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Abstract: The biosorption of methylene blue (MB) as a model adsorbent from aqueous solution using new
biosorbent prepared from pomegranate pulps (PP) has been investigated. Batch studies were performed to
evaluate and optimize the effects of various parameters such as contact time, initial dye concentration, solution
pH, adsorbent dosage, temperature and ionic strength. The biosorption kinetic was tested by pseudo-first order,
pseudo-second order and intraparticle diffusion models. Kinetic studies indicated that the pseudo-second order
model fitted to the experimental data well. The equilibrium behavior of MB adsorption at different temperatures
was examined by the Langmuir and Freundlich isotherm models. The equilibrium sorption was best described
by the Langmuir isotherm model. The maximum monolayer sorption capacity of PP for MB was found to be
36.36, 28.74 and 26.67 mg g  at 30, 40 and 50°C, respectively. The thermodynamic studies indicated that the1

biosorption reactions were spontaneous and exothermic. Characterization of the PP was performed using Fourier
Transform Infrared Spectroscopy (FTIR). Desorption experiments were also conducted to examine the recycling
use capacity with different desorbents. According to the experimental results, PP seems to be an effective, low-
cost and alternative adsorbent precursor for the removal of MB from aqueous solutions. 
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INTRODUCTION cupuassu shell [5], pineapple leaf powder [6], peanut husk

Most of the industries in many countries, i.e. textiles, poplar sawdust [10], citrus fruit peel [11], Brazil nut shells
paper, plastics, leather, food, cosmetics, etc., use dyes or [12], marine Aspergillus wentii [13], tea wastages [14] etc.,
pigments to color their final product. Dyes present in there is lack of information about the sorption ability of
waste water may cause serious environmental pollution Pomegranate (Punica granatum) pulp (PP), an abundantly
problems, in the form of reduced light penetration and available waste products. The Turkey’s pomegranate
reduced photosynthesis [1]. production and exports, is third after from the India and

The used common dye removal techniques, such as Iran’s in the world rankings.
chemical coagulation/ flocculation, ozonation, oxidation In this study, pomegranate pulp (PP) evaluated as a
processes, chemical precipitation, ion exchange, reverse new biosorbent for removal of a basic dye from aqueous
osmosis, ultra-filtration etc., for the removal of dyes from from the solution. We chose in this study Methylene Blue
dye containing wastewater have  serious  restrictions as a model compound because of its strong adsorption
such  as  high cost, formation of hazardous by-products study on solids and its use in characterizing adsorptive
or intensive energy requirements [2, 3]. Therefore, the materials. MB is the most commonly used substance for
development of efficient, low-cost and environmentally dying natural fibers as cotton or silk. It can cause eye
friendly technologies to reduce dye content in wastewater burns by direct contact and nausea, vomiting, profuse
is extremely  necessary.  Recently,  many  researchers sweating, mental confusion and methemoglobinemia by
have attempted to use alternative low-cost sorbents to ingestion [15]. We examined the effects of solution pH,
substitute activated carbons. Some of these alternative biosorbent dose, contact time, dye initial concentration,
biosorbents are Pinus brutia Ten [3], beech sawdust [4], temperature and ionic strength on the MB biosorption

[7], jackfruit leaf powder [8], palm oil mill effluent [9],
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process onto PP from aqueous solution. FTIR analysis
was carried out to understand the surface functional
groups of PP. Equilibrium data were analyzed by Langmuir
and Freundlich isotherm models. Kinetic data were
evaluated by pseudo-first order, pseudo-second order
and intraparticle diffusion models. Thermodynamic
parameters such as free energy ( G), enthalpy ( H) and
entropy ( S) were also determined. Desorption studies
were carried out with distilled water and various acid
solutions.

