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ABSTRACT 
Fluoride is a persistent and non-biodegradable pollutant that accumulates in soils, plants, animals and human 

being. Fluoride in drink ing water has a profound effect on teeth and bones in human. This review article is aimed at 

providing precise information on efforts made by various researchers in the field of fluoride removal for drinking 

water by using bark and wood as low cost bio-adsorbents. The most important results of extensive studies on 

various factors such as pH, contact time, initial fluoride concentration, temperature fluctuate removal of fluoride 

efficiency of adsorbents along with the various isotherm models and kinetic mode l reported by researcher are 

reviewed. 

 
 

1. Introduction 
Water is an essential natural resource for sustaining life and environment  that is thought to be available in 

large quantity as a free gift of nature. However, over the past few decades, the ever-increasing population, 

urbanization, industrialization and unskilled utilization of water resources have led to the degradation of water 

quality, causing its reduction in per capita availability in various developing countries  [1]. Thus there is a substantial 

shortfall in the availability of potable water in less developed or developing countries, primarily due to  water 

contamination and pollution [2–4]. It has also been reported that about 80% of the diseases in the world are due to 

poor quality of drinking water, and the fluoride contamination in drinking water is  responsible for 65% of endemic 

fluorosis in the world which affects  the teeth, bone and soft tissues [2,5,6].  

 Fluorine (F2) is a pale, yellow-green, corrosive gas which almost cannot be found in natural environment in 

elemental form due to its high electronegativity and reactivity. Fluoride (F
-
) is a fluorine anion characterized by 

small radius, great tendency to behave as ligand and easiness to form a great number of different organic and 

inorganic compounds in soil, rocks, air, plants and animals. Some of those compounds are quite soluble in water, so 

fluoride is present in surface and groundwater as an almost completely dissociated fluoride ion [7,8]. 

It exists in the form of fluorides in various minerals such as sellaite (MgF2), fluorspar (CaF2), cryolite 

(Na3AlF6) and fluorapatite (Ca5(PO4)3F). Thus fluorides are also found in rocks, soil, plants, animals, humans and 

fresh as well as ocean water [9,10]. Therefore fluoride occurs naturally in public water systems as a result of runoff 

from weathering of fluoride-containing rocks and soils and leaching from soil into ground water [9–12]. In addition 

towater, fluoride is present naturally in almost all foods and beverages but levels vary widely. However, fluoride has 

both beneficial and harmful effects on human health depending on its level. Among the beneficial effects of fluoride 

in the human body, strengthening of bones and prevention from tooth decay are significant [12]. Compared to its 

beneficial effect fluoride is more detrimental. Thus fluoride is a toxic chemical and it is a risk factor for thyroid 

hormone production in children when the exposure to fluoride occurs during intrauterine growth period [13]. A 

report during 2008 in Scientific American on ‘second thoughts about fluoride was a warning to all concerned as it 

revealed the risk of fluoride causing disorders affecting the teeth, bone, brain and thyroid gland [13,14]. It has also 

been reported that thyroxine and triiodothyronine in serum decreased with increasing urinary fluoride in cattle. 

Cattle affected with fluorosis developed hypothyroidism and anemia [13]. In addition, it has been confirmed that 
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there is significant positive relationship between fluoride intake by water and the preva lence of dental fluorosis 

[9,15–18]. For the general population the intake of fluoride is mainly from drinking water and to a much lesser 

extent from foodstuffs i.e. drinking water is the major source of daily intake of fluoride [1,9,19]. 

Due to fluoride pollutions and health problems that it causes, the World Health Organization (WHO) has 

specified the tolerance limit of fluoride content of drinking water as 1.5 mg/L [20]. Various technologies available to 

remove fluoride from water, such as coagulation and precipitation [21,22–26], membrane processes [27–35], 

electrochemical treatments [36,37–46], ion-exchange and its modification [47–53], but the adsorption process is 

generally accepted as the cheapest and most effective method for removal fluoride from water [1,54,55,56–59]. 

