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ABSTRACT 
The performance of coagulation with C. limon peel powder for removal of fluoride was investigated. 
Several working parameters such as pollutant concentration, pH, coagulant dosage, and contact time 
were studied in an attempt to achieve a higher removal capacity. Solutions of varying fluoride 
concentrations (1 – 10 mg/L) were prepared. The pH of the initial solution was also varied to study 
their effects on the fluoride removal efficiency. Results obtained with synthetic wastewater revealed 
that the most effective removal capacities of the studied ion could be achieved when the pH was kept 
at 7. The process was successfully applied to the treatment of electroplating wastewater where an 
effective reduction of fluoride concentration under legal limits was obtained just after 40-60 min. The 
results of this study showed that the removal efficiency of fluoride with C. limon peel powder given a 
economical solution to remove fluoride from aqueous solution. 

Key Words : C. limon peel powder, Fluoride removal, Natural coagulant, Electroplating 
wastewater, Parameter 

 
INTRODUCTION 

Native plants have traditionally been used to 
improve quality of water in many countries 
throughout the world. In recent years there has 
been considerable interest in the development of 
usage of natural coagulants which can be 
produced or extracted from microorganisms, 
animal or plant tissues. These coagulants should 
be biodegradable and are presumed to be safe for 
human health. In addition, natural coagulants 
produce readily biodegradable and less 
voluminous sludge that amounts only 20- 30% 
that of alum treated counterpart.1-4 Due to the 
lack of proper water treatment systems in these 
rural or underdeveloped communities, the best 
immediate option is to use simple and relatively 
cost effective point-of-use (POU) technologies 
such as coagulation. Coagulation is an essential 
process in the treatment of both surface water 
and industrial wastewater. In present 
investigation a focus made on C. limon peel  
powder  to find out  removal efficiency of  
fluoride from industrial waste water by 

coagulation process.5,6 This investigation first 
describes the removal efficiency of fluorine from 
wastewater and then the principles, experimental 
methods and chemical kinetics of coagulation 
studies. 

AIMS AND OBJECTIVES 
The main aim of the present study was to 
evaluate the coagulation capacity of selected 
plant based coagulant C. limon peel powder for 
the removal of fluoride in coagulation process. In 
order to achieve this the following objectives are 
set and are investigated. 
1. Determination of effects of different 

experimental parameters like, contact time, 
initial ion concentration, coagulant dose and 
pH of the solution on  coagulation and 
flocculation system 

2. Determination of coagulation kinetic 
parameters, using model equations available 
in literature on coagulation process. 

3. Evaluation of fluoride removal capacity of 
C. limon peel powder from industrial waste 
water. *Author for correspondence 
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MATERIAL AND METHODS 
Selection of coagulant 
C. limon is a small evergreen tree native to 
Asia, which belongs to Rotaceae family, 
contains numerous phytochemicals, including 
polyphenols, terphanols, and tannins along 
with citric acid. C. limon peel, is rich in 
vitamins, carotenoids proteins and other 
bioactive molecules, especially the acid 
content in C. limon is high, which favors the 
coagulation of fluoride process by altering pH 
of the solution into acidic. The C. limon peel, 
contains Calcium (26 mg/100 gm), Iron (0.6 
mg/100 gm), Magnesium (8 mg/100 gm), 
potassium (138 mg/100 gm), phosphorus (16 
mg/100 gm). The trace metals like Calcium 
(Ca), Magnesium (Mg) and Iron (Fe) were rich  
in C. limon, which may help in attraction of 
fluoride ions from aqueous solution to form 

stable compounds which may settle down 
easily. The previous studies by Minju et.al.7 
reported that salts of Mg, Ca and Fe were 
effective in the removal of fluoride from water 
and wastewater.  Taking all these factor into 
consideration C. limon peel, has been selected 
as a natural coagulant for the removal of 
fluoride ion from the industrial wastewater. 
Preparation of coagulant 
C. limon peel (Fig. 1), was collected from juice 
centre located at local market of Hyderabad 
and washed with tap water followed by double 
distilled water to avoid the dust and soil 
particles. The cleaned peels were allowed to 
dry under sunlight for 12 days and cut into 
small pieces and grinded into fine powder 
using domestic grinder. The powder was 
sieved and stored in glass bottle until it used as 
coagulant. 

