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plants and thus its introduction to water stream is of potential
health, environmental, and ecological concern. Therefore,
CR and MB containing effluents have to be sufficiently
treated before they are discharged into the water bodies.
Various methods have been identified for the dye
removal from industrial effluent includes ion exchange,
activated carbon adsorption, membrane technology and
coagulation [7]. Adsorption techniques used activated carbon
has been found as most efficient method used for removal
dyes. However, it’s used is still limited because higher the
quality of activated carbon, the greater it operation costs. The
need for regeneration and difficulty of separation from the
wastewater after use are also major concerns associated with
activated carbon [8]. Today, researchers have come out with
study that has been focused on the low-cost adsorbents that
are mainly obtained from agriculture waste and industrial by
product since they required little processing and abundant in
nature. Plant wastes are inexpensive as they have no or very
low economic value.
Papaya seed is one of the agricultural wastes in Malaysia
that can be used has an alternative low cost adsorbent in
order to remove dyes from aqueous solution. The seeds are
often times discarded as waste. The fruits have tremendous
nutritional value and contain 1.5% protein, 0.1% fat, 7.1%
carbohydrates, and 35.0 calories per 100 g edible fruit. They
also contain high levels of calcium, iron, sodium, potassium,
carotene, vitamin B2, niacin, and vitamin C [9].
Previously, some low cost plant waste had directly been
used as adsorbent for dye adsorption from wastewater
treatment. However, the application of untreated plant waste
adsorbent can also bring several problems such as lower
adsorption capacity, higher chemical oxygen demand (COD)
and biological chemical demand (BOD) as well as total
organic carbon (TOC) due to the released of soluble organic
compound contained in the plant material [10]. Therefore,
there are needs to modified agriculture waste product in
order to increase its adsorption performance.
This study has been focusing on the modification method
of adsorbent using chemical modification of esterification
The comparison on adsorption capacity of cationic and
anionic dye onto these modified adsorbents was studied
since surface modification alone would substantially
decrease the adsorbent preparation cost [11].

Abstract— Papaya seed (PS) was modified using chemically
esterification of carboxyl group to improve performance in
adsorption capacity for removal cationic and anionic dye from
aquoues solution. The operation parameters investigated
included initial concentrations, (50-500 mg/L) and various
adsorbent (NPS and EPS). The experimental data were
analyzed by using Langmuir and Freundlich models of
adsorption. The adsorption isotherm data for MB were best
fitted to the Langmuir isotherm and the maximum monolayer
adsorption capacity was found to be 250.00 mg/g and 200.00
mg/g at 30°C for EPS and NPS respectively, while for CR for
both adsorbents (NPS and EPS) the best fit experimental data
were Freundlich isotherm. The adsorption kinetics can be
predicted by the pseudo-first order and pseudo-second
order.The experiment data were obeys pseudo-second order
with higher coefficient of correlation R2 ≥ 0.99. The result
revealed that NPS can be act as good adsorbent for removal
anionic dye (CR) and EPS can be remarkable as excellent
adsorbent modified of PS for cationic dye removal.
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I.

INTRODUCTION

Most of the industries such as textile, paper, printing,
leather, food, cosmetics, etc. use dyes to colour their final
product also consume substantial volume of water. As a
result, they generate a considerable amount of coloured
wastewater. Wastewater containing dyes is very difficult to
treat, since the dyes are recalcitrant organic molecules,
resistant to aerobic digestion, and are stable to light [1]. The
presence of dyes even in very low concentration is highly
visible and causes damage to the environment as they are
toxic to aquatic life [2, 3].
Methylene blue and congo red can be considered as
hazardous chemical because it content highly toxic due to the
large number of metal complex dye [4]. Methylene blue (MB)
is the most commonly used substance for dying cotton, wood
and silk. It can cause eye burns which may be responsible for
permanent injury to the eyes of human and animals. On
inhalation, it can give rise to short periods of rapid or
difficult breathing while ingestion through the mouth
produces a burning sensation and may cause nausea,
vomiting, profuse sweating, mental confusion and
methemoglobinemia [5]. Congo red (CR) is a benzidinebased anionic bisazo dye known to metabolize to benzidine,
a known human carcinogen [6]. CR is toxic to animals and
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II.

III.

EXPERIMENTAL

A. Adsorbent
Papaya seeds (PS) used in this study was obtained from
food factory waste, Simpang Ampat, Pulau Pinang. The
seeds were washed with distilled water and boiled with water
for 40 min. Then, the seeds were filtered out before been
dried in an oven at 60 0C for 24 h in order to eliminate its
moisture content. The dried materials were grinded and
sieved into 125–250 µm to reduce it size into form of powder.
The prepared papaya seed sample was stored in air-tight
container and referred as NPS.

