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Abstract: The occurrence of high fluoride in groundwater has drawn considerable attention in the 
world. The contamination of fluoride in groundwater has influenced by fluoride rich rocks, pH, 
cation and anion exchange capacity of aquifer materials, bicarbonates, evaporation and temperature 
etc. The aloe (Aloe barbadensis Miller) and calcium chloride has been used to precipitate out 
fluoride ions from drinking water. The effect of different parameters on precipitation and adsorption 
studies like pH, agitation time, adsorbent dose and fluoride concentration have been analysed. The 
equilibrium adsorption data was studied for Langmuir and Freundlich isotherms. 
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Introduction 

Chemically, the fluorine is the most electronegative element and it is always present in a 
combined state as fluoride because of its high chemical reactivity. The fluoride is a great 
calcium-seeking element and it can disturb the calcified structure of bones and teeth in the 
human body at higher concentration resulting dental or skeletal fluorosis1-5. World Health 
Organization6 has recommended the optimum range of fluoride to be as 0.5-1.5 mgL-1. India has 
14.1% of total fluoride deposits on the earth’s crust and the fluorosis is endemic in 17 states7. In 
Rajasthan, 18 out of 32 districts are affected by fluorosis and 11 million of the populations are at 
risk8-10. Various studies have indicated prevalence and severity of fluorosis in many districts 
including Bhilwara8, Sikar9, Hanumangarh11, Dungarpur12, Sriganganagar13, etc.  

Experimental 
All the required reagents used were of A.R. grade. Fluoride stock solution was prepared by 
dissolving 221 mg anhydrous NaF in 1000 mL de-ionized water1. Fluoride standard solution 
(10 mg L-1) was prepared by diluting 100 mL stock solution to 1000 mL using de-ionized water. 
Further, 1.4, 1.2, 1.0, 0.8, 0.6, 0.4, 0.2 and 0.0 mg L-1 fluoride solution were prepared for 
calibration curve. The test fluoride solutions of different initial fluoride concentrations were 
prepared by adding equivalent volume of standard fluoride solution to the tap water. For all 
experiments, 100 mL sample volume was used. All the experiments were conducted at room 
temperature of 23±2 0C. The pH of the sample was adjusted by adding 0.1N HCl and 0.1N NaOH.  

 RESEARCH ARTICLE 



 

30                         Chem Sci Trans., 2014, 3(1), 29-36   

 Aloe vera (Aloe barbadensis Miller) leaves were collected from botanical garden, S. K. 
government college, Sikar. The leaves were washed under tap water to remove adhering 
materials. Thick epidermis or skin was carefully separated from parenchyma or gel part. The 
gel part was smashed to form a transparent liquid and preserved in glass bottles. The known 
quantity of aloe vera juice and CaCl2 powder was well mixed into sample water. The sample 
was stirred in the beaker at 800-1200 rpm by magnetic stirrer. The sample was allowed to 
settle and then filtered through local available Sikar clay.  

 The samples were analysed for residual fluoride concentration by SPADNS dye 
method39 using double beam UV-Vis spectrophotometer (Systronic No. 2201) at wavelength 
of 570 nm. Hydrogen ion concentration (pH) was measured by water analyser (Systronic 
No.371). Adsorption isotherm studies23,28 were carried out taking different initial 
concentrations of fluoride at constant adsorbent dosage. Langmuir and Freundlich models 
were applied to the adsorption isotherm.  

Source of fluoride 
The hydro-geochemistry of fluoride is influenced by some minerals such as include apatite 
(CaF2-3Ca3(PO4)2), cryolite (AlF3-3NaF), fluorspar (CaF2) and silicates such as the phyllo 
silicates of micas, the doubled chain silicates of amphiboles and the phyllosilicates of clays 
where F- substitutes for OH- within their octahedral holes14-15. The dissolution of dolomite 
mineral produces HCO3

-, Mg2+ and Ca2+ ions in the groundwater16. The amount of bicarbonate 
accelerates the dissolution of fluoride through a cation exchange process. The sodium ion in 
groundwater replaces calcium ion from mineral like fluorspar leading to the dissolution of 
fluoride from mineral phases into groundwater14-16. This type of process is likely favored by 
the adsorption of calcium and magnesium on clay, micas, schist, gneiss, quartzite etc.  

 Some favourable hydro-chemical conditions for dissolution of fluoride from silicates to 
groundwater has been suggested like alkaline pH, excess of bicarbonates, anion exchange 
(OH- and F-) and cation exchange (Ca2+ and Mg2+) capacity of aquifer materials, long 
residing water in a rock or interaction system and climate16-19.   

