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a b s t r a c t

The present research provides information on the dye biosorption potential of chemically modified
non-conventional biomass obtained from Pyracantha coccinea. A cationic surfactant hegzade-
cylethyldimethylammonium bromide (HDEDMABr) was used as modification agent. Dye biosorption
characteristics of modified biomass were explored by batch mode equilibrium studies, zeta potential
measurements and FTIR studies. When compared with the dried natural biomass, modified biomass
was found to have high biosorption yield for Acid Red 44 (AR44) dye. Kinetic measurements revealed
that the biosorption equilibrium was established in about 40 min of contact time. The biosorption pro-
cess could be explained by the pseudo-second-order kinetic model and also followed the intraparticle
diffusion model up to 40 min, but diffusion is not the only rate controlling step. A comparison of the
odification

atural biomass different isotherms indicated that the dye biosorption by using modified biomass was well described by
the Langmuir isotherm model with maximum monolayer capacity of 105.0 mg dye g−1 biosorbent. Cal-
culated thermodynamic parameters of biosorption indicated the exothermic and spontaneous process.
Good biosorption yields ranged from 73.32 to 87.44% were obtained in the presence of the different con-
centrations of salt in the biosorption medium. Our results revealed that this developed biomass system
may be useful for the decolorization of reactive dye contaminated solutions.
. Introduction

Extensive use of synthetic dyes in many industrial processes
uch as textile, paint, solvent, pulp, paper, printing, food and cos-
etic results in large quantities of colored effluents. Contamination

f water bodies by these effluents is a worldwide environmen-
al problem. Synthetic dyes have complex chemical structure.
lthough they are designated as resistant molecules to degradative
onditions, cleavage of azo linkages in their structure can produce
oxic aromatic amines. Therefore, adequate treatment of colored
ffluents prior to discharge into receiving bodies of water is of great
mportance for human health and environmental quality [1,2].

Recently, the removal of dyes by different kinds of biosor-
ent materials has been receiving more attention [3–7]. However,
ometimes the tested sorbent materials do not have good sorp-
ion capacities or need long sorption equilibrium times. Hence

here is a need to search for more effective adsorbents. The sorp-
ion potential of sorbent material can be improved by modification
rocess. Recent studies by various research groups have shown
hat modified biosorbents exhibit good potential for the biosorp-

∗ Corresponding author. Tel.: +90 222 2393750/2871; fax: +90 222 2393578.
E-mail address: takar@ogu.edu.tr (T. Akar).

385-8947/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.cej.2010.03.047
© 2010 Elsevier B.V. All rights reserved.

tion of heavy metals [8,9] and dyes [10,11] from contaminated
media.

P. coccinea is a thorny perennial shrub native to SE Europe and
Asia. It is one of the most common plants widely used in gardening
and landscaping around the world [12]. Despite the use of this plant
in traditional medicine due to diuretic, cardiac and tonic properties
in its fruits [13,14] there is limited information in the literature
about the biosorption potential of this biomass. Findings in our
previous study demonstrated that the P. coccinea berries could be
employed as biosorbent material for the removal of a cationic dye
[15].

In this work, the biomass prepared from P. coccinea was modified
with a cationic surfactant (HDEDMABr) through a simple method
in order to prepare a novel, effective and alternative material for
the biosorptive removal of an acid dye. The biosorption properties
of the modified biomass were explored as a function of batch oper-
ating conditions including initial pH, contact time, biomass dosage
and temperature. Kinetic and isotherm analysis of the biosorption
process was performed in terms of the Lagergren first-order and the

pseudo-second-order kinetic models and the Freundlich, Langmuir
and Dubinin–Radushkevich (D–R) isotherm models. The possible
dye-biosorbent interactions were evaluated by FTIR analysis. The
dye biosorption potential of modified biomass was also tested in
the solutions having the different ionic strengths.

http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:takar@ogu.edu.tr
dx.doi.org/10.1016/j.cej.2010.03.047
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. Materials and methods

