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Abstract: 
Copper and Chromium are hazardous heavy metals which are present in most 
industrial effluent streams which, if not removed, are potential threats to both 
environment and health of living organisms. So the removal of these metals has 
become rather imperative. So various techniques have come up over the last few 
decades but most of them are energy and cost intensive. Adsorption is a technique 
which has quite less energy requirements and found to be economic. In the current 
study, selective adsorption of these metals from the aqueous solution using 
activated charcoal adsorbent has been analyzed. Selective batch adsorption of the 
metals is studied with two variables (adsorbent dosage, adsorbate dosage), keeping 
one constant at a time. The results showed that selective adsorption of Cu(II) from 
the solution is possible using the adsorbent considered. 
 
Keywords: Activated charcoal, Aqueous solution, Batch adsorption, Cr(VI), Cu(II), 
Selective. 

 
Introduction 
Copper in small amounts plays a vital role as a 
cofactor in a variety of essential enzymes required 
for homeostasis, growth and development in humans 
[1-3]. The natural concentration of Cu is about 50 
ppm in soil, 4-10 μg/L in water (usually bound to 
organic materials) and 18-45 μg/g in the human liver 
(dry weight), but excessively high doses of Cu, 
introduced by the ingestion of food or water with 
excessive Cu content, may result in a variety of 
symptoms and illnesses. While these primarily affect 
the liver, in the form of cirrhosis, they may also 
result in general weakness, lethargy and anorexia. 
Copper enters the environment primarily through 
chemical-related industries such as metal plating and 
cleaning [4-6]. The current work focuses on removal 
of hazardous heavy metals from industrial effluent 
stream to reduce water pollution. This study 
exclusively focuses on selective removal of Cu(II) 
and Cr(VI) from wastewater using activated charcoal 
adsorbent. 

Materials and methods  
Parameters studied  

• Amount of Cu(II) and Cr(VI) each 
(adsorbate): 1g, 2g, 3g, 4g and 5g. 

• Amount of activated charcoal (adsorbant): 
3g, 5g and 10g. 

• Time of contact: 15 min, 30 min, 45 min and 
60 min. 

 System 
The system consists of distilled water, Cu(II) (as 
CuSO4.5H2O), Cr(VI) (as K2Cr2O7) and activated 
charcoal. 
Apparatus used 
250 ml erlenmeyer flasks, shaker and refractometer. 
Experimentation 
Calibration Procedure 
For the preparation of the calibration chart, in 6 
different 250 ml erlenmeyer flasks, 100 ml distilled 
water and 1g of Cr is added to each flask and 
varying amount of Cu (0g, 1g, 2g, 3g, 4g and 5g) is 
added. The solution is mixed thoroughly to avoid 
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formation of lumps. Once a uniform solution is 
obtained, the refractive index of the solution is 
measured using a refractometer. A calibration chart 
is prepared using the data obtained and a calibration 
graph is plotted between Refractive Index and 
weight of Cu present in solution [7-8]. 
 

Weight of Cu (g) Refractive Index 
0 1.391 
1 1.393 
2 1.3971 
3 1.4023 
4 1.4032 
5 1.4053 

 

 
Fig 1: Calibration plot 

 
Experimental Procedure 
The adsorption process is carried out in Erlenmeyer 
flasks. Initially the dosage of Cu (adsorbate) is 
varied in a 100 ml distilled water system containing 
1g Cr for a dosage of activated charcoal adsorbent 
(1g, 2g, 3g, 5g and 10g). These samples are put in a 
mechanical shaker for uniform contact. The contact 
period is 45 minutes, at which equilibrium is 
expected to attain. The filtrate is separated using a 
filter paper and separating funnel arrangement. The 
refractive index of the filtrate is measured using a 
refractometer and using the calibration plot, the 
weight of adsorbate in the filtrate is estimated [9-10].  
Similar procedure is repeated varying the dosage of 
activated charcoal adsorbent for a dosage of 
adsorbate (1g, 2g, 3g, 4g and 5g)  in 100 ml distilled 
water and 1g Cr. 

Results and Discussions 
 
Effect of Adsorbent dosage on selective adsorption 
of Cu(II) 

 
Fig 2. Weight of Cu adsorbed (g) vs Time of contact 
(minutes) 
 
Fig 2. shows the relation between weight of copper 
adsorbed and time of contact for different weights of 
activated charcoal for a dosage of adsorbate (Cu-3g , 
Cr-1g).  
It is observed that as the time of contact of contact 
increased, the recovery of Copper is better. Also as 
the weight of adsorbant increased, the rate of 
adsorption is increasing. Similar trends are observed 
for other adsorbate dosages (1g, 2g, 4g and 5g).  
 

 
Fig 3. Weight of Cu recovered (g) vs Time of 
contact (minutes) 
 
Fig 3. shows the comparison between the recovery 
with time for 5g adsorbent and 10 g adsorbent. It is 
observed from the plot that over certain time of 
contact, the recovery is constant for both dosages. 
The weight of Copper recovered is remaining 
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constant after certain time of contact. For 10 g of 
adsorbent, beyond 30 minutes, the recovery is 
remaining constant and for 5g of adsorbent, beyond 
45 minutes, the recovery is remaining constant. 
 
Effect of time of contact on selective adsorption of 
Cu(II)  
Table 1. Weight of Cu recovered vs Time of contact 

Weight of Cu 
recovered (g) 

Time of contact 
(minutes) 

0 0 

0.6 15 

1 30 

1 45 

1 60 
 
 

 
Fig 4. Weight of Cu recovered (g) vs Time of 
contact (minutes) 
 
Table 1 and Fig. 4 show the variation of recovery 
with time of contact for an adsorbent dosage of 10g. 
It is observed from the plots that with the increase in 
time of contact, the recovery increased initially till 
30 minutes and beyond that the recovery remained 
constant. 

 
Fig 5. Weight of Cu recovered (g) vs Time of 
contact (minutes) 

 
Fig 6. Weight of Cu recovered (g) vs Time of 
contact (minutes) 
 

 
Fig 7. Weight of Cu recovered (g) vs Time of 
contact (minutes) 
 



 

May-June 2020 
ISSN: 0193-4120 Page No. 6794 - 6797 

 
 

6797 Published by: The Mattingley Publishing Co., Inc. 

 
Fig 8. Weight of Cu recovered (g) vs Time of 
contact (minutes) 
Similar trends are observed as shown in Fig. 5-8 for 
different weights of adsorbents and for different 
combinations of Cu and Cr but the time required to 
reach saturation point (constant recovery with 
increase in time) is different for different dosages of 
adsorbent and dosages of adsorbate.  
 
Conclusions 
Selective adsorption of Cu(II) is possible using 
activated charcoal from a Cu-Cr aqueous solution. 
The selective adsorption of Cu(II) using activated 
charcoal is affected by the parameters such as the 
dosage of adsorbent, dosage of adsorbate and time of 
contact. The current study is carried out in a batch 
process and using this a continuous process can be 
designed on the basis of the data obtained.  
The maximum recovery of Cu(II) is 1g for any 
dosage of adsorbate starting from 1g of adsorbate 
and ranging upto 5g for a time of contact of 30 
minutes for 3g dosage of adsorbate. Even for higher 
dosages of adsorbent the recovery is same though 
the time of contact required is less for higher 
dosages. 
From the study, it is concluded that activated 
charcoal can be used to achieve almost 100% 
recovery of Cu(II) in dilute to moderate 
concentrations with minimum amount of adsorbent 
(1g or less). 
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