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a b s t r a c t

The feasibility of using papaya seeds (PS), abundantly available waste in Malaysia, for the cationic dye
(methylene blue) adsorption has been investigated. Batch adsorption studies were conducted to study the
effects of contact time, initial concentration (50–360 mg/L), pH (3–10) and adsorbent dose (0.05–1.00 g)
on the removal of methylene blue (MB) at temperature of 30 ◦C. The equilibrium data were analyzed by
vailable online 29 May 2008

eywords:
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sotherm

the Langmuir, the Freundlich and the Temkin isotherms. The data fitted well with the Langmuir model
with a maximum adsorption capacity of 555.557 mg/g. The pseudo-second-order kinetics was the best for
the adsorption of MB by PS with good correlation. The results demonstrated that the PS is very effective
to remove methylene blue from aqueous solutions.

© 2008 Elsevier B.V. All rights reserved.
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. Introduction

The textile dyeing industry consumes large quantities of water
nd produces large volumes of wastewater from different steps in
he dyeing and finishing processes [1]. Effluent derived from the
extile and dyestuff activities can provoke serious environmental
mpact in the neighboring receptor water bodies because of the
resence of toxic reactive dyes, chlorolignin residues and dark col-
ration [2]. There are many treatment processes applied for the
emoval of dyes from wastewater. A critical review on current treat-
ent technologies with a proposed alternative was reported by

obinson et al. [3].
Adsorption process using commercial-activated carbons is very

ffective for removal of dyes from wastewater, but its high cost has
rovoked the search for alternatives and low-cost adsorbents. Most
f the adsorption studies have been focused on untreated plant
astes such as oil palm ash [4], wheat bran [5], rice husk [6], rice
ran and wheat bran [7], oil palm trunk fibre [8], yellow passion
ruit peel [9], sugarcane dust [10], durian (Durio zibethinus Murray)
eel [11], guava (Psidium guajava) leaf powder [12], almond shells

13], coffee husks [14], broad bean peels [15], pomelo (Citrus gran-
is) peel [16] and granular kohlrabi peel [17]. Recently, an extensive
ist of sorbent literature for dye removal has been compiled by Allen
nd Koumanova [18].

∗ Tel.: +60 4 599 6422; fax: +60 4 594 1013.
E-mail address: chbassim@eng.usm.my.
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In this work, an attempt to use papaya (Carica papaya L.) seeds, as
novel non-conventional low-cost adsorbent for removal of methy-

ene blue (MB) from aqueous solution has been made. Papaya (C.
apaya L.) is a tropical and subtropical crop. Malaysia is now capable
f producing up to 72,000 tonnes of papaya annually. Papaya fruits
roduce solid waste such as peel/skin and seeds. The discarded por-
ion of seeds can be between 15 and 20% of its weight. Due to the
igh consumption of papaya fruit, massive amounts of the seeds are
isposed, causing a severe problem in the community. To make bet-
er use of this waste, it is proposed to use it as adsorbent to remove

B from aqueous solutions. Thus, the purpose of the present work
as to evaluate the adsorption potential of papaya seeds (PS) for

he removal of methylene blue from aqueous solution.

. Materials and methods

.1. Adsorbate

The methylene blue used in this work was purchased from
igma–Aldrich. The MB was chosen in this study because of its
nown strong adsorption onto solids. MB has a molecular weight
f 373.90 g/mol. The maximum wavelength of this dye is 668 nm.
.2. Preparation of papaya seeds adsorbent

Papaya seeds used in this work were removed manually from a
resh papaya fruit obtained from the fruits market, Nibong Tebal,
enang, Malaysia. The seeds were washed with distilled water,

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:chbassim@eng.usm.my
dx.doi.org/10.1016/j.jhazmat.2008.05.120
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oiled with water for 20 min, filtered out and dried in an oven
t 60 ◦C for 24 h. The dried materials were crushed and sieved
o desired mesh size (125–250 �m). The prepared PS sample was
tored in an airtight container for further use. No other chemical or
hysical treatments were used prior to adsorption experiments.

.3. Effect of PS adsorbent dose on the MB adsorption

To study the effect of PS dose on the MB adsorption, different
mounts of PS (0.05, 0.10, 0.15, 0.20, 0.40, 0.60, 0.80 and 1.00 g)
ere added into a number of 250-mL stoppered glass (Erlenmeyers
asks) containing a definite volume (200 mL in each flask) of fixed

nitial concentration (50 mg/L) of dye solution without changing
he solution pH at 30 ◦C. The flasks were placed in a thermostated
ater bath shaker (Protech, Malaysia) and agitation was provided

t 130 rpm for 180 min and the dye concentrations were measured
t equilibrium.

