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ABSTRACT: Background: Fluorine can be a harmful element for human health. High
concentrations of the fluoride ion (F) are poisonous and can damage the endocrine
glands, thyroid, and liver. It can also hinder human growth, decrease intelligence,
and cause digestive problems and fluorosis. Objective: The main objective of this
study was to evaluate the effectiveness of nanochitosan for the removal of F from the
aquatic environment. Method: The effects of various parameters such as pH,
adsorbent dosage, initial concentration of F, temperature, and contact time on the
removal of F were examined in a batch system. Results: The maximum adsorption
capacity of the nanoparticles (9 mg F/g nanochitosan) occurred with pH=3, adsorbent
dosage=0.25 g/L, and F concentration=20 mg/L. The adsorption process for the
removal of F by nanochitosan was an exothermic reaction and followed the BET
isotherm and the pseudo-second-order kinetic model. Conclusion: Nanochitosan
has a relatively good capacity for the removal of F from aqueous solutions.
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INTRODUCTION

Fluorine is one of the major elements in the earth’s crust where it is found in
minerals and rocks at concentrations of 0.06–0.09%. Fluorine occurs as the
fluoride ion (F) at different concentrations in water supplies.1,2 When the
concentrations of F in drinking water are high they must be artificially decreased
as a high intake F may be a perilous for human health.3,4 With the development of
human civilization, industrial activities have increased and more F may enter the
ecosystem. Aluminum production, plating, glassblowing, metal working,
production of semiconductors, chemical fertilizer production, and other industries
may use compounds containing F and lead to waste products containing F being
discharged to the environment.5 If high amounts of F enter the human body, it can
cause many diseases such as dental fluorosis, skeletal fluorosis, infertility in
women, and brain diseases including cognitive impairment.6,7,8,9 The F
concentration in drinking water has also been significantly related to impaired
intelligence in children and to death from uterine cancer.10, 11 Other negative
consequences of a high F intake are an increased risk of bone fracture, skeletal
fluorosis, negative effects on the blood vessels, and impaired fertility.12 Some
studies have measured the amount of F in milk, bottled water, and groundwater in
Iran13,14,15,16 while others have investigated the correlation of F with
hypertension, low birth weight, IQ, and childhood dental caries.17, 18, 19, 20   
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In tropical areas, these negative effects increase because of increased water
consumption and, with higher temperatures, increased evaporation leading to an
increased water F concentrations. The recommended range for F in drinking water
of 0.7–1.2 mg F/L, based on the outdoor air temperature of geographic regions,
has now been replaced in the USA with an optimal F concentration of 0.7 mg/
L.21,22 The WHO “desirable” upper limit set of 1.5 mg/L, set in 1984 and
reaffirmed in 1993, has been seen to be unsuitable in some countries and lower
country standards have been set of 1 mg/L in India and 0.6 mg/L in Senegal, West
Africa.22 The USA EPA has set a maximum contaminant level (MCT) of 4 mg/L
to protect against crippling skeletal fluorosis and a secondary maximum
contaminant level (SMCL) of 2.0 mg/L to protect against objectionable dental
fluorosis.23 

Different methods for the removal of F from water solutions have been
investigated including chemical sediment,24 ion exchange,25 adsorption,26,27

electrodialysis, 22 and nanofiltration.28 The ion exchange and membrane processes
are very effective for the removal of F and can lower the concentration of F to the
standard levels, but since these processes are expensive and complex
impoverished areas cannot afford to use them.25 Among the aforementioned
processes, the adsorption process is an economical, simple, and practical process
that can be used in impoverished areas. This process is an effective method for
decreasing F.29,30 Polymeric chitosan is a hydrophilic and cation and can be
derived from the removal of chitin steel groups from water environments. After
cellulose, chitosan is the most prevalent biological polymer in the nature. This
natural polymer can be derived from various sources (cell membrane of some
fungi, crust of crabs, shrimps, and the cuticle of insects).31 Chitosan can be
modified by some chemical and physical processes to change the structure of the
polymer producing membrane, nanoparticles, and powder, and the derivatives of
chitosan can be modified in order to get new active bondage groups.32, 33, 34 