 

Fig. 1 : C. limon peel powder 

Experimental Method 
Preparation of fluoride standard curve 
Into a series of 50 mL stand flask different 
fluoride solutions were taken and to this 
solution 5 mL of SPADNS reagent was added 
and the final volume was made up to the mark 
using distilled water. The Optical Density 
(O.D.) values were taken at 570 nm using 
spectrophotometer. 
Determination of optimum coagulant dosage 
Jar test is widely used technique for evaluating 
and optimizing coagulation flocculation 
process. This  study  consists of batch experi- 
ments involving rapid mixing (to disperse 
coagulant dose) and slow mixing (to enhance 
floc formation and sedimentation i.e. settling 
of formed floc). In the present study all 

experiments were performed by using jar 
apparatus with 4 mg/L fluoride solution and 
different dosage of coagulant (0.2 gm-1.6 gm) 
are added into a series of 6 jars positioned on 
jar apparatus. The samples are stirred rapidly 
for 20 min. at standard 100 rpm speed 
followed by 30 min. slow stirring at standard 
40 rpm speed for the formation of flocs.      
Finally the flocs were allowed to settle for 40  
min. before withdrawing the samples for 
analysis. 
The final fluoride concentration after 
adsorption was directly measured with spectro- 
meter by using SPADNS dye method. To 
estimate the percentage removal of fluoride 
from aqueous solution the following equation 
was used. 
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Effect of fluoride concentration on 
coagulant 
To find out the effect of fluoride concentration 
on coagulant, the experiments are carried out 
by taking different concentrations of fluoride 
solutions (ranging from 1 mg/L-9 mg/L) into a 
series of beakers positioned on jar apparatus. 
To the series of beakers 1.0 gm of fixed 
amount of coagulant is added. Then the 
samples are stirred rapidly for 20 min. at 
standard 100 rpm speed followed by 30 min. 
slow stirring at standard 40 rpm speed for the 
formation of flocs. Finally the flocs were 
allowed to settle for 40 min. before 
withdrawing the samples for analysis.8 
Effect of pH on removal of Fluoride 
To check out the optimum pH for the removal 
of fluoride the tests were carried out at 
different pH values. In this study the 
coagulation were examined at the following pH 
values i.e. 3, 4, 5, 6, 7 and 9. The experiments 
are carried out by taking constant and fixed 
amount of fluoride and coagulant dosage i.e. 4 
mg/L of fluoride and 0.8 gm of coagulant in all 
beakers then the samples are stirred rapidly for 
20 min.at standard 100 rpm speed followed by 
30 min.slow stirring at standard 40 rpm speed 
for  the  formation  of  flocs.  Finally  the  flocs 
were allowed to settle for 40 min.             
before withdrawing the samples for analysis.9 
Coag-flocculation  kinetics  and   functional  
parameters response 

Coag-flocculation is a core purification 
process, which finds wide range of application 
in water and wastewater treatment10 facilities. 
Conceptually, Coag-flocculation is the process 
of adding substances to aqueous effluent to 
make suspended particles to bind together 
(coagulate) and subsequently aggregating into 
visible flocs (flocculation) that settle out of the 
water. This is achieved when the stabilized 
particles are aided to overcome their repulsive 
forces to form blobs of flocs. Among the 
factors that affect the process are raw effluent 
quality, temperature, pH, etc. In particular, 
coag-flocculation in conjunction with other 
treatment processes is regarded as a viable 
option for the treatment of aqueous effluent. 
Coag-flocculation can be achieved by any of 
the common coagulants such as alum, lime etc. 
The Coag-flocculation behaviors of these 
common compounds have been well 
investigated with little or no attention given to 
the Coag-flocculation potentials of bio 
derivatives. To this end, a focus is hereby 
given to the study on C. limon peel powder, as 
a potential source of Coag-flocculation 
derivative for the removal of fluoride. 

RESULTS AND DISCUSSION 
Fluoride standard curve 
The fluoride standard graph was plotted by 
taking O.D. values on Y-axis and concentration 
of fluoride (μg/mL) on X-axis. The results 
were shown in Fig. 2. 

