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ABSTRACT

The present research explores the viability of pineapple peel, an agricultural effluent
discharged from the food can processing industries for removing methylene blue (MB) dye
from the aqueous solution. The effects of contact time, initial concentration, and solution pH
on the adsorptive uptake of MB were investigated in a batch mode study. The morphological
and functional characterization of the adsorbent was performed using the scanning electron
microscopy and Fourier transform infrared analysis. The adsorption equilibrium was
simulated using the Langmuir, Freundlich and Temkin isotherm models. Kinetic modeling
was fitted to the pseudo-first-order and pseudo-second-order kinetic equations, while the
adsorption mechanism was determined using the intraparticle diffusion model. Equilibrium
data were favorably described by the Langmuir isotherm model, with a maximum
monolayer adsorption capacity of 97.09mg/g. The results provide a strong evidence to
support the potential use of pineapple waste as an effective adsorbent for the treatment of
textile wastewater.
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1. Introduction

Water scarcity and air pollution rank equal to
climate change as the most intricate environmental
turmoil for the twenty-first century. Today, rapidly
changing technologies, industrial products and prac-
tices generate waste that if improperly managed, could
threaten public health and the environment [1]. Vari-
ous industries such as dye manufacturing, pulp and
paper tanneries, cosmetic, coffee pulping, pharmaceu-
ticals, food processing, electroplating and distilleries

spew out colored and toxic effluents to water bodies
rendering them murky, dirty and unusable for further
use. Among different pollutants of aquatic ecosystems,
dyes are a large and important group of industrial
chemicals with over 700,000 tons of waste produced
annually [2]. Statistically, the total dye consumption of
the textile industry is in excess of 107 kg/y, and an
estimated 90% of this ends up on fabrics [3].

Numerous studies have been conducted to assess
the harm impacts of colorants on the ecosystem. The
real hazard setting aside esthetic considerations is
caused when these colored agents interfere with
the transmission of light through water, retard*Corresponding author.
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photosynthetic activities in the aquatic life, and
damage the quality of the receiving streams and food
chain equilibrium [4]. Acute exposure to colored
effluents may cause shock, Heinz body formation,
cyanosis, jaundice, quadriplegia, tissue necrosis,
allergy, dermatitis, irritation and present carcinogenic
and mutagenic effects [5,6].

Over the years, a wide range of conventional
treatment technologies for dye removal has been inves-
tigated extensively. The conventional methods for treat-
ing dye-containing wastewater include coagulation/
flocculation, sedimentation, membrane technologies,
cloud point extraction, microbiological decomposition,
biological degradation, electrochemical treatment, and
adsorbent utilization [7–16]. In particular, activated car-
bon adsorption process has been found to be superior
to other techniques, in terms of its simplicity of design,
ease of operation, insensitivity to toxic substances and
complete removal of dyes, even from dilute solutions
[17]. Despite its prolific use in wastewater treatment,
the biggest barrier of the application by the industries
is the cost-prohibitive adsorbent and difficulties
associated with regeneration [18]. This has prompted to
a growing research interest to establish the reliability of
natural, renewable, and low-cost materials as
alternative adsorbents for water pollution control.

In this respect, pineapple (Ananas comosus Merr.),
is a herbaceous perennial plant native to Paraguay
and the southern part of Brazil, with a height of
1.0–1.5m. The fruits are arranged in two interlocking
helices, eight in one direction, thirteen in the other,
each being a Fibonacci number [19]. Pineapple is pri-
marily eaten fresh and available as food complements
in desserts, salads, fruit cocktail, jam, juice combina-
tions or can food processing industries [20]. However,
the wide-scale implementations in the food manufac-
turing industries are deteriorated by the massive gen-
eration of leaves and stems waste, which constitutes
30% of the entire fruit. The focus of this study was
intended to evaluate the adsorption potential of waste
pineapple leaves collected from the food can process-
ing industries for removing methylene blue (MB) dye
from the aqueous solutions. Textural and functional
characterization of the prepared adsorbent was per-
formed. Moreover, the effect of initial dye concentra-
tion, contact time, solution pH, adsorption isotherm,
kinetics, and mechanism are outlined.

