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ABSTRACT

Artocarpus odoratissimus (Tarap) skin shows great potential as an effective low-cost
biosorbent for toxic dyes, methylene blue (MB), and methyl violet 2B (MV). The Langmuir
adsorption isotherm leads to the maximum biosorption capacities of this biomass, whose
point of zero charge was at pH 4.4, of 0.577 mmol g−1 (184.6 mg g−1) and 0.349 mmol g−1

(137.3 mg g−1) for MB and MV, respectively. The Sips isotherm model is the best fit for
adsorption of MB, while both the Langmuir and Sips models are in good agreement for
MV. Mass transfer of dye species from solution to the biosorbent phase is fast with 50% dye
being removed in less than 1 min following the pseudo-second-order kinetics.
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1. Introduction

With the rapid population growth over the past
few decades, industrialization has expanded signifi-
cantly to cater for the huge demand of humans. This
in turn has resulted in an increase in the amount of
pollutants being released into the environment, espe-
cially to water resources. Consequently, there is an
urgent need to find means of reducing water pollution
as it poses many health and environmental effects.
Although various methods, including ion-exchange,
chemical precipitation, ultrafiltration, photocatalytic
oxidation, and ozonation, have been reported [1–4],
some of these methods are neither effective nor
economical. In the last two decades, attention has been

shifted towards searching for low-cost biosorbents for
the removal of environmental pollutants, as an
effective remedial measure [5].

The use of industrial/food waste to clean up the
environment has become attractive, as such waste is
not only unused resources but also associated with
disposal problems [6,7]. Biosorption therefore provides
a two-fold advantage in solving environmental pollu-
tion problems. The use of waste materials would lead
to the reduction of the amount of waste being dis-
carded and low-cost treatment of wastewater. To date,
many different types of natural substances and waste
materials, including agricultural waste, industrial
byproducts and wastes, peat, and clay have been used
to remove pollutants [7–13]. Due to the vast
biosorbents available, the challenge is to find highly
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promising biosorbents that can effectively bind with
the selected environmental pollutants.

Artocarpus odoratissimus (Artocarpus tarap Becc. or
Artocarpus mutabillis Becc.) is a popular seasonal fruit
widely cultivated in Brunei Darussalam. Its English
name is “Marang” while the local name is “Tarap,”
and its maximum diversity occurs in Brunei Darussa-
lam. The fruit of A. odoratissimus consists of skin, core,
flesh, and seed. Inside the fruit is the edible flesh
which clings to a central core and each segment of this
flesh has a seed inside it. The inedible part of the fruit
(skin and core) is found to comprise of >60% of the
total mass [14], which is discarded without being uti-
lized. Our recent findings have shown that the core
and/or skin of both A. odoratissimus and A. altilis were
able to remove Cu(II) and Cd(II) ions within a short
period of contact time [15,16]. As an extension to this
finding, we explore the possibility of the potential
utilization of the A. odoratissimus skin as means to
remove toxic dyes from aqueous solutions. To the best
of our knowledge, there have been no reported studies
on the use of A. odoratissimus waste for the removal of
toxic dyes.

2. Materials and methods

2.1. Chemicals and reagents

A 1,000 mg L−1 stock solution of each dye,
methylene blue (MB) or methyl violet 2B (MV)
(Sigma-Adrich), was prepared by dissolving the dye
in distilled water, which was subsequently diluted to
prepare a series of dye concentrations ranging from 10
to 1,000 mg L−1. Solutions of different pH were
prepared using 0.1 M NaOH and 0.1 M HNO3, both
of which were purchased from Fluka. All chemicals
were used without further purification.

2.2. Sample preparation and general aspects

Randomly selected fruit samples were bought from
the local open markets in the Brunei-Muara District of
Brunei Darussalam. The skin was separated from the
rest of the fruit and oven dried at 80˚C until a
constant mass was obtained. The dried sample was
then blended and sieved to obtain the fraction of the
particle sizes between 355 and 850 μm. The sieved
sample was thoroughly mixed prior to using them for
experiments in order to ensure the uniformity. All
experiments were done in duplicate/triplicate.