MATERIALS AND METHODS

Preparation and Characterization of Biosorbent: The raw
PP was collected from Limkon fruit juice factory in Adana,
East-South Anatolia region, Turkey and it was used as an
adsorbent. They were firstly washed with distilled water,
dried at 70 °C for 24 h, crushed in a grinder and sieved to Fig. 1: Determination of pH  for PP
obtain particle size in the range of 500 µm. The powdered
biosorbent was stored in desiccators until use. No other The FTIR spectrums of PP before and after the
physical or chemical treatments were given prior to adsorption  of  MB  were  taken  to  determine  the
adsorption experiments. frequency changes in the functional groups of the

pH  of PP was determined by the solid addition adsorbent and compared with each other to confirm  thePZC

method, as described by Preethi and Sivasamy [16]. A adsorption of MB (Fig. 2). The spectra were recorded from
series of 50 mL of 0.01M NaCl solution was placed in a 4000-400 cm .
closed erlenmeyer flask. The pH was adjusted to a value
between 2 and 12 by adding 0.1M HCl or 0.1M NaOH Preparation  of  Dye  Solutions:  MB  (type:  cationic,
solution. Then 0.15 g of each PP sample was added and nature: basic; C.I number: 52015; Molecular formula:
agitated at 120 rpm for 48 h under atmospheric conditions. C H N SCl; Molecular weight: 313.9; : 660 nm) was
The final pH measured and the results were plotted with purchased supplied by Sigma-Aldrich. Stock solution was
?pH (Initial pH-Final pH) against final pH. The pH  is the prepared by dissolving 2.0 g of MB in 1 L distilled water.PZC

point where the curve pH  versus pH  crosses the line The experimental solutions were obtained by diluting thefinal initial

pH  = pH  (Fig. 1). From Fig. 1, pH of PP was found dye stock solution (2000 ppm) to the desiredinitial final PZC

to be 6.53. concentrations.

PZC

1

16 18 3 max

Fig. 2: FTIR spectrums of PP: (a) raw PP (b) MB loaded PP
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Batch Biosorption Experiments: Biosorption experiments spectrums of PP before and after adsorption of MB were
were carried out in 100 ml flasks and the total volume of examined. No important difference was seen between the
the reaction solution was kept at 50 ml. The flasks were spectra, which indicate that physical adsorption was the
shaken at 150 rpm for the required time in a water bath predominant mechanism in the adsorption process.
shaker. The experiments were carried out by varying the
contact time from 5 to 300 min, the biosorbent dosage Studies on Optimum Biosorption Conditions
from 0.1 to 1.0 g/L, the pH from 2 to 11, the initial pH  and Effect of Solution pH: The effect of pH on the
concentration from 25 to 300 mg/L and the temperature amount of MB adsorbed onto PP was investigated over
from 30 to 60 °C. The temperature was controlled using an the pH range from 2.0 to 11.0. The pH was adjusted using
isothermal shaker. After each biosorption process, the 0.1 mol/L NaOH or 0.1 mol/L HCl solutions. Fig. 3a shows
samples were centrifuged (5000 rpm, 10 min) for solid- the effect of initial solution pH on the biosorption of MB
liquid separation and the residual dye concentration in onto PP. It was observed that a sudden increase in
solution was analyzed by a UV-vis spectrophotometer amount of MB adsorbed from 5.36 to 20.68 mg/g, occurred
(Perkin Elmer, Lamda 25) at 665 nm. The amount of dye when the pH values changed from 2.0 to 7.0. This can be
adsorbed onto per gram of adsorbent (q ) and the on the basis of a decrease in competition betweene

percentage adsorption efficiency (A %)) were calculated positively charged H  and MB for surface sites and also
using Eqs. (1) and (2), respectively. by decrease in positive surface charge on the adsorbent,

(1) the surface and MB. The effect of pH can also be

(2) adsorbent. From Fig. 1, the point of zero charge (pH ) for

where C and C  are initial and equilibrium MB adsorbent is positive at pH< pH , while it is negative at0 e

concentrations, respectively (mg/L), V is MB solution pH> pH [17]. Thus, below pH 6.53, PP was positively
volume (L), m is the mass of adsorbent (g). charged and did not favor adsorption of positively

Desorption studies were carried out with 0.1 M of charged MB due to electrostatic repulsion. The optimum
different desorbent agents such as distillated water, HCl, pH for MB biosorption onto PP was found to be in the
HNO , H PO , CH COOH and citric acid. The desorption range 7.0-10.0 (Fig. 3a), which was higher than the pH3 3 4 3

efficiency (D %) was calculated using Eq. (3). value of 6.53. Thus, the PP acts as a negative surface and