.4. Effect of solution pH

In this study, the effect of solution pH on adsorption of MB on PS
as studied by mixing 0.50 g of PS with 200 mL of dye solution of
0 mg/L initial concentration at different pH values (3.0–10.0) and
0 ◦C. The pH was adjusted with 0.1N NaOH and 0.1N HCl solutions
nd measured by using a pH meter (Ecoscan, EUTECH Instruments,
ingapore). Agitation was made for 180 min at a constant agita-
ion speed of 130 rpm. The dye concentrations were measured by
double beam UV–vis spectrophotometer (Shimadzu, Model UV

601, Japan) at 668 nm wavelength. Prior to the measurement, a
alibration curve was obtained by using the standard MB solution
ith the known concentrations.

.5. Equilibrium studies

Batch adsorption experiments were carried out by adding a fixed
mount of sorbent (0.50 g) into a number of 250-mL stoppered glass
Erlenmeyers flasks) containing a definite volume (200 mL in each
ase) of different initial concentrations (50–360 mg/L) of dye solu-
ion without changing pH and temperature 30 ◦C. The flasks were
laced in a thermostatic water bath shaker and agitation was pro-
ided at 130 rpm for 180 min to ensure equilibrium was reached.
he amount of adsorption at equilibrium, qe (mg/g), was calculated
y

e = (C0 − Ce)V
W

(1)

here C0 and Ce (mg/L) are the liquid-phase concentrations of dye
t initial and equilibrium, respectively. V (L) is the volume of the
olution and W (g) is the mass of dry sorbent used.

The dye removal percentage can be calculated as follows:

emoval percentage = C0 − Ce

C0
× 100 (2)

.6. Batch kinetic studies

The procedures of kinetic experiments were basically identical
o those of equilibrium tests. The aqueous samples were taken at
reset time intervals, and the concentrations of dye were similarly
easured. All the kinetic experiments were carried out at 30 ◦C.

he amount of sorption at time t, qt (mg/g), was calculated by
t = (C0 − Ct)V
W

(3)

here Ct (mg/L) is the liquid-phase concentrations of dye at any
ime.

q

w
f

aterials 162 (2009) 939–944

. Theory of adsorption isotherm and kinetics

.1. Isotherm models

Adsorption isotherm is basically important to describe how
olutes interact with adsorbents, and is critical in optimizing the
se of adsorbents. The Langmuir [19], the Freundlich [20] and the
emkin [21] were employed in the present study. The linearized
orms of the three isotherms are

1
qe

= 1
KaqmCe

+ 1
qm

(4)

n qe = ln KF + 1
n

ln Ce (5)

e = B ln A + B ln Ce (6)

here B = RT/b.The Langmuir constants qm (mg/g) and Ka (L/mg)
re Langmuir constants related to adsorption capacity and energy
f adsorption, respectively. The constants qm and Ka can be cal-
ulated from the plot between 1/qe versus 1/Ce (Eq. (4)). Ce (mg/L)
nd qe (mg/g) are the equilibrium concentration, and the amount of
ye adsorbed at equilibrium, respectively. Similarly the Freundlich

sotherm constants KF and 1/n can be calculated from the plot of
n (qe) versus ln (Ce) (Eq. (5)). KF and n are the Freundlich constants,

hich are indicators of adsorption capacity and adsorption inten-
ity, respectively [22]. The Temkin isotherm [21] has generally been
pplied in the form given by Eq. (6). Therefore, by plotting qe versus
n Ce (Eq. (6)), enables the determination of the constants A and B.
is the Temkin constant related to heat of sorption (J/mol), A is the

emkin isotherm constant (L/g), R the gas constant (8.314 J/mol K),
is Temkin isotherm constant and T the absolute temperature (K).

.2. Kinetics models

The most common models used to fit the kinetic sorption exper-
ments are Lagergren’s pseudo-first-order model (Eq. (7)) [23] and
seudo-second-order model (Eq. (8)) [24] were used:

og(qe − qt) = log qe − k1t

2.303
(7)

t

qt
= 1

k2q2
e

+ t

qe
(8)

here qe (mg/g) and qt (mg/g) are the amount of adsorbate
dsorbed at equilibrium and at time t, respectively. k1 (min−1)
nd k2 (g mg−1 min) are the pseudo-first-order and pseudo-second-
rder adsorption rate constants, respectively.

