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Abstract— This work focusses on removal of Chromium 

(VI) from prepared synthetic sample using fuller’s earth as 

adsorbent. Effect of contact time, adsorbent dosage and pH 

on chromium (VI) removal was found out. The adsorbent 

was found to be very effective for chromium (VI) 

adsorption. It was found that 70 min contact time at pH 2 

and 800mg adsorbent dosage was sufficient for 

approximately 91.5% removal by fuller’s earth. At different 

contact time, dosage and pH.  batch adsorption studies were 

conducted. 
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I. INTRODUCTION 

Clean environment and beautiful nature is a gift of god to 

mankind. But due to rapid growth of industrialization, 

urbanization, all over the world coupled with population 

explosion have resulted in pollution of environment. The air 

we breathe, the water we drink, the food we consume have 

been polluted remarkably by the heavy metals, which are the 

byproduct of various industries. Process waste streams from 

the mining operations, metal plating facilities, Basic non-

ferrous metal waste foundries, Basic steel works etc may 

contain heavy metals at concentration exceeding the local 

discharge limits. These waste streams contain toxic heavy 

metals such as arsenic, chromium (VI), cadmium, lead, 

mercury, nickel, copper and zinc. They are not easily 

removed without specialized or advanced treatment [1].  

“Chromium (VI)” is a common pollutant 

introduced into newly water due to discharge of variety of 

industrial wastewater. Chromium which is an industrially 

important expensive metal is used for tanning of hides skins, 

to make alloys, for electroplating works in refraction, 

catalysis of chromic oxides and chromic salts. Chromic 

oxide is used to produce chromic acid in plating industry. 

Chromic salts are used in paints and to produce cleaning 

solutions in laboratories. According to world health 

Organization (W.H.O) drinking water guidelines, the 

maximum allowable limit for chromium is 2.0 mg/L. 

Chromium (VI) is a chemical element with symbol Cr and 

atomic number 24.  

The major industries contributing to Chromium and 

other heavy metals are shown in Table 1.  

Sl. 

NO 
Industries Metals found 

1. 
Basic non-ferrous metal waste 

foundries 

Al, Ag, As, Cd, Cr, 

Cu, pb,Zn 

2. 
Organic chemicals and 

petrochemicals 

Al, As, Cd, Cr, Hg, 

Fe, pb,Zn 

Table 1: Major industries contributing to heavy metals 

A. Objectives:  

To evaluate a feasible and economical low-cost treatment of 

heavy metal, as present in synthetic sample by Fuller’s earth 

which is naturally available as an adsorbent.  

The present study has been carried out according to 

the guidelines as follows  

 To study the physico-chemical characteristics of fuller’s 

earth.  

 Removal efficiency of adsorbent as a function of 

contact time, adsorbent dosage and pH.  

II. LITERATURE REVIEW  

The determination of chromium (VI) has been of importance 

to public health agencies for many years because of the 

toxicity of chromium compounds. Several incidents have 

demonstrated that chromium in water may be carcinogenic. 

The toxicity of chromium (VI) compounds depends on the 

chemical and physical form of the compounds and the route 

by which it enters the body. Acute poisoning by chromium 

(VI) involves the central nervous system leading to coma 

and for doses of 7-8 mg to death. The gastrointestinal tract, 

nervous system, the respiratory tract, and the skin can be 

severely affected. 

Vandana Sreedharan1; K. V. Krithishna2 (2017) 

Studied various natural and modified soils to remove heavy 

metals present in the textile wastewater. Naturally available 

soils such as kaolinite, bentonite, and laterite, along with 

modified soils such as organoclay and biopolymer-amended 

laterite were considered as the potential adsorbents. Iron and 

chromium present in the textile wastewater were considered 

as model pollutants. Batch adsorption studies were carried 

out to determine the heavy metals sorption capacity of soils. 