.1. Biosorbent modification and dye solutions

The mature berries of P. coccinea were collected from a number
f plants. It was washed with distilled water to remove both loosely
dhering particles and water-soluble impurities. They were then
ried in an oven at 70 ◦C and ground, passed through a 212 �m
ieve. 1.5 g of powdered natural biomass sample was suspended in
50 mL of 1% (w/v) HDEDMABr solution. The mixture was stirred
or 24 h at room temperature, filtered and the resulted modified
iosorbent sample was washed with deionized water several times
nd then dried in an oven at 70 ◦C.

Acid Red 44 dye (chemical formula: C20H12N2O7S2Na2 MW:
02.4 g mol−1, �max = 510 nm) obtained from Sigma–Aldrich Cor-
oration, St. Louis, MO, USA, was used without further purification.

stock solution (1.0 g L−1) of dye was prepared by dissolving
ppropriate amount of dye in deionized water and the other con-
entrations were obtained by diluting this stock dye solution.

.2. Biosorption studies

Batch mode biosorption studies were performed in a series of
00 mL beakers with a sample volume of 25 mL. The working solu-
ions containing 50–300 mg L−1 of dye were prepared by dilution
f the stock solution with distilled water when necessary. The pH
djustment of the working solutions was made by adding 0.1 M HCl
nd/or 0.1 M NaOH solutions to obtain pH values ranging from 1.0
o 9.0. The amount of the modified biomass was varied from 0.4
o 1.6 g L−1. Biosorbent and dye solution mixture were agitated on
magnetic stirrer at constant stirring rate of 200 rpm. Biosorbent
as separated from the biosorption medium by centrifugation and

he supernatant was analyzed using UV/Visible spectrophotometer
Shimadzu UV-2550) for its residual dye concentration. The influ-
nce of the ionic strength on the biosorption performance of the
odified biosorbent was also tested using dye solutions including
aNO3 at different concentrations.

The biosorption capacity of the biosorbent material was calcu-
ated by the following mass-balance equation.

e = V(Ci − Ce)
m

(1)

here qe (mg g−1) is the equilibrium biosorption capacity of
iomass, Ci and Ce (mg L−1) are the initial and equilibrium dye con-
entrations in liquid phase, respectively, V (L) is the volume of the
ye solution, and m (g) is the dry weight of the modified biomass.

The zeta potential values of the modified biomass were mea-
ured by zeta potential analyzer (Malvern zeta sizer) in the
olutions with the pH range of 1.0–9.0.

Data presented are the mean values from three independent
xperiments. Experimental errors were estimated and are depicted
ith error bars and the standard deviations are indicated wherever
ecessary. The statistical analysis of the experimental data was
one using SPSS 10.0 for Windows where it is possible to evalu-
te whether the effect and the interaction among the investigated
actors are significant with respect to the experimental error.

. Results and discussion

.1. Effect of modification on the biosorption capacity of biomass
In order to investigate the effect of modification on the dye
iosorption capacity of biomass, the dried and chemically mod-

fied biomass of P. coccinea were assessed for their biosorption
bilities at pH 2.0 and 100 mg L−1 of initial dye concentration. The
iosorption capacities were found to be 15.31 mg g−1 (15.43%) and
Fig. 1. Biosorption capacities and � potential values of modified biosorbent at dif-
ferent pH values (the bars represent the standard error of the mean).

91.58 mg g−1 (91.51%) for dried and modified biomass, respectively.
The modification of the biomass with cationic surfactant increased
the biosorption capacity of biosorbent by about 6 folds (p < 0.05).
This may be attributed to the increased positive charge density on
the biomass surface after the modification process. Further biosorp-
tion studies were carried out using HDEDMABr modified biomass.