2. Materials and methods

2.1. Adsorbate

Methylene blue, an analytical grade cationic
dye purchased from Sigma-Aldrich (M) Sdn. Bhd,

Malaysia was chosen as the targeted adsorbate in this
study. Deionized water supplied by USF ELGA water
treatment system was used to prepare all the reagents
and solutions.

2.2. Preparation and characterization of adsorbent

Pineapple leaves required for the preparation of
adsorbent were collected from a local food can
processing factory. The precursor was washed thor-
oughly with distilled water to remove adhered impuri-
ties from its surface. Then, it was cut into small pieces
(1–3 cm) and dried in an oven at 70˚C for 48 h. The
dried sample was screened to a fraction of 355–500 lm,
repeatedly washed with hot distilled water, and dried
overnight at 70˚C. No physical or chemical treatments
were performed prior to the adsorption experiments.
Scanning electron microscopy (SEM) analysis (Zeiss
Supra 35 VP) was carried out to study the surface
texture of adsorbent before and after the adsorption of
MB. Fourier transform infrared (FTIR) spectroscopy
(FTIR-2000, PerkinElmer) was applied to determine the
surface functional groups of the prepared adsorbent
from the scanning range of 4,000–400 cm�1.

2.3. Batch adsorption studies

The batch adsorption studies were conducted in a
set of 250-mL Erlenmeyer flasks containing 0.30 g of
adsorbent and 200mL of MB solutions with the
concentrations 50–300mg/L. The flasks were agitated
in an isothermal water bath shaker at 120 rpm and 30˚C
until the equilibrium was achieved. All samples were
filtered prior to analysis to minimize the interference of
adsorbent fines with the analysis. The concentrations of
MB in the supernatant solutions before and after the
adsorption of MB were analyzed using a double-beam
UV–vis spectrophotometer (Shimadzu UV-1601, Japan)
at 668 nm. Each experiment was duplicated under iden-
tical conditions. MB uptake at equilibrium, qe (mg/g),
was calculated by the following:

qe ¼ ðCo � CeÞV
W

ð1Þ

where C0 and Ce (mg/L) are the liquid-phase concen-
trations of MB solution at initial and equilibrium,
respectively. V is the volume of the solution (L), and
W is the mass of adsorbent used (g).

2.4. Effect of solution pH

The effect of solution pH on the adsorptive uptake
of MB was examined by varying the initial pH from
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pH 2 to 10, at the fixed adsorbent dosage of 0.30 g/
200mL, initial dye concentration of 200mg/L, and
adsorption temperature of 30˚C. The pH was adjusted
using the 0.1M HCl or NaOH solutions.

2.5. Adsorption kinetic studies

For interpretation of adsorption kinetics, the
aqueous samples were withdrawn at different time
intervals and the concentrations of MB were similarly
measured. The amount of adsorption at time t, qt
(mg/g), was calculated by:

qt ¼ ðCo � CtÞV
W

ð2Þ

where Ct (mg/l) is the liquid-phase concentration of
dye at time, t.

3. Results and discussions

3.1. Effect of initial concentration and contact time on the
adsorption of MB

The effect of initial concentration and contact time
on the adsorption of MB is depicted in Fig. 1. Gener-
ally, the plots can be divided into three distinct
regions: (1) rapid adsorption during the first 20min,
(2) gradual equilibrium till the equilibrium state, and
(3) a plateau. At this point, the amount of dye desorb-
ing from the adsorbent is in a state of dynamic equi-
librium with the amount of dye being adsorbed onto
the adsorbent. The time required to attain this state of
equilibrium is termed as equilibrium time, and the
amount of dye adsorbed at the equilibrium reflected
the maximum adsorption capacity of the adsorbent
under those operating conditions [21,22]. The result is
attributed to the fact that a large number of vacant
surface sites are available at the initial stage, and after

a lapse of time, the remaining vacant surface sites are
difficult to be occupied due to repulsive forces
between the solute molecules on the solid and bulk
phases. Similar trend was observed in the adsorption
of MB onto Shaddock peel and clay particles [23,24].

