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A B S T R AC T

A waste material with practically no cost, durian peel (DP) was studied for its ability to remove 
Basic blue 3 (BB3) from aqueous solutions. Batch kinetic studies were carried out to study the 
adsorption characteristics under various experimental conditions. The optimum pH for the dye 
removal occurred in the pH range of 3–10. Adsorption was found to be concentration depen-
dent. The kinetics of dye adsorption fi tted a pseudo-second order rate expression. Both Lang-
muir and Freundlich models appeared to provide reasonable fi ttings for the adsorption data of 
BB3 on DP. Application of Langmuir isotherm indicated that under the experimental condition 
of room temperature (25 ± 2°C) with natural pH of the dye solution and shaken at 150 rpm, the 
maximum adsorption capacity of DP for BB3 was 49.50 mg g−1. The percentage uptake of BB3 
increased with the increase in temperature. Adsorption of BB3 was found to be endothermic 
and various thermodynamic parameters were evaluated using van’t Hoff plot.
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1. Introduction

The discharge of dyes into aquatic ecosystems has 
become a matter of concern over the last few decades. 
At present there are more than 100,000 commercial dyes 
with a rough estimated production of 7 × 105 tons per 
year [1]. The extensive usage of dyes in many industries 
to color their products resulted in a huge amount of col-
ored waste and this is worrying for both toxicology and 
esthetical reasons. Therefore, the removal of dyes from 
wastewater has become environmentally important 
not only for their high chemical and biological oxygen 

demand and suspended solids but also for their per-
turbing effect in photosynthetic activity in aquatic life 
due to reduced light penetration. Some researchers have 
also determined that some dyes, dye precursors and 
their biotransformation products are toxic, mutagenic 
and carcinogenic in nature [2]. For example, basic dyes, 
which are predominantly used in colouring acrylic fi ber 
are generally more toxic than other classes of dyes [3]. 
Thus, the removal of basic dyes (such as BB3 in this 
study) from the environmental is worthwhile noting.

The range of conventional methods for dye removal 
includes advanced oxidation process, membrane sepa-
ration, ion-exchange, photodegradation and carbon 
adsorption. However, treating coloured wastewater by 
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 conventional treatment methods posted several diffi -
culties and therefore, researches have been focused on 
seeking a better and economical alternative. Amongst 
all, liquid phase adsorption is one of the most popular 
investigated methods for the removal of dyes. Adsorp-
tion techniques have become increasingly popular not 
only because of its relatively low initial treatment cost, 
ease of operation, fl exibility and simplicity of design, 
but also insensitivity to toxic pollutants and the avail-
ability of wide range of adsorbents.

The commercially available activated carbon is con-
sidered to be an effi cient adsorbent for the removal of 
various dyes but the usage of activated carbon has been 
limited by its high cost due [4]. However, this adsorp-
tion process still remains as an attractive alternative 
for the treatment of dye wastewaters if the adsorbent 
is inexpensive and does not require an additional pre-
treatment step before its application.

Due to this reason, various plant wastes have been 
studied for their adsorption capacities as they are inex-
pensive or low-cost, abundant in nature and require lit-
tle processing. Some dye-adsorbent systems which have 
demonstrated commercial potential include sun fl ower 
seed, Neem leaf powder, orange peel, jackfruit peel, 
groundnut shell, banana pith, hazelnut shell, rice husk, 
wood shaving, corncorb and sugarcane bagasse [5–14].

The amount of durian shell generated is approxi-
mately 350,000 tons, and direct discharge of this solid 
waste will cause the environmental problems [15]. 
Exploring the possibility usage of this locally abundant 
waste material not only will reduce the environment 
burden but could also be benefi cial to the economy. 
However, a very limited study in the literature [16–18], 
has, hitherto reported on the potential of durian peel as 
the adsorbent for dyes removal. Therefore, in this study 
efforts are attempted to evaluate the feasibility of using 
this solid waste as an adsorbent for basic dye removal.

2. Materials and methods

2.1. Sorbent

Durian peel (DP) was collected and washed thor-
oughly to ensure the removal of dirt and other impuri-
ties. It was then rinsed several times with distilled water 
and cut into small pieces. DP was sun dried to completely 
remove the moisture content and the dried DP was 
ground to pass through a 1 mm-sieve and labelled as DP.

2.2. Sorbate

Synthetic dye solution of BB3 (C.I. = 51,004, FW = 
359.89, λmax = 654 nm, Aldrich 25% purity) was used as 
adsorbate in this study. This commercial dye was used 

without any further purifi cation and the structure is 
shown in Fig. 1. Standard dye solution of 1000 mg l−1 of 
BB3 was prepared as stock solution and subsequently 
diluted when necessary.