(3) reported by other MB biosorption studies [18, 19].

where m  is the amount of MB desorbed (mg/L), m  is the pH 10 values might be due to hydrolysis, of PP itselfd a

amount of MB adsorbed (mg /L). which creates positively charged sites. Similar results

RESULTS AND DISCUSSION Therefore, pH 7 was selected to be the optimum pH for

Characterization of the PP
FTIR Analysis: The results of FT-IR analysis indicated Effect of Contact Time and Initial Dye Concentration:
that carbonyl and hydroxyl groups were included on the Biosorption experiments were carried out for different
surface of the PP (Fig. 2). The peaks at 3332 cm  indicate contact time at initial dye concentration with a fixed1

O-H stretching vibrations and spectra bands observed at adsorbent dosage of 0.1 g/50 mL at pH 7. The results are
2923 cm  represent vibration of aliphatic C-H especially presented in Fig. 3b. Figure shows the progress of MB1

due to C-CH and C-CH  bonds. The peaks at 1731 and adsorption versus the contact time and different2

1646 cm  corresponds to stretching vibrations of C=O. concentrations of MB on PP at 30 °C. It was observed that1

The peaks observed at 1373 cm  and 1238 cm  were the adsorption process can be divided into three stages.1 1

assigned to the in-plane bending vibration of C-H bond in The first stage was the rapid initial adsorption within 60
methyl groups and bending vibration of O-H, min. The following stage was slow adsorption process
respectively. The peak at 1036 cm  indicates C-O within the range of 60-90 min; the increase of adsorption1

stretching vibration of carboxylic acid. The infrared capacity  became  much   slower  than  that  of  first  stage.

pzc

+

which results in a lower electrostatic repulsion between

explained in terms of the zero point of charge (pH ) of thepzc

PZC

PP was found to be 6.53. The surface charge of the
pzc

pzc

pzc

attracts the cationic MB. A similar behavior has been

Moreover, the decrease in adsorption at pH higher from

have been reported by other some researchers [20, 21].

further studies.
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(a) (b)

(c) (d)

Fig. 3: Effect of a) solution pH, b) contact time and initial dye concentration, c) biosorbent dose, d) ionic strength

Finally, the adsorption capacity did not vary significantly Effect  of  Biosorbent  Dose: The adsorption of MB onto
after 150 min, the adsorption would be in a state of PP  was  studied  by  varying  the   adsorbent  quantity
dynamic equilibrium between the dye desorption and (0.1-1.0 g/L) in solution while keeping the initial dye
adsorption. The removal of MB by adsorption on PP was concentration (100 mg/L), temperature (303 K) and pH 7
found to increase with time and attained a maximum value constant for 150 min equilibrium time. The values  of  q
at 150 min. It was evident from the Fig. 3b that adsorption and A % at different dose of PP were presented in Fig. 3c.
equilibrium was established at 150 min. And 150 min was The removal percentage of MB increased from 38.6 % to
seen as the adsorption equilibrium time for all other 94.0 % for biosorbent dosage of 0.1 and 1.0 g/L,
experiments. respectively. This is due to the availability of more

The value of q increased from 5.71 to 26.88 mg/g with binding sites as the dose of biosorbent increased.
increasing from 25 to 300 mg/L of the initial dye However, the amount of MB adsorbed onto the sorbent,
concentration. This is probably due to the mass transfer q (mg/g), was found to decrease from 18.6 to 4.53 mg/g
driving force become larger and the interaction between with increasing biosorbent dose. It is due to the high
MB and adsorbent was enhanced, hence resulting in number of unsaturated biosorption sites during
higher adsorption capacity. Similar results have been biosorption process. Similar results were previously
reported by other some researchers [22, 23]. reported by some researchers [24-27].

e
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(a) (b)

(c)

Fig. 4: (a) Pseudo-first-order (b) Pseudo-second-order, (c) intraparticle diffusion kinetic plots for biosorption of MB onto
PP at different initial concentrations