RESULT AND DISCUSSIONS

A.

Effect of dye adsorption by chemical modification on
(MB) and (CR)
Fig. 1 shows the influence of chemical modification on
adsorption percentages of cationic dyes. EPS obtained
highest percentage removal between 96.29 to 86.55%
compared to NPS that resulted 91.79% to 69.75% with initial
concentration increased from 50 to 500 mg/g. It indicates
that carboxyl group bearing negative charge inhibited the
adsorption of anionic dyes. In order to remove negative
charge from carboxyl group by esterification, the dye
uptakes of CR were visibly increased [12].
Fig.2 shows the effects of chemical modification on the
percentage removal of anionic dyes. From the result obtained,
it shows that NPS had highest percentage in removal CR
compared to EPS. At equilibrium time, the %removal of
NPS is between 76.30% to 25.99%compared to EPS that
resulted 57.71% to 26.86% for increasing in initial
concentration of dye solution from 50 to 500 mg/L. This
experimental result proved that carboxyl group was major
functional group in the adsorption of cationic dyes.

B.

Adsorbate
Stock solution was prepared by dissolving 1.0 g of (MB)
in 1 L distilled water. It was soaked slowly to make sure all
MB powder has been dissolved in distilled water. This stock
solution was stored for further used. This entire step has been
repeated with CR instead of MB. The maximum wavelength
for MB is 668 nm whereas CR is 500 nm.
C.

Preparation of Treated Papaya Seed
Esterification was carried out by suspended 9.0 g of
papaya seed into 633 ml of 99.9% pure methanol and 5.4 ml
of 0.1 M HCl solution in a conical flask. The mixture was
stirred for 3 hours. Then the esterified papaya seed was
thoroughly washed with distilled water until reached pH 7,
before been filtered and dried with 60 0C in an oven for 24
hours. It is then been stored for further used. The sample was
referred as EPS.

B.

Effect of initial concentration and contact time
The effect on initial concentration (50-500 mg/L) of MB
adsorption onto EPS are presented in fig. 3. A rapid
increased is observed for the first 15 min and it then
proceeds slowly until reached equilibrium. This may due to
the increased in the number of vacant surface sites available
at initial stage. The equilibrium adsorption of MB is
increased from 17.61 to 118.65 mg/g as increasing
concentration of MB from 50 to 500 mg/g. It was significant
different with percentage removal that decreased from 88.08
to 59.32% as initial concentration increased. The adsorption
of MB at low concentration 50 and 100 mg/g achieve
equilibrium in less than 20 min while in high concentration
the time necessary to achieve equilibrium was 120 min.

D.

Equilibrium studies
This experiment was carried out by adding 0.5 g of
adsorbent into a six number of 250 ml conical flask
containing specific volume 200ml at different initial
concentration (50-500 mg/L) of dye solution of MB and CR
without changing pH and temperature. The flask was placed
in an orbital shaker and agitation was provided at 150 rpm
for 180 min to make sure equilibrium was reached. The
samples were taken for every 5 minutes in first 30 min, after
that every 10 min in 60 min and the rest for every 15 min in
90 min. Final concentration of dye solution were analyzed
using UV-vis spectrophotometer. The amount of equilibrium
uptake of dyes is calculated by using:

NPS

% Removal of MB

100

(Co − Ce )V
(1)
× 100
W
where C0 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 PS used. The
percentage removal dye is defined as the ratio of difference
in dye concentration before and after adsorption (Co−Ce) to
the initial concentration of dye in the aqueous solution (Co)
and was calculated using the equation:
(2)
Removal percentage = Co − Ce ×100
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Fig. 1. Influence of chemical modification on adsorption of MB by papaya
seed
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Langmuir isotherm [14] refers to homogeneous
adsorption, which adsorption can only occur at a fixed
number of definite localized sites, with no transmigration of
the adsorbate in the plane of the surface. The Langmuir
model can be given as
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where qe is the amount of adsorbate in the adsorbent at
equilibrium (mg/g), Ce is the equilibrium concentration
(mg/L), and qmax (mg/g) and KL are the Langmuir isotherm
constants related to free energy. The above equation can be
linearized to get the maximum capacity, qmax by plotting a
graph of Ce/qe vs. Ce.
The linear form of the Freundlich isotherm [15] model is
derived assuming a heterogeneous surface of adsorption
capacity and adsorption intensity with a non-uniform
distribution of heat of adsorption. The Freundlich model can
be given as:

Equilibrium uptake, qe (mg/g)