2.3. Surface characterization

Field emission scanning electron microscopy 
(FESEM) analysis was carried out to study the surface 
morphology of DP. The micrograph was taken using 
FESEM JSM 6701F (JEOL) operated at emission current 
of 2.00 kV with working distance of 6.0 mm. The func-
tional groups DP were determined using Perkin-Elmer 
System 2000 FT-IR Spectrometer. The sample disk was 
prepared by mixing the dried biosorbent with KBr. The 
mixture was then ground and compressed into a pellet 
before it was analyzed to obtain the spectrum.

2.4. Batch adsorption studies

All the batch adsorption experiments were per-
formed in duplicate by agitating 0.10 g of sorbent in 
20 ml of dye solution in a centrifuge tube and shaken at 
150 rpm on an orbital shaker at room temperature (25 ± 
2°C) unless otherwise stated. The results presented are 
the means value. Control without sorbent were simulta-
neously carried out to demonstrate dye uptake was due 
to sorbent and not the wall of the centrifuge tube. At the 
end of the adsorption process, the mixtures were centri-
fuged at 3000 rpm phase separation. The BB3 dye con-
centrations were analysed using Perkin Elmer Lamda 
35 double-beam UV/visible spectrophotometer with 
1.0 cm light path cuvette (quartz cell) at the wavelength 
corresponding to maximum absorption, λmax = 654 nm. 
Dilutions were carried out when the measurement 
exceeded the linearity of the calibration curve.

The percentage uptake of BB3 was calculated by the 
following equation:

Percentage removal e= ×
C C−

C
o

o
100 %

 (1)

where Co and Ce (mg l−1) are the initial and equilibrium 
liquid phase concentration of BB3, respectively.
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Fig. 1. The structure of BB3.
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2.4.1. Effect of pH

The effect of pH in the removal of BB3 was analyzed 
over the range from 2 to 10. The initial pH of the dye 
solutions was adjusted by adding dilute HCI or NaOH.

2.4.2. Effect initial concentration and contact time

The contact time experiments were performed with 
concentrations ranging from 50 to 200 mg l−1. The sam-
ples were withdrawn and analyzed for their dye concen-
trations at predetermined intervals.

2.4.3. Effect of temperature

In the effect of temperature, the experiment was car-
ried out in a water bath shaker at the temperatures rang-
ing from 30 to 80°C.

2.4.4. Sorption isotherm

Adsorption isotherms were obtained by varying BB3 
concentrations from 25 to 200 mg l−1. Linear regression 
analyses were also carried out for isotherm studies to 
identify the best fi t model for the adsorption studies.

3. Results and discussion

3.1. Characterization of durian peel

Figs. 2(a) and (b) depict the FESEM images of pris-
tine DP. An unsmooth surface with structure of irregular 
in shape was found in the sample prepared. As shown in 
the FESEM image of higher magnifi cation (Fig. 2(b)), the 
DP has a non porous confi guration, in well agreement 
with previous report [19].

The spectrum of DP was measured within the range 
of 4000–400 cm−1 wavenumber. The FTIR spectrum of DP 
(Fig. 3) displayed a number of absorption peaks, indicat-
ing the complex nature of the studied sorbent. Strong 
absorption observed in the region 3600–3200 cm−1 is 
most probably due to the hydroxyl groups of DH and 
moisture absorbed during the preparation of KBr disk. 
The peak around 1637 cm−1 can be assigned to the C=O 
stretching from the lignin carbonyl groups. The absorp-
tion peak observed at 1059 cm−1 corresponds to the C–O 
band which is also an indicative of the presence of lig-
nin structure in DP. The additional peak at 592 cm−1 can 
be assigned to bending modes of aromatic compounds 
[20–22].

3.2. Effect of pH

The pH at point of zero charge (pHpzc) of DP was 
determined by the mass titration method [23] and 
found to be 5.0. The uptake below pHpzc can perhaps be 

attributed by the simultaneous occurrence of different 
kinds of interactions such as entrapment, ion-exchange, 
hydrophobic attraction, physical adsorption and etc. 
Similar adsorption pattern has been reported in the 
uptake of cadmium ions by various fruit peel wastes [24].