 

2. Removal of different pollutants by adsorption: 
 Adsorption is a surface phenomenon with common mechanism for organic and inorganic pollutants 

removal. When a solution containing absorbable solute comes into contact with a solid with a highly porous surface 

structure, liquid–solid intermolecular forces of attraction cause some of the solute molecules from the solution to be 

concentrated or deposited at the solid surface. The solute retained (on the solid surface) in adsorption proce sses is 

called ad‐ sorbate, whereas, the solid on which it is retained is called as an adsorbent. This surface ac ‐ cumulation of 

adsorbate on adsorbent is called adsorption. This creation of an adsorbed phase having a composition different from 

that of the bulk fluid phase forms the basis of separation by adsorption technology. In a bulk material, all the 

bonding requirements (be they ionic, covalent, or metallic) of the constituent atoms of the material are filled by 

other atoms in the material. However, atoms on the surface of the adsorbent are not wholly surrounded by other 

adsorbent atoms and therefore can attract adsorbates. The exact nature of the bonding depends on the details of the 

species involved, but the adsorption process is generally classified as physicsorptio n (characteristic of weak Van Der 

Waals forces) or chemisorption (characteristic of covalent bonding). It may also occur due to electrostatic attraction.  

The term pollutant, in a broad sense, refers to a substance/material that changes the natural quality of the 

environment by physical, chemical, or biological means. Thus, we may have pollution in air, water, and soil. The 

three main activities that mankind indulges in are domestic, agricultural, and industrial. In all of these activities, a 

large amount of fresh water is used, which is discharged as wastewater containing different pollutants depending on 

the type of activity. These may be various inorganic, organic chemicals and biological agents as well as heat and 

radiations The removal of these pollutants such as dyes, heavy metals, phenols, pyridine, nitrobenzene, pesticides, 

biological active agents, dissolved and non-dissolved chemicals, radioactive substances, detergents, polychlorinated 

biphenyls and other organic hazardous chemicals by different adsorbents ( Alumina, Bauxite, Silica gel, Zeolites, 

ion exchange resins, animal/plant/tree based biosorbents, Carboneous materials, natural soils,  clays, alloys, bone 

char, chitosan, geomaterials, agricultural wastes, industrial products/by-products/wastes, metal oxides/hydroxides, 

nanomaterials, nanocomposit materials, carbon materials, etc.) has been discussed by Gupta V. K., et al., 2009 [60],  

George z. Kyzas et al. 2014 [61], M. Mohapatra et al. 2009[62], Vaishali Tomar et al., 2013[63] and Mirna Habuda-

stanic et al., 2014 [64] in their review articles. 

 

3. Chemical composition of bark and Wood: 
3.1.  Bark:  

Bark is the outermost layers of stems and roots of woody plants. Plants with bark include trees, 

woody vines, and shrubs. Bark refers to all the tissues outside of the vascular cambium and is a nontechnical 

term.[65] It overlays the wood and consists of the inner bark and the outer bark. The inner bark, which in 

older stems is living tissue, includes the innermost area of the periderm. The outer bark in older stems includes the 

dead tissue on the surface of the stems, along with parts of the innermost periderm and all the tissues on the outer 

side of the periderm. The outer bark on trees which lies external to the last formed periderm is also called 

the rhytidome. Bark tissues make up by weight between 10-20% of woody vascular plants and consists of various  

 biopolymers,  tannins, lignin, suberin, suberan and Polysaccharides[66]. Up to 40% of the bark tissue is made of 

lignin which forms an important part of a plant providing structural support by crosslinking between different 

polysaccharides, such as cellulose [66]. Condensed tannin, which are in fairly high concentration in bark tissue, is 

thought to inhibit decomposition [66].  It could be due to this factor that the degradation of lignin is far less 

pronounced in bark tissue than it is in wood. It has been proposed that, in the cork layer (the phellogen), suberin acts 

as a barrier to microbial degradation and so protects the internal structure of the plant  [66,67]. 

