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Dragon fruit skin (DFS) was investigated for its potential in the removal of methylene blue
(MB) from aqueous solution. Effects of contact time, initial concentration and pH medium
were investigated. Adsorption isotherm studies were also carried out. Three isotherm models,
namely the Langmuir, Freundlich and Tempkin models, were used to predict the behaviour

of the adsorption process. Adsorption equilibrium for the removal of MB was achieved in a
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relatively short time and the batch experiments were done without any pH adjustment. The

experimental data fitted the Langmuir Type II adsorption isotherm with a high maximum

Dragon fruit skin

adsorption capacity (g, ) of 640 mg g, which is superior for the removal of MB compared

o most reported biosorbents. Kinetics studies were found to follow the pseudo-second order
f;;’f;’}iﬁ;g’;me t t reported biosorbents. Kinetics stud found to follow the pseud d ord
Kin et)i) s model and intraparticle diffusion is involved but not as the rate-determining step.
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Introduction in polarity in the surrounding environment. It is used

Industrial development has been taking place at a
significant rate in order to expand production to meet
the demand of ever increasing population. Volumes
of industrial effluents and types of pollutants present
in effluents have increased significantly. Among
many industries, textile and garment industries use
a large number of dyes and other additives during
the colouring process (Wang et al., 2002), some
of which are added to the effluents without proper
treatment. Since the introduction of the first two
synthetic dyes to the market in 1856, synthetic dyes
have received wide applicability due to their easy
usage, reproducibility and irreversible colouring
process. The applicability was challenged about a
decade ago when toxicological effects of synthetic
dyes became known. Another alarming aspect is that
some industrial dyes undergo degradation producing
more toxic substances, including carcinogens (Ratna
and Padhi, 2012). As it is not practicable to reverse
to the use of synthetic dyes, it is therefore important
to employ effective and environmentally friendly
methods for treatment of effluents containing dyes.

Methylene Blue (MB) is a cationic dye which
forms face-to-face dimers in dilute solutions, and
aggregates at high concentrations (Cenens and
Schoonheydt, 1988). This dye is sensitive to changes
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in textile industry as well as in medicinal purposes.
MB is a component of a frequently prescribed urinary
analgesic/anti-infective/anti-spasmodic drug as well
as able to donate or accept protons demonstrating its
redox properties (Galagan and Su, 2008). Some of
these properties/reactivities are important to design
treatment methodologies for MB.

Amongst available and accepted methods to
remove MB, chemical treatment (Gong et al., 2008),
Fenton process (Liu et al., 2013), ozonation (Valdés et
al., 2012), photocatalytic degradation using UV/TiO,
(Ehrampoush et al., 2010), biodegradation (Ong et
al., 2005) and electrochemical degradation (Panizza
et al., 2007) have been commonly used. Recently,
biosorption has shown potential as an alternative to
remove dyes from aqueous bodies. It is also attractive
in terms of availability, low-cost and environmental
friendliness. Biosorbents including fruit wastes (Lim
et al., 2015a, Chieng et al., 2015a), peat (Chieng et
al., 2015b, Zehra et al., 2015), walnut shell (Dahri et
al., 2014), plant materials (Dahri ef al., 2013, Kooh
et al., 2015) have been successfully used for the
removal of dyes.

Asbiosorptioniscarriedoutbybiological materials
of different origins, equilibrium and kinetics aspects
of removal vary depending on the type of adsorbent
and also on experimental conditions employed. For
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instance, it has been reported that the capacity of
removal of MB by modified polysaccharide, mango
seed kernel powder and rice husk from solutions of
pH = 8 at temperatures in the range from 25 to 32°C
are 48, 143 and 41 mg g, respectively (Kumar and
Kumaran, 2005, Vadivelan and Kumar, 2005, Paulino
et al., 20006). Further, adsorption of MB follows the
Langmuir adsorption isotherm on many adsorbents,
indicating that multilayer coverage is unlikely
(Mohammed et al., 2014).

