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Abstract: The scarcity of water is increasing day by day from the last few decades and scientists are not only concentrating on rising the 
groundwater levels but also on reducing the environmental pollution from industrial wastewaters that contain heavy metal ions. The effluents 
from mining, ore processing, metal processing, metal polishing, cleaning, acid rain,  sludge di sposal, fly ash from incinerators, the 
processing of radioactive materials, metal plating, or the manufacture of electrical equipment, paints, alloys, batteries, pe sticides or 
preservatives. Several technologies and methods have been devised for treating wastewater streams in recent years. The removal of 
Cadmium ions from aqueous solutions on to the Bentonite clay has been studied by using batch adsorption techniques.  

 The equilibrium adsorption isotherms of Langmuir, Freundlich, were obtained for the quan titative description of the cadmium uptake. The 
effect of pH, agitation time, metal ion concentration, adsorbent dose on biosorption equilibrium was studied demonstrating the importance of 
this parameter for an accurate evaluation of the biosorption process. The results indicated that the Bentonite clay is a suitable adsorbent for 
the removal of Cadmium from wastewaters.  
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——————————      —————————— 

1 INTRODUCTION 

Any change in physical, chemical or biological properties of 
water is known as water pollution. Heavy metals play an 
important role in water pollution. The heavy metals are 
continuously released into the aquatic eco system from 
natural process such as volcanic activity and weathering of 
rocks. The removal of heavy metals from our environment 
especially wastewater is now shifting from the use of 
conventional adsorbent to the use of biosorbent. The 
presence of heavy metals in the environment is of major 
concern because of their toxicity and threat to human life 
and the environment. Among the toxic heavy metals, 
mercury, lead and cadmium, called the big three are in the 
limelight due to their major impact on the environment. 
Arsenic, chromium copper and zinc are also toxic; lead and 
cadmium are potent neurotoxic metals .Due to their 
extreme toxicity, metal ions are now-a-days among the 
most important pollutants both in surface water and in 
groundwater. Since levels of metals in the environment 
have increased because of industrial pollution [1, 2], the 
elimination of such ions from water is essential to protect 
public health. In addition, these toxic elements can 
seriously affect plants and animals, causing a large number 
of afflictions. 

Heavy metals such as lead, mercury, arsenic, copper, zinc 
and cadmium are highly toxic when adsorbed into the 
body. Cadmium, one of the earliest metals recognized and 
used by humans, has a long history of beneficial use to 
humankinds, but now been recognized as toxic and as 
posing a widespread threat to humans and wildlife.  The 
sources of human exposure to Cd include atmospheric, 
terrestrial and aquatic routes  

 

Treatment of Cadmium from polluted water and 
wastewater has received a great deal of attention. 
Cadmium is a toxic element in large excess, being 
carcinogenic [3]. These facts prompt the setting up of 
experimental methods that enable the most rapid and 
efficient removal of Cadmium from a contaminated 
medium to be obtained. In this connection one must have in 
mind that Cadmium is usually found together with metals 
such as Zinc and mercury. 

 Mining and metallurgical waste are the most considerable 
sources of environmental pollution by heavy metals. Due to 
the health hazard presented by heavy metals, development 
of effective and economic removal technologies is 
necessary. Moreover, mercury is a strong chalcophile, like 
Zinc and cadmium, and the three metals are found as their 
sulfide minerals. On the other hand, adsorption studies 
from multicomponent systems are of interest with a view to 
environmental preservation, as most natural systems are 
multicomponent ones. 

Previously, the removal of Cadmium either alone or from 
multicomponent systems [5– 17] has been investigated 
using activated carbon or similar carbons [18]. The 
carbonaceous material is an aforesaid unique and versatile 
adsorbent that is extensively used in water treatments [19]. 
In the present work, the kinetics of adsorption of Cd2+ in 
aqueous solution onto activated carbon has been studied. 
The main objective has been to determine the foreseeable 
influence on kinetics of the presence of Cd2+, Hg2+, or both 
ions in the Cd2+ solution and of the variation of this 
solution‘s ionic strength and pH. 