As the surface charge of the adsorbent and the degree 
of ionization of the adsorbate will be affected by the pH 

Fig. 2. FESEM images of DP with magnifi cations of (a) 2500 ×
and (b) 20,000 ×.
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Fig. 3. FT-IR spectrum of DP.
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 of the solution, therefore the infl uence of initial pH was 
the fi rst parameter to be investigated in this study. Fig. 4 
shows the results of the percentage uptake of BB3 from 
pH 2 to 10. The percentage uptake of BB3 was lowest at 
pH 2 and increased sharply by 17.03% at pH 3. There-
after, the percentage uptake became almost consistent 
which is in the range of 92–94%. It is suggested that at 
lower pH, the adsorbent’s surface may get positively 
charged which is not favorable for the adsorption of dye 
cations due to electrostatic repulsion. With increasing 
pH, the number of negatively charged sites increased, 
resulting in adsorption sites that were made available 
for binding with BB3, and thus facilitate a higher per-
centage uptake. A noticeable and abrupt decrease in the 
percentage uptake was observed as the initial pH was 
increased from 10 to 11. The decrease is considered to be 
closely related to the precipitation that occurred. Similar 
observation was reported in the removal of Basic Green 
4 by modifi ed rice straw [25].

The extent of BB3 removal involving DP shows that 
it is strongly dependent on solution pH. Due to the pres-
ence of different functional groups on DP and its spe-
cifi c characteristics, it is quite possible that at least some 
of these mechanisms (e.g., complexation, ion-exchange 
due to surface ionization, and formation of hydrogen 
bonds) are to varying degrees acting simultaneously for 
the binding with BB3.

3.3. Effect of initial dye concentration and contact time

The infl uence of initial BB3 dye concentrations on 
the dye uptake by DP as a function of time is shown in 
Fig. 5. The rate of adsorption was very rapid and equi-
librium was achieved within 120 min. The rapid uptake 
at the initial stage indicates that there were many avail-
able sites for adsorption and attributes to the rapid 
attachment of the dye molecules to the surface of the 
adsorbent.

It is generally accepted that in a dynamic well stirred 
solid-liquid system, the adsorption process can be sep-
arated into three stages [26–28]. At the fi rst stage, BB3 
dye molecules had to diffuse through the solution to the 
external surface of the DP, also known as fi lm mass trans-
fer. The second stage involved the diffusion within the 
pores of DP internal structure which required a longer 
time before it reached equilibrium and the third stage is 
the adsorption of BB3 on the active sites on the internal 
surface of the pores. In addition, it was observed that the 
time profi le of the removal was a smooth and continu-
ous curve leading to saturation, indicating the possibil-
ity of the formation of monolayer coverage of dye on the 
surface of DP [29].

3.4. Kinetic studies

In order to explore the kinetics involved in BB3 
adsorption, the experimental data was studied with 
respect to two different kinetic models, namely pseudo-
fi rst order model [30] and pseudo-second order model 
[31]. The equations are expressed as follows:

log( ) log( )
.

q q q
k t

tq )qtq − 1

2 303  
(pseudo-fi rst order equation) (2)

and

t
q h

t
qeh q

= +1

(pseudo-second order equation) (3)

where qe is the amount of BB3 adsorbed at equilib-
rium (mg g−1), qt is the amount of BB3 adsorbed at time 
t (mg g−1), k1 is the rate constant of pseudo-fi rst order 
kinetics (min−1), h (k2qe

2) is the initial adsorption rate 
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Fig. 4. Effect of pH on the adsorption of BB3 by DP (0.10 g DP; 
20 ml dye solution; 150 rpm; 4 h).
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Fig. 5. Effect of initial dye concentrations and contact time on 
adsorption of BB3 by DP. ♦, ∎,  – 50, 100 and 200 mg l−1 of 
BB3 (0.10 g DP; 20 ml; natural pH of dye solution; 150 rpm).
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(mg g−1 min−1) and k2 is the rate constant of pseudo-second
order kinetics (g mg−1 min−1).

Values of k1 for the pseudo-fi rst order kinetic model 
were obtained from the slopes of the linear plots of log 
(qe − qt) versus t for the studied concentrations. It was 
found that the pseudo fi rst order kinetic model did not 
fi t well for the whole range of concentrations studied as 
the equilibrium adsorption capacities calculated from 
this kinetic model gave unreasonable values compared 
to those determined experimentally (Table 1). The appli-
cation of pseudo second order kinetic model appeared 
to provide a better correlation of the experimental data 
than the pseudo fi rst order model for the dye system. In 
addition the correlation coeffi cients for the pseudo fi rst 
order kinetic model obtained at various concentrations 
are in general lower than those of the pseudo second 
order model (Table 1).

