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ABSTRACT 
 

Biosorption of copper on raw and activated (AC) spines of Bombax buonopozense in a 
batch system was studied. The percentage removal of copper was found to be a function 
of pH, contact time, dosage, initial metal concentration and temperature. The 
experimental results were analyzed with Langmuir, Freundlich, and Dubinin-Radushkevic 
isotherm models and in each case the Langmuir model appears to have better regression 
coefficients, R2, 0.998 and 0.987 for raw and activated adsorbents respectively. From the 
kinetic studies the rate constant values for the adsorption process were calculated. Also, 
various thermodynamic parameters such as ��°, ��°, ��° and �� were calculated and the 
result showed that the sorption process was endothermic in nature and that higher 
solution temperatures favoured metal ion removal by the adsorbents. These results 
indicated that spines of Bombax buonopozense have potential for the uptake of the toxic 
element (copper) from industrial effluents. 
 

 
Keywords: Biosorption; langmuir isotherm; endothermic; kinetic; thermodynamic.  
 
1. INTRODUCTION 
 
Wastewater treatment processes in terms of removal of toxic metals is of great importance in 
determining the quantity of heavy metals discharged into municipal waters. Discharge of 
industrial wastewater containing hazardous metals into the environment causes serious 
environmental problems to human and ecosystems [1,2]. This is because untreated 
wastewater from industries and homes end up in rivers and aquatic systems that are 
sources of livelihood for humans [3]. Most of these rivers are used as sources of drinking 
water by rural dwellers without any form of treatment and thus increase the chances of 
several health problems such as cancer, kidney failure, oral ulcer, renal failure and metabolic 
acidosis [4].  
 
Several techniques are available for the removal of inorganic pollutants (potential toxic 
metals) from industrial wastewater. The removal of these inorganic pollutants from domestic 
or drinking water can be achieved through precipitation, flocculation, solvent extraction, ion 
exchange, reverse osmosis [5], but the process of adsorption has become a preferred 
method for the removal of toxic contaminants from water because of its effectiveness, 
economical value, versatility and simplicity [6].  
 
Adsorption is a mass transfer process by which a substance is transferred from the liquid 
phase to the surface of a solid and becomes bound by physical or chemical interactions [7]. 
Adsorption processes mostly involve the use of various low cost agricultural by-products for 
the elimination of heavy metals from wastewater and these include Moriga oleifera pod [8], 
papaya wood [9], neem bark [10]. Most of these are used in form of granular or powdered 
activated carbon which have been employed as adsorbents for the removal of both heavy 
metals and organic pollutants from contaminated water. 
 
The goal of this work was to investigate the sorption capacity, thermodynamics and kinetics 
of raw and activated adsorbents prepared from spines of Bombax buonopozense for copper 
removal. The potential of this biomaterial as a low cost biosorbent was studied by means of 
batch sorption tests. 
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2. MATERIALS AND METHODS 
 
2.1 Biosorbents 
 
The spines of Bombax buonopozense were obtained from the bark of this tree collected from 
farm lands from suburbs of Minna, Nigeria. They were washed with distilled water and 
thoroughly dried in an oven at 105ºC. The sample was ground using pestle and mortar and 
then sieved to obtain the 250�m fraction used in this experiment. The sample after sieving is 
divided into two parts: The first part was labeled by “Raw” and second part “AC” was placed 
in a crucible and positioned at the center of a muffle furnace for 15mins at 500ºC. The 
activated carbon (AC) produced is washed with distilled water and later oven dried.  
 
2.2 Metal Ion Solutions 
 
All reagents used in this study were analytical grade. A stock solution of 1000 mgdm-3 
copper was prepared by dissolving the appropriate amount of CuSO4.5H2O in distilled water. 
Solutions of lower concentrations were prepared by diluting the stock solution with distilled 
water. Sodium hydroxide (NaOH) and hydrochloric acid (HCl) were used for pH adjustments. 
 
2.3 Analytical Techniques 
 
The concentration of copper in the filtrate was measured on an atomic absorption 
spectrophotometer (AAS), Perkin Elmer; Analyst 200 and the pH were measured with Kent 
EIL7045/46 pH-Meter.  
 
