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This study aimed at investigating the feasibility of using jackfruit peel (JFP), a solid waste, abundantly
available in Malaysia, for the adsorption of methylene blue, a cationic dye. Batch adsorption studies were
conducted to evaluate the effects of contact time, initial concentration (35-400 mg/L), pH (2-11), and
adsorbent dose (0.05-1.20 g) on the removal of dye at temperature of 30 °C. The experimental data were
analyzed by the four different types of linearized Langmuir isotherm, the Freundlich isotherm and the
Temkin isotherm. The experimental data fitted well with the type 2 Langmuir model with a maximum

ﬁegg:lﬁis;eel adsorption capacity of 285.713 mg/g. Pseudo-first and pseudo-second-order kinetics models were tested
Adsorption with the experimental data, and pseudo-second-order kinetics was the best for the adsorption of MB
Isotherm by JFP with coefficients of correlation R? > 0.9967 for all initial MB concentrations studied. The results
Methylene blue demonstrated that the JFP is very effective for the adsorption of methylene blue (MB) from aqueous
Kinetics solutions.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

In the textile industry, the modern dyeing processes and
machinery are designed for use with synthetic dyes. Dye-
containing wastewaters discharged from such industry are
well-known pollutants to the receiving bodies in industrial areas.
It is therefore imperative to treat textile effluents due to their toxic
and esthetic impacts on the receiving water bodies. Many treat-
ment processes have been applied for the removal of dyes from
wastewater such as: Fenton process [1], photo/ferrioxalate system
[2], photocatalytic and electrochemical combined treatment [3],
photocatalytic degradation using UV/TiO, [4], sonochemical degra-
dation [5], Fenton-biological treatment scheme [6], biodegradation
[7], photo-Fenton processes [8], integrated chemical-biological
degradation [9], electrochemical degradation [10] and adsorption
process [11,12]. A critical review on current treatment technolo-
gies with a proposed alternative was reported by Robinson et al.
[13].

Adsorption process using commercial activated carbons is very
effective for removal of dyes from wastewater, but its high cost
has motivated the search for alternatives and low-cost adsor-
bents. Such alternatives include: chitosan bead [14], oil palm
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trunk fiber [15], fly ash [16], dried biomass of Baker’s yeast [17],
durian (Durio zibethinus Murray) peel [18], Guava (Psidium gua-
java) leaf powder [19], chitosan/oil palm ash composite [20],
high lime Soma fly ash [21], almond shells [22], pomelo (Citrus
grandis) peel [23], treated parthenium biomass [24] and broad
bean peels [25]. Recently, an extensive list of sorbent literature
for dye removal has been compiled by Allen and Koumanova
[26].

Jackfruit (Artocarpus heterophyllus L.) is a specie of tree of the
mulberry family (Moraceae) and is widely grown in Thailand,
Indonesia, Myanmar, India, Philippines and Malaysia. Jackfruits
usually reach 10-25 kg in weight at maturity [27]. The large sized
jackfruits, however, weight as much as 50kg [28]. About 50% of
fruit composed of rind and unfertilized floral parts are usually dis-
carded as waste because they are fibrous [29]. With the increase in
production of processed fruit products, the amount of fruit wastes
generated is increasing enormously. Jackfruit peel wastes have no
economic value and in fact often create a serious problem of dis-
posal for local environments. Thus utilizing jackfruit peel as an
alterative and low-cost adsorbent would increase its economic
value, help reduce the cost of waste disposal, besides this, the prob-
lem of environmental pollution also can be reduced considerably.
Therefore, the aim of this study was to investigate the potential
of jackfruit peel (JFP), an abundantly available solid waste, as an
adsorbent in the removal of methylene blue from aqueous solu-
tions.
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Table 1

Proximate analysis of jackfruit peels [30]

Material Weight (%)
Ash 4
Moisture 10
Volatile matter 50

Fixed carbon 36

Total 100.00

2. Materials and methods
2.1. Adsorbate

The methylene blue (MB) used in this work was purchased from
Sigma-Aldrich. The MB was chosen in this study because of its
known strong adsorption onto solids. The MB (C.1. basic blue 9) used
in this study has a molecular weight of 373.90 g/mol, with molec-
ular formula of C4gH1gCIN3S 3H50. The maximum wavelength of
this dye is 668 nm.

