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Abstract—The aim of this research work is to investigate 
sorption characteristic of polyaniline coated on the sawdust 
(PAn/SD) for the removal of Hg (II) ions from aqueous solutions. 
The sorption of Hg (II) ions by batch method is carried out. The 
optimum conditions of sorption were found to be: a PAn/SD dose 
of 0.4 g in 100 ml of Hg (II) , contact time of 25 min, pH and 
temperature 10 and 20 oC respectively. It was found that 
temperature has a negative effect on the removal efficiency. Three 
equations, i.e. Morris–Weber, Lagergren and pseudo second order 
have been tested to track the kinetics of removal process. The 
kinetic data indicated that the adsorption process was controlled by 
pseudo-second-order equation. The Langmuir, Freundlich and D-R 
are subjected to sorption data to estimate sorption capacity, 
intensity and energy. The data is fitted with Freundlich. For the 
desorption experiments, several solvents (alkaline, bases and 
water) have been used. It was achieved 75 % desorption efficiency 
using HCl.  

 Keywords----Hg (II), polyaniline, sawdust, removal, isotherm, 
thermodynamic. 

I. INTRODUCTION  
NVIRONMENTAL contamination due to mercury is 
caused by several industries, petrochemichals, mining, 
painting, and also by agricultural sources such as 

fertilizers and fungicidal sprays [1,2]. The toxicity of 
mercury depends strongly on its redo state. Mercury and its 
compounds are cumulative toxins and in small quantities 
are hazardous to human health [3]. The major effects of 
mercury poisoning manifest as neurological and renal 
disturbances as it can easily pass the blood brain barrier and 
affect on the brain. High concentration of Hg(II) cause 
impairment of pulmonary function and kidney. 
Consequently removal of mercury in water and wastewater 
assumes importance [1]. A number of methods for removal 
of mercury (II) from aqueous solution are available such as 
biological treatment [4], electrocoagulation [5] and 
membrane filtration [6-8]. 
    It is known that adsorption is one of the most efficient 
methods for removal of heavy metals from water and 
wastewater and adsorption of Hg (II) from aqueous 
solutions on adsorbents has been investigated [9-19]. The  
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ion exchange capacities of conducting polymers were well 
understood and it was found to depend on the 
polymerization conditions, the type and size of the dopants 
incorporated during the polymerization process as well as 
on the ions present in the electrolyte solution, the polymer 
thickness and ageing of the polymer [20]. Review of the 
literature revealed that polypyrrole synthesized in solutions 
with small dopants such as Cl−, ClO4 −, NO3 −, etc., mainly 
exhibits anion-exchanger behavior due to the high mobility 
of these ions in the polymer matrix. While under certain 
conditions cation exchange was also found to take place 
with large dopants like polyvinylsulfonate and 
polystyrenesulfonate, due to immobility of these ions in the 
polymer matrix [21]. adsorption of metal ions by several 
functionalized polymers based on amines derivatives such 
as polyacrylonitrile fibers, ethylenediamine, 
polyacrylamides, poly-4-vinylpyridine, polyethyleneimine, 
aniline formaldehyde condensate, etc., have been reported 
[22–26]. Chakraborty and coworkers have investigated one 
amine-based polymer, short-chain PAn coated on jute fiber 
for the removal of chromium in batch mode and Fixed-bed 
column [27-29] . 
    The effect of polyaniline and polypyrrole composites and 
the influence of type and concentration of stabilizer, pH of 
solution, and type of adsorbent on lead salt removal from 
aqueous solution were studied [30]. In other paper, fixed 
bed column was used for the removal of some anions and 
heavy metals from cotton textile industry wastewater using 
PAn and its nanocomposite containing nanometer-size 
Fe3O4 [31]. 
    In this study, removal of Hg(II) by PAn/SD is studied. 
The effects of dosage of adsorbent, contact time, 
temperature, and pH value on sorption of Hg(II) are 
investigated in detail, also adsorption isotherms, 
thermodynamic parameters and adsorption kinetics are 
obtained. 