Among adsorbent materials, nanochitosan is a relatively new material that are
used in many fields such as medical, pharmaceutical, wastewater treatment, and
biotechnology. Nanochitosan is a deacetylated derivative of the polysaccharide of
chitin and has important characteristics such as high abundance, lack of toxicity,
and the ability to be degraded.35, 36 Although many studies have been conducted
on the removal of F from aqueous solution by various adsorbents, few studies have
been performed on the removal of F by nanoparticles. 

OBJECTIVES

In the present study, the use of nanochitosan for the removal of F in water
treatment was investigated by studying, in a batch system, the effects of various
parameters on the adsorption process including pH, the initial concentration of F,
the adsorbent dosage, the isotherms, the kinetics, and the thermodynamics.

METHOD

The research was a practical study conducted in a batch stream at the laboratory
scale using nanochitosan as the adsorbent. An examination was made of the effects
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of F removal of various parameters such as pH, contact time, initial concentration
of F, and mass of adsorbent. For preparing the stock solution of F with
concentration of 100 mg/L, 0.221 g of NaF powder was solved in 1L of distilled
water. At first, the optimal pH for the removal of F by nanochitosan was
determined and then, according to the adsorption capacity of nanochitosan for the
removal of F, the optimal concentration of F was determined as well. Laboratory
Erlenmeyer flasks were used for the adsorption experiments. Five different pHs
and(3, 5, 7, 9, and 11) and seven different contact time periods (2, 5, 10, 15, 30, 45,
and 60 minutes) were studied. In order to detect the initial and final concentration
of F, 10 mL of the filtrate sample was put into the specific cell of
spectrophotometer and then 2 mL of SPADNS reagent was added to it. Finally,
after 2 minutes, the remaining concentration of F was read by a spectrophotometer
(HACH DR5000) at wavelength of 580 nanometers. The adsorption capacity of
nanochitosan was calculated by the following equation:

 RESULTS 

Characteristics of nanochitosan: Figure 1 shows the scanning electron
microscope (SEM) image of nanochitosan. 

The nanochitosan was analyzed in order to measure the size of the nanoparticles
and their surface distribution.

                                                     (C0 – Ce)
                                          qe =                          ×     V
                                                            M

where:              C0= initial concentration of fluoride

                         Ce= final concentration of fluoride

                          M= mass of adsorbent (g)
                          V= volume of solution (L).

Figure 1. SEM image of nanochitosan.
    2 µm
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Figure 2 shows the x-ray diffraction (XRD) patterns for nanochitosan particles.
 

Effects of pH on the removal of fluoride by nanochitosan: Effect of pH on the
removal of F by nanochitosan is shown in Figure 3.
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Figure 2. XRD spectrum for nanochitosan.
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Figure 3. pH effect on fluoride adsorption onto nanochitosan.
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The adsorption process occurs mostly on the surface of adsorbents, so in
adsorption studies, the surface characteristics of the adsorbents and the factors that
affect the surface of the adsorbents and their quality for the removal of the
pollutants should be considered. 

Effects of initial concentration of fluoride and different times on adsorption
process: The effects of the initial concentration of F are shown in Figure 4.

The maximum adsorption of fluoride occurred when the time reached 5 min and
the F concentration was 20 mg/L. The adsorption capacity with these conditions
was 9.4 mg/g. After 5 min, the adsorption capacity decreased. At 5 minutes, the
adsorption capacities of nanochitosan for initial F concentrations of 10, 15, and 20
mg/L were 5.8, 4.4, and 9.4 mg/g, respectively.

