution were constant at 30mg/L, 25± 2˚C and 2,
respectively. As can be seen in Fig. 3, the removal per-
centage of AB25 was significantly increased along
with an increase in the amount of biomass. It was

found 98.89% for 1 g P. pusillus/L and 98.33% for 1.9 g
C. demersum/L, although removal percentage remind
constant at higher biosorbents dosage.

In the presence of constant initial concentration of
AB25, increasing the biomass dosage provided greater
surface area and availability of more dye binding sites
[28], leading to the improvement of AB25 adsorption.
However, a consequence of partial aggregation of bio-
mass at higher biomass dosage was the decrease in
effective surface area for the adsorption capacity of
AB25 ions [29]. A similar observation was previously
reported for Acid Black 1 biosorption by Cystoseira
indica and Gracilaria persica biomasses [30].

As can be seen in Fig. 3, the sorption capacity
(mg/g) of biosorbents decreased as their dosage
increased. The decrease in sorption capacity may be
due to particle aggregation in higher biomass, which
causes a decrease in total surface area of the biosor-
bent and an increase in diffusional path length, the
removal efficiency of the dye decreased [31]. This
result was consistent with the adsorption studies of
acidic dye [32], basic dye [33]. The relationship
between the sorption capacity (mg/g) and the biomass
dosage (g/L) was obtained with a determination
coefficient as high as 0.997 and 0.998 for P. pusillus
(Eq. (2)) and C. demersum (Eq. (3)), respectively:

qe ¼ 28:45x�0:89 ð2Þ

qe ¼ 26:67x�0:88 ð3Þ

where qe is sorption capacity (mg/g) and x the bio-
mass dosage (g/L).

3.3. Effect of biosorbent size on adsorption capacity

The influence of particle size distribution of biosor-
bent on adsorption capacity of AB25 molecules was
studied by aquatic plants biomass at different particle
sizes of 53–106, 106–250, and 250–500lm (Fig. 4).
Decreasing particle size of biosorbents resulted
increasing biosorption capacity from 67.70 to
71.77mg/g of P. pusillus and 51.77 to 70.83mg/g of
C. demersum. As can be seen from Fig. 4, the highest
adsorption capacity of 71.77 and 70.83mg/g was
observed for P. pusillus and C. demersum, respectively,
at the smallest particle size of biosorbents tested
(53–106lm). The increase in adsorption capacity may
be attributed to larger surface area of the smaller par-
ticle size of biosorbent and larger number of ion
exchanging sites responsible for dyes binding at the
same amount of biomass [34]. In a study, the removal
of AB25 and DR80 was investigated using various

Fig. 3. Effect of different biomass dosages on biosorption
capacity of AB25 by P. pusillus and C. demersum biomass,
pH 2, T= 25 ± 2˚C, [AB25]o = 30mg/L.
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ranges of particle sizes from <0.125 to >0.6 lm of egg
shell membrane, and maximum adsorption was
obtained at the smallest particle size [35]. However, as
can be seen from Fig. 4, there is a significant differ-
ence in sorption capacity trends of two biosorbents
toward particle size. Increasing particle size of biosor-
bents causes a sharp reduction of sorption capacity for
C. demersum, while there is no significant reduction for
P. pusillus. It should be noted that the differences in
biosorption capacity between P. pusillus and C. demer-
sum tested here can be attributed to their structural
properties such as protein and carbohydrate composi-
tion, surface charge density, topography, and surface
area [8].

3.4. Effect of initial dye concentration on adsorption
capacity

Fig. 5 shows the effect of initial concentration of
AB25 (30–100mg/L) on the biosorption capacity using

biomasses of P. pusillus and C. demersum. The biosorp-
tion capacity of AB25 was increased from 67.28 to
167.00mg/g of P. pusillus and 62.86 to 125.18mg/g of
C. demersum for the initial concentration range of
AB25 tested. The reason for this observation can be
attributed to the fact that the initial dye concentration
provided an important driving force to overcome all
mass transfer resistances of the AB25 ions between
the aqueous solution and aquatic plants biomass. Fur-
thermore, at higher concentrations, it is not likely that
dyes are only adsorbed in a monolayer at the outer
interface of biomass. The diffusion of exchanging mol-
ecules within biosorbent particles may control the bio-
sorption rate at higher initial concentrations [36]. The
result is in agreement with the previously reported in
the literature. The initial concentration effect
(100–800mg/L) of Acid Black 172 and Congo Red was
investigated from aqueous solution on nonviable
Penicillium YW01 adsorption capacity. The maximum
capacity of dyes sorption was achieved in 800mg/L
initial dye concentration [37].