II. MATERIALS AND METHODS 
    Materials 
    A stock solution of Hg(II) (1000 mg/L) was prepared in 
milli-Q water with HgCl2. It was then diluted to prepare 
solutions of the desired concentrations. All the chemicals 
used throughout this study were of analytical grade either 
from Merck. pH of the solution monitored by adding 0.5 M 
HCl and 0.5 M NaOH solution as per required pH value. 
Aniline (Merck) was purified by vacuum distillation for 
polymerization.  
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III. RESULTS AND DISCUSSION 

Effect of contact pH 
 

    The pH value of the aqueous solution is an important 
controlling parameter in the adsorption process. These pH 
values affect the surface charge of adsorbent, the degree of 
ionization and speciation of adsorbate during adsorption.        
Thus the effect of pH (H+ ion concentration) in the solutions 
on the adsorption percentage of mercury ions was studied at 
different pH ranging from 2 to 10 (Fig.1) 
 

 
Fig. 1.The effect of pH on the removal efficiency (the initial 

concentration, rotating speed, contact time, volume of solution and 
amount of adsorbent was 50 mg/l, 400 rpm, 25 min, 100 ml and 

0.4 g respectively). 
 
     As  our  results  show,  with  increasing  the  pH  of  
solution,  sorption  of  mercuric  ion  is  increased and in 
acidic media (pH < 4) the sorption of metal ions is 
decreased substantially.  With increasing the pH of treated 
solution, the polymer is changed into undoped form, then  
free  amine  or  imine  groups  in  the  polymer  will  be  
available  for  metal  chelating,  so  the  sorption of Hg2+  
ion is increased considerably. At acidic pH values, 
polyaniline is changed into acid doped state (-N groups are 
protonated), so the polymer can not function as a ligand or 
chelating agent, therefore, the metal uptake is not occurred 
[33].  
 

    Effect of contact time 
 

    Fig.2 shows the effect of contact time on sorption of 
Hg(II) by PAn/SD. For these cases, initial Hg (II) 
concentration was of 50 mg/L, pH of 10 was used for Hg 
(II).  
    Also PAn/SD dose of 0.4 g in 100 ml were used. For Hg 
(II) sorption rate reaches up to 93.12 when contact time is 
25 min, and then little change of sorption rate is observed. 
 

 
Fig. 2 The effect of contact time on the removal efficiency( the 
initial concentration, rotating speed, pH, volume of solution and 
amount of adsorbent was 50 mg/l, 400 rpm, 10, 100 ml and 0.4 g 

respectively). 
 

    This result revealed that adsorption of Hg (II) is fast and 
the equilibrium was achieved by 25 min of contact time. 
Taking into account these results, a contact time of 25 min 
was chosen for further experiments.  
 
Kinetics of sorption 

    Most of the adsorption transformation processes of 
various solid phases are time dependent. To understand the 
dynamic interactions of nitrate with PAn/SD and to predict 
their fate with time, knowledge of the kinetics of these 
processes is important [34].  
   To investigate the change in the concentration of sorbate 
onto sorbent with shaking time, the kinetic data of Hg (II) 
ions sorption onto PAn/SD were subjected to Morris–
Weber Eq. (6) [35]: 
qt= Kid (t)^0.5+  C                                          (6)            
    where qt is the sorbed concentration of Hg (II) ions at 
time ‘t’. The plot of qt versus t1/2 is given in Fig. 3. The 
value of rate constant of Morris-weber transport, Kid, 
calculated from the slope of the linear plot are shown in Fig 
3. The rate constant Kid = 1.698 min−1 was calculated from 
the slope of the straight line with a correlation factor of 
0.991.   
 

 
Fig.3. Morris–Weber plot of Hg (II) sorption onto PAn/SD (the 
initial concentration, rotating speed, pH, volume of solution and 
amount of adsorbent was 50 mg/l, 400 rpm, 10, 100 ml and 0.4 g 

respectively). 
 

 
Fig. 4 Validation of Lagergren plot of Hg (II) sorption onto 

PAn/SD (the initial concentration, rotating speed, pH, volume of 
solution and amount of adsorbent was 50 mg/l, 400 rpm, 10, 100 

ml and 0.4 g respectively). 
 

