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ABSTRACT 
Removal of dyes from polluted effluent is an essential task for environmental protection. The 
studies carried through environmental biotechnology have shown that many sorbents present in 
the nature have great capacity for removal of dyes. Therefore, in the present work Syzygium 
cumini L is used for the removal of Methylene blue dye from aqueous solution. The effect of pH, 
initial dye concentration, biosorbent dosage, biosorbent average particle size and temperature are 
varied to study their effect on removal efficiency. It was found that a maximum amount of 
93.45% dye was removed from the aqueous solution with 0.1 g of Syzygium cumini leaf powder 
from 30 ml of aqueous dye solution containing 20 mg/L of dye at room temperature and pH of 8 
with Sorbent size 75 µm in 20 min. The experimental data were fitted with Freundlich, 
Langmuir and Redlich-Peterson isotherms and good fit was observed with Langmuir isotherm. 
Thermodynamic parameters like Gibbs free energy, enthalpy and entropy is estimated and it is 
found that adsorption is an endothermic process. 

Key Words : Methylene blue, Bio-sorption, Isotherms, Syzygium cumini L, Thermodynamic 
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INTRODUCTION 

Methylene blue is a dye generally used by 
many industries like textile, leather, cosmetics, 
paper, printing, plastic, pharmaceuticals, food 
etc.1 Mostly industrial sector, such as plastics 
and paper, dyestuffs, textile use dyes to color 
their products and also consume a large 
amount of the water. As a result, they generate 
a huge amount of coloured wastewater in to 
the environment So the effluent discharge from 
these industries contain residues of dyes and 
very low concentration of such dyes is highly 
visible.2 The discharge of these effluents 
without proper treatment leads  to many 
problems such as COD (Chemical Oxygen 
Demand) and increase in toxicity. Today there 
are more than 10000 dyes available 
commercially.3 It is estimated that from these 
dyes 10-15% is lost in effluent during dyeing 
processes. Most problems associated with dye 
effluent are lowering of photosynthesis, light 
penetration and damage of the aesthetic nature  

of water surface.4-6 These dyes cause 
degradation of products which may be 
mutagenic and carcinogenic.7-9 Many dyes 
leads to allergic dermatitis, skin irritation, 
dysfunction of kidney, liver, brain, repro-
ductive and central nervous system10, so there 
is a need to remove the color from waste water 
effluents and this is also difficult because of 
their aromatic structures and synthetic organs. 
For this treatment several methods available, 
among all those adsorption processes is 
effective and successfully used for color 
removal from waste water.11 Other methods 
which are available are biodegradation, 
chemical oxidation12,13 foam flotation,14 
electrolysis, adsorption,15 electro coagulation16 
and  photo catalysis.17-21 Present treatment 
technologies for color removal involving 
physical methods/chemical methods 
/biological methods. In dyes chromophores 
produce colour and auxochromes not only 
produce the chromophores but also leads to 
dye soluble to water increase affinity towards 
fibre.22 These all methods have advantages and  *Author for correspondence 
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also disadvantages, but not exultantly used 
because of their high cost disposal problems 
and sludge production at the end of the 
process.23 Normally used physical methods 
include membrane filtration processes, reverse 
osmosis, electrolysis and adsorption 
techniques. The main drawback in these 
techniques is limited lifetime. So, among all 
these adsorption processes is described as the 
best method for water treatment. Generally for 
this absorption processes activated carbon is 
used as adsorbent material with a large number 
of applications, but it is very high cost of 
manufacturing and regeneration. But we can 
replace the activated carbon by some naturally 
occurring adsorbents like zeolites, fly ash and 
various clay materials,24, 25 agricultural wastes 
and industrial wastes have also been suggested. 
The important agents in this treatment are 
coagulant/flocculant.26, 27 But these include the 
addition of substances like Ca, Al, Ferric ions 
and also other agents are used28, and also the 
addition of two methods may also accelerate 
the process. These treatments are economically 
feasible, but a major drawback is price 
fluctuations in the market due to high demand, 
another one is the production of sludge and 
disposal problems. But till now waste water 
treatment is major problem inspite of several 
methods are present so many previous research 
efforts have focused on a biosorption 
technology for dye remediation from waste 
water.29 This technique can handle at high flow 
rates, producing a quality effluent which does 
not form harmful substances such as ozone 
free radicals.30 