This study focuses on the use of dragon fruit
skin (DFS) as a potential low-cost biosorbent for the
removal of MB. Reports have shown that the average
yield of dragon fruits from commercial plantations
in Israel, Malaysia and Taiwan is between 16,000
— 27,000 kg/ha annually while between 18,000 —
22,000 kg/ha of fruits per year have been produced
from Sri Lanka (Mizrahi and Nerd, 1996, Mizrahi and
Nerd, 1999, Pushpakumara et al., 2005). In Brunei
Darussalam, the red-flesh dragon fruits (Hylocereus
costaricensis also known as Hylocereus polyrhizus)
are more popular than the white-flesh fruit. The skin
is usually discarded as waste, and as such is of no
economic value. It has been reported that the skin
has the ability to remove Mn?* from aqueous solution
(Priyantha et al., 2013) while the fruit (Hylocereus
undatus) foliage has been used for methyl orange
dye removal (Haddadian et al., 2013). To date, to the
best of our knowledge, no study on the use of DFS
for the removal of MB has been reported. This study
would therefore provide an environmentally friendly
method to remove MB from wastewater, which can
be extended to remove other industrial dyes as well.

Materials and Methods

Materials

Dragon fruit was randomly purchased from a
bulk from local supermarkets. The skin of the fruit
was removed and dried in an oven at 85°C until a
constant mass was obtained. The dried sample
was then blended and sieved to obtain particles of
diameter ranging from 355 pm to 850 um.

Chemicals and reagents

Methylene blue (C H N.SCI; Mr = 319.85 g
mol!) was purchased from Sigma Aldrich. 1.0 M
NaOH (Univar) and 1.0 M HNO, (AnalaR) were
used to adjust the pH of the solutions. Spectroscopic
grade KBr was used for Fourier transform infrared
(FTIR) spectroscopy analysis. All reagents were used
without further purification. Double distilled water

was used throughout the study.
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Instrumentation

Determination of the concentration of MB
in solution was performed through absorbance
measurements using Shimadzu UV-1601PC UV-
Visible (UV-Vis) spectrophotometer at the Amax of
664 nm. Shimadzu IR Prestige-21 spectrophotometer
was used for DFS’s functional groups analyses,
while surface images were recorded using Tescan
Vega XMU Scanning Electron Microscope (SEM).
The experimental temperature was maintained at the
ambient value of (24 £1)°C throughout.

Preparation of stock solutions

A stock solution of MB of 1000 mg L' was
prepared, and appropriately diluted to required
concentrations to prepare calibration standards.

Effect of contact time

A mixture of 50.0 mL of 10 mg L' dye solution
and 0.10 g of DFS was agitated at 250 rpm at ambient
temperature. Samples of solutions were taken at fixed
time intervals from 0 - 240 min, and the concentration
of MB in the filtrate of each solution was determined
to obtain the optimum contact time. The amount
of MB being absorbed by DFS, ge (mmol g'), was
calculated as follows:

q.(mmel g~ = (C, — Cf) ﬁ (D

where C; and C, are the initial and final dye
concentrations (mg L) respectively, m is the mass
of biosorbent used (g), M is the molar mass of MB
(g mol!) and V is the volume of adsorbent used (L).

Percentage removal of MB was calculated as follows:
Percentage removal (%) = 'C‘—_C“Tﬂ 2)

Effect of pH
The pH of 10 mg L' MB solution was adjusted

using 1.0 M HNO, and 1.0 M NaOH to the pH range
0f 2.0 - 8.0. An aliquot of 50.0 mL of the pH adjusted
solution was then mixed with 0.10 g DFS, and
agitated at 250 rpm. The MB content of the filtrate
was thus determined. Higher concentrations of MB
were not attempted as typical concentration levels of
MB used in industries are probably below this level.

Effect of initial concentration on adsorption

A sample of 0.10 g of biosorbent was added to
50.0 mL of MB solutions of different concentrations
ranging from 10 mg L' to 1000 mg L"'. The mixtures
were agitated at 250 rpm at ambient temperature and
allowed to settle until the equilibrium was reached.
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Each mixture was then gravity filtered, and the filtrate
was analysed for the MB content. The variation of the
extent of removal of MB with the initial concentration
was studied in order to understand the adsorption
patterns, while the relationship with the equilibrium
concentration was used to fit experimental data to
adsorption isotherms.