The specific metal uptake 	
 and the percentage removal (Removal %) calculated according 
to the following equations: 
 

	
 =  C −  C�
m  V 

 

Removal �%� =  C −  C�
C

 × 100 

 
where �� (mgdm-3) is the initial concentration of copper in solution, �
  (mgdm-3) the 
equilibrium copper concentration, 	
  (mgg-1) the equilibrium uptake capacity and   (g) the 
dry weight of the adsorbent. 
 
2.4 Adsorption Isotherms 
 
The adsorption isotherms were obtained by employing 0.5g of raw and carbonized samples. 
These were then interacted with 40cm3 of waste solution with different initial concentrations 
(10, 20, 30, 40 and 50mgdm-3) of copper. These solutions were stirred on a mechanical 
shaker until they reached adsorption equilibrium. The mixtures were shaken for the contact 
time and then both phases were separated by filtration. The metal contents of the filtrates 
were determined by atomic absorption spectrometry. 
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2.5 Equilibrium Modeling in a Batch System 
 
Analysis of equilibrium data is important for developing equation under different operational 
conditions in order to design and optimize an operating procedure. Equilibrium studies give 
the capacity of the adsorbent and this can be established on several models.  
 
2.6 Freundlich Isotherm Model   
 
The Freundlich isotherm is an empirical expression which shows the heterogeneity of the 
surface and multilayer adsorption to the binding sites located on the surface of the sorbent 
and is expressed as follows: 
 

q� = K#�C��$/& 
 
Where '(  is the biosorption equilibrium constant and n is a constant indicative of biosorption 
intensity. �
 is the final concentration of copper in solution (mgdm-3). The Freundlich 
isotherm constants '( and 1/n are evaluated from the intercept and the slope respectively, of 
the linear plot of ln	
 versus ln�
. 
 
2.7 Dubinin-Radushkevich Isotherm (D-R) Model 
 
This isotherm model was chosen to evaluate the mean energy of sorption. It is represented 
in the linear form by the equation: 
 

lnq� = lnQ+ − Kℰ- 
 
Where ./ is the theoretical maximum capacity (mgg-1) and ℰ is the Polanyi potential which is 
expressed as:  
 

ℰ = 01ln 21 +  1
C�

4 

 
The biosorption mean free energy � was calculated from the relation: 
 

� = 1
�−2'�$

-
 

 
2.8 Langmuir Model 
 
The Langmuir treatment is based on the assumption that a maximum adsorption 
corresponds to a saturated monolayer of solute molecules on the adsorbent surface and the 
equation of Langmuir’s isotherm model is expressed as: 
 

�

	


= 1
'6./�7

+ 1
./�7

�
 

 
Where 	
 is the amount of metal adsorbed (mgg-1), �
 is the equilibrium concentration of 
solution (mgdm-3). ./�7 and '6 are Langmuir constants indicating adsorption capacity and 
energy respectively.   
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2.9 Sorption Kinetics 
 
2.9.1 Pseudo first-order kinetic model  
 
The pseudo first-order kinetic model was applied to the experimental data to describe the 
kinetics of copper metal sorption. This equation is given below: 
 

ln�	
 − 	8� = ln	
 − 9$: 
 
Where 	8 and 	
 are the amount of solute sorbed per mass of sorbent (mgg-1) at any time 
and equilibrium respectively and 9$ is the rate constant of first-order sorption (min-1). 
 
2.9.2 Pseudo second-order kinetic model  
 
The pseudo second-order kinetic model equation is represented as: 
               

:
	8

= 1
9-	
-

+ 2 1
	


4 : 

 
The initial sorption rate is defined by the following equation: 
 

ℎ = 9-	
- 
 
Where 9- is the rate constant (g/mg.min) and 	8 is the metal uptake capacity at any time :. 
 
These equations in this model were used to characterize the adsorption processes of these 
sorbents. 
 
2.10 Thermodynamic Studies 
 
Thermodynamic parameters were evaluated by considering the thermodynamic equilibrium 
constants. The free energy of the biosorption reaction, considering the biosorption 
equilibrium constant, '�, is given by the following equation: 
 

∆� = −01ln'� 
 
Where ∆� is the change in free energy (kJ/mol), 0 the universal gas constant 8.314 J/K mol 
and 1 is the absolute temperature (K). The equilibrium constant of the biosorption is defined 
as: 
 

K> =  q�
C�

 

 
Where 	
  is the metal uptake capacity (mgg-1), �
 is the equilibrium concentration of the 
metal ion in solution (mgdm–3) and '�  is the biosorption equilibrium constant (dm3/g). 
 
