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Abstract Adsorption of Malachite green (MG) and Methylene blue (MB) from aqueous solutions

on low cost adsorbent prepared from Annona squmosa seed (CAS) is studied experimentally. Results

obtained indicate that the removal efficiency of Malachite green and Methylene blue at 27 ± 2 �C
exceeds 75.66% and 24.33% respectively, and that the adsorption process is highly pH-dependent.

Results showed that the optimum pH for dye removal is 6.0. The amount of dye adsorbed from

aqueous solution increases with the increase of the initial dye concentration. Smaller adsorbent par-

ticle adds to increase the percentage removal of Malachite green and Methylene blue. The equilib-

rium data fitted well to the Langmuir model (R2 > 0.97) and the adsorption kinetic followed the

pseudo-second-order equation (R2 > 0.99). The maximum adsorption capacities of MG, MB on

CAS are 25.91 mg g�1 and 08.52 mg g�1 respectively. These results suggest that A. squmosa seed

is a potential low-cost adsorbent for the dye removal from industrial wastewater. The adsorption

capacity of CAS on MG is greater than MB.
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction

More than 10,000 dyes have been widely used in textile, paper,
rubber, plastics, leather, cosmetic, pharmaceutical, and food

industries, which generated huge volume of wastewater every
year (Mondal, 2008). The disposal of dye wastewater without

proper treatment is a big challenge and has caused harm to the
aquatic environment, such as reducing light penetration and
photosynthesis (Garcia-Montano et al., 2008). Some of dyes
contained in wastewater even decompose into carcinogenic

aromatic amines under anaerobic conditions, which could
cause serious health problems to humans and animals (Chen
et al., 2003). Due to the complex molecular structure, dyes

are usually very difficult to be biodegraded, making them
hardly eliminated under natural aquatic environment (Kar et
al., 2009).

Due to the low biodegradability, conventional biological
wastewater treatment processes are not efficient in treating
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Figure 1 Effect of pH on the removal of MG and MB onto CAS

(CAS dosage 200 mg/50mL, MG 100 mg/L).

Figure 2 Effect of contact time on the removal of different initial

concentrations of MG and MB using CAS (0.2 g/50 mL) at pH

6.0.

Figure 3 Effect of adsorbent particle size on MG and MB

removals (C0: 100 mg L�1, pH 6.0, agitation speed: 150 rpm,

temperature: 27 ± 2 �C).

Figure 4 Pseudo-first-order kinetics for MG and MB adsorption

onto CAS. Conditions: adsorbent dosage 0.2 g/50 mL, pH 6.0,

temperature 27 ± 2 �C.
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dyes wastewater (Mondal, 2008). Therefore, dye wastewater

are usually treated by physical and/or chemical methods, such
as coagulation and flocculation (Zonoozi et al., 2009), mem-
brane separation (Sachdeva and Kumar, 2009), activated car-

bon adsorption (Tan et al., 2008), electrochemical removal,
and photochemical degradation. However, for the developing
countries, these methods are still too expensive to be used

widely. Developing economical adsorbents to treat dye waste-
water has attracted great interest in recent years (Kavitha and
Namasivayam, 2007). Gupta and Suhas (2009) recently re-
viewed the application of low-cost adsorbents for the dye

removal.
Annona squmosa is a commonly available hedge plant,

which is used in fencing property perimeter in Kenerapallam,
Palaghat Dt, Kerala. Foliage of the plant is thick and fruits

are in abundance during the session. The inner core of the ripe
fruit is delicious and of nutritive value and commonly consum-
able. After consumption, the seeds are discarded as they are
nonedible. Since the A. squmosa seed is available free of cost,

only the carbonization of it is involved for the waste water
treatment. Therefore the main objective of this study was to
evaluate the possibility of using driedA. squmosa seed to devel-

op a new low-cost activated carbon and study its application to
remove malachite green and Methylene blue from simulated
wastewater. Systematic evaluation of the parameters involved,

such as pH, adsorbent dose, adsorbent particle size, initial dye
concentration and time was undertaken.
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2. Materials and methods

2.1. Adsorbent (CAS)

A. squmosa seed was thoroughly washed with tap water to re-
move dirt and grime then rinsed a few times with distilled

water and air-dried. A. squmosa seed was dried, ground and
sieved to different particle sizes and preserved in desiccator
until use.