.3. Intraparticle diffusion model

In order to investigate the mechanism of the MB adsorption onto
S, intraparticle diffusion-based mechanism was studied. The most
ommonly used technique for identifying the mechanism involved
n the adsorption process is by fitting an intraparticle diffusion plot.
t is an empirically found functional relationship, common to the

ost adsorption processes, where uptake varies almost proportion-
lly with t1/2 rather than with the contact time t. According to the
heory proposed by Weber and Morris [25]:
t = kidt1/2 + Ci (9)

here kid (mg g−1 min1/2), the rate parameter of stage i, is obtained
rom the slope of the straight line of qt versus t1/2. C is the intercept.
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ig. 1. Effect of adsorbent dosage on the adsorption of MB on PS (T = 30 ◦C and
0 = 50 mg/L).

. Results and discussion

.1. Effect of adsorbent dose on dye adsorption

Fig. 1 shows the effect of adsorbent dose (W (g)) on the removal
f MB at C0 = 50 mg/L and 30 ◦C. It can be seen that the MB removal
ncreases with increase W up to 0.40 g, thereafter remained fairly
onstant despite increase in the amount of the PS to 1.0 g. At equi-
ibrium time, the % removal increased from 34.67 to 80% for an
ncrease in PS dose from 0.05 to 0.40 g. The increase in % removal
as due to the increase of the available sorption surface and avail-

bility of more adsorption sites. A similar behavior was reported for
he adsorption of methylene blue on peanut hull [26] and invasive

arine seaweed (Caulerpa racemosa var. cylindracea) [27].

.2. Effect of solution pH on dye adsorption

In this work, the effect of initial pH on equilibrium uptake of PS
as studied at 50 mg/L initial MB concentration and 30 ◦C. Fig. 2

hows that the sorption of MB was minimum at solution pH 3 and
ncreased with pH up to 4.0 and then remained nearly constant over
he initial pH ranges of 4–10. The observed low adsorption rate of

B on the PS at pH <4 may be because the surface charge become
+
ositively charged, thus making (H ) ions compete effectively with

ye cations causing a decrease in the amount of dye adsorbed. Sim-
lar results were reported for the adsorption of MB on wheat shells
28], fallen phoenix tree’s leaves [29] and yellow passion fruit peel
9].

ig. 2. Effect of pH on equilibrium uptake of MB (W = 0.50 g; V = 0.20 L; C0 = 50 mg/L;
= 30 ◦C).

a
I
t
c
(
L
a

ig. 3. Effect of initial concentration and contact time on MB adsorption (W = 0.50 g;
= 0.20 L; T = 30 ◦C).

.3. Effect of contact time and initial concentration

Fig. 3 shows the result for effect of initial concentration
50–360 g/L) on adsorption of MB on PS at 30 ◦C. It was observed
hat dye uptake was rapid for the first 20 min and thereafter it pro-
eeded at a slower rate and finally reached saturation. The initial
apid phase may be due to an increase in the number of vacant sites
vailable at the initial stage. Fig. 3 indicates that an increase in ini-
ial MB concentration leads to increase in the adsorption of MB on
S. The equilibrium adsorption increased from 16.42 to 99.30 mg/g,
ith increase in the initial MB concentration from 50 to 360 mg/L.
s the initial MB concentration increased from 50 to 360 mg/L the
quilibrium removal of MB decreased from 77.10 to 68.63%. Such
rend was reported on the adsorption of MB peanut hull [26].

The adsorption of MB at low initial concentration (50–80 mg/L)
eached equilibrium in less than 30 min, while at high initial MB
oncentration (110–360 mg/L), the time necessary to reach equilib-
ium was 120 min. However, the experimental data were measured
t 180 min to be sure that full equilibrium was attained. Data on
he adsorption kinetics of MB by various adsorbents have shown
ifferent ranges of adsorption rates. For example, the equilibrium
imes reported for the adsorption of MB were 150 and 90 min for the
dsorption of MB on fallen phoenix tree’s leaves [29] and marine
eaweed (C. racemosa var. cylindracea) [27], respectively.