    The first steep stage can be attributed to the diffusion of 
adsorbate through the solution to the external surface of the 
adsorbent or the boundary surface diffusion of the sorbate 
molecules.  The second stage describes the gradual sorption, 
where intraparticle diffusion is rate-limiting, and the third 
stage is attributed to the final equilibrium due to extremely 
low sorbate concentration left in solution and the reduction 

International Conference on Advances in Agricultural, Biological & Environmental Sciences (AABES-2014) Oct 15-16, 2014 Dubai (UAE)

http://dx.doi.org/10.15242/IICBE.C1014079 93



of interior active sites. The three stages in the plot suggest 
that the sorption process occurs by surface adsorption and 
intraparticle diffusion. 
     In 1898, Lagergren [36] suggested a pseudo-first-order 
equation for the sorption of liquid/solid system based on 
solid capacity. It assumes that the rate of change of sorbate 
uptake with time is directly proportional to the difference in 
the saturation concentration and the amount of solid uptake 
with time. The Lagergren equation is the most widely used 
rate equation in liquid phase sorption. The general equation 
is expressed as: 
 

 
 
where qe is the sorbed concentration at equilibrium and K is 
the first order rate constant. The linear plot of log(qe −qt) 
against time ‘t’ (Fig. 4) demonstrates the applicability of the 
above equation for Hg (II) ions sorption onto PAn/SD. The 
rate constant K = 0.184 min−1 was calculated from the slope 
of the straight line with a correlation factor of 0. 889.   
The kinetic data of Hg (II) ions sorption onto PAn/SD was 
subjected to pseudo second order Eq. (8) [37]:          

eet q
t

Kqq
t

+= 2
1

                                                         (8) 

    The rate constant was calculated from the slope of the 
straight line (Fig.5). The rate constant K = 0.034 min−1 was 
calculated from the slope of the straight line with a 
correlation factor of 0.996. The kinetic data indicated that 
the adsorption process was controlled by pseudo-second-
order equation.  
 

 
Fig .5 Pseudo second order plot of Hg (II) sorption onto PAn/SD 
(the initial concentration, rotating speed, pH, volume of solution 
and amount of adsorbent was 50 mg/l, 400 rpm, 10, 100 ml and 

0.4 g respectively). 
 

   Effect of PAn/SD dosage on sorption of Hg (II) 
   To assess the effect of sorbent dose, different amounts 
(0.1–0.5 g) of sorbent was suspended in 100 mL Hg (II) 
solution (50 mg/L) under optimized conditions of pH and 
contact time. The effect of adsorbent dose on the removal 
efficiency is shown in Fig. 10. It was observed that the 
adsorption percentage of Hg (II) onto the PAn/SD increased 
rapidly with the increasing of adsorbent concentration (Fig. 
6). This result is expected because the increase of adsorbent 
dose leads to greater surface area. When the adsorbent dose 
was increased from 0.05 g to 0.5g, the percentage of Hg (II) 
ions adsorption increased from 55.31 to 93.14. At higher 
Dose of PAn/SD, the equilibrium uptake of Hg (II) did not 
increase significantly with increasing PAn/SD. The data of 
Fig. 10 were fitted to Langmuir, Freundlich and Dubnin-

Randkovich (D-R) models in order to examine the models 
constants adsorption isotherms.  
 

 
Fig.6. The effect of amount of PAn/SD on the removal efficiency ( 

the initial concentration, rotating speed, pH, volume of solution 
and contact time was 50 mg/l, 400 rpm, 10, 100 ml and 25 min 

respectively). 
 

   The isotherm model 
   The adsorption isotherm is based on the assumption that 
every adsorption site is equivalent and independent of 
whether or not adjacent sites are occupied. Isotherms show 
the relationship between metal concentration in solution and 
the amount of nitrate sorbed on a specific sorbent at a 
constant temperature. 
 
