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Abstract— An attempt has been made in the present 

investigation to remove fluoride ion using GAC in absence of 

ionic species and also in presence of different ionic species 

like chlorides, phosphates and sulfates. During the 

experimentation it was evident that the GAC was found to be 

quite efficient in fluoride removal. Further it was inferred that 

the rate of adsorption was found to increase as the initial 

concentration of the adsorbent increased. With the increase in 

the rate of flow the rate of adsorption was found to decrease. 

Extensive experimentation was carried out to study the 

impact of presence of ionic species in adsorption of fluoride 

using GAC. It was interesting to conclude that the rate of 

adsorption decreased with the increase of the concentration 

of phosphate ionic species while the dissolved salts such as 

chloride and sulfate had shown no effect on uptake 

characteristics of GAC. 
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I. INTRODUCTION 

Among other different toxic ions, fluoride is one of 

potentially very toxic ions whose presence in water causes 

diseases in living organism. Excessive fluoride in drinking 

water causes fluorosis, a disease affecting teeth and bones. In 

India cattle and human fluorosis was detected in 1930 and 

1957, respectively. People of about 177 districts in 20 states 

of India are suffering from excessive fluoride in water. Some 

states like Rajasthan, Gujarat and Andhra Pradesh have large 

number of villages where ground water contains excessive 

fluoride. (1)   Permissible limit of fluoride in drinking water 

suggested by World Health Organization (WHO) is 1.5 mg/L. 

(2) 

The chronic and toxic effects of excessive intake of 

fluoride are usually observed as skeletal  

Abnormalities or damage. The effects range from 

stiffness and rheumatism to a permanent crippling skeletal 

rigidity. (2) 

Adsorption by activated carbon is an important unit 

process used to remove miscible liquids and dissolved solids 

from liquids.  It is frequently the most economical method of 

separating such materials, particularly when the miscible 

liquids or dissolved solids are present at relatively low 

concentrations. (3) 

Adsorption occurs when the energy associated with 

a surface of a solid attracts molecular or ionic species from 

the liquid to the solid.  The adsorbed material can from a layer 

on the surface of one to several molecules deep.  The amount 

and properties of the surface and the environmental 

conditions at the surface will control adsorption. (4) 

The ideal activated carbon would have the 

maximum amount of internal surface with ample volume in 

the pores to hold the maximum weight of adsorbed material.  

Because of its great porosity activated carbon is one of the 

few solids that can provide extremely high surface area and 

pore volume per unit weight or volume at relatively low cost. 

(5) 

The principal objective of the proposed 

investigation is to study the effect of various ionic species like 

Cl-, SO4-2, and PO4-3 on the fluoride removal by adsorption 

using GAC 

II. MATERIALS AND METHODS 

The entire experimental work was performed in the Chemical 

Reaction Engineering Laboratory of Chemical Engineering 

Department, GCET Engineering College, and Vallabh 

Vidyanagar. 

The experiments were performed to determine the 

impact of various ions on fluoride removal by adsorption. For 

this purpose, adsorption columns used are 100 cm long 

having 5 cm diameter.  Column was packed with 500 g of 

Granular Activated Carbon (GAC) 

A property of the GAC used in the present research 

work is shown in Table -1 

Following standard solutions were prepared in the 

Laboratory in accordance with the guidelines given in 

‘standard methods’ 

1) Stock and standard fluoride solution 

2) Acid zirconyl-SPADNS reagent. 

3) Standard Phosphate solution. 

4) Standard chloride solution. 

5) Standard Sulphate solution. 

The experiments were performed in the Lab as per 

the standard method. 

Sr No Total surface area m2/g 700-1300 

1 Bulk density Kg/m3 400-500 

2 Particle density Kg/L 1.0-1.5 

3 Particle size range mm 0.1-2.36 

4 Effective size mm 0.6-2.9 

5 Uniformity Coefficient UC <=1.9 

6 Mean pore radius oA 16-30 

7 Iodine number  600-1100 

8 Abrasion number minimum 75-85 

9 Ash % <=8 

10 Moisture as packed  2-8 

Table 1:   Properties of GAC used in the present experiment 

III. RESULTS AND DISCUSSION 

A. Effect of Conc. of F: 

When the conc. of fluoride in the sample was maintained at 

2mg/L experiments were conducted with GAC. . It is 

apparent from the results that removal of F- decreases with 

time. This is because as the solution passes, column becomes 

saturated with contaminant. The experiment was conducted 

by adjusting the flow rate at 25 L/H. Rate of adsorption 
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obtained at 2mg/L F- conc. and 25 L/H flow rate is 0.8311 

mg/kg min. Breakthrough curve have been presented in Fig-

1 Concentration adsorbed versus time is plotted in the Fig -2. 

Rate of adsorption versus time is plotted in the Fig -3. 

 
Fig. 1: Breakthrough Curve for 2mg/L   

  
Fig. 2: Graph showing conc. Adsorbed in mg/L Vs 

 
Fig. 3: Graph showing rate of adsorption in mg/kg min Vs. 

Time in min. 

Similarly for 3 mg/L F- conc. by keeping flow rate 

constant at 25 L/H the rate of adsorption obtained at 3 mg/L 

conc. and 25 L/H flow rate is 1.156 mg/kg min. Further the 

rate of adsorption obtained at 4mg/L conc. and 25 L/H flow 

rate is increased to 1.2325 mg/kg min.  