Chemical activation using H2SO4 at moderate tempera-
tures produces a high surface area and high degree of mi-
cro-porosity. The dried biomass (1.0 kg) was added to

1000 mL of 98% H2SO4 and kept for 12 h at room tempera-
ture, washed thoroughly with distilled water until it attained
the neutral pH and soaked in 2% NaHCO3 solution over-

night in order to remove any excess acid present. The material
was then washed with distilled water until it reached neutral
pH and dried at 110 ± 2 �C. The dry carbon was crushed
into granules, sieved to different particle sizes and then pre-

served in desiccator until use.
Scanning electron microscopy (SEM) (Philips 501), BET

(a continuous flow Nelson Eggertson type surface area ana-

lyzer), X-ray diffraction (XRD) (Arhensdurg Germany
(Model No. ID 3000)), Elemental analysis was carried out
with a C.H.N. 1106 Carlo Erba MicroAnalysing device

equipped with inductive furnace analyzer and FT-IR spectra
(Shimadzu, Model FTIR-8201PC) analysis was carried out
on the CAS to study its surface texture and functional groups
responsible for the adsorption of dyes.

2.2. Adsorbate

A stock solution of 500 mg/L was prepared by dissolving the
appropriate amount of Malachite green (MG) and Methylene
blue (MB) (obtained from S.D. Fine Chemicals, Mumbai, In-

dia) in 1000 mL with distilled water. Different concentrations
ranged between 25 and 200 mg/L of MG and MB were pre-
pared from the stock solution. All the chemicals used

throughout this study were of analytical-grade reagents. Dou-
ble-distilled water was used for preparing all of the solutions
and reagents. The initial pH is adjusted with 0.1 M HCl or
0.1 M NaOH. All the adsorption experiments were carried

out at room temperature (27 ± 2 �C).

2.3. Batch adsorption studies

Batch experiments were conducted to investigate the para-
metric effects of pH, adsorbent particle size, adsorbent dose,

initial adsorbate concentration and adsorption time for MG
and MB adsorption on the prepared carbon. Dye samples
were prepared by dissolving a known quantity in distilled

water and used as a stock solution and diluted to the required
initial concentration (range: 25–200 mg/L). Batch adsorption
experiments were carried out in a rotary shaker at 150 rpm
using 250 mL shaking flasks at room temperature. The adsor-

bent and adsorbate solutions were separated by centrifuging
at 3000 rpm for 5 min. The concentration of dye in solution
was measured by using Systronic UV–vis Spectrophotome-

ter-104. All the experiments were duplicated and only the
mean values are reported. The maximum deviation observed
was less than ± 4%.



Figure 5 Pseudo-second- order kinetics for MG and MB

adsorption onto CAS. Conditions: adsorbent dosage 0.2 g/

50 mL, pH 760, temperature 27 ± 2 �C.

Figure 6 Intraparticle diffusion plot for MG and MB adsorption

onto CAS. Conditions: adsorbent dosage 0.2 g/50 mL, pH 6.0,

temperature 27 ± 2 �C.
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The amount of dye adsorbed at equilibrium onto carbon, qe
(mg/g), was calculated by the following mass balance
relationship:

qe ¼ ðC0 � CeÞV=W ð1Þ

where C0 and Ce (mg/L) are the initial and equilibrium liquid-
phase concentration of dyes, respectively, V the volume of the

solution (L), and W is the weight of the carbon used (g).
For kinetic studies, 200 mg of CAS was contacted with 50,

100, 150 and 200 mg/L dye solution (50 mL) using a shaker at
150 rpm at room temperature. At predetermined time inter-
vals, the amount of uptake of dye was evaluated spectrophoto
metrically.
3. Results and discussion

3.1. Effect of pH

pH is one of the most important factors affecting the adsorp-
tion process. In order to investigate the influence of pH on the
MG and MB removal by CAS, experiments were carried out

over a pH range of 2.0–9.0 at dye concentration 50 mg/ L,
adsorbent dosage 0.2 g/50 mL. As shown in Fig. 1, the maxi-
mum removal efficiency, approximately 75.66% for MG and

24.33% for MB were achieved around pH 6.0.
Several parameters such as adsorption capacity of adsor-

bent, surface charges and active sites might be attributed to
the adsorption behavior of the adsorbent at various pHs.

