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ABSTRACT

Batch biosorption experiments were carried out for the removal of basic dye, Basic Blue 41,
from aqueous solution using marine biomass Posidonia oceanica. A series of assays were
undertaken to assess the effect of the systems variables (solution pH, biomass amount, and
dye concentration). The highest dye removal yield was achieved at pH 8-11 (i.e., maximum
adsorption capacity of 225.48 mg g'). The minimum sorbent concentration experimentally
found to be sufficient to reach the total removal of dye molecules from aqueous solution
was 0.4 g L™". The equilibrium biosorption isotherms and kinetics were investigated. The
equilibrium data were fitted using three two-parameter models (Langmuir, Freundlich, and
Temkin) and two three-parameter models (Sips and Toth). Langmuir and Sips equations
provided the best model for BB41 biosorption data. Kinetic studies indicated that the kinet-
ics of the biosorption of BB41 onto P. oceanica follows a pseudo-second-order model. In
addition, an exhaustive comparative study was done to situate this marine biomass among
other proposed sorbents.

Keywords: Biosorption; Posidonia oceanica; Basic Blue (BB) 41; Modeling

1. Introduction

Dyes are synthetic aromatic compounds, which are
embodied with various functional groups [1]. To date,
there are more than 10,000 dyes available commer-
cially [2]. The annual production of dyes worldwide is
around 7 x 10° tons. It is estimated that 5-10% of these
chemical compounds are discharged into waste
streams by the textile industry [3]. The majority of
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these dyes are synthetic origin and toxic in nature
with suspected carcinogenic and genotoxic effects [1].
Textile wastewaters offer considerable resistance to
biodegradation due to the presence of the dyestuffs,
which have a complex chemical structure and are
resistant to light, heat, and oxidation agents. The col-
ored dye effluents are considered to be highly toxic to
the aquatic life and affect the symbiotic process by
disturbing natural equilibrium by reducing photosyn-
thetic activity due to the colorization of the water.
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Removal of textile dyes from wastewater is still of a
major environmental concern because they are difficult
to be removed by the conventional wastewater treat-
ment systems.

Many biological, physical, and chemical methods
including coagulation, flocculation, precipitation, filtra-
tion, chemical degradation, ozonation, and oxidation
have been used for the treatment of dye-containing
effluents [4]. These treatments are effective only for
small effluent volumes. Therefore, there is a need to
find alternative treatments that are effective for large
effluent volumes [5].

The adsorption process is being increasingly used
due to its high efficiency for pollutant retention. Acti-
vated carbon is most widely used adsorbent for the
removal of color and the treatment of textile effluents,
but it is expensive.

In recent years, there has been an increasing inter-
est in the use of low-cost biosorbent for dye sorption.
Thus, locally available materials such as sand [6], cot-
ton fiber [7], canola hull [8], chitosan nanoparticles,
cone biomass of Thuja orientalis [9], Mediterranean
green alga Enteromorpha spp. [10], Waste P. mutilus
biomass [11], clinoptilolite, and amberlite [12] had
been successfully used to remove dyes from the aque-
ous solution.

To the best of our knowledge, no research is cur-
rently devoted to addressing the removal of Basic Blue
41 from aqueous solution by Posidonia oceanica.

The main focus of this study was to evaluate the
biosorption aptitude of low-cost and renewable bio-
mass, P. oceanica for the removal of Basic Blue BB41 as
model compound for basic dyes.

2. Materials and methods
2.1. Biomass and dye solution preparation

Fresh samples of P. oceanica sheets were collected
from JIJEL (east coast of Algeria). The samples were
rinsed with tap water to remove impurities such as
sand and salt absorbed at the surface of the biomass.
The washing process was continued until the conduc-
tivity value become stable and then dried for 24 h at
80°C.

The dried biomass was grounded by means of a
crusher machine. The resulting ground P. oceanica bio-
mass with a mean particle size of 200 pm was stored
in a desiccator for further use.

The monoazo basic dye, Basic Blue 41 (BB41; CI
11105, CAS 12270-13-2, C20H26N4O682; 482.57 g mol_l),
furnished by textile Algerian company (Alfaditex,
Bejaia, 300 km east Algiers) at 80% purity is the dye
used in all experiments. The chemical structure of
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BB41 is given in Fig. 1. It is very soluble in water and
used in large quantities for dyeing polyacrylonitriles,
polyesters, and linear polyamides.