AIMS AND OBJECTIVES 
In the present study Java plum leaf powder 
(Syzygium cumini L.) have been used as 
biosorbent for the removal of Methylene blue 
from its aqueous solution. Methylene blue is 
selected as a model compound in order to 
evaluate the capacity of Java plum leaf powder 
(Syzygium cumini L.) for the removal of dye 
(Methylene  blue) from its aqueous solution. 
Methylene  blue has wider applications, which 
include coloring paper, temporary hair 
colorant, dyeing cottons, wools, and coating 
for paper stock. Though Methylene blue is not 
strongly hazardous, it can cause some harmful  

effects. Previously, several researchers have 
proven several low-cost materials which are 
used as biosorbents for Methylene blue 
removal. 

MATERIAL AND METHODS 
The green colored Java plum leaves (Syzygium 
cumini L.) used in the present study were 
collected from JNTUACEA, Anantapuram, 
India. The collected leaves were washed with 
deionized water several times to remove dirt 
particles. The washing process was continued 
till the wash water contains no dirt. The 
washed leaves were then completely dried in 
sunlight for 20 days. The resulting product was 
directly used as biosorbent. The dried leaves 
were then cut into small pieces and powdered 
using domestic mixer. In the present study the 
powdered materials in the range of 75-300 m. 
Average particle size was directly used as 
absorbent without any pretreatment. 
Adsorbate 
The Methylene blue dye (82% dye content) 
was obtained from Ranbaxy laboratories 
limited (India) and used without further 
purification. A stock solution of 1000mg/L 
was prepared by dissolving 1.219 g of dye in 
1000 ml of double distilled water which was 
later diluted to required concentrations. All the 
solutions were prepared in double distilled 
water. The structure of the dye and its related 
information is given below. 
Empirical formula:  C16H18N3SCl 
Structure: 

 
Bio-sorption studies 
The adsorption experiments were carried out in a 
batch process by using aqueous solutions of 
Methylene blue. The other variable parameters 
were adsorbent amount, agitation time, initial dye 
concentration, pH and temperature of the 
medium. In each experiment, an accurately 
weighed amount of Java plum leaf powder 
(Syzygium cumini L.) was added to 30 ml of the 
Methylene  blue solution in a 100 ml conical 
flask and the mixture was agitated in orbital 
shaker for a given length of time at a constant 
temperature. The pH was adjusted by the 
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addition of a few drops of dilute HCl or NaOH. 
The mixture was centrifuged (Remi Research 
Centrifuge) and Methylene blue is remaining 
unadsorbed (λmax 663-667 nm) was determined 
UV-Visible Double Beam Spectrophotometer 
(Systronics, India Model N: 2201).Calibration 
curves are obtained with standard Methylene  
blue solutions and the amount of dye adsorbed 
by Syzygium cumini L. was calculated from the 
differences between dye quantity added to the 
biomass and dye content of the supernatant using 
the following equation : 
qe = (Ci - Cf) V/M                                         (1) 
Where qe is the dye uptake (mg g-1), Ci is the 
initial dye concentration in liquid phase (mg/L) 
and Cf is the liquid phase dye concentration at 
equilibrium (mg/L), dye, V the volume of dye 
solution (L) and M is the mass of       
biosorbent (g). 
Langmuir isotherm 
The Langmuir equation is 

eq

eq

q
C   = 

max

1
bq

+
max

1
q

Ceq                              (2) 

Where Ceq (mg/L) is the concentration of the 
dye solution at equilibrium, qeq (mg/g) is the 
amount of dye sorbed at equilibrium, qmax 
(mg/g) is the maximum sorption capacity and b 
(L/mg) is Langmuir constant. The plot between 
Ceq and Ceq/qeq provides the b and qmax values. 
Freundlich isotherm 
Freundlich sorption equation: 
qeq = KFCeq

m                                               (3) 
The equation is conveniently used in the linear 
form by taking the logarithm of both sides as: 
Log qeq = log KF + m log Ceq                                    (4) 

Where, KF is a constant for the system which is 
related to the bonding energy. A log – log plot 
between qeq and Ceq will provide the KF and m 
values. 
Redlich-Peterson isotherm 
Redlich and Peterson equation can be 
described as follows: 

g
e

e
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                                          (5) 

Where A is R-P constant (L/g), B is R-P 
isotherm constant (l/mg) and g is the exponent 
which lies between 1 and 0. 