The surface coverage (θ) for studying the sticking probability and activation energy was 
calculated from the equations below.  
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? = �1 − �

�@

 � 

 
�∗ = �1 − ?�BCDE/FG 

 
�
 and �� are the equilibrium and initial metal concentrations of the metal respectively while 
the values of activation energy ���� and sticking probability ��∗� were estimated from the 
experimental data using a modified Arrhenius type equation related to surface coverage as 
expressed above.  
  
3. DISCUSSION OF RESULTS 
 
3.1 Contact Time  
 
Fig. 1 shows the effect of residence time on the removal of copper metal on raw and 
carbonized adsorbent. Equilibrium was attained within 90 min of shaking time for Cu(II) ions. 
This shows that there were large number of vacant active binding sites available at the first 
phase of experiment and large amounts of copper metal were bound rapidly on the 
adsorbents of spines of Bombax buonopozense at a faster adsorption rate. The binding site 
later became limited and the remaining vacant adsorbents surface sites were difficult to 
contain more copper ions due to the formation of repulsive forces between the metal ions on 
the solid surface of the adsorbent and the liquid phase [11]. This was in agreement with the 
effect of contact time presented by Dhabab [12], on the removal of Fe(II), Cu(II), Zn(II), and 
Pb(II) ions from aqueous solutions by duckweed. 
 

 
 
Fig. 1. Effect of contact time on the removal of co pper ion by adsorption at 5mgdm -3, 

0.5g adsorbents weight, pH 6.9 and temperature 28ºC ±1 
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3.2 pH 
 
Cu(II) adsorption increased with increase in solution pH in the range 2-10 as indicated in Fig. 
2. These suggest that some functional groups might be involved in the adsorption of copper 
[13]. At a low pH, adsorption of metal is relatively low due to increase in completion for 
adsorption sites by hydroxonium ion (H3O

+). As the pH increased (pH>7) adsorption 
increased. The enhanced rate of adsorption with increasing pH implies that the surfaces of 
adsorbents became more negatively charged. This is in accordance with the findings of 
Abdel-Halim and Al-Deyab [14]. 
 

 
 

Fig. 2. Effect of pH on the removal of copper ion b y adsorption at 5mgdm -3 
concentration and 0.5g adsorbents weight 

 
3.3 Initial Concentration 
 
Fig. 3 shows the effect of initial metal concentration on the ability of adsorption by raw and 
activated samples from spines of Bombax buonopozense at a range of 10 – 50mgdm-3 of 
copper solution. The initial faster rate of removal of copper could be due to the availability of 
the vacant surface areas of the adsorbents and increase in the electrostatic interaction 
between the metal ions and the absorbent active sites [15,16]. In contrast, decrease in the 
percentage removal was due to the availability of limited sites on the adsorbents at higher 
concentrations [17,18]. Similar results were observed by El-Ashtoukly et al. [19] that used 
pomegranate peel for the adsorption of lead and copper. 
 
3.4 Dosage  
 
The percentage of copper removal in Fig. 4 increased with increasing the weight of the 
adsorbents. The increase in the weight of adsorbents increased the rate of adsorption due to 
availability of more adsorption surface sites (overcrowding of particles). This may also be 
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attributed to aggregation of adsorbent surface area available to ion and increase in diffusion 
path lengths [20]. This conforms to the findings of Asubiojo and Ajelabi, [21]; Khosravan and 
Lashkari [22]. 
 