2.2. Adsorbent

The jackfruit peel (JFP) used was collected from the main fruit
market of Nibong Tebal, Penang, Malaysia. It was washed thor-
oughly with distilled water to remove the surface adhered particles.
Then it was sliced, spread on trays and oven dried at 70 °C for 48 h.
The dried slices were ground and sieved to obtain a particle size
range of 0.5-1 mm by collecting the samples which passed through
1-mm sieve and retained on 0.5-mm sieve and the samples were
then stored in plastic bottle for further use. No other chemical or
physical treatments were used prior to adsorption experiments.
Prior to adsorption studies, it was ensured that there was no color
produced by the JFP when it was in contact with the dye solution.
The proximate analysis of JPF is given in Table 1 [30].

2.3. Equilibrium studies

Adsorption experiments were carried out by adding a fixed
amount of sorbent (0.60 g) into a number of 250 mL-stoppered glass
Erlenmeyers flasks containing a definite volume (0.20L in each
case) of different initial concentrations (35-400 mg/L) of dye solu-
tion without changing pH and temperature 30°C. The flasks were
placed in a thermostatic water-bath shaker and agitation was pro-
vided at 130 rpm for 180 min to ensure equilibrium was reached.
At time t=0 and equilibrium, the dye concentrations were mea-
sured using a double beam UV-vis spectrophotometer (Shimadzu,
Model UV 1601, Japan) at 668 nm wavelength. After equilibrium,
the sorbent was separated from the dye solution using filtration
and the dye concentrations were similarly measured. The amount
of adsorption at equilibrium, ge (mg/g), was calculated by

where Cy and Ce (mg/L) are the liquid-phase concentrations of dye
at initial and equilibrium, respectively. V (L) is the volume of the
solution and W (g) is the mass of dries sorbent used.

The dye removal percentage can be calculated as follows:

removal percentage = (C()g Ce) x 100 (2)
0

2.4. Effect of JFP dose

The effect of JFP dose on the amount of MB adsorbed was
obtained by adding different amounts of JFP (0.05, 0.10, 0.15, 0.20,
0.40,0.60, 0.80, 1.00 and 1.20 g) into a number of 250 mL-stoppered
glass Erlenmeyers flasks containing a definite volume (0.20L in
each case) of fixed initial concentration (65 mg/L) of dye solution
without changing pH (6.5) at temperature 30°C. The flasks were
placed in a thermostated water-bath shaker and agitation was pro-
vided at 130rpm for 180 min. After equilibrium, the sorbent was
separated from the dye solution using filtration and the dye con-
centrations were similarly measured by a double beam UV-vis
spectrophotometer.

2.5. Effect of solution pH

In this study, 0.20 L of dye solution of 50 mg/L initial concentra-
tion at different pH values (2.0-11.0) was agitated with 0.60 g of JFP
in a water-bath shaker at 30°C. Agitation was made for 180 min
at a constant agitation speed of 130 rpm. After equilibrium was
established, the sorbent was separated from the dye solution using
filtration and the dye concentrations were similarly measured by
a double beam UV-vis spectrophotometer. The pH was adjusted
with 0.1N NaOH and 0.1N HCI solutions and measured by using a
pH meter (Ecoscan, EUTECH Instruments, Singapore).

2.6. Batch kinetic studies

The procedures of kinetic experiments were basically identical
to those of equilibrium tests. The aqueous samples were taken at
preset time intervals, and the concentrations of dye were similarly
measured. All the kinetic experiments were carried out at 30°C.
The amount of sorption at time t, g; (mg/g), was calculated by

(Co — GV

qr = T (3)

where C; (mg/L) is the liquid-phase concentrations of dye at any
time.

2.7. Analytical methods

The dye concentrations were monitored by measuring
absorbance at 668 nm using a double beam UV-vis spectropho-
tometer (Shimadzu, Model UV 1601, Japan), after separating the
sorbent from the dye solution using filtration. Prior to the mea-

(Co—Ce)V surement, a calibration curve was obtained by using the standard

Qe = — (1) MB . . .
solution with the known concentrations.