3.5. Modeling of adsorption isotherms

The results obtained from equilibrium isotherms
were analyzed with Langmuir, Freundlich, D–R and
Temkin models. The corresponding models constants
and the regression correlation coefficients are listed in
Table 1. Langmuir model suggests that no strong com-
petition exists between the adsorbate and the solvent
to occupy the adsorption sites. The linear Langmuir
isotherm is given below [38]:

qe
Ce

¼ bqmax � bqe ð4Þ

where qe (mg/g) and Ce (mg/L) are the amount of dye
adsorbed per unit weight of biomass and dye equilib-
rium concentration in solution at equilibrium, respec-
tively. qmax (mg/g) indicates the monolayer sorption
capacity of adsorbent and the Langmuir constant b
(L/mg) is related to the energy of biosorption.The low
values of correlation coefficient for the linearized
Langmuir relationships decline the single surface reac-
tion with constant activation energy [24]. The maxi-
mum sorption capacity (qmax) of AB25 on P. pusillus
and C. demersum obtained from Langmuir model was
183.46 and 129.68mg/g, respectively. The maximum
sorption capacity of AB25 with other sorbents
reported in the literature is given in Table 2. The dif-
ference in AB25 sorption capacity by various sorbents
may be attributed different physicochemical properties
of sorbents and experimental conditions [39].

The linear Freundlich isotherm model is shown
below [40]:

Fig. 4. Effect of different particle sizes of P. pusillus and
C. demersum biomass on biosorption capacity of AB25, pH 2,
T=25±2˚C, [AB25]o = 30mg/L, [Biomass weight] = 0.4 g/L.

Fig. 5. Effect of initial AB25 concentration on biosorption
capacity of AB25 by P. pusillus and C. demersum biomass,
pH 2, T= 25 ± 2˚C, [Biomass weight] = 0.4 g/L.
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log qe ¼ logKf þ 1=n logCe ð5Þ

where Ce is the sorbate concentration in liquid phase
at equilibrium (mg/L), Kf the Freundlich constant
(mg1�1/n L1/n g�1), and n (dimensionless) an empirical
parameter related to the biosorption intensity, which
varies according to the heterogeneity of the material.

From non-linear Freundlich isotherm plots, Kf and
n values were found to be 48.86mg/g and 2.75 for
P. pusillus and 47.97mg/g and 1.79 for C. demersum,
respectively. The n values were between 0 and 10
indicating that the adsorption of AB25 using
P. pusillus and C. demersum biomass was favored at
experimental conditions. The R2 values were found to
be 0.99 for both sorbents, indicating that the Freund-
lich isotherm model was found to provide the best
theoretical correlation of the experimental data.
Adsorption isotherms of AB25 ions by P. pusillus and
C. demersum are shown in Fig. 6.

The equilibrium data, also subjected to the D–R
isotherm model, were used to determine the nature of
adsorption processes as physical or chemical. The lin-
ear presentation of the D–R isotherm equation [41] is
expressed by:

ln qe ¼ ln qm � be2 ð6Þ

where qe is the amount of AB25 adsorbed on per unit
weight of biomass (mol/g); qm is the theoretical
adsorption capacity; b is the constant of the sorption
energy, which is related to the average energy ofT
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Comparison of maximum uptake capacities of Acid Blue
25 by various sorbents

Sorbent qm
(mg/g)

Source

Stoechospermum marginatum 40.0 [1]

Cationized cellulosic material 288 [58]

Cationic starch 249 [59]

Crosslinked cyclodextrin 88 [60]

Chitosan/cyclodextrin composite 77.4 [61]

Modified silica 45.8 [62]

Egyptian bagasse pith 17.5 [63]

Egyptian bagasse pith 14.4 [45]

Sphagnom moss Peat 12.7 [42]

Diatomite 10.11 [64]

Eichhornia crassipes 9.58 [65]

Calcined diatomite 7.57 [64]

