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Abstract 

 

This paper reports on the development of an affordable, environmentally friendly, and sustainable method for mitigating effects of 

fluorides in water.  This contaminant has leached from the soil and rocks in the earth’s crust that contributed to pollution of both 

surface and underground waters with negative effects on the safety of consumers. Dangers associated with consumption of fluorides 

include dental and skeletal fluorosis in man plus animals as well as impaired brain development. This implies that fluoride ions 

have a capability of limiting the intellectual ability of consumers to make them dependent throughout their entire life.  The fluoride 

ion in drinking is a non-biodegradable pollutant that requires removal. Previously applied removal methods had several challenges 

such as expensive, ineffective, and not regeneratable. This study investigated the use of solid polythene material derived from the 

disposed waste thus meeting the criteria for low cost, value addition and sustainable technology. The polythene material was 

modified with a tertiary ammonium compound to enable its complexation with the fluoride ions in water.  The modification was 

confirmed by FTIR analysis. Complexation parameters such as concentration, temperature, and pH were investigated. The 

complexation mechanism was found to fit the Langmuir model isotherm having an adsorption capacity of 18.545 mg g-1 and was of 

Pseudo first kinetics. This indicates that the complexation followed a physio sorption process. The results obtained demonstrated 

that the heterogeneous material is effective and has a potential application for treatment of fluoride laden water. It is envisioned 

that the material be packed in cartilages and applied at a point of use to improve the quality of fluoride laden waters and solve the 

problem of population in areas naturally fluoridated. Every drink taken from these sources is a potential poison that affects both 

the brain and bones. The use of this modified material to purify water will contribute towards the improvement of the peoples’ self-

esteem and make them generous with their smile. 
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Introduction 

The structural chemical composition of water makes it have special properties as it has a lopsided electrical charge that 

attracts other atoms. Due to this hydrogen bonding and the polar nature of water, it becomes a universal solvent for polar 

substances which get easily dispersed uniformly within the water molecule. This dissolving power of water is very important 

for life. Thus, wherever water is, it harbors dissolved chemicals elements which at times are exploited as minerals and 

nutrients that support living things. This is property of water’s ability to split ionic compounds have contributed to 97% of 

the world’s water being salty [1]. Most of those salt ions occur naturally in the soil, sedimentary and ingenuous rocks in 

many other places of the earth’s crust. As they interact with the water, they are leached out of the land by rainwater and then 

introduced in ground water sources and other water bodies such as lakes and accumulate [2,3]. In Kenya, there are large 

deposits of fluorspar in Gilgil situated on the western slopes of the Aberdare range, which is the source of fluoride ions 

making the fluoride a serious pollutant in adjacent water bodies [4]. Water samples obtained from rift valley and analyzed for 

fluoride ranged from 2 µg ml
-1

  to 21 µg ml
-1

 in drinking water from rivers [5]. 

 

Fluorine is the most electronegative element in the halogen family and therefore chemically most energetic [6]. When it 

enters the body system, the ionic bond formed between fluorine and calcium is very strong due to high lattice energy [7]. 

This makes fluoride salts to be very fatal when ingested. They cause death in as little as 5 min from time of ingestion to not 

more than 24 h. The acute lethal dose is 105 mg per body [8]. Availability of clean water suitable for human consumption is 

therefore a concern and is a world crisis that cuts across rural and urban communities. This makes water scarcity a major 

challenge in Kenya [9]. 

 

Due to the reactivity of the fluoride ion, it easily reaches every organ resulting to many diverse toxic symptoms. According to 

the World Health Organization the maximum acceptable concentration of fluoride ions in drinking water lies below 1.5 ppm.  

Excess fluorides in drinking water cause dental and skeletal disorder [10]. This is because the fluoride ion is attracted by 

positively charged calcium ion in teeth or bones due to its strong electro negativity and later causes weakening of such bones 

and teeth resulting to a disease is known as fluorosis in human being. In some of the cases it may even interfere with 

carbohydrates, proteins, vitamins, and mineral metabolism and to DNA creation as well if intake excessively [11].   