.4. Isotherm analysis

Equilibrium data, commonly known as adsorption isotherms,
re basic requirements for the design of adsorption systems [30].
n this work, the equilibrium data for MB on PS were modeled with

he Langmuir, Freundlich and Temkin models. The linear plot of spe-
ific adsorption (1/qe) against the equilibrium concentration (1/Ce)
Fig. 4) shows that the adsorption obeys the Langmuir model. The
angmuir constants qm and Ka were determined from the slope
nd intercept of the plot and are presented in Table 1. The value of

Fig. 4. Langmuir isotherm of MB on PS.
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Table 1
Isotherm parameters for adsorption of MB by PS at 30 ◦C

Isotherm Parameters Values

Langmuir qm (mg g−1) 555.557
Ka (L mg−1) 0.0028
R2 0.9863

Freundlich KF 2.806
n 1.2633
R2 0.9507
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Table 2
Comparison of adsorption capacities of various adsorbents for methylene blue

Adsorbent Maximum adsorption
capacity (mg g−1)

Reference

Papaya seeds 555.557 This work
Guava (Psidium guajava) leaf powder 185.2 [12]
Coffee husks 90.09 [14]
Pomelo (Citrus grandis) peel 344.83 [16]
Caulerpa racemosa var. cylindracea 3.423 [27]
Wheat shells 16.56 [28]
Yellow passion fruit waste 44.70 [9]
Dehydrated wheat bran carbon 185.2 [30]
Luffa cylindrica fibers 47 [32]
Dehydrated peanut hull 123.5 [33]
Palygorskite 50.8 [34]
Euphorbia rigida-based activated carbon 109.98 [35]
Durian shell-based activated carbon 289.26 [36]
Coir pith carbon 5.87 [37]
Rattan sawdust-based activated carbon 294.14 [38]
Bamboo-based activated carbon 454.2 [39]
O
O
H

i
s
L
d
t
M
h
f

t
s
p
w
v
i

emkin A (L g−1) 8.0418
B 38.119
R2 0.9841

he coefficient of correlation (R2 = 0.9863) obtained from Langmuir
xpression indicates that Langmuir expression provided a better fit
o the experimental data of MB on PS.

The essential characteristics of the Langmuir isotherm can be
xpressed in terms of a dimensionless constant separation factor
L that is given by the following equation [31]:

L = 1
(1 + KaC0)

(10)

here C0 (mg/L) is the highest initial concentration of adsorbate,
nd Ka (L/mg) is Langmuir constant. The value of RL indicates
he shape of the isotherm to be either unfavorable (RL > 1), linear
RL = 1), favorable (0 < RL < 1), or irreversible (RL = 0). The RL value
or the adsorption of MB onto PS was 0.498, indicating that the
dsorption was a favorable process.

The equilibrium data were further analyzed using the linearized
orm of Freundlich isotherm, by plotting ln qe versus ln Ce (Fig. 5).
he calculated Freundlich isotherm constants and the correspond-
ng coefficient of correlation are shown in Table 1. The coefficient
f correlation was high (R2 = 0.9507) showing a good linearity.

The result shows that the value of n is greater than unity
n = 1.2633) indicating that the dye is favorably adsorbed on PS. This
s in great agreement with the findings regarding to RL value. The
agnitude of Freundlich constant indicates easy uptake of MB from
queous solution.

The adsorption data for MB on PS were analyzed by a regression
nalysis to fit the Temkin isotherm model (Fig. 6). The parameters
f Temkin model as well as the correlation coefficient are listed

Fig. 5. Freundlich adsorption isotherm of MB on PS.

Fig. 6. Temkin adsorption isotherm of MB on PS.
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il palm fibre-activated carbon 277.78 [40]
il palm shell-based activated carbon 243.90 [41]
evea brasiliensis seed coat-activated carbon 227.27 [42]

n Table 1. The coefficient of correlation was high (R2 = 0.9841)
howing a good linearity. From Table 1, it can be conclude that the
angmuir isotherm model was more suitable for the experimental
ata than other isotherms because of the high value of correla-
ion coefficient (R2 = 0.9863). This indicates that the adsorption of

B on PS takes place as monolayer adsorption on a surface that is
omogenous in adsorption affinity. A similar result was reported

or the adsorption of MB on Luffa cylindrica fibers [32].
Table 2 lists a comparison of adsorption capacity of the PS with

hose obtained in the literature for the adsorption of MB. It can be
een that the PS is more effective for this purpose even when com-
ared with activated carbons. The adsorption capacity of PS for MB
as 555.557 mg/g which is higher than the adsorption capacities of

arious low-cost adsorbents and activated carbons for MB reported
n the literature such as guava (P. guajava) leaf powder [12], coffee
usks [14], pomelo (C. grandis) peel [16], C. racemosa var. cylindracea
27], wheat shells [28], Yellow passion fruit waste [9], dehydrated
heat bran carbon [30], L. cylindrica fibers [32], dehydrated peanut
ull [33], palygorskite [34], activated carbon prepared from Euphor-
ia rigida [35], activated carbon prepared from durian shell [36], coir
ith carbon [37], activated carbon prepared from rattan sawdust
38], bamboo-based activated carbon [39], oil palm fibre-activated
arbon [40], activated carbon prepared from oil palm shell [41] and
evea brasiliensis seed coat [42]. It can be concluded that PS was
xtremely effective for removal of MB from aqueous solution.