Synthetic dye solution was prepared by dissolving
a weighed amount of CI Basic Blue 41 in a precise vol-
ume of distilled water.

2.2. Preliminary experiments
2.2.1. Effect of initial pH

Effect of initial pH was investigated at various pH
values ranging between 3 and 11. In the experiments,
a 0.04 g sample of biomass was added to each 100 mL
volume of synthetic dye solution having an initial con-
centration 100 mg/L in different flaks, for a constant
sorption time (1 h), at different pHs. The pHs of the
solution was adjusted using HCl and NaOH solutions.

After the sorption step, the solid phase was sepa-
rated from the dye solution by centrifugation at
3,000 rpm for 5 min. The CI Basic Blue 41 residual
concentration was estimated using the spectrophotom-
etry technique at the wavelength of 610 nm.

2.2.2. Effect of sorbent mass

The effect of sorbent mass on the sorbed dye was
determined by varying sorbent concentration as 0.1,
02,03,04,07,and 09 g L ! in CI Basic Blue 41 solu-
tion (100 mg L'). The obtained samples were shaken at
300 rpm for 1 h. The pH was adjusted at a predeter-
mined optimum solution pH (9).

The biomass amount introduced with the dye solu-
tion plays an important role in the percentage of color
removal which is expressed by (1):

% color removal = [(Cy — C.)/Co] x 100 (1)

where Cj and C, are the initial and equilibrium liquid-
phase concentrations of BB41 respectively (mg L™).

Fig. 1. Chemical structure of BB41.
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2.3. Biosorption kinetics—isotherms

Sorption kinetics experiments were carried out at
25 +2°C using five different initial BB41 concentra-
tions, namely 75, 100, 125, 150, and 175 mg L™". All
the kinetics measurements were performed at pH?Y,
with a maximum contact time of 60 min. The samples
were removed at preset time intervals and centrifuged
at 3,000 rpm for 5 min.

Biosorption isotherms were carried out by agitating
0.04 g of P. oceanica biomass with 100 mL of dye solu-
tion concentration varying from 50 to 250 mg L™" at
the optimum pH (9) in the thermo-regulated water
bath agitated at 300 rpm for the time required to reach
the equilibrium state (1 h).

3. Results and discussion

3.1. Surface characterization of novel biosorbent
(P. oceanica)

To determine the isoelectric point (point of zero
charge) of P. oceanica, adsorbent was added to potas-
sium nitrate solution (50 mL) in different flask, at dif-
ferent pH values and agitated for 48 h at room
temperature [13]. The final pH values of solutions
were measured. Final pH of the solution is plotted
against initial pH of the solution and shown in Fig. 2.

pHpzc (point of zero charge) for P. oceanica is
determined as pH 7.24.

3.2. Preliminary study
3.2.1. Effect of initial pH

pH is one of the most important factors controlling
adsorption of a dye onto suspended particles. In the
present biosorption system, the effect of pH was
investigated between 3 and 11 and the result is pre-
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Fig. 2. The isoelectric point determination of P. oceanica.

L. Brahmi et al. | Desalination and Water Treatment 56 (2015) 2746-2753

sented in Fig. 3. As shown, the biosorption removal
efficiency was minimum at pH 3 (13290 mg g™') and
increased up to pH7 (21649 mg g '), then remained
nearly constant (225.48 mg g¢~') over the initial pH of
the range 8-11.

The BB41 dye is a cationic with —NHJ group in its
structure. At pH>724, an electrostatic attraction
exists between positively charged cationic dyes and
the negatively charged surface of the adsorbent due to
the ionization of functional groups of adsorbent. As
the pH of the system decreases, the number of posi-
tively charged sites increases. A positively charged site
on the adsorbent does not favor the adsorption of cat-
ionic dyes due to the electrostatic repulsion [8,10].
Thus, pH 9 was used for further experiments.

3.2.2. Effect of sorbent mass

Fig. 4 shows the % color removal against sorbent
concentration (gL™") of P. oceanica. The % color
removal increases as the biomass concentration
increased. The biosorption removal efficacy values
increased from 53.17 to 93.13%, as the biomass dose
was increased from 0.1 to 0.9 gL™". Such a trend is
mainly attributed to an increase in the sorptive surface
area and the availability of more adsorption sites.

Quite similar tendency was reported for Basic Blue
BB41 by a waste containing boron impurity [14].

