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ABSTRACT

The use of low-cost adsorbent papaya leaf was investigated as a replacement for current
costly methods of removing methylene blue dye (MB) from the aqueous solution. The
adsorption equilibrium was determined as a function of contact time, initial adsorbate
concentration, and solution pH. The adsorptive uptake of MB increased with increasing the
initial MB concentration and solution pH. The adsorption isotherms were correlated with a
comparison of linear and nonlinear regression analysis. Langmuir isotherm model provided
the best-fit for the adsorption of MB onto papaya leaf, with a maximum monolayer adsorp-
tion capacity of 231.65mg/g. This locally available adsorbent was found to be low cost and
promising for the remediation of textile wastewater.
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1. Introduction

Papaya (Carica papaya) is a tropical plant species
within the family Caricaceae, widely cultivated for the
consumption of fresh fruit, drinks, jam candies and
crystallized fruit [1]. Papaya tree is a soft-wooded
perennial plant, with the cylindrical trunk of 30 cm in
diameter, and growing 8–10m in height. Biochemi-
cally, papaya fruit is an excellent source of calcium,
vitamin A, vitamin C, and several proteins and alka-
loids, with important pharmaceutical and industrial
applications [2]. The black seeds are grounded as a
substitute for black pepper [3]. However, the papaya
leaves which have low economic values are usually

discarded as waste. A promising option is converting
them into a renewable and low-cost adsorbent.

Adsorption process, a surface phenomenon by
which a multi-components fluid mixture is attracted to
the surface of solid adsorbents and form attachments
via physical or chemical bonds, is recognized as the
most efficient fundamental approach in wastewater
treatment processes [4]. In the endeavor to develop an
adsorption system, it is essential to establish the most
appropriate correlation, which is indispensable for
reliable prediction of adsorption parameters and quan-
titative comparison of adsorbent behavior for different
adsorbate–adsorbent systems [5].

Adsorption isotherm is an invaluable tool describ-
ing the mobility of adsorbate substance from aqueous
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media to the solid-phase adsorbents [6]. These
equilibrium models provide an insight into the adsorp-
tion mechanism and surface properties of the adsor-
bent [7]. Linear regression is the most widely used
technique to estimate the adsorption isotherm parame-
ters [8]. However, recent studies have demonstrated
that the linearization of the isotherm expressions may
alter the error distribution, resulting in different out-
comes [9,10]. This study was conducted to examine the
potential of papaya leaf as a renewable low-cost adsor-
bent for removing methylene blue dye (MB) from the
aqueous solutions. The morphological structure and
surface chemistry of the prepared adsorbent were
investigated. The effect of initial dye concentration,
contact time, and solution pH on the adsorptive
uptake of MB is evaluated. Moreover, a comparison
between the linear and nonlinear analysis for estimat-
ing the isotherm parameters was outlined.

2. Materials and methods

2.1. Adsorbate

MB, a cationic pollutant difficult to be degraded in
natural environment, was selected as the model adsor-
bate in this study. The standard stock solution was pre-
pared by dissolving accurately weight dye in double
distilled water to a concentration of 1,000mg/L. The
working solutions were prepared by successive dilution.

2.2. Preparation and characterization of adsorbent

Papaya leaves, lignocellulosic biomass abundantly
available in the papaya plantation area, were chosen
as the raw material in this work. The material was cut
into small pieces, washed repeatedly with hot distilled
water, air-dried, crushed, and sieved to a geometrical
mean size of 500lm. The surface morphology was
examined using the scanning electron microscopy
(SEM), while the surface functional groups were
detected by Fourier transform infrared (FTIR) spectro-
scope (FTIR-2000, Perkin–Elmer) from the scanning
range of 4,000–400 cm�1.

