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the defluoridation efficiency at various pH based on 
varieties of metal hydroxide formation and presence 
of other coexisting ions in Fˉ contaminated water. 
Possibly, majority of aluminium complex, commonly 
known as electro-coagulants, may have occurred at 
pH 6.5due to the equilibrium between H+ ions and the 
metallic ions11. It was also observed that at pH 6.4, 
after polymerization and decomposition amorphous 
flocs of Al(OH)3 were formed12. 

Consequence of current density 
CD is also an significant parameter during the 

electrocoagulation treatment. In this work, the effect 
of the CD on the Fˉ reduction was examined with 
initial pH of 6.5 and varying CD (17.36-69.44 A/m2). 
It is clear from Fig. 3 that CD of 34.72 A/m2provided 
better fluoride removal as compared to higher CD. 
The Fˉ concentration was reduced to 10.2, 7.4, 8.6 
and 11.6 mg/L in 50 min for CD of 17.36, 34.72, 
52.08 and 69.44 A/m2 respectively. The passing of 
electricity causes positive metal ions to be discharged 
from the submerged electrode (anode) which react 
with Fˉ to produce a neutral mass that settles down 
because of gravitational force. The fluoride 
concentration decreases with increase in CD up to a 
definite extent then increased due to increase in metal 
ion concentration with raise in CD. The excess 
amount of metal ions results in the destabilization of 
the particle11. 

The influence of CD on defluoridation in terms of 
power expenditure and power expenditure per unit mass 
of Fˉ removed are given in Fig. 4 (a-c).The result of 
increase in CD on defluoridation is given in Fig. 4 (a). 
Fig. 4(b) and Fig. 4 (c) shows that when CD was 
increased the power expenditure and power expenditure 
per unit mass of Fˉ removed both increased. Hence, the 
calculation of energy consumption and specific energy 
consumption (SEC) are required that given by 
equations11; 
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It should be noted that V represents the cell voltage 
with unit of volt (V), I represent the current intensity 
with unit of ampere (A) and t leads the value of the 
treatment time in hour (h). When the value of CD 
enhances, it promotes the more consumption of 
voltage of the system simultaneously consequently 
electrical power expenditure rises. Table 2 shows the 

mean voltage with respect to the current densities 
used.  
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Consequence of starting concentration of Fˉ  
The influence of Fˉ concentration on defluoridation 

efficiency during the electrocoagulation treatment is 
presented in Fig. 5. It can be observed that the 
concentration of Fˉ reduced to 1.5, 3.2,  5.2,  6.8  and  
7.4 from starting concentrations range of 10-50 mg/L 
respectively. It may be noted that starting 

Fig. 2 — Consequence of pH on electrocoagulation of 
Fˉ contaminated water (current=1 A). 

Fig. 3 — Consequence of current density on electrocoagulation of
Fˉ contaminated water.  



CHANDRAKER et al: DEFLUORIDATION OF WATER BY ELECTROCOAGULATION USING ALUMINIUM ELECTRODE 557

Fˉ concentration of 10 mg/L was reduced to 1.5 mg/L 
an acceptable range of fluoride in water as per WHO 
norms. Other higher concentration may require some 
addition treatment to reduce the fluoride 
concentration to that WHO standard. Maximum 
percentage removal (85.2%) takes place at maximum 
initial fluoride concentration i.e. for 50 mg/L. 

Kinetics of electrocoagulation process 
To understand the mechanism of EC process 

kinetic study has been also performed. When the 
current passes in aluminium electrode, metal cations 
(aluminium cations) are released in the water sample 
because of the dissolution of electrode material. The 
fluoride removal rate is analysed by kinetic study and 
a universal equation of kinetic analysis for 
defluoridation can be given by; 
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In the above equation n represent order of reaction 
for fluoride variation while m represent for CD and k 
represents the constant of Fˉ removal rate. For more 
clarification, values of n, m, and k are given in 
Table 3. Gondudey et al.13 also used similar type of 

Fig. 4 — Consequence of CD on (a) % Fˉ reduction, (b) energy
consumption and (c) specific energy consumption. 

Table 2 — Data for electrocoagulation using Al electrode. pHi = 6.5, EG = 2.0 cm, tR = 50 min, Starting mass 
of Fˉ= 50 mg/L,Total Fˉ contaminated water taken = 1.0 L. 

Electrode material Al 

Current, A 0.5 1.0 1.5 2.0
Current density, A/m2 17.36 34.72 52.08 69.44
Voltage (average), V 7.8 14.3 23.8 29.1 

Fig. 5 — Consequence of starting concentration of Fˉ on its 
removal. pHi = 6.5, CD = 34.72 A/m2. 



INDIAN J. CHEM. TECHNOL., SEPTEMBER 2022 558

kinetic equation for COD reduction from water 
utilizing electrocoagulation technique. It can be seen 
from Fig. 2 and Fig. 3 that the fluoride removal rate 
enhanced quickly up to initial 40 min of treatment 
time after that it is nearly in equilibrium. This can be 
attributed to the reason that in the initial 40 minutes of 
experiment the concentration of aluminium ion (Al3+) 
and fluoride were balanced. Later on the fluoride ion 
concentration decreased causing the defluoridation 
process to reach to equilibrium. It is clear from the 
kinetic plot that order of reaction is not one hence, 
kinetic data are evaluated by changing reaction order. 
The values of the kinetic variables k, n and m are 
calculated with the help of MATLAB toolbox. To 
achieve the values of different parameter, an 
optimization function was established by the 
summation of the square of errors between the model 
estimated and experimental fluoride concentration for 
whole data points of a CD. The kinetic data given 
in Fig. 6 might be potentially modelled by the 
following equation: 
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It can be seen from Table 3 that, value of k, for CD 
(17.36–69.44) are obtained in the range of 1.00 × 10-5 to 
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n lied from 2.00 to 2.07.It is found that the model (Eq. 9) 
the experimental values and predicted values of Fˉ 
concentration for all CDs fitted well as shown in Fig. 6.  

Conclusion 
The usage of aluminium as a self sacrificing 

electrode and its consequence on defluoridation 
during electrocoagulation treatment has been 
investigated. The EC technique is found quite fruitful 
and useful for the defluoridation of the laboratory 
prepared fluoride solution. The result of various 
operating parameters such as pH 6.5, CD 34.72 A/m2 
and treatment time 50 min are found optimum. 
Maximum Fˉ removal 85.2% is achieved for starting 
Fˉ concentration of 50 mg/L. The Fˉ concentration can 
be decreased from its starting concentration of 
10 mg/L to 1.5 mg/L, which is acceptable as per 
WHO norms. Other higher concentrations are not 
reduced to such limit which entails further treatment. 
The process could be effective in treating low 
concentration of fluoride in the water to get it reduced 
to WHO acceptable limits.  
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