Moreover, the percentage of removal is stabilized
above (0.4 g L™"). This is probably because of the resis-
tance to mass transfer of the dye from bulk liquid to
the surface of the solid, which becomes important at
high adsorbent loading. For the following experi-
ments, sorbent concentration of P. oceanica was set at
04gL™"
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Fig. 3. Effect of solution pH on dye removal.
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Fig. 4. Effect of biomass amount on the removal of BB41.

3.2.3. Kinetic study

The experimental results of sorption of BB41 on
P. oceanica at various concentrations are shown in Fig. 5.

The sorption capacity at equilibrium increases from
167.73 to 379.76 mg g~ with an increase in the initial
dye concentration from 75 to 175mgL™". Similar
results were observed for Basic Blue 69 and Acid Blue
25 by peat [15], for BB41 by dried biomass of Baker’s
yeast [4].

The increase in the uptake capacity of the sorbent
with increasing dye concentration may be due to the
increase in sorbate quantity. The variation in the
extent of adsorption may also be due to the fact that
initially all sites on the surface of the sorbent were
vacant and the solute concentration gradient was rela-
tively high. Consequently, the extent of dye uptake
decreases significantly with the increase in contact
time, which is dependent on the decrease in the num-
ber of vacant sites on the surface of dead biomass.

Besides, after the lapse of same time, the remaining
vacant surface sites are difficult to occupy due to the
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Fig. 5. Effect of initial concentration on the biosorption of
BB41 onto P. oceanica.
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repulsive forces between the solute molecules on the
solid surface and the bulk phase, and this trend indi-
cates that the biosorbent saturated at this level [1,16].

Two kinetic models were applied to biosorption
kinetic data in order to investigate the behavior of
adsorption process of dye onto P. oceanica. These mod-
els are the pseudo-first-order and pseudo-second-
order.

The pseudo-first-order model is given as [17] (2):

K
log (4 — g:) = log g - (2 3103>t @

where g. and g; are the amount adsorbed (mg g™') at
equilibrium and time t (min), respectively, and K; is
the pseudo-first-order rate constant of dye (min™").
The values K; at different concentrations were calcu-
lated from the slopes of the respective linear plots of
log (ge —qp» vs. time (Fig. 6) and are tabulated in
Table 1. Although the correlation coefficients were
higher than 0.93, the calculated 4., values do not
agree with the experimental value. The results indi-
cated that the biosorption of BB41 onto P. oceanica
does not follow the pseudo-first-order kinetics.

Kinetic data were further examined with the
pseudo-second-order model. If pseudo-second-order
kinetics is applicable, the plot of t/g; vs. time should
show a linear relationship. The second-order kinetic
model is expressed as follows [18] (3):

—=——+—t ®3)
2
q Kz g
2,0 1
1,6
T 1,21
IG.)
O
S 0,8 A ® Cy= 75mg/L
L ® C,=100mglL
A C,=125mg/L
0,4 0 9
v Cy =150 mg/L
& Cy=175mg/L
0,0 . . . : : : :
0 10 20 30 40 50 60

time (min)

Fig. 6. Pseudo-first-order plots kinetic for biosorption of
BB41 onto PO at various concentrations.
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Table 1

Kinetic parameters for biosorption of BB41 onto PO at various concentrations

Cp (mg L™ Je.exp (MG gfl) Ge,cal (MG gfl) K; (min™?) R? Je,cal (MG gfl) K; (mg gfl min~'/?) R?

75 167,727 53,078 0.064 0.9514 170,068 0.0042 0.9997
100 223,460 79,242 0.054 0.9413 226,757 0.0023 0.9994
125 278,464 101,587 0.053 0.9894 283,286 0.0017 0.9989
150 330,591 106,770 0.043 0.9868 334,448 0.0013 0.9982
175 379,760 133,564 0.063 0.9375 386,100 0.0014 0.9987

where K, is the rate constant of the pseudo-second-
order equation (g mg ' min™").

The straight-line plots of t/g; vs. time (Fig. 7) have
been used to obtain the rate parameters. The values of
K, and correlation coefficients R* of the dye solutions
at different concentrations were calculated from these
plots (Table 1). The linear plots of t/g; vs. time show
good agreement with the experimental data from the
second-order kinetic model. The correlation coeffi-
cients (R?) were higher than 0.998. The calculated g,
values agree very well with the experimental data.
These results indicate that the biosorption of BB41
onto P. oceanica obeys pseudo-second-order kinetics.

