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ABSTRACT 
The paper deals with the study of for the adsorption of Cr (VI) using low-cost adsorbent activated charcoal prepared 
from Phyllanthus Emblica tree bark (AC-PETB). Batch adsorption method has been employed for the removal of 
Chromium (VI). The various parameters like adsorption dose, contact time, pH, etc have been studied in batch 
adsorption method. Langmuir and Freundlich's isotherms are used for the evaluation of equilibrium adsorption 
studies. To enhance the adsorption capacity of activated carbon, it is loaded with Sodium lauroyl sarcosinate and 2-
Acrylamido-2-methylpropane sulfonic acid and compared the adsorption capacity. The maximum removal 
efficiency for the removal of Cr (VI) found to be at pH 2. Activated charcoal loaded with 2-Acrylamido-2-
methylpropane sulfonic acid found to be most effective for the removal of Cr (VI) compared with the charcoal 
loaded with Sodium lauroyl sarcosinate and virgin activated charcoal. 
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INTRODUCTION 
Activated carbon prepared from biomass is more effective and widely used for the removal of many 
heavy metal ions because of its highly porous nature and availability of surface area. This factor increases 
the adsorption capacity of activated charcoal and shows excellent adsorption capacity. From more than 
three decades activated charcoal is used for the reclamation of wastewater which comes from the 
industries and municipal corporation1. Chromium (VI) is more toxic when it releases into the 
environment. Chromium is present in the hexavalent and trivalent form. The trivalent form of chromium 
is less toxic as compared to the hexavalent form. Now a day’s researchers focus on low-cost bio 
adsorbents like sawdust, rice husk, coconut shell and activated charcoal prepared from various tree bark 2. 
Many methods have been used for the removal of heavy metals that include chemical precipitation, ion 
exchange, cementation, coagulation and flocculation, complexation, biosorption, and membrane 
processes3-5. These methods produce by-products in the form of sludge and for the decomposition of this 
sludge required operational cost, because of that these methods are not suitable for small scale industries. 
Adsorption is an easy and cheap process which requires low operation cost for the removal of dyes and 
heavy metal ions6. The literature revealed that activated carbon has a high surface area, high porosity 
which made them low-cost potential adsorbents for the removal of dyes and many heavy metals ions from 
the industrial wastewater7-10.The present study was aimed to characterize the metal-binding ability of 
activated carbons derived from Phyllanthus Emblica tree bark. 
 

EXPERIMENTAL 
Preparation of Solutions 
Potassium dichromate is used to prepare a standard stock solution by using double distilled water. 
Estimation of Chromium (VI) can be done by using a 1, 5-diphenylcarbazide method. The concentration 
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of Cr (VI) metal ions analyses by using a UV-Visible spectrophotometer (model-117) at the wavelength 
of 540 nm.  
 
Surface Modification of GAC 
0.01 M concentration of each chelating agent is used for the modification of the surface of activated 
charcoal. For the surface modification 200 ml solution of chelating agent and 0.5 gram of activated 
charcoal prepared from Phyllanthus emblica tree taken in a reagent bottle and shaken for 3 hrs at room 
temperature at 1000 rpm.  Activated charcoal loaded with Sodium lauroyl sarcosinate, 2-Acrylamido-2-
methylpropane sulfonic acid designated as AC-PETB-SLS and AC-PETB-AMPSA. 
 
Batch Study 
The required amounts of standard solution were prepared from the known concentration of a stock 
solution of Chromium (VI) by diluting it with double distilled water. The 200 ml of a prepared standard 
solution having various concentrations of Cr (VI) metal ions taken in reagent bottle and added 0.5 gram of 
activated charcoal prepared from Phyllanthus emblica tree and system is equilibrated by shaking the 
contents of the flask at room temperature for 3 hrs. The adsorbent and adsorbate were separated by 
filtration and filtrate were determined by spectrophotometer at λ = 540 nm against a reagent blank. The 
same experiments were carried out for loaded AC-PETB with various chelating agents. 
The amounts of percentage adsorption were computed as follows: 
 

% Adsorption = (Co − Ce) / Co × 100 
Where in equation Co and Ce represented the initial and equilibrium concentration (mg/L). 
 