2.3. Characterization of Tarap skin

The point of zero charge (pHpzc) was determined
using the solid addition method [17,18] as described

below. The pHpzc of Tarap skin was determined by
using 0.1 M KNO3 solution and adjusted to the
required pH (2, 4, 6, 10, and 12) by the addition of
0.1 M HNO3 and 0.1 M NaOH. Each KNO3 solution
(25.0 mL) maintained at a particular pH was added
into each of the flask containing pre-weighed Tarap
skin (0.050 g), and agitated on an orbital shaker at
250 rpm for 24 h. The graph of ΔpH (difference
between the initial and the final pHs of KNO3

solution) against pHi (initial pH) was then plotted to
determine the point of zero charge of Tarap skin.

2.4. Instrumentation

UV–Vis spectrophotometer (Shimadzu/Model UV-
1601PC) was used for measurement of absorbance of
dye solutions at λmax of 664.4 nm (MB) and 584.0 nm
(MV), while FTIR spectrophotometer (Shimadzu
Model IRPrestige-21) was used for measurements of
solids. C, H, N, and S contents present in Tarap skin
were determined in the Elemental Analysis Laboratory
at the National University of Singapore, while X-ray
fluorescene (XRF) spectrophotometer (PANalytical Ax-
iosmax) was used to determine the other elements. Te-
scan Vega XMU scanning electron microscope (SEM)
was used to investigate the morphological characteris-
tics of the adsorbent surface and the coating of the
biosorbent was done using SPI-MODULETM Sputter
Coater.

2.5. Optimization of parameters

All optimization experiments were performed by
mixing the biosorbent and 10.0 mg L−1 dye solution in
a ratio of 1:500 at ambient temperature, followed by
shaking at a constant speed of 250 rpm. The extent of
dye removed in each solution was then determined
through absorbance measurements of filtrates,
obtained using a fine metal sieve, at the respective
λmax value.

The effect of shaking time was investigated using
different shaking time periods from 30 to 240 min,
and the effect of settling time was determined by
shaking the samples for the optimum shaking time,
followed by allowing to settle for different time peri-
ods up to 240 min. The effect of medium pH was car-
ried out by determining the extent of removal of each
dye solution of different pH in the range from 2.0 to
9.0, after allowing for optimized shaking and settling
time periods.

Pre-treatment of the biosorbent by acidification,
basification, and washing was carried out by shaking
the sample in 1 M HNO3, 1 M NaOH, and distilled
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water, respectively, for 2 h. Samples were thoroughly
washed with distilled after acidification and
basification. All pre-treated samples were dried prior
to being used.

2.6. Isotherm analysis

Each biosorbent sample was treated with a dye
solution of a concentration varying from 0 mg L−1 to
1,000 mg in 1:500 solid/solution ratio, and shaken at
250 rpm for the optimum shaking and settling times,
and allowed to settle for the optimum time period.
The solution was filtered using fine metal sieve, and
the absorbance of the filtrate was determined.

2.7. Kinetics studies of biosorption

Each biosorbent (0.10 g) was mixed with 10.0 mg L−1

of each dye solution (50.0 mL) separately, and the
suspensions were stirred at 250 rpm at ambient
temperature immediately after mixing. Samples were
then withdrawn from each solution after different
reaction time periods with one minute apart until the
equilibrium was reached. Each solution was filtered
using fine metal sieve, and the filtrate was analyzed.

3. Results and discussion

3.1. Characterization of Tarap skin

Elemental analysis of Tarap skin shows that it
contains 42.34% C, 5.32% H, 0.98% N, and 0.50%
S. Characterization of elements by XRF shows that
potassium was present in the highest amount followed
by zinc and iron (Table 1). It can be seen from Fig. 1
that adsorption with dyes reduced the amounts of
potassium and iron present. This effect is greater for
MB than MV, where in the case of potassium, it was
reduced from 39.8 to 6.6% and 12.3% for MB and MV,
respectively. For iron, the amount was reduced from
5.2 to 1.9% for MB and 2.3% for MV. As the dyes
investigated are cationic in nature, there is a
possibility to replace metals, such as K and Fe, which
could be present in their cationic form at a high
concentration without having strong binding.