The surface of CAS contains a large number of active sites.
The dye uptake can be related to the active sites and also
to the chemistry of the dye in the solution. Theoretically, at

pH < isoelectrical point, the surface gets positively charged,
which enhances the adsorption of the negatively charged
dye anions through electrostatic forces of attraction. At

pH > isoelectrical point, the surface of CAS particles gets
negatively charged, which favors the adsorption of cationic
dye (Ahmad and Kumar, 2010). As the pH of dye solution

becomes higher, the association of dye cations with negatively
charged functional groups in the adsorbent surface could
more easily take place as follows:

S–OHþOH� ! SO� þH2O ð12Þ

SO� þDyeþ ! S�O�Dye ð13Þ
3.2. Effect of adsorbate concentrations and equilibrium time

The removal of MG and MB by adsorption on CAS was found
to increase with time and attained a maximum value at

100 min (Fig. 2). On changing the initial concentration of
MG and MB solution from 25 to 200 mg/L, the amount ad-
sorbed increased from 5.5356 to 29.0550 mg/g and percentage
removal decreased from 88.57 to 58.11 with increased concen-

tration of dye from 25 to 200 mg/L for MG and the amount
adsorbed increased from 2.3075 to 9.3700 mg/g and percentage
removal decreased from 36.92 to 18.74 with increased concen-

tration of dye from 25 to 200 mg/L for MB .
This may be due to the fact that at lower concentrations al-

most all the dye molecules were adsorbed very quickly on the

outer surface, but further increase in initial dye concentrations
led to fast saturation of adsorbent surface, and thus most of
the dye adsorption took place slowly inside the pores (Hameed
and EI-Khaiary, 2008).

3.3. Effect of adsorbent particle size

The batch adsorption experiments were carried out using adsor-
bent with different particle sizes (75–125 lm to 250–500 lm) at
pH 6.0, and initial concentration of 100 mg/L. The removal of



Table 2 The parameters obtained from intraparticle diffusion

model using different initial MG and MB concentrations onto

CAS (0.2 g/50 mL).

Adsorbents C0 (mg L�1) Kdif C R2

MG 50 0.181 5.4657 0.9482

100 0.3856 7.4605 0.9510

150 0.454 21.808 0.9820

200 0.4527 24.054 0.9027

MB 50 0.2805 0.9028 0.9897

100 0.3618 2.6631 0.9827

150 0.3044 4.3525 0.9854

200 0.3845 5.5365 0.9695

Table 3 Comparison of the coefficients isotherm parameters

for MG and MB adsorption onto CAS.

Isotherm model Adsorbate

MG MB

Langmuir

Qm (mg g�1) 25.91 08.53

Ka (L mg�1) 0.155 0.035

R2 0.9702 0.9701

Freundlich

1/n 0.4916 0.3695

Kf (mg g�1) 3.7880 1.1863

R2 0.9039 0.8759

Dubinin–Radushkevich

Qm (mg g�1) 25.279 06.785

K (·10�5mol2 kJ�2) 0.11 0.03

E (kJ mol�1) 0.2673 0.1289

R2 0.8801 0.9214
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MGandMB increased with the decrease in particle size (Fig. 3).
The relatively higher adsorption with smaller adsorbent particle
may be attributed to the fact that smaller particles yield large
surface areas (Liew Abdullah et al., 2005).

3.4. Adsorption dynamics

Lagergren’s pseudo-order equation is widely used to investi-
gate the dynamics of the adsorption process from aqueous
Table 4a Comparison of adsorption capacities with other low cost

Adsorbent qm (mg g�1

Hen feather 10.30

Bentonite 7.72

Rubber wood Sawdust 25.80

Activated charcoal 00.17

Lemon peel 03.20

Activated charcoal 00.18

Arundo donax root carbon 08.69

Maize cob 11.89

Neem saw dust 04.23

Coffee bean 24.80

Luffa cylindrical 21.60

A. squmosa (CAS) 25.91
solution (Allen et al., 2005). In this study, pseudo-first-order

equation and pseudo-second-order equation were separately
used to describe the adsorption process of MG and MB onto
CAS.