Results and Discussion

Effect of contact time on adsorption of MB by DF'S

Contact time is an important parameter in order
to determine the time for the adsorption to reach
equilibrium. The effect of shaking time on adsorption
of 10 mg L' MB by DFS showed the uptake of MB by
the biosorbent was very rapid initially and becomes
constant within 1 h indicating that equilibrium has
been reached. Although the equilibrium was reached
fast, the contact time used for the rest of the study was
set at 2 h to ensure complete equilibrium. Compared
to other biosorbents such as yellow passion fruit
peel (Pavan et al., 2008), jackfruit peel (Hameed,
2009) and its activated form (Prahas et al., 2008)
which required more than 3 h, it is observed that the
optimum contact time for DFS is relatively short.
This is especially important in real application of
wastewater treatment where fast equilibrium would
be favourable for cost—effective and economical
approaches.

Kinetics studies

Kinetics studies are useful not only for
determination of the equilibrium time of an
adsorption process but also for designing treatment
systems that depend on reaction rate. Three kinetics
models namely Lagergren first order, pseudo-second
order and Weber-Morris intraparticle diffusion order
models were used to describe the adsorption process
(Chmielewska et al., 2013). The kinetics models are
given by:

Lagergren first order model,

log(g. - g)=10g ¢ - 7oz ks 3)
Pseudo-second order model,
£ _t 4t (4)

Te ko gs” Qe
Weber-Morris intraparticle diffusion model,
g =kt +C (5)
where ¢, is the amount of dye adsorbed per unit of

adsorbent (mmol g') at time ¢, g, is the adsorption
capacity at equilibrium (mmol g*), k, is the pseudo-
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Table 1. Parameter values of Lagergren first order,
pseudo-second order and intraparticle diffusion models

Kinetics model Parameter Value 4e
(expt)
g. (mmol g’} 0.969  0.012
Lagergren 1st order &;(min b 6.008
R’ 0.808
g.(mmol g ') 0.011  0.012
k (g mmol™
. 84.894
Pseudo 2nd order min™)
R’ 0.996
Intraparticle k3 (mmol g
R 5
diffusion min~ ") 0.0005
C 0.008
R? 0.512

first order rate constant (min'), and ¢ is the time
shaken (min), k, is pseudo-second order rate constant
(g mmol" min) and £, is the intraparticle diffusion
rate constant (mmol g min""?) while C represents the
thickness of the boundary layer.

Often the value of g, is unknown and as adsorption
tends to become very slow, the amount adsorbed is
still significantly smaller than the equilibrium amount.
Hence, it is necessary to obtain qe, by extrapolating
the experimental data to ¢ = oo or by trial and error
method (Aksu and Dénmez, 2003).

From Table 1, it shows that the pseudo-second
order model has higher R’ (0.996) than that of first
order model (0.808). Furthermore, the value of ¢,
calculated from pseudo-second order (0.011 mmol
g is closer to the value of ¢, from experiment
(0.012 mmol g'), while g, calculated from pseudo-
first order was 0.969 mmol g'. This clearly indicates
that the mechanism follows the pseudo-second order
model which assumes chemisorption involving in the
exchange or sharing of electrons between the dye and
functional groups of the biosorbent.

Weber-Morris intraparticle diffusion model is
used to determine the diffusion mechanism of the
process as the Lagergren first order and pseudo-
second order models cannot do so. A plot of g, vs 12
that gives straight line indicates that the intraparticle
diffusion is involved in the process and furthermore,
if the line passes through the origin, intraparticle
diffusion is the rate determining step in the reaction
(Aly et al., 2014). In this study, the linear plot of
Weber-Morris intraparticle diffusion model showed
a straight line that does not pass through the origin
thereby indicating that intraparticle diffusion is
involved in the process but is not the rate determining
step.

Effect of pH on adsorption of MB by DFS
The effect of pH on the sorption of MB by DFS
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Table 2. Parameters for all isotherm models

Isotherm model Parameter Value
Gone (mmol ™) 1.950
Langmuir Type I b (Lmgh) 0.004
R’ 0.631
G (mmol £7) 2.000
Langmuir Type IT b(Lmg") 0.004
R? 0.972
G max (Mmol g’l) 0.008
Langmuir Type III b(L mg‘l) 1.139
R 0.448
G max (Mmol g’l) 0.004
Langmuir Type I'V b(Lmg") 2.110
7 0.448
Kr(mmol g (L mmol™)'™) 0.009
Freundlich n 1.140
R 0.954
K, (L mmol™) 0.180
Tempkin br 10790
72 0.934

showed that minimal sorption was observed at pH
2. In strong acidic medium, there is an increase in
positive charge on the biosorbent’s surface, leading
to electronic repulsion between the cationic MB dye
and the surface of DFS. Further, high concentration
of H"would compete with MB for the same sorption
sites. At pH 3, the dye uptake improved but declined
beyond pH 5, probably due to the competition for
cationic species present in the system with MB.
Nevertheless, as the highest uptake was observed
for ambient conditions which had a pH of 4.7,
further experiments were conducted without any pH
adjustment.