3.2. Effect of initial pH

The initial pH of the biosorption medium is an important factor
affecting the dye biosorption capacity of biosorbents. Fig. 1 shows
the biosorption capacity and the surface charge of the biomass
at the various pH values. The � potential values for the modified
biosorbent were recorded as 4.91, 11.55 and 2.68 at the pH val-
ues of 1.0, 2.0 and 3.0, respectively. The point of zero charge (PZC)
was observed at about pH 3.0. The modified biosorbent was neg-
atively charged above this pH value and the � potentials changed
from −16.30 to −20.80 mV when the pH was increased from 4.0
to 9.0. The high positive charge on the biosorbent surface at pH 2.0
resulted in higher biosorption capacity because of the larger attrac-
tion forces between the anionic dye molecules and the biosorbent
surface. As the pH of the aqueous medium increased from 2.0 to 9.0,
the biosorption capacity of biomass decreased about 53% (p < 0.05).
A decrease observed in the biosorption capacity can be explained
by the increased negative charge density on the biosorbent surface.
Our previous findings indicated that unmodified form of P. coccinea
biomass has the point of zero charge at about pH 2.5 [15]. In this
study modified sorbent showed positive surface charge even at pH
3.0.

3.3. Effect of biosorbent amount

The biosorption of dye onto modified sorbent as a function of
biomass dosage is shown in Fig. 2. It can be seen that, the dye
removal percentage of biomass increased with increasing biomass
amount and almost 91.16% of removal was achieved by 1.0 g L−1

biomass dosage. The reason for such behavior may be attributed
to greater surface area and the large number of vacant biosorp-
tion sites thus favoring more dye biosorption. Further increase in
the biosorbent concentration from 1.0 g L−1 did not significantly
change dye removal percentage of biomass (p > 0.05) because of the
establishment of equilibrium between biomass and dye molecules.

The similar trend was also reported in the literature for Basic Blue
9 and Basic Red 5 biosorption by modified rice straw [16], for
Methylene Blue biosorption by Spirodela polyrrhiza [17] and for Acid
Yellow 17 biosorption by non-living aerobic granular sludge [18].
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ig. 2. Effect of biosorbent concentration on the biosorption of AR44 by modified
iosorbent (the bars represent the standard error of the mean).

.4. Kinetics of the biosorption and temperature effect

Fig. 3 presents the biosorption of AR44 dye at different temper-
tures (20, 30 and 40 ◦C) as a function of contact time. In order
o investigate the controlling mechanism and dynamics of the
ye biosorption process, the Lagergren pseudo-first-order and the
seudo-second-order kinetic models were applied to experimental
ata.

The pseudo-first-order rate expression of Lagergren is given by
he following equation [19]:

n(qe − qt) = ln qe − KLt (2)

here qe and qt are the amounts of biosorbed AR44 dye (mg g−1)
n the biomass at equilibrium and time t, respectively. KL is the rate
onstant of the pseudo-first-order biosorption (min−1). A straight
ine of ln(qe − qt) versus t (figure not shown) suggests the appli-
ability of this kinetic model and KL and qe were determined from
he slope and intercept of the plot. From the kinetic data in Table 1,
t can be clearly seen that the pseudo-first-order mechanism does
ot describe the AR44 dye removal process adequately.

The pseudo-second-order rate expression [20] is:

t

qt
= 1

k2q2
2

+ 1
q2

t (3)

here q2 is the maximum biosorption capacity (mg g−1) and k2 is
he equilibrium rate constant of the pseudo-second-order biosorp-
ion (g mg−1 min−1). Values of k2 and q2 were calculated from the
lot of t/qt versus t (figure not shown). The corresponding param-
ters and r2 values are depicted in Table 1. The r2 values of the
inetic models indicated that the biosorption process of AR44 onto

odified sorbent obeys pseudo-second-order model rather than

he pseudo-first-order kinetic model at all studied temperatures.
he appropriateness of the pseudo-second-order kinetic model for
he biosorption of different kinds of dyes was previously reported
y several research groups [4,21,22].

able 1
he kinetic parameters for the biosorption of AR44 by modified biosorbent.

t (◦C) The pseudo-first-order kinetic model Pseudo-second-order kin

KL (min−1) qe (mg g−1) r2
1 k2 (g mg−1 min−1) q

20 6.37 × 10−2 54.24 0.983 1.75 × 10−3 9
30 5.76 × 10−2 29.75 0.902 3.16 × 10−3 7
40 7.78 × 10−2 32.75 0.816 3.22 × 10−3 7
Fig. 3. Time profiles for the biosorption of AR44 by modified biosorbent at different
temperatures (the bars represent the standard error of the mean).