3.1.1. SEM of Tarap skin before and after treatment
with dyes

The surface morphology of Tarap skin before and
after sorption of 1,000 mg L−1 dye solutions is shown
in Fig. 2. It can be seen from Fig. 2(i) that the surface
of Tarap skin is very rough and uneven in nature with

pores and cavities which are able to provide large
surface area for the sorption of dyes. The surface
morphology has significantly changed on treatment
with dye confirming the sorption of dye molecules
(Fig. 2(ii) and 2(iii)).

3.1.2. Effect of contact time

Prior to sorption equilibrium studies, it is impor-
tant to establish the time required for each of the dyes
to reach equilibrium upon contact with Tarap skin.
This is especially significant in treatment of wastewa-
ter by means of adsorption techniques, whereby a
rapid uptake of adsorbate by an adsorbent signifies
the efficacy of the adsorbent to be used in wastewater
treatment. Under the experimental conditions
employed in this study, it can be seen from Fig. 3 that
both MB and MV exhibit a similar trend and that the
percentage removal curve is indicative of a possible
monolayer adsorption. The adsorption of both dyes
was rapid within the initial 30 min period showing
more than 60% removal. Thereafter, it gradually slows
down and reaches equilibrium at about 3.5 h, and
hence the optimum shaking time was taken as 4.0 h.

It can be seen that the contact time for adsorption
of MB on Tarap skin is comparable with that on coco-
nut waste [19] and jackfruit [20], which is another
Artocarpus species, and shorter when compared to
other low-cost biosorbents, such as pomelo peel [21]
and tea waste [22].

With the optimized shaking time of 4.0 h, the
system should be allowed to rest since, unlike in
homogenous systems, the adsorbates in liquid/solid
heterogeneous systems usually undergo various
mass transfer steps, some of which could be relatively

Table 1
Characterization of elements present in Tarap skin by XRF

Element Normalized percentage (%)

O 24.1
Mg 1.4
Al 0.2
Si 1.6
P 1.6
S 1.8
Cl 2.8
K 39.8
Ca 4.9
Mn 0.5
Fe 5.2
Zn 14.0
Rb 0.2
Zr 0.10
Ru 2.0
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slow. Hence, it is important to optimize settling
time to ensure that the equilibrium is reached. It
was experimentally observed that the percentage
removal of each dye, after allowing the optimized
shaking time, does not change with settling time after
30 min. Consequently, 1.0 h settling time was
selected as the optimum.

3.2. Effect of medium pH

Medium pH plays a significant role in the uptake
of adsorbates by biosorbents as the pH would cause

the surface charge to alter, thereby affecting the
efficiency of biosorbents.

The point of zero charge (pHpzc), which is the
point at which the ΔpH vs pHi curve intersects the
pH axis, is found to be at approximately pH 4.4
(Fig. 4), indicating that the surface charge is zero at
this pH. Hence, the surface of the adsorbent is posi-
tively charged at pH lower than pHpzc and negatively
charged if the pH is greater than the pHpzc. The pHpzc

of jackfruit skin is reported to be 3.9 [20], which is
comparable to that of Tarap skin.

Fig. 1. XRF of Tarap skin showing potassium (top) and iron (bottom) before and after adsorption with 1,000 mg L−1 MB
and MV.
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Fig. 5 shows that there is a decrease in the extent
of adsorption of both MB and MV on Tarap skin at
pH 2. This effect is greater for MB with a drastic
decrease of 66% as opposed to 9% for MV. This
decrease can be explained due to the positive surface
charge of Tarap skin as a result of protonation at
pH = 2 which is less than pHpzc, resulting in electro-
static repulsion. Similar effect has been reported for

other low-cost biosorbents, such as jackfruit leaf [23].
Being both cationic dyes, the greater extent of adsorp-
tion of MB as compared to that of MV is probably due
to the difference in the molecular size and the chemi-
cal nature. Since the amount of dye being removed
was high (>80%) at ambient pH (MB = 4.6, MV = 5.99),
as compared to that at other pHs, all subsequent
experiments throughout this study were carried out
without any alteration to the ambient pH.

3.3. Effect of pretreatment of biosorbent

Investigation of the effect of pretreatment of Tarap
skin by both acids and bases as well as by washing
the biosorbent in distilled water did not show much
improvement in the biosorption ability towards MB
(Fig. 6). However, an increase of 9% was observed for
the adsorption of MV when the Tarap skin was
washed with distilled water, and its pretreatment with
acid/base enhanced by 17%. Consequently, washed
Tarap skin was used for all subsequent experiments
with both MB and MV.