 

3.2. Wood: 

Wood is a porous and fibrous structural tissue found in the stems and roots of trees, and other woody 

plants. It has been used for thousands of years for both fuel and as a construction material. It is an organic material, a 

natural composite of cellulose fibers (which are strong in tension) embedded in a matrix of lignin which resists 
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compression. Wood is sometimes defined as only the secondary  xylem in the stems of trees [68].  In a living tree it 

performs a support function, enabling woody plants to grow large or to stand up by themselves. It also conveys 

water and nutrients between the leaves, other growing tissues, and the roots. Wood may also refer to other plant 

materials with comparable properties, and to material engineered from wood, or wood chips or fiber. Wood is 

a heterogeneous,  hygroscopic,  cellular and anisotropic material. It consists of cells, and the cell walls are composed 

of micro-fibrils of cellulose (40% – 50%) and hemicellulose (15% – 25%) impregnated with lignin (15% – 30%) 

[69]. The chemical composition of wood varies from species to species, but is approximately 50% carbon, 42% 

oxygen, 6% hydrogen, 1% nitrogen, and 1% other elements (mainly  calcium, potassium, sodium, magnesium, iron, 

and manganese) by weight [70]. Wood also contains  sulfur, chlorine, silicon, phosphorus, and other elements in 

small quantity. 

Bark and wood materials contain proteins, polysaccharides and lignin with their functional groups which 

are responsible for adsorption [71]. The large occurrence and presence of high amount of surface functional groups 

make various tree barks good alternatives to expensive synthetic adsorbents [72]. In recent years, many researcher 

widely studied removal of fluoride from waste water by using bark and wood as low cost biosorbents.  

 

4. Literature review on removal of fluoride by different bark and wood based adsorbents: 
In recent years, many researcher widely studied removal of fluoride from waste water by using bark and 

wood as low cost biosorbents. Tree bark wood remains the most widely studied adsorbent, and it has been found to 

adsorb a variety of materials such as metals, dyes, phenols, and a host of other organic compounds and bio-

organisms, and is therefore used for the removal of fluoride from wastewaters by adsorption. The design  and 

operation of the process is convenient and can be handled easily, and the operational costs are therefore 

comparatively low. As a result, the cost of the adsorbent, and the additional costs of regeneration if required, can be 

a significant fraction of the overall process costs. These materials  have been used as such and sometimes  after some 

minor treatment, and are widely known as low-cost adsorbents. In this review article, a summary of some relevant 

published data with some of the latest important results and giving a source of up-to-date literature on the adsorption 

properties of tree bark and wood adsorbents is presented in Table 1, and some of the results are discussed here. 

 

4.1 Bark based adsorbents: 

Patil Satish et al. 2012, described the process of removal of excess fluoride from water  by using Almond 

tree bark powder (ATBP). He prepared almond tree bark adsorbent by treating with 1 N nitric acid for 3 days. He 

has studied the effect of pH, contact time, adsorbent dose, fluoride ion concentration, temperature, particle size of 

adsorbent and agitation speed on removal efficiency of fluoride along batch adsorption experiment . The adsorption 

kinetics has been found to follow first order rate mechanism and adsorption isotherm followed Freundlich, 

Langmuir and Temkin models for ATBP [73]. 

Suneetha et al., 2015 has reported the removal of fluoride from polluted waters using active carbon derived 

from barks of Vitex negundo plant. He has synthesized nitric acid activated carbon derived from barks of Vitex 

negundo (NVNC) plant which is found to be an effective adsorbent for the de-fluoridation of waters. The activated 

carbon is characterized adopting various physicochemical methods and surface  morphological studies are carried out 

using FT-IR and SEM-EDX techniques. The adsorption process is satis factorily fitted with Langmuir adsorption 

isotherm with good correlation coefficient value and it indicates monolayer adsorption. The adsorption kinetics is 

found to follow pseudo-second-order kinetics. The Dubinin-Radushkevich mean free energy and Temkin heat of 

sorption confirm the physisorption nature as these are lower than 20kJ/mol. De-fluoridation is maximum at the pH: 

7.0, adsorbent dosage: 4.0g/lit; equilibrium time: 50 min, Particle size: 45μ and temperature: 30 ± 1°C. The 

correlation coefficient values for the adsorption isotherms: Freundlich, Langmuir, Temkin and Dubinin-

