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 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 27 March 2012
eceived in revised form 30 May  2012
ccepted 20 June 2012
vailable online 29 June 2012

eywords:

a  b  s  t  r  a  c  t

This  study  focused  on the  improvement  of  the  decolorization  potential  of  biomass  derived  from  Pyracan-
tha coccinea.  Alkyl  benyzldimethyl  ammonium  chloride  (ABDAC)  was  used  as  modification  agent.  Batch
mode  decolorization  potential  of modified  biosorbent  was  explored  at different  operating  conditions.
ABDAC  modification  significantly  increased  the  biosorption  yield  to  97.27%,  which  was  3.88  times  higher
than  that  of  natural  biomass.  The  prepared  biosorbent  was  effectively  used  for  the  decolorization  of
Reactive  Red  45  contaminated  solutions  after  the  optimization  of  biosorption  conditions.  The  non-linear
iosorption
odification

sotherms
inetics
echanism

regression  analysis  was  used  to  evaluate  the  isotherm  and  kinetic  model  parameters.  Process  followed
the Langmuir  isotherm  model  and  the  highest  monolayer  capacity  of  152.49  mg g−1 was  obtained  with
a  small  amount  of modified  biosorbent.  Kinetic  studies  indicated  fast  decolorization  rate  of the  process
following  the  pseudo-first-order  model.  Biosorption  performance  of the  prepared  biosorbent  was  tested
in RR45  containing  real  wastewater  sample.  The  possible  dye  biosorbent  interactions  in the  biosorption

 zeta
process  were  explored  by

. Introduction

Different kinds of synthetic organic dyes are extensively used
n many industrial applications and important quantities of col-
red effluents are discharged into receiving water bodies. Because
f their large – scale production and extensive application, syn-
hetic dyes can cause considerable environmental pollution and
ave serious health risk factors. They are designated as highly sta-
le in nature and dye contaminated wastewaters cannot effectively
e decolorized by conventional treatment plants. Hence, elimina-
ion of color from contaminated waters is essential but it is very
ifficult. The researches for effective and practical treatments of
he colored effluents have been attracted with increasing interest
n recent years [1].

The biosorption process based on the biomaterial–pollutant
nteractions and represents an effective sequestration of organic
nd/or inorganic substances by certain types of non-living bio-
aterials. It is considered as a potential alternative over the

raditional costly treatment technologies. Especially, if the used

iomaterial is low-cost, readily available and has a good biosorption
erformance [2].

∗ Corresponding author. Tel.: +90 2222393750/2871; fax: +90 2222393578.
E-mail address: takar@ogu.edu.tr (T. Akar).

927-7765/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.colsurfb.2012.06.016
 potential,  scanning  electron  microscobe  and  FTIR  analysis.
© 2012 Elsevier B.V. All rights reserved.

The yield of the biosorption process depends on several factors
varying from the type of pollutant being studied to type of biosor-
bent used as well as other environmental parameters. This method
has also some other advantages, such as greater profitability, ease of
operation, greater efficiency, biosorbent regeneration and the pos-
sibility of pollutant recovery. These important advantages of the
process attract researchers to exploit more bioresources as biosor-
bent in this field [3].  Literature survey reveals that different types
of microbial and plant – derivative biomaterials have been used
for the removal of synthetic dyes or heavy metals from contami-
nated aqueous media [4–12]. In recent years in order to improve
the decolorization potential of biomaterials, surface modification
procedures by different type of surfactants have been suggested
[13–16].