Effects of adsorbent dosage on the removal of fluoride by nanochitosan: The
results of this effect of adsorbent dosage are shown in Figure 5.
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Figure 4. Fluoride concentration effect on fluoride adsorption by nanochitosan.
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         Figure 5. Effect of the adsorbent dosage on fluoride adsorption by nanochitosan.
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 The adsorption capacity of nanochitosan for adsorbent dosages of 0.25, 0.5,
0.75, and 1 g/L were 4.4, 9, 7.6, and 8.7 mg/g, respectively. It was concluded that
as the mass of adsorbent increases until it reaches 0.5 g/L, the adsorption capacity
increases as well, but the adsorption capacity decreases when the mass of
adsorbent is between 0.5 and 0.75 g/L. 

The adsorption isotherm models: In this section, the results of three prevalent
isotherms (Freundlich, Langmuir, and BET) are presented. The results are
summarised in Table 1.

Table 1. The results of the isotherms (Freundlich, Langmuir, and BET) 

Isotherm Constants Values 

   

R2 0.23 

kf (mg/g) 2.62 

n 1.95 
Freundlich 

1/n 0.40 

   

R2 0.36 

RL 0.19 

KL (L/mg) 0.162 
Langmuir 

qmax (mg/g) 10.33 

   

R2 0.72 

A 10.2 

Xm (mg/g) 3.0 

1/A.Xm 2.26 

BET 

(A-1)/(A.Xm) 4.08 
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In order to define the adsorbed mass of pollutant per unit of adsorbent dosage,
adsorption isotherms were used. Isotherms describe how the adsorbent and the
pollutant react with each other. 

Effects of temperature on the adsorption process and thermodynamic
parameters: The effect of temperature on the removal process of F by
nanochitosan is shown in Figure 7 and Table 2.

The thermodynamic parameters include entropy changes (ƒSΧ), enthalpy
changes (ƒHΧ), and changes in Gipps free energy (ƒGΧ). These parameters must
be calculated in order to determine whether the adsorption process is spontaneous
or not. When ƒGΧ is negative, the adsorption process is spontaneous. 

Table 2. Effects of temperature on the removal of fluoride  
by nanochitosan 

   
Nanochitosan qe 

    
R2 ∆S 

(J/mol K) 
∆H 

(kJ/mol) 
∆G 

(kJ/mol) 

(mg/g) 
T(K) 

      
0.75 10.8 288 

2.47 6.4 298 0.85 –168.01–562.14

12.16 0.2 308 

   
   1/T

Ln Kd

–1.00

–2.00

–3.00

–4.00

–5.00

1.00

0.00

y   =  20209x – 67.614
R2 =  0.8495

Figure 7. Effects of temperature on the adsorption of fluoride by nanochitosan.
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Study of the kinetics of adsorption: The kinetics of the F adsorption process by
nanochitosan are shown in Figures 8 and 9 and Table 3.

log (qe – qt)
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      Time (minutes)

Figure 8. Pseudo-first-order kinetic for adsorption of fluoride onto nanochitosan.
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Figure 9. Pseudo-second-order kinetic for adsorption of fluoride onto nanochitosan.

Table 3. The results of studying the pseudo-first-order and pseudo-second-order kinetic 
models for the adsorption of fluoride by nanochitosan. 

     
Pseudo-first-order Pseudo-second-order Adsorbent   C0 

(mg/L) K1 
(min-1)

qe, cal 
(mg/g)

R2 K2  
(g/mg min)

qe,cal
(mg/g)

R2

qe,exp
(mg/g)

         
5 0.01 1.01 0.03 0.85 0.14 0.78 2.70

10 0.01 0.86 0.05 0.13 2.77 0.79 5.90

15 0.02 0.95 0.19 0.22 0.66 0.80 4.50
Nanochitosan

20 0.04 1.07 0.32 0.50 0.24 0.93 9.10

t/qt (min g/mg)

1.5

1.0

0.5

0.0

–0.5

–1.0

–1.5
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According to the results, it is clear that the adsorption of F by nanochitosan
follows the pseudo-second-order kinetics. In addition, the correlation coefficients
for the pseudo-second-order kinetics were higher than the correlation coefficients
for the pseudo-first-order kinetic model. 