Table 2
Isotherms and their linearized forms
Isotherm Linear form Plot Ref.
Type 1 Langmuir Ge = ‘{";ﬁ;‘gi Ce/ge =Ce/qm +1/Kaqm Ce/qe vs. Ce [31]
Type 2 Langmuir 1/ge =(1/Kaqm)(1/Ce) +1/qm 1/qe vs. 1/Ce
Type 3 Langmuir e =qm — de/KaCe qe VS. ge/Ce
Type 4 Langmuir Ge/Ce =Kagm — Kage Ge[Ce VS. qe
Freundlich e = KFC;/" Inge=InKg+1/nlnCe Inge vs. InCe [32]
Temkin ge =(RT/b)In(ACe) ge =BInA+BInCe where B=RT/b ge vs. InCe [33]
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3. Theory
3.1. Equilibrium isotherms

Adsorption isotherm is basically important to describe how
solutes interact with adsorbents, and is critical in optimizing the
use of adsorbents. Three commonly used isotherms, the Langmuir
[31], the Freundlich [32] and the Temkin [33] were employed in
the present study. The linearized forms of the three isotherms are
shown in Table 2. From Table 2, it was observed that the Langmuir
isotherms could be linearized to at least four different types. The
Langmuir constants g, and K; values can be calculated from the
plot between Ce/qe versus Ce, 1/qe versus 1/Ce, ge versus ge/Ce, and
ge/Ce versus qe for types 1, type 2, type 3 and type 4 linearized Lang-
muir isotherms, respectively. g (mg/g) and K, (L/mg) are Langmuir
constants related to adsorption capacity and energy of adsorption,
respectively.

Similarly the Freundlich isotherm constants K and n which are
indicators of adsorption capacity and adsorption intensity, respec-
tively [34] can be calculated from the plot of In(ge) versus In(Ce).
The Temkin isotherm [33] has generally been applied in the form
shown in Table 2. Therefore, by plotting ge versus InCe aids the
determination of the constants A and B. B is the Temkin constant
related to heat of sorption (J/mol); A is the Temkin isotherm con-
stant (L/g), R the gas constant (8.314]/mol. K) and T is the absolute
temperature (K).

3.2. Adsorption kinetics

The Lagergren’s pseudo-first-order model (Eq. (4)) [35] and
pseudo-second-order model (Eq.(5))[36] have been widely used to
predict sorption kinetics. The pseudo-first-order equation is gen-
erally applicable over the initial stage of the adsorption processes
whereas the pseudo-second-order equation predicts the behavior
over the whole range of adsorption. These two models were used
in this study to fit the experimental data:

k1
2.303) t (4)

t 1 1
= +(=—)t 5
qe ](2(]% (%) ()

where k; (1/min) is the rate constant of pseudo-first-order adsorp-
tion, ky (g/mgmin) is the rate constant of pseudo-second-order
adsorption.

log (qe — qr) = log e — (

3.3. Intraparticle diffusion model

In order to investigate the mechanism of the MB adsorption
onto JFP, intraparticle diffusion based mechanism has been studied.
The most commonly used technique for identifying the mecha-
nisminvolved in the adsorption process is by fitting an intraparticle
diffusion plot. It is an empirically found functional relationship,
common to the most adsorption processes, where uptake varies
almost proportionally with t1/2 rather than with the contact time t.
According to the theory proposed by Weber and Morris [37]:

qt = kpifl/z +G (6)

where k;,; (mg/g min!/2), the rate parameter of stage i, is obtained
from the slope of the straight line of g; versus t!/2 whereas C; is
the intercept of the plot which gives an idea about the thickness of
boundary layer.
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Fig.1. Effect of adsorbent dosage on the adsorption of MB on JFP(T=30°C,V=0.20L;
pH 6.5; Cy =65 mg/L, stirring rate =130 rpm).

4. Results and discussion
4.1. Effect of adsorbent dose on dye adsorption

In order to investigate the effect of adsorbent dose (g) on dye
adsorption, experiments were conducted at initial dye concentra-
tion of 65 mg/L, while the amount of adsorbent added was varied.
Fig. 1 shows the effect of adsorbent dose on the % removal of MB. At
equilibrium time, the % removal increased from 58.20% to 89.80%
foranincrease in JFP dose from 0.05 to 0.60 g. The increase in % color
removal was due to the increase in the available sorption surface
and ssites. The increase in % color removal with increase in adsorbent
mass is in agreement with the report of the sorption of methylene
blue onto fly ash [38].

