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Introduction 

The industrial waste water from various industries 
like electroplating, semiconductor, glass and oil 
refineries etc. contains a very high concentration of 
different organic and inorganic chemicals. These 
toxic chemicals are very hazardous and have adverse 
effect on both the aquatic life as well as the 
terrestrial life.  

Fluorides are the hazardous inorganic pollutant 
widely found in underground water and industrial 
waste water. Although the low concentration of 
fluorides are healthy and safe but beyond the 
permissible limits its consumption is very dangerous. 
The permissible range of fluoride concentration in 
drinking water has been set as 0.5-1.5 mg/l by many 
organizations like CPCB, WHO and USEPA etc.1In 
India, around one million people are affected by 
indigenous fluorosis [1, 2].  

                                                            
1Corresponding Author’s Email: deepankar161293@gmail.com 

Fluoride is widely distributed on earth in many forms 
like fluoride minerals, in underground water, foods 
and tea leaves [3]. Fluoride dissolved into the 
groundwater due to the presence of fluoride 
minerals/rocks like fluorite, cryolite, phosphorite, 
fluorapatite, theorapatite etc. at the aquifer bottom 
[4]. Further, various industrial processes such as steel 
production, glass manufacturing, electroplating, 
phosphatic fertilizer production, ceramic industry and 
coal combustion etc. greatly contributed in 
increasing the fluoride contamination level in water. 
Thus the treatment of waste water is necessary 
before its discharge. At present, many technologies 
are available for the removal of fluoride from water 
such as co-precipitation, coagulation, ion exchange, 
adsorption, dialysis, electro-dialysis, reverse osmosis, 
membrane technologies etc.[5-11]. All these 
technologies have their indigenous advantages and 
disadvantages such as secondary sludge production, 
less efficiency and highly sensitized. In these 
methods adsorption is a most simple and attractive 
process due to its low cost and high efficiency. But 
now a day, biosorption techniques are found to be 
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more simple and efficient due to their sludge free 
operation and regeneration potential. Biosorption 
techniques involve several easily available 
agricultural biosorbents like neem leaf, banana peel, 
coffee husk, groundnut shell, rice husk ash, khair leaf 
and peepal leaf etc. for the removal of toxic fluoride 
ions from waste water [12-15]. In most of the 
available literatures on the fluoride removal using 
various biosorbents, the fluoride concentration is 
between 1.5-5 mg/l available in groundwater at 
normal conditions. However in industrial waste water 
the fluoride concentration is higher [16] and its 
removal is become necessary to prevent its adverse 
effects on environment. Therefore, in this paper the 
fluoride removal potential of mosambi peel has been 
investigated. Here, the effect of various parameters 
on the percentage removal of fluoride has been 
studied and the sorption nature has been also 
determined in terms of kinetic models. 

Materials and Method 

Materials 

In the present experiment, all the chemicals used 
were of analytical grade and purchased from Fischer 
Scientific. Distilled water had been used for the 
preparation of stock solution and dilutions. Stock 
solution of 100 mg/l concentration of fluoride was 
prepared by dissolving 221mg of anhydrous sodium 
fluoride in one liter water [17]. 

Biosorbent Preparation 

Mosambi fruit peel was collected from the fruit stall 
located in the campus of Bundelkhand Institute of 
Engineering and Technology Jhansi UP, India. The 
mosambi peels were washed thoroughly with water 
for removing the dirt, dried and finally crushed. After 
drying and crushing its screening had been done 
through 150-mesh size and the remaining larger 
sizes are analyzed as such. 

Batch Adsorption Experiment 

In batch biosorption experiment , the 50 ml of 
sample having 20 mg/l of initial fluoride 
concentration had been taken in a conical flask of 
volume 100 ml containing 10 g/L bio-adsorbent 
having particle size of 150 µm, which was agitated at 
125 rpm [18,19]. After the agitation the conical flask 
was allowed to stand for 2 minutes for the settling of 
adsorbent. Similar experiment was carried out for 
determining the optimum conditions and to study 

the effect of pH, adsorbent dose, contact time and 
initial fluoride concentration. The ranges of operating 
parameters for these experiments are shown in 
table-1. 