DISCUSSION

As shown in Figure 1, the smallest size of the pores on the surface of these
nanoparticles was 62 nm and the range was 62–236 nm. As can be seen in Figure
2, the nanostructure of nanochitosan is represented by two flat peaks at 2θ=11º and
2θ=20–25º. 

One of the most important environmental factors that affects the potential of
adsorbents to remove pollutants is the distribution of the negative and positive
charges on the surface of the adsorbent, and this factor is a function of the pH of
the reaction environment. The balance between the negative and positive charges
may have huge effects on pollutant removal by the surface of the adsorbent and it
is necessary to determine he effects of this parameter on the removal of various
pollutants by adsorbents.37 As depicted in Figure 3, the maximal F removal by
nanochitosan, 9.4 mg/g, occurred at pH=3 and as the pH increased the adsorption
decreased. These findings are consistent with the results of the 2016 study by
Dehghani et al.38 Similarly, Vijaya et al. and Naghizadeh et al. found that an acidic
pH was a better operation for the removal of F than a neutral pH.39,40 An acidic
pH is best for the removal of F. With an alkaline pH, the OH ion operates as a
competitor for the removal of fluoride ions by occupying some of the places on the
adsorbent and consequently decreases the adsorption of F.41,42

As illustrated in Figure 4, the amount of adsorption increased up to a contact
time of 5 min and after this time the adsorption capacity decreased. This is
probably because initially there are many active sites on the surface of
adsorbent, and as time increases these sites are filled. Huang et al. also found
that F removal of fluoride increased with increasing contact time and that the
maximal adsorption occurred in the first 40 min.43 Tang and Zhang (2016) and
Naghizadeh et al. (2017) showed that F removal reached a state of equilibrium
after 40 min.44,45 

Increasing the mass of the adsorbent increases the adsorption capacity because
that the active surface of the adsorbent for the removal of a certain amount of
pollutant increases. The results show that although the efficiency increases with
increasing the mass of adsorbent, the amount of adsorbed F per g of adsorbent
decreases because the active sites for the removal of pollutant are not saturated.
When the mass of the adsorbent is increased, the capacity of all the active sites on
the surface of adsorbent is not fully used thus leading to a decrease in adsorption
per unit of adsorbent mass.41,42 On the other hand, determining the effects of
adsorbent mass on the removal process is very important because this factor has
great impacts on the economic aspects of adsorption, and, in designing large
industrial-commercial systems, this factor must be studied carefully. Therefore, in
order to prevent the adsorbent from being wasted, it is very important to determine
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the optimal dosage of adsorbent. Cai et al. found that increasing the mass of
adsorbent resulted in a decrease in the adsorption per unit of mass of adsorbent.46

Imran et al. in 201547 and Naghizadeh et al.48,49 showed that with increasing the
adsorbent dosage until it reached 2.5 mg/L, the adsorption capacity increased and
if the mass of adsorbent exceeded 2.5 mg/L, adsorption decreased and this effect
continued until equilibrium was reached. 

The type of isotherm can provide information on factors such as the quality and
type of the adsorbed matter and the surface of adsorbent. In addition, information
about the isotherms can be useful in describing the adsorption capacity and helpful
for designing and analyzing the adsorption systems.50 Three isotherm models
(Freundlich, Langmuir, and BET) were used at equilibrium time and, according to
the correlation coefficient, it became clear that nanochitosan followed the BET
isotherm. Mourabet et al, in 2015, showed that removal of F by hydroxyapatite
followed the Langmuir isotherm model.51 Liu et al., in 2015, it was also found that
F removal followed the Langmuir model.52 

In the present study, the thermodynamic parameters were determined at different
temperatures (298, 308, and 318 K). When the amounts of ƒHΧ are negative, the
reaction is exothermic. In our study the ƒHΧ value for the adsorption of F by
nanochitosan was negative and, therefore, the removal process of F by
nanochitosan was exothermic. On the other hand, since the ƒSΧ was negative, the
adsorption process is reversible. These findings contradict the findings by Pandi et
al. in 2015.53Lin et al., in 2016, also showed that the removal process of F was
exothermic.54 