Initial concentration provides a driving force to
overcome mass transfer resistances of dye molecules
between aqueous solution and the solid medium. In
the present study, the adsorption equilibrium of MB,
qe increased from 31.81 to 94.97mg/g with increasing
the initial concentration from 50 to 300mg/L. This
process took relatively longer contact time and the
time profile of dye uptake is a single, smooth and
continuous curve leading to saturation, suggesting
possible monolayer coverage of dye onto the surface
of adsorbent. At lower concentrations of 50mg/L, full
equilibrium was attained in less than 120min.
However, at higher concentration of 100–300mg/L, a
relatively longer contact time ranged between 240 and
280min was required for MB solutions to reach to the
equilibrium. Similar observation was reported for the
adsorption of MB onto lotus leaf and natural zeolite
[25,26]. This illustrates that the adsorption perfor-
mance of the prepared adsorbent was comparable
with the works carried out by previous researchers.

3.2. Effect of solution pH on dye adsorption

Fig. 2 shows the effect of solution pH on the
adsorptive uptake of MB. The adsorptive uptake of
MB increased from 11.29 to 107.00mg/g with increas-
ing the solution pH from 2 to 12. The maximum qe
was observed at pH 6 where no significant changes
were noticed beyond the value. This behavior is asso-
ciated with the presence of excess H+ ions, which
present a competitive impact with dye molecules for
the adsorption sites. Besides lower solution pH also
induces the protonation of MB in the acidic medium
and development of positive charge onto the
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adsorbent surface, which inhibits the accessibility of
the pores structure [27]. However, in the basic
medium, the formation of electric double layer
changes its polarity, and consequently dye uptake
increases. The result is in good agreements with the
previous findings [28,29].

3.3. Adsorption isotherms

Adsorption isotherms reveal the specific relation
between adsorbate concentration in the bulk and
adsorbed amount at the interface [30]. Therefore, in
the present study, three common isotherm models
were established, namely the Freundlich, Langmuir
and Temkin isotherm models. The applicability of the
isotherm equation was compared by judging the
correlation coefficients, R2.

Freundlich isotherm [31] is the earliest known rela-
tionship describing the adsorption process. It endorses
the heterogeneity of surface, with different binding
energy. The empirical model is generally suitable for
high and middle-concentration environments but is
not suitable for low concentrations because it does not
meet with the requirements of Henry’s law. The linear
form of Freundlich isotherm is expressed as follows:

log qe ¼ logKF þ 1

n
logCe ð3Þ

where KF (mg/g (l/mg)1/n) and n are Freundlich con-
stants related to adsorption capacity and adsorption
intensity of the adsorbent. KF can be defined as the
adsorption coefficient and represents the quantity of
dye adsorbed onto adsorbent for a unit equilibrium
concentration. Based on this model, the slope 1/n rang-
ing between 0 and 1 is a measure of surface
heterogeneity, becoming more heterogeneous as its
value gets closer to zero. A value for 1/n below unity
indicates a normal Langmuir isotherm, while 1/n above
one is an indicative of the cooperative adsorption.

Langmuir isotherm [32] is derived from the
assumption of monolayer adsorption onto a homoge-
nous surface, with no lateral interaction between the
adsorbed molecules. It presumes that adsorption takes
place at specific sites within the adsorbent and believes
that once the adsorbate occupies a site, no further
adsorption could take place at that site. The linear
form of Langmuir isotherm is defined as follows:

Ce

qe
¼ 1

QoKL

þ 1

Qo

Ce ð4Þ

where Ce (mg/L) is the equilibrium concentration of
the adsorbate, qe (mg/g) is the amount of adsorbate

per unit mass of adsorbent, Q0 and KL are Langmuir
constants related to adsorption capacity and rate of
adsorption, respectively. When Ce/qe is plotted
against Ce, a straight line with the slope 1/Q0 and the
intercept 1/Q0KL is obtained. The essential characteris-
tics of Langmuir isotherm can be expressed by a
dimensionless constant given by:

RL ¼ 1

1þ KLCo

ð5Þ

which RL indicates isotherm to be either unfavorable
(RL > 1), linear (RL = 1), favorable (0 <RL < 1) or
irreversible (RL = 0).