This finding suggests that the rate-limiting step of the biosorp-
tion system may be chemisorption. Also the theoretical q2 values
estimated from the pseudo-second-order model are close to exper-
imental q values in this study. The values of rate constants were
found to increase from 1.75 × 10−3 to 3.22 × 10−3 g mg−1 min−1

with an increase in the solution temperatures from 20 to 40 ◦C,
indicating that the biosorption of AR44 dye onto modified biomass
is rate-controlled (Table 1). The dye biosorption capacity of the
biosorbent from this model was found to decrease from 97.58 to
71.27 mg g−1 with an increase in the solution temperatures from 20
to 40 ◦C. Therefore, the biosorption of AR44 by modified biomass,
in the favors of lower temperature and exothermically occurred. In
the literature, Wang et al. [23] and Tunali et al. [24] reported the
similar trends for Rhodamine B biosorption by anaerobic sludge
and Acid Red 57 biosorption by Phaseolus vulgaris L., respectively.

The intraparticle diffusion equation [25] is:

qt = kpt1/2 + C, (4)

where C is the intercept and kp is the intraparticle diffusion
rate constant (mg g−1 min−1/2). According to this model, a plot of
uptake, qt, versus the square root of time, t1/2 (figure not shown),
should be linear if intraparticle diffusion is involved in the biosorp-
tion system and when these lines pass through the origin, and
then intraparticle diffusion is the rate controlling step [26–29]. If
these plots do not pass through the origin, this is an evidence for
some degree of boundary layer control. Furthermore, this indicates
that the intraparticle diffusion is not the only rate-limiting step,
but also other kinetic models may control the rate of biosorption,
simultaneously. Therefore, the slope of the linear portion of the fig-
ure is defined as rate parameter, kp, for the intraparticle diffusion,
and biosorption rate characteristic in this region where intraparti-

2
cle diffusion is the rate-limiting factor [30]. Although rp values
obtained for the intraparticle diffusion model at different tem-
peratures are lower than that of the pseudo-second-order model
(Table 1), this model indicated that the AR44 biosorption process
may be followed by an intraparticle diffusion model up to 40 min.

etic model Intraparticle diffusion kinetic model

2 (mg g−1) r2
2 kp (mg g−1 min−1/2) C (mg g−1) r2

p

7.58 0.999 7.49 39.99 0.970
4.10 0.998 5.23 39.09 0.950
1.27 0.998 4.92 35.06 0.933
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ig. 4. Freundlich isotherm plots for the biosorption of AR44 by modified biosorbent.

.5. Biosorption isotherms

The concentration of sorbate in the solid phase as a function
f the concentration in liquid-phase of sorbate at equilibrium
s called as “isotherm”. The equilibrium sorption isotherm is
undamental in describing the interactive behavior between sor-
ates and sorbent and is important in the design and analysis
f sorption systems [31,32]. Biosorption equilibrium data are
idely evaluated by different isotherm models. In the present

nvestigation the isotherm study of AR44 dye was conducted at
ifferent temperatures by changing the initial AR44 concentra-
ion in the range of 50–300 mg L−1. The Freundlich, Langmuir
nd Dubinin–Radushkevich (D–R) isotherm models were used to
escribe the equilibrium biosorption data.