Effect of concentration on adsorption

The amount of MB adsorbed per gram of DFS
increases with increasing initial dye concentration,
as shown in Figure 1, with the levelling of the dye
removal at higher concentrations. The point at which
the extent of removal is saturated corresponds to
the monolayer coverage. The shape of the variation
of the amount of MB adsorbed with initial MB
concentration corresponds to the Langmuir isotherm.
For better understanding of the adsorption system,
adsorption isotherm modelling was conducted.

Adsorption isotherm is wused to describe
the interactions of adsorbate with adsorbent at
equilibrium. Adsorption equilibrium data in this
study were modelled with three isotherm models:
Langmuir (four linearized expressions) (Langmuir,
1918), Freundlich (Freundlich, 1906) and Tempkin
(Tempkin and Pyzhev, 1940) models. The non-linear
and linearized equations for all three isotherm models
are shown in equations below.
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Figure 1. Comparison of experimental adsorption data with
simulated Langmuir, Freundlich and Tempkin isotherm
models

Langmuir equations:

Non-linear
K,C,

_ Tmaz

RRNCEY N
Linear

Type |

¢ 1 . C, 0
qs KLQmﬁx

Type 11

1__t .t 9
e Kl-qmaxcs Tmax

Type III

Qs = Qmax ~

Qmﬁx

4, (9)

K,C.
Type IV

4,
e A
Cs 19 mazx 19s

Freundlich equations:

Non-linear
0,= k"

Linear

1
InC, +Ink;

Ing, = "

Tempkin equations:

Non-linear

Linear
R LE
9: = br nt, br

Ink, (14)

where C is the equilibrium adsorbate concentration
in solution (mg L), ¢, _is the monolayer maximum
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Table 3. Comparison between qmax obtained in this
work and that of literature

Biosorbent e (T0E E'l Reference
4 g £

Dragon fruit skin 640.0 This work

Activated Ficus carica bast 476 (Pathania et al., 2013)

Gelidium sesquipedale 171.0 (Vilar et al., 2008)

Potato leaf’ 526 (Gupta et al.. 2011)

Artocarpus odoratissimus skin - 185.0 (Lim et al., 2015b)

Peat 111.0 (Lim ef al.. 2013a)
Peat 143.9 (Chieng et al., 2014)
Haloxylon recurvum stem 229 (Hassan et al., 2013)
Annona squmosa 259 (Santhi et al., 2010)
Yellow passion fruit peel 22 (Pavan et al., 2008)

Ground palm kemel coat 277.0 (Oladoja et al.. 2008)

Breadnut peel 409.0 (Lim ef al., 2013b)

Breadnut core 369.0 (Lim et al., 2015c)

adsorption capacity (mmol g'), K, is the Langmuir
adsorption constant (L mg') related with the free
energy of adsorption, K, [mmol g (L mmol*)l/n]
is the adsorption capacity, n gives indication of
how favourable the adsorption process (adsorption
intensity) or surface heterogeneity. K, is equilibrium
binding constant (L mmol™"), b, is Tempkin constant,
R is the gas constant (J K*! mol') and T is the room
temperature (K).

The Langmuir isotherm assumed that the process
takes place at specific homogeneous sites within the
biomass. The Freundlich isotherm assumed that the
process takes place at heterogeneous sites within
the biomass while the Tempkin isotherm assumes a
linear decrease in the fall in the heat of sorption due
to adsorbate-adsorbate interaction.