 

Persons with stained teeth are hesitant to provide a gleaming smile and in many occasions, appear withdrawn with a low self-

esteem. This is exacerbated by the fact that studies by Choi et al. have also shown a strong connection between exposure to 

fluoride in drinking water and decreased IQ scores in children [12]. This implies that this ion has a capability of limiting the 

intellectual ability of consumers. This is because it affects the development of the brain hence the consumers get low 

cognitive ability [13]. In the rift valley system of Kenya, it is possible to encounter such problems as it is known to have 

fluoride containing rocks which pollute the adjacent water bodies [4,14]. Continued consumption of such water means 

addition of toxins in the body from every drink taken.  

 

The fluoride ions having negative charge, reacts with hydrogen atom of water molecule forms hydrogen bonding which is not 

easily degradable and will always be in the water available to cause poisoning. The only available option is removal. The 

removal methods had been previously achieved by methods such as precipitation and conventional membrane processes 
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which are expensive [15]. These conventional techniques are also not effective when the concentrations are in trace levels 

ranging from 1 mg l
-1

 to 20 mg l
-1 

[16].  

 

In the eastern rift valley, methods used for removal of fluoride ions in water are by the use of bone char. This has limitation of 

concern in that some religious groups the Jews and Muslim do not advocate the use of bones from unknown source to be 

associated with their food or drink [16,17]. A study by Bapurao reported that some dietary foods high in protein and vitamin 

C play a significant role in the effects fluorosis has on the body [18]. This is because such diets contain some specific 

functional groups capable of interacting with the fluoride ions. This offered an alternative site for complexation of fluorides 

alleviating its affinity to calcium within the bone material. Archaeologists in Sweden unearthed an ancient evidence of fish 

fermentation. It revealed that fish bones were preserved for more than 9000 years when the fish was fermented with some 

special herbs and seal brain [19]. Brain cells have endogenous quaternary ammonium compounds (QACs) broadly distributed 

in various tissues including the central nervous system, and many QACs have important biochemical functions in brain which 

could be responsible for the preservation [20,21]. Based on the reported findings, alternative removal options were 

investigated in this study by anchoring suitable functional groups (QACs) on a solid substrate to mitigate the negative effects 

of fluorine. This led to the development of cost-effective removal methods through complexation of the fluoride ion with a 

modified form of polystyrene. Polythene is a non-biodegradable solid material which is used for making cheap bags that are 

very popular and used extensively. However, disposal of these bags is a menace due to pollution of the environment thus, 

being a menace and affecting the scenic beauty [22]. The convenience and cost effectiveness associated with plastics has 

translated into the careless throw away culture in many societies. Furthermore, the increasing rate of urbanization has led to 

increased use of plastics hence increasing plastic bag waste generation [23]. Lack of proper methods of plastic bag waste 

management has become an increasing environmental and public health problem particularly in developing countries. 

Therefore, polythene is a challenge to solid waste management which this study intended to put into exploit.  

 

The current study involves removal of fluoride ions by complexation with a heterogeneous modified plastic material. This 

was achieved by conversion of the polythene material that litters the environment and converted into a valuable polymer and 

forms complex with fluoride ions and thus extracts it from water. Factors that influence positive complexation were 

established and enhanced to enable the material applied on real water samples. The conversion process involved is a green 

method of removal for the solid pollutants from the environment through chemical epoxidation processes. It was first done 

through the solubilization of the polythene in dichloromethane then its epoxidation and the activation with an organic amine 

[24]. 

 

Materials and Methods 

Research design 

The focus of this study was to synthesis a sorbent material by modifying of waste polythene material. This was achieved by 

chemically anchoring a functional group on the material capable of interacting with fluoride ions. The final product was then 

used to extract the fluorides from the aqueous media. The protocol was to use non-toxic and environmentally friendly 

materials. This study was carried out in several parts. This comprised of the synthesis, characterization of the modified 
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material, optimization of removal parameters and then its subsequent application for the removal of fluorides from both 

synthetic and environmental waters samples. 

 

Chemicals and reagents 

All the solutions were prepared in double distilled water and the reagents were of analytical grade. A fluoride standard stock 

solution of 1000 μg l
-1

 was prepared using sodium fluoride in a sodium acetate buffer solution. It was from this solution that 

subsequent working solutions were prepared from. A solution of 0.1 M nitric acid and 0.1 M sodium hydroxide solutions 

were also used to adjust the pH of the working solutions to the required value. The above chemicals as well as hydrogen 

peroxide, triethylamine, 1,2-dichloromethane and hydrochloric acid were all supplied by Kobian Kenya Ltd. which is Sigma 

Aldrich’s outlet in Kenya. The polythene waste materials were collected from within dumpsites in Nairobi.  