Fig. 2. Tarap skin at 500x magnification (i) before sorption of dye, (ii) after sorption with MB, and (iii) after sorption with
MV.

Fig. 3. Effect of shaking time on the extent of removal of
each dye by Tarap skin; MB (♦) and MV (•).
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3.4. Adsorption isotherms

In order to understand the interaction of dyes with
Tarap skin, adsorption studies were carried out under
optimized contact time with dye concentrations rang-
ing from 10.0 to 1,000 mg L−1. According to Fig. 7, the
extent of adsorption of both MB and MV on Tarap
skin follow the L-type adsorption according to Gile’s
classification [24]. Such L-curve indicates that, as the
adsorption sites are being filled, there is progressively
less chance of the adsorbate molecules finding suitable
sites to be adsorbed. L-curve also suggests that either

the adsorbate lies with the flat orientation on the
surface or there is a lack of strong competition
between solvent and the adsorbate for the surface sites
of the adsorbent.

The equilibrium data obtained from adsorption
studies of the two dyes were used to model six
different isotherm models, namely the Langmuir [25],
Freundlich [26], Temkin [27], Dubinin–Radushkevich
(D–R) [28], Redlich–Peterson (R–P) [29], and Sips [30]
(Tables 2 and 3). Comparison of the coefficient of cor-
relation (R2) and four error analyses (Table 5), Lang-
muir Type I gives the ‘best fit for both MB and MV
(R2 is 0.998 and 0.995 for MB and MV, respectively).
This is further confirmed by the simulated isotherm
plot of calculated vs. experimental data as shown in
Fig. 9 which gives a very good correlation. The qmax

and KL values calculated from the Langmuir Type I
plot of Ce/qe vs. Ce (Fig. 8) are 0.4949 mmol g−1

(158.3 mg g−1) and 0.3407 mmol g−1 (134.2 mg g−1) for
MB and MV, respectively, indicating that Tarap skin
is able to adsorb MB more efficiently than MV.

Webber and Chakkravorti [31] defined a separation
factor, RL,

RL ¼ 1

1þ KLC0

which was used to describe the nature of adsorption;
RL > 1 being unfavorable, 0 < RL < 1 being favorable
while RL = 0 being irreversible. The adsorption iso-
therms for both dyes on Tarap skin were favorable
with RL values of 0.014 and 0.055 for MB and MV,
respectively.

Table 4 shows the data obtained for the six differ-
ent isotherm models used in this study. The isotherm
constants were calculated based on the linearized form
of each of these models and R2 values, together with
error functions for each isotherm model, are shown in
Table 5.

Fig. 4. Variation of ΔpH with the initial solution pH at a
shaking time period of 24.0 h and setting time period of
1.0 h.

Fig. 6. Extent of dye removal by Tarap skin treated with
water, acid and base for MB ( ) and MV ( ).

Fig. 5. Effect of medium pH on biosorption of Tarap skin
for MB ( ) and MV ( ).

Fig. 7. Variation of the extent of removal of MB (♦) and
MV (•) by Tarap skin as a function of initial dye concen-
tration.
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From the simulated isotherm plots (Fig. 9) as well
as from the data in Table 5, it is clear that the D–R iso-
therm model gave the worst fit with the lowest R2 for
MB and MV, respectively. The error analyses also
showed the greatest errors, especially for MB. Further,
neither the R–P model nor the Freundlich model fit
the experimental data despite their reasonable R2

values for both MB and MV.
Of all the six isotherm models used, the Langmuir,

Temkin, and Sips models gave a combination of good
R2 and low errors (Tables 4 and 5). The Langmuir
assumes that the adsorbate does not transmigrate in
the plane of the surface of adsorbent and that there
are uniform energies of adsorption on the surface.