 
 

Fig. 3. Effect of variation of initial concentratio n on the removal of copper ion by 
adsorption at 0.5g adsorbents weight, contact time 90min and pH 6.9 

 

 
 
Fig. 4. Effect of adsorbent dose on the removal of copper ion by adsorption at contact 

time 90min, 5mgdm -3 concentration and pH 6.9 
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3.5 Temperature 
 
The effect of temperature on the adsorption of copper is illustrated by the results depicted in 
Fig. 5. It is shown that the percentage removal of copper increased with an increase in 
temperature indicating better adsorption at higher temperatures. The increase in the amount 
of copper ions adsorbed with increase in temperature may be due to the rise in the kinetic 
energy of sorbent particles or creation of some new adsorption active sites on the surface of 
adsorbents [23]. Also the retarding specific or electrostatic interactions probably became 
weaker and the ions became smaller, because solvation is reduced [24,25]. This indicates 
that the adsorption reaction was endothermic in nature. This was similar to the findings of 
Shen and Duvnjak [26], that found that the uptake of Cd(II) and Cu(II) using corncob 
particles as adsorbent increased at higher temperatures. 

 

 
 

Fig. 5. Effect of temperature on the removal of cop per ion by adsorption at 5mgdm -3 
concentration, contact time 90min and pH 6.9 

 
3.6 Isothermal Studies 
 
The Freundlich, Dubnin Radushkevich and Langmuir isotherm values were calculated and 
given in Table 1. This shows the increase of negative charge on the surface that enhanced 
the electrostatic force like Van der Waal’s between the surface of the adsorbents and the 
metal ions which increased the adsorption of copper ions which clearly showed dominance 
in adsorption capacity. The biosorption intensity n is indicative of the bond energies between 
the copper ions and the adsorbents which showed a possibility of physiosorption and slight 
chemisorptions and the values of H indicated that the adsorption was favourable [27,28]. The 
Freundlich isotherm provides no information on the monolayer adsorption capacity when 
compared to the Langmuir model. 
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Table 1. Isotherm model for the sorption of copper ions by spines of   
Bombax buonopozense 

 
Isotherm  Parameter  Raw AC 
Freundlich KF(mgg¯¹) 0.557 0.659 

n 3.257 3.367 
R² 0.957 0.973 

Dubinin Radushkevich Qm(mgg¯¹) 0.265 2.77 
K(mol²kJ¯²) 7 × 10¯⁸ 5 × 10¯⁹ 
E(kJ/mol) 2.672 3.163 
R² 0.934 0.925 

Langmuir Qmax(mgg¯¹) 1.709 1.876 
KL(L/mg) 0.303 0.318 
R² 0.998 0.987 

 
The E values of the raw and activated adsorbents were between 2.672 and 3.163 kJ/mol 
which indicated that the adsorption process might be due to the predominant nature of 
physisorption process [29]. The isotherm plots of Freundlich, Dubinin Radushkevich and 
Langmuir are shown below in Figs. 6, 7 and 8 respectively. The correlation coefficients R2 

results of Langmuir isotherm model fitted the results quite well suggesting that the surface of 
the sorbent is homogenous and at maximum adsorption Q+>K only monolayer was formed on 
the free surface of the adsorbents [30,31]. The maximum sorption capacity determined from 
the experimental equilibrium isotherm showed that activated adsorbent (AC) had a better 
copper binding ability (1.876mgg-1) than the raw adsorbent (1.709mgg-1). Nevertheless, the 
maximum biosorption capacities obtained in this for both raw and activated (AC) are found to 
be lower compared to pristine peat (17.8mgg-1) [32].   
 

 
 

Fig. 6. Freundlich isotherm plot for adsorption of copper ion onto raw and activated 
adsorbents 
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Fig. 7. Dubinin-Radushkevich isotherms plot for ads orption of copper ion onto raw 
and activated adsorbents 

 

 
 

Fig. 8. Langmuir isotherm plot for adsorption of co pper ion onto raw and activated 
adsorbents 
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3.7 Biosorption Kinetics 
 
The values of rate constants, correlation coefficients, adsorption capacity and initial sorption 
rate are given in Table 2. Figs. 9 and 10 represent the plot of pseudo-first-order and pseudo-
second-order respectively. The plots of ln(qe – qt) against t for the pseudo-first-order for raw 
and activated adsorbents were not linear indicating that more than one mechanism are 
involved in adsorption  process. This confirms that it is not appropriate to use the pseudo-
first-order kinetic model to predict the adsorption kinetics for copper ion. The correlation 
coefficients values of the raw and activated adsorbents at various initial concentration of 
pseudo second order kinetic model were higher than that of pseudo first order kinetic model. 
This shows that kinetics of copper biosorption by Bombax buonopozense was better 
described by pseudo second order kinetic model which is similar to the findings of Puello et 
al. [33]; Priyantha et al. [34]. This was also in line with the finding of Murthy et al. [35] for the 
removal of Pb(II) from aqueous solution by Cucumis sativus (Cucumber) Peel. Predicted 
initial copper sorption rate, h, for activated adsorbent (AC) was higher than the raw 
adsorbent. The higher initial rate by activated adsorbent may be evidence that carbonization 
increase the number of active surface sites that are more available for sorption of         
copper ion. 
 