In the present paper it is proposed to apply bentonite as 
sorbent of Cadmium. Environmental parameters affecting 
the sorption process such as pH, contact time, metal ion 
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concentration, sorbent concentration and sorbent size were 
evaluated. The equilibrium sorption data were evaluated 
by Langmuir and Freundlich isotherm models. 

2 MATERIALS AND METHODS 

CHEMICALS 

All the chemicals used in the experiments were of analytical 
grade and they were used without further purification. 
CdSO4.7H2O (Loba Chemie, Mumbai; minimum assay 99%) 
was used as the source of Cadmium and all the solutions 
were made in distilled water. The solutions of Cadmium 
were made from a stock solution containing 1000 mg of 
Cadmium in 1 L. For experiments to be carried out at 
different pH values, the pH of Cadmium solutions was 
adjusted by addition of 0.1 M H2SO4 and 0.1 M NaOH 
solutions. 

PREPARATION OF ADSORBENT 

Bentonite is obtained from ONGC Rajahmundry, which is 
used by them as drill mud. It consists of different 
impurities. In order to remove the impurities it is washed 
with 5% H2O2 solution to remove the carbon matter in the 
clay as it interferes the adsorption of the Cadmium ions 
onto it. It is then boiled, and filtered. It is washed with 
distilled water to remove any impurities and dried in hot 
air oven at 50 °C for 12 hours. The dried bentonite is in the 
form of flakes and in order to use it for adsorption it is 
powdered by grinding in a ball mill. The powder was then 
sized by passing it through a set of sieves ranging from size 
72 to 200 meshes. 

PREPARATION OF STOCK SOLUTION: 

4.44g of 99% Cadmium Sulphate (CdSO4.7H2O) was 
dissolved in 1 L of distilled water to prepare 1000 ppm of 
Cadmium stock solution. Synthetic samples of different 
concentrations of Cadmium were prepared from this stock 
solution by appropriate dilutions. For example 20 ppm of 
Cadmium solution was prepared by diluting 20ml of 
1000ppm Cadmium stock solution with distilled water in 
1000 ml volumetric flask and was made up to the mark. 
Similarly solutions with different metal concentrations as 
10ppm, 50ppm, 75ppm and 100ppm were prepared. 

ADSORPTION EXPERIMENTS 

Batch adsorption experiments were carried out by shaking 
2 gms of activated carbon prepared from coconut shells 
with 50 ml aqueous solution of Cadmium Sulphate of the 
desired concentration at various retention times at room 

temperature in orbital shaker. Continuous mixing was 
provided during the experiments with a constant agitation 
speed of 200 rpm. Adsorption studies were carried out at 
room temperature with initial concentration range from 5 to 
100 ppm, adsorbent dosage range from 1 to 6 gm and size 
of the adsorbent ranges from 500 – 150μm. After shaking, 
the samples were withdrawn at suitable time intervals, 
filtered through membrane filter and then analyzed for 
Cadmium concentration with an atomic absorption 
spectrophotometer (Perkin Elmer 3100). For the isotherm 
studies, 2 gm of activated carbon was put into 50 ml 
solutions of various concentrations of Cadmium. The flasks 
were shaken for 5 hrs to attain equilibrium. A known 
volume of the solution was removed and filtered for 
Cadmium analysis. The amount of Cadmium adsorbed was 
determined by the difference between the initial and the 
equilibrium concentrations. Similar batch experiments were 
carried out using activated carbon prepared from used tea 
powder and brick powder.  