In this direction, a cationic surfactant, alkylbenzyldimethy-
lammonium chloride (ABDAC) was  used as a modification agent
and high decolorization efficiency was achieved by using a small
amount of modified biosorbent for Reactive Red 45 (RR45) contain-
ing solutions. Pyracantha coccinea (P. coccinea) berries were chosen
as target biomass source because of its known biosorption poten-
tial towards anionic and cationic dye molecules [17,18]. Firstly,
required surfactant concentration was  determined for modifica-

tion procedure. Experimental parameters affecting the biosorption
process such as initial pH, biosorbent dosage, contact time and
temperature were examined. Then, batch biosorption behaviour
of modified biosorbent was evaluated by means of modelling the

dx.doi.org/10.1016/j.colsurfb.2012.06.016
http://www.sciencedirect.com/science/journal/09277765
http://www.elsevier.com/locate/colsurfb
mailto:takar@ogu.edu.tr
dx.doi.org/10.1016/j.colsurfb.2012.06.016
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Fig. 1. (a) Chemical structure of RR45 dye, (b) effect of modified biosorbent type
on the RR45 biosorption. A: unmodified dried biomass; B: modified biomass with
0.0625% ABDAC; C: modified biomass with 0.125% ABDAC; D: modified biomass with
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.25% ABDAC; E: modified biomass with 0.5% ABDAC; F: modified biomass with 1%
BDAC and G: modified biomass with 2% ABDAC (error bars indicate the standard
rror of the mean, n = 3).

sotherm and kinetic data. Finally, possible dye–biosorbent interac-
ions were monitored by different instrumental analysis methods
n addition to the investigation of biosorption performance of the
uggested biosorbent in NaCl containing solutions and real wastew-
ter conditions.

. Materials and methods

.1. Preparation of biosorbent material and solutions

P. coccinea berries were collected from a number of plants in
ature. They were washed several times with distilled water, dried

n an oven at 60 ◦C for 24 h and grounded using a laboratory mill
IKA A11). Powdered biomass was sieved to select particle size of
ess than 212 �m.  The raw biomass sample (2.5 g) was treated with
50 mL  of ABDAC solutions with different concentrations (0.0625%,
125%, 0.25%, 0.5%, 1.0%, and 2.0% (w/v)). The suspensions were
tirred at 200 rpm for 24 h. Finally, modified biomass was separated
rom solution by filteration, washed with deionized water several
imes and then dried again at the conditions as mentioned above.

The textile dye, RR45, was selected as model sorbate. The chem-
cal structure of this dye is shown in Fig. 1a. The stock dye solutions
1.0 g L−1) were prepared by dissolving an appropriate amount
f RR45 in deionized water. Other concentrations were obtained
y diluting this stock solution. Fresh dilutions were used in each
iosorption trials. The pH of working solutions was adjusted to
esired values by adding either 0.1 M HCl or 0.1 M NaOH solutions

nd measured by using a pH meter (Hanna 221). Biosorbent–free
lank samples were analyzed to ensure that no biosorption was tak-

ng place on the vessel walls and it was found that the biosorption
f RR45 onto flasks was negligible.
ointerfaces 101 (2013) 307– 314

2.2. Experimental design of biosorption and characterization
studies

The optimum biosorption conditions were investigated by con-
tacting an accurate weight of biosorbent sample with 25 mL  of
dye solutions. Biosorption mixture in 100 mL of beakers was agi-
tated on a multipoint magnetic stirrer at 200 rpm. Batch mode
parameters screened are: initial pH (1.0–9.0), biosorbent amount
(0.4–1.2 g L−1), temperature (25, 35 and 45 ◦C) and salt concentra-
tion (0.02–0.5 mol  L−1). For kinetic modelling, contact time was
varied from 5 to 90 min. Isotherm studies were conducted with
the dye solutions at different concentrations. Biosorption perfor-
mance of the modified biosorbent was also investigated in the
real wastewater sample as indicated in our previous study [19].
Wastewater sample (25 mL) was  spiked with 100 mg L−1 of RR45
dye prior to biosorptive treatment. After the biosorption experi-
ments mixtures were centrifuged at 4500 rpm for 5 min in order to
separate solid and liquid phases. Dye concentration in the liquid
phase was analyzed using Shimadzu UV-2550 spectrophotome-
ter at a maximum wavelength of 520 nm.  The amount of RR45
biosorbed onto biomaterial (qe) and biosorption yield (%) were
determined using the following relationships:

qe = V(Ci − Ce)
m

(1)