   The Langmuir isotherm model 
   The Langmuir isotherm model is valid for monolayer 
adsorption onto surface containing finite number of 
identical sorption sites which is presented by the following 
equation (9): 

eL

eLm
e CK

CKq
q

+
=

1
                                                     (9) 

where qe is the amount of metal adsorbed per specific 
amount of adsorbent (mg/g), Ce is equilibrium concentration 
of the solution (mg/L), and qm is the maximum amount of 
metal ions required to form amonolayer (mg/g). The 
Langmuir equation can be rearranged to linear form for the 
convenience of plotting and determining the Langmuir 
constants (KL) as below. The values of qm and KL can be 
determined from the linear plot of Ceq/qeq versus Ceq: 

                                             (10) 
    The equilibrium data were analyzed using the linearized 
form the Langmuir adsorption isotherm Eq. (10). The 
Langmuir constants, KL and monolayer sorption capacity, 
qm were calculated from the slope and intercept of the plot 
between Ce/qe and Ce (Fig.7).The results and equations are 
indicated in Fig7 and Table 1. As can be seen, the 
correlation factor of this equation is low, and it is not 
suitable for this process.  

   The Freundlich isotherm model 
    While Langmuir isotherm assumes that enthalpy of 
adsorption is independent of the amount adsorbed, the 
empirical Freundlich equation, based on sorption on 
heterogeneous surface, can be derived assuming a 
logarithmic decrease in the enthalpy of adsorption with the 
increase in the fraction of  
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Fig.7. Langmuir sorption isotherm ( the initial concentration, 

rotating speed, pH, volume of solution and contact time was 50 
mg/l, 400 rpm, 10, 100 ml and 25 min respectively). 

 
TABLE I  

THE ISOTHERM PARAMETER FOR THE HG ADSORPTION ON THE PAN/SD 
  langmuir equation         r2 

 
y = 0.007x + 0.303 0.522 

  Freundlich parameter   

KF N r2 

4.65 1.36 0.989 

  D-R parameter   

β qm r2 

3×10-6 8.32 0.849 
 

occupied sites. The Freundlich equation is purely empirical 
based on sorption on heterogeneous surfaceand is given by: 

                                                                                             
qe=KF (Ce )^(1/n)                                                       (11) 

    KF and (1/n) are the Freundlich constant and adsorption 
intensity, respectively. Equilibrium constants evaluated 
from the intercept and the slope, respectively, of the linear 
plot of log qeversus log Ce based on experimental data. The 
Freundlich equation can be linearized in logarithmic form 
for the determination of the Freundlich constants as shown 
below: 

                (12) 
    The slope and the intercept correspond to (1/n) and KF, 
respectively. It was revealed that the plot of log qe and log 
Ce yields a straight line (Fig.8). The results are indicated in 
Table 1.  
    The parameter k related to the adsorption density 
increased with a decrease of adsorbent amount. The 
meaning of n > 1.0 indicates that nitrate was adsorbed 
favorable by adsorbents at different adsorbent amounts. 
 

The Dubinin–Radushkevick isotherm model 
The Dubinin–Radushkevick (D–R) [38-40] isotherm was 
used to determine the nature of the adsorption process viz. 
physisorption or chemisorptions. 
 

 
Fig. 8. Freundlich sorption isotherm ( the initial concentration, 
rotating speed, pH, volume of solution and contact time was 50 

mg/l, 400 rpm, 10, 100 ml and 25 min respectively). 

 
Fig. 8. D-R sorption isotherm ( the initial concentration, rotating 
speed, pH, volume of solution and contact time was 50 mg/l, 400 

rpm, 10, 100 ml and 25 min respectively). 
 

The linear form of this model is expressed by:   
ln(qe)=ln(qm)-βε^2                                               (13)       

Where qe is the amount of Hg (II) adsorbed per unit dosage 
of the adsorbent (mg/g), qm the monolayer capacity, and β is 
the activity coefficient related to mean sorption energy and 
ε is the Polanyi potential described as 

                                             (14) 

    From the plots of lnqe versus ε2 (Fig. 9) the values of β, 
qm were determined by the slope and intercept of the linear 
plot. The statistical results along with the isotherm 
constants are also given in Table 2. As our results show, 
adsorption of Hg (II) by PAn/SD can be fitted using 
Freundlinch equation also the D-R equation shows 
considerable correlation factor. Although the Freundlich 
isotherm provides the information about the surface 
heterogeneity and the exponential distribution of the surface 
and their energies, it does not predict any saturation of the 
surface of the adsorbent by the adsorbate. Hence, infinite 
surface coverage could be predicted mathematically. In 
contrast, D–R isotherm relates the heterogeneity of energies 
close to the adsorbent surface. The quantity can be related 
to the mean sorption energy, E, which is the free energy for 
the transfer of 1 mole of metal ions from the infinity to the 
surface of the adsorbent [41]. The mean free energy of 
adsorption (E, kJ/mol) can be calculated as follows [42]: 

