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ABSTRACT 
 

The presence of metallic ions in water  bodies is of great concern because their presence and accumulation have a 
toxic effect on living species. Conventional methods for toxic metal removal include oxidation, reduction, 
precipitation, membrane filtration, ion exchange, electrolytic recovery, biological treatment, and adsorption The 
adsorption process is being widely used by various researchers for the removal of heavy metals from waste streams.  
In the present investigation, removal of Cu(II) from aqueous solution by the process of adsorption has been 
considered. Neem leaf powder (NLP)  has been used as adsorbent. The influence of metal concentration, and 
adsorbent concentration on the extent of adsorption  has been studied . 
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INTRODUCTION 
 

Metal contamination is becoming a cause of major concern all over the world. Metals are a natural part of terrestrial 
systems occurring in soil, rock, air, water and organisms. Excess of metals produce physiological poisoning by 
becoming attached or adsorbed on cellular enzymes. The removal of toxic metals from contaminated soils and 
wastewater is one of the most important problems to be solved . Toxic metals such as Pb, Cd, Cu, Zn, Cr, Hg, and 
Ni are the main contaminants of surface water, groundwater and soils which adversely affect water quality, soil 
ecology, and agricultural production. The main sources of these contaminants are metal plating industries, 
abandoned disposal sites, and mining industries[1]. 
 
Although some metals including Cu, Mn and Zn, are essential to plant metabolism in trace amounts, an excess may 
become toxic .Copper plays a vital role in protein metabolism. . Copper is necessary to link polypeptides (disulfide 
bonds), to give protein its required tensile strength. But excess of it may be harmful. According to WHO 
international standards for water (1971), maximum permissible level for Cu in domestic use is 1.5g/m3[2] .   
 
Inhalation of copper dust and fumes (from copper producing and processing factories) can affect the respiratory tract 
causing coughing, sneezing, and pain in the chest. It also can adversely affect the gastrointestinal tract causing 
nausea and diarrhea. Liver and endocrine function may also be affected. It has been reported that 0.5mg/L of Copper 
will kill algae[3]. 
 
Metals can be precipitated out by changing the pH or by treatment with other chemicals[1] .However, all these 
procedures vary in effectiveness and cost. The adsorption process is being widely used by various researchers for the 
removal of heavy metals from waste water and activated carbon has been frequently used as an adsorbent. But the 
method becomes expensive. In recent years, the need for safe and economical methods for purification of 
wastewater  has increased .Therefore it is necessary to explore available inexpensive   plant materials  as adsorbents 
for the removal of heavy metals from aqueous solutions. 
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Bio-sorption is an effective and versatile method and can be easily adopted in low cost to remove heavy  metals 
from large  amount  of industrial waste  water . Adsorption has been a technique of interest . Large number of  
experiments have been performed Recently, kinetic studies on removal of phenol in aqueous solution have been 
reported.[4] studies have shown that heavy metals  can be removed using  certain plant materials[5-7]. Removal of 
Copper (II) from aqueous solutions using teak (Tectona grandis L.f) leaves has been shown to be successful.[8] 
Earlier studies have shown that Neem leaf powder (NLP) can be  used as adsorbent for removal of metals like 
Cr(VI)[9] . Recently, NLP has also been used to remove Chromium from ground water .[10] Thus the objective of 
the present study is to explore the use of NLP as an adsorbent to remove Cu(II) from aqueous solution  as it is 
economical and eco-friendly. 

 
EXPERIMENTAL SECTION 

 
CuCl2.2H2O,  KOH  and oxalic acid were  from  PCL, Pune, NLP was prepared from neem leaves, Conductivity 
meter model No-EQ.664 with built in magnetic stirrer was from Equiptronics . 
 
A. Preparation of solutions: 
Adsorbate solution: 
A stock solution (0.1N) of copper chloride was  prepared by dissolving 17.04 gm of CuCl2.2H2O in distilled water 
and diluted to 1 dm3 . 
 
Preparation of standard KOH solution : 
KOH solution was prepared by dissolving 5.6 gm of KOH in 1 dm3 distilled water 
 to get approximately 0.1N solution. This solution was then standardized by titrating against 0.1N standard solution 
of oxalic acid  
 
B. Adsorbent preparation: 
Adsorbent used for the present investigation is NLP. The neem leaves were collected  into clean plastic bags washed 
with distilled water to remove dust and soluble impurities. Initially leaves were dried at room temperature under 
shade for 6 hours and kept in microwave oven for 2 minutes .These were then crushed and powdered in a mixer. The 
ground neem leaves were sieved to get fine uniform powder. This powder was then stored in Aluminium foil for 
biosorption studies 
 
C. Determination of amount of copper in solution: 
Determination of initial amount of copper in solution: 
The experimental procedure is based on the fact that a reaction usually can be made the basis of a conductometric 
titration if the reaction product is slightly soluble substance or a stable complex .[11] 
 
The conductometer was  standardised before the experiment. The amount of  copper present in the original  solution  
of  adsorbate   has been determined by conductometric  titration   with  standard potassium hydroxide solution. 10ml 
CuCl2.2H2O solution was taken  in a  100 ml beaker .and 40 ml conductivity water was added to it. .The solution 
was stirred well with the help of a magnetic stirrer and  the conductivity cell was immersed into it. The cell was 
connected to the conductometer to note the reading on the display. The burette was filled with standard solution of  
KOH..0.5 ml of solution from burette; was added to the beaker containing copper solution. It was  stirred well and 
the conductance was noted. This procedure was repeated upto 20ml addition of KOH .   
     