 
Fig. 2 : Standard curve of fluoride 
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Determination of optimum coagulant dosage 
The effect of coagulant dosage was 
investigated on coagulation of fluoride by C. 
limon peel powder and results were presented 
in Fig. 3. From the said figure it is observed 
that the percentage removal of fluoride is 
increased with increase in coagulant dosage. 
This phenomenon is observed only to certain 
level and there is no significant change in 
percentage removal observed when sample 
treated with above 1g coagulant. The 
maximum % removal of fluoride observed with 
1g coagulant dosage. 

Effect of initial Fluoride concentration 
The effect of different initial fluoride 
concentration on coagulation process is shown 
in Fig. 4. From the figure it is observed that, 
with increase in concentration the removal rate 
also increased at these particular conditions. 
This can be explained by the theory of dilute 
solution. In dilute solutions formation of 
diffused layers on the vicinity of coagulation 
causes a slow reaction rate but in concentrated 
solution the diffused layer has no effect on the 
rate of diffusion or migration towards the ion 
surface.

 

Fig. 3 : Effect of C. limon peel powder dosage on fluoride removal 

 

Fig. 4 : Effect of initial fluoride concentration on C. limon peel powder 

Effect of pH 
The effect of pH on coagulation of fluoride 
was studied and the experimental results were 
shown in Fig. 5. From the figure, it is observed 
that the pH of the solution during coagulation 
effects chemistry of the coagulant. The best 
coagulation and uptake capacity of coagulant 
occurred at pH 7. At pH of higher and lower 

than optimum pH, the charges produced from 
C. limon peel powder for bridging and 
entrapping the micro flocs to form larger flocs 
was very low. Thus adsorption on the surfaces 
of flocs formed was very less. The drastic 
decrease in deflouridation capacity was 
observed with increase in pH from 8 to 11, due 
to decrease in surface positive charge. pH of 



ISSN  0973 – 6921 ; E – ISSN 2319 – 5983                                                     J. Environ. Res. Develop. 
Journal of Environmental Research And Development    Vol.11 No. 02, October-December 2016 

295 
 

the solution (Pka, Pkb and PKI) is a critical 
parameter and play a major role in case of plant 
based coagulants.  
Effect of contact time 
The   effect   of   contact   time  on   removal of  
fluoride by C. limon peel powder was shown in  

Fig. 6. From the figure, it is observed that the 
percentage removal of fluoride increase with 
increase in contact time at all coagulant 
dosage. The same experiment conducted at a 
constant coagulant dosage by varying initial 
fluoride  concentration from  1-4 mg/L and the 

 
Fig. 5 : Effect of pH on fluoride removal using C. limon peel powder 

results were shown in Fig.7. From the figure, it 
is observed that the percentage removal of 
fluoride is increase with increase in contact 
time at all different initial fluoride concen- 
trations. From the figure it is concluded that 
the percentage removal is high at higher 
concentrations compare to lower fluoride 
concentrations. A better efficiency (E) was 

observed at coagulant dosage 0.4-0.8 g. Note 
that starting from t=5 min, there is virtually no 
variation in E (%) values at 0.6 g with the least 
E>90%, it confirms the effectiveness of C. 
limon peel powder to remove fluoride from the 
aqueous solution. At E(%)>90 %, it justifies 
the theory of fast coagulation which validates 
the real life application of coag-flocculation. 

 

Fig. 6 : Effect of contact time on % removal at different C. limon peel powder dosage 

Coagulation kinetics 
After coagulation and the resulting destabili- 
zation of particles, the particles must collide. 
The collision of particles can take place    
under natural circumstances (perikinetic floc 

formation) or by dissipation of mixing energy 
(orthokinetic floc formation). 
Perikinetic floc formation 
During perikinetic floc formation, particles 
collide  as a  result of  Brownian  motion.  Von  
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Smoluchowski described the decrease in the 
total number of spherical particles as a function 
of time with the following equation.11-15 

 

Where,  n = total  number  of  particles per unit  
 

water volume (m-3)  
α = collision efficiency 
K = Boltzmann constant (J·K-1)  
T = absolute temperature (K) 
Assuming mono disperse, no break up and bi 
particle collision, the general model perikinetic  

 
Fig. 7 : Effect of contact time on % removal at initial fluoride concentrations using C. limon peel powder 