E=(2β)-0.5                                                  (15) 
 

TABLE II 
  THE EFFECT OF TEMPERATURE ON THE REMOVAL EFFICIENCY 

Temperature 
0C 

Removal 
efficiency of 
Hg(II) 

20 93.12 
30 92.25 
40 89.35 
50 86.34 

 
    It is known that the magnitude of E is useful for 
estimating the type of adsorption and if this value below 8 
kJ/mol the adsorption type can be explained by physical 
adsorption, and between 8 and 16 kJ/mol the adsorption 
type can be explained by ion exchange.  The  values  of  E  
found  in  this  study  were  between  8  and 16 kJ/mol, 
indicating that the adsorption of nitrate onto PAn/SD was 
ion exchange in nature. This confirms that anionic exchange 
and electrostatic attraction are the main mechanisms 
responsible for the adsorption of nitrate onto PAn/SD [43]. 
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IV. CONCLUSIONS 

    The PAn/SD showed considerable potential for the 
removal of Hg (II) from aqueous solutions. The optimum 
conditions of sorption were found to be: a sorbent dose of 
0.4 g in 100 ml of solution. The optimum contact time and 
pH were 25 min and 10 respectively. The results gained 
from this study were well described by the theoretical 
Freundlich. The kinetic data indicated that the adsorption 
process was controlled by pseudo-second-order equation. 
The results show the exothermic nature of the adsorption. A 
regeneration study of the material was also carried out and 
was found that the PAn/SD can be regenerated and reused 
using HCl solution.  

REFERENCES 
[1] D. M. Manohar, K. A. Krishnan and T. S. Wat. Res 36 (2002)1609-

1619. 
http://dx.doi.org/10.1016/S0043-1354(01)00362-1 

[2] A. Rezaee, J. Derayat, S.B. Mortazavi, Y. Yamini and M.T. 
Jafarzadeh, American Journal of Environmental Sciences  1 (2) (2005) 
102-105.  
http://dx.doi.org/10.3844/ajessp.2005.102.105 

[3]  P. J. Cyr,  P. S. Suri and E. D. Helmig , Wat. Res 36 (2002) 4725-
4734. 
http://dx.doi.org/10.1016/S0043-1354(02)00214-2 

[4] L. Bertin, S. Capodicasa, F. Occulti, S. Girotti, L.Marchetti and 
F.Fava, Water . Research  41(11) (2007) 2407-2416. 
http://dx.doi.org/10.1016/j.watres.2007.02.046 

[5] C. Péguy , N.Njiki, S. R. Tchamango, P. C. Ngom, A. Darchen and E.  
Ngameni, Journal of Hazardous Materials  168( 2-3) (2009)  1430-
1436. 
http://dx.doi.org/10.1016/j.jhazmat.2009.03.042 

[6] V.K. Gupta, A.K. Singh, M. Al Khayat and B.Gupta, Analytica 
Chimica Acta  590( 1, 2 ) (2007) 81-90. 

[7] A. Safavi and E. Shams, Journal of Membrane Science  144( 1-2) 
(1998)  37-43. 
http://dx.doi.org/10.1016/S0376-7388(98)00029-5 

[8] A.Jabbari, M. Esmaeili and M. Shamsipur, Separation and Purification 
Technology  24( 1-2), (2001) 139-145. 
http://dx.doi.org/10.1016/S1383-5866(00)00222-7 

[9] H. ShamsiJazeyi, T. Kaghazchi, Journal of Industrial and Engineering 
Chemistry  16(5) (2010) 852-858. 

[10] K.  Kadirvalu,  P.  Kanmani,  P.  S.  Kumar  and  V.  Subburam, 
Adsorption Science and Technology  22 (2004)   207-222. 
http://dx.doi.org/10.1260/0263617041503480  

[11] A.   Ramadevi   and   K.   Srinivasan,   Indian   Journal   of  Chemical 
Technology  12  (2005) 407-412. 