3.3. Biosorption isotherms

In order to optimize the design of an adsorption
system for dye removal, it is important to establish
the most appropriate correlation for the equilibrium
curves. These equilibrium adsorption capacity curves
can be obtained by measuring the adsorption isotherm
of basic dyes onto adsorbent. Five different models of
sorption isotherms including Langmuir, Freundlich,
Temkin, Sips, and Toth have been tested in the
present study.

0,6
® Cy= 75mg/L
054 |® Co=100mgiL
A Cy=125mg/L
—~ 04+ v Cy =150 mg/L
o ® C,=175mg/L
g
£ 034
€
2
o 021
0,14
0,0
0 20 40 60 80 100
time (min)

Fig. 7. Pseudo-second-order kinetic biosorption of BB41
onto PO at various concentrations.

3.3.1. Two-parameter models

e The Langmuir sorption isotherm, proposed in
1918, assumes that the adsorption takes place at
specific homogeneous sites within the adsorption
and has found successful application to many
sorption processes of monolayer adsorption. The
Langmuir isotherm can be written in the form

4):

ge = Gmax kL Ce (4)
1 + kLCe
where g, is the equilibrium sorbate concentration on
the biosorbent (mg g ™), g,uax (mg g~ ") is the maximum
biosorption capacity, and k; (L mg™") is the biosorp-
tion equilibrium constant better known as the Lang-
muir constant that quantitatively reflects the affinity
between the sorbate and the biosorbent.
e The Freundlich isotherm is an empirical equation
employed to describe heterogeneous systems. It
is given by (5):

Je = KFCE/” (5)

where Kr [(mg g™") (Lg™")'"/"] is the Freundlich con-
stant related to sorption capacity, and n is the hetero-
geneity factor.

e The Temkin model deals with the heat of adsorp-
tion and the involved sorbent/sorbate interac-
tions. Its main assumption is the uniformity in
the distribution of binding energies up to some
maximum binding energy. The equation of the
Temkin model is presented by (6):

RT
ge = 7“1 (arC.) (6)

where ar (Lg™) and b (Jmol™") are the Temkin
constants.
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3.3.2. Three-parameter models

e The Sips isotherm has the following form (7):

K,Cls
Je = Qmax H_STC:t.gS (7)
where K; is the Sips equilibrium constant (Lmg=!)",
and n; is the Sips model exponent.

At low sorbate concentrations, it effectively
reduces to the Freundlich isotherm, while at high sor-
bate concentrations, it predicts monolayer adsorption
capacity characteristic of the Langmuir isotherm [19].

o The Toth isotherm derived from potential theory
has proven useful in describing sorption in het-
erogeneous systems. It assumes an asymmetrical
quasi-Gaussian energy distribution, and most
sites have sorption energy less than the mean
value [20]. It can be represented as [21] (8):

500 /_
400 4
7
o0 .
w0 300 = Experimrntal
g __ Freundlich
[ .
< Langmuir
200 1 — Temkin
100
0 10 20 30 40 50

Ce (mg . L'l)

Fig. 8. Comparison of different two-parameter models for
BB41 biosorption onto P. oceanica.
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;:':o 1 m  Experimental
oo 300 - Sips
£ —— Toth
g J

200 A

100

0 10 20 30 40 50

Ce (mg . L'l)

Fig. 9. Comparison of different three-parameter models for
BB41 biosorption onto P. oceanica.
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Table 2
Isotherm constants of two-parameter and three-parameter
models for BB41 biosorption onto P. oceanica

Langmuir model Gonax (Mg g ") 868.36
kp (Lmg™) 0.027
R? 0.999
ba 0.2351
Freundlich model Kr [(mg g™ (Lg H'"] 46.24
n 1.62
R? 0.989
ba 6.0876
Temkin model b J mol™) 13.93
ar (Lg™") 0.298
R? 0.987
ba 9.3171
Sips model Gonax (Mg g ") 868.34
K (Lmg M, 0.02704
s 1.00004
R? 0.99937
Va 0.2351
Toth model Jmax (MG gfl) 882.46
br L mg™") 0.2684 1
nr 0.98223
R? 0.99938
Pa 0.2418
Qe = Gmax bTCe (8)

(1 + (brCe)™™)/

where br (L mg ") and 77 are Toth constants.