Determination of  amount of copper in solution after adsorption: 
Pilot experiment was performed to check the adsorption .Then several experiments were performed for quantitative 
studies on the process of adsorption by NLP as discussed below: 
 
Effect of concentration of adsorbate:                                        
10,20, 30, 40 and 50 cm3 of CuCl2 solution were taken in five conical flasks marked A,B,C,D, and  E. The total 
volume of solution was made up to 50 cm3 by adding 40,30,20,10 and 0 cm3 of distilled water to flasks A,B,C,D, 
and  E respectively.0.5g of NLP was added to each flask . These solutions were agitated and kept for 1 hour .The 
solutions were then filtered to separate the NLP from solution. 10 ml of this solution was used for determination of 
Cu2+ by conductometric titration by following the procedure explained above. 
 
Effect of concentration of adsorbent :-                            
Five solutions were prepared in separate conical flasks. Each flask contained 30cm3 of the metal solution and 20 
cm3distiled water. Amount of  NLP  added to flasks A,B,C,D and E  was 0.4g,0.8g,1.0g,1.2g and 1.6g respectively. 
These solutions were agitated and kept for 1 hour  .The solutions were then filtered to separate the NLP  from 
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solution. 10 ml of this solution was used for determination of Cu2+ by conductometric titration by following the 
procedure explained above.  
 

RESULTS AND DISCUSSION 
 
Determination of initial amount of Cu(II )in solution: 
The initial conductance of the copper solution was found to be high(4.69×10-3S) .On adding KOH solution from the 
burette, the conductance value showed a continuous decrease till the value reduced to a minimum after addition of  
KOH . On continued addition of KOH ,the conductance again showed a  continuous rise . By plotting a graph of 
conductance vs volume of alkali added , two intersecting straight lines are obtained and the equivalence point is 
obtained from the point of intersection . The molarity has been calculated accordingly from which the amount of Cu 
present has been determined.  
 
Effect of Initial Metal Concentration: 
Biosorption of copper using NLP was carried out at various initial copper (II) concentrations with adsorbent dosage 
of 0.5 g  at a temperature of 22°C. 
 
Increase in the initial metal concentration resulted in the decrease in the percentage adsorption (as shown in Table 
3.1,Fig.3.1). This can be explained by the fact that at lower concentration of the Cu(II) ion the ratio of the initial 
moles of metal ions to the available surface area was low and subsequently, the fractional sorption became 
independent of initial metal concentration. However, at higher concentration of Cu(II) ion, the available sites for 
adsorption became fewer compared to the moles of metal ions present and hence the percentage adsorption of metal 
would be dependent upon the initial metal concentration. Similar effects have been reported earlier for adsorption of 
lead(II) [12]. 
 

 
 

Fig.3.1 % adsorption vs initial metal ion concentration 
 

Table3.1 Effect of adsorbate concentration on % adsorption 
 

Amount of Cu before adsorption Amount of Cu after adsorption 
X 
(g) 

m 
(g) 

x/m % adsorption 

0.3611 0.3033 0.0578 0.5 0.1156 16.01 
0.2889 0.2311 0.0578 0.5 0.1156 20.01 
0.2166 0.1589 0.0577 0.5 0.1155 26.64 
0.1444 0.0809 0.0635 0.5 0.1271 43.97 
0.07222 0.0335 0.0387 0.5 0.07746 53.58 
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. 
 

Fig3.2.Effect of metal concentration on amount adsorbed 
 
A plot of x/m vs C(adsorbate concentration shows an initial increase but   the ratio becomes almost constant after 
metal concentration reaches a certain   limit.(Fig.3.2) 
 

Table 3.2 Effect of increasing NLP amount  
 

Amount of Cu(II) before adsorption Amount of Cu(II) after adsorption x(amount adsorbed g) m(amount of NLP added in g) 
0.2166 0.2166 0 0 
0.2166 0.1733 0.0433 0.4 
0.2166 0.13 0.0866 0.8 
0.2166 0.1155 0.1011 1.0 
0.2166 0.1011 0.1155 1.2 
0.2166 0.0577 0.1589 1.6 

. 

 . 
 

Fig3.3 Effect of NLP dosage on amount adsorbed 
 

CONCLUSION 
 

Adsorption is a useful technology for the removal of  Cu (II) from aqueous solution. Neem leaf powder (NLP) can 
be successfully used as a low cost adsorbent for this purpose. Adsorption depends on the amount of metal ion 
(adsorbate) concentration.     
                                                                                                                                                                                                                                                                                                               
As the amount of adsorbate increases, the % adsorption decreases. Adsorption also depends on the amount of 
adsorbent As the amount of adsorbent increases the amount adsorbed also increases. 
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