Table 1: Ranges of operating parameters for various 
experiments 

Objective of 
experiment 

Operating parameters 

To study the effect of 
contact time on 
fluoride removal  

Adsorbent Dose:10g/L  

Room Temperature: 300C; 
Solution pH:7 

Initial Fluoride 
Concentration: 20mg/l 

Contact Time: 10, 20, 30, 40, 
50, 60, 70 min 

To study the effect of 
pH on fluoride 

removal 

Adsorbent Dose: 10g/L 

Room Temperature: 30 0C;  
Contact Time:40min; 

Initial Fluoride 
Concentration: 20mg/l 

pH: 3, 4, 5, 6, 7, 8, 9, 10, 11 

To study the effect of 
initial fluoride 

concentration on 
fluoride removal 

Adsorbent Dose: 10g/L; 
Contact Time: 40 min 

Room Temperature: 300C; 
Solution pH:7 

Initial Fluoride 
Concentration: 10, 20, 30, 

40, 50 mg/l 

To study the effect of 
adsorbent dose on 
fluoride removal 

Contact Time: 40 min; Room 
Temperature: 300C 

Solution pH: 7; Initial 
Fluoride Concentration: 20 

mg/l 

Adsorbent Dose: 2, 4, 6, 8, 
10, 12, 14, 16, 18, 20 g/L 

 

The concentration of fluoride qe (mg/g) adsorbed 
was calculated by using the following formula [30] – 
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Where, 

qe – the amount of fluoride adsorbed (mg/g) 

Ci – initial concentration of fluoride in solution (mg/l) 

Cf – residual concentration of fluoride in solution at 
equilibrium (mg/l) 

V –volume of the solution (L) 

W–weight of the adsorbent (g) 

 

The percentage removal of fluoride ion was 
calculated as follows -  
 

 

Where, 

Ci – initial concentration of fluoride in solution (mg/l) 

Cf – residual concentration of fluoride in solution at 
equilibrium (mg/l) 

Method of Analysis 

In each experiment, after the adsorption studies on 
the effects of various parameters such as contact 
time, pH, initial fluoride concentration and adsorbent 
dose, the sample solution was filtered through 
Whatman no. 42 filter paper and the filtrate was 
analyzed for determining the fluoride concentration 
through SPADNS [17] photometric method using 
UV–spectrophotometer at wavelength of 570nm. 

Spectrophotometric Method 

In this method, an indicator dye and a metallic 
compound such as iron, aluminium, zirconium, 
thorium, cerium or lanthanum reacts to form a 
colored complex having small dissociation constant. 
Further, fluoride reacts with this complex and forms a 
new complex. This transformation in the 
configuration of the complex results in the shifting of 

the surface assimilation spectrum relative to the 
fluoride-free reagent solution’s spectrum. This 
shifting can be observed by using a 
spectrophotometer. The commonly used dyes are 
Erichrome Cyanine R and SPADNS [trisodium 2-
(parasulfophenylazo)-1, 8-dihydroxy-3, 6- 
naphthalene disulfonate]. When the SPADNS dye is 
used, SPADNS reacts with zirconium ion to form a 
red colored complex. Further, fluoride reacts with this 
complex and discolors the red color of the complex. 
Now the variation in the absorbance can be 
determined by using a spectrophotometer. 

Formation of the SPADNS – ZrOCl2 complex 

 

Reaction of the complex with fluoride ions 

 

Results and Discussions 

Effect of pH 

pH is one of the important parameter that affects the 
biosorption of fluoride. Fig.1 shows the plot of the % 
fluoride removal against the varying pH range 3-11. 
The nature of the graph shows that the maximum 
adsorption of fluoride occurred at pH 5 and beyond 
the pH 5 the % fluoride removal was decreased due 
to the electrostatic repulsion between the mosambi 
peel surface and the negatively charged fluoride ion. 
The results of this study shows that the optimum pH 
is 7 which is sufficient for the biosorption of fluoride 
on the mosambi peel as between pH (7-11) there is 
not any significant difference between % removal of 
fluoride  (54.59 – 56.44 %). So we can optimize the 
other parameters at neutral pH i.e. pH 7. 
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Fig.1 Effect of pH on adsorption of fluoride on 
mosambi peel 