Log (qe � q) was calculated using the first-order Lagergren

equation, as shown in Eq. (2).

logðqe � qÞ ¼ log qe �
kad
2:303

t ð2Þ

where kad is the rate constant of first-order adsorption (min�1),
qe and q are the amounts of dye adsorbed on adsorbent at
equilibrium and at time t (min), respectively. A plot of log
(qe � q) versus t is shown in Fig. 4, in which the shape of the

lines indicates that the first-order Lagergren equation did not
fit well to the whole range of the adsorption process and was
generally applicable over the initial stage of the contact time

(Vimonses et al., 2009). Therefore, the second-order Lagergren
equation was also applied to describe the adsorption process,
as listed in Eqs. (3) and (4).

t

q
¼ 1

k2q2e
þ 1

qe
ð3Þ

and

h ¼ k2q
2
e ð4Þ

where k2 is the pseudo-second-order rate constant
(g mg�1 min�1) and h is the initial adsorption rate at time

approaching 0 (mg g�1 min�1). The intercept of the plots of
t/q versus t was used to calculate the rate constant k2 and
the initial adsorption rate h. Table 1 lists the values of the rate

constant k2, the initial adsorption rate h and the regression
coefficient R2. All regression coefficients were more than 0.99
and the pseudo-second-order equation fitted very well to the

adsorption. As seen in Fig. 5, the pseudo-second-order equa-
tion is more likely to predict the behavior over the whole range
of the adsorption process. Furthermore, the correlation coeffi-

cients R2 for the pseudo first order kinetic model obtained for
all concentrations of dyes are lower than the R2 for pseudo sec-
ond order kinetic model (Table 1), and the predicted qe values
deviated reasonably from the experimental values (Table 1).

This shows that the adsorption of MG and MB onto CAS
did not obey the pseudo first-order model of Lagergren.The ef-
fect of intraparticle diffusion resistance on adsorption was

evaluated by intraparticle diffusion model to identify the
adsorption mechanism (Alkan et al., 2004; Chiou and Li,
2003), as expressed in Eq. (4).
adsorbent for MG.

) References

Mittal (2006)

Kumar and Sivanesan (2007)

Iqbal and Ashiq (2007)

Kumar and Vasanth (2007)

Iqbal and Ashiq (2007)

Zhang et al. (2008)

Sonawane and Shrivastava (2009)

Khattri and Singh (2009)

Baek et al. (2010)

Altinisik et al. (2010)

This study



Table 4b Comparison of adsorption capacities with other low cost adsorbent for MB.

Adsorbent qm (mg g�1) References

Raw beech sawdust 09.78 Batzias and Sidiras (2004)

Neem leaf powder 08.76 Bhattacharyya and Sharma (2005)

Glass wool 02.25 Chakrabarti and Dutta (2005)

Fly ash 02.63 Rao and Rao (2006)

Coir pith carbon 05.87 Kavitha and Namasivayam, 2007

Posidonia oceanica L fibers 05.56 Cibi et al. (2007)

Petrified sediment 02.04 Aroguz et al. (2008)

Caulerpa racemosa varcylindracea 03.42 Cengiz and Cavas (2008)

A. squmosa (CAS) 08.52 This study

Figure 7 SEM photographs for CAS (2.0 ku · 1000).
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q ¼ kidt
1=2 þ I ð5Þ

where kid is the rate constant of intraparticle diffusion
(mg g�1 min�0.5). Values of I give the information regarding
the thickness of boundary layer.

The values of qt were found to be linearly correlated with

values of t1/2 (Fig 6) and the rate constant Kdif directly evalu-
ated from the slope of the regression line (Table 2). The values
of intercept C (Table 2) provide information about the thick-

ness of the boundary layer, the resistance to the external mass
transfer increase as the intercept increase. The constant C was
found to increase with increase of dye concentration from 50

to 200 mg L�1, which indicating the increase of the thickness
of the boundary layer and decrease of the chance of the exter-
nal mass transfer and hence increase of the chance of internal
mass transfer. The R2 values given in Table 2 are close to unity

indicating the application of this model. This may confirm that
the rate-limiting step is the intraparticle diffusion process. The
linearity of the plots demonstrated that intraparticle diffusion

played a significant role in the uptake of the adsorbate by
adsorbent. However, as still there is no sufficient indication
about it,Ho (2003) has shown that if the intraparticle diffusion

is the sole rate-limiting step, it is essential for the qt versus t
1/2

plots to pass through the origin, which is not the case in Fig. 6,
it may be concluded that surface adsorption and intraparticle
diffusion were concurrently operating during the dye and
CAS interactions.