[12] Y.  Kawamura,  H.  Yoshida,  S.  Asai,  and  H.  Tanibe, Water Sci. 
Technol 35 (1997) 97-105. 
http://dx.doi.org/10.1016/S0273-1223(97)00119-4  

[13] C.  Arpa,  E.  Basyilmaz,  S.  Bektas,  and  O.  Genc, Fuel Pro. 
Technol   68  ( 2000) 111-120. 
http://dx.doi.org/10.1016/S0378-3820(00)00126-0  

[14] E. Ekinci, T. Budinova, F. Yardim, and N. Petrov,  Fuel Pro. Technol  
77  ( 2002) 437-443. 
http://dx.doi.org/10.1016/S0378-3820(02)00065-6 

[15] D.Touaibia and B.Benayada, Desalination  186 (2006) 75-80. 
http://dx.doi.org/10.1016/j.desal.2005.02.085 

[16] H. Eisazadeh and H.R.Khorshidi, journal of vinyl & additives 
technology 16(1)  (2010) 105-111. 

[17] M.Nishizawa, T.Matsue and I.Uchida, Sens. Actuators  B 13 (1–3)  
(1993)  53-56. 
http://dx.doi.org/10.1016/0925-4005(93)85321-Z 

[18]  B.Saoudi, N.Jammul, M.L.Abel, M.M.Chehimi and G. Dodin, Synth. 
Met  87  (1997) 97-103. 
http://dx.doi.org/10.1016/S0379-6779(96)03812-X 

[19] X.Zhang and R.Bai, Langmuir  19   (2003) 10703-10709. 
http://dx.doi.org/10.1021/la026924c 

[20] C.Weidlich, K.M.Mangold and K.Juttner, Electrochim. Acta 47 (2001) 
741-745. 
http://dx.doi.org/10.1016/S0013-4686(01)00754-X 

[21] S.Deng and R.Bai, Water Res  38  (2004) 2424-2432. 
http://dx.doi.org/10.1016/j.watres.2004.02.024 

[22] C.Jeon and W.H.Holl, Water Res 37  (2003) 4770-4780. 
http://dx.doi.org/10.1016/S0043-1354(03)00342-7  

[23] B. Mathew andV.N.R. Pillai, Polymer  34 (12) (1993) 2650-2658. 
[24] P.Viel, S.Palacina, F.Descoursb, C.Bureaub, F.L.Derf, J.Lyskawac 

and M.Salle, Appl. Surf Sci  (212–213) (2003)792-796 . 
http://dx.doi.org/10.1016/S0169-4332(03)00105-3 

[25] M.Chanda and G.L.Rempel, React. Polym  25 (1995) 25-36. 
http://dx.doi.org/10.1016/0923-1137(95)00004-3 

[26] P.A.Kumar, M.Ray and S.Chakraborty, J. Hazard. Mater  143  (2007) 
24-32. 
http://dx.doi.org/10.1016/j.jhazmat.2006.08.067 

[27] P.A.Kumar, M.Ray and S.Chakraborty, Chem. Eng J 141 (2008) 130-
140. 
http://dx.doi.org/10.1016/j.cej.2007.11.004 

[28] P.A.Kumar, M.Ray and S.Chakraborty,  J. Hazard. Mater  162 (2009) 
1086-1098. 
http://dx.doi.org/10.1016/j.jhazmat.2008.05.147 

[29] M.Karthikeyan, K.K.Satheeshkumar and K.P.Elango, J. Hazard. Mater 
167   (2009) 300-305. 
http://dx.doi.org/10.1016/j.jhazmat.2008.12.141 

[30] H. Eisazadeh and S. A. Mozafari, journal of vinyl & additives 
technology  16(2)   (2010) 170-174. 

[31] M. Ghorbani, H. Eisazadeh, R. Katal,  journal of vinyl & additives 
technology  16(3) (2010) 217-221. 