The removal efficiency of soils follows the order bentonite > 

biopolymer amended laterite soil > laterite soil > kaolinite > 

organoclay. Almost complete removal of heavy metals is 

observed with bentonite and biopolymer-amended laterite 

soil [1] 

III. MATERIAL & METHODOLOGY  

It is a clay material that has the capability to decolorize oil 

or other liquids without chemical treatment. Fuller's earth 

typically consists of attapulgite or bentonite. Modern uses of 

fuller's earth include absorbents for oil, grease, and animal 

waste (cat litter) and as a carrier for pesticides and 

fertilizers. Minor uses include filtering, clarifying, and 

decolorizing; active and inactive ingredient in beauty 

products; and as a filler in paint, plaster, adhesives, and 

pharmaceuticals as shown in the below Fig 1 and Fig 2 in 

solid form and powdered form respectively. 

https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Atomic_number
https://en.wikipedia.org/wiki/Atomic_number
https://en.wikipedia.org/wiki/Atomic_number
https://en.wikipedia.org/wiki/Atomic_number
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Fig. 1: Solid Form                     Fig. 2: Powdered Form 

Sl.NO CHARACTERISTICS UNITS 
FULLER’S 

EARTH 

1 Moisture Content % 2.22 

2 Decolorizing Power mL/g 13.5 

3 pH values - - - 7.8 

4 Specific Gravity - - - 1.88 

5 Bulk Density g/cc 0.923 

6 Color - - - Light gray 

7 Surface area m2/g 750 

Table 2: Physico-chemical Characteristics of Fuller’s earth 

A. Preparation of synthetic Chromium (vi) solution: 

1) Potassium dichromate 

(K2Cr2O7) is used as the source for chromium stock 

solution. All the required solutions are prepared with 

analytical reagents and double-distilled water. 2.835 g of 

99% K2Cr2O7 is dissolved in distilled water of 1.0L 

volumetric flask up to the mark to obtain 1000 ppm (mg/L) 

of Cr (VI) stock solution. Synthetic samples of different 

concentrations of Cr (VI) are prepared from this stock 

solution by appropriate dilutions. For example, 10 mg/L 

chromium stock solution is prepared by diluting 10 mL of 

1000 mg/L Chromium stock solution with distilled water in 

a 1000mL volumetric flask up to the mark 

2) Apparatus:  

All the glass wares used in the experimental work are 

soaked overnight in a 10mg/L of Chromium (VI) solution to 

minimize the possibility of chromium being adsorbed on 

glass surface during the experimental work. The excess of 

chromium is washed off with 1:3 HNO3 and distilled water 

prior to use. After completion of the experimental work the 

glassware is soaked in 1:3 HNO3 followed by distilled water 

for 4hrs to remove excess chromium and then washed with 

tap water before soaking in 10mg/L of chromium (VI) 

solution. 

3) Procedure:   

a) Color development and measurements:  

Adding 0.25mL (5 drops) H3PO4. Using 0.2N H2SO4 and pH 

meter to adjust solution to pH ± 0.5. Transferred solution to 

a 100mL volumetric flask, dilute to 100mL and mix. Adding 

2mL diphenyl carbazide solution, mix and let stand 5 to 10 

min for full color development. Transferred an appropriate 

portion to 1 cm absorption cell and measured its absorbance 

at 540nm, using reagent water as reference. Correct 

absorbance of a blank carried through the method. From the 

corrected absorbance, Determining micrograms chromium 

present by reference to the calibration curve.   

4) Batch sorption experiment:   

In batch sorption, a pre-determined amount of adsorbent is 

mixed with the sample, stirred for a given contact time and 

subsequently separated by filtration. Powder adsorbent is 

more suitable for the batch type contact process.  

5) Selection of optimum contact time:  

The adsorption is strongly influenced by the contact time. 

To study the effect of contact time, 100mL of 10mg/L 

Chromium (VI) solution was mixed with 1000mg of 

different soils, stirred at different contact times varying from 

(10mins, 20mins, 30mins up to 120mins). Then filtrate was 

analyzed for Chromium (VI) concentration using UV-Vis 

spectrophotometer at 540nm. 