The linear plots of pseudo-second order kinetics
model with R2 values higher than 0.99 indicates that the 
system under study is more appropriately described 
by the pseudo-second order model which was based 
on the assumption that the rate limiting step may 
be chemical adsorption or chemisorption involving 
valency forces through sharing or exchange of elec-
tron between adsorbent and adsorbate [32]. A number 
of authors have also reported on the applicability of 
pseudo-second order kinetics for the adsorption pro-
cess [33–41]. The values of qe, k2 and h against Co in the 
corresponding linear plots of the pseudo-second order 
equation were regressed to obtain expressions for these 
values in terms of the initial dye concentration. Each of 
these parameters can be expressed as a function of Co 
for BB3 as reported by [32]:

q
C

A C B
o

o
e

q qC Bo
=

+
 

(4)

k
C

A C B
o

2 =
+k kC Bo +  

(5)

h
C

A C B
o

o
=

+h hC Bo +  
(6)

where Aq, Bq, Ak, Bk, Ah and Bh are constants related to 
the respective equations. The constant values can then 
be determined from the slopes and intercepts of the 
linear plots accordingly, which are listed in Table 2.

Thus, the generalized predictive models for BB3 
adsorbed at any contact time and initial concentration 
within the given range with relationship of qt, Co and t
can be represented as follows by substituting the various 
values in the equations mentioned earlier into Eq. (3).

The theoretical model for BB3-DP system can there-
fore be represented as:

q
C t

C C t
o

o oCt =
+0 0973 5. C0973 ( . . )1126  

(7)

Eq. (7) was employed to represent the generalized 
predictive model for BB3 adsorbed at any contact time 
and initial dye concentration within a given range. Fig. 6 
shows a typical plot of comparison between the experi-
mental and theoretically pseudo-second order mod-
elled time profi le for BB3 adsorption by DP. It is evident 
that the pseudo-second order rate law provided a good 
prediction for the amounts of BB3 adsorbed over the 
studied range.

3.5. Effect of temperature and adsorption thermodynamics

The effect of temperature in the removal of BB3 by 
DP showed that the percentage uptake of BB3 increased 
gradually as the temperature increased from 30°C to 80°C.

Table 1
Pseudo-fi rst and pseudo-second order kinetic model parameters for different initial BB3 concentrations

Initial BB3 
concentration 
(mg l−1)

qe, exp 
(mg g−1)

Pseudo-fi rst order kinetic model Pseudo-second order kinetic model

qe, cal 
(mg g−1)

k1 
(min−1)

R2 qe, cal 
(mg g−1)

k2 
(g mg−1 min−1)

h 
(mg g−1 min−1)

R2

50 8.435 0.152 −4.145 × 10−3 0.235 8.482 1.396 × 10−1 10.040 1.000

100 18.377 0.851 5.988 × 10−3 0.224 18.519 4.091 × 10−2 14.025 1.000

200 30.860 2.805 3.455 × 10−3 0.579 32.154 8.501 × 10−3 8.787 0.999

Table 2
Empirical parameters for predicted qe, k and h from Co

Aq (g mg−1) Bq (g l−1) Ak (mg min g−1) Bk (mg2 min g−1 l−1) Ah (g min mg−1) Bh (g min l−1)

2.611 × 10−3 5.113 1.190 × 102 −5.442 × 103 9.732 × 10−2 −0.191
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This observation indicates that the adsorption process 
was an endothermic process and favors higher tempera-
ture. A rise in temperature increases the mobility and 
kinetic energy of dye molecules in solution, thus result-
ing in an increase in the percentage of dye uptake. This 
result can also be explained by the increase of the pore 
size and the total pore volume of DP at elevated tem-
perature which facilitates the penetration of BB3 dye 
molecules into the internal structure. Alternatively, the 
increase of adsorption with temperature may be due to 
the chemisorption. Since chemisorption is mainly irre-
versible, the BB3 dye molecules were chemisorbed onto 
DP with an increasing number of molecules acquiring 
suffi cient energy to undergo chemical reaction with the 
binding sites on the surface of DP. As a result, the extent 
of colour removal increases with elevating temperature.

The dependence of BB3 adsorption on temperature 
can be further confi rmed by the van’t Hoff plot based on 
the equation below:

log
. .

K
S

R
H

RTd

o oH= −Δ ΔSo

2 303 2 303
(8)

where Kd (qe/Ce) is the distribution coeffi cient, T is the 
absolute dye solution temperature (K) and R is the uni-
versal gas constant (8.314 J mol−1 K−1).

A plot of log Kd against 1/T gave a linear graph as 
shown in Fig. 7. It can be observed that the logarithm 
of the distribution coeffi cient decreased linearly with 
increasing temperature. The values of ΔH° and ΔS° deter-
mined from the slope and intercept of the van’t Hoff plot 
were 10.13 kJ mol−1 and 40.85 J mol−1 K−1, respectively. 
The positive value of ΔH° indicates the endothermic 
nature of the adsorption interaction. Whereas the positive 
value of ΔS° shows the increase of disorder at the solid-
solution interface during the adsorption of BB3 on the DP. 