Effect  of  Salt  Ionic  Strength:  In  dyeing  processes, concentration increased, which may be due to the
NaCl  is  often  used  as  a  stimulator,  leading  to  higher competitive effect between MB ions and cations from the
salt concentration in the dye wastewater [28]. It was salt for the sites available for sorption. Similar
important  to  discuss  the  effect  of  salt  ionic  strength observations were observed in the studies of some
on the adsorption of MB onto PP because dyeing researchers [23, 28, 29]. 
wastewater  usually  contains  high  salt  concentration.
Fig.   3d shows   the   effect   of   the   concentration  of Kinetic Data Analysis: Three simplified kinetic models
NaCl on the biosorption of MB by PP. The removal namely pseudo-first-order, pseudo-second-order and
efficiency  decreased  from  21.67  to  3.96  %  with  an intraparticle diffusion models have been discussed to
increase  in  salt  concentration  from  0  to  1.0  mol/L. identify the rate and kinetics of sorption of MB on
This indicated that the biosorption decreased as the NaCl prepared PP adsorbent. 
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Pseudo-First-Order Model: The Lagergren’s rate the pseudo-first-order model. The results revealed that the
equation [30] is one of the most widely used rate equation pseudo second-order model was the best one in
to describe the adsorption of an adsorbate  from  the describing the kinetics of MB adsorbed onto PP. On the
liquid phase. A linear form of the pseudo first-order other hand, the calculated values of q  obtained from the
kinetic model is represented as Eq. (4): pseudo second-order model perfectly agreed with the

(4) respectively. However, the q  obtained from the pseudo

where q  and q  (mg/g) are the amounts of adsorbed MB Consequently, the adsorption of MB from aqueouse t

at equilibrium and at time t, respectively, k   (1/min) is solution onto PP followed the pseudo second-order model1

pseudo-first-order rate constant and t (min) is contact well.
time. The slopes and intercept of log (q -q )  versus  t  plote t

(Fig. 4a) were used to determine the first order rate Intraparticle Diffusion Model: Kinetic data was further
constants (k ) and q (cal), compiled in Table  1  along  with analyzed using the intraparticle diffusion model based on1 e

correlation coefficients (R ) values. the theory proposed by Weber and Morris [32]. A linear2

Pseudo-Second-Order Model: Adsorption kinetic was as Eq. (6):
explained by the pseudo second-order model given by Ho
et al. [31]. A linear form of the pseudo second-order (6)
kinetic model is represented as Eq. (5):

(5) g  min ) and C is a constant related to the thickness of

versus t  should be a straight line with a slope k  and2

(g mg  min ). According to Eq. (6), a plot of  q  versus intercept C when the adsorption mechanism follows the1 1
t

t should be a straight line with a slope k  and intercept intraparticle  diffusion  process.  As  can  be  seen  from1/2
id

C The slopes and intercept of t/q  vs t plot were used to Fig. 4c, the intercept of the line does not pass through thet

determine the first order rate constants (k ) and q (cal) origin and the R  are less than 0.99 suggesting that two or2 e

(Fig. 4b), compiled in Table 1 along with correlation more steps are involved in the MB adsorption onto the
coefficients (R ) values. prepared adsorbent. The deviation of straight line in2

As can be seen from Table 1, the correlation Weber and Morris model may be due to difference in the
coefficients (R ) obtained from pseudo second-order rate of mass transfer in the initial and final stages of2

model were found to be higher than 0.98 for all adsorption. Similar results have been reported by other
concentrations,   which    were larger    than    those   of some researchers [33]. The values of  k   and  C  obtained

e,cal

experimental values of q  at four initial concentrations,e,exp

e,cal

first-order model were much lower than the q .e,exp

form of the Weber and Morris kinetic model is represented

where k   is  the  intraparticle  diffusion rate  constant (mgid
1 1/2

the boundary layer. According to Eq. (6), a plot of qt

where   k   is   the   pseudo-second-order   rate  constant id
1/2

2

id

Table 1: Kinetic parameters for MB removal onto PP at different initial concentrations (T: 303 K; pH: 7; adsorbent mass: 0.1 g)