Table 2 shows the parameters for each of the
isotherm model. Langmuir Type II equation has the
highest coefficient of correlation (R’ = 0.9718) value
and therefore provides a better fit for the experimental
data of MB on DFS. This is further supported by
comparing the simulated isotherm models with the
experimental data as shown in Figure 1. It can be
seen that the Langmuir model is the closest to the
experimental data amongst all the three models
used. The Langmuir isotherm model assumes that
adsorption occurs as a monolayer which is supported
by experimental data plot in Figure 1 which shows the
adsorption of MB does not continue for a multilayer.
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A Tl e e B
Figure 2. The SEM image of untreated dragon fruit
skin (left) and MB-loaded DFS (right) with 1000x

magnification

Dimensionless separation factor (R,) is an
essential characteristic of the Langmuir model and
given by the following equation,

1

RN A
where C, (mg L ) is the highest initial concentration
of adsorbate and K, (L mg™) is the Langmuir constant.
R, indicates whether the isotherm is unfavourable
(R, > 1), linear (R, = 1), favourable (0 <R < 1), or
irreversible (R, = 0). Adsorption of MB by dragon
fruit skin yields R, value of 0.2, indicating that the
process is favourable. The parameter n obtained
from the Freundlich model also indicates the similar
property as R, value, where in this case any value
between 1 <7 < 10 is considered to be a favourable
process. In this study, the n value was found to be 1.14,
and therefore the adsorption process is favourable.

The maximum adsorption capacity, ¢, of DFS
for the removal of MB is 2.00 mmol g (639.70 mg g
). This value is much higher when compared to many
other biosorbents reported (Table 3). This therefore
shows the superiority of DFS as a potential low-cost
biosorbent for adsorption of MB in the treatment of
wastewater.

Fourier transformed infrared (FTIR) spectroscopy
The infrared spectra of DFS before and after
treatment with MB dye were anlayzed. The broad
absorption peaks around 3400 cm™ is due to vibration
of the O-H and N-H groups. The peak observed at
2926 cm™ is assigned to the stretching vibration
of C-H group. The peak located at 1637 cm™ is
characteristics of C=0O group. The peak around 1373
cm™' is due to bending vibration of C—H group. The
C-O stretching band at 1244 cm™ confirms the lignin
structure of the adsorbent (Gupta et al., 2011). The
peak around 1049 cm™ is due to C—O—C stretching
and O-H bending of the lignin (Han et al., 2011).
After treatment with MB, the bands at 1637, 1244
and 1049 cm™! were shifted to 1629, 1246 and 1060
cm’, respectively. This result suggests that these
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functional groups may be involved in the adsorption
process.

Scanning Electron Microscope (SEM)

Figure 2 shows SEM images of DFS before and
after treatment with MB. The surface of DFS appears
rough and consists of many holes and cavities with
curly strands of fibrous-like materials arranged in
rows. Upon adsorption with MB, holes and cavities
are clearly seen to be covered with dye molecules and
as a result, the surface became smoother.

Conclusion

The heterogeneous system comprising of dried
and powdered dragon fruit skin (DFS) and aqueous
MB solution reaches adsorption equilibrium within
60 min. The adsorption is most efficient at ambient
pH of 4.7. The MB molecules cover the surface of
DFS effectively completing a monolayer fulfilling
the requirements of the Langmuir adsorption
isotherm, where the plot of reciprocal adsorbed
amount vs reciprocal equilibrium leads to the best
fit with a high regression coefficient of 0.972. This
model results in a maximum adsorption capacity of
640 mg g-1, demonstrating the superior nature of
DFS as compared to many other biosorbents. Hence,
this study shows that dragon fruit skin has a great
potential to be used as a low-cost biosorbent for the
removal of toxic dye, methylene blue.

Acknowledgments

The authors would like to thank the Government
of Negara Brunei Darussalam and Universiti Brunei
Darussalam (UBD) for their financial support. The
authors would also like to thank CAMES and Biology
Department at UBD for the use of SEM.

References

Aksu, Z. and Dénmez, G. 2003. A comparative study on
the biosorption characteristics of some yeasts for
Remazol Blue reactive dye. Chemosphere 50(8):
1075-1083.

Aly, Z., Graulet, A., Scales, N. and Hanley, T. 2014.
Removal of aluminium from aqueous solutions
using PAN-based adsorbents: characterisation,
kinetics, equilibrium and thermodynamic studies.
Environmental Science and Pollution Research 21(5):
3972-3986.