2.3. Batch equilibrium studies

The batch adsorption studies were undertaken
using a set of Erlenmeyer flasks (250mL) containing
0.30 g of adsorbent and 200mL of MB solutions at the
concentrations of 50–300mg/L. The flasks were placed
in an isothermal water bath shaker at 30˚C till the equi-
librium. The concentrations of MB were determined
using a UV–vis spectrophotometer (Shimadzu UV/vis

1601 spectrophotometer, Japan) at the maximum wave-
length of 668 nm. The MB uptake at time t, qt (mg/g)
and equilibrium, qe (mg/g), was calculated by:

qt ¼ ðC0 � CtÞV
W

ð1Þ

qe ¼ ðC0 � CeÞV
W

ð2Þ

where C0, Ct, and Ce (mg/L) are the liquid-phase
concentrations of dye at initial, time t (min) and equi-
librium, respectively. V is the volume of the solution
(L), and W is the mass of adsorbent used (g). The effect
of initial pH on the adsorptive uptake of MB adsorp-
tion was carried out by adjusting the pH in the range
of 2–10, at the fixed MB concentration of 200mg/L,
adsorbent dosage of 0.3 g/200mL, and adsorption
temperature of 30˚C. The pH was measured using a
pH meter (Model Delta 320, Mettler Toledo, China).

2.4. Adsorption isotherm

2.4.1. Langmuir isotherm model

Langmuir adsorption isotherm [11] is an empirical
model describing monolayer adsorption, with no
lateral interaction and steric hindrance between the
adsorbed molecules, even on the adjacent sites:

qe ¼ Q0KLCe

1þ KLCe

ð3Þ

where Q0 (mg/g) and KL (L/g) are Langmuir constants
related to adsorption capacity and rate of adsorption.

2.4.2. Freundlich isotherm model

Freundlich isotherm [12] refers to the non-ideal
and reversible adsorption, with non-uniform distribu-
tion of adsorption heat and affinities over the hetero-
geneous surface:

qe ¼ KFC
1=n
e ð4Þ

where KF (mg/g).(L/mg)1/n and 1/n are the Freund-
lich adsorption constant and a measure of adsorption
intensity.

2.4.3. Temkin isotherm model

Temkin isotherm [13] assumes the heat of adsorption
of all molecules in the layer would decrease linearly
rather than logarithmically with surface coverage:
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qe ¼ B lnðACeÞ ð5Þ

where B=RT/b, and b (J/mol), A (L/g), R (8.314 J/
molK), and T (K) are the Temkin constant related to
heat of sorption, equilibrium binding constant, gas
constant, and absolute temperature.

3. Results and discussion

3.1. Characterization of the prepared adsorbent

The surface morphology of the papaya leaves
before and after the adsorption of MB was visualized
via SEM as shown in Fig. 1. Examination of SEM
micrographs identified the presence of high pores
structure over the surface of papaya leaves (Fig. 1(a)).
However, the surface of the dye-loaded adsorbent dis-
played a rougher texture covered with the adsorbed
dye molecules (Fig. 1(b)). Comparison of these micro-
graphs before and after the sorption of MB illustrated
the adsorption of MB over the surface of papaya
leaves.

The obtained FTIR spectrum of papaya leaves
(Table 1) reveals major peaks at 3,345/3,338, 2,919/
2,918, 2,850, 1,733, 1,627/1,626, 1,445/1,442, 1,393,
1,377, 1,355, 1,318/1,317, 1,257-1,203, 1,157/1,148,

1,061/1,053, 1,037, 893–830, 781/780, and 669/
667 cm�1, identical to the presence of –OH, –CH2, CH,
C=O, C=C, CH2 deformation, H–C=O aliphatic alde-
hydes, CH3 deformation, NO2 aromatic compounds,

Fig. 1. SEM micrographs for the papaya leaves derived
adsorbent (a) before and (b) after the adsorption of MB
(137 X).

Table 1
Comparison FTIR spectroscopy of the papaya leaves
derived adsorbent before and after the adsorption of MB