Effect of adsorbent Dose 

To study the effect of biosorbent dose, the 
experiments are performed at various doses of 
biosorbent lying between 2-20 g/L of fluoride 
solution with 100 mg/l initial concentration of 
fluoride. The % removal of fluoride has been 
increased with increasing quantity of biosorbent 
upto 10g/L and after that it decreases to some extent 
and then shows the almost same % removal 
efficiency for rest of the biosorbent doses as shown 
in Fig.2. This behavior has been shown because 
initially more active sites are available for the 
adsorption and after the optimum dose the active 
sites are saturated that results in decrease in the % 
removal of fluoride. The results of this study show 
that the optimum biosorbent dose of 10 g/L is 
sufficient for the biosorption of fluoride on the 
mosambi peel as between 10- 20 g/L the % removal 
of fluoride is almost same lying between (94.23 - 
93.37 %). 

 

Figure 2: Effect of biosorbent dose on adsorption of 
fluoride on mosambi peel 

Effect of contact time 

The study of the effect of contact time was 
conducted for determining the biosorption capacity 
of the mosambi peel by considering the time period 
for the agitation of the biosorbent at the solid-liquid 

interface. The amount of fluoride adsorbed qt (mg/g) 
at different contact times t (min) is plotted as shown 
in Fig.3. Initially there is a rapid increase in fluoride 
removal with increase in the agitation time but 
gradually it reaches to some constant values and 
after the 40 min. it attains the equilibrium state. This 
result may be shown due the presence of the more 
active sites initially and after the fluoride 
accumulation and the saturation of the sites it 
decreases and attains equilibrium. The results of this 
study show that the contact time of 40 min. is 
sufficient for the biosorption of fluoride on the 
mosambi peel. 

 

Figure 3: Effect of contact time on adsorption of 
fluoride on mosambi peel 

Effect of Initial Fluoride concentration 

In the analysis of the effect of initial fluoride 
concentration, a graph of % fluoride removal had 
been plotted against the varying initial fluoride 
concentration between 20-60 mg/l as shown in Fig.4. 
From the graph it was found that % fluoride removal 
efficiency decreases with increase in initial fluoride 
concentration. This was due to the saturated binding 
capacity of the biosorbent. Because when the 
adsorbate concentration was increased, beyond the 
certain concentration the binding capacity of the 
adsorbent reaches to saturation resulting in the 
decrease in the % fluoride removal. The optimum 
initial fluoride concentration is 20 mg/l which shows 
the maximum removal efficiency of 93.14 %. 

 

Figure 4: Effect of Initial Fluoride concentration on 

307



Deepankar Dev Pandey et al. International Journal of Science, Engineering and Technology, 2016, Volume 4 Issue 1 
ISSN (Online): 2348-4098 , ISSN (Print): 2395-4752 

 

adsorption of fluoride on mosambi peel 

Adsorption Kinetic Studies 

Kinetic models are applied for determining the rate 
of adsorption process as well as for measuring the 
potential of the rate controlling step. The squared 
sums of errors (SSE) values were used for finding 
the best kinetic model for describing the sorption 
mechanism of fluoride. According to this, the model 
that has the lowest SSE value is the best model for 
that particular system [20, 21]. The SSE values of the 
models were calculated by using the following 
equation – 

 

Where, 

qeexpt – the experimental sorption capacity of 
fluoride (mg/g) at equilibrium 

qecal  – the sorption capacity of fluoride calculated by 
using the kinetic model 

In general, the liquid-solid adsorption mechanism is 
governed by the intra-particle diffusion, film 
diffusion and mass action. But for kinetic studies, the 
mass action can be neglected as it plays a vital role in 
physical adsorption. Thus the adsorption kinetics for 
liquid-solid adsorption is always controlled by the 
diffusion processes i.e. either intraparticle diffusion 
or film diffusion is a rate limiting step [22]. 

The rate of the adsorption and kinetics of fluoride 
onto mosambi peel was determined by using the five 
simple kinetic models namely pseudo first-order, 
pseudo second-order, Weber and Morris intra-
particle diffusion model, Bangham’s pore diffusion 
model and Elovich equations. And by using the SSE 
value we would find the best fitted model.  