The adsorption increase the randomness at the solid-
solution interface with some structural changes in the 
adsorbate and adsorbent and an affi nity of the adsorbent 
[42]. On the other hand, the negative values of ΔG° and 
the shift in magnitude of ΔG° to higher negative values at 
higher temperature (Table 3) are indicative of a rapid and 
more spontaneous adsorption at higher temperature.

3.6. Adsorption isotherms

The adsorption properties and equilibrium data, 
commonly known as adsorption isotherms can pro-
vide the basic and fundamental information on the 
adsorbate-adsorbent interactions. As the information 
gathered from this parameter are important for evaluat-
ing the applicability of the adsorption process as a unit 
operation therefore the equilibrium adsorption data of 
BB3 on DP are fi tted into two well-known isotherms, 
namely Langmuir and Freundlich equations.

The linear form of Langmuir isotherm model is given 
by the following equation:

C
q Q K

C
QoQ

e

LQ KoK
e= +

1

 
(9)
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second order modelled time profi les for BB3 adsorption by 
DP. ♦, ∎,  – 50, 100 and 200 mg l−1 of BB3. Symbol- experi-
mental; Line – theoretical (0.10 g DP; 20 ml; natural pH of dye 
solution; 150 rpm).
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Fig. 7. van’t Hoff equation plot on adsorption of BB3 by DP 
(0.10 g DP; 20 ml; natural pH of dye solution; 100 mg l−1; 
4 h;150 rpm).

Table 3
The change in free energy (ΔG) for the adsorption of BB3 
onto DP

Temperature, T (K) ΔG° (kJ mol−1) Kd (l g−1)

303 −2.250 2.443

313 −2.659 2.778

323 −3.067 3.133

333 −3.476 3.498

343 −3.884 3.904

353 −4.293 4.318
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treated spent bleaching earth have been reported pre-
viously [33,45–47]. Notwithstanding this, Langmuir 
model allows the calculation of maximum adsorption 
capacities that could be useful for the comparison of the 
adsorption effi ciency of the material under studied with 
other adsorbents (Table 5).

whereas the linear form of Freundlich isotherm model 
can be represented as:

g
log

logq
C

n
Ke

e
f= +

g e
(10)

where Ce is the equilibrium liquid phase dye concentra-
tion (mg l−1), qe is the amount of dye adsorbed at equi-
librium (mg g−1), Qo is the maximum adsorption capacity 
(mg g−1), KL is the adsorption equilibrium constant (l mg−1), 
n is Freundlich constant for intensity and Kf is Freundlich 
constant for adsorption capacity. The slope of 1/n rang-
ing between 0 and 1 is a measure of adsorption intensity 
or surface heterogeneity, becoming more heterogeneous 
as its value gets closer to zero [43]. A value for 1/n below 
one indicates a normal Langmuir isotherm while 1/n 
above one is indicative of cooperative adsorption [44].

The parameters determined from each isotherm 
model are listed in Table 4 whereas the linear Langmuir 
and Freundlich plots of BB3-DP systems are shown in 
Figs. 8 and 9, respectively. Although based on different 
assumptions: Langmuir model implies monolayer cov-
erage and constant adsorption energy while the Freun-
dlich model deals with physicochemical adsorption on 
heterogeneous surfaces, the experimental data appeared 
to fi t in well in both isotherm models. Applicability of 
both isotherms to adsorption of dyes by agricultural 
wastes, activated carbons prepared from wastes and 

Table 4
Langmuir and Freundlich isotherm model constants and 
correlation coeffi cients for sorption of BB3 by DP

Langmuir isotherm Freundlich 
isotherm

Qo (mg g−1) KL (l mg−1) R2 RL KF 1/n R2

49.50 0.092 0.995 0.056 4.854 0.666 0.984
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Fig. 8. Langmuir isotherm on adsorption of BB3 by DP (0.10 g 
DP; 20 ml; natural pH of dye solution; 4 h;150 rpm).
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Fig. 9. Freundlich isotherm on adsorption of BB3 by DP 
(0.10 g DP; 20 ml; natural pH of dye solution; 4 h;150 rpm).