IR
peak

Frequency (cm�1) Assignation

Before
adsorption

After
adsorption

1 3,345 3,338 Bonded –OH groups

2 2,919 2,918 Two bands for –CH2-
groups

3 2,850 – CH stretch

4 1,733 – C=O stretch

5 1,627 1,626 C=C stretch

6 1,445 1,442 CH2 deformation

7 – 1,393 H–C=O bends aliphatic
aldehydes

8 1,377 – CH3 deformation

9 – 1,355 –NO2 aromatic nitro
compounds

10 1,317 1,318 C–O–H bend

11 1,257–1,203 1,249 C–O–C stretch

12 1,157 1,148 C–N stretch

13 1,053 1,061 S =O alkyl sulfoxides

14 – 1,037 P–O–C strongest band
highest frequencies for
aliphatic amines

15 893 886–830 CH out-of-plane
deformation

16 780 781 C–Cl stretch

17 669 667 C–O–H twist broad
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Fig. 2. Effect of initial concentration and contact time on the
adsorptive uptake of MB onto the papaya leaves derived
adsorbent (conditions: W=0.30g/200mL; temperature=
30˚C).
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C–O–H, C–O–C, C–N, alkyl S=O sulfoxides, P–O–C,
out-of-plane CH deformation, C–Cl, and twist C–O–H
derivatives. The surface chemistry of the papaya
leaves derived adsorbent detected some shift, disap-
pear and new peaks after the sorption of MB, indicat-
ing possible involvement of the functional groups
during the adsorption process.

3.2. Batch adsorption studies

The curve adsorption uptake of MB, qt as a function
of time, t at the initial concentrations 50–300mg/L is
displayed in Fig. 2. The adsorption capacity increased

with prolonging the contact time. It is clear from Fig. 2
that the adsorption process increased sharply at the
initial stage, indicating the availability of readily acces-
sible sites. The process is gradually slower as the
equilibrium approached. The time required to attain
this state of equilibrium is termed as equilibrium time
[14]. In the present study, the adsorption equilibrium,
qe, increased from 32.11 to 163.30mg/g with an
increase in initial concentration from 50 to 300mg/L,
mainly ascribed to the higher concentration gradient
which acts as a driving force for the adsorption process
[15].

The effect of pH was conducted by varying the pH
of dye solutions from 2 to 10, with an initial concen-
tration of 200mg/L, as shown in Fig. 3. Increase in
solution pH exerted an enhancement of adsorptive
uptake of MB from 34.46 to 101.20mg/g, mainly
associated with the protonation of MB in the acidic
medium, and high mobility of H3O

+ ions competing
with dye cations for the adsorption surface. At higher
solution pH, the papaya leaf derived adsorbent may
get negatively charged and the formation of electric
double layer changes its polarity, consequently the
dye uptake increases [16].

3.3. Adsorption isotherm

Adsorption isotherms are essential to the practical
design and optimization of the adsorption systems
[17]. In the present work, a comparison between the
linear and nonlinear Langmuir, Freundlich, and
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Fig. 3. Effect of solution pH on the adsorption of MB onto
the papaya leaves derived adsorbent (conditions:
W= 0.30 g/200mL; C0 = 200mg/L; temperature 30˚C).

Table 2
Linear and nonlinear form of Langmuir, Freundlich, and Temkin isotherm models

Isotherm Nonlinear form Linear form Plot Reference

Langmuir-1
qe ¼ Q0bCe

1þ bCe

Ce

qe
¼ 1

bQ0

þ Ce

Q0

Ce

qe
vs:Ce

[11]

Langmuir-2 1

qe
¼ 1

Q0

þ 1

bQ0Ce

1

qe
vs:

1

Ce

Langmuir-3 qe ¼ Q0 � qe
bCe

qe vs:
qe
Ce

Langmuir-4 qe
Ce

¼ bQ0 � bqe
qe
Ce

vs: qe

Freundlich qe ¼ KFC
1
n
e log qe ¼ log KF þ 1

n
logCe

log qe vs: logCe [12]

Temkin
qe ¼ RT

bT
ln ATCe qe ¼ RT

bT
lnAT þ RT

bT

� �
lnCe

qe vs: lnCe [13]
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Temkin isotherm was established (Table 2). The
applicability of the isotherm equation was judged by
determination of coefficient of determination, R2.

R2 ¼
Pðqcal � qm;expÞ2Pðqcal � qm;expÞ2 þ

Pðqcal � qexpÞ2
ð6Þ

where qexp (mg/g) is the equilibrium uptake of MB
experimentally, qcal is the equilibrium uptake of MB
theoretically, and qm,exp is the average qexp (mg/g).

For linear regression analysis, the Langmuir
isotherm constants related to adsorption capacity, Q0

(mg/g) and rate of adsorption, KL (dm3/g) for Lang-
muir-1, Langmuir-2, Langmuir-3, and Langmuir-4
were predicted from the plots between Ce/qe vs. Ce,
1/qe vs. 1/Ce, qe vs. qe/Ce, and qe/Ce vs. qe, respec-
tively. Similarly, the Freundlich isotherm constants, KF

(mg/g) (L/mg)n and 1/n, can be calculated from the
plot of log (qe) vs. log (Ce), while Temkin isotherm

constants, B and A (L/g) were determined from the
linear curve of qe vs. 1n (Ce).