Eq (5) can be converted into a linear form by 
taking logarithms: 

   .lnln1ln BCg
q
C

A eq
eq

eq 









         (6) 

Drawn the plot between ln (Ceq) and ln [A 
(Ceq/qeq)-1]. From the graph slope and intercept 
g, B calculated. 

RESULTS AND DISCUSSION 
The removal of Methylene blue dye by 
Syzygium cumini L. was investigated as a 
function of initial pH, initial dye concentration, 
adsorbed amount, temperature. The results 
were given in q (mg/g) and qeq (mg/g), 
removed dye amount per unit mass of 
biosorbent (Syzygium cumini L.) at any time t 
and equilibrium. 
Effect of contact time 
Biosorption of Methylene blue as a function of 
time for a solution of concentrations of 20-100 
mg L-1 is shown in Fig. 1. The data obtained 
from the biosorption of Methylene blue dye on 
the syzygium cumini L. showed that a contact 
time of 20 min was required to achieve an 
equilibrium biosorption and there was no 
significant change in concentration of the dye 
with further increase in contact time for all 
concentrations of Methylene blue solution. 
Therefore, the amount of dye uptake and the 
amount of color removed at the end of 20 min 
were given as the equilibrium value,  qeq (mg g-

1) and Ceq (mgL-1). For further studies of 
biosorption with other variable parameters, the 
optimum time of 20 min has been chosen as 
equilibrium time.  
Effect of pH 
Initial pH is one of the most important factors 
affecting the biosorption process. Fig. 2 shows 
the effect of initial pH on the biosorption of 
Methylene  blue onto Syzygium cumini L. at 
room temperature, biosorbent concentration of 
0.1 g/30 ml of dye solution and adsorbent size of 
75m. The percentage of dye removal was 
increased from 54.4% to 93.5 %. Fig. 2 and dye 
uptake was increased from 3.264 to 5.607 mg g-1 
with an increase in pH from 1 to 8 and there 
onwards the values remained constant with 
increase in pH up to 10. Hence optimum pH was 
taken as 8. 
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Fig. 1 : Effect of contact time on % dye removal 

 
Fig. 2 :  Effect of pH on % dye removal 

At lower pH both the hydrogen ions as well as 
Methylene blue ions compete together 
resulting in less biosorption. As the pH 
increases, the amount of OH- ions increases, 
which leads to the electrostatic attraction of the 
positive Methylene blue ions to that                
of  negative ions on the absorbent thereby % of 
absorption increases.  Similar trends were also 
reported by Dogan et al.,31 Wang et al.,32 
Battacharyya and Sharma.33   
Effect of initial dye concentration 
A given mass of adsorbent can absorb only a 
fixed amount of adsorbent. So the initial 
concentration of dye solution is very 
important. The effect of initial Methylene blue 
concentration for its removal by Syzygium 
cumini L. is shown in the Fig. 3. The 
percentage of dye removal showed a 
decreasing trend as the initial Methylene blue 
concentration increased from 20 to 100 mg/L. 
At lower concentrations, all the Methylene  

blue present in the adsorption medium could 
interact with the binding sites and hence higher 
percentage of dye removal has observed. At 
higher concentrations, lower percentage of dye 
removal was observed because of the 
saturation of the adsorption sites. With an 
increase in initial Methylene blue 
concentration of 20 mg/L to 100 mg/L, dye 
uptake was increased from 5.607 mg/g to 
22.908 mg/g and percentage of dye removal 
decreased from 93.5 % to 76.36%. Similar 
trends were also reported   by   Ncibi   et al.34 
in his kinetic and equilibrium studies of 
Methylene blue by Posidonia oceanica (L) 
fibers.  
Effect of biosorbent dosage 
The effect of biosorbent (Syzygium cumini L.) 
dosage on removal of MB dye is shown in the 
Fig.4. The removal yield increased from 78.96% 
to 93.5 %, whereas the amount of dye uptake 
decreased from 23.568 to 5.607 mg/g. The 
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increase in MB removal with adsorbent dose can 
be attributed to increased surface area and the 
large number of available sorption sites. 
However, the decrease in dye uptake capacity qe 
value may be due to the splitting effect of flux 
(concentration gradient) between sorbate and 