Kinetic studies, in which the relationship between the contact time and
adsorption capacity is examined, are among the most important studies related to
adsorption.55 Studying the kinetics is important in order to predict the speed of the
adsorption process and the data from these predictions can be used for the
designing and modeling of an adsorption process. The results of the present study
confirm the findings by Zazouli et al. on F adsorption by modified biomass of
Lemna minor.41 Asgari et al. also found that the adsorption of F by snail shell
followed the pseudo-second-order kinetic model. 37 The results of our study were
also consistent with the finding by Zhang et al., in 2016, that the adsorption
kinetics for F adsorption using a micro-sized magnetic adsorbent (MMA) followed
a quasi-second order model.56 

CONCLUSIONS

We found that nanochitosan had a maximum capacity of 9 mg/g which occurred
with pH=3, mass of adsorbent=0.5 g/L, and F concentration=20 mg/L. The
adsorption process followed the BET isotherm. The thermodynamic parameters
showed that the removal process of F by nanochitosan was exothermic and
followed pseudo-second-order kinetics. Nanochitosan has a relatively good
capacity for the removal of F from aqueous solutions.



Research report
Fluoride 50(2)256–268
April-June 2017

Synthesis of nanochitosan for the removal of fluoride from aqueous solutions:
a study of isotherms, kinetics, and thermodynamics

Naghizadeh, Shahabi, Derakhshani, Ghasemi, Mahvi
266266
ACKNOWLEDGMENTS

The authors would like express their appreciation to the Research Deputy of the
Birjand University of Medical Sciences (BUMS) for the financial support of the
University in funding the work which was the basis for a thesis.

REFERENCES
1 Deng S, Liu H, Zhou W, Huang J, Yu G. Mn-Ce oxide as a high-capacity adsorbent for

fluoride removal from water. J Hazard Mater 2011;186(2):1360-6.
2 Chen N, Zhang Z, Feng C, Li M, Zhu D, Chen R, et al. An excellent fluoride sorption

behavior of ceramic adsorbent. J Hazard Mater 2010;183(1):460-5.
3 Tripathy SS, Bersillon J-L, Gopal K. Removal of fluoride from drinking water by adsorption

onto alum-impregnated activated alumina. Separation and Purification Technology
2006;50(3):310-7.

4 Shirmardi M, Mesdaghinia A, Mahvi AH, Nasseri S, Nabizadeh R. Kinetics and equilibrium
studies on adsorption of acid red 18 (Azo-Dye) using multiwall carbon nanotubes
(MWCNTs) from aqueous solution. Journal of Chemistry 2012;9(4):2371-83.

5 Tang Y, Guan X, Wang J, Gao N, McPhail MR, Chusuei CC. Fluoride adsorption onto
granular ferric hydroxide: effects of ionic strength, pH, surface loading, and major co-
existing anions. J Hazard Mater 2009;171(1):774-9.

6 Harrison PTC. Fluoride in water: a UK perspective. Journal of Fluorine Chemistry
2005;126(11):1448-56.

7 Jamode AV, Sapkal VS, Jamode VS. Defluoridation of water using inexpensive adsorbents.
J Indian Instit Sci 2004;84(5):163-71.

8 Chinoy NJ. Effect of fluoride on physiology of some animals and human beings. Indian
Journal of Environmental Toxicology 1994;1(1):17-32.

9 Boldaji MR, Nabizadeh R, Dehghani MH, Nadafi K, Mahvi AH. Evaluating the performance
of iron nanoparticle resin in removing arsenate from water. Journal of Environmental
Science and Health Part A 2010;45(8):946-50.

10 Trivedi MH, Verma RJ, Chinoy NJ, Patel RS, Sathawara NG. Effect of high fluoride water on
intelligence of school children in India. Fluoride 2007;40(3):178-83.