6) Determination of optimum dosage of adsorbent:  

To determine the optimum dosage of different soils, it was 

added to the conical flask in different dosage varying from 

(200mg, 400mg, up to 2000mg), containing 100mL 

concentration of chromium (VI) solution (10mg/L). The 

solution in the conical flask was subjected to stirring for 

optimum contact time, filtered and analyzed for residual 

chromium (VI) concentration. The dosage which gives 

minimum residual concentration is chosen as optimum 

dosage.  

7) Selection of optimum pH on Chromium (VI):  

The extent of adsorption is strongly influenced by the pH at 

which adsorption is carried out. The effect of pH on 

Chromium (VI) adsorption was studied by performing 

equilibrium adsorption tests at different initial pH values. 

i.e. from 2.0 to 8. The pH of solution was adjusted by using 

0.1N H2SO4 or 0.1N NaOH. The pH which gives minimum 

residual concentration is chosen as optimum pH.  

IV. RESULTS & DISCUSSION  

With the following Chromium (VI) removal study has been 

carried out with respect to the following parameters  

1) Effect of contact time  

2) Effect of dosage 

3) Effect of pH  

A. Effect of contact time:  

Contact time has greater influence in the adsorption process. 

The effect of contact time on removal of Chromium from 

synthetic sample’s by using Fuller’s earth. The graph for 

contact time is plotted as shown in the below fig 3.  From 

the fig it is evident that the extent of Chromium (VI) 

adsorption increases with increase in time. After equilibrium 

further increase in time, adsorption is not changing. Hence, 

the removal efficiency on ‘Cr (VI)’ by using Fuller’s Earth 

was found to be 88.5 % with an optimum contact time of 70 

mins. 

 
Fig. 3: Effect of Contact time on Fuller’s earth 

B. Effect of Adsorbent Dosage:  

Adsorption is a process in which continuous transfer of 

solute from solution to adsorbent occur, until residual 

concentration of solution maintains an equilibrium with that 

adsorbed by the surface of adsorbent at constant contact 

time. Effect of adsorbent dosage is studied and graph of 
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percentage of Chromium (VI) removed versus dosage is 

plotted as shown in fig.4. It is observed from the graph that 

as dosage increases amount of Cr (VI) removal increases, 

sharply in the beginning and attains maximum latter. The 

point where maximum is attained is taken as optimum 

dosage. After attaining optimum dosage, change in 

adsorbent dosage does not alter much and remain constant 

after attaining optimum dosage. Hence, the removal 

efficiency of Cr (VI) by using fuller’s earth was found to 

84.30% removal with an Optimum dosage of 800 mg. 

 
Fig. 4: Effect of Adsorbent dosage on Fuller’s earth. 

C. Effect of pH:  

The impact of Cr (VI) removal mainly depends upon the pH 

of the medium. The graph of pH against Cr (VI) removal is 

plotted by not altering the optimum contact time and 

optimum dosage as shown in the fig 5. The amount of Cr 

(VI) not only depends on optimum time and optimum 

dosage but also depends on pH. From the graph it is evident 

that the Cr (VI) is removed more effectively in acidic range. 

As pH increases the removal efficiency of Cr (VI) increases 

appreciably. Hence, the removal efficiency of Cr (VI) by 

using fuller’s earth was found to be 91.50% with the 

optimum pH of 2. 

 
Fig. 5: Effect of pH on Fuller’s earth 

V. CONCLUSIONS  

Based on the experimental study following conclusions can 

be drawn  

1) The statistical analysis by using fuller’s earth shows 

good removal efficiency of Chromium (VI) from 

synthetic solution 

2) The result of experiment on optimization of contact 

time shows 88.50% removal of Cr (VI) at an optimum 

contact time of 70 minutes. 

3) The result of experiment on optimization of dosage of 

adsorbent reveals that, increase in amount of dosage 

added, increases the removal of Chromium (VI) from 

the solution and almost becomes constant after 

saturation dose. The optimum dosage was found to be 

800mg with the removal efficiency of 84.30%.  

4) The adsorption of Chromium (VI) is mainly pH 

dependent. The removal efficiency of adsorbent 

increases with decrease in pH value. It has been 

observed that maximum adsorption takes place in the 

acidic medium. The optimum pH was found to be 2 

with the removal efficiency of 91.50%. 
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