sorbent with increase in biomass concentration 
causing a decrease in amount of adsorbed onto 
unit weight of biomass. Similar trends were also 
reported by Vasanth Kumar et al.35 in his 
equilibrium studies of biosorption of MB using 
Paspalum notatum. 

  
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 3 : Effect of initial dye concentration on % dye removal 

Fig. 4 : Effect of biosorbent dosage on % dye removal 

Effect of biosorbent size 
Fixing the initial concentration of solution at 
20 mgL-1, pH 8, the fixed volume of 30 ml 
solution is allowed for 20 min for methylene 
blue biosorption with 0.1 g each of the varied 
size of particles of biosorbent ranging from 75 
to 300 m, the plot Fig. 5 drawn for the 
variation of the percentage biosorption against 
biosorbent average particle size, shows that 

with increase in particle size the biosorption 
decreases. This is due to less surface area 
available with increased particle size, thus 
reducing the percent of dye removal. 
Effect of temperature  
Biosorption   was   carried  out at four different  
temperatures from 303 to 333K for 
concentrations ranging from 20 mg/L to 100 
mg/L and the obtained results are shown in     
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Fig. 6. It shows that the extent of bio-sorption 
increased with an increase in bio-sorption 
temperature. The amount of dye uptake was 
increased from 22.908 mg/g to 23.706 mg/g for a 
temperature rise of (303-313 K). This increase in 
binding could be due to increase in surface 

activity and increased kinetic energy of the dye 
molecules.36 Therefore, the extent of bio-sorption 
increases with increase in temperature. Similar 
endothermic adsorption of Methylene blue was 
reported earlier on chemically treated Guava 
leaves.37 

 

 

 

 

 

 

 

Fig. 5 :  Effect of biosorbent size on % dye removal 

 
Fig. 6 : Effect of temperature on % dye removal 

Biosorption isotherms 
Langmuir isotherm 
A linear plot is obtained (Fig. 7) when a plot is 
made between Ceq / qeq vs Ceq (eq. (2), therefore, 
the sorption follows the Langmuir isotherm. The 
slope and intercept provides the 1/qmax and 1/b 
qmax, respectively. Therefore, maximum adsorp-
tion capacity (qmax) is found to be 29.411 mg/g 
and Langmuir constant (b) is found to be 0.1524 
L/mg. 
Freundlich isotherm 
A linear plot (Fig. 8) is obtained when a plot is 
made between log (qeq) vs. log (Ceq) (eq.4). 
Therefore, it indicates that the sorption also 

follows the Freundlich isotherm.  The intercept 
and slope of the graph provide the distribution 
coefficient (KF) and constant m. The inverse of 
the slope gives the value ‘n’ where 1/n 
measures the adsorption intensity or surface 
heterogeneity. The obtained value of 1/n (= 
0.4913) indicates that the surface is more 
heterogeneous.   The KF is a constant for the 
given system and related to the bonding energy 
and a value of 5.140 is obtained for the 
adsorption methylene blue on Syzygium 
cumini, L . KF can be defined as the adsorption 
or distribution coefficient and represents the 
quantity of dye adsorbed onto adsorbent for a 
unit equilibrium concentration. 
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Fig. 7 : Langmuir sorption isotherm for methylene  blue dye 

 
Fig. 8 :  Freundlich sorption isotherm for methylene  blue dye 

 
Fig. 9 : Redlich-Peterson isotherm for methylene  blue dye 

Redlich-Peterson isotherm 

Similarly as per equation (6) a plot of ln(Ceq) 
vs  ln[A(Ceq/qeq)-1] is drawn to verify whether 
sorption follows the Redlich-Peterson isotherm 
or not and it is shown in Fig. 9. The points are 
highly scattered and a regression coefficient of  