Biosorption yield (%) = (Ci − Ce)
Ci

× 100 (2)

where, Ci and Ce are the initial and the equilibrium RR45 concentra-
tions (mg  L−1), respectively, V is the volume of aqueous phase (L)
and m is the weight of the biosorbent (g). The BET surface area,
total pore volume, average pore size and micro pore volume of
the biosorbents were determined from the N2 adsorption isotherm
with a surface area and pore size analyzer (Quantachrome Instru-
ments, Autosorb 1). The surface charges of the natural and modified
biosorbent material at the above mentioned pH values were exam-
ined by zeta potential analyzer (Malvern zeta sizer). The effect of
modification on the surface structure and the functional groups of
biosorbent were analyzed by FTIR spectroscopy. FTIR spectra were
recorded in the range of 4000–400 cm−1. SEM micrographs of the
modified biosorbent were obtained with JEOL 560 LV scanning elec-
tron microscope at 20 kV acceleration voltage and 1500× image
magnification. Before analysis, biosorbent samples were sputter
coated in a Polaron SC-7620 Sputter Coater using a gold–palladium
target to improve electron conductivity and image quality. Ther-
mal  analysis of the samples was carried out using a Perkin–Elmer
Diamond TG/DTA Thermal Analyzer in a static air atmosphere at
a heating rate of 10 ◦C min−1 in the temperature range 30–600 ◦C
using platinum crucibles.

Data presented are the mean values from three independent
experiments. The statistical treatment of the results was done using
SPSS 15.0 for Windows. The isotherm and kinetic data were fitted
with different models by non-linear regression using the method
of least squares. The statistical analyses and curve fitting were
performed using Sigma Plot 10.0. The determination coefficient
(R2) and standard error of estimate (SE) obtained from non-linear
regression were used to select the best model.

3. Results and discussion

3.1. Effect of surfactant concentration
The influence of surfactant concentration on the decoloriza-
tion yield of biomaterial is shown in Fig. 1b. The results indicated
that the biosorptive decolorization yield of natural biomaterial
was only 25.05%. It was  increased by about 3.88 times after the
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ig. 2. (a) Effect of solution pH on the RR45 biosorption capacity of the natural an
alues  (error bars indicate the standard error of the mean, n = 3).

odification process (p < 0.05) and reached to 97.27% with 0.125%
BDAC modification (Biomass type C). Further increase in the sur-

actant concentration up to 2.0% did not significantly change the
ecolorization yield of the biomass (p > 0.05). Hence, the modifica-
ion process of the biosorbent was carried out using ABDAC solution
t a minimum concentration (0.125%).

.2. pH effect on the biosorption process

The pH dependence of dye biosorption is related to a com-
ine result of charges on dye molecules in the biosorption medium
nd the surface functional groups of the biomaterial [20]. Reactive
yes are known to ionize to a high degree in aqueous solutions to

orm coloured anions due to the sulfonate groups present in their
tructure [21]. RR45 dye has three sulfonate groups in its struc-
ure (Fig. 1a.). Fig. 2a represents the effect of initial pH on the RR45
iosorption process. The greatest capacities of natural and modified
ified biomass. (b) Zeta potential values of the modified biosorbent at different pH

biomaterial were obtained at pH 2.0. As can be seen in this figure the
biosorption capacities of both biosorbent decreased with increasing
pH and reached to lowest values at pH 6.0. At lower pH values dye
binding sites on the biomaterial surface would be closely associated
with the hydronium ions. This means that negatively charged dye
molecules attract positively charged binding sites and biosorption
capacity of biomaterial enhances. Negative charge density on the
biomaterial surface increases with an increase in the medium pH
as a result of deprotonization of the active sites. Hence, repulsive
forces restrict the access of dye molecules to the binding sites of the
biosorbent. Previous researchers have reported similar findings for
the biosorption of Reactive Brillant Red K-2BP [22], Reactive Red 4
[23], Yellow 2G and Reactive Brillant Red K-2G [24] by different

types of biosorbents. The modified biomaterial exhibited higher
biosorption capacity than natural biomaterial at the all studied
pH values. This enhanced biosorption potential can be attributed
to the coverage of the biomaterial surface by cationic surfactant
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Fig. 3. (a) Effect of modified biosorbent amount on the biosorption of RR45. (b) Effect
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significant and the standard error value is 0.058. This result indi-
f  salt concentration on the biosorption of RR45 by modified biosorbent (error bars
ndicate the standard error of the mean, n = 3).