The Freundlich isotherm model involves heterogeneous
iosorption over the surface of the biosorbent and it can be pre-
ented by the following linearized equation [33]:

n qe = ln KF + 1
n

ln Ce (5)

here KF (L g−1) and n (dimensionless) are the Freundlich sorption
sotherm constants. High values of these constants indicate that
he binding capacity has reached its highest value and the affinity
etween the biomass and dye molecules was also higher. The value
f n greater than unity implies favorable sorption and the repulsive
orces between sorbed molecules [34,35]. Values of KF and n are
btained from the intercept and slope of the linear plots in Fig. 4
nd are represented in Table 2.

The Langmuir isotherm model assumes that the biosorption
akes place in the monolayer form at specific homogeneous sites
ithin the biosorbent, meaning that once a sorbate occupies a site,
o further biosorption can occur at this site. The linear form of the

angmuir equation [36] is expressed as follows:

1
qe

= 1
qmax

+
(

1
qmaxKL

)
1
Ce

(6)

able 2
he isotherm constants for the biosorption of AR44 by modified biosorbent.

Langmuir Freundlich

t (◦C) qmax (mol g−1) KL (L mol−1) r2
L RL n KF (L

20 2.09 × 10−4 4.24 × 104 0.995 3.79 × 10−2 4.15 1.43
30 1.92 × 10−4 2.62 × 104 0.997 5.99 × 10−2 3.47 1.82
40 1.77 × 10−4 2.19 × 104 0.999 7.10 × 10−2 3.27 1.89
Fig. 5. Langmuir isotherm plots for the biosorption of AR44 by modified biosorbent.

where qe and qmax are the equilibrium and monolayer biosorption
capacities of the biosorbent material (mol g−1), respectively, Ce is
the equilibrium dye concentration in the liquid-phase (mol L−1) and
KL is the biosorption equilibrium constant (L mol−1) related with
the free energy of biosorption. The Langmuir plot for the biosorp-
tion of AR44 dye onto modified biosorbent (Fig. 5) shows a straight
line of slope 1/qmax KL, and intercept, 1/qmax.

In order to predict whether the biosorption system favorable
or unfavorable, the shape of the Langmuir isotherm has been dis-
cussed [37].

The essential feature of the Langmuir isotherm can be expressed
by means of ‘RL’. This dimensionless constant called as separation
factor or equilibrium parameter and is defined by the following
equation:

RL = 1
1 + KLC0

(7)

where C0 is the highest initial AR44 concentration (mol L−1). The
type of the isotherm can be classified as follows according to value
of the separation factor [37,38]:

RL > 1: unfavorable isotherm;
RL = 0: linear isotherm;
0 < RL < 1: favorable isotherm;
RL < 0: irreversible isotherm.

Dubinin–Raduskevich (D–R) isotherm model describes the
biosorption nature of the sorbate on the biosorbent and it is used
to calculate the mean free energy of biosorption. Characteristic
biosorption curve is related to the porous structure of the biosor-
bent according to this model. The linearized form of (D–R) equation
[39] can be written as:
ln qe = ln qm − ˇε2 (8)

where qm is the biosorption capacity of the biosorbent (mol g−1), ˇ
is a constant related to the biosorption energy, ε is Polanyi potential

Dubinin–Radushkevich (D–R)

g−1) r2
F qm (mol g−1) ˇ (mol2 kJ−2) r2

D−R E (kJ mol−1)

× 10−3 0.824 4.77 × 10−4 1.49 × 10−3 0.865 18.34
× 10−3 0.887 5.00 × 10−4 1.58 × 10−3 0.917 17.77
× 10−3 0.929 4.84 × 10−4 1.59 × 10−3 0.951 17.75
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Table 3
Sorption capacities of various sorbent materials from the literature for some acid dyes.