Pseudo-first-order Pseudo-second-order
---------------------------------------------------------------------- ---------------------------------------------------------------------

C  (mg/L) q  (mg/g) q  (mg/g) k  (1/min) R q  (mg/g) k x10  (g/mg min) Ro e,exp e,cal 1 e,cal 2
2 3 2

25 ------- 5.42 0.0242 0.9593 6.65 4.90 0.9916
75 ------- 11.94 0.0205 0.9524 14.64 2.34 0.9819
150 ------- 16.50 0.0249 0.9664 19.65 1.80 0.9835
250 35.38 24.84 0.0320 0.9593 27.47 1.37 0.9867

Table 2: The intraparticle diffusion constants for the adsorption of MB onto PP at different initial concentrations (T: 303 K; pH: 7; adsorbent mass: 0.1 g)

C  (mg/L) k (g/mg) C R k  (g/mg) C R k  (min ) C Ro id,1 1 1 id,1 2 2 id,3 3 1
2 2 ½ 2

25 0.5538 0.009 0.9979 0.2608 2.445 0.8575 0.0369 5.142 0.9336
75 1.0633 0.969 0.9685 0.7878 3.336 0.9970 0.1562 10.821 0.9648
150 1.0584 2.895 0.9994 0.8398 6.878 0.9997 0.1249 15.306 0.9834
250 2.0230 2.175 0.9741 0.9932 12.215 0.9998 0.1049 21.875 0.9112
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(a) (b)

Fig. 5: (a) Langmuir, (b) Freundlich isotherm plots for different temperatures on the biosorption of MB by PP

from the second stage linear regression analysis were Hence, a plot of C /q  vs C  (Fig. 5a) should be a straight
listed in Table 2. It was observed that with the increasing line  with  a  slope  (1/q )  and  an  intercept  as  (1/q b).
initial MB concentration from 25 to 250 mg/L, the values The values of constants  q   and  b  were  calculated  and
of C increased from 5.28 to 27.96, which reflected the reported  in Table 3. The maximum monolayer capacity q
increase in the thickness of boundary layer and the obtained from the Langmuir equation at 30 °C is 36.36
decrease in the chance of external mass transfer. Hence mg/g The constants q  and K  decreased with increasing
the chance of internal mass transfer was increased and the temperature, indicating that the adsorption density was
decrease in the chance of external mass transfer. Similar lower and the adsorption energy lower, at higher
observations were observed in the studies of some temperatures. Table 4 lists a comparison of maximum
researchers [23, 34]. monolayer adsorption capacity of MB on various

Isotherm Data Analysis: The adsorption isotherm studies
were carried out at different temperatures from 20 to 60 °C. Freundlich Model: The Freundlich model can be applied
The isotherm data obtained were analyzed with the for non-ideal sorption on heterogeneous surfaces and
Langmuir and Freundlich isotherm models. multilayer sorption [36]. A linear form of the Freundlich

Langmuir Model: The Langmuir model is obtained on the
basis of the ideal assumption that all the adsorption sites (8)
are energetically identical (monolayer adsorption) and
adsorption occurs on a structurally homogeneous where K [(mg/g) (mg/L) ] is a constant for the system,
adsorbent [35]. A linear form of the Langmuir isotherm related to the bonding energy. K can be defined as the
model for solid/liquid systems is represented as Eq. (7): adsorption or distribution coefficient and represents the

(7) equilibrium concentration. 1/n is indicating the adsorption

where C (mg/L) and q  (mg/g) are the residual dye heterogeneity, becoming more heterogeneous as its valuee e

concentration and the amount of dye adsorbed per gram gets closer to zero. A value for 1/n below 1 indicates a
of adsorbent at equilibrium, respectively, q  (mg/g) is the normal Langmuir isotherm, while 1/n > 1 is indicative ofm

monolayer adsorption saturation capacity, b (L/mg) is a cooperative adsorption. This model deals with the
Langmuir   constant   relating    to    adsorption    energy. multilayer  adsorption of the substance on the adsorbent.