Pseudo first order model 

The Lagergren’s pseudo first order rate equation is 
widely used to describe the adsorption of adsorbate 
from the liquid phase to solid phase [23, 24]. The 
linear form of Lagergren’s pseudo first-order rate 
equation is given as follows – 

 

Where, 

qe - the amount of fluoride adsorbed on adsorbent 
(mg/g) at equilibrium 

qt - the amount of fluoride adsorbed on adsorbent 
(mg/g) at time t (min.) 

k1- the rate constant of pseudo first-order kinetics 

A graph has been plotted for  against the 
varying time (t) as shown in Fig.5 which represents 
the linearized form of the adsorption of fluoride by 
mosambi peel. The correlation coefficient was found 
to be 0.9984 which indicates applicability of the 
model in the kinetic studies.  The values of the rate 
constant (K1) and qe(cal.) can be determined by using 
the slope and the intercept of the graph as shown in 
Table 1. 

 

Figure 5: Pseudo First Order Kinetic modeling of 
adsorption of fluoride by Mosambi Peel 

Pseudo second order model 

Pseudo second order model can also be used for 
describing the adsorption kinetics for which the 
following equation can be used   [25] – 

 

Where, 

qe - the amount of fluoride adsorbed on adsorbent 
(mg/g) at equilibrium 

qt - the amount of fluoride adsorbed on adsorbent 
(mg/g) at time t (min.) 

k2 - the rate constant of pseudo second-order 
kinetics 

The plot between t/qt versus t for the mosambi peel 
adsorbent was found to be linear as shown in Fig.6 
having the value of correlation co-efficient (R2) to be 
0.9993 which is higher than that of pseudo first-
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order model. The values of the rate constant (K2) and 
qe(cal.)  were found by determining the slope and 
intercept of the corresponding plot which are shown 
in Table1. 

 

Figure 6: Pseudo Second Order Kinetic modeling of 
adsorption of fluoride by Mosambi Peel 

Elovich Equation 

Elovich equation is widely used for describing the 
adsorption kinetics for the chemisorption. It states 
that the diffusion processes are rate limiting step in 
chemical adsorption [26, 27]. The Elovich equation is 
given as follows [28] : 

 

Where, α is the initial sorption rate (mg/g min) and β 
is the related to extent of surface coverage and 
activation energy for chemisorption. These constants 
can be calculated from the intercept and the slope of 
the straight line plot respectively. 

When a graph of qt versus ln t was plotted as shown 
in fig.7, it was found to be well fitted with the Elovich 
equation having the high correlation coefficient 
(0.9588). This shows that the rate limiting step is 
solely controlled by diffusion processes [29]. It may 
be the film diffusion or pore diffusion which governs 
the rate of fluoride adsorption onto mosambi peel. 

 

Figure 7. Elovich Equation plots of Mosambi peel 

Intra particle diffusion 

Intra particle diffusion model has been widely used 
for determining the rate of adsorption that can be 
used for analyzing the rate controlling step. In 
general, the intra particle diffusion can be explained 
by using the Weber-Morris equation [30] which is as 
follows – 

 

Where, 

C – The intercept 

Kip – the intra particle diffusion rate constant 

According to this equation, the Weber-Morris plot 
of qt versus t

1/2 should be a straight line which 
shows that the intra-particle diffusion process is 
involved in the adsorption of fluoride. But the intra 
particle diffusion process is the rate limiting step 
only when the plot passes through the origin. 
However this is not always possible which shows 
that different kinetic models control the rate 
limiting step and these models operate 
simultaneously.  

In fig.8, the Weber-Morris plot for mosambi peel is 
not passing through the origin which shows that at 
the initial stage, the kinetics of fluoride adsorption is 
governed by the film diffusion process and at the 
later stage, intra-particle transport of fluoride ions 
into the pores controlled by pore diffusion [31]. 

 

Fig 8: Intra particle diffusion plot for adsorption on 
Mosambi peel 

Bangham’s model 

Since the intra particle diffusion process is not the 
rate limiting step for the fluoride adsorption thus for 
finding whether the pore diffusion is rate limiting 
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step or not we analyze the Bangham’s Model. Thus 
the equation of Bangham’s model is as follows [32]–  
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Where Ci is the Initial concentration of adsorbate in 
the solution (mg/l), m is the mass of the adsorbent 
(g/l), V is the volume of solution (ml), K0 is the rate 
constant, qt is the amount of the adsorbate adsorbed 
at time t (mg/g). 

When we plot a graph for 
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versus log t as shown in fig.9. The graph was found 
to be linear having correlation coefficient (0.9854) 

approaching to 1 which indicates that the kinetic 
data is best fitted with Bangham’s model and the 
adsorption kinetic is controlled by pore diffusion 
only. 