Sorbent material Dye Biosorption capacity (mg g−1) pH References

Thuja orientalis Acid blue 40 97.06 1.0 [5]
Non-living aerobic granular sludge Acid Yellow 17 133.3 2.0 [18]
Azolla filiculoides Acid Red 88 109.0 7.0 [45]
Azolla filiculoides Acid Green 3 133.5 3.0 [45]
Azolla filiculoides Acid Orange 7 109.6 3.0 [45]
Paenibacillus macerans Acid Blue 225 94.98 1.0 [46]
Paenibacillus macerans Acid Blue 062 95.08 1.0 [46]
Agaricus bisporus Acid Red 44 59.80 2.0 [47]
Sawdust carbon Acid Yellow 36 183.8 3.0 [48]
Rice husk carbon Acid Yellow 36 86.90 3.0 [48]
Monoamine modified magnetic silica Acid Orange 10 61.33 3.0 [49]
Mesoporous granular pine-cone derived activated carbon Acid Black 1 452.9 7.0 [50]
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Mesoporous granular pine-cone derived activated carbon Acid Blue1
(HDEDMABr) modified P. coccinea Acid Red 4

hich can be presented as:

= RT ln
(

1 + 1
Ce

)
(9)

here R is the universal gas constant (J mol−1 K−1) and T is the
emperature (K). The values of D–R isotherm constants, ˇ and qm

an be obtained with the help of slope and intercept of the linear
lot presented in Fig. 6.

The constant ˇ gives an idea about the mean free energy of
iosorption and E value can be computed using the following rela-
ionship [40–42].

= 1

(2ˇ)1/2
(10)

The magnitude of E value may characterize the type of the
iosorption as chemical ion exchange (E = 8–16 kJ mol−1) [43], or
hysical sorption (E < 8 kJ mol−1) [44]. The mean free energy of
iosorption (E) is found between 17.75 and 18.34 kJ mol−1 at dif-
erent temperatures, which implies that, the biosorption of AR44
n modified biomass may be considered as chemical biosorption.

The Langmuir, Freundlich and D–R isotherm model parameters
re summarized in Table 2. KF and n at the different tempera-
ures were between 1.43 × 10−3 to 1.89 × 10−3 L g−1and 4.15–3.27,

espectively.

According to r2 values in Table 2 the Langmuir isotherm model
ts the AR44 biosorption data better than the other isotherm mod-
ls at all studied temperatures. The suitability of the Langmuir
sotherm model suggests monolayer coverage of dye molecules on

ig. 6. D–R isotherm plots for the biosorption of AR44 by modified biosorbent.
298.4 7.4 [50]
105.0 2.0 This study

the biosorbent surface. Langmuir model indicated that the maxi-
mum monolayer biosorption capacity of the modified biosorbent
is 105.0, 96.47 and 88.93 mg g−1at 20, 30 and 40 ◦C. In this study,
the values of RL found between 3.79 × 10−2 and 7.10 × 10−2 indi-
cate that the AR44 biosorption behavior of modified biomass can
be considered as favorable (0 < RL < 1).

Acid dye sorption capacities of different kinds of sorbent mate-
rials [5,45–51] reported in the literature are summarized in Table 3.
The biosorption capacity of modified biosorbent in our study was
found to be comparable to and moderately higher than those of
many corresponding sorbent materials.

3.6. Thermodynamic analysis of dye removal process

In order to determine the temperature dependence of the
dye removal process by modified biosorbent, the changes in the
thermodynamic parameters (free energy (�G◦), enthalpy (�H◦)
and entropy (�S◦)) were analyzed. KL is used as the equilibrium
constant due to its dependence on temperature. The following
equations were used to calculate the thermodynamic parameters.