e e e

m m

m

m

m L

adsorbents.

isotherm for solid/liquid systems is represented as Eq. (8):

F
1/n

F

quantity of dye adsorbed onto adsorbent for unit

intensity of dye onto the adsorbent or surface
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Table 3: Freundlich and Langmuir isotherm constants for biosorption of MB onto PP at different temperatures
Freundlich Langmuir

Temperature --------------------------------------------------------------------------------- -----------------------------------------------------------------------
(K) K  [(mg/g)(L/mg) ] 1/n R q  (mg/g) b (L/mg) RF m

1/n 2 2

303 4.20 0.445 0.9051 36.36 0.063 0.9963
313 3.48 0.427 0.8476 28.74 0.060 0.9942
333 2.31 0.493 0.8242 26.67 0.047 0.9926

Table 4: Comparison of sorption capacity of PP for MB with other agro-based waste sorbents
Adsorbent q  (mg/g) Referencesm

Peanut husk 72.13 [7]
Jackfruit leaf powder 252.83 [8]
Palm oil mill effluent 66.23 [9]
Poplar sawdust 4.34 [10]
Brazil nut shells 7.81 [12]
Rice husk 40.58 [18]
Posidonia oceanica (L.) fibres 5.56 [19]
Meranti sawdust 120.48 [20]
Broad bean peels 192.7 [21]
Lotus leaf 221.70 [23]
Softstem bulrush 53.8 [28]
Phoenix tree’s leaves 89.7 [29]
Pomegranate Pulp 36.36 This study

Table 5: Thermodynamic parameters for biosorption of MB onto PP
T (K) G (kJ/mol) H (kJ/mol) S (J/mol K)
303 -7.69 -11.87 -13.93
313 -7.56
333 -7.28

The values of K  and 1/n were calculated from the According  to  Eq.  (10),  the  value  of H  and Sf

intercept and slope of the plot of log q  versus log C  (Fig. was  obtained   from   the   slope   and   the    intercepte e

5b and Table 3). As seen from the Table 3, 1/n is <1, from  the  linear  plot  of  lnK   versus  1/T,  respectively.
indicating that MB is favorably adsorbed by PP. The calculated thermodynamic parameters were

From the correlation coefficients (R ) reported in summarized in  Table  5.  The  obtained  values  for G2

Table 3, the Langmuir adsorption isotherm model yielded are-7.56,-7.69 and?7.28  kJ  mol   for  MB  biosorption  on
best fit as indicated by the highest R values (>0.99) at all GP at 30, 40 and 50°C, respectively. Because all G values2

temperatures compared to the Freundlich model. are negative, the adsorption of MB onto GP is a

Biosorption Thermodynamic: The thermodynamic data for the MB. Generally, a value of G in  between   0   and
reflect the feasibility and spontaneous nature of -20 kJ/mol is consistent with electrostatic interaction
adsorption process. The parameters such as G, H and between adsorption sites and  the  adsorbing  ion

S can be estimated by equilibrium constants changing (physical adsorption) while a more negative G value
with temperature. The G (kJ mol ) of adsorption ranging from -80 to -400 kJ/mol indicates that  the1

reaction is given by: adsorption   involves   charge   sharing  or  transferring

G = -RT ln b (9) form a coordinate bond (chemisorption) [37].  The

where, R is the universal gas constant (8.314 J mol  K ), was  shown.  These  values  suggest  that  the  adsorption1 1

T shows the absolute temperature (K). The values of H is   a   typical   physical   process.   The H   parameter
and S can be calculated from the Van't Hoff equation: is-11.87 kJ mol  for MB biosorption  on   PP.  The

(10) the biosorption involving weak attractive. The S

L

1

spontaneous  process,  confirming   the   affinity   of  GP

from  the  adsorbent  surface  to  the  adsorbing  ion to

magnitude  of G  in  the  range  of  -7.28  to -7.69 kJ/mol

1

negative H  is  an  indicator  of  exothermic  nature  of

parameter  is-13.93 kJ mol K  for MB biosorption on PP.1 1
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