Radushkevich are 0.929, 0.998, 0.980 and 0.946 respectively and for kinetic models: pseudo-first-order, pseudo-

second-order, Weber and Morris intraparticle diffusion, Bangham’s pore diffusion and  Elovich equations are 0.989, 

0.994, 0.874, 0.902 and 0.912 respectively. The Temkin heat of sorption, B, and the Dubinin-Radushkevich mean 

free energy, E, for the activated carbon adsorbent are 0.196 J/mol and 7.07 kJ/mol respectively. The procedure 

developed is remarkably successful in de-fluoridation of real ground water samples  [74]. 

The applicability of drumstick (Muringa odecifera) bark as adsorbent for the removal of fluoride from 

water was investigated by D. Santhi [75].  The treatment of dry drumstick bark reduced the fluoride concentration 

from 5 ppm to 2.4 ppm within an hour. After 24 hours the value of fluoride is slightly reduced than 1 hour treatment 

but pH of the solution is 8.69, after treatment, the solution becomes acidic ie pH=6.15. After 24 hours treatment, the 

solution became pale yellow and smell of the solution was changed. 

 Bhagyashree M. Mamilwar et al. [76] reported result of water defluoridation using a bark of babool 

(Acacia nilotica tree bark) as adsorbent. The effects of controlling parameters like optimum dose, contact time, pH, 
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temperature etc. were study. The result shows that activated carbon of bark of babool of 5g/L accomplished a 

removal of 77.04% of Fluoride from a 5mg/L of Fluoride concentration at normal pH of 8.0 requiring an equilibrium 

time of 8 hours. The experimental adsorption data fitted with Langmuir and Freundlich adsorption isotherms. The 

pseudo-second-order kinetic model fitted well as compared to pseudo first-order model. The effects of co-existing 

ions present in groundwater were also studied. 

Dinesh Mohan et al.[77] synthesized a Low-cost pine bark (PB) chars, obtained as a by-product from fast 

pyrolysis in an auger reactor at 400 and 450 °C, were characterized and used as received for water defluoridation. 

Sorption studies were performed at different temperatures, pH values, and solid to liquid ratios in the batch mode. 

Maximum fluoride adsorption occurred at pH 2.0. A kinetic study yielded an optimum equilibrium time of 48 h with 

an adsorbent dose of 10 g/L. Sorption isotherm studies were conducted over a concentration range of 1–100 mg/L. 

Fluoride adsorption decreased with an increase in temperature. The char performances were evaluated using the 

Freundlich, Langmuir, Redlich–Peterson, Toth, Temkin, Sips, and Radke adsorption models. Based on average 

percent error, the best isotherm fits follow the orders for pine bark: PBToth > PBRadke-Prausnitz ≈ PBFreundlich > PBRedlich-

Peterson > PBLangmuir > PBSips > PBTemkin. The pinebark chars successfully treated fluoride-contaminated groundwater at 

pH 2.0. The chars swelled in water due to their high oxygen content (8–11%), opening new internal pore volume. 

Fluoride could also diffuse into portions of the chars’ subsurface solid volume promoting further adsorption.   

 Sutapa Chakrabarty et al. [78] investigated removal of fluoride using a neem charcoal as a adsorbent. In the 

study, Neem stem charcoal (Azadirachta indica) have been used as adsorbing media showed that the adsorbent were 

highly influenced by temperature, pH of the solution, and initial fluoride concentration. The biosorbent was 

successful in removal of fluoride ions from aqueous solution of 10mg/l fluoride concentration with about 94% 

efficiency. Biosorption equilibrium was achieved within 180 minutes. The adsorption was pH dependent with 

maximum adsorption achieved at pH 5.0. Both Langmuir and Freundlich isotherm models fits well to the adsorption 

mechanism. The regression coefficient of both pseudo first order and pseudo second order plot indicates adherence 

of both the rate laws but higher regression value of second order plot than the pseudo first order reaction indicates 

that the adsorption follows the second order rate law. The Webber and Morris plot reveals an initial curved path 

indicating boundary layer effect followed by a linear path indicating pore diffusion. 