0.258 is obtained when linear fit is tried. 
Therefore, sorption does not follow the 
Redlich-Peterson isotherm. 
Estimation of thermodynamic parameters 
The change in variation of adsorbed amount 
during  adsorption  can  be explained by three  
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main thermodynamic parameters entropy 
change (S), enthalpy change (H) and Gibb’s 
free energy (G).  The negative value  of  H 
indicates that the process is exothermic and the 
positive value of H indicates that the process is 
Endothermic. These parameters are estimated  

by conducting the sorption experiments at 
different temperatures and fitting the sorption 
data with eq. 7 : 
log(qeq/Ceq)=-ΔH/2.303RTo+ΔSo/2.303 R   (7)  
Accordingly, a plot of log (qeq/Ceq) vs 1/T is 
drawn and it is shown in Fig. 10. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10 : A plot oflog (qeq/Ceq) vs.1/T 

The change in enthalpy (ΔHo) and the change 
in entropy (ΔSo) values are estimated from 
slope and intercept and the obtained values are 
reported in Table 1. Further, change in Gibbs 
free energy is calculated from eq. 8 : 

ΔGo=     ΔH o_ TΔSo                       (8) 
Both ∆H and ΔSo are decreasing with increase 
in concentration of dye in water. The ∆H 
values were in the range of 4.430 K J mol-1 K-1 
to 20.007 K J mol-1 K-1 with a mean value of  

 
Table 1 : Thermodynamic parameters for adsorption of Methylene  blue on Syzygium cumini 

Initial 
concentration 

(mg/L) 

∆H 
KJ/mol K 

∆S 
J/mol K 

-∆G  KJ/mol K 

303 313 323 333 
20 20.007 77.98 3.620 4.400 5.1805 5.9603 
40 11.441 45.809 2.439 2.897 3.3554 3.8135 
60 7.811 30.580 1.4579 1.7638 2.0697 2.3756 
80 4.630 17.774 0.521 0.9226 1.1000 1.2774 
100 4.430 14.399 0.0671 0.0768 0.2208 0.3648 

9.6636 K J mol-1 K-1.  The positive value of 
∆H indicates that adsorption process is 
endothermic in nature. The positive values of 
entropy indicates shows that the adsorbed dye 
molecules on Syzygium cumini L. surface are 
organized in a much more random fashion 
compared to the situation in aqueous phase.  

Similar endothermic adsorption of methylene 
blue was observed earlier on chemically 
treated Guava leaves.34,37 

CONCLUSION 
The study reveals that on Syzygium cumini, L. 
may be suitable adsorbent for the removal of  
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methylene blue from waste water. Biosorption 
performances are strongly affected by 
parameters such as initial concentration, pH, 
biosorbent dosage, biosorbent particle size and 
temperature. Maximum amount of bio-sorption 
is occurring at pH of 8. The percentage 
biosorption of Methylene  blue increases with 
increase in the biosorbent dosage and 
temperature however it is decreasing with 
increase in average particle size of biosorbent. 
Sorption data follow the Langmuir and 
Freundlich isotherms. Further, sorption is 
endothermic in nature. 

REFERENCES 
1. Turhan K. and Ozturkcan S.A., 

Decolorization and degradation of reactive 
dye in aqueous solution by ozonation in a 
semi-batch bubble column reactor, Wat., 
Air. Soil. Poll., 224(1), 1353, (2012). 

2. Monika Kharub, Use of various 
technologies, methods and adsorbents for 
the removal of dye, J. Environ. Res. 
Develop., 6(3A), 879-833, (2012). 

3. Owamah H.I., Chukwujindu I.S. and 
Asiagwu A.K., Biosorptive capacity of 
yam peels waste for the removal of dye 
from aqueous solutions, Civ. Environ. 
Res., 3(1), 36-48, (2013). 