25]. It is apparent from Fig. 2b zeta potential values of the modi-
ed biomaterial varied from +3.42 to −16.31 mV  when the medium
H was changed from 1.0 to 9.0. Point of zero charge (pzc) of the
odified biosorbent was observed at about pH 3.0 and it has more

ositive zeta potential (+11.15 mV)  at pH 2.0. This observation was
lso supported by the optimum pH value of 2.0 for RR45 removal
rocess.

.3. Biosorbent dosage effect on the biosorption process

The effect of modified biosorbent amount on the biosorption of
R45 dye was investigated in the range of 0.4–1.2 g L−1 and the
esults were presented in Fig. 3a. The biosorption of RR45 dye
ncreased proportionally with increasing biomaterial dosage and
eached a plateau at 0.8 g L−1. Then it remained almost constant up
o 1.2 g L−1. Hence, 0.8 g L−1 was chosen as the optimum biomate-
ial dosage. Increasing biosorption yield with biomaterial dosage
an be attributed to the availability for more binding sites of the
iosorbent. Similar trends were noticed by Chowdhury et al. [26]

or the biosorption of Basic green onto Ananas comosus and Aravin-
han et al. [7] for the biosorption of Sandocryl golden yellow onto
reen alga Caulerpa scalpelliformis.
ointerfaces 101 (2013) 307– 314

3.4. Temperature effect on the biosorption process

The variation in the biosorption capacity of modified biomate-
rial as a function of temperature was  investigated with 200 mg L−1

RR45 solutions using optimum pH value and biomaterial dosage.
The equilibrium biosorption capacities were recorded as 148.86,
149.74 and 150.01 mg  g−1 at 25, 35 and 45 ◦C, respectively. These
values indicated that the temperature has no significant effect on
the biosorption process (p > 0.05). This may  be an indicative of the
energy independent physicochemical mechanism [27,28] for the
biosorption of RR45 onto modified biosorbent. It may  also be noted
as an advantage for the real sample applications of the suggested
material. Therefore, further decolorization studies were conducted
at a temperature of 25 ◦C.

3.5. Salt effect on the biosorption process and real wastewater
application

The effect of ionic strength on the RR45 biosorption was  investi-
gated at the salt (NaCl) concentration range from 0.02 to 0.5 mol  L−1

and the results are plotted in Fig. 3b. When NaCl concentration in
the biosorption medium was increased from 0.02 to 0.4 mol L−1,
decolorization yield of the modified biosorbent decreased slightly
from 96.20 to 88.57%. Even at 0.5 mol  L−1 of salt concentration,
modified biosorbent still exhibited good biosorption yield of higher
than 88.00%. This slight decrease in the biosorption capacity can
be attributed to the competition between chloride and dye anions
for the biomaterial binding sites. On the other hand, RR45 biosorp-
tion yield of the modified biomaterial in real wastewater conditions
was recorded as 96.23%. The good biosorption performances of bio-
material in the salt containing medium and at real conditions can
be considered as another important advantage for the usability of
large-scale application of the suggested biomaterial.

3.6. Kinetic modelling of the biosorption process

The variation of the RR45 biosorption capacity of the modi-
fied biomaterial as a function of contact time is given in Fig. 4a.
Obviously, the biosorption process was very fast in the first 5 min.
15 min  of contact was  sufficient to achieve the biosorption equi-
librium. Therefore, it was  selected as equilibrium time for further
studies. The good biosorption performance observed in a short time
is an important feature for the practical application of the suggested
biomaterial in treatment technology.