Coag-flocculation is given as  

 

Where  is the rate of change of concent 

ration of particle size k (concentration /time) 
β is function of coag-flocculation transport 
mechanism. The appropriate value of β for 
Brownian transport is given by  

 

Where KB is Boltzmann’s constant (J/K) 
T is Absolute temperature (k) 
Orthokinetic floc formation 
By mixing, the collision frequency of the 
particles is artificially increased. The decrease 
in the total number of particles as a function of 
time is described by the following equation: 

 

Where,  
Gv = velocity gradient for floc formation (s-1)  
R  = collision radius (m) 
n1 = number of particles with diameter d1 (-)  
n2 = number of particles with diameter d2 (-)  
The collision radius is defined by 0.5· (d1 + 
d2). Assuming that all particles have the same 
diameter,  the  equation   can  be   rewritten  as 

 
For spherical particles the volumetric 
concentration is described as: 

 
Time is needed for the formation of removable 
flocs. The applied residence time varies between 
500 and 3600 sec. On average the residence time 
for floc formation is about 30 minutes. To 
determine the required residence time, jar-test 
experiments are carried out at tabulated in Table 
1 and Table 2. 
First order kinetic model 
The plot log (a-x) versus time representing the 
first order kinetic model for removal of fluoride 
by C. limon peel powder at different coagulant 
dosage and at different initial fluoride 
concentrations, is shown in Fig. 8 and Fig. 9. 
From these figures, it is observed that the lines 
were deviated from the linearity. The first order 
rate constant k1 and concentration of fluoride (C) 
were calculated from slop and intercept of the 
plot. The correlation coefficient (R2) values are in 
between 0.262 to 0.793 at different coagulant 
dosage and 0.387 to 0.790 at different initial 
fluoride concentrations, proving that the removal 
fluoride from aqueous solution using C. limon 
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peel powder by coagulation method is not 
applicable to first order kinetic model. The 

calculated constant values for first order kinetic 
model were shown in Table 1 and Table 2. 

 
Fig. 8 : First order kinetic model at varying coagulant dosage at constant fluoride concentration 

 
Fig. 9 : First order kinetic model at varying fluoride concentrations at constant coagulant dosage 

Second order kinetic model 
The second order kinetic models for present 
investigations (different coagulant dosage    and 

different fluoride concentrations) were shown in 
Fig. 10 and Fig. 11. From these figures, it is 
observed that the removal process  

 
Fig. 10 : Second order kinetic model at varying C. limon peel powder at constant fluoride concentration 
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Table 1 : Coag-floculation functional parameters for varying coagulant dosage at constant 
fluoride concentration 

Parameter 1 gm/L 2 gm/L 3 gm/L 4 gm/L 
First order kinetic model 

Coefficient of determination (R2 ) 0.262 0.639 0.262 0.793 
αth order coag-flocculation 
constant (K) 2.560 x104 5.994 x104 2.560 x104 5.784 x104 

Collision factor for Brownian 
transport  (βBR) 5.12 x104 11.98 x104 5.12 x104 11.568 x104 

Collision efficiency (εp) 26.04 x1021 60.93 x1021 26.04 x1021 58.84 x1021 
Coagulation period / Half life 
(τ1/2) 

2772 1174 2772 1216 

Second order kinetic model 
Coefficient of determination (R2 ) 0.238 0.788 0.460 0.867 
αth order coag-flocculation 
constant (K) 4.68 x102 2.43 x104 6.05 x102 2.0 x104 

Collision factor for Brownian 
transport  (βBR) 9.36 x102 4.86 x104 12.1 x102 4.0 x104 

Collision efficiency (εp) 47.61 x1019 24.72 x1021 25.51 x1018 20.34 x1021 
Coagulation period / Half life 
(τ1/2) 

14.81 2888 11.45 3465 

Table 2 : Coag-floculation functional parameters for varying fluoride concentration at 
constant dosage of coagulant 

Parameter 1 mg/L 2 mg/L 3 mg/L 4 mg/L 
First order kinetic model 

Coefficient of determination (R2 ) 0.790 0.387 0.422 0.595 
αth order coag-flocculation 
constant (K) 8.436 x10-3 3.147 x 104 2.201 x 103 3.895 x 103 