�G◦ = −RT ln KL (11)

ln KL = −�G◦

RT
= −�H◦

RT
+ �S◦

R
(12)

The plot of ln KL as function of 1/T yields a straight line from
which �H◦ and �S◦ were calculated from the slope and intercept,
respectively. The results are presented in Table 4. The negative val-
ues of �G◦ indicate that the biosorption process was spontaneous
in nature and confirm the affinity of the biosorbent towards the
dye molecules. The negative value of �H◦ (−25.33) suggests the
exothermic nature of the biosorption process. The positive entropy
value (+1.81) indicates increased randomness at the solid/liquid
interface during the biosorption process.
3.7. Effect of salt concentration

The effect of salt concentration on the dye biosorption potential
of the modified biosorbent material was studied in the presence
of increasing concentrations of NaNO3 in the biosorption medium

Table 4
Thermodynamic parameters for the biosorption of AR44 by modified biomass.

t (◦C) �G◦ (kJ mol−1) �H◦ (kJ mol−1) �S◦ (J K−1 mol−1)

20 −25.86 −25.33 1.81
30 −25.88
40 −25.89
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ig. 7. Effect of ionic strength on the biosorption of AR44 by modified biosorbent
the bars represent the standard error of the mean).

Fig. 7). The biosorption of AR44 decreased by about 15% as the
alt concentration varied from 0.04 to 0.2 mol L−1. This observed
rend may be explained by the competition between nitrate anions
nd negatively charged dye molecules (sulfonate groups of dye
olecules) for same binding sites of the biosorbent material. The

dverse effect of ionic strength on dye biosorption process may be
scribed to possibility of ion exchange mechanism. Several research
roups have reported the similar trends for the biosorption of dyes
32] and chromium (VI) [51,52].

.8. FTIR analysis

The significant band positions of the complex nature of
ried P. coccinea biomass are noted as 3415 cm−1, 2926 and
856 cm−1, 1739 cm−1, 1621 cm−1, 1516 cm−1 and between 1421
nd 587 cm−1 [15]. The FTIR spectra of HDEDMABr modified and
ye-loaded biomass are given in Fig. 8. The intensities of the peaks
t 2923 and 2852 cm−1 on the FTIR spectrum of modified biomass,
scribed to –CH2 stretching vibrations were stronger than that

f the natural biomass. The spectrum of modified biomass also
isplays the absorption peaks at about 1461 and 1371 cm−1, corre-
ponding to –CH3 and –CH2 bending vibrations, respectively. These
bservations may be explained by introduction of the –CH2 and

Fig. 8. FTIR spectra of modified (a) and dye-loaded modified (b) biosorbent.

[

[

[

[
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–CH3 groups to the biomass surface following modification with
HDEDMABr. The FTIR spectrum of the modified biomass exposed
to dye indicated no significant change in any of the characteristic
absorption peaks present in the modified biomass with the excep-
tion of very small increase in the intensity of the peak at about
620 cm−1 which may be indicative of aromatic –CH2 vibrations. As
mentioned previously an increase in the � potential values of the
modified biomass at studied pH value confirmed the increase of the
positive charge intensity on the biomass surface. This observation
supports the electrostatic attraction between negatively charged
dye molecules and positively charged modified sorbent. Namav-
isyam and Sureshkumar [31] have been reported similar increases
in the intensity of the peak about 2921 cm−1 in the FTIR spectrum
and in the � potential values for coconut coir pith after from hex-
adecyltrimethylammonium (HDTMA) bromide modification.

4. Conclusion

P. coccinea was modified with cationic surfactant by a simple
procedure and the reactive dye biosorption properties of this mod-
ified biosorbent were characterized. The results showed that the
developed biosorbent exhibited a good potential for decolorization
process. The biosorption efficiency of the biosorbent was affected
from various parameters i.e. pH, contact time, biosorbent concen-
tration, temperature and initial dye concentration. The relatively
rapid biosorption was observed in the first 40 min. � potential
measurements and FTIR analysis confirmed the modification pro-
cess. The kinetic and equilibrium data explained adequately by the
pseudo-second-order kinetic model and the Langmuir isotherm
model, respectively. The presence of the different concentrations
of competing ions (Na+ and NO3

−) was not strongly inhibited the
biosorption yield of biomass. As a conclusion, the suggested biosor-
bent material may be an alternative to existing costly sorbent
materials for the decolorization of acid dye contaminated solutions.
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