Table 5
Comparison of maximum adsorption capacity for BB3 by different adsorbents

Adsorbent Maximum adsorption capacity (mg g−1) Reference

Activated carbon 648.6 [48]

Activated sludge biomass 36.5 [49]

Palm fruit bunch 92 [48]

Ethylenediamine modifi ed rice hull 3.29 [33]

Quartenised sugar cane bagasse 5.58 [50]
Corynebacterium glutamicum 7.90 [51]

NTA modifi ed sugarcane bagasse 54.35 [34]

Natural sugarcane bagasse 23.64 [52]

Natural durian peel 49.50 This study
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 4. Conclusions

This study has shown the effectiveness of DP as a 
potential low cost adsorbent for the removal of BB3 in 
aqueous solutions. In the batch studies, the results indi-
cated that adsorption capacity of DP was considerably 
affected by initial BB3 concentrations, contact time, pH 
and temperature. The optimal pH for the removal of BB3 
was in the range of 3–10. Equilibrium adsorption data 
conform to both Langmuir and Freundlich isotherms 
and maximum adsorption capacity was 49.50 mg g−1. 
Analysis of the kinetics data implied that pseudo-second 
order kinetics model provided a better correlation of the 
experimental results than pseudo-fi rst order kinetic. The 
adsorption profi les derived based on the pseudo-second 
order kinetic model showed good agreement with the 
experimental curves. Besides, the percentage of BB3 
uptake increased with elevating temperature and the 
thermodynamics data showed that the adsorption was 
an endothermic process.

Acknowledgements

The fi nancial support by the International Foun-
dation for Science, Stockholm, Sweden, and research 
facilities by Universiti Tunku Abdul Rahman are all 
acknowledged.

References

 [1] J.W. Lee, S.P. Choi, R. Thiruvenkatachari, W.G. Shim and 
H. Moon, Evaluation of the performance of adsorption and 
coagulation processes for the maximum removal of reactive 
dyes, Dyes Pigm., 69 (2006) 196–203.

 [2] W.H. Cheung, Y.S. Szeto and G. McKay, Enhancing the adsorp-
tion capacities of acid dyes by chitosan nano particles, Biore-
sour. Technol., 100 (2008) 1143–1148.

 [3] Hunger, K. (ed.) Industrial Dyes: Chemistry, Properties, Applica-
tions, Wiley-VCH, Weinheim (2003).

 [4] B.H. Hameed, I.A.W. Tan and A.L. Ahmad, Adsorption iso-
therm, kinetic modeling and mechanism of 2,4,6-trichlorophe-
nol on coconut husk-based activated carbon, Chem. Eng. J., 144 
(2008) 235–244.

 [5] S.T. Ong, P.S. Keng, S.L. Lee, M.H. Leong and Y.T. Hung, Equi-
librium studies for the removal of basic dye by sunfl ower seed 
husk (Helianthus annuus), Int. J. Phys. Sci., 5 (2010) 1270–1276.

 [6] K.G. Bhattacharyya and A. Sharma, Kinetics and thermody-
namics of methylene blue adsorption on neem (Azadirachta 
indica) leaf powder, Dyes Pigm., 65 (2004) 51–59.

 [7] A.E. Nemr, O. Abdelwahab, O. El-Sikaily and A. Khaled, 
Removal of direct blue-86 from aqueous solution by new acti-
vated carbon developed from orange peel, J. Hazard. Mater., 
161 (2009) 102–110.

 [8] B.H. Hameed, R.R. Krishni and S.A. Sata, A novel agricultural 
waste adsorbent for the removal of cationic dye from aqueous 
solutions, J. Hazard. Mater., 162 (2009) 305–311.

 [9] R. Malik, D.S. Ramteke and S.R. Wate, Adsorption of malachite 
green on groundnut shell waste based powdered activated 
carbon, Waste Manage., 27 (2006) 1129–1138.

[10] S.T. Ong, E.C. Khoo, P.S. Keng, S.L. Hii, S.L. Lee, Y.T. Hung and 
S.T. Ha, Plackeet–Burman and response surface methodologi-
cal approach to optimize basic dyes removal using sugarcane 
bagasse, Desalin. Water Treat., 25 (2011) 310–318.

[11] F. Ferrero, Dye removal by low cost adsorbents: hazelnut shells 
in comparison with sawdust, J. Hazard. Mater., 10 (2006), 72–81.

[12] R.P. Han, D.D. Ding, Y.F. Xu, W.H. Zou, Y.F. Wang, Y. Li and 
L. Zou, Use of rice husk for the adsorption of congo red from 
aqueous solution in column mode, Bioresour. Technol., 99 
(2008) 2938–2946.

[13] P. Janos, S. Coskun, V. Pilarová and J. Rejnek, Removal of basic 
(methylene blue) and acid (egacid orange) dyes from waters 
by sorption on chemically treated wood shavings, Bioresour. 
Technol., 100 (2008) 1450–1453.