[32] M. Ghorbani, H. Esfandian, N. Taghipour, R. Katal, Desalination  
263(1-3)  (2010) 279-284.  
http://dx.doi.org/10.1016/j.desal.2010.06.072 

[33] R. Ansari, F. Raofie, E-Journal of Chemistry  3(10)  (2006) 35-43. 
http://dx.doi.org/10.1155/2006/523275 

[34] Ö. Nese, T. Ennil Bektas, J. Haz. Mat., B 112  (2004) 155-162. 
[35] W.J. Morris, C.I. Weber, J. Saint. Eng. Div., ASCE 89  (1963) 31-39. 
[36] S. Lagergren, Handlingar 24 (1898) 1-39. 
[37] A.K. Bhattacharya, T.K. Naiya, S.N. Mandal, S.K. Das, Chem. Eng. J 

137  (2008) 529-541. 
http://dx.doi.org/10.1016/j.cej.2007.05.004                                          

[38] M.M. Dubinin, L.V. Radushkevich, Proc. Acad. Sci. U.S.S.R. Phys. 
Chem. Sect 55(1947) 331-340.  

[39] T.S. Anirudhan, P.S. Suchithra,  J. Ind. Eng.Chem 16 (2010) 130-136. 
http://dx.doi.org/10.1016/j.jiec.2010.01.006 

[40] S.E. Ghazy, A.H. Ragab, Indian J. Chem. Technol 14  (2007)507-514. 
[41] T.K. Naiya, A.K. Bhattacharya, S.K. Das, J. Colloid Interf. Sci 325  

(2008) 48-56. 
http://dx.doi.org/10.1016/j.jcis.2008.06.003 

[42] W.S. Wan Ngah, S. Fatinathan, J. Environ. Manage  91 (2010) 958-
969. 
http://dx.doi.org/10.1016/j.jenvman.2009.12.003 

[43] Yanhui Zhan a , Jianwei Lin b,  Zhiliang Zhu, Journal of Hazardous 
Materials  186  (2011) 1972-1978. 
http://dx.doi.org/10.1016/j.jhazmat.2010.12.090 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

International Conference on Advances in Agricultural, Biological & Environmental Sciences (AABES-2014) Oct 15-16, 2014 Dubai (UAE)