Whereas Temkin and Pyzhev [33] isotherm is an
early model describing the adsorption of hydrogen
onto platinum electrodes within the acidic solutions.
The isotherm is characterized by a uniform distribu-
tion of binding energy and assumes that the heat of
adsorption (function of temperature) of all molecules
in the layer would decrease linearly rather than
logarithmically with surface coverage. Temkin
isotherm has been used in the form of:

qe ¼ RT

b

� �
ln ðKTCeÞ ð6Þ

Eq. (6) can be expressed in its linear form as:

qe ¼ B ln KT þ B ln Ce ð7Þ

where RT/b=B (J/mol), B is the Temkin constant
related to heat of sorption and A (l/g) is the equilib-

Table 1
Langmuir, Freundlich and Temkin isotherm constants for
the adsorption of MB onto pineapple leaves derived
adsorbent

Langmuir isotherm model

Qo (mg/g) 97.09

B (L/mg) 0.074

R2 0.9952

Freundlich isotherm model

KF (mg/g).(L/mg)1/n 21.06

n 3.27

R2 0.9394

Temkin isotherm model

A (l/g) 1.26

B 17.64

b 142.82

R2 0.9730
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rium binding constant corresponding to the maximum
binding energy. R (8.314 J/molK) is the universal gas
constant and T (K) is the absolute temperature.

The isotherm constants determined from the inter-
cept and slope are listed in Table 1. The value of RL

and R2 in the present investigation has found to be
0.04 and 0.9952, respectively, at 30˚C, showing favor-
able for the adsorption of MB, and applicability of the
Langmuir isotherm model. However, the correlation
coefficients, R2 fitted with the Freundlich (0.9394) and
Temkin (0.9730) isotherm models were found much
lower than the Langmuir isotherm model (0.9952),
which ascertained the monolayer coverage of MB onto
the prepared adsorbent. Besides it was clearly
revealed that increasing concentration from 50 to
300mg/L demonstrated a gradually decrease of RL

from 0.333 to 0.077, indicating the adsorption process
was favorable at the concentrations range being

studied, and higher initial dye concentration which
enhances the adsorption process. Table 2 exhibits a
comparison of maximum monolayer adsorption
capacity of MB onto various adsorbents [34–41]. The
adsorbent prepared in this work showed relatively
high MB adsorption capacity of 97.09mg/g, as
compared to some previous works as reported in the
literature.

3.4. Adsorption kinetics and mechanism

Adsorption kinetics describes the solute uptake
rate, which in turn governs residence time and
reaction pathways of the adsorption process. When
adsorption is preceded by diffusion through a bound-
ary, the kinetics in most systems follow the pseudo-
first-order kinetic model. Lagergren [42] proposed
pseudo-first-order kinetic equation in the form of:

log
qe

qe � qt

� �
¼ k1

2:303
t ð8Þ

where qe and qt are the amounts of MB adsorbed
(mg/g) at equilibrium and at time t (min), respec-
tively, and k1 is the pseudo-first-order kinetic rate
constant (1/min). The values k1 and correlation coeffi-
cient, R2 obtained from the plots are summarized in
Table 3. The R2 values which varied from 0.9926 to
0.8051 for the MB initial concentration of 50–300mg/L
were relatively low. Moreover, the experimental qe val-
ues did not agree with the calculated values obtained
from the linear plots, suggesting that the adsorption of
MB onto the pineapple leaves-based adsorbent did not
follow the pseudo-first-order equation.

On the contrary, pseudo-second-order equation
[43] predicts the behavior over the whole range of
adsorption, with chemisorption being the rate-control-
ling step. The pseudo-second-order equation based on
equilibrium adsorption is expressed as follows:

Table 2
Comparison of adsorption capacities of various adsorbents
for MB

Adsorbent Q0 (mg/g) T (˚C) References

Waste pineapple
leaves

109.89 30 Present
study

Yellow passion
fruit peel

0.0068 25 [34]

Firwood
activated
carbon

1.21 30 [35]

Activated clay 127.50 30 [36]

Tea waste 85.16 27 [37]

Coal fly ash 12.70 30 [38]

Coarse grinded
wheat straw

3.82 30 [39]

Coffee husks 90.10 30 [40]

Posidonia oceanica
(L.) fibres

5.56 30 [41]

Table 3
Kinetic models parameters for the adsorption of MB onto pineapple leaves derived adsorbent at different initial MB
concentrations

Co

(mg/L)
qe, exp
(mg/g)

Pseudo-first-order kinetic model Pseudo-second-order kinetic model

qe1, cal(mg/g) k1(1/min)10�1 R2 qe2, cal(mg/g) k2(g/mgmin)10�3 R2 h(mg/gmin)