[14] S.T. Ong, P.S. Keng, A.W. Chong, S.L. Lee and Y.T. Hung, Tar-
taric acid modifi ed rice hull as a sorbent for methylene blue 
removal, Am. J. Environ. Sci., 6 (2010) 244–248.

[15] T.C. Chandra, M.M. Mirna, Y. Sudaryanto and S. Ismadji, 
Adsorption of basic dye onto activated carbon prepared from 
durian shell: studies of adsorption equilibrium and kinetics, 
Chem. Eng. J., 127 (2007) 121–129.

[16] B.H. Hameed and H. Hakimi, Utilization of durian peel as low 
cost adsorbent for the removal of acid dye from aqueous solu-
tions, Biochem. Eng. J., 39 (2008) 338–343.

[17] S. Srikun, S. Hirunpraditkun and K. Nuithitikul, Adsorption 
of malachite green dye onto activated carbon derived from 
durian peel, Proceedings of the 7th IASME/WSEAS Interna-
tional Conference HTE’ 09 (2009) 106–111.

[18] S.T. Ong, P.S. Keng, M.S. Voon, S.L. Lee and Y.T. Hung, Sorp-
tion of basic dye from aqueous solution by durian peel, World 
Appl. Sci. J., 9 (2010) 245–249.

[19] T.C. Chandra, M.M. Mirna, J. Sunarso, Y. Sudaryanto and 
S. Ismadji, Activated carbon from durian shell: preparation and 
characterization, J. Taiwan Inst. Chem. Eng., 40 (2009) 457–462.

[20] U.K. Garg, M.P. Kaur, V.K. Garg and D. Sud, Removal of 
hexavalent chromium from aqueous solution by agricultural 
waste biomass, J. Hazard. Mater., 140 (2007) 60–68.

[21] C.F. Liu, R.C. Sun and J. Ye, Structural and thermal character-
ization of sugarcane bagasse phthalates prepared with ultra-
sound irradiation, Polym. Degrad. Stab., 91 (2006) 280–288.

[22] R. Singh, S. Singh, K.D. Trimukhe, K.V. Pandare, K.B. 
Bastawade, D.V. Gokhale and A.J. Varma, Lignin carbohydrate 
complexes from sugarcane bagasse: preparation, purifi cation 
and characterization, Carbohydr. Polym., 62 (2005) 57–66.

[23] J.S. Noh and J.A. Schwarz, Effect of HNO3 treatment on the 
surface acidity of activated carbons, Carbon, 28 (1990) 675–682.

[24] W. Saikaew and P. Kaewsarn, Cadmium ion removal using 
biosorbents derived from fruit peel wastes, Songklanakarin 
J. Sci. Technol., 31 (2009) 547–554.

[25] R.M. Gong, Y.B. Jin, J. Sun and K.D. Zhong, Preparation and 
utilization of rice straw bearing carboxyl groups for removal 
of basic dyes from aqueous solution, Dyes Pigm., 76 (2008) 
519–524.

[26] A. Findon, G. McKay and H.S. Blair, Transport studies for the 
sorption of copper ions by chitosan, J. Environ. Health, 28 
(1993) 173–185.

[27] I. Saucedo, E. Guibal, Ch. Roulph and P. Le, Cloive, Sorption of 
uranyl ions by a modifi ed chitosan: kinetics and equilibrium 
studies, Environ. Technol., 13 (1992) 1101–1116.

[28] B. Koumanova, P. Peeva and S. Allen, Variation of intraparticle 
diffusion parameter during adsorption of p-chlorophenol onto 
activated carbon made from apricot stones, J. Chem. Technol. 
Biotechnol., 78 (2003) 582–587.

[29] A.A. Ahmad, B.H. Hameed and N. Aziz, Adsorption of direct 
dye on palm ash: kinetic and equilibrium modeling, J. Hazard. 
Mater., 141 (2006) 70–76.

[30] S. Langergren and B.K. Svenska, Zur theorie der sogenannten 
adsorption geloester stoffe, Veternskapsakad Handlingar, 24 
(1898) 1–39.

[31] Y.S. Ho and G. McKay, Pseudo second order model for sorption 
process, Pr. Biochem., 34 (1999) 451–465.

[32] Y.S. Ho and G. McKay, The kinetics of sorption of divalent metals 
ions onto sphagnum moss peat, Water Res., 34 (2000) 735–742.

[33] S.T. Ong, C.K. Lee and Z. Zainal, Removal of basic and reac-
tive dyes using ethylenediamine modifi ed rice hull, Bioresour. 
Technol., 98 (2007) 2792–2799.