 

Instrumentation 

The fluoride content in the solutions was determined by potentiometric method using an ion selective electrode (JENWAY 

3345 Ion Meter). The polymeric material was characterized using Fourier transform infrared (FTIR) spectroscopy (Perkin 

Elmer 100 made in Waltham, MA, USA). The pH of the synthetic and real samples was monitored by a 3345-JENWAY 

(USA) pH meter. Refluxing the reaction mixture was carried out using a 1000 ml isomatle supplied by Gallenkamp UK. 

 

Preparation of modified polythene material 

Thirty grams of clean dry polythene bags were cut into small pieces and placed in a 500 ml three neck flask. To this, 300 ml 

of 1,2-dichloromethane were added and the resulting mixture refluxed for six hours on an isomantle. The resulting material 

was then allowed to cool resulting to fine crystals. The solvent was the filtered off and the solid material was weighed into a 

250 ml three necked flask followed by addition of 10 ml of 1,2-dichloromethane, 10 g of sodium hydroxide pellets 50 ml of 

hydrogen peroxide and the mixture refluxed for 4 h. The resulting mixture was allowed to cool then filtrated by suction it for 

13 h. The solid product was activated with 5 ml of triethylamine. The resulting viscous material was then thermally treated at 

110°C for 3 h.  A solid polythene material obtained was then grounded into a fine powder and then applied for complexation 

of the fluoride in solution in batch adsorption experiments. 

 

Batch experiments 

Complexation studies were carried out on a lab-line mechanical reciprocating shaker model (DKZ-1NO.1007827) using 

plastic screw cap bottles. Into these bottles, known weights (0.04 g) of the polymeric material were introduced and model 

solutions containing a known concentration of the fluoride ion solutions with their pH adjusted to values between pH 3 and 

pH 7. The sample solution was equilibrated at a constant shaking rate of 150 rpm and temperature of 25°C at a sufficient 

time. The resulting mixture was then filtered with Whatman NO 1 filter paper and the concentration of fluoride ions in the 

filtrates determined using a fluoride ion selective electrode on a 3345- JENWAY potentiometer. 

 

Optimization of complexation parameters 

Effects of various parameters on removal of fluoride ion from water were investigated by varying the parameter under 

investigation while maintaining the others constant. The pH of the medium was adjusted by using either sodium acetate 
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solution or 0.1 M nitric acid drop wise. A solution of 0.1 M hydrochloric acid was used to investigate the effect of chloride 

ions on the adsorbent fluoride complexation. 

 

Effect of pH  

Batches of the powdered activated material approximately 0.1 g each were weighed and placed in 100 ml polythene screw 

cap bottles. Thereafter, 30 ml of the fluoride model solutions (20 mg l
-1

) prepared in an appropriate buffer solution (0.1 M 

sodium acetate/acetic acid) and their pH adjusted to values of between pH 2 and pH 7 were added. The mixtures were 

equilibrated for 1 h after which the fluoride ions in solution were analyzed potentiometrically. 

 

Optimization of contact time 

Aliquots of 30 ml model solutions (20 mg l
-1

) were dispensed into 100 ml polyethylene bottles containing approximately 0.1 

g of powdered activated material. The initial pH of the model solutions was adjusted to the optimum pH value. The 

respective mixtures were allowed to equilibrate and then removed from the shaker at different time intervals. The solid 

material was filtered off through suction and the concentration of the fluoride ions in the filtrate determined. 

 

Effect of sorbent dose on percentage fluoride removal 

The effect of the amount of sorbent (dose) was carried out in 5 ml plastic SPE columns (Vac-master, Switzerland) packed 

with varying known weights (0.0 g to 0.1 g) of the solid material. The columns were previously washed successively with 

double distilled deionized water, preconditioned, and buffered to the desired pH before use. Buffered solutions (100 ml) 

containing 0.20 mg L
-1

 of metal ions were loaded onto the column at a flow rate of 3 ml min
-1

. The retained fluoride ions 

were stripped with 1 M hydrochloric acid solutions and the concentration of the eluent was analyzed for the levels of the 

fluoride ions. 