3.5. Adsorption isotherm

Langmuir isotherm models have been applied to describe the

adsorption of dyes by different materials (Vimonses et al.,
2009). In this study, the values of Ceqe

�1 and Ce were calcu-
lated using Eq. (8).

Ce

qe
¼ 1

Q0b
þ Ce

Q0
ð6Þ

where Q0 is the maximum adsorption capacity of CAS
(mg g�1) and b is the equilibrium constant related to the
adsorption energy (L mg�1). The linear plots of Ceqe

�1 versus

Ce showed that the adsorption followed a Langmuir isotherm,
as shown in Table 3 (R2 > 0.98). The Q0 and b were deter-
mined from the slopes and intercepts of the respective plots

and are listed in Table 3. The maximum adsorption capacities
on the adsorption of MG by CAS was 25.91 mg g�1, MB by
CAS was 8.53 mg g�1.

The Freundlich isotherm model can be used for non-ideal

sorption that involves heterogeneous adsorption. The Freund-
lich isotherm can be derived assuming a logarithmic decrease
in the enthalpy of adsorption with the increase in the fraction

of occupied sites and is commonly given by the following non-
linear equation:

qe ¼ KFC
1=n
e ð7Þ

where KF can be defined as the adsorption or distribution coef-

ficient and represents the quantity of dye adsorbed onto adsor-
bent for unit equilibrium concentration. 1/n is indicating the
adsorption intensity of dye onto the adsorbent or surface het-

erogeneity, becoming more heterogeneous as its value gets clo-
ser to zero. A value for 1/n below 1 indicates concurrence with
Langmuir isotherm while 1/n above 1 indicates a cooperative

adsorption between Langmuir and Freundlich adsorption iso-
therm. The correlation coefficients (R2) values were higher
than 0.9000, however, the R2 values for the Langmuir equation

for MG and MB are higher than those obtained for the Fre-
undlich equation (Table 3). The constant 1/n is lower than
1.0, indicating that MG and MB are favorably adsorbed by
the adsorbents (Ponnusami et al., 2008).

The D–R isotherm dose not assumes a homogeneous sur-
face or constant adsorption potential. The D–R model has
commonly been applied as
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qe ¼ Qm expð�Ke2Þ ð8Þ

ln qe ¼ lnQm � Ke2 ð9Þ

where K is a constant related to the adsorption energy, Qm the
theoretical saturation capacity, e the Polanyi potential, calcu-
lated from Eq. (10).

e ¼ RT ln 1þ 1

Ce

� �
ð10Þ

The mean free energy of adsorption (E), defined as the free en-
ergy change when one mole of ion is transferred from infinity

in solution to the surface of the solid, was calculated from the
K value using the following relation

E ¼ 1ffiffiffiffiffiffi
2K
p ð11Þ

The calculated value of D–R parameters is given in Table 3.

The saturation adsorption capacity Qm obtained using the
D–R isotherm model for adsorption of dyes onto the adsor-
bents used in this study is close to that obtained from the

Langmuir isotherm model (Table 3). The values of E calcu-
lated using Eq. (11) is below 20 kJ mol�1 for MG and MB
indicating that the physico-sorption process plays the signifi-
cant role in the adsorption of dyes onto adsorbents (Bulut et

al., 2008b). The E values are below 16 kJ mol�1 for MG and
MB adsorption onto CAS indicates that the adsorption type
may be physical or ion exchange (Altinisik et al., 2010).
Figure 8 XRD pho
3.6. Comparison of various low cost adsorbents

Tables 4a and 4b compares the adsorption capacity of different
types of adsorbents used for removal of MG and MB. The

most important parameter to compare is the Langmuir Qm

value since it is a measure of adsorption capacity of the adsor-
bent. The value of Qm in this study is larger than those in most

of previous works. This suggests that MG, MB could be easily
adsorbed on CAS.