Fig. 2. Influence of chemical modification on adsorption of CR by papaya
seed
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Fig. 3. Effect of contact time and initial concentration on the adsorption of
MB on EPS

log qe = log K F +
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Adsorption isotherms
The adsorption isotherm represents the relationship
between the amount adsorbed by a unit weight of solid
adsorbent and the amount of adsorbate remained in the
solution at equilibrium time [13]. Langmuir and Freundlich
isotherms are commonly used to describe the equilibrium
characteristic of adsorption. This experimental data were
fitted to both isotherm models. Linear regressions were used
to determine the best fit model and least squares has been
widely used for obtaining the isotherm constant.
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where KF and 1/n are Freundlich isotherm constant (mg/g)
(dm3/g)n related to adsorption capacity. A plot of log qe vs
log Ce yields a straight line, with a slope of 1/n and intercept
of ln KF.
The Langmuir and Freundlich isotherm parameters along
with their regression coefficients for MB and CR are listed in
Tables 1. Tables 1 show that the Langmuir isotherms appear
to fit the experimental data of MB better than the Freundlich
isotherms, as reflected by correlation coefficients (R2). This
indicates that the adsorption of MB on NPS and EPS is
homogeneous distribution of active sites in adsorption
affinity. As shown in results (Table 1), the EPS was
performed better than NPS for removing MB. Esterification
brings negative charge of ion which is different with positive
ion carried by metyhlene blue. This condition has lead to the
decreasing in removal dye of MB due to the increasing
repulsive force between surface functional group of papaya
seed and MB that mainly exists was a cation form.
Adsorption on CR on NPS shows that both Freundlich and
Langmuir isotherms was fit to the experimental data.
Physical interactions can be considered as the most effective
in MB adsorption. Besides the physical interactions, some of
MB ions would be adsorbed via ion-exchange.
Freundlich isotherm fit the experimental data of CR for
EPS and NPS better than Langmuir isotherms. It shows that
the Freundlich isotherm can be used for non-ideal sorption
that involves heterogeneous surface energy systems. The
heterogeneity is caused by presence of different functional
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Rearranging eq. 3,

Fig. 4 shows the effect on initial concentration of CR
adsorption onto EPS. Equilibrium adsorption of CR onto
EPS increased from 10.78 to 50.69 mg/g and percentage
removal is decreased from 53.9 to 25.33% as initial
concentration increased. After 15 min, adsorption of
methylene blue was proceed slowly until it reached
equilibrium saturated. Data was collected until 180 min to
ensure equilibrium adsorption has been achieved.
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Fig. 4. Effect of contact time and initial concentration on the adsorption of
CR on EPS
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group on the surface, and also by various mechanism of
adsorbent-adsorbate interaction. As a result, it is allowing
multi-layer adsorption. The larger value of KF indicates the
higher value of adsorption. The more heterogeneous the
surface will bring the 1/n value closer to zero [16]. The
magnitude of the exponent ‘n’ gives indication of the
favorability and KF the capacity of the adsorbent or adsorbate
system.

500

Co
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Kinetic Study
The kinetic adsorption data were processed to study the
dynamics of the adsorption process in expressions of the
order of rate constant.
The specific rate constants, k1, for the adsorption of MB and
CR on NPS and EPS were commonly obtained pseudo-first
and pseudo-second-order kinetic models
Kinetic data were analyzed with the pseudo-secondorder kinetic models. The pseudo-second-order kinetic can
be presented by equation:

Isotherm
Langmuir

Parameter
qmax
KL
R2
KF
n
R2
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EPS
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2.84
0.99
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Present studies shows that the chemical modification
esterification of carboxyl group could increased the
performance adsorption capacity of papaya seed in removal
cationic dye from aqueous solution compared to anionic dye.
It shows that carboxyl group was major functional group in
cationic dye. The adsorption isotherm data for MB were best
fitted to the Langmuir isotherm and the maximum monolayer
adsorption capacity was found to be 250.00 mg/g and 200.00
mg/g at 30 0C for EPS and NPS respectively. Meanwhile for
CR, the best fit isotherm model was Freundlich isotherm.
The adsorption kinetics can be predicted by the pseudosecond order model. The results would be useful for the
designing of wastewater treatment plants for the removal of
various types of dye especially cationic dyes. Since the raw
material papaya seed abundantly in large quantities the
treatment method seems to be economical.

The linear plots of t/qt versus t (Figure not shown)
experimental data are fit with the pseudo second-orderkinetic model for the both cationic and anionic dyes. The R2
values for pseudo second- order model were ≥0.98, which is
higher than the R2 values obtained for the pseudo-first-order
model. The calculated qe and k2 for all cases are represented
in Table 2. From the Table 2 and Table 3, it shows that the
experimental data and the correlation coefficients for the
second-order kinetic model are better represented the
adsorption kinetics, suggesting that the adsorption process
was controlled by chemisorption [18, 19].
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