Effect of pH 
The effect of pH can be studied by using 200 ml of known concentration solution of Cr(VI) and 0.5 gram 
of adsorbent having a constant initial metal ions concentration and are shaken on a rotary shaker for about 
3 hours at 1000 rpm. The result shows the maximum removal of Cr(VI) at 2 pH by AC-PETB, AC-PETB-
SLS and AC-PETB-AMPSA as an adsorbent. It is observed that up to pH 2 the increase in Cr (VI) 
removal percentage and then after decreases by increasing pH shows in Fig.-1. 
 
 
 
 
 
 
 
 
 
 
 

Fig.-1: Effect of pH 
Effect of Contact Time 
The effect of contact time was studied by taking 200 ml of the working volume of Cr (VI) and kept its pH 
2.0 having an adsorbent dose 0.5 gram. It is found that at 1000 rpm speed the removal percentage is rapid 
up to 160 min and thereafter it reached to equilibrium stage after that no further adsorption observed. 
Equilibrium time was found to be 300 min for the adsorption of Cr (VI). The effect of contact time was 
studied at room temperature + 30oC.  
 
Effect of Adsorbent Dose 
The adsorbent doses are varied from 0.2 gram to 1 gram to study the effect of adsorbent dose from the 
retrieval of hexavalent Chromium from aqueous solution at ph 2.0. Varying amount of adsorbent dose 
added in reagent bottle by taking 200 ml working volume of known concentration of Cr (VI) solution and 
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shaken for 3 hrs at 1000 rpm for 3 hours.  It has been found that as the dose of adsorbent increases the 
percent removal of Cr (VI) also increases with an increase up to the saturation level. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.-2: Effect of Contact Time 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.-3: Effect of Adsorbent Dose 

 
Effect of Initial Metal Ion`s Concentration 
The effect of initial metal ion`s concentration was carried out by increasing initial metal ions 
concentration and 0.5 gram of adsorbent AC-PETB, AC-PETB-SLS and AC-PETB-AMPSA. The pH of 
the solution made at pH 2.0. The solution is shaken with adsorbent at 1000 rpm having a contact time 3 
hours. It is found that adsorption gets decreases when there is an increase in metal ion`s concentration. 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig.-4: Effect of Initial Metal Ions Concentration 
Effect of Temperature 
To study the effect of temperature the pH of the Cr(VI) solution kept at 2 having working volume 200 ml. 
This study carried out in the range from 30oC to 60oC. The solution was shaken at 1000 rpm for about 3 
hours. As the temperature increases porosity increases and percent of adsorption increase up to a certain 

48
53
58
63
68
73
78
83
88

0 100 200 300 400

%
 A

ds
or

p
ti

on

Time (Min)

AC-PETB
AC-PETB-SLS
AC-PETB-AMPSA

20
30
40
50
60
70
80
90

100

0.2 0.7 1.2 1.7

%
 A

d
so

rp
ti

on

Adsorbent Dose(Gram)

AC-PETB
AC-PETB-SLS
AC-PETB-AMPSA

0
10
20
30
40
50
60
70
80

5 10 15 20 25

%
 A

ds
or

p
ti

on

Initial concentration (mg/L)