Cenens, J. and Schoonheydt, R. A. 1988. Visible
spectroscopy of methylene blue on hectorite, laponite
B, and barasym in aqueous suspension. Clays and
Clay Minerals 36(3): 214-224.

Chieng, H. 1., Zehra, T., Lim, L. B. L., Priyantha, N. and

Priyantha et al./IFRJ 22(5): 2141-2148

Tennakoon, D. T. B. 2014. Sorption characteristics
of peat of Brunei Darussalam IV: equilibrium,
thermodynamics and kinetics of adsorption of
methylene blue and malachite green dyes from
aqueous solution. Environmental Earth Sciences
72(7): 2263-2277.

Chieng, H. 1., Lim, L. B. L. and Priyantha, N. 2015a.
Enhancing adsorption capacity of toxic malachite
green dye through chemically modified breadnut
peel: equilibrium, thermodynamics, kinetics and
regeneration studies. Environmental Technology
36(1): 86-97.

Chieng, H. 1., Priyantha, N. and Lim, L. B. L. 2015b.
Effective adsorption of toxic brilliant green from
aqueous solution using peat of Brunei Darussalam:
Isotherm, thermodynamics, kinetics and regeneration
studies. RSC Advances 5: 34603 —34615.

Chmielewska, E., Hodossyova, R. and Bujdos, M. 2013.
Kinetic and Thermodynamic Studies for Phosphate
Removal Using Natural Adsorption Materials. Polish
Journal of Environmental Studies 22(5): 1307-1316.

Dahri, M. K., Kooh, M. R. R. and Lim, L. B. L. 2013.
Removal of Methyl Violet 2B from Aqueous
Solution Using Casuarina equisetifolia Needle.
ISRN Environmental Chemistry 2013 http://dx.doi.
org/10.1155/2013/619819.

Dahri, M. K., Kooh, M. R. R. and Lim, L. B. L. 2014.
Water remediation using low cost adsorbent walnut
shell for removal of malachite green: equilibrium,
kinetics, thermodynamic and regeneration studies,
Journal of Environmental Chemical Engineering
2(3): 1434-1444.

Ehrampoush, M. H., Moussavi, G. H. R., Ghaneian, M.
T., Rahimi, S. and Ahmadian, M. 2010. Removal of
Methylene Blue (MB) Dye from Textile Synthetic
Wastewater Using TiO,/UV-C Photocatalytic Process.
Australian Journal of Basic and Applied Sciences
4(9): 4279-4285.

Freundlich, H. M. F. 1906. Over the adsorption in solution.
Journal of Physical Chemistry 57: 385-470.

Galagan, Y. and Su, W.F. 2008. Reversible photoreduction
of methylene blue in acrylate media containing
benzyl dimethyl ketal. Journal of Photochemistry and
Photobiology A: Chemistry 195(2-3): 378-383.

Gong, R., Zhong, K., Hu, Y., Chen, J. and Zhu, G.
2008. Thermochemical esterifying citric acid onto
lignocellulose for enhancing methylene blue sorption
capacity of rice straw. Journal of Environmental
Management 88(4): 875-880.

Gupta, N., Kushwaha, A. K. and Chattopadhyaya, M. C.
2011. Application of potato (Solanum tuberosum)
plant wastes for the removal of methylene blue and
malachite green dye from aqueous solution. Arabian
Journal of Chemistry Attp://dx.doi.org/10.1016/].
arabjc.2011.07.021.

Haddadian, Z., Shavandi, M. A., Abidin, Z. Z., Razi, A.
F. 1. and Ismail, M. H. S. 2013. Removal Methyl
Orange from Aqueous Solutions Using Dragon Fruit
(Hylocereusundatus) Foliage. Chemical Science
Transactions 2(3): 900-910.



Priyantha et al./IFRJ 22(5): 2141-2148

Hameed, B. H. 2009. Removal of cationic dye from aqueous
solution using jackfruit peel as non-conventional
low-cost adsorbent. Journal of Hazardous Materials
162(1): 344-350.

Han, X., Wang, W. and Ma, X. 2011. Adsorption
characteristics of methylene blue onto low cost
biomass material lotus leaf. Chemical Engineering
Journal 171(1): 1-8.