4.2. Effect of solution pH on dye uptake

The effect of initial pH on equilibrium capacity of JFP was studied
at 50 mg/L initial MB concentration and at 30°C. Fig. 2 shows that
the sorption of MB was minimum at the initial pH 2 and increased
with pH up to 4.0 and then remained nearly constant over the
initial pH ranges of 4-10, and thereafter started to decrease. The
observed low adsorption rate of MB on the JFP at pH<4 may be
because the surface charge become positively charged, thus making
(H*) ions compete effectively with dye cations causing a decrease
in the amount of dye adsorbed. A similar behavior was observed
for methylene blue adsorption on wheat shells [39].

4.3. Effect of contact time and initial concentration
The adsorption of MB on JFP was studied at different initial MB

concentrations (35-400mg/L). Fig. 3 shows the result for effect
of initial concentration on adsorption of MB onto JFP at 30°C. It
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Fig. 2. Effect of pH on equilibrium uptake of MB (W=0.60g; V=0.20L; Cy =50 mg/L,
T=30°C; stirring rate=130rpm).



B.H. Hameed / Journal of Hazardous Materials 162 (2009) 344-350 347

—+—35mg/L —=—80mg/lL —&—130mg/L —« 190 mg/L
—*— 250 mg/L ——305mg/L —— 355 mg/L —— 400 mg/L
140

120
100
80

60

q: (mg/g)

40 -

20

0 50 100 150 200
Time (min)

Fig. 3. Effect of initial concentration and contact time on MB adsorption (W=0.60g;
V=0.20L; T=30°C; pH 6.5; stirring rate=130rpm).

was observed that dye uptake was rapid for the first 30 min, and
thereafter proceeded at a slower rate and finally attains saturation.
Fig. 3 indicates that an increase in initial MB concentration leads to
increase in the adsorption of MB on JFP. The equilibrium adsorption
increases from 10.60 to 114.69 mg/g, with increase in the initial MB
concentration from 35 to 400 mg/L. As the initial MB concentra-
tion increased from 35 to 400 mg/L the equilibrium removal of MB
decreased from 93.33% to 86%.

The adsorption of MB on JFP was found to reach equilib-
rium in less than 60min for MB solutions with lower initial
concentration (35-80mg/L), while at higher initial MB concen-
tration (130-400 mg/L), the time necessary to reach equilibrium
was 120 min. However, the experimental data were measured at
180 min to be sure that full equilibrium was attained. Data on the
adsorption kinetics of MB by various adsorbent have shown a simi-
lar range of adsorption rates. Han et al. [40] studied the adsorption
of methylene blue on fallen phoenix tree’s leaves and reported that
the equilibrium was reached in 150 min.

4.4. Isotherm analysis

Several mathematical models can be used to describe experi-
mental data of adsorption isotherms. In this work, the equilibrium
data for MB on JFP were modeled with the Langmuir (four linearized
expressions), Freundlich and Temkin models. The details of the four
types of linearized Langmuir isotherms are given in Table 2 and
their respective plots are shown in Fig. 4. The values of the Langmuir
constants obtained in this study are presented in Table 3. The coef-
ficient of correlation (R =0.9939) obtained from type 2 Langmuir
expression indicates that type 2 Langmuir expressions provided a
better fit for the experimental data of MB on JFP.

The essential characteristics of the Langmuir isotherm can be
expressed in terms of a dimensionless constant separation factor
Ry that is given by the following equation [41]:

1
T 1+K.Go

where Cy (mg/L) is the highest initial concentration of adsorbate
and K; (L/mg) is Langmuir constant. The value of R, indicates
the shape of the isotherm to be either unfavorable (R > 1), linear
(R.=1), favorable (0<Ry <1), or irreversible (R =0). The R; value
for the adsorption of MB onto JFP was 0.1269, indicating that the
adsorption is a favorable process.