 

Effect of fluoride ion concentration-Determination of complexation capacity 

Complexation capacity was determined by varying the initial fluoride ion concentration in batches of 30 ml containing 0.3 g 

modified polythene material. The pH was adjusted to 4.0 and the mixture agitated for 1 h in a water bath shaker. After the 

equilibrium time was attained the mixture was filtered and the amount of fluoride ions determined using fluoride ion selective 

electrode. The data obtained was used in Langmuir and Freundlich isotherm models to obtain the complexation capacity. 

 

Calculation of metal ion sorption on modified and unmodified maize tassels 

The amount of fluoride ions removal by the synthesized material during the series of batch investigations was evaluated using 

Equation (1): 

0( )C Ce V
Amount removed

W


    (1) 

 

Where C0 and Ce are the initial and equilibrium concentration (mg L
-1

) of fluoride ions in solution respectively, V is the 

volume of solution (in liters) and W (g) is the mass of the solid material. 
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Regeneration of modified polythene material 

The modified polythene material of 0.2 g, 0.5 g, 1.0 g, and 1.5 g was packed in a column and 50 ml of 20 µg ml
-1

 fluoride 

solution allowed to flow through it. The amount of fluoride solution at equilibrium was determined using fluoride ion 

selective electrode. Fluoridated modified polythene material was washed with 5 ml of 1.0 M hydrochloric acid and the 

content of fluoride ions attached were stripped the acid. The percentage recovery obtained using Equation (2). 

 

0

0

( )
% cov

C Ce V
re ery

C


   (2) 

 

Analysis of environmental water sample 

A similar treatment was done on Lake Baringo water samples whose fluoride ion content was found to be 41.24 mg l
-1

.  To 

this samples, known concentrations of fluoride ions was spiked into a 50 ml of the water sample in 100 ml polythene bottles 

containing 0.3 g of modified polythene material. The pH of the mixtures was adjusted to 4.0 then equilibrated for 1 h in the 

thermostat shaker. The mixture was filtered and the amount of fluoride ions determined using fluoride ion selective electrode. 

 

Results and Discussion 

Characterization of modified polythene material 

The original polythene, the modified, the fluoride complexed and the regenerated materials were characterized with FTIR 

(8400 Shimadzu model) and the resulting spectra are presented in FIG. 1-5. FIG. 1 shows the results of the unmodified 

polystyrene. 

 

FIG. 1. FTIR spectrum of the unmodified polystyrene. 

 

The results show strong bands 2850.6 cm
-1

 and 2920.0 cm
-1

. These may be attributed to stretching of C-H bonds [25]. 

Another band at 1463.9 was observed which may have been contributed by -C=C- stretching [25]. The material was then 

0.

1.

2.
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cm
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modified with strongly basic hydrogen peroxide and activated with an amino compound. The resulting material was analyzed 

with FTIR. The results obtained were presented in FIG. 2. 

 

FIG. 2. Epoxidated material. 

 

A band emerged at 1029.9 cm
-1

 and was attributed to the C-O deformation of the oxirane group, although some works done 

by [26]. Another was observed at 3400.3 cm
-1

. This could have been contributed by the C-H tension of the methylene group 

of the epoxy ring as the treatment was done in a dry environment [26]. FTIR results obtained were presented in FIG. 3 which 

was acquired in a transmittance mode. 

 

 

FIG. 3. FTIR spectrum of the modified polythene material. 
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The spectra in FIG. 2 show strong bands between 3319.3 cm
-1

. This was attributed to -NH groups [27]. The functional group 

is capable of interacting with the fluoride ion [7]. The material was reacted with a solution containing 20 mg l
-1

 of the test 

solution. The resultant was filtered, dried and the solid analyzed with FTIR. The results obtained are as presented in FIG. 4. 

 

 

FIG. 4. Fluorine treated material. 

 

FIG. 5. Regenerated material. 
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The band at 3319.3 cm
-1

 was observed to have shifted to 3456.2 cm
-1

 and its intensity was low. This could be attributed to the 

interaction of the amino functional group with the highly electronegative fluoride species forming a relatively strong bond. 