 

Figure 9: Bangham’s Model plot of Mosambi peel

 

Table1: SSE values and various kinetic parameters for all the kinetic models 

 

  

Pseudo first order model 

Name of adsorbent K1 (min.-1) qe(expt) (mg/g) qe(cal) (mg/g) R2 SSE 

Mosambi peel 0.3146 1.915 0.6221 0.9984 0.4558 

Pseudo second order model 

Name of adsorbent K2 (min.-1) qe(expt) (mg/g) qe(cal) (mg/g) R2 SSE 

Mosambi peel 0.5499 1.915 1.732 0.9993 0.0091 

Elovich equation model 

Name of adsorbent β qe(expt)(mg/g) qe(cal)(mg/g) R2 α SSE 

Mosambi peel 0.0873 1.915 0.4708 0.9588 1.547 0.5687 

Intra particle diffusion model 

Name of adsorbent 
Kip 

(mg/g.min.-0.5) 
qe(expt)(mg/g) qe(cal)(mg/g) R2 SSE 

Mosambi peel 0.0206 1.915 1.251 0.8639 0.1202 

Bangham’s model 

Name of adsorbent K0 qe(expt)(mg/g) qe(cal)(mg/g) R2 α SSE 

Mosambi peel 0.039 1.915 1.806 0.9854 0.002 0.0032 
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Biosorbent Characterization 

SEM 

The surface morphological characteristics of the 
mosambi peel were examined by SEM. Fig. 10(a) and 
10(b) shows the surface of the mosambi peel before 
and after the adsorption the fluoride. From these 
figures we found that the surface of the mosambi 
peel was very irregular and porous. This porosity of 
the surface is mainly responsible for the adsorbance 
capacity of the mosambi peel. 

 

Figure 10: SEM image of Mosambi Peel  (a) Before 
Adsorbtion and (b) After Adsorbtion 

EDAX 

EDAX analysis was carried out for the 
characterization of the Mosambi peel’s surface 
before and after adsorption as shown in Fig 11(a) 
and 11(b). It is evident from the figures that the 

elements such as oxygen, carbon and a small amount 
of potassium etc. except fluoride were present in the 
adsorbent initially but after the adsorption of the 
fluoride it was found that about 0.71 wt % of fluoride 
was present on the adsorbent surface. This result 
confirms the adsorption of fluoride by the mosambi 
peel. 

 

Element Weight % Atomic %  Net Int. Error %
 

C K  45.23 53.28 55.4 7.89 

O K  51.07 45.16 55.46 11.31 

AlK  1.43 0.75 5.43 36.15 

K K  0.58 0.21 1.36 67.85 

CaK  1.69 0.6 3.22 61.77 

 

 

Element Weight % Atomic % Net Int. Error % 
 

C K  44.04 52.34 50.97 7.91 

O K  50.98 45.48 50.54 11.5 

F K  0.71 0.53 0.56 91.93 

AlK  0.69 0.36 2.41 67.36 

K K  0.2 0.07 0.45 78.32 

CaK  3.38 1.2 5.97 27.42 

 

Figure 11: EDAX spectra for Mosambi peel (a) Before 
Adsorption and (b) after adsorption 
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Conclusion 

The present study states that mosambi peel has a 
considerable potential for the removal of fluoride 
from the waste water at low cost. The SEM analysis 
showed that surface porosity was solely responsible 
for the uptake capacity of the mosambi peel and 
fluoride removal was evident through EDAX. The rate 
of adsorption is best explained by pseudo second 
order model having high correlation coefficient 
(0.9993). The kinetic data was best fitted with 
Bangham’s model with good correlation coefficient 
(0.9854) which shows that the adsorption mechanism 
is controlled by pore diffusion process. It was also 
found that the removal efficiency of mosambi peel is 
affected by the pH, contact time, initial fluoride 
concentration and adsorbent dose. At optimum 
conditions, the value of these parameters was 7, 40 
minute, 20 mg/l and 10g/L respectively for which the 
removal efficiency was maximum i.e. 94.23%. Thus 
the use of mosambi peel as a low cost biosorbent for 
the fluoride removal was proved to be economic 
feasible in the treatment of industrial waste water.  
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