All the model parameters were evaluated by non-
linear regression using the ORIGIN 8.6 software. The
fitted data for Langmuir, Freundlich, Temkin, Sips,
and Toth isotherm models are shown in Figs. 8 and 9.

The correlation coefficients and the chi-square test
are used to measure the goodness-of-fit. The
chi-square test is defined as (9):

Table 3
Separation factor, Ry, calculated for BB41 biosorption onto
P. oceanica

Initial dye concentration (mg L™") Ry,
50 0.425
75 0.33
100 0.27
125 0.228
150 0.198
175 0.175
200 0.156
250 0.129
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Table 4

Comparison of biosorption capacity between P. oceanica and other studied sorbents for cationic textile dye removal
Sorbents Textile dyes pH T (°C) Gmax (Mg g ") References
Posidonia oceanica Basic Blue 41 9 25 868.36 This study
Waste P. mutilus Basic Blue 41 8 30 111.00 [11]
Accharomyces cerevisiae Basic Blue 41 9 30 212.77 [4]
Clinoptilolite Basic Yellow 28 6-6.5 20 59.60 [12]

Peat Basic Blue 69 - 40 253.00 [15]
Enteromorpha spp Methylene blue 6 30 270.27 [10]

Canola hull Basic Red 46 and Basic Violet 16 8 20 49.02 [8]

25.00

2
XZ _ Z (Qe.mea; Iq&ctzl) (9)

where ;s and oo (Mg g_l) are the experimental
and calculated values of the equilibrium adsorbate
concentration in the solid phase. The model is consid-
ered most suitable to satisfactorily describe the bio-
sorption process if it provides the highest R and the
lowest error calculation values y°. The different iso-
therm parameters along with R* and y* values are
given, respectively, in Table 2.

High R* (0.999) value and low * (0.2351) value
(Table 2) for the Langmuir model indicate that the bio-
sorption of BB41 onto P. oceanica follows the Langmuir
model. The excellent fit of the Langmuir isotherm to
the experimental biosorption data confirms that the
biosorption is monolayer; biosorption of each molecule
has equal activation energy and that sorbate-sorbate
interaction is negligible.

On the basis of correlation coefficients and chi-
square test (Table 2), the experimental data were bet-
ter described by the Sips model followed by Toth
(R? = 0.999 for both models). Besides, the Sips constant
(n, = 1.00004) confirms the fact that the isotherm is
more approaching the Langmuir than the Freundlich
isotherm. It effectively reduces to a Langmuir iso-
therm (n, = 1) [22-24].

The essential features of a Langmuir isotherm can
be expressed in terms of a dimensionless constant sep-
aration factor or equilibrium parameter, R; which is
defined as (10):

1

Ry ——
L 1+ k. Co

(10)

The parameter R; indicates that the shape of the iso-
therm. If the R, values are higher than 1, it indicates

unfavorable adsorption. If the Ry values are 1, it indi-
cates linear adsorption. R; values between 0 and 1
indicate favorable adsorption. If the R, values are
zero, it indicates irreversible adsorption.

The calculated R; values, shown in Table 3, were
all in the range of 0-1, which confirms the favorable
adsorption of the biosorption process in the studied
experimental conditions.

3.3.3. Comparison with other biosorbents

On the other hand, in order to situate our novel
biosorbent among those used to remove cationic tex-
tile dyes from aqueous solutions, a comparison based
on the Langmuir saturation capacity, §u.,, was carried
out. The results, illustrated in Table 4, showed that the
P. oceanica could be considered as a promising bioma-
terial to remove textile dyes when compared to other
biological materials and even to different kinds of
activated carbons.

4. Conclusion

BB41 removal from the aqueous solution through
biosorption onto P. oceanica was investigated in the
present study. The biosorption capacity was estimated
as a function of initial pH, initial dye concentrations,
and biosorbent dosage. The kinetic study of BB41 on
P. oceanica was performed based on pseudo-first-order
and pseudo-second-order. The data indicate that the
adsorption kinetics follow the pseudo-second-order
rate. The equilibrium sorption phenomena were found
to be well described by both Langmuir and Sips mod-
els. In both cases, such modeling behavior confirms
the monolayer coverage of BB41 molecules onto ener-
getically P. oceanica surface. The comparison of the
biosorption aptitude between P. oceanica and other bio-
sorbent materials indicated that the experimented
Mediterranean biomass showed a very good biosorp-
tion capacity toward the tested basic dye.
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