Wood sawdust 5.99 [66]

P. pusillus 183.46 Present work

C. demersum 129.68 Present work

M. Kousha et al. / Desalination and Water Treatment 52 (2014) 6756–6769 6761



sorption per mole of the adsorbate as it is transferred
to the surface of the solid from infinite distance in the
solution; and e the Polanyi potential (e=RT ln (1 + 1/
Ce)) – where T is the temperature (K) and R is the gas
constant. The value of mean sorption energy, E, can
be calculated from D–R parameter b as follows:

E ¼ 1ffiffiffiffiffiffi
2b

p ð7Þ

The E (kJmol�1) value gives information about
biosorption mechanism, and more specifically, its
physical or chemical nature. If it lies between 8 and
16 kJmol�1, the biosorption process is controlled by a
chemical mechanism, while for E< 8kJmol�1, the bio-
sorption process proceeds through a physical mecha-
nism. The mean free energy of adsorption was
calculated to be 0.41 and 0.35 kJ/mol for P. pusillus
and C. demersum, respectively. These findings suggest
that the adsorption process of AB25 by these bio-
masses could take place by physical mechanisms.

Another model, Temkin isotherm model, was also
used to fit the experimental data. Unlike the Langmuir
and Freundlich equations, the Temkin isotherm, taking
the interactions between adsorbent-adsorbate in to
account, is based on the assumption that the free
energy of sorption is a function of the surface coverage
[42]. The linear form of isotherm is as follows [43]:

qe ¼ RT

bT
lnAT þ RT

bT

� �
lnCe ð8Þ

where AT, the equilibrium binding constant, corre-
sponds to the maximum binding energy, bT is the
Temkin isotherm constant, T is the temperature (K),
and R the ideal gas constant (8.314 J/molK). The con-
stants of Temkin model listed in Table 1 indicate that
the heat of biosorption of dye molecules in the layer
decreased linearly with coverage due to adsorbent–
adsorbate interactions, and that the adsorption is char-
acterized by a uniform distribution of the binding
energies, up to maximum binding energy [43]. These
values, confirm that the surface of Paneous indicus
shell is heterogeneous and possesses equal distribu-
tion of binding energies on the available binding sites.
The correlation coefficients for both biosorbents were
high showing that the experimental data was fitted
well to the Temkin isotherm model.

3.6. Effect of contact time

The effect of contact time on biosorption was stud-
ied in the time range up to 60min at initial concentra-
tion of 30mg AB25 /L and 25± 2˚C using 0.4 g/L

Fig. 6. Biosorption isotherm models of AB25 biosorption
by P. pusillus and C. demersum biomass; Langmuir (a),
Freundlich (b), Temkin (c), and D–R (d) models, pH 2,
T= 25± 2˚C, [Biomass weight] = 0.4 g/L.
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biosorbent of P. pusillus and C. demersum. As shown in
Fig. 7, biosorption was increased rapidly during the
first 5min, followed by a moderate increase up to
20min; thereafter, the adsorption reached equilibrium
up to 60min. At that time, the amount of dye being
adsorbed onto the biomaterial was in a state of
dynamic equilibrium with the amount of dye des-
orbed from the adsorbent [25]. In the adsorption
mechanism, at the beginning, the dye molecules are
adsorbed externally causing rapid increase of
biosorption rate. When the external surface becomes
saturated, the dye molecules are absorbed into the
porous structure of the biomass [44]. On the other
hand, the initial rapid phase may involve physical
adsorption or ion exchange at cell surface and the
subsequent slower phase may involve other mecha-
nisms such as complexation, microprecipitation or sat-
uration of binding sites. Similar observation was
previously reported for the effect of agitation time on
the removal of AB25 onto S. marginatum [45] and
cationized starch-based material [25].