Hassan, W., Farooq, U., Ahmad, M., Athar, M. and
Khan, M. A. 2013. Potential biosorbent, Haloxylon
recurvum plant stems, for the removal of methylene
blue dye. Arabian Journal of Chemistry http://dx.doi.
org/10.1016/j.arabjc.2013.05.002.

Kooh, M. R. R., Lim, L. B. L., Dahri, M. K., Lim, L. H.
and Sarath Bandara, J. M. R. 2015. Azolla pinnata: An
Efficient Low Cost Material for Removal of Methyl
Violet 2B by Using Adsorption Method, Waste and
Biomass Valorization. DOI: 10.1007/s12649-015-
9369-0

Kumar, K. V. and Kumaran, A. 2005. Removal of
methylene blue by mango seed kernel powder.
Biochemical Engineering Journal 27(1): 83-93.

Langmuir, 1. 1918. The adsorption of gases on plane
surfaces of glass, mica and platinum. Journal of the
American Chemical Society 40(9): 1361-1403.

Lim, L. B. L., Priyantha, N., Tennakoon, D. T. B., Chieng,
H. I. and Bandara, C. 2013a. Sorption Characteristics
of Peat of Brunei Darussalam I: Characterization of
Peat and Adsorption Equilibrium Studies of Methylene
Blue - Peat Interactions . Ceylon Journal of Science
(Physical Sciences) 17: 41-51.

Lim, L.B.L., Priyantha, N., Tennakoon, D.T.B., Chieng,
H.I., Dahri, M.K. and Suklueng, M. 2013b. Breadnut
peel as a highly effective low-cost biosorbent for
methylene blue: Equilibrium, thermodynamic and
kinetic studies. Arabian Journal of Chemistry http://
dx.doi.org/10.1016/j.arabjc.2013.12.018

Lim, L. B. L., Priyantha, N., and Mohd Mansor N.H. 2015a.
Artocarpus altilis (breadfruit) skin as a potential low-
cost biosorbent for the removal of crystal violet dye:
equilibrium, thermodynamics and kinetics studies.
Environmental Earth Sciences 73(7), 3239-3247.

Lim, L. B. L., Priyantha, N., Chieng, H. 1., Dahri, M. K.,
Tennakoon, D. T. B., Zehra, T. and Suklueng, M.
2015b. Artocarpus odoratissimus skin as a potential
low-cost biosorbent for the removal of methylene
blue and methyl violet 2B. Desalination and Water
Treatment 53(4): 964-975.

Lim, L. B. L., Priyantha, N., Chieng, H. I. and Dahri, M. K.
2015c. Artocarpus camansi Blanco (Breadnut) core as
low-cost adsorbent for the removal of methylene blue:
equilibrium, thermodynamics and kinetics studies,
Desalination and Water Treatment http://dx.doi.org/
10.1080/19443994.2015.1007088

Liu, S.T., Huang, J., Ye, Y., Zhang, A.-B., Pan, L. and Chen,
X.G. 2013. Microwave enhanced Fenton process for
the removal of methylene blue from aqueous solution.
Chemical Engineering Journal 215-216: 586-590.

Mizrahi, Y. and Nerd, A. 1996. New crops as a possible
solution to the troubled Israeli export market. Progress

2147

in new crops. In Janick, J. and Simm, J. E. (Eds). p
56-64, Alexandria, Virginia: American Society of
Horticultural Science Press.

Mizrahi, Y. and Nerd, A. 1999. Climbing and columnar
cacti: New arid land fruit crops. Perspective on new
crops and new uses. In Janick, J. and Simm, J. E.
(Eds). p 358-366, Alexandria, Virginia: American
Society of Horticultural Science Press.

Mohammed, M. A., Shitu, A. and Ibrahim, A. 2014.
Removal of Methylene Blue Using Low Cost
Adsorbent: A Review. Research Journal of Chemical
Sciences 4(1): 91-102.

Oladoja, N. A., Aboluwoye, C. O. and Oladimeji, Y. B.
2008. Kinetics and Isotherm Studies on Methylene
Blue Adsorption onto Ground Palm Kernel Coat.
Turkish Journal of Engineering and Environmental
Sciences 32(2008): 303-312.

Ong, S.-A., Toorisaka, E., Hirata, M. and Hano, T. 2005.
Biodegradation of redox dye Methylene Blue by
up-flow anaerobic sludge blanket reactor. Journal of
Hazardous Materials 124(1-3): 88-94.