Kinetics of the RR45 biosorption process were investigated
with Lagergren’s pseudo-first-order [29] (Eq. (3))  and the pseudo-
second-order [30] (Eq. (4)) kinetic models.

dqt

dt
= k1(qe − qt) (3)

dqt

dt
= k2(qe − qt)

2 (4)

where qe and qt are the biosorption capacities (mg g−1) of the bio-
material at equilibrium, and time t, respectively. k1 (min−1) and
k2 (g mg−1 min−1) are the rate constants for the pseudo-first-order
and pseudo-second-order biosorption The least squares method for
non-linear regression was used to fit the time-dependent data and
to obtain the parameters of two  kinetic models. The experimen-
tal data and the predicted kinetic curves are presented in Fig. 4a
and the corresponding model parameters are given Table 1. The
highest R2 value was  obtained to be 0.992 with the pseudo-first-
order kinetic model. All coefficients of this model are statistically
cates that the pseudo-first-order model is the best kinetic model for
explaining the biosorption of RR45 onto modified biosorbent. The
calculated qe value from this model (120.77 mg  g−1) is in agreement
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Table 2
Isotherm parameters for the biosorption of RR45 onto modified biosorbent (n = 3).

Parameter t p

Langmuir isotherm
qmax (mol g−1) 1.97 × 10−4 18.2165 <0.0001
KL (L mol−1) 2.16 × 105 15.9920 <0.0001

R2: 0.991; SE: 0.0004; F: 874.862

Freundlich isotherm
n 5.552 6.3482 0.0004
KF (L g−1) 0.0010 3.5315 0.0096

R2: 0.875; SE: 0.002; F: 49.009

D–R isotherm
qmax (mol g−1) 4.00 × 10−4 15.1620 <0.0001
ˇ  (mol2 kJ−2) 5.32 × 10−3 10.2970 <0.0001
E  (kJ mol−1) 9.69
f  RR45 by modified biosorbent. (b) Experimental equilibrium data and the pre-
icted isotherm curves for the biosorption of RR45 by modified biosorbent (error
ars indicate the standard error of the mean, n = 3).

ith the experimental qe (119.11 mg  g−1). Thus, the biosorption of
R45 onto modified biomass is better described by a first–order
eaction.

.7. Isotherm modelling of the biosorption process

The experimental equilibrium data for the biosorption of RR45

nto modified biosorbent were evaluated by three isotherm models
hich are namely Freundlich [31], Langmuir [32] and D–R [33]. For

his purpose, several non-linear regression models are estimated

able 1
inetic parameters for the biosorption of RR45 onto modified biosorbent (n = 3).

Parameter t p

Pseudo-first-order
qe (mg  g−1) 120.77 574.74 <0.0001
k1 (min−1) 0.35 61.63 <0.0001

R2: 0.992; SE: 0.058; F: 1128.92

Pseudo-second-order
qe (mg  g−1) 124.56 8.26 <0.0001
k2 (g mg−1 min−1) 7.71 × 10−3 7.88 <0.0001

R2: 0.904; SE: 0.202; F: 84.89

E, standard error of the estimate.
R2: 0.938; SE: 0.0010; F: 106.027

SE, standard error of the estimate.

to fitting the isotherm data. The experimental data and the pre-
dicted curves were included in Fig. 4b and the calculated model
parameters are presented in Table 2.

Freundlich isotherm model assumes that the biosorption takes
place on heterogenous surface of the biosorbent. According to Lang-
muir model, biosorption takes place at specific sites at the outer
surface of the biosorbent and once a sorbate occupies a binding
site, no further biosorption occurs at this site. The Freundlich (Eq.
(5)), Langmuir (Eq. (6)) and D–R (Eq. (7))  equations are expressed
as follows:

Freundlich qe = KF Ce
1/n (5)

Langmuir qe = qmaxKLCe
1 + qmaxKL

(6)