11 Xiang Q, Liang Y, Chen L, Wang C, Chen B, Chen X, et al. Effect of fluoride in drinking
water on children's intelligence. Fluoride 2003;36(2):84-94.

12 Teng GX, Zhao XH, Shi YX, Yu GQ, Wang LH, Shen YF, et al. A study of water-borne
endemic fluorosis in China. Fluoride 1996;29(4):202-6.

13 Mahvi, AH, Ghanbarian M, Ghanbarian M, Khosravi A, Ghanbarian M. Determination of
fluoride concentration in powdered milk in Iran 2010. Br J Nutr 2012;107(7):1077-9.

14 Faraji, H, Mohammadi A, Akbari B, Vakili Saatloo N, Lashkarboloki G, Mahvi AH.
Correlation between fluoride in drinking water and its levels in breast milk in Golestan
province, Northern Iran. Iranian Journal of Public Health 2014;43(12):1664-8.

15 Dobaradaran S, Mahvi AH, Dehdashti S. Fluoride content of bottled drinking water available
in Iran. Fluoride 2008;41(1):93-4

16 Nouri J, Mahvi AH, Babaei A, Ahmadpour E. Regional pattern distribution of groundwater
fluoride in the Shush aquifer of Khuzestan County, Iran. Fluoride 2006;39(4):321-5.

17 Aghaei M, Karimzade S, Yaseri M, Khorsandi H, Zolfi E, Mahvi AH, Hypertension and
fluoride in drinking water: case study from West Azerbaijan, Iran. Fluoride 2015;48(3):252-8

18 Aghaei M, Derakhshani R, Raoof M, Dehghani M, Mahvi AH. Effect of fuoride in drinking
water on birth height and weight: an ecological study in Kerman Province, Zarand County,
Iran, Fluoride 2015;48(2):160-8

19 Karimzade S, Aghaei M, Mahvi AH. Investigation of intelligence quotient in 9–12-year-old
children exposed to high and low-drinking water fuoride in west Azerbaijan province, Iran.
Fluoride 2014;47(1):9-14

20 Dobaradaran S, Mahvi AH, Dehdashti S, Abadi DRV. Drinking water fluoride and child
dental caries in Dashtestan, Iran. Fluoride 2008:41(3):220-6.



Research report
Fluoride 50(2)256–268
April-June 2017

Synthesis of nanochitosan for the removal of fluoride from aqueous solutions:
a study of isotherms, kinetics, and thermodynamics

Naghizadeh, Shahabi, Derakhshani, Ghasemi, Mahvi
267267
21 Azami-Aghdash S, Ghojazadeh M, Azar FP, Naghavi-Behzad M, Mahmoudi M, Jamali Z.
Fluoride concentration of drinking waters and prevalence of fluorosis in Iran: a systematic
review. J Dent Res Dent Clin Dent Prospects. 2013; 7(1):1-7.

22 Spittle B. A step in the right direction [editorial]. Fluoride 2015;48(2):91-2.
23 Doull J, Boekelheide K, Farishian BG, Isaacson RL, Klotz JB, Kumar JV, Limeback H, Poole

C, Puzas JE, Reed N-MR, Thiessen KM, Webster TF, Committee on Fluoride in Drinking
Water, Board on Environmental Studies and Toxicology, Division on Earth and Life Studies,
National Research Council of the National Academies. Fluoride in drinking water: a
scientific review of EPA’s standards. Washington, DC: The National Academies Press;
2006. p. 25.

 24 Sartor M, Buchloh D, Rögener F, Reichardt T. Removal of iron fluorides from spent mixed
acid pickling solutions by cooling precipitation at extreme temperatures. Chemical
Engineering Journal 2009;153(1):50-5.

25 Ho LN, Ishihara T, Ueshima S, Nishiguchi H, Takita Y. Removal of fluoride from water
through ion exchange by mesoporous Ti oxohydroxide. Journal of Colloid and Interface
Science 2004;272(2):399-403.