4. Soni  M., Sharma A.K and Srivastava J.K., 
Adsorptive removal of Methylene  blue 
dye from an aqueous solution using water 
hyacinth root powder as a low adsorbent, 
Int. J. Chem. Sci. Appl., 3(2), 338-345, 
(2012). 

5. Giwa A.A, Bello I.A. and Olajire A., 
Removal of basic dye from aqueous 
solution by adsorption on melon husk in 
binary and ternary systems, Chem. Proc. 
Eng. Res., 13(1), 51-68, (2013). 

6. Sheng J., Xie Y. and Zhou Y., Applied 
clay science adsorption of methylene  blue 
from aqueous solution on pyrophyllite, 
Appl. Clay. Sci., 46 (2), 422-424, (2009). 

7. Liu T. et al., Biointerfaces adsorption of 
methylene  blue from aqueous solution by 
graphene, Coll. Surf. Biointer., 90 (1), 197-
203, (2012). 

8. Mouzdahir Y.El, Elmchaouri A., Mahboub 
R., Gil A. and Korili S.A., Equilibrium 
Modeling for the adsorption of methylene  
blue from aqueous solutions on activated 

clay minerals, Desal., 250 (2), 335-338, 
(2010). 

9. Saha P., Das Mishra R. and Husk R., 
Adsorption of safranin onto chemically 
modified rice husk in a upward flow 
packed bed reactor : Artificial neutral 
network modeling, Biotechnol. Adv., 44 
(1), 7579-7583, (2012). 

10. Khan T.A., Sharma S. and Ali I., 
Adsorption of Rhodamine B dye from 
aqueous solution onto acid activated 
mango (Magnifera indica) leaf powder : 
Equilibrium, kinetic and thermodynamics 
studies,  J. Toxicol. Environ. Heal. Sci., 3 
(1), 286-297, (2011). 

11. Aksu Z., Etru S. and Donmez G., 
Methylenre blue biosorption by Rhizopus 
arrhizus: Effect of SDS (sodium 
dodecylsulfate) surfactant on biosorption 
properties, Chem. Eng. J., 158 (2), 474-
481, (2010). 

12. Wang S.A., Comparative study of Fenton 
and Fenton-like reaction kinetics in 
decolorization of waste water, Dye.  Pig. , 
76 (1), 714-720, (2008). 

13. Feddal I. et. al., Adsorption capacity of 
methylene blue, an organic pollutant, by 
montmorillonite clay, Desal., Water 
Treat., 1 (1), 1-8, (2013). 

14. Q.Y. Yue, B.Y. Gao, Y. Wang, H. Zhang, 
X. Sun, S. G. Wang and R.R. Gu. 
Synthesis of polyamine flocculants and 
their potential use in treating dye 
wastewater, J. Haz. Mat., 152(1), 221-227, 
(2008). 

15. Wan Ngah, W.S., Teong L.C. and 
Hanafiah M.A.K.M., Adsorption of dyes 
and heavy metal ions by chitosan 
composites:  A review, Carbohydr. 
Ploym.,  83(1), 1446-1456, (2011). 

16. Sami G., Sorption kinetics for dye removal 
from aqueous solution using natural clay, 
J. Environ. Ear. Sci., 2 (1), 30-40, (2012). 

17. Malekbala M.R. Soltani S.M., Yazdi S.K. 
and Hosseini S., Equilibrium and kinetic 
studies of safranine adsorption on alkali-
treated mango seed integuments, Int. J. 
Chem. Eng. Appl., 3 (2), 1-15, (2012). 

18. Waghmode A. and Sable A., Application 
of Padina telrastromatica for removal of 
heavy metal ions from wastewater, J. 



   J. Environ. Res. Develop. 
Journal of Environmental Research And Development                    Vol. 8 No. 04, April-June 2014 

973 
 

Environ. Res. Develop., 7 (2A), 958-963, 
(2012). 

19. Bharat K.S. and Ramesh S.T., Biosorption 
of crystal violet from aqeous solution by 
Citrullus lanatus (Watermelon) Rind, J. 
Environ. Res. Develop., 7 (1A), 321-329, 
(2012). 

20. Soni B.D. and Ruparelia J.P., Effluents of 
preparation methods on Ti/NiORuO2-
SnO2Sb2O5 anode for removal of black-
dye, J. Environ. Res. Develop., 8 (2), 224-
235, (2013).  