3.7. Characterization of CAS (SEM, BET and FTIR of CAS)

The surface structure of CAS was analyzed by scanning elec-
tronic microscopy (SEM) (Fig. 7 It is clear that the adsorbents
have considerable number of heterogeneous pores, a cave- like,

uneven and rough surface morphology, where there is a good
possibility for dye to be trapped and adsorbed (Hameed and
EI-Khaiary, 2008).

The adsorbents have heterogeneous surface, micro pores
and mesopores as seen from its surface micrographs. The re-
ported Brunauer–Emmett–Teeller (BET) surface area of the

adsorbents is 20.54 m2/g for CAS.
The FTIR spectrum of CAS shows distinct peaks at 3922–

3445 cm�1 (OH stretch), 2928.47 cm�1 (CH stretch shift), 2361,
2341, 2290 cm�1 (NH stretch), 1747.36 cm�1 (C‚O stretch disap-

peared), 1498 cm�1 (phenyl), and 1020 cm�1 (C–O–C stretch), It is
clear that the adsorbent displays a number of adsorption peaks,
reflecting the complex nature of the adsorbent.
tograph for CAS.
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The adsorbents can be crystallographically characterized

by means of X-ray diffraction (XRD). The XRD pattern
(Fig. 8) of the adsorbents show typical spectrum having
main and secondary peaks at 2H of 22� and 37� respectively.
The main peak is taken as indicative of the presence of

highly organized crystalline cellulose while the secondary
peak is a measure of polysaccharides structure (Sonawane
and Shrivastava, 2009). The results showed that the adsor-

bents have more pores and crystalline structure. The avail-
ability of more surface area is due to the typical lateral
rack type of structure of the adsorbents as was clearly wit-

nessed in the SEM micrographs.
The percentages of total carbon, nitrogen and hydrogen in

CAS are 49.11, 06.11, and 01.12 which shows that the adsor-

bents contain mainly carbon with less amounts of nitrogen
and hydrogen. A relatively larger percentage of carbon and
hydrogen in comparison to nitrogen compounds indicates that
carbon-hydrogen groups might be available for adsorption of

dyes (Sonawane and Shrivastava, 2009).

3.8. Adsorption mechanism

Activated carbons are materials which have amphoteric char-
acteristics, so the pH on its surface always changes depending

on initial pH of the solution. Generally, the adsorption
capacity and rate constant have the tendency to increase as
initial pH of the solution increases. This is due to the pHzpc

of the adsorbents which has an acidic value, this is favorable

for cation adsorption (Prahas et al., 2008). The FTIR spec-
trum of the adsorbent indicates that carboxyl and hydroxyl
groups are present in abundance. The sorption of MB on

the adsorbent may be due to the electrostatic attraction be-
tween these groups and the cationic dye molecules (MG+).
At pH above 4, the carboxylic groups are deprotonated

and negatively charged carboxylate ligands (–COO–) bind
to the positively charged MG, MB molecules. This confirms
that the sorption of MG and MB by adsorbent was an ion

exchange mechanism between the negatively charged groups
present in adsorbent and the cationic dye molecule (Saeed
et al., 2010). These positively charged ions in the presence
of dye solution could then be exchanged with dye cations

as follows.
4. Conclusions

This study investigated the removal of MG and MB by CAS

from aqueous solution. The removal efficiency of MG and
MB decreased with increasing adsorbate concentration. The
equilibrium time was about 100 min. The removal efficiency
was dependent of pH. Adsorption dynamics analysis indicates

that pseudo-second-order equation fitted very well to the
adsorption of MG, MB on CAS (R2 > 0.99). Intraparticle dif-
fusion model shows that more than one mode of diffusion

functioned in the adsorption of MG, MB on CAS. The adsorp-
tion process followed well to the Langmuir model (R2 > 0.97).
The maximum adsorption capacities on the adsorption of MG

by CAS was 25.91 mg g�1, MB by CAS was 8.53 mg g�1.
These results suggest that CAS is a potential low-cost adsor-
bent for the dye removal from industrial wastewater.
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