3 RESULTS AND DISCUSSIONS 

EFFECT OF AGITATION TIME 

The optimum agitation time is determined by agitating 50 
ml of aqueous solution containing 20 mg/L of Cadmium 
with 0.5 g of adsorbent and with the finest size of the 
adsorbent in time intervals of 30 min to 6 hr. The data are 
plotted in Fig-1 and from this plot, the optimum time for 
Cadmium adsorption is found to be 3 hr. It is noticed that 
the rate of percentage removal is higher in the initial stages 
because adequate surface area of the adsorbent is available 
for the adsorption of Cadmium. As time increases, more 
amount of Cadmium gets adsorbed onto the surface of the 
adsorbent and surface area available decreases. Normally, 
the adsorbate forms a thin layer over the surface, which is 
only one molecule thick. When this monomolecular layer 
covers the surface, the capacity of the adsorbent is 
exhausted. The percent removal of Cadmium is found to 
increase with time up to 3 hrs and later the change is 
observed to be marginal with further increase in time. 
Hence the optimum time of contact is taken as 3 hrs. 
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Figure 1: Time Vs% Adsorption. 

EFFECT OF ADSORBENT DOSAGE 

The data drawn with the 50 ml of the aqueous solution 
having a concentration of 20 mg/l of Cadmium is exposed 
to different dosages of adsorbent of 75μm are plotted in 
Fig-2. It is evident from Fig-2 that the fraction of the metal 
removed from the aqueous phase increases with an 
increase in the adsorbent amount. Such behavior is obvious 
since the metal uptake capacity of the adsorbent increases 
as its dosage was increased. This is so because the number 
of active sites available for metal uptake would be more as 
the amount of the adsorbent increases. 

                          

     Figure 2: Adsorbent Dosage Vs% Adsorption. 

 

 

EFFECT OF ADSORBENT SIZE 

For an adsorbent dosage of 0.5 g, 20 mg/L of Cd 
concentration and 50 ml of aqueous solution is contacted 
with different sizes of adsorbent varying from 75μm to 
212μm. The data obtained are plotted in Fig-3; it is 
observed that the percentage removal of metal decreased 
with increase in the size of the adsorbent. This 
phenomenon is expected since as the size of the adsorbent 
decreases, surface area of the powder increases, thereby the 
number of active sites on the adsorbent is better exposed to 
the adsorbate. Hence, the metal uptake would be increased. 

              

 

           Figure 3: Adsorbent size Vs% Adsorption. 

EFFECT OF INITIAL CADMIUM CONCENTRATION: 

The effect of initial concentration of Cadmium on the 
percentage removal of Cadmium at equilibrium is shown in 
Fig-4. For a 50 ml of aqueous solution, adsorbent dosage of 
0.2g with size 75μm and optimum agitation time of 3hr, the 
percentage removal of Cadmium from the aqueous solution 
is observed to increase from 69.28% to 87.92% by varying 
Cadmium concentrations in the aqueous solution from 10 
mg/l to 100 mg/l. These concentrations generally depend 
on the equilibrium data, which are checked for Langmuir 
and Freundlich isotherms. 
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Figure 4: Effect of Initial Concentration on adsorption of 
Cadmium on natural                                  bentonite. 

EFFECT OF PH OF THE AQUEOUS SOLUTION 

pH is an important factor controlling the process of 
adsorption. The data drawn with the 50 ml of aqueous 
solution having a concentration of 20 mg/l of Cadmium, 
with different initial pH varying from 2-8 are exposed to an 
adsorbent dosage of 0.5 g are plotted in Fig-5. From Fig-5 it 
is known that maximum % adsorption is obtained at a pH 
of 5. 

                         

 

 Figure 5: Effect of Initial pH of the solution on adsorption 
on adsorption of Cadmium on                          natural 
bentonite. 

EFFECT OF VOLUME OF THE AQUEOUS SOLUTION: 

The result for the adsorptive removal of Cadmium with 
respect to the volume of the aqueous solution is shown in 
Fig.6. For an adsorbent dosage of 0.5g, particle size of 75μm 
and optimum agitation time of 3 hrs and Co of 20 mg/L, the 

percentage removal of Cadmium from the aqueous solution 
is observed from 84.28 % to 49.26 % as the volume of the 
Cadmium solution was increased from 25 ml to 120 ml. As 
the volume of the aqueous solution increases, the amount 
of Cadmium present in the solution also increases. This 
implies that the metal uptake by the fixed surface area of 
the adsorbent would be decreased as the amount of 
Cadmium in the solution is increased. Such a behavior can 
be due to the exposure of higher amount of Cadmium to 
the unaltered surface area of the adsorbent. 