Defluoridation 
Defluoridation is the process of removal of fluoride ion in drinking water. The process may 
be classified broadly into adsorption, ion exchange, precipitation (coagulation) and reverse 
osmosis. Adsorption is an excellent process in which fluoride is concentrated onto adsorbent 
mass. Many bio-sorption techniques have been employed for the treatment of drinking 
water. The biomass like Azadirachta indica, Ficus religiosa, Acacia catechu20, Tinospora 
cordifolia21, tamarind22, tea leaves23, micro algal24, Hydrilla25 etc. has studied for fluoride 
treatment. The inorganic materials like alum26, activated alumina27, clays28-30, ceramics31 etc. 
have been analyzed for fluoride removal. Most of the defluoridation techniques have 
succeeded at pH less than 7.0.  

 The potential determining ion in this process has supposed to be hydrogen ion (pH). In 
acidic medium, hydrogen ion accelerates more positive charge on calcium which favors the 
precipitation and adsorption of fluoride becomes more pronounced. Another probable factor is 
the selectivity. This selectivity factor differentiates between the fluoride and other anions i.e. 
bicarbonate, chloride, nitrate, sulphate etc. The presence of very high concentration of chloride, 
nitrate and sulfate decreases the adsorption32, but bicarbonates affect this process significantly. 

 The objective of this study is to remove fluoride ion from drinking water by using easily 
available material. Many plants and herbs have been studied and analysed for their fluoride  
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removal capacity. The aloe vera plant has found having some fluoride removal capacity. 
Aloe vera (Aloe barbadensis Miller) is a shrubby, perennial, xerophytic, succulent plant. It 
has thick and pulpy leaves. It belongs to Liliaceae family. The medicinal importance of 
aloe plants has been well known for centuries. It has been used as an ingredient in many 
cosmetic products. Aloe vera gel has anti-inflammatory, wound healing, anti-diabetic 
properties33-34 etc. It contains a number of nutrients such as sugars, minerals (iron, zinc, 
sodium, potassium, calcium, magnesium etc.), amino acids, enzymes, fatty acid, 
vitamins33-36 etc. It has been reported that aloe vera has water purification properties37. 
Aloe vera is cultivated in the dry and hot weather conditions38 and is growing worldwide 
including India, Africa.  

Results and Discussion 
Parameters investigated in the precipitation and adsorption studies has included as pH, 
adsorbent dose, agitation time and fluoride concentration. The equilibrium adsorption data 
was studied for Langmuir and Freundlich isotherms. 

Effect of pH 
The pH plays an important role for de-fluoridation process. The pH of sampling water was 
adjusted by adding 0.1N HCl and 0.1N NaOH. Different water samples have been prepared 
varying pH values. The aloe vera (5.0 g) and CaCl2 (0.5 g) mixed into 100 mL sample water 
having 4.20 mg L-1 fluoride. The mixture was agitated for 20 minute and kept constant for 
10 minute (total contact time-30 minutes). The filtrate was examined for hydrogen ion and 
fluoride concentration. 

 
 

Figure 1. Effect of pH on precipitation and adsorption of fluoride 

 The maximum fluoride removal was observed as 97% at pH 2.45. It was observed an 
increasing order in fluoride removal efficiency from pH 9.58 to 2.45 as shown in Figure 1. 
The suitable pH 7.40 showing 85% fluoride removal capacity was selected for further study. 

Effect of aloe vera and CaCl2 doses on fluoride removal 
The extent of fluoride removal was linearly related to the amount of aloe vera and CaCl2. 
The effect of CaCl2 doses keeping constant amount of aloe vera (50 g L-1) was studied as 
shown in Figure 2. The fluoride removal capacity was found appropriate at 3.0 g CaCl2 dose 
having 83% removal efficiency. Further addition of extra dosage has observed no significant 
increase in fluoride removal. 
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Figure 2. Effect of CaCl2 dose (keeping constant aloe vera) on precipitation and adsorption 
of fluoride at pH 7.4±0.1 

 Therefore, the 3.0 g CaCl2 dose was selected for further study. The next, the effect of 
aloe doses keeping constant 3.0 g CaCl2 in 1000 mL sample was studied as shown in Figure 3. 
The aloe vera value 40.0 g was found suitable having 85% removal efficiency.   

 
 

Figure 3. Effect of aloe vera dose (keeping constant CaCl2) on precipitation and adsorption 
of fluoride at pH 7.4±0.1 

 Further addition of extra dosage has observed no significant increase in fluoride 
removal. The 40.0 g aloe vera and 3.0 g CaCl2 in 1000 mL sample at pH 7.4±0.1 was 
selected for optimisation of the method.  

Effect of contact time on fluoride removal 
The effect of contact time was studied by varying it from 10 to 60 minutes keeping 40.0 g aloe 
vera and 3.0 g CaCl2 in 1000 mL sample at pH of 7.4±0.1 as shown in Figure 4. It was observed 
that the removal of fluoride ions related to contact time with some extent. The removal 
efficiency became almost constant after 40 minute as indicated in Figure 4.  For optimization of 
parameters, that contact time at 88% removal efficiency was considered as the equilibrium time. 