21. Balamurugan B., and Kannadasan T., 
Photocatalytic oxidation of anaerobically 
degraded reactive red dye bath effluent, J. 
Environ. Res. Develop., 7 (2A), 827-837, 
(2012).  

22. Gupta V.K. and Suhas, Application of 
low-cost adsorbents for dye removal – A 
review, J. Environ. Manage., 90 (1), 2313-
42, (2009). 

23. Mohamad M.A., Shitu A. and Ibrahim A., 
Removal of methylene  blue using low 
cost adsorbent : Review, Res. J. Chem. 
Sci., 4 (1), 91, (2014). 

24. Rafatullah M., Sulaiamn O., Hashim R. 
and Ahmad A., Adsorption of methylene  
blue on low-cost adsorbents: A review, J. 
Haz. Mat., 177 (1), 70-80, (2010). 

25. Unuabonah E.I.,  Adie G.U., Onah L.O. 
and  Adeyemi O.G., Multistage optima-
zation of the adsorption of Methylene  blue 
dye onto defatted Carica papaya seeds, 
Chem. Eng. J., 155 (2),  567-579, (2009). 

26. Rauf M.A. Shehadeh I., Ahmed A. and Al-
zamly A., Removal of methylene  blue 
from aqueous solution by using gypsum as 
a low cost adsorbent, World Acad. Sci. 
Eng. Technol., 31 (1), 604-609, (2009). 

27. Shi B.Y., Li G.H., Wang D.S., Feng C.H. 
and Tang H.X., Removal of direct dyes by 
coagulation: The performance of per-
formed polymeric aluminium species, J. 
Haz. Mat., 143 (1), 567-574, (2007). 

28. Mishra A. and Bajpai M., The flocculation 
performance of    Tamarindus   mucilag  in  

relation to removal of vat and direct dyes, 
Bio resour. Technol., 79 (1), 1055-1059, 
(2006). 

29. Hasan M., Ahmad A.L. and Hameed B.H, 
Adsorption of reactive dye onto cross-
linked chitosan/oil palm ash composite 
beads, Chem. Eng. J., 136 (1), 164-172, 
(2008). 

30. Jain R., Gupta V.K. and Sikawar S., 
Adsorption and desorption studies on 
hazardous dye naphthol yellow S., J. Haz. 
Mat., 182 (2), 749-756, (2010). 

31. M. Dogan, M. Alkan, A. Turkyilmaz and 
Y. Ozdemir, Kinetics and mechanism of 
removal of Methylene  blue by  adsorption 
onto sepiolite,  J. Haz. Mat., 109 (1), 141-
148, (2004). 

32. S. Wang, Y. Boyjoo and A. Choueib, A 
comparative study of dye removal using 
fly ash treated by different methods, 
Chemosph., 60 (1),  1401-1407, (2005). 

33. K.G. Battacharyya and A. Sharma, 
Kinetics and thermodynamics of 
methylene blue adsorption on Neem 
(Azadirachta indica), Dyes Pig., 65 (1), 
51-59, (2005). 

34. M.C. Ncibi, B.Mahjoub and M. Seffen, 
Kinetics and equilibrium studies of 
methylene blue biosorption by Posidonia 
oceanica (L). Fibres, J. Haz. Mat., 139, 
280-385, (2007). 

35. K. Vasanth Kumar and K. Porkodi, Mass 
transfer, kinetics and equilibrium studies 
for the biosorption of Methylene  blue 
using Paspalum notatum, J. Haz. Mat.., 
146 (2), 214-226, (2007). 

36. Z. Aksu and S.S. Cagatay: Investigation of 
biosorption of turqoise blue-G reactive dye 
by dried Rhizopus arrizus on batch and 
continuous systems, Sep. Purif. Technol., 
48 (1), 24-35, (2006). 

37. D.K. Singh and B. Srivastava, Removal   
of basic dye from aqueous solution by 
chemically treated Psidium guajava 
leaves, Ind. J. Environ. Health., 41 (1), 
333-345, (1999). 

  
 