                       

     

Figure 6: Effect of Initial Volume of the solution on 
adsorption of Cadmium on natural Bentonite. 

4 ADSORPTION EQUILIBRIUM 

 The adsorption of a substance from one phase to the 
surface of another in a specific system, leads to a 
thermodynamically defined distribution of that substance 
between the phases as the system reaches equilibrium. The 
equilibrium between the concentration of the adsorbate in 
the fluid phase and the concentration of the adsorbate held 
by a particular adsorbent is generally known as the 
isotherm for the solute – adsorbent system at a given 
temperature.  There are many equations, which represent 
equilibrium adsorption data. Of these, two are widely used 
viz., (1) The Freundlich equation and (2) The Langmuir 
equation. Since the total adsorption cannot be measured, 
the relative or apparent adsorption of solute is determined. 
The customary procedure is to treat a known volume of 
solution with a known weight of adsorbent. As a result of 
preferential adsorption of solute, the solute concentration in 
the liquid is observed to fall from the initial value C0 to a 
final equilibrium value CE mass solute / volume liquid. The 
apparent adsorption of solute neglecting any volume 
change in the solution is the V (C0 – CE) mass solute 
adsorbed / mass adsorbent. Where ‗V‘ is the volume of the 
solution per unit mass of adsorbent. This is satisfactory for 
dilute solutions when the fraction of the original solvent, 
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which can be adsorbed, is small. The adsorption isotherms, 
over small concentration gradients, particularly dilute 
solutions can be frequently given by an empirical 
expression given by Freundlich 

        
   1997,caseyCKq

n

EfE 
 

Where CE is the apparent adsorption per unit mass of 
adsorbent and K and n are constant. The results obtained 
from experimental data are tested for Langmuir and 
Freundlich isotherms. It is observed that the adsorption 
isotherms drawn for adsorption of Cadmium on bentonite 
from stock solution have followed Freundlich isotherm 
with a standard deviation of 0.0145. The empirical equation 
so obtained is given by 0.06275 C0.513. The percentage 
removal of Cadmium by bentonite is comparable to that by 
other adsorbents as reported in the earlier studies. It is 
observed that the % removal of Cadmium by adsorbent 
bentonite can be better performed at a size of 75μm of 
bentonite, at a concentration of 100 mg/l, at a pH of 5 and 
at optimum time of contact 3 hrs. 

          

Figure 7: Langmuir Isotherms for Cadmium adsorption on 
natural bentonite. 

 

Figure 8: Freundlich Isotherms for adsorption   of 
Cadmium on natural bentonite. 

5 CONCLUSIONS 

Studies were carried out for the removal of Cadmium metal 
from synthetic stock solution, by the adsorbent material 
bentonite clay. Parameters studied include time of contact 
for adsorption, size of bentonite particles, and dosage of the 
adsorbent, initial concentration of the solution, initial pH of 
the solution and volume of the solution. On the analysis of 
the data the following conclusions are drawn. 

 The optimum time of contact was found to be 3 
hrs. 

 The increase of the initial concentration of the 
Cadmium ion resulted in higher % removal of 
Cadmium. 

 The increase of size of particle resulted in the 
decrease of adsorption. 

 With increase in volume of the solution there was a 
decrease in the % removal of Cadmium. 

 The increase of dosage of adsorbent had resulted in 
the increase of % removal of Cadmium. 

 The solution pH is an important parameter, which 
affects biosorption of cadmium by the clay. 
Maximum % removal of Cadmium is observed at a 
pH of 5.0. 

 The adsorption isotherms had followed Freundlich 
equation with a standard   deviation of 0.0145 and 
resulted in the following equation 0.06275 C0.513. 
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