Table 2. Kinetics rate model for the sorption of co pper ions by spines of   
Bombax buonopozense 

 
Kinetic  Parameter  Raw AC 
First-order qe(mgg¯¹) 0.333 0.342 

k₁(min¯¹) 1 × 10¯⁸ 5 × 10¯⁵ 
R² 0.048 0.052 

Second-order qe(mgg¯¹) 0.033 0.031 
k₂(g/mg.min) 3.432 5.14 
h(mg/gmin) 3.737 × 10¯³ 4.4 × 10¯³ 
R² 0.902 0.987 

 
3.8 Thermodynamics Parameter 
 
The thermodynamic parameters in Table 3, the values of enthalpy, ∆�°, and entropy, ��°, 
and Gibbs free energy, ��°, of the sorption are useful in defining whether the sorption 
reaction is endothermic or exothermic and spontaneity or non-spontaneity of the adsorption 
process. The positive value of enthalpy change, ∆�° , shows that the adsorption of copper 
ions was endothermic and the positive values of ��° at various temperatures indicated the 
non spontaneous nature of the adsorption process. The numerical values of ��° decreased 
with increased temperature indicating that the reaction became spontaneous and more 
favourable at higher temperature. The positive values of ��° indicated the strong affinity of 
raw and activated adsorbent materials toward the copper ions. 
 
The sticking probability, S*, is a function of the adsorbate and adsorbent system under 
consideration and is dependent of the temperature of the batch system. The activation 
energy �� values were found to be 10.875kJ/mol and 13.177kJ/mol for the raw and activated 
adsorbents respectively. The positive values of �� indicated that higher solution 
temperatures favoured copper metal removal by adsorption and the adsorption process was 
endothermic in nature. 
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Fig. 9. Pseudo-first-order plot for adsorption of c opper ion onto raw and activated 
adsorbents 

 

 
 

Fig. 10. Pseudo-second-order plot for adsorption of  copper ion onto raw and activated 
adsorbents
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Table 3. Thermodynamic parameters for the sorption of copper ions by spines of  Bombax buonopozense 
 

Temp  
(K) 

Raw AC 
∆H˚ 
(kJ/mol) 

∆S˚ 
(Jmol -1K-1) 

Eₐ 
(kJ/mol) 

∆G˚ 
(kJ/mol) 

R² 
 

∆H˚ 
(kJ/mol) 

∆S˚ 
(Jmol -1K-1) 

Eₐ 
(kJ/mol) 

∆G˚ 
(kJ/mol) 

R² 
 

303    4.144     4.428  
313    3.857     3.652  
323 13.036 29.346 10.875 3.557 0.932 27.952 77.636 13.177 2.876 0.717 
333    3.242     2.099  
343    2.930     1.323  
353    2.619     0.547  
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4. CONCLUSION 
 
Batch sorption studies for the removal of copper from wastewater have been carried out 
using spines of Bombax buonopozense as low cost and locally available biosorbents. The 
adsorption process followed pseudo-second-order kinetics and obeyed Langmuir adsorption 
isotherm for the metal ion studied. The excellent applicability of Langmuir isotherm to the 
metal ion biosorption showed the occurrence of monolayer adsorption of active sites on the 
surface of biosorbents. The Laboratory test on copper removal from wastewater showed the 
potential applicability of this material in the industrial waste treatment. It is therefore 
necessary to synthesize Bombax buonopozense as low cost and effective adsorbent for the 
removal of potentially toxic metals from aqueous solutions.  
 
COMPETING INTERESTS 
 
Authors have declared that no competing interests exist. 
 