Panizza, M., Barbucci, A., Ricotti, R. and Cerisola, G.
2007. Electrochemical degradation of methylene blue.
Separation and Purification Technology 54(3): 382-
387.

Pathania, D., Sharma, S. and Singh, P. 2013. Removal
of methylene blue by adsorption onto activated
carbon developed from Ficus carica bast. Arabian
Journal of Chemistry Attp://dx.doi.org/10.1016/].
arabjc.2013.04.021.

Paulino, A. T., Guilherme, M. R., Reis, A. V., Campese,
G. M., Muniz, E. C. and Nozaki, J. 2006. Removal
of methylene blue dye from an aqueous media using
superabsorbent hydrogel supported on modified
polysaccharide. Journal of Colloid and Interface
Science 301(1): 55-62.

Pavan, F. A., Lima, E. C., Dias, S. L. P. and Mazzocato,
A. C. 2008. Methylene blue biosorption from aqueous
solutions by yellow passion fruit waste. Journal of
Hazardous Materials 150(3): 703-712.

Pavan, F. A., Mazzocato, A. C. and Gushikem, Y. 2008.
Removal of methylene blue dye from aqueous
solutions by adsorption using yellow passion fruit peel
as adsorbent. Bioresource Technology 99(8): 3162-
3165.

Prahas, D., Kartika, Y., Indraswati, N. and Ismadji, S. 2008.
The use of activated carbon Prepared from Jackfruit
(Artocarpus heterophyllus) peel waste for methylene
blue removal. Journal of Environmental Protection
Science 2: 1-10.

Priyantha, N., Lim, L. B. L., Dahri, M. K. and Tennakoon,
D. T. B. 2013. Dragon Fruit Skin as a Potential Low-
Cost Biosorbent for the Removal of Manganese(II)
Ions. Journal of Applied Sciences in Environmental
Sanitation 8(3): 179-188.

Pushpakumara, D. K. N. G., Gunasena, H. P. M. and
Kariayawasam, M. 2005. Flowering and fruiting
phenology, pollination vectors and breeding system of
Dragon fruit (Hylocereus spp.). Sri Lanka Journal of
Agricultural Science. 42: 81-91.



2148 Priyantha et al./IFRJ 22(5): 2141-2148

Ratna and Padhi, B. S. 2012. Pollution due to synthetic dyes
toxicity & carcinogenicity studies and remediation.
International Journal of Environmental Sciences 3(3):
940-955.

Santhi, T., Manonmani, S. and Smitha, T. 2010. Kinetics
And Isotherm Studies On Cationic Dyes Adsorption
Onto Annona Squmosa Seed Activated Carbon.
International Journal of Engineering Science and
Technology 2(3): 287-295.

Tempkin, M. 1. and Pyzhev, V. 1940. Kinetics of
ammonia synthesis on promoted iron catalyst. Acta
Physiochimica USSR 12: 327-356.

Vadivelan, V. and Kumar, K. V. 2005. Equilibrium,
kinetics, mechanism, and process design for the
sorption of methylene blue onto rice husk. Journal of
Colloid and Interface Science 286(1): 90-100.

Valdés, H., Tardon, R. F. and Zaror, C. A. 2012. Methylene
blue removal from contaminated waters using
heterogeneous catalytic ozonation promoted by
natural zeolite: mechanism and kinetic approach.
Environmental Technology 33(16): 1895-1903.

Vilar, V. J. P,, Botelho, C. M. S. and Boaventura, R. A.
R. 2008. Effect of Cu(Il), Cd(II) and Zn(II) on Pb(II)
biosorption by algae Gelidium-derived materials.
Journal of Hazardous Materials 154(1-3): 711-720.

Wang, C., Yediler, A., Lienert, D., Wang, Z. and Kettrup,
A. 2002. Toxicity evaluation of reactive dyestuffs,
auxiliaries and selected effluents in textile finishing
industry to luminescent bacteria Vibrio fischeri.
Chemosphere 46(2): 339-344.

Zehra, T., Priyantha, N., Lim, L.B.L. and Igbal, E. 2015.
Sorption characteristics of peat of Brunei Darussalam
V: removal of congo red dye from aqueous solution by
peat. Desalination and Water Treatment 54(9): 2592-
2600