3.7. Kinetic modeling of AB25 biosorption

Kinetic models are used to examine the controlling
mechanism of biosorption process such as biosorption
surface, chemical reaction and/or diffusion mecha-
nism. In order to determine the adsorption kinetics of
AB25 by P. pusillus and C. demersum biomass, three
kinetic models including Lagergren’s pseudo-first-
order model, pseudo-second-order model, and
intraparticle diffusion model were applied to the
experimental data. The applicability of these kinetic
models was determined by measuring the coefficients
of determination (R2), as shown in Table 3. The linear
form of the pseudo-first-order rate equation is given
as [46]: T
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1

qt
¼ k1

q1t
þ 1

q1
ð9Þ

where qt is the amount of adsorbate at time t (mgg�1),
q1 is the biosorption capacity in equilibrium (mgg�1),
k1 is the rate constant of the equation (min�1), and t is
time (min). The coefficients of determination of 0.95
for P. pusillus and 0.97 for C. demersum at the tempera-
ture studied are low (Table 3). The pseudo-first-order
model is not useful for modeling the biosorption of
AB25 in this work and there is a significant difference
between calculated and experimental values.

Experimental data were also evaluated by the
pseudo-second-order kinetic model, which is given in
the following form [42]:

t

qt
¼ 1

k2q22
þ t

q2
ð10Þ

where qe and q2 have the same meaning as mentioned
previously, and k2 (gmg�1min�1) is the rate constant
for the pseudo-second-order kinetics. The rate con-
stant, the R2 and q2 values are given in Table 3. The
R2 values were 0.99 for both biosorbents suggesting
that the present biosorption system can be defined
more favorably by the pseudo-second-order kinetic
model (Fig. 8).

The results also show that the biosorption of dye
probably took place through surface exchange reac-
tions until the surface functional sites were fully occu-
pied; thereafter, dye molecules diffuse into the sorbent
network for further interactions. The dye diffusion
within the particle is much slower than its movement
from solution to the external solid surface because of
the greater mechanical obstruction to movement pre-
sented by the surface molecules or surface layers and

the restraining chemical attractions between dye and
adsorbent [47].

The Webber–Morris plots (1963) gave three-stage
sections, which mean an instantaneous adsorption
stage, a gradual adsorption stage, and final equilib-
rium stage in sequence.

The intra-particle diffusion model is expressed as
follows [4]:

q ¼ kidt
0:5 þ c ð11Þ

where q (mg/g) is the amount of AB25 adsorbed at
time t, c is the intercept, and kid (mg/gmin0.5) is the
intraparticle diffusion rate constant. As shown in
Fig. 8, the linear plot of intra-particle diffusion model
between the AB25 and biomasses did not pass
through the origin. This deviation from the origin
may be due to the difference in the rate of mass trans-
fer in the initial and final stages of adsorption [48].
This, being indicative of some degree of boundary
layer control, showed that the intra-particle diffusion
was not the rate-limiting step of adsorption process
of AB25 on biosorbents tested at experiment
temperature.

Therefore, based on the correlation coefficient val-
ues in Table 3, it can be inferred that adsorption of
AB25 onto biomass followed pseudo-second-order
model. According to the results, there is a rate-limit-
ing step in biosorption mechanism and mass transfer
was not involved in solution [49].

3.8. Thermodynamic study of AB25 adsorption

In order to investigate thermodynamic behavior of
the biosorption of AB25 onto P. pusillus and C. demer-
sum biomass, thermodynamic parameters including
the changes in free energy (DG˚), enthalpy (DH˚) and
entropy (DS˚) were calculated from the following
equations [19]:

DG� ¼ �RT lnKD ð12Þ

lnKD ¼ DS�

R
� DH�

RT
ð13Þ

where R is the universal gas constant (8.314 J/mol.K),
T is the temperature (K), and KD (qe/Ce) is the distri-
bution coefficient. Gibbs free energy change (DG˚) was
calculated to be �4.77, �5.67 and �6.80 kJ/mol for
P. pusillus and �3.19, �3.66 and �4.26 for C. demersum
at 10, 25 and 40˚C, respectively (Table 4). The negative
(DG˚) values indicated thermodynamically feasible
and spontaneous nature of the biosorption.