REFERENCES 
 
1. Wang J, Chen C. Biosorbents for heavy metals removal and their future. 

Biotechnology Advances. 2009;27:195-226. 
2. Gadd GM. Biosorption: Critical review of scientific rationale, environmental importance 

and significance for pollution treatment. Journal of Chemical Technology & 
Biotechnology. 2009;84:13-28. 

3. Saad DM, Cukrowska EM, Tutu H. Development and application of cross-linked 
polyethylenimine for trace metal and metalloid removal from mining and industrial 
wastewaters. Toxicological & Environmental Chemistry. 2011;93:914-924. 

4. Mehmet EA, Sukru D, Celalettin O, Mustafa K. Heavy metal adsorption by modified 
oak sawdust. J of Hazard Mater In Press; 2006. 

5. Arief VO, Trilestari K, Sunarso J, Indraswati N,  Ismadji S. Recent progress on 
biosorption of heavy metals from liquids using low cost biosorbents: Characterization, 
biosorption parameters and mechanism studies. Clean. 2008;36(12):937-962.  

6. Garg VK, Kumar R, Gupta R. Removal of malachite green dye from aqueous solution 
by adsorption using agro-industry waste: A case study of Prosopis cineraria. Dyes and 
Pigments. 2004;62:1-10.  

7. Kurniawan TA, Babel S. A research study on Cr(VI) removal from contaminated 
wastewater using low-cost adsorbents and New trends in removing heavy metals from 
industrial wastewater 375 commercial activated carbon. In: Second Int. Conf. on 
Energy Technology towards a Clean Environment (RCETE), Phuket, Thailand. 
2003;2:1110-1117. 

8. Adelaja OA, Amoo IA, Aderibigbe AD. Biosorption of Lead (II) ions from aqueous 
solution using Moringa oleifera pod. Scholar’s research library Archives of Applied 
Science Research. 2011;3(6):50-60. 

9. Iqbal M. Waheed Akhter M, Saeed A. Removal and recovery of heavy metals from 
aqueous solution using papaya wood as a new bio sorbent. Sep Purim Technol. 
2005;45:25-31. 

10. Ayub S, Ali SI, Khan NA. Efficiency evaluation of neem (Azadirachta indica) bark in 
treatment of industrial wastewater. Environmental Pollution Control Journal. 
2001;4(4):34-38. 



 
 
 
 

International Research Journal of Pure & Applied Chemistry, 4(6): 887-903, 2014 
 
 

902 
 

11. Anwar J, Shafique U, Waheed uz Z, Salman M, Dar A, Anwar S. Removal of Pb(II) 
and Cd(II) from water by adsorption on peels of banana. Bioresource Technology. 
2010;101(6):1752-1755. 

12. Dhabab JM. Removal of Fe(II), Cu(II), Zn(II), and Pb(II) ions from aqueous solutions 
by duckweed. Journal of Oceanography and Marine Science. 2011;2(1):17-22. 

13. Flaviane VK Leandro VA, Laurent GF. Removal of Zn from aqueous single metal 
solutions and electroplating wastewater with wood sawdust and sugar cane bagasse 
modified with EDTA dianhydride (EDTAD). J Hazard Mater. 2010;176:856-863. 

14. Abdel-Halim ES, Al-Diyab SS. Removal of heavy metal from their aqueous solutions 
through adsorption onto natural polymer. Carbohydrate Polymer. 2011;84:454-458. 

15. Gong R, Jin Y, Chen F, Chen J, Liu Z. Enhanced malachite green removal from 
aqueous solution by citric acid modified rice straw. Journal of Hazardous Materials. 
2006;137:865-870. 

16. Qadeer R, Akhtar S. Kinetics study of lead ion adsorption on active carbon. Turk J 
Chem. 2005;29:95-99. 

17. Jimoh T, Egila JN,  Dauda BEN. Biosorptive removal of cobalt(II) ions From aqueous 
solution by Amarathus hydridus L. stalk wastes. African Journal of Biotechnology. 
2010;9(48):8192-8198. 

18. Khalid N, Ahmad S, Toheed A, Ahmed J. Potential of rice husks for antimony removal. 
Appl Radiation Isotopes. 2000;52:31-38. 