The equilibrium data were further analyzed using the linearized
form of Freundlich isotherm, by plotting In ge versus In Ce (Fig. 5).
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Fig. 4. Langmuir isotherm of MB on JFP at 30°C: (a) type 1 Langmuir; (b) type 2
Langmuir; (c) type 3 Langmuir; (d) type 4 Langmuir.

The calculated Freundlich isotherm constants and the correspond-
ing coefficient of correlation values are shown in Table 3. The
coefficient of correlation was high (R?=0.9576) showing a good
linearity. The result shows that the value of n is greater than unity
(n=1.343) indicating that the dye is favorably adsorbed on JFP. The
magnitude of Freundlich constant (n =1.343) indicates easy uptake
of MB from aqueous solution.
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6
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B
\

Fig. 5. Freundlich adsorption isotherm of MB on JFP.
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Table 3

Isotherm parameters for removal of MB on JFP

[sotherm Linear form Parameters Values

Langmuir Type 1 qm (mg/g) 192.308
Ka (L/mg) 0.0291
R? 0.9375

Langmuir Type 2 qm (Mg/g) 285.713
Ka (L/mg) 0.0172
R? 0.9939

Langmuir Type 3 qm (mg/g) 173.410
Ka (L/mg) 0.0344
IRZ 0.7278

Langmuir Type 4 gm (Mg/g) 213.506
Ka (L/mg) 0.0251
R? 0.7278

Freundlich Kg 7.067
n 1.343
R? 0.9576

Temkin A(l/g) 0.452
B 34.622
R? 0.9640

The adsorption data for MB on JFP were subjected to regression
analysis to fit the Temkin isotherm model (Fig. 6). The parameters
of Temkin model as well as the correlation coefficient are listed in
Table 3. The coefficient of correlation was high (R? =0.9640) show-
ing a good linearity. From Table 3, it can be concluded the type 2
Langmuir was more suitable for the experimental data than other
isotherms because of the higher value of correlation coefficient
(R%=0.9939). This indicates that the adsorption of MB on JFP takes
place as monolayer adsorption on a surface that is homogenous in
adsorption affinity. A similar result was reported for the adsorp-
tion of MB on Luffa cylindrica fibers [42]. Table 3 indicates that
the computed maximum monolayer adsorption capacity qm of JFP
was relatively large (285.713 mg/g). The comparison of adsorption
capacity of the JFP with other adsorbents in literature [11,12,42-50]
for the adsorption of MB is presented in Table 4. It can be seen that
the JFP is more effective for this purpose even when compared with
some of the activated carbons reported in the literature [11,46,50].

4.5. Adsorption kinetics

For evaluating the adsorption kinetics of MB, the pseudo-first-
order and pseudo-second-order kinetic models were used to fit the
experimental data. Using Eq. (4), a log(ge — q;) versus t was plot-
ted at different MB concentrations (Fig. 7). The pseudo-first-order
model data do not fall on straight lines for most initial concentra-
tions indicating that this model is less appropriate. The Lagergren
first-order rate constant (k) and g ¢ determined from the model
are presented in Table 5 along with the corresponding correlation
coefficients.

The experimental kinetic data were further analyzed using the
pseudo-second-order model. By plotting t/q; against t for different

160

120 +

InC,

Fig. 6. Temkin adsorption isotherm of MB on JFP.

Table 4

Comparison of adsorption capacities of various adsorbents for methylene blue

Adsorbent Maximum adsorption Ref.
capacity (mg/g)

Jackfruit peels 285.713 This work

Yellow passion fruit waste 44,70 [43]

Luffa cylindrica fibers 47 [42]

Guava (Psidium guajava) leaf 185.2 [19]

powder

Dehydrated peanut hull 123.5 [44]

Coffee husks 90.09 [45]

Activated carbon prepared from a 109.98 [46]

renewable bio-plant of Euphorbia

rigida

Activated carbon prepared from 289.26 [47]

durian shell

Coir pith carbon 5.87 [48]

Activated carbon prepared from 294.14 [12]

rattan sawdust

Bamboo-based-activated carbon 454.2 [49]

Oil palm fiber-activated carbon 277.78 [11]