D − R In qe = In qm − ˇε2 (7)

where KF (L g−1) and n (dimensionless) are Freundlich constants,
being indicative of the extent of the biosorption and the degree
of non-linearity between solution concentration and biosorbent,
respectively. qe and Ce are the amount of dye biosorbed at equilib-
rium (mol g−1) and residual dye concentration in solution (mol L−1),
respectively, qmax is the maximum monolayer biosorption capac-
ity of the biosorbent (mol g−1) and KL is the Langmuir constant
(L mol−1) and related to the free energy of biosorption. qm is
D–R biosorption capacity (mol g−1),  ̌ is the constant related to
the biosorption energy (mol2 kJ−2) and ε (kJ mol−1) is the Polanyi
potential shown in Eq. (8):

ε  = RT ln
(

1 + 1
Ce

)
(8)

where, R is the universal gas constant and T is the absolute temper-
ature (K).

The biosorption free energy (E), can be calculated from the fol-
lowing equation:

E = 1

(2ˇ)1/2
(9)

The magnitude of this value gives information about the
biosorption type, chemical ion exchange (E = 8–16 kJ mol−1) or
physical sorption (E < 8 kJ mol−1) [34,35].  The corresponding mod-
elling results from these isotherms are listed in Table 2. According
to this table, all models have high values of R2. In addition, t values of

coefficients are statistically significant for all models. Furthermore,
it is known that the model giving lower values of standard error is
a better one between different models. With respect to the R2 and
standard error of the model, the Langmuir model can be accept
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Table  3
Reactive dye biosorption capacities of some different biosorbents from the literature.

Biosorbent material Dye Biosorption capacity (mg g−1) Reference

Na-CMC immobilized Aspergillus fumigatus Reactive Brilliant Red K-2BP 78 [36]
Na-CMC immobilized Aspergillus fumigatus Reactive Brilliant Blue KN-R 86.7 [36]
Agaricus bisporus/Thuja orientalis mixture Reactive Red 45 108.90 [37]
Citrus sinensis Reactive Red 45 18.28 [10]
Citrus sinensis (Acetonitrile treated) Reactive Red 45 31.45 [10]
Capsicum annuum seeds (Acetone treated) Reactive Blue 49 96.35 [38]
Aqai  stalk Reactive Black 5 52.3 [39]
Aqai  stalk (acid treated) Reactive Black 5 72.3 [39]
Aqai  stalk Reactive Orange 16 61.3 [39]
Aqai  stalk (acid treated) Reactive Orange 16 156 [39]
Peanut hull Reactive Black 5 55.55 [40]
Bacillus subtilis EPS Reactive Blue 4 42.93 [41]

t
T
b
t
t
i
(
c
e
i
p

3
a

t

F
(

Laminaria sp. (acid treated) Reactive Black 5 

ABDAC modified P. coccinea biomass Reactive Red 45 

a n = 3.

he best model for describing the equilibrium biosorption data.
his finding would indicate the monolayer coverage of the biosor-
ent surface by RR45 molecules. The qmax value predicted from
he Langmuir model (152.49 mg  g−1) was also in agreement with
he experimental qe value (148.41 mg  g−1). By comparing the max-
mum reactive dye biosorption capacities of various biomaterials
Table 3), ABDAC modified P. coccinea can be considered as an effi-
ient and alternative biosorbent. On the other hand, the mean free
nergy value of biosorption (9.69 kJ mol−1) implies that chemical
on-exchange biosorption may  also play a role in the decolorization
rocess.

.8. Possible dye–biosorbent interactions and mechanism

nalysis

The surface area, micro pore volume, average pore diame-
er and total pore volume of the unmodified P. coccinea were

ig. 5. (a) TG curves of modified biosorbent (A) and dye loaded modified biosorbent (B). (
B).  (c) FTIR spectra of modified biosorbent (A) and dye loaded modified biosorbent (B).
101.5 [42]
152.49a This study

found to be 7.10 m2 g−1, 2.21 × 10−3 cm3 g−1, 2.24 × 102 Å and
3.98 × 10−2 cm3 g−1, respectively. After the modification, these val-
ues decreased to 2.14 m2 g−1, 6.90 × 10−4 cm3 g−1, 1.03 × 102 Å and
5.74 × 10−3 cm3 g−1, respectively.