Fig. 8. Pseudo-second-order kinetic model plot for the
biosorption of AB25 onto P. pusillus and C. demersum
biomass, pH 2, T= 25 ± 2˚C, [AB25]o = 30mg/L, [Biomass
weight] = 0.4 g/L.
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The increase in negative (DG˚) values by temperature
shows an increase in feasibility of biosorption at
higher temperatures. This is because higher tempera-
tures provide faster rates of diffusion of adsorbate
molecules from the solution to the biosorbent. Also,
the solubility of the dye increases and then, the inter-
action forces become stronger between the solute and
the solvent [50]. (DH˚)and (DS˚) values were found to
be 14.37 kJ/mol and 67.54 J/molK for P. pusillus and
6.88 kJ/mol and 35.52 J/molK for C. demersum at all
temperatures tested. The positive (DH˚) indicates the
endothermic nature of the adsorption processes at
15–40˚C. Furthermore, the positive value of (DS˚)
reveals the increased randomness at the solid–solution
interface during the fixation of the AB25 on the
binding sites of the biomasses surface.

3.9. Effect of neutral salts and salinity

Textile wastewaters contain various acids, alkalis,
salts, metal ions and other impurities. The presence of
such ions affects the dye biosorption capacity of bio-
sorbents [51]. Fig. 9(a) demonstrates the effects of

T
ab

le
4

T
h
er
m
o
d
y
n
am

ic
co
n
st
an

ts
o
f
A
B
25

b
io
so
rp
ti
o
n
o
n
to

P
.
pu

si
ll
u
s
an

d
C
.
de
m
er
su
m

b
io
m
as
s,

p
H

2,
[A

B
25

] o
=
30

m
g
/
L
,
[B
io
m
as
s
w
ei
g
h
t]
=
0.
4
g
/
L

B
io
m
as
s

D
H

˚
(k
J/
m
o
l)

D
S
˚
(J
/
m
o
lK

)
D
G
˚
(k
J/
m
o
l)

R
2

10
˚C

25
˚C

40
˚C

P
.
pu

si
ll
u
s

14
.3
7

67
.5
4

�4
.7
7

�5
.6
7

�6
.8
0

0.
99

0

C
.
de
m
er
su
m

6.
88

35
.5
2

�3
.1
9

�3
.6
6

�4
.2
6

0.
98

8

Fig. 9. Effects of neutral salts (a) and salinity (b) on
biosorption capacity of AB25 onto P. pusillus and
C. demersum biomass, pH 2, T=25 ± 2˚C, [AB25]o = 30mg/
L, [Biomass weight] = 0.4 g/L.

M. Kousha et al. / Desalination and Water Treatment 52 (2014) 6756–6769 6765



nitrate and phosphate salts as neutral salts on AB25
adsorption capacity of P. pusillus and C. demersum in
aqueous solutions. The results show that the dye bio-
sorption capacity onto P. pusillus decreased from 70.73
to 65.31mg/g and from 70.10 to 61.64mg/g in the
presence of 20–100mg/L nitrate and phosphate salt,
respectively. The dye biosorption capacity onto
C. demersum decreased from 61.56 to 53.95mg/g and
from 62.29 to 53.02mg/g in the concentration range of
20–100mg/L nitrate and phosphate salt, respectively.
The increased amount of electrolyte can occupy the
sorbent surface, decreasing dye ion available to the
biomass surface for sorption and therefore, the dye
biosorption capacity may be significantly decreased
[52]. Also, the observed decrease in the sorption of
AB25 could be explained by considering the competi-
tive effect of nitrate and phosphate anions on dye
binding sites of biosorbents. In addition, the cations
such as K+ are expected to form complexes with anio-
nic division (sulfonate groups) of dye.

Sodium chloride is often used as a stimulator in
dyeing processes. Therefore, the effect of different
NaCl concentrations, from deionized water to hyper-
saline water, on dye biosorption was studied by
aquatic plants P. pusillus and C. demersum, as shown
in Fig. 9(b). As can be seen from this figure, the bio-
sorption capacity was decreased from 68.84 to
61.67mg/g for P. pusillus and 60.52–51.46mg/g for
C. demersum along with an increase in salt concentra-
tion from 0 to 40 g/L in dye solutions. The results
showed that dye biosorption decreased with an
increase in water salinity. The effects of ion strength
on sorption of Basic Blue 9 and phosphoric acid
modified rice straw were tested by the addition of
sodium chloride (ranged from 0 to 0.5M) to the dye
solutions. Increasing the ion strength of solution
caused a sharp decrease in sorption percentages of
Basic Blue 9 [53]. In another investigation, the addi-
tion of NaCl (250mg/L) to the dye solution caused
only a 2% decrease in decolorization efficiency of
Acid Yellow 23 [54]. NaCl salt may screen the elec-
trostatic interaction of opposite charges in adsorbents
surface and the dye molecules, and an increase in
salt concentration could decrease the amount of dye
adsorbed [24].