50 31.81 25.12 0.08 0.9607 36.23 0.39 0.9969 0.52

100 55.18 54.63 0.10 0.9926 65.79 0.19 0.9967 0.82

150 74.93 80.52 0.11 0.9793 89.29 0.14 0.9915 1.12

200 80.69 82.39 0.12 0.9887 92.59 0.17 0.9971 1.46

250 85.01 122.66 0.17 0.8051 96.15 0.20 0.9976 1.85

300 94.97 82.68 0.12 0.9724 104.17 0.22 0.9992 2.39
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t

qt
¼ 1

k2qe2
þ 1

qe
t ð9Þ

where k2 (g/mgh) is the pseudo-second-order kinetic
rate constant. The result revealed good agreement
between the experimental and the calculated qe values
(Table 3). Besides, the correlation coefficients for the
second-order kinetic model were greater than 0.99 for
all MB concentrations, indicating applicability of the
second-order kinetic model to describe the sorption
process.

The adsorption mechanism was further analyzed
using the Webber and Morris [44] intraparticle
diffusion model. According to the theory:

qt ¼ kidt
1=2 þ C ð10Þ

where C is the intercept and kid is the intraparticle
diffusion rate constant (mg/gmin0.5), which can be
evaluated from the slope of the linear plots of qt vs. t

1/2

(Fig. 3). The first sharper portion is related to the
diffusion of adsorbate through solution to the external
surface of adsorbent (external surface adsorption). The
second portion describes the gradual layer adsorption
stage, where intraparticle diffusion is rate-limiting and
the third portion is the final equilibrium stage, where
intraparticle diffusion started to slow down due to
extremely low adsorbate concentrations left in the
solution.

As clearly shown in graphical plots in Fig. 3, the
linear lines of the second and third stages did not
pass through the origin, due to the difference in the
mass transfer in the initial and final stages of adsorp-
tion. The deviation also illustrated the presence of
multilinearity [45]. This implied that intraparticle
diffusion was not the only rate limiting mechanism
in the adsorption process. Increasing bulk liquid dye

concentrations from 50 to 300mg/L showed an
enhancement of pore diffusion rate and intercept,
indicative of the increase in thickness of the
boundary layer and driving force for the sorption
process.

3.5. Characterization of the prepared adsorbent

Fig. 4 illustrates the SEM of the pineapple leaves
derived adsorbent before and after the adsorption of
MB. It can be clearly seen that the adsorbent surface
exhibits an even and heterogeneous structure (Fig. 4(a)),
indicating good possibility for the dyes to be trapped
and adsorbed. However, the surface of the dye-loaded
adsorbent displays a rougher texture, covered with the
adsorbed MB dye molecules (Fig. 4(b)). The obtained
FTIR spectrum of pineapple leaves derived adsorbent
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Fig. 3. Plots of intraparticle diffusion model for the
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Fig. 4. SEM micrograph for pineapple leaves derived
adsorbent (a) before (150�) and (b) after the adsorption
process (150�).
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(Table 4) revealed the peaks at 3,399, 2,918, 2,125, 1,736,
1,515, 1,427, 1,377, 1,318, 1,251, 1,162, 1,105, 1,056, 899,
830, 775, 721, and 672 cm�1 corresponded to the pres-
ence of –OH, –CH2�, C=N, C=O, C=C, NH, C–O, CH3,
�NO2 aromatic nitro, SO2–NH2 sulfonamides, C–O,
C–N, –C–NH3, P–O–C, CH, and C–O–H functional
groups. Meanwhile, the adsorbent detected some shift,
disappear and new peaks after the adsorption of MB,
elucidating possible involvement of the functional
groups during the adsorption process.

4. Conclusion

The present study investigated the versatility of
pineapple waste developed adsorbent for removing
MB dye from the aqueous solutions. Adsorption
equilibrium increased with increasing the contact
time, initial MB concentration, and solution pH.
Experimental data were best described by the Lang-
muir isotherm models, with a maximum monolayer
adsorption capacity of 97.09mg/g at 30˚C. Kinetics
study was well fitted to the pseudo-second-order
kinetic model, suggesting a chemisorption process.
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