Table 2
Linearized forms and parameters selected for the investigation of different isotherm models

Isotherm model Non-linear Linear Plot

Langmuir (Type I) qe ¼ KLqmaxCe

1þ KLCe

Ce

qe
¼ 1

KLqmax
þ Ce

qmax

Ce

qe
vs Ce

Freundlich qe ¼ KFC
1
n
e lnqe ¼ 1

n
lnCe þ ln kF ln qe vs ln Ce

Temkin qe ¼ RT

b
lnKTCe

where B ¼ RT
b

qe ¼ B lnKT þ B lnCe qe vs ln Ce

D–R qe ¼ qmaxexpð�b�2Þ
� ¼ RT ln½1þ 1

Ce
�

lnqe ¼ lnqmax � b�2 ln qe vs ε2

E ¼ 1ffiffiffiffiffiffi
2b

p

Sips qe ¼ qmaxKSC
1
n
e

1þ KsC
1
n
e

lnð qe
qmax � qe

Þ ¼ 1

n
lnCe þ lnKS lnð qe

qmax � qe
Þvs lnCe

R–P qe ¼ KRCe

1þ aRC
g
e

lnðKR
Ce

qe
� 1Þ ¼ g lnCe þ lnaR lnðKR

Ce

qe
� 1Þvs lnCe

Notes: qe is the amount of dye adsorbed, Ce is the equilibrium concentration of the dye, qmax is the maximum adsorption capacity, KF

(mg1 − 1/nL1/ng−1) is the Freundlich constant, n is the empirical parameter which is related to the biosorption intensity, KT is the equilib-

rium binding constant (L/mmol) corresponding to the maximum binding energy, constant B is related to the heat of adsorption, R is gas

constant, and T is absolute temperature, β gives the mean free energy, E of sorption per molecule of sorbate, Ks is Sips constant, and 1/n

is the Sips model exponent, KR (L g−) and aR (L mmol−) are R–P constants, and g is the exponent which lies between 0 and 1.

Table 3
Error functions

Error
function Abbreviation Expression

Average relative
error

ARE 100

n

Xn
i¼1

qe;meas � qe;calc
qe;meas

����
����
i

Sum square
errors

ERRSQ
Xn
i¼1

ðqe;calc � qe;measÞ2i

Sum of absolute
error

EABS
Xn
i¼1

jqe;meas � qe;calcj

Hybrid fractional
error function

HYBRID 100
n�p

Pn
i¼1

ðqe;meas � qe;calcÞ2
qe;meas

" #
i

Table 4
Parameters for adsorption of MB and MV on Tarap skin
for various isotherm models

Model

Tarap skin

MB MV

Langmuir
qmax (mmol g−1) 0.4949 0.3407
KL (Lmmol−1) 0.0725 0.0173
R2 0.9979 0.9949
Freundlich
KF (mmol g−1) 0.0535 0.0128
n 2.585 1.821
R2 0.9471 0.8870
Temkin
KT (Lmmol−1) 2.2079 0.2877
B 35,929 39,417
R2 0.9648 0.9789
Dubinin–Radushkevich (D–R)
qmax (mmol g−1) 0.2044 0.1396
β (mmol2 J−2) 2.0 × 10−7 4.0 × 10−6

R2 0.5496 0.5702
Redlich–Peterson (R–P)
KR (L g−1) 0.099 0.05
aR (Lmmol−1) 0.7869 3.376
g 0.7782 0.4707
R2 0.9907 0.8411
Sips
qmax (mmol g−1) 0.577 0.349
KS (Lmmol−1) 0.0276 0.0164
n 0.6502 1.002
R2 0.9892 0.9784

970 L.B.L. Lim et al. / Desalination and Water Treatment 53 (2015) 964–975



Once adsorption takes place at the active sites of the
adsorbent, it is assumed that no further adsorption
occurs at that site. The Temkin isotherm model is
based on the assumption that there is a linear decrease
in the heat of adsorption as the adsorption progresses
due to the interactions between the adsorbate and the
adsorbent. The Sips isotherm model is a combination
of the Langmuir and the Freundlich models, and is

used for heterogeneous adsorption systems. At high
adsorbate concentration, the Sips model predicts a
monolayer coverage, which follows the Langmuir
pattern, while it approaches the Freundlich model at
low adsorbate concentration.

Of these three isotherm models, error analyses
show that the Sips model is the best to describe the
biosorption of MB on Tarap skin. Even though the R2

(0.9892) from the Sips model is slightly lower than
that is obtained from the Langmuir model
(R2 = 0.9979), all the error analyses for the Sips model
give much lower errors indicating that it is overall a
better fit. The biosorption capacity of MB on Tarap
skin is determined to be 0.577 mmol g−1 (184.6 mg g−1)
based on Sips model, which is higher than the value
obtained for the Langmuir model (0.495 mmol g−1,
158.3 mg g−1).