http://dx.doi.org/10.15242/IICBE.C1014079 96

http://dx.doi.org/10.1016/S0043-1354(01)00362-1
http://dx.doi.org/10.1016/S0043-1354(01)00362-1
http://dx.doi.org/10.1016/S0043-1354(01)00362-1
http://dx.doi.org/10.3844/ajessp.2005.102.105
http://dx.doi.org/10.3844/ajessp.2005.102.105
http://dx.doi.org/10.3844/ajessp.2005.102.105
http://dx.doi.org/10.3844/ajessp.2005.102.105
http://dx.doi.org/10.1016/S0043-1354(02)00214-2
http://dx.doi.org/10.1016/S0043-1354(02)00214-2
http://dx.doi.org/10.1016/S0043-1354(02)00214-2
http://dx.doi.org/10.1016/j.watres.2007.02.046
http://dx.doi.org/10.1016/j.watres.2007.02.046
http://dx.doi.org/10.1016/j.watres.2007.02.046
http://dx.doi.org/10.1016/j.jhazmat.2009.03.042
http://dx.doi.org/10.1016/j.jhazmat.2009.03.042
http://dx.doi.org/10.1016/j.jhazmat.2009.03.042
http://dx.doi.org/10.1016/j.jhazmat.2009.03.042
http://dx.doi.org/10.1016/S0376-7388(98)00029-5
http://dx.doi.org/10.1016/S0376-7388(98)00029-5
http://dx.doi.org/10.1016/S0376-7388(98)00029-5
http://dx.doi.org/10.1016/S1383-5866(00)00222-7
http://dx.doi.org/10.1016/S1383-5866(00)00222-7
http://dx.doi.org/10.1016/S1383-5866(00)00222-7
http://dx.doi.org/10.1260/0263617041503480
http://dx.doi.org/10.1260/0263617041503480
http://dx.doi.org/10.1260/0263617041503480
http://dx.doi.org/10.1016/S0273-1223(97)00119-4
http://dx.doi.org/10.1016/S0273-1223(97)00119-4
http://dx.doi.org/10.1016/S0273-1223(97)00119-4
http://dx.doi.org/10.1016/S0378-3820(00)00126-0
http://dx.doi.org/10.1016/S0378-3820(00)00126-0
http://dx.doi.org/10.1016/S0378-3820(00)00126-0
http://dx.doi.org/10.1016/S0378-3820(02)00065-6
http://dx.doi.org/10.1016/S0378-3820(02)00065-6
http://dx.doi.org/10.1016/S0378-3820(02)00065-6
http://dx.doi.org/10.1016/j.desal.2005.02.085
http://dx.doi.org/10.1016/j.desal.2005.02.085
http://dx.doi.org/10.1016/0925-4005(93)85321-Z
http://dx.doi.org/10.1016/0925-4005(93)85321-Z
http://dx.doi.org/10.1016/0925-4005(93)85321-Z
http://dx.doi.org/10.1016/S0379-6779(96)03812-X
http://dx.doi.org/10.1016/S0379-6779(96)03812-X
http://dx.doi.org/10.1016/S0379-6779(96)03812-X
http://dx.doi.org/10.1021/la026924c
http://dx.doi.org/10.1021/la026924c
http://dx.doi.org/10.1016/S0013-4686(01)00754-X
http://dx.doi.org/10.1016/S0013-4686(01)00754-X
http://dx.doi.org/10.1016/S0013-4686(01)00754-X
http://dx.doi.org/10.1016/j.watres.2004.02.024
http://dx.doi.org/10.1016/j.watres.2004.02.024
http://dx.doi.org/10.1016/S0043-1354(03)00342-7
http://dx.doi.org/10.1016/S0043-1354(03)00342-7
http://dx.doi.org/10.1016/S0169-4332(03)00105-3
http://dx.doi.org/10.1016/S0169-4332(03)00105-3
http://dx.doi.org/10.1016/S0169-4332(03)00105-3
http://dx.doi.org/10.1016/0923-1137(95)00004-3
http://dx.doi.org/10.1016/0923-1137(95)00004-3
http://dx.doi.org/10.1016/j.jhazmat.2006.08.067
http://dx.doi.org/10.1016/j.jhazmat.2006.08.067
http://dx.doi.org/10.1016/j.jhazmat.2006.08.067
http://dx.doi.org/10.1016/j.cej.2007.11.004
http://dx.doi.org/10.1016/j.cej.2007.11.004
http://dx.doi.org/10.1016/j.cej.2007.11.004
http://dx.doi.org/10.1016/j.jhazmat.2008.05.147
http://dx.doi.org/10.1016/j.jhazmat.2008.05.147
http://dx.doi.org/10.1016/j.jhazmat.2008.05.147
http://dx.doi.org/10.1016/j.jhazmat.2008.12.141
http://dx.doi.org/10.1016/j.jhazmat.2008.12.141
http://dx.doi.org/10.1016/j.jhazmat.2008.12.141
http://onlinelibrary.wiley.com/doi/10.1002/vnl.v16:2.n/issuetoc
http://dx.doi.org/10.1016/j.desal.2010.06.072
http://dx.doi.org/10.1016/j.desal.2010.06.072
http://dx.doi.org/10.1016/j.desal.2010.06.072
http://dx.doi.org/10.1155/2006/523275
http://dx.doi.org/10.1155/2006/523275
http://dx.doi.org/10.1016/j.cej.2007.05.004
http://dx.doi.org/10.1016/j.cej.2007.05.004
http://dx.doi.org/10.1016/j.cej.2007.05.004
http://dx.doi.org/10.1016/j.jiec.2010.01.006
http://dx.doi.org/10.1016/j.jiec.2010.01.006
http://dx.doi.org/10.1016/j.jcis.2008.06.003
http://dx.doi.org/10.1016/j.jcis.2008.06.003
http://dx.doi.org/10.1016/j.jcis.2008.06.003
http://dx.doi.org/10.1016/j.jenvman.2009.12.003
http://dx.doi.org/10.1016/j.jenvman.2009.12.003
http://dx.doi.org/10.1016/j.jenvman.2009.12.003
http://dx.doi.org/10.1016/j.jhazmat.2010.12.090
http://dx.doi.org/10.1016/j.jhazmat.2010.12.090
http://dx.doi.org/10.1016/j.jhazmat.2010.12.090