Activated carbon prepared from oil 243.90 [50]

palm shell

initial MB concentration (Fig. 8), a straight line was obtained in all
cases and using Eq. (5) the second-order rate constant (k;) and qe
values were determined from the plots. The values of correlation
coefficient were very high (R?>0.9967) and the theoretical Qe cal
values obtained from this model were closer to the experimental
Geexp values at different initial MB concentrations (Table 5). It is
important to note that for the pseudo-first-order model, the cor-
relation coefficient obtained in this study, R* <0.9834 at different
initial MB concentrations, which is lower as compared to the cor-
relation coefficient obtained from the pseudo-second-order model.
Moreover, from Table 5, it can be seen that the experimental val-
ues of geexp are not in good agreement with the theoretical values
calculated (ge ;) from the pseudo-first-order equation. Therefore,
it can be concluded that the pseudo-second-order kinetic model
provided a better correlation for the adsorption of MB on JFP at
different initial MB concentrations compared to the pseudo-first-
order model. A similar result was reported for the adsorption of MB
on L. cylindrica fibers [42], adsorption of MB from aqueous solution
by dehydrated wheat bran carbon [51] and adsorption of MB on
Guava (P. guajava) leaf powder [19].

The first-order and pseudo-second-order kinetic models could
not identify the diffusion mechanism. Thus the kinetic results were
then analyzed by using the intraparticle diffusion model. Weber
and Moris plot [52] (g¢ versus t%>) was used to investigate intra-

= 35 mg/L
x 250 mg/L

* 80 mg/L
o 305 mg/L

4 130 mg/L
+ 355 mg/L

x 190 mg/L
4 400 mg/L

log(ge-ae)

2t

-3

t (min)

Fig. 7. Pseudo-first-order kinetic for adsorption of MB on JFP.
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Table 5

Comparison of the pseudo-first-order and pseudo-second-order adsorption rate constants, and calculated and experimental ge values for different initial MB concentrations

Initial conc. (mg/L) Qe exp (Mg[g) Pseudo-first-order kinetic model

Pseudo-second-order kinetic model

ki (1/min) Gescal (Mg/8) R? k (g/mgmin) 104 Gescal (Mg/g) R?
35 10.583 0.0554 6.362 0.9565 341.025 10.787 0.9996
80 25.483 0.0537 12.045 0.9378 35.555 24.096 0.9977
130 40.703 0.0398 14.508 0.9066 21.572 38.610 0.9979
190 59.338 0.0387 42355 0.9807 10.301 58.139 0.9978
250 75.280 0.0396 49.272 0.9834 8.727 73.529 0.9978
305 91.432 0.0758 533.330 0.7704 5.062 91.743 0.9976
355 106306 0.0559 362.660 0.6882 3.575 109.890 0.9975
400 114.690 0.3685 166.533 0.8332 3.079 120.481 0.9967
+ 35mg/lL = 80 mg/L 4 130mg/L x 190 mg/L

—x— 250 mg/L —— 305 mg/L —+— 355 mg/L —— 400 mg/L
14

tige

0 40 80 120 160 200
t (min)

Fig. 8. Pseudo-second-order kinetic for adsorption of MB on JFP.
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Fig. 9. Intraparticle diffusion plot for adsorption of MB on JFP for different initial
MB concentrations.

particle diffusion mechanism (Fig. 9). If the intraparticle diffusion
was the only rate-controlling step, the plot passed through the ori-
gin; if not, the boundary layer diffusion controlled the adsorption
to some degree [53]. As seen from Fig. 9, the plots were not linear
over the whole time range, implying that more than one process
affected the adsorption. A similar behavior was reported for the
methylene blue sorption onto palm kernel fiber [54].

5. Conclusions

The present work shows that JFP can be used as an adsorbent
for the removal of methylene blue dye from aqueous solutions. The
amount of dye adsorbed was found to vary with initial methy-
lene blue concentration and contact time. The type 2 Langmuir
adsorption isotherms was found to provide the best fit to the exper-
imental data with maximum adsorption capacity of 285.713 mg/g.
The adsorption kinetics can be predicted by pseudo-second-order
kinetic. The results of the present investigation indicate that the JFP
has a potential for use in removing methylene blue from aqueous
solutions.
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