.5. Adsorption kinetics

The kinetics of MB adsorption on PS was studied with respect
o different initial concentrations. For evaluating the adsorption
inetics of MB, the pseudo-first-order and pseudo-second-order
inetic models were used to fit the experimental data. Using Eq.
7), log (qe − qt) versus t was plotted at different MB concentra-
ions (figure not shown). The pseudo-first-order model data do not
all on straight lines for most initial concentrations indicating that
his model is less appropriate. The Lagergren first-order rate con-
tant (k1) and qe,cal determined from the model are presented in
able 3 along with the corresponding correlation coefficients. It

as found that the correlation coefficients for the pseudo-first-
rder model are low and a wide range of variations are recorded
or the qe, obtained from the experimental and calculated. This
ndicates that the adsorption of MB on PS does not follow pseudo-
rst-order kinetics. Therefore, the experimental kinetic data were
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Table 3
Comparison of the pseudo-first-order and pseudo-second-order adsorption rate constants, and calculated and experimental qe values for different initial MB concentrations

Initial concentration (mg L−1) qe,exp (mg g−1) Pseudo-first-order kinetic Pseudo-second-order kinetic

k1 (min−1) qe,cal (mg g−1) R2 k2 (g mg−1 min) qe,cal (mg g−1) R2

50 16.420 0.1806 14.588 0.8912 0.0920 16.529 0.9999
80 25.354 0.0396 5.853 0.9527 0.01628 25.773 0.9999

110 35.000 0.0309 7.663 0.8782 0.0088 35.714 0.9999
175 55.600 0.0408 18.689
250 80.400 0.0274 14.710
300 86.600 0.0304 34.483
360 99.298 0.0283 29.902
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Fig. 7. Pseudo-second-order kinetic for adsorption of MB on PS.

urther analyzed using the pseudo-second-order model. By plot-
ing t/qt against t for different initial MB concentrations (Fig. 7), a
traight line was obtained in all cases and using Eq. (8) the second-
rder rate constant (k2) and qe were determined from the plots. The
e,exp and the qe,cal values along with correlation coefficients for the
seudo-second-order models are shown in Table 3. The values of
orrelation coefficient were very high (R2 > 0.999) and the theoret-
cal qe,cal values were closer to the experimental qe,exp values at
ifferent initial MB concentrations (Table 3). From Table 3, it can be
oncluded that the pseudo-second-order kinetic model provided
good correlation for the adsorption of MB on PS at different ini-
ial MB concentrations compared to the pseudo-first-order model.
number of authors have reported pseudo-second-order kinetics

or adsorption of methylene blue on wheat shells [28], palygorskite
34] and dehydrated wheat bran carbon [30].

ig. 8. Intraparticle diffusion plot for adsorption of MB on PS for different initial MB
oncentrations.

U
S

R

[

0.8921 0.00538 56.818 1.0000
0.8287 0.00206 83.333 0.9998
0.9871 0.00175 90.090 0.9998
0.8486 0.00198 103.093 0.9998

The pseudo-first-order and pseudo-second-order kinetic mod-
ls could not identify the diffusion mechanism. Thus the kinetic
esults were then analyzed by using the intraparticle diffusion
odel. Weber and Moris plot [25] (qt versus t0.5) was used to inves-

igate intraparticle diffusion mechanism (Fig. 8). If the value of Ci is
ero, then the rate of adsorption is controlled by intraparticle diffu-
ion for the entire adsorption period. However, the plot of qt against
0.5 usually shows more than one linear portion. As seen from Fig. 8,
he plots were not linear over the whole time range, implying that

ore than one process affected the adsorption. A similar behavior
as reported for methylene blue adsorption onto palm kernel fibre

43].

. Conclusions

The adsorption of MB from aqueous solution using papaya seeds
s low-cost adsorbent was investigated under different experimen-
al conditions in batch process. The Langmuir adsorption isotherm
as found to have the best fit to the experimental data with maxi-
um adsorption capacity of 555.557 mg/g. The adsorption kinetics

an be predicted by pseudo-second-order kinetic. The results of the
resent investigation indicated that PS, a low-cost adsorbent could
e employed as an alternative to commercial-activated carbon for
he removal of MB from aqueous solutions.
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