26 Gong W-X, Qu J-H, Liu R-P, Lan H-C. Adsorption of fluoride onto different types of
aluminas. Chemical Engineering Journal 2012;189:126-33.

27 Boldaji MR, Mahvi AH, Dobaradaran S, Hosseini, SS. Evaluating the effectiveness of a
hybrid sorbent resin in removing fluoride from water.International Journal of Environmental
Science and Technology 2009;6(4):629-32

28 Pervov AG, Dudkin EV, Sidorenko OA, Antipov VV, Khakhanov SA, Makarov RI. RO and
NF membrane systems for drinking water production and their maintenance techniques.
Desalination 2000;132(1):315-21.

29 Fan X, Parker DJ, Smith MD. Adsorption kinetics of fluoride on low cost materials. Water
Research 2003;37(20):4929-37.

30 Mahvi A, Zazoli M, Younecian M, Nicpour B, Babapour A. Survey of fluoride concentration
in drinking water sources and prevalence of DMFT in the 12 years old students in Behshar
City. J Med Sci 2006;6(4):658-61.

31 Krajewska B. Application of chitin-and chitosan-based materials for enzyme
immobilizations: a review. Enzyme and Microbial Technology 2004;35(2):126-39.

32 Ngah WSW, Endud CS, Mayanar R. Removal of copper (II) ions from aqueous solution
onto chitosan and cross-linked chitosan beads. Reactive and Functional Polymers 2002;
50(2):181-90.

33 Qi L, Xu Z. Lead sorption from aqueous solutions on chitosan nanoparticles. Colloids and
Surfaces A: Physicochemical and Engineering Aspects 2004;251(1):183-90.

34 Pillai CKS, Paul W, Sharma CP. Chitin and chitosan polymers: chemistry, solubility and fiber
formation. Progress in Polymer Science 2009;34(7):641-78.

35 Kumar MNV. A review of chitin and chitosan applications. Reactive and Functioned
Polymers 2000;46:1-27. 

36 Sivakami MS, Gomathi T, Venkatesan J, Jeong H-S, Kim S-K, Sudha PN. Preparation and
characterization of nano chitosan for treatment wastewaters. International Journal of
Biological Macromolecules 2013;57:204-12.

37 Asgari G, Seid Mohammadi A, Mehralipour J, Ahmadzadeh A. Performance of fluoride
adsorption by snail shell in aqueous. Pajouhan Scientific Journal 2013;11(2):39-47.

38 Dehghani MH, Haghighat GA, Yetilmezsoy K, McKay G, Heibati B, Tyagi I, et al. Adsorptive
removal of fluoride from aqueous solution using single-and multi-walled carbon nanotubes.
Journal of Molecular Liquids 2016;216:401-10.

39 Vijaya Y, Krishnaiah A. Sorptive response profile of chitosan coated silica in the
defluoridation of aqueous solution. Journal of Chemistry 2009;6(3):713-24.

40 Naghizadeh A, Nabizadeh R. Removal of reactive blue 29 dye with modified chitosan in
presence of hydrogen peroxide. Journal of Environment Protection Engineering.
2016;42(1):149-68.

41 Zazouli MA, Balarak D, Karimnezhad F, Khosravi F. Removal of fluoride from aqueous
solution by using of adsorption onto modified Lemna minor: adsorption isotherm and
kinetics study. J Mazandaran Univ Med Sci. 2014;23(109):195-204.



Research report
Fluoride 50(2)256–268
April-June 2017

Synthesis of nanochitosan for the removal of fluoride from aqueous solutions:
a study of isotherms, kinetics, and thermodynamics

Naghizadeh, Shahabi, Derakhshani, Ghasemi, Mahvi
268268
42 Zazouli MA, Mahvi AH, Dobaradaran S, Barafrashtehpour M, Mahdavi Y, Balarak D.
Adsorption of fluoride from aqueous solution by modified Azolla filiculoides. Fluoride
2014;47(4):349-58. Erratum in: Fluoride 2015;48(3):268. [See also: Ho YS. Comments on
“Isothermic and kinetic modelling of fluoride removal from water by means of the natural
biosorbents sorghum and canola” (letter to the editor). Fluoride 2015;48(3):266-8.]