Both the Langmuir and the Sips isotherm models
gave good and compatible fitting for MV when com-
pared to experimental data. Further, both models have
reasonably close R2 and errors between them. Hence,
both models can be used to describe the adsorption
isotherm of MV on Tarap skin, with the Langmuir
model giving a better R2 and lower errors in general.
These results indicate that adsorption of MB on Tarap
skin is stronger than that of MV on the same
adsorbent. This could be due to the less bulky nature
of MB than that of MV, enabling more MB molecules
to be adsorbed on the Tarap skin.

Table 6 shows the biosorption capacity of MB and
MV, obtained from the Sips isotherm, in comparison
with the results of some reported low-cost biosorbents,
based on the best experimental condition of each
work. Although Tarap skin has lower biosorption
capacity for MB as compared to some biosorbents,
such as jackfruit peel and oil palm, it can be consid-
ered as a good biosorbent as it is able to remove MB
better than many other biosorbents, such as tea waste
[22], coconut waste [19], and potato leaf [32]. Its
biosorption capacity is only slightly lower than spent

Table 6
Comparison of maximum adsorption capacities of various
biosorbents toward MB and MV

Adsorbent Adsorbate
qmax

(mg g−1) Reference

A. odoratissimus peel MB 184.6 This work
Jackfruit peel MB 285.7 [20]
Pineapple stem MB 119.1 [34]
Coconut waste MB 70.9 [19]
Oil palm fiber MB 217.9 [35]
Potato leaf MB 52.6 [32]
Tea waste MB 85.2 [22]
Sunflower seed husk MB 45.3 [36]
Almond shell MB 51.0 [37]
Spent cotton seed

hull
MB 185.2 [33]

A. odoratissimus peel MV 137.3 This work
Orange peel MV 11.5 [38]
Banana peel MV 12.2 [38]
Palm kernel fibre MV 140 [39]
Sunflower seed hull MV 92.6 [40]
Pu-erh Tea powder

(40 mesh)
MV 277.8 [41]

Posidonia oceanic (L.)
leaf

MV 119.1 [42]

Almond shell MV 76.3 [37]

Table 7
Equations for kinetic models

Kinetic models Linear equations Reference

Pseudo first
order

logðqe � qtÞ ¼ logðqeÞ � k1
2:303

t [43]

Pseudo second
order

t

qt
¼ q

k2q2e
þ 1

qe
t [44]

Weber Morris
intraparticle
diffusion

qt ¼ kidt
1=2 þ C [45]

Elovich qt ¼ 1

b
lnðabÞ þ 1

b
ln t [46]

Table 5
Comparison of parameters for R2 and error functions using
different isotherm models

Dye Model R2 APE EERSQ HYBRID EABS

MB Langmuir 0.9977 19.35 0.0153 0.5378 0.3532
Freundlich 0.9471 20.36 0.0832 1.421 0.7201
Temkin 0.9648 50.86 0.0202 0.8420 0.5012
D–R 0.5496 4,499 121.45 14.09 15.33
R–P 0.9907 65.56 1.2306 1.474 3.3944
Sips 0.9892 6.92 0.0046 0.1129 0.2119

MV Langmuir 0.9949 12.14 0.0025 0.1068 0.1795
Freundlich 0.8870 30.71 0.0726 1.6507 0.7175
Temkin 0.9789 36.89 0.0052 0.1744 0.2528
D–R 0.5702 72.37 0.1827 0.2808 1.522
R–P 0.8411 79.84 0.5823 0.2816 2.506
Sips 0.9784 11.45 0.0027 0.1360 0.1912
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cotton seed hull [33]. On the other hand, Tarap skin
has a great potential as a strong biosorbent for MV as
it gives higher qmax value than that of many reported
low-cost biosorbents given in the table. Apart from
oven drying, Tarap skin used in this study was not
chemically treated. Hence, there is a possibility that its
adsorption capacity could be further enhanced
through chemical modification.