The electron density is concentrated around the fluorine, leaving the nitrogen relatively electron poor making it more positive 

[28]. This contributed to the shift in the wavelength of absorption [28]. When the material was treated with a solution of 0.1 

M hydrochloric acid, the resulting solid obtained was analyzed and the results presented in FIG. 5. 

 

It was observed that the band at 3456.2 cm
-1

 which had a low intensity had slightly shifted to 3442.7 cm
-1

 and the intensity 

increased in the regenerated material. This shows that the solid material had been stripped of the fluoride ion and replaced 

with the chloro group.  This implies that the material could be reused for removal of fluoride ions in water.   

 

Effect of pH on removal of fluoride ions by modified polythene material 

Interaction of the fluoride ions with nitrogen containing moieties is pH dependent. This is because pH influences the charge 

of the nitrogen atom of the sorbent and the chemistry of the metal ion [29]. Thus, pH of the solution has a significant effect 

on the removal of fluoride ions from water since it determines the surface charge of the adsorbent. In this study the optimum 

uptake was determined by interacting model solutions buffered at various pH with the study material. The results were 

presented in FIG. 6. 

 

 

 

FIG. 6 Effects of pH on complexation of fluoride ions. 

 

It was observed that at higher pH values, the removal of fluoride ions from water was low. Decrease in fluoride removal at 

higher pH may be due to gradual increase in number of hydroxide ions on the adsorbent surface causing repulsion of fluoride 

ions [29].  At lower (2-4) pH values, removal of fluoride increased significantly but decreased at the physiologic pH of water. 

This could be due increasing the positive charge on the surface of the adsorbent leading to greater complexation of fluoride. 

A similar was observed by Sahira, et al. while they removed of fluoride from water using Zirconyl-Impregnated activated 

carbon prepared from lapsi seed stone [30]. 
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Effect of chloride ions 

The effect of chloride ions on removal of fluoride ions by modified polythene material was investigated by varying the pH of 

the solution using 0.1 M hydrochloric acid while keeping all the other variables constant. This was meant to investigate the 

effect of chloride ions on the adsorbent fluoride complexation. The results obtained were presented in FIG. 7.   

 

FIG. 7. Effects of chloride ions on complexation of fluoride ions. 

It was observed that at pH values lower than 2.0, the chloride ions hindered the complexation of fluorides on the adsorbent. 

This could be due to competition between the fluoride and chloride ions for interaction sites. A similar observation was 

reported by Meenakshi and Maheshwari as investigated quaternary ammonium functional groups containing fluoride ions 

whose sorption capacity was affected negative by chloride ions [31]. When the concentration of the chloride is elevated, 

concentration becomes the driving force for the sites in the solid material [32]. From that observation, it was realized that the 

presence of a high chloride ion concentration in solution replaced the fluoride ions leading to recharge of the resin and 

starting the process again [32]. Other ions such as NO
3-

 and SO4
2 

had no effect on the interaction of fluoride and the study 

material. Such observation was also reported by Velazquez et al. in the study on the removal of fluoride ions by modified 

zeoiltic tuff. Therefore, our study exploited the use of hydrochloric acid to regenerate the synthesized material [33].  

 

Effect of complex dosage 

The effect of modified polythene material dosage was investigated by varying the modified polythene material masses from 

0.01 g to 0.1 g, 30 ml of the model solution at an optimum pH of 4.0. The contact time was maintained at 30 minutes. The 

results obtained were presented as shown in FIG. 8.  
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FIG. 8. Effects of sorbent dose on complexation of fluoride ions. 

Results show an increase in complexation capacity as the dosage was increased from 0.01 g to 0.1 g. This was due to the 

large number of binding sites resulting from increased adsorbent dosage and availability of more effective surface area of the 

adsorbent [34]. Similar findings were reported by [35]. 

 

Effect of initial fluoride concentration on complexation of fluoride ions 

Studies of initial fluoride concentration was done by keeping all the other variables constant while changing the 

concentration of the solution (pH=4.0, dosage=0.04 g, temperature=25°C). The effect of initial fluoride concentration was 

varied from 10 ppm to 150 ppm as shown in FIG. 9: 

 

 

 

FIG. 9. Effect of concentration on complexation of fluoride ions. 