S.-T. Ong et al. / Desalination and Water Treatment 45 (2012) 161–169 169

[43] F. Haghseresht and G. Lu, Adsorption characteristics of phe-
nolic compounds onto coal-reject-derived adsorbents, Energy 
Fuels, 12 (1998) 1100–1107.

[44] K. Fytianos, E. Voudrias and E. Kokkalis, Sorption–desorption 
behavior of 2,4-dichloriphenol by marine sediments, Chemo-
sphere, 40 (2000) 3–6.

[45] C. Namasivayam, R. Radhika and S. Suba, Uptakes of dyes 
by a promising locally available agricultural solid waste: coir 
pith, Waste Manage., 21 (2001) 381–387.

[46] P.K. Malik, Use of activated carbons prepared from sawdust 
and rice-husk for adsorption of acid dyes: a case study of acid 
yellow 36, Dyes Pigm., 56 (2003) 239–249.

[47] C.K. Lee, K.S. Low and P.Y. Gan, Removal of some organic dyes 
by acid treated spent bleaching earth, Environ. Technol., 20 
(1998) 99–104.

[48] M.M. Nassar and Y.H. Magdy, Removal of different basic dyes 
from aqueous solutions by adsorption on palm-fruit bunch 
particles, Chem. Eng. J., 66 (1997) 223–226.

[49] H.C. Chu and K.M. Chen, Reuse of activated sludge bio-
mass: I. removal of basic dyes from wastewater by biomass, 
Pr. Biochem., 37 (2002) 595–600.

[50] S.Y. Wong, Y.P. Tan, A.H. Abdullah and S.T. Ong, The removal 
of basic and reactive dyes using quartenised sugar cane 
bagasse, J. Phys. Sci., 20 (2009) 59–74.

[51] K. Vijayaraghavan and Y. Yun, Competition of reactive red 
4, reactive orange 16 and basic blue 3 during biosorption of 
reactive blue 4 by polysulfone-immobilized Corynebacterium 
glutamicum, J. Hazard. Mater., 153 (2008) 478–486.

[52] S.T. Ong, E.C. Khoo, S.L. Hii and S.T. Ha, Utilization of sug-
arcane bagasse for removal of basic dyes from aqueous 
environment in single and binary systems, Desalin. Water 
Treat., 20 (2010) 86–95.

[34] S.T. Ong, S.T. Ha, E.C. Khoo and S.L. Hii, Nitrilotriacetic acid 
modifi ed sugarcane bagasse in the removal of basic blue 3 
from aqueous environment, Int. J. Environ. Eng., (2010) Article 
in press.

[35] A. Jumasiah, T.G. Chuah, J. Gimbon, T.S.Y. Choong and I. Azni, 
Adsorption of basic dye onto palm kernel shell activated car-
bon: sorption equilibrium and kinetics studies, Desalination, 
186 (2005) 57–64.

[36] S. Wang, Z.H. Zhu, A. Coomes, F. Haghseresht and G.Q. Lu, 
The physical and surface chemical characteristics of activated 
carbons and the adsorption of methylene blue from wastewa-
ter, J. Colloid Interface Sci., 284 (2005) 440–446.

[37] B.G. Prakash Kumar, K. Shivakamy, L.R. Miranda and 
M. Velan, Preparation of steam activated carbon from rubber-
wood sawdust (Hevea brasiliensis) and its adsorption kinetics, 
J. Hazard. Mater., 136 (2006) 922–929.

[38] X.S. Wand and H.Q. Lin, Adsorption of basic dyes by dried 
waste sludge: kinetic, equilibrium and desorption studies, 
Desalin. Water Treat., 29 (2011) 10–19.

[39] G.H. Sonawane and V.S. Shrivastava, Removal of hazardous 
dye from synthetic textile dyeing and printing effl uents 
by Archis hypogaea L. shell: a low cost agro waste material, 
Desalin. Water Treat., 29 (2011) 29–38.

[40] Y. Cui, Z. Hu, J. Chen and Z. Yan, Removal of bromate from 
aqueous solution by corncobs, Desalin. Water Treat., 28 (2011) 
338–344.

[41] X. Tian, C. Li, H. Yang, Z. Ye and H. Xu, Spent mushroom: a 
new low-cost adsorbent for removal of Congo Red from aque-
ous solutions, Desalin. Water Treat., 27 (2011) 319–326.

[42] I.A.W. Tan, A.L. Ahmad and B.H. Hameed, Enhancement of 
basic dye adsorption uptake from aqueous solutions using 
chemically modifi ed oil palm shell activated carbon, Colloid. 
Surf A., 318 (2008) 88–96.