B. Effect of flow rate: 

When the conc. of F- is maintained at 4 mg/L and flow rate 

is increased from 25 L/H to 35 L/H, it is clear from the results 

that with 35 L/H flow rate column become saturated more 

rapidly. Rate of adsorption was also decreased from 1.2325 

mg/kgmin to 1.139 mg/kgmin. For 4 mg/L conc. and 35 L/H 

flow rate breakthrough Curve is shown in Fig- 4 

Concentration adsorbed versus time is plotted in Fig-5  Rate 

of adsorption versus time is shown in the Fig-6. 

 
Fig. 4: Breakthrough Curve for 4mg/L 

 
Fig. 5: Graph showing conc. Adsorbed in mg/L Vs. Time in 

min 

 
Fig. 6: Graph showing rate of adsorption in mg/kg min Vs. 

Time in min. 

Similarly the rate of adsorption obtained is 0.94 

mg/kgmin for 4 mg/L concentration at 45 L/H flow rate. It is 

apparent that Defluoridation capacity is found to be 

maximum for initial concentration= 4 mg/L F- and 25 L/H 

flow rate. 

C. Effect of phosphate ion on DE fluoridation capacity:  

When the fluoride conc. is maintained at 4 mg/L with 25 L/H 

flow rate and PO4-3 conc. is adjusted at 2 mg/L the rate of 

adsorption is decreased to 1.18 mg/kg min. Breakthrough 

Curve is shown in Fig- 7 Concentration adsorbed versus time 

is plotted in the Fig -8. Rate of adsorption versus time is 

shown in Fig-9. 

 
Fig. 7: Breakthrough Curve for PO3

4 
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Fig. 8: Graph showing conc. Adsorbed in mg/L Vs. Time in 

min 

 
Fig. 9: Graph showing rate of adsorption in mg/kg 

In the presence of phosphate ion having 

concentration of 3 mg/L at 25 L/H flow rate, the rate of 

adsorption is further decreased to 1.1347mg/kgmin. When 

the concentration of phosphate ion was increase to 4 mg/L. at 

25 L/H flow rate the rate of adsorption further decreased to 

1.06 mg/kg min.  

D. Effect of Chloride ion on DE fluoridation capacity: 

When the fluoride conc. is maintained at 4 mg/L with 25 L/H 

flow rate and Cl- conc. is adjusted to 300 mg/L the rate of 

adsorption obtained is 1.230 mg/kgmin. Breakthrough Curve 

is shown in Fig.-10. Concentration adsorbed versus time is 

plotted and shown in Fig-11. Rate of adsorption versus time 

is shown in Fig-12. 

 
Fig. 10: Breakthrough Curve for Cl Conc. of 300mg/L 

having initial F Conc. 4mg/L and Flow Rate 25L/H. 

 
Fig. 11: Graph showing conc. Adsorbed in mg/L Vs. Time 

in min.   

 
Fig. 12: Graph showing rate of adsorption in mg/kg 

While the concentration of chloride ions were 

increased to  600 mg/L at 25 L/H flow rate, the rate of 

adsorption obtained was 1.229 mg/kgmin.  

When further the concentration of chloride ions is 

increased to  900 mg/L Cl-. at the same  flow rate and same 

initial concentration, the rate of adsorption remains constant 

at 1.229 mg/kgmin.  

E. Effect of Sulphate ion on Defluoridation capacity: 

When the fluoride conc. is maintained at 4 mg/L with 25 L/H 

flow rate and SO4-2 conc. is adjusted at 300 mg/L, the rate 

of adsorption obtained is 1.23 mg/kgmin. Breakthrough 

Curve is shown in Fig. 13.  Concentration adsorbed versus 

time is plotted in the Fig-14.. Rate of adsorption versus time 

is plotted in the Fig-15 

 
Fig. 13: Breakthrough Curve for SO4-2 

 
Fig. 14: Graph showing conc. Adsorbed in mg/L Vs. Time 

in min.   

 
Fig. 15: Graph showing rate of adsorption in mg/kg min Vs. 

Time in min. 



Impact of Different Ionic Species in Removal of Fluoride by Adsorption 

 (IJSRD/Vol. 5/Issue 04/2017/050) 

 

 All rights reserved by www.ijsrd.com 193 

When the concentration of Sulphate ion is increased 

to of 600 mg/L at the same flow rate the rate of adsorption 

obtained was found to be 1.23 mg/kgmin.  

While the concentration of Sulphate ion was further 

increased to 900 mg/L. at the same flow rate with the same 

initial Fl- conc. 4 mg/L the rate of adsorption is found to be 

1.229 mg/kg. 

IV. CONCLUSION 

In light of the present investigation made using commercially 

available GAC in removal of Fluoride ion following concrete 

conclusions can be made: 

 In the present study Granular activated carbon was found 

to be efficient in fluoride removal. 

 As the initial concentration of the adsorbent increased, 

the rate of adsorption was also found to be increase. The 

concentration at which maximum rate of adsorption 

found was 4 mg/l. 

 With the increase in flow rate, the decrease in rate of 

adsorption was observed. The flow rate at which 

maximum rate of adsorption found was 25 L/H. 

 As the concentration of the Phosphate ionic species 

increased, the rate of adsorption was found to be 

decrease. 

 The dissolved salt such as chloride and Sulphate found 

no effect on uptake characteristics of GAC. 
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