The results show that an increase in initial fluoride ion concentration increased complexation of the ion. However, above 100 

µg ml
-1

, there was no significant change in complexation of fluoride ions on modified polythene material and the curve 

remained relatively constant. This was probably due to saturation of binding sites of the modified polythene material 

inhibiting further complexation. Similar results were obtained by Aziz et al. on kinetic modeling and isotherm studies for 

copper (II) adsorption onto palm oil boiler mill fly ash (POFA) as a natural low-cost adsorbent [36].  
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Effect of contact time 

The rate of fluoride uptake is related to the efficiency of the complexing sites to hold the ion, as well as the electronegativity 

of the halide, thus controlling the residence time of sorbate at the solid-solution interface [37]. This led to the investigation of 

the effect of contact time by varying the time of contact from 0 to 90 minutes while keeping all the other parameters constant.  

The results obtained were and presented in FIG. 10. 

 

 

 

FIG. 10. Effect of contact time on complexation of fluoride ions. 

The general observation was that there was an initial rapid rate within the first 30 min followed by a subsequent slower rate 

upon saturation of the binding sites. However, the material could remove up to 95% of the metals in less than 30 min hence 

has a potential application for the remediation of polluted waters. From that observation, equilibration time was done for 

more than 30 min was used in all the other experiments.  

 

Recovery of fluoride ions and Regeneration of modified polythene material 

Effect of sorbate dose on the per cent recovery of fluoride ions was investigated by varying weights (0.2 g, 0.5 g, 1.0 g, and 

2.0 g) of the modified resin material packed in a 6-ml polystyrene column. The model solutions buffered at optimum pH 

value of 4.0 then made passed through the column at 3 ml minute
-1

 flow rate. The retained fluoride ions were eluted from the 

sorbate with 1.0 M hydrochloric acid and the content of the fluoride in the solution analyzed. The results on percentage 

removal were presented in FIG. 11. 

 

FIG. 11. Percentage removal of fluoride ions from synthetic water. 
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The general observation made for all the percentage removal decreased from 97% to 92% with increase in fluoride ion 

concentration using synthetic water samples. This is also attributed to the concentration being the driving force for the 

fluoride ions to occupy available adsorption sites [32]. When most of the complexation sites have been occupied, there will 

be no more removal of fluoride ions from solution. A similar experiment was carried out using water from lake Baringo. The 

results obtained were presented in FIG. 12 The results obtained were presented in FIG. 12. 

 

 

FIG. 12. Percentage removal of fluoride ions from Lake Baringo water in Kenya. 

The removal efficiency decreased with increase in concentration from approximately 25% to 10%. Comparing the results 

obtained with those of synthetic water, it was observed that the percentage removal of fluoride ions in synthetic water was 

high at high that that of environmental water. This was probably due to availability of interfering ions like chloride in lake 

water. 

 

Equilibrium studies 

To determine the complexation of fluoride ions on modified polythene material, complexation isotherms models were used to 

provide the nature and physico-chemical interactions involved in the complexation [38]. In this study, Langmuir and 

Freundlich isotherm models were used to determine the maximum complexation capacity of modified polythene material 

[38,39].  The study was done by varying the initial concentration of fluoride solution from 10 ppm to 1000 ppm in a water 

bath shaker for 30 minutes and the data tabulated as shown in TABLE 1. 

TABLE 1. Experimental adsorption data. 

Co 

(mg/L)) 
Mass 

Ce 

(mg/L) 

Qe 

(mg/g) 
Log Ce log Qe 

10 0.0299 9.15 0.008423 0.961421 -2.07454 

30 0.1 21.3 0.08574 1.32838 -1.06682 

70 0.1 32.55 0.20349 1.512551 -0.69146 

100 0.1 48 0.2904 1.681241 -0.537 

150 1 942.75 0.26145 2.974397 -0.58261 

250 0.0306 262.5 0.213435 2.419129 -0.67073 

500 0.0299 590.25 0.413203 2.771036 -0.38384 

1000 0.0298 1200.9 0.822426 3.079507 -0.0849 
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Langmuir isotherm model 

Langmuir isotherm describes a monolayer complexation process on a homogeneous surface of an adsorbent. The model 

assumes uniform energies of complexation onto the surface and adsorbate do not transmigrate in the plane of the surface. 