19. El-Ashtoukhy ESZ, Amina NK, Abdelwahab O. Removal of lead(II) and copper(II) from 
aqueous solution using pomegranate peel as a new adsorbent. Desalination. 
2008;223:162–173. 

20. Yasemin B, Tez Z. Adsorption studies on ground shells of hazelnut and almond. 
Journal of Hazazrdous Materials. 2007;149(1):35-41. 

21. Asubiojo OI, Ajelabi OB. The removal of heavy metals from aqueous solution by 
sawdust adsorption. J Environ Chem Toxicol. 2009;91:883-890. 

22. Khosravan A, Lashkari B. Adsorption of Cd(II) by dried activated slugde. Iranian 
Journal of Chemical Engineering. 2011;8(2):41-56. 

23. Khazaii I, Aliabadi M, Hamed Mosavian HT. Use of Agricultural waste for the removal 
of Cr(VI) from aqueous solution. Iranian Journal of Chemical Engineering. 
2011;8(4):11-23. 

24. Babel S, Kurniawan TA. Low-cost adsorbents for heavy metals uptake from 
contaminated water. Journal of Hazardous Materials. 2003;97:219-243. 

25. Inglezakis VJ, Loizidou MD, Grigoropoulou HP. Ion exchange studies on natural and 
modified zeolites and the concept of exchange site accessibility. Journal of Colloid and 
Interface Science. 2004;275:570-576. 

26. Shen J, Duvnjak Z. Effects of temperature and pH on adsorption isotherm for Cupric 
and cadmium ions in their single and binary solutions using corncob particles as 
adsorbent. Seperation Science and Technology. 2004;39:3023-3041. 

27. Vadivelan V, Kumar KV. Equilibrium, kinetics, mechanism, and process design for the 
sorption of methylene blue onto rice husk. J Colloid Interface Sci. 2005;286:90-100. 

28. Venkatraman BR, Parthasarathy S, Kasthuri A, Pandian P, Arivoli S. Adsorption of 
chromium ions by acid activated low cost carbon kinetic, thermodynamic and 
equilibrium studies. E-Journal of Chemistry. 2009;6(1):1-11. 

29. Chen AH, Liu SC, Chen CY, Chen CY. Comparative adsorption of Cu(II), Zn(II), and 
Pb(II) ions in aqueous solution on the crosslinked chitosan wit epichlorohydrin. Journal 
of Hazardous Materials. 2008;154:184-191. 

30. Oremusová J. Manual for laboratory practice in physical chemistry for students of 
pharmacy, department of physical chemistry. Faculty of Pharmacy, Comenius 
University, Bratislava; 2007. 



 
 
 
 

International Research Journal of Pure & Applied Chemistry, 4(6): 887-903, 2014 
 
 

903 
 

31. Tewari N, Vasudevan P, Guha BK. Study on biosorption of Cr(VI) by Mucor hiemalis. 
Biochem Eng J. 2005;23:185-192. 

32. Chieng HI, Lim LBL, Priyantha N. Adsorption of Copper(II) ions by peat from pristine 
and disturbed sites: Equilibrium, thermodynamics and kinetics study. Journal of 
Applied Sciences in Environmental Sanitation. 2013;8(4):303-312. 

33. Puello J, Silgado K, Marrugo GD. Adsorption of chromium (VI) by activated          
carbon produced from oil palm endocarp. Chemical Engineering Transaction. 
2014;37:721-726. 

34. Priyantha N, Lim LBL, Tennakoon DTB, Mohd Mansor NH, Dahri MK, Chieng HI. 
Brfeadfruit (Artocamus altilis) waste for bioremedation of Cu(II) and Cd(II) Ions from 
aqueous medium. Ceylon Journal of Science (Physical Sciences). 2013;17:19-29. 

35. Murthy RC, Prasad RL, Ansari NG, Pandey R. Pb(II) Removal from Aqueous Solution 
by Cucumis sativus (Cucumber) Peel: Kinetic, Equilibrium & Thermodynamic Study. 
American Journal of Environmental Protection. 2014;2(3):51-58. 

_________________________________________________________________________ 
© 2014 Mustapha et al.; This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 
 
 
 
 Peer-review history: 

The peer review history for this paper can be accessed here: 
http://www.sciencedomain.org/review-history.php?iid=536&id=7&aid=5871 

 