For nonlinear regression, a trial and error proce-
dure, which is applicable to computer operation, was
developed to determine the isotherm parameters by
maximizing the respective coefficient of determina-
tion between experimental data and the isotherms.
Figs. 4–6 show the experimental data and the pre-
dicted equilibrium curve for the three-equilibrium
isotherm at 333K. The obtained isotherm constants
for the three isotherm models and their correspond-
ing R2 are listed in Table 3. It was observed that the
Langmuir isotherm constants varied for different
forms of linear Langmuir equations. The different
outcomes shown by the four linearized forms of
Langmuir isotherm models indicate mathematical
complexities associated with linear method in esti-
mating the rate parameters. The difference between
the predicted and experimental equilibrium data by
different linear expressions can be due to the prob-
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Fig. 4. Plot of Langmuir isotherm models for the adsorption of MB onto papaya leaves derived adsorbent at 30˚C.
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lems with transformation of nonlinear to linear
expression which will distort the experimental error
and the normality assumptions of least squares
method [18]. Besides, the linear method assumes that

the scatter of points around the line follows a
Gaussian distribution and the error distribution is
same at every value of X, but this is practically
impossible as the error distribution may get altered
after transformed to a linear form [19].

However, there are no problems with nonlinear
Langmuir isotherm equation as they are in the same
error structures. When comparing R2 values of the iso-
therm models, the theoretical assumption of Langmuir
isotherm model was getting valid for Langmuir-2 and
non-Langmuir isotherm models, while Freundlich and
Temkin isotherms did not much well represent the
adsorption data. The result suggests that the
adsorption takes place on homogeneous sites that are
identical and energetically equivalent. The findings
also demonstrate no interaction and transmigration of
dyes in the plane of the neighboring surface [20].
Table 4 summarizes a comparative evaluation of
the adsorption capacities for MB onto different
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Fig. 5. Plots of Freundlich isotherm models for the
adsorption of MB onto papaya leaves derived adsorbent at
30˚C.
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Fig. 6. Plots of Temkin isotherm models for the adsorption
of MB onto papaya leaves derived adsorbent at 30˚C.

Table 3
Isotherm parameters obtained by linear and nonlinear
Langmuir, Freundlich, and Temkin isotherm models for
the adsorption of MB onto papaya leaves derived
adsorbent

Isotherm Isotherm constants

Langmuir-1 Q0 (mg/g) 233.95

KL (L/mg) 0.033

R2 0.996

Langmuir-2 Q0 (mg/g) 239.57

KL (L/mg) 0.032

R2 0.998

Langmuir-3 Q0 (mg/g) 237.30

KL (L/mg) 0.032

R2 0.982

Langmuir-4 Q0 (mg/g) 239.25

KL (L/mg) 0.030

R2 0.982

Nonlinear Langmuir Q0 (mg/g) 231.65

KL (L/mg) 0.034

R2 0.998

Linear Freundlich KF (mg/g) (L/mg)1/n 13.42

n 1.62

R2 0.967

Nonlinear Freundlich KF (mg/g) (L/mg)1/n 18.48

n 1.91

R2 0.974

Linear Temkin A (L/g) 0.34

B 50.31

R2 0.989

Nonlinear Temkin A (L/g) 0.36

B 50.40

R2 0.992
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adsorbents. The adsorbent prepared in this work
showed relatively high adsorption capacity for MB of
231.65mg/g, as compared to some previous works
[21–28] as reported in the literature.

4. Conclusion

The study indicated the suitability of papaya
leaves for removing MB from the aqueous solution.
Increases in MB concentration, contact time, and solu-
tion pH were found to increase the adsorptive uptake
of MB. Adsorption isotherm showed that Langmuir
isotherm model fits well with the experimental data.
The nonlinear regression method provided a better
estimation for the adsorption of MB onto papaya
leaves, suggesting a monolayer adsorption capacity of
231.65mg/g. The adsorbent could be employed to
treat MB enriched wastewater.
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