Langmuir isotherm assumes that adsorbate molecules have equal affinity on the surface and that the adsorbed layer is one 

molecule in thickness [40]. The strength of the intermolecular attractive forces is believed to fall of rapidly with distance 

[41].  The linearized equation for Langmuir isotherm is as shown below: 

 

max max

1 1e
e

e

C
C

q KQ Q
    (3) 

 

Where, Ce is the concentration at equilibrium (mg l
-1

), Qe is the amount of fluoride ions adsorbed (mg/g), Qmax is the 

complexation capacity and K is the apparent energy of sorption K and Qmax are calculated by plotting a graph of  

e

e

q

C
   

against Ce as shown in FIG. 13: 

 

 

FIG. 13. Plot of Langmuir isotherm model. 

 

From the graph, it was observed that the complexation capacity of fluoride ions was 111.1 mg/g and the energy of 

complexation of fluoride ions was -0.046 L/mg. correlation coefficient R
2 

was 0.420.  

 

Freundlich isotherm 

Freundlich isotherm model describes a complexation process which takes place on a heterogeneous surface with unlimited 

binding sites [42]. It predicts that the fluoride concentration on the adsorbent will increase so long as there is an increase in 

fluoride concentration in the liquid. The linearized Freundlich equation used in this study was 
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1
log log loge f eq K C

n
   (4) 

 

Where, Kf is Freundlich sorption capacity, 
1

n
is the complexation intensity. When 

1

n
is less than 1, it is an indication of 

favorable conditions of complexation through Freundlich adsorption model [43]. Kf and 
1

n
were determined by plotting a 

graph of log qe against log Ce as shown in FIG. 14. 

 

 

FIG. 14. Plot of Freundlich isotherm model. 

 

From the graph Kf value obtained was which was higher than that obtained by Auphedeous et al. in reduction of fluorine in 

water using clay mixed with hydroxyapatite [44]. The correlation coefficient R
2
 was 0.302. It was found out that Langmuir 

isotherm model had the highest R
2
 value hence the best fit. Therefore, complexation of fluoride ions on modified polythene 

material favored a monolayer complexation process. 

 

Sorption mechanism 

The kinetic data was fitted into Pseudo first order and Pseudo second order rate kinetics to determine the mechanism of 

fluoride ions uptake by the modified polythene material. The results are presented in FIG. 15 and 16 respectively. 

 

0log( )tC C Kt A     (5) 
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FIG. 15. Pseudo first order rate kinetic model. 

Where Co is the initial concentration, Ct is the concentration at time t, K is the equilibrium rate constant and A is the 

intercept. A plot of ln Co-Ct against  

 

 

FIG. 16. Pseudo second order kinetic model. 

 

Pseudo second order kinetic 

Pseudo second order rate expression is used to describe chemisorption involving valence forces through the sharing or 

exchange of electrons between adsorbent and adsorbate as covalent forces and ion exchange [45]. The rate limiting step in 

this model is a surface adsorption that involves physiochemical interactions between the two phases [46]. Equation (6) shows 

a second order sorption kinetics. 

 

1

e

Kt A
q

    (6) 

 

Where Qe is the amount of fluoride ions complexed at a unit mass (mg g
-1

), tis the time and A is the intercept. 
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From the graphs, it was observed that the data fitted well in Pseudo first order kinetic with a correlation coefficient R
2
 of 

0.324 which was higher than that obtained in Pseudo second order kinetic a rate constant of 0.034 confirming that 

complexation of fluoride ions by modified polythene material is a physiosorption process. 

 

Conclusions 

This study successfully modified polythene papers through epoxidation and then activated with triethylamine. The resulting 

solid material was applied on the removal of fluoride ions in water. It was found out that the adsorption capacity of 18.545 

mg g
-1

 and prescribed to the Langmuir model isotherm. The material removed up to 95% of the fluoride ions within the first 

ten minutes of contact time and was regeneratable using a dilute solution (1 M) of hydrochloric acids 10 min. This implies 

that, waste modified polythene material has a potential application for the remediation of fluoride polluted waters. 
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