The thermal behavior of the biosorbents was investigated by
TG analysis and the thermograms were presented in Fig. 5a. The
first mass loss until ∼120 ◦C (6.0% for unmodified and 7.1% for
modified biomass) could be attributed to the removing moisture
from the biosorbent. In the temperature range between 250 and
360 ◦C second mass loss and third mass loss is observed between
360 and 550 ◦C which corresponds to organic matter. Finally, no
further mass loss was  detected with increasing temperature up to
600 ◦C. Similar trends were also shown in DTA and DTG curves of

the unmodified and modified biosorbents. Increasing peak area of
the second peak (related to organics) in DTA curve for the modified
biosorbent also indicates the modification of P. coccinea biomass
with ABDAC.

b) SEM micrograph of modified biosorbent (A) and dye loaded modified biosorbent
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Fig. 5. 

The comparison of the SEM micrographs of ABDAC modified
. coccinea before and after decolorization process (Fig. 5b) shows
hat rough and porous biomass surface (A) was clearly altered and
t looked more smooth (B) as a result of dye localization.

The FTIR spectra of modified and dye loaded modified biomass
re presented in Fig. 5c. The significant band positions for the
atural P. coccinea biomass are noted as 3415, 2926, 2856, 1739,
621, 1516 cm−1 and between 1421 and 587 cm−1 [17]. The inten-

ities of the peaks at 2925 and 2854 cm−1 on the FTIR spectrum
f modified biomass, ascribed to CH stretching vibrations of CH2
nd CH3 groups were stronger than that of the natural biomass.
he spectrum of modified biomass (A) also displayed new peaks
nued ).

at about 1160 cm−1 may  be ascribed to C N stretching vibrations
[43] and at 1377 cm−1 ascribed to CH3, CH2 bending vibra-
tions. These observations may  be explained by the introduction
of C N, CH3 and CH2 groups to the biomass surface following
modification process. Besides the bands at 3415 cm−1 (indicative
of OH, NH groups), 1621 cm−1 (indicative of chelate stretch-
ing of amide I), and 1078 cm−1 (indicative of organic phosphate
groups) shifted to 3421, 1633 and 1054 cm−1, respectively after sur-

factant modification. The intensity of the last peak also decreased.
The new peak at 1107 cm−1 on the spectrum of modified biomass
can be assigned to C O stretching vibration of carboxylic acid and
alcohols [44].
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The FTIR spectroscopic analysis of modified biomass exposed to
ye (B), indicated an intensity decrease of the bands at 1741 cm−1

indicative of C O groups) and 1516 cm−1 (indicative of amid II
roup). The intensity of the band at 1245 cm−1 in the spectrum of
odified biomass significantly reduced and shifted to 1261 cm−1

indicative of SO3 group) after the dye biosorption process. Finally,
t is also noted that phosphate band at 1053 cm−1 in the FTIR spec-
rum of the modified biomass disappeared after biosorption. These
bservations show possibly involvement of these functional groups
n the modified sorbent surface in dye removal process.

. Conclusion

The surfactant-modified biomass of P. coccinea was  used as
iosorbent for decolorization of RR45 containing solutions. Mod-

fication of the biomass surface by ABDAC greatly improved
he dye-loading yield of the biosorbent. The decolorization pro-
ess follows Langmuir isotherm model with the high monolayer
iosorption capacity. Kinetic study showed that the pseudo-first-
rder model well described the process. The good biosorption
ields were recorded by the suggested biosorbent in the salt con-
aining medium and at real wastewater conditions. The rapid
iosorption was observed within the 15 min  and temperature did
ot produce any significant effect in the process. Mechanism stud-

es revealed that a combined action of the different functional
roups of the biosorbent played a role in the dye removal process.
n conclusion, the suggested biosorbent may  be a good alternative
o existing costly dye sorbents with the advantages of high biosorp-
ion capacity, fast biosorption property and large availability of the
sed biomass.
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