Effect of initial fluoride concentration on adsorption 
The effect of initial fluoride concentration was studied by varying it from 1.4 to 16.8 mg L-1 
keeping 40.0 g aloe vera, 3.0 g CaCl2 dose in 1000ml sample and contact time of 40 minute at  
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pH 7.4±0.1 as shown in Figure 5. It was observed that the percentage of fluoride removal 
decreased with increasing initial fluoride ion concentration as indicated in Figure 5. The 
maximum and minimum percentage of fluoride removal was observed to be 94 % and 35% 
at an initial fluoride concentration of 1.4 and 16.8 mg L-1 respectively.  

 
 

Figure 4. Effect of contact time on precipitation and adsorption of fluoride at pH 7.4±0.1 

 
 

Figure 5. Effect of fluoride conc. On precipitation and adsorption of fluoride 

Adsorption isotherms 
The adsorption isotherms are essential to determine the feasibility of biomass for fluoride 
removal process. Moreover, these isotherms are important in the predictive modeling 
procedures for analysis and design for sorption systems23. In order to establish the maximum 
sorption capacity, the Langmuir and Freundlich isotherms have been used most frequently 27-28. 

Freundlich isotherms 
The Freundlich adsorption values are calculated by the following reaction. 

Freundlich equation     x/m    = K C1/n                                             (1) 

Freundlich linear form                  log (x/m) = log K + 1/n log C                             (2) 

 Where x/m (mg/g) is the amount of fluoride adsorbed (mg L-1) per unit weight (g) of the 
aloe vera and CaCl2 in 1000ml sample, C is the equilibrium concentration of fluoride, K is 
the minimum sorption capacity (mg/g) and1/n is the adsorption intensity. Linear plot of log 
C versus log (x/m) at different fluoride ion concentration was obtained as shown in Figure 6. 
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Figure 6. Freundlich isotherms for fluoride adsorption study 

 The Freundlich constant K and 1/n were calculated from intercept and slope of the graph 
as shown in Figure 6. The numerical value of minimum sorption capacity (K) and adsorption 
intensity (n) for mass (aloe vera and CaCl2) were obtained at 0.078 mg/g and 3.52 
respectively.  

Langmuir isotherms 
The Langmuir adsorption isotherm assumes the formations of monolayer coverage of 
adsorbate on outer surface of the adsorbent. This assumption is based on the point of valence 
exists on the surface of the adsorbent and that each of these sites is capable of adsorbing one 
molecule. Moreover, it is assumed that all the adsorption sites have equal affinity for 
molecules. The presence of adsorbed molecules at one site does not affect the adsorption on 
nearby sites. The Langmuir isotherm is given below: 

Langmuir equation           x/m      = abC/(1 + aC)                                   (3) 

Langmuir linear form     1/(x/m) = 1/ab × 1/C + 1/b                            (4) 

 Where x/m (mg/g) is the amount of fluoride adsorbed per unit weight of the biomass, C 

is the equilibrium concentration of fluoride. The Langmuir equilibrium constant a & b are 
the energy sorption & amount of fluoride required to form a monolayer respectively.  

 
 

Figure 7. Langmuir isotherms for fluoride adsorption study 

 Linear plot of 1/C versus 1/(x/m) at different fluoride ion concentration was obtained as 
shown in Figure 7. The value for 1/ab and 1/b were calculated from slope and intercept of 
the graph. The numerical value of the energy of sorption (a) and amount of fluoride required 
(b) to form a monolayer were obtained at 4.16 and 0.12 mg/g respectively.  
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Conclusion 
The force responsible for precipitation and adsorption of fluoride with aloe vera and calcium 
chloride is supposed to be some columbic forces between the positively charged surface and 
negatively charged fluoride ions. Most probably, the calcium ions in aloe vera and calcium 
chloride react with negatively charged fluoride ions from the solution. The probable 
responsible ion in this process may be the hydrogen ion. It accelerates the positive charge on 
calcium which favors the precipitation and adsorption of fluoride. In favourable conditions, 
the fluoride may precipitate out as given below. 

Ca2+ + 2F-     →    CaF2 (↓) 

 The main mechanism may be through fluoride precipitation and adsorption (CaF2) by 
aloe vera and calcium chloride as well as filtered through local available Sikar clay. The 
optimum fluoride removal (88%) was achieved at pH 7.4±0.1 with 40.0 g aloe vera, 3.0 g 
calcium chloride in 1000 mL sample and in a contact period of 40 minutes. Equilibrium 
adsorption data has followed both Langmuir and Freundlich isotherms. 
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