AC-PETB

AC-PETB-SLS

AC-PETB-AMPSA



 
  Vol. 13 | No. 3 |1829-1833| July - September | 2020 

1832 
ADSORPTION OF CHROMIUM BY ACTIVATED CHARCOAL                                                                 A. R. Somwanshi and U.E. Chaudhari 

extent and then remains constant this is due to the chemisorptions process. In chemisorptions as the 
temperature increases adsorption increases up to a certain extent and then decreases while in the 
physisorption process as the temperature increases adsorption decreases. From the study, it was observed 
that the phenomenon was chemisorptions. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.-4: Effect of Temperature 
Scanning Electron Microscopy  
The surface of the adsorbent was analyzed by scanning electron microscopy (SEM) to study the surface 
morphology of the adsorbent. Figure-4A shows small pores on the surface of the adsorbent which is used 
for the binding of metal ions on the surface of the adsorbent. SEM shows rough and porous structures of 
the adsorbent before metal ion`s adsorption. Figure-4B shows drastic changes on the surface of the 
adsorbent after the metal ion`s adsorption because of metal ion`s adsorption. The pores are vanished due 
to the metal ion`s adsorption on the surface of the adsorbent. This shows adsorbent has active sites for the 
adsorption of metal ion`s. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.-4A: Before Metal Ion`s Adsorption                  Fig.-4B: After Metal Ion`s Adsorption 
Adsorption Isotherm  
Langmuir Adsorption Isotherm 
The monolayer adsorption mechanism was studied by using Langmuir adsorption isotherm, data shown in 
Table 1. Qo is adsorption capacity which is found to be nearly adsorption capacity of commercial 
activated carbon. The RL values found to be between 0 and 1 which shows a favorable adsorption process. 
This indicates that Langmuir adsorption isotherm is applicable for the removal of Cr(VI). The value R2 

which is calculated from the Langmuir adsorption isotherm confirms the applicability of Langmuir 
adsorption isotherm.  
 
Freundlich Adsorption Isotherm 
The graph was plotted to study the multilayer adsorption for the removal of Chromium (VI) on AC-
PETB, AC-PETB-SLS and AC-PETB-AMPSA using Freundlich adsorption isotherm. The values 
obtained from the Freundlich adsorption isotherm are depicted in Table-1. Adsorption intensity 1/n < 1, 
indicates the applicability of Freundlich adsorption. 
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Table-1: Adsorption Isotherm Constants 

System 
Langmuir Isotherm Freundlich Isotherm 

Qo b RL R2 Kf 1/n R2 
AC-PETB-Cr(VI) 3.6900 0.2275 0.2906 0.942 1.271 0.300 0.998 

AC-PETB-SLS-Cr(VI) 4.9261 0.1926 0.3261 0.997 1.766 0.235 0.996 
AC-PETB-AMPSA-Cr(VI) 9.4339 0.0832 0.5284 0.998 2.366 0.171 0.999 

 

RESULTS AND DISCUSSION 
The results show that activated charcoal prepared from Phyllanthus Emblica tree bark (AC-PETB) acts as 
a low-cost adsorbent for the removal of Cr(VI) metal ions. At pH 2 removal of Cr (VI) found to be 
maximum due to the electrostatic attraction between ions present in the solution. The saturation time for 
the retrieval of Cr (VI) was found to be 180 minutes after that no adsorption of very little adsorption 
occurs. Temperature study shows that up to 50OC adsorption rate is higher after that it reaches the 
saturation level. Removal of hexavalent chromium from aqueous solution can be scaled up to the 
industrial level by using low-cost bio-adsorbent like Phyllanthus Emblica tree bark (AC-PETB). 
 

CONCLUSION 
1. Activated charcoal prepared from Phyllanthus Emblica tree bark (AC-PETB) was found to be low-

cost adsorbent for the removal of Cr(VI). At initial stage removal of Chromium (VI) was found to be 
rapid after that it gets slowed down and reaches up to saturation level after 180 min.  

2. Among the Langmuir and Freundlich adsorption isotherm, Langmuir adsorption isotherm best fitted 
with the equilibrium data. 

3.  The maximum removal efficiency for the removal of Cr(VI) was found to be at pH 2. Activated 
charcoal loaded with 2-Acrylamido-2-methylpropane sulfonic acid shows higher adsorption capacity 
than Sodium lauroyl sarcosinate and virgin activated carbon. 

4. A result indicates that as the temperature, adsorption dose, contact time increases adsorption capacity 
increases while decreases with an increase in initial metal ions concentration. 
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