3.5. Kinetics of biosorption of MB and MV on Tarap skin

The sorption mechanism of MB and MV on Tarap
skin was further elaborated using the pseudo first

Fig. 8. Linear Langmuir Type I plot for sorption of MB (♦)
and MV (•) on Tarap skin.

Fig. 9. Different isotherm models for adsorption of MB (top) and MV (bottom) on Tarap skin (♦) Experimental, (ο)
Langmuir, (Δ) Freundlich, (�) Sips, (�) Temkin, (□) R–P, and (•) D–R.
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order [43], pseudo-second-order [44], the Weber
Morris intraparticle diffusion [45] and Elovich [46]
models. Equations of kinetics models are listed in
Table 7 where qe and qt (mmol g−1) are the amount of
dye adsorbed at equilibrium and at time t (min), k1
(min−1) is the pseudo-first-order rate constant; k2
(g mmol−1 min−1) is the pseudo-second-order rate con-
stant; kid (mmol g−1 min−1) is intraparticle diffusion
rate constant; C is a measure of the thickness of
boundary layer; α (mmol g−1 min−1) is the initial sorp-
tion rate and β (mmol g−1) is related to the extent of
surface coverage and activation energy for chemisorp-
tion. The kinetics was very rapid for the biosorption
of 10.0 mg L−1 dye on Tarap skin with more than 50%

dye being adsorbed within the first minute. Such fast
kinetics provides highly favorable conditions for the
bioremediation of wastewater contaminated with MB
and MV.

However, under such rapid adsorption, pseudo-
kinetic models cannot be applied for low concentra-
tions, as pseudo models require the concentration of a
reactant to be in large excess. Hence, dye solutions of
high concentrations (1,000 mg L−1 MB and 500 mg L−1

MV) were chosen, whereby the extent of removal of
each dye was kept below 30%, satisfying the pseudo-
order condition.

From Fig. 10, it can be seen that kinetics for the
biosorption of both MB and MV on Tarap skin follows
the pseudo-second-order model with R2 0.9809 and
0.9617 for MB and MV, respectively. The rate con-
stants obtained from the above model are 0.5373 and
0.2859 g mmol−1 min−1, for MB and MV, respectively.
The R2 values obtained for other three kinetics models
are less than 0.9, and the majority of the data do not
fall on a straight line, indicating that these models are
inappropriate. This is especially true for MB where all
R2 was found to be below 0.5.

3.6. FTIR spectroscopic investigation of Tarap skin

It can be seen from FTIR (Fig. 11) spectra that,
upon treatment of Tarap skin with dye, the wave-
length of the broadband at 3,319 cm−1 is decreased to

Fig. 10. Pseudo-second-order kinetics model for adsorption
of MB (♦) and MV (•) on Tarap skin.

Fig. 11. FTIR spectra of Tarap skin (a) untreated (b) after adsorption with MB, and (c) after adsorption with MV.
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3,271 and 3,290 cm−1 for MB and MV, respectively,
indicating that hydroxyl and amino groups are
involved in bond formation with dyes. A prominent
decrease in wavelength is observed for C=O stretching
of the carboxylic acid peak from 1,612 to 1,601 cm−1

and 1,587 cm−1 for both MB and MV, respectively,
indicating that carboxylic acid groups play a
significant role in the adsorption of both dyes.

4. Conclusion

The peel of A. odoratissimus can be successfully
utilized as a low-cost biosorbent for the removal of
cationic dyes, namely MB and MV. The adsorption
isotherm for MB fits the Sips isotherm model, while
that for MV corresponds to both the Langmuir and
Sips models with regression coefficients close to 1 and
very low error functions as compared to other iso-
therm models. It is thus proposed that the dyes are
preferentially adsorbed as a monolayer at low concen-
trations with their flat orientation, and hence, incorpo-
ration of dye molecules to the bulk of the adsorbent is
unlikely in contrast to the sorption of metal ions. The
adsorption capacity for MB (184.6 mg g−1) is compara-
ble to many reported biosorbents while that for MV
(137.3 mg g−1) is superior to many low-cost biosor-
bents reported. Thus, A. odoratissimus skin is proven to
be a potential low-cost biosorbent for the removal of
these dyes. Kinetics of adsoption of both dyes was fast
and followed the pseudo-second-order. The adsorp-
tion capacity could possibly be further enhanced by
chemical modification.
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