43 Huang R, Yang B, Liu Q, Ding K. Removal of fluoride ions from aqueous solutions using
protonated cross-linked chitosan particles. Journal of Fluorine Chemistry 2012;141:29-34.

44 Tang D, Zhang G. Efficient removal of fluoride by hierarchical Ce-Fe bimetal oxides
adsorbent: thermodynamics, kinetics and mechanism. Chemical Engineering Journal.
2016;283:721-9.

45 Naghizadeh A, Gholami K. Bentonite and montmorillonite nanoparticles effectiveness in
removal of fluoride from water solutions. Journal of Water and Health 2017;15(4):555-65.

46 Cai H-M, Chen G-J, Peng C-Y, Zhang Z-Z, Dong Y-Y, Shang G-Z, et al. Removal of fluoride
from drinking water using tea waste loaded with Al/Fe oxides: a novel, safe and efficient
biosorbent. Applied Surface Science 2015;328:34-44.

47 Ali I, Al Othman ZA, Sanagi MM. Green synthesis of iron nano-impregnated adsorbent for
fast removal of fluoride from water. Journal of Molecular Liquids 2015;211:457-65.

48 Naghizadeh A, Comparison between activated carbon and multiwall carbon nanotubes in
the removal of cadmium (II) and chromium (VI) from water solutions. Journal of Water
Supply: Research and Technology-Aqua 2015;64(1):64-73.

49 Naghizadeh A, Shahabi H, Ghasemi F, Zarei A. Synthesis of walnut shell modified with
titanium dioxide and zinc oxide nanoparticles for efficient removal of humic acid from
aqueous solutions. J Water Health 2016;14(6):989-97.

50 Asfaram A, Fathi MR. Removal of direct red 12B dye from aqueous solutions by wheat
straw: isotherms, kinetics and thermodynamic studies. JCST 2012;1419:19-5.

51 Mourabet M, El Rhilassi A, El Boujaady H, Bennani-Ziatni M, El Hamri R, Taitai A. Removal
of fluoride from aqueous solution by adsorption on hydroxyapatite (HAp) using response
surface methodology. Journal of Saudi Chemical Society 2015;19(6):603-15.

52 Liu Q, Zhang L, Yang B, Huang R. Removal of fluoride from aqueous solution using Zr(IV)
immobilized cross-linked chitosan. International Journal of Biological Macromolecules
2015;77:15-23.

53 Pandi K, Viswanathan N. Synthesis and applications of eco-magnetic nano-hydroxyapatite
chitosan composite for enhanced fluoride sorption. Carbohydrate Polymers 2015;134:732-
9.

54 Lin K-YA, Liu Y-T, Chen S-Y. Adsorption of fluoride to UiO-66-NH2 in water: Stability, kinetic,
isotherm and thermodynamic studies. Journal of Colloid and Interface Science
2016;461:79-87.

55 Esfehani A, Shamohammadi HZ. Manganese removal from aqueous solution by natural
and sodium-modified zeolite. Journal of Environmental Studies 2011;37(58):28.

56 Zhang C, Li Y, Wang T-J, Jiang Y, Wang H. Adsorption of drinking water fluoride on a
micron-sized magnetic Fe3O4@Fe-Ti composite adsorbent. Applied Surface Science
2016;363:507-15.

Copyright © 2017, ISFR, www.fluorideresearch.org, Dunedin, New Zealand.


	ABSTRACT: Background: Fluorine can be a harmful element for human health. High concentrations of the fluoride ion (F) are poisonous and can damage the endocrine glands, thyroid, and liver. It can also hinder human growth, decrease intelligenc...