Collision factor for Brownian 
transport  (βBR) 

16.87 x 10-3 6.294 x 104 4.402 x 103 7.79 x 103 

Collision efficiency (εp) 85.81 x1014 32.01 x1021 22.39 x1020 39.62 x1020 
Coagulation period / Half life 
(τ1/2) 

82.51 2235 315 210 

Second order kinetic model 
Coefficient of determination (R2 ) 0.665 0.316 0.708 0.818 
αth order coag-flocculation 
constant (K) -1.26 x 102 4.74 x 102 2.20 x 104 3.07 x 104 

Collision factor for Brownian 
transport  (βBR) 

-2.52 x 102 9.48 x 102 4.40 x 104 6.14 x 104 

Collision efficiency (εp) -12.81x1019 48.22x 1019 22.38x 1021 31.23 x1021 
Coagulation period / Half life 
(τ1/2) 

55.011 14.62 3150 2310 
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shown linearity at lower fluoride concentration 
and at higher coagulant dosage compare to 
higher concentration and lower coagulant 
dosage respectively. The R2 values of second 
order kinetic models at higher coagulant 
dosage and lower initial concentrations      
were compared with correlation values of     

first order kinetic model, indicating that 
coagulative removal of fluoride by C. limon 
peel powder is approximately fit into      
second order kinetic model. The second order  
rate constant K2 and 1/No values were 
determined from the slope and intercept of    
the plot. 

 
Fig. 11 : Second order kinetic model at varying fluoride concentrations at constant coagulant dosage    

Application 
The developed method was applied for  
electroplating industry wastewater (which has 
4.40 mg/L fluoride) was treated with 1 g of C. 

limon peel powder and  removal efficiency was 
found to be promising when compared with 
chemical coagulants like AlCl3, MgCl2 and 
FeCl3.   Results were shown in Fig. 12 and  

Table 3 : Removal efficiency of fluoride from Electro plating industrial wastewater with 
chemical coagulants 

S/N Name of the 
coagulant 

Amount of 
the coagulant  

(mg) 

Initial fluoride 
concentration 

(mg/L) 

Residual 
fluoride 
(mg/L) 

Fluoride 
removal  

(%) 
1 AlCl3 100 4.40 3.0 31.8 
2 MgCl2 100 4.40 2.70 38.6 
3 FeCl3 100 4.40 3.35 23.8 

4 C. limon 
peel powder 100 4.40 2.98 32.2 

 

Fig. 12 : Removal of fluoride from electroplating industrial wastewater 



ISSN  0973 – 6921 ; E – ISSN 2319 – 5983                                                     J. Environ. Res. Develop. 
Journal of Environmental Research And Development    Vol.11 No. 02, October-December 2016 

300 
 

Table 3.  Therefore, it is reasonable to consider 
this proposed approach to be a novel approach 
to be applied as adequate pretreatment in 
advanced water treatment. 

CONCLUSION 
The jar test experiments were performed on 
low to high fluoride concentrated waters. The 
coagulation experiments using C. limon peel 
powder indicated that coagulation process 
effectively removed fluoride from synthetic 
wastewater using 1g/L coagulant dosage. As 
for the synthetic wastewater doesn’t have any 
other co-ions, impurities and other substances, 
it gave best results with even lowest coagulant 
dosage. At 1 g/L coagulant dosage the fluoride 
removed by 95%, concentration higher than 4 
mg/L had no significance in removal after this 
point. Here the coagulation process and 
fluoride removal was considerably affected by 
pH, coagulant dosage as well as initial fluoride 
concentration of medium. Fluoride removal 
was relatively stable at all selected dosages 
greater than 1 g/L when pH was kept constant 
and the process more influenced by pH 
variations. A maximum of 90% fluoride 
removal was achieved at an initial pH of 7. The 
% removal at acidic condition increased with 
increase in pH. According to results of this 
study we can conclude that natural coagulant C. 
limon peel powder able to remove fluoride from 
synthetic and industrial wastewater effectively.    

RECOMMENDATIONS 
Investigating the influence of coagulant dosage 
greater than optimum at higher fluoride 
concentrations (above 4 mg/L) as well as 
behavior of pH variations at higher dosages is 
also suggested for future studies.  
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