3.10. FT-IR analysis of adsorbent–adsorbate interaction

The FT-IR method was conducted to obtain infor-
mation on the nature of possible interactions between
the functional groups of biomass and AB25 ions. The
FT-IR spectra of biomass before and after dye treat-
ment are shown in Fig. 10(a)–(d).

The broad and strong vibration around 3,000–
3,600 cm�1 is indicative of the presence of the -OH
groups and -NH groups on biosorbent biomasses.
The peaks at 2,840–2,990 cm�1 are assigned the
asymmetric and symmetric C–H stretching of the ali-
phatic groups. The strong peaks at 1637.27 cm�1 and
1638.23 cm�1 for P. pusillus and C. demersum biomass,
respectively, were attributed to stretching vibration
of carboxyl group (–C=O). The peaks at 1449.24 and
1458.89 cm�1 represent -N-H bending vibration for P.
pusillus and C. demersum, respectively. The peak at
1384.64 is due to –N=O stretching vibrations for the
biomasses. The bands observed at 1,015–1,273 cm�1

were assigned to C–O stretching vibration of alco-
hols and carboxylic acids. Therefore, these bands
(Figs. 10(a) and (c)) confirm the lignin structure of
the biomasses [55,56].

Comparison of dye-loaded biomass with FTIR
spectra of pure biomass displayed significant
changes in some of the peaks. As can be seen in
Fig. 10(b), the shift and sharp reduction of the
3422.06 cm�1 peak to 3420.14 cm�1 suggests the
major role of–OH and –NH group for AB25
biosorption onto P. pusillus biomass. There was a
clear disappearance of the bands 2854.13 and
1734.66 cm�1 after dye was loaded onto biomass.
The significant reduction in the peak at 1637.27 cm�1

reflects the effect of carboxyl group upon binding of
AB25 ions. The peaks were shifted in the bands
1449.24–1424.17 cm�1 and 1104.05–1097.3 cm�1 after
dye treatment. In the C. demersum biomass, the great
shift and reduction of the 3419.17 cm�1 peak to
3433.64 cm�1 indicate that the hydroxyl and amine
groups are the most important functional groups for
biosorption of AB25 dye. Two peaks were added in
the bands 1725.1 and 1534.1 cm�1 after treatment,
which was taken as a sign of biomass enrichment.
The peaks shift and reduction at 1638.23–
1628.59 cm�1 and 1114.65–1076.08 cm�1 may be due
to the involvement of these functional groups in the
biosorption process (Fig. 10(d)). Also, the peaks in
the region of lower wave numbers (under
1,000 cm�1) appeared as a broad peak and this may
be attributed to an interaction between dye
ions and N-containing chemical ligands of biomass
[57].

These observations indicate that several functional
groups on the surface of the biomasses are responsible
for binding of AB25 ions in the adsorption process.
Moreover, different adsorption capacities of AB25
onto P. pusillus and C. demersum biomass may be
attributed to the different interactions between dye
molecule and the biomasses.
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Fig. 10. FT�IR spectra of AB25 biosorption onto P. pusillus before (a), after (b), and C. demersum before (c), after (d)
treatment. pH 2, T= 25 ± 2˚C, [AB25]o = 30mg/L, [Biomass weight] = 0.4 g/L.
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4. Conclusion

The results of this study demonstrated that the
aquatic plants P. pusillus and C. demersum biomasses
were efficient as biosorbents for the sorption of AB25
from wastewater effluents. The biosorption process
depends significantly on the pH of the solution and is
favored at pH 2.0. Biosorption of AB25 onto aquatic
plants could be well described by the pseudo-second-
order kinetic model. The biosorption process follows
Freundlich and Temkin isotherm model. Physical bio-
sorption in the biomasses and chemical interaction of
the dye molecules were both involved in the biosorp-
tion process. Negative Gibbs free energy has been
evaluated with the change in temperature (15–40˚C)
indicating a spontaneous and endothermic process.
The study implied that P. pusillus and C. demersum can
be considered as suitable biomaterials for removal of
dyes from textile wastewater.
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