Jain J. K. et al. [79] prepared  carbonised Neem bark powder (NB) at 500
0
C for removal of fluoride by 

adsorption. The experiment has followed batch process. The effect of contact time has been studied in detail. The 

adsorption kinetics has been to follow first order rate mechanism and adsorption isotherm process followed 

Freundlich and Langmuir models. The adsorbent used in the study have proved to be very efficient and economical 

for removing fluoride from water. 

G. Karthikeyan et al. [80] synthesized acid treated activated carbon of Morringa Indica bark for removal of 

fluoride from aqueous water. Batch adsorption experiments using activated carbon prepared from Morringa Indica 

bark were conducted to remove fluoride from aqueous solution. A minimum contact time of 25 min was required for 

optimum fluoride removal. The influence of adsorbent, dose, pH, co-ions (cations and anions) on fluoride removal 

by the activated carbon has been experimentally verified. The adsorption of fluoride was studied at 30°C, 40°C and 

50°C. The kinetics of adsorption and adsorption isotherms at different temperatures were studied. The fluoride 

adsorption obeyed both Langmuir and Freundlich isotherms and followed a pseudo first order kinetic model. The 

thermodynamic studies revealed that the fluoride adsorption by Morringa Indica is an endot hermic process 

indicating an increase in sorption rate at higher temperatures. The negative values of ΔG° indicate the spontaneity of 

adsorption. SEM and XRD studies confirmed the surface morphological characteristics of the adsorbent and the 

deposition of fluoride on the surface of the material. 

 

4.2. Wood based adsorbents: 

 K. A. Emmanuel et al. [81] investigated the removal of fluoride on commercial activated carbon (CAC) and 

indigenously prepared activated carbons (IPACs) from Pithacelobium dulce(PLDC) and Peltophorum 

ferrugineum(PFC). The effects of various experimental parameters like pH, dose of the adsorbent, adsorbate 

concentration and contact time have been investigated using a batch adsorption technique. The extent of fluoride 

removal increased with decrease in the initial concentration of fluoride and particle size of the adsorbent and also 

increased with increase in contact time, amount of adsorbent used and the initial pH of the solution. Adsorption data 

were modeled using the Freundlich and Langmuir adsorption isotherms. Kinetic experiments follow first order 

kinetic equation.  The experimental data produced a straight line fit with a relatively good correlation coefficient 

(R
2
) indicating the acceptability of the model for the studied indigenously prepared activated carbons (IPACs) 

fluoride system. The kinetics of adsorption was found to be first ordered with regards to intra -particle diffusion rate. 

The adsorption capacities of PLDC (78.96 mg/L) and PFC (74.48mg/L) have been compared with that of the CAC 

(39.20) in drinking water treatment for removal of fluoride. 

http://pubs.acs.org/author/Mohan%2C+Dinesh
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Laura R. Brunson et al. [82] presents the results from amending eucalyptus wood char with the following 

metal salts: aluminum sulfate, aluminium chloride, iron (II) chloride, and iron (III) nitrate. The results show that 

amending wood char with metal salts, which precipitate from the solution as metal oxides and amend the char 

surfaces, increases the ability of the wood char to remove fluoride from drinking water. Wood char alone has a Qe1.5 

value of 0.04 mg/g, whereas the Qe1.5 values of the metal-amended wood chars range from 0.14 to 2.06 mg/g. Iron 

oxide amendments resulted in greater improvements in fluoride removal capacity than aluminum oxide 

amendments, with Qe1.5 values of 2.06 and 0.76 mg/g for the iron oxide–amended chars and 0.57 and 0.14 mg/g for 

the aluminum oxide–amended chars. Pretreating wood char with the oxidizing agents potassium permanganate and 

hydrogen peroxide increased the metal loading and fluoride removal capacit ies in select instances. When wood char 

was pretreated with potassium permanganate and amended with aluminum sulfate, the Qe1.5 value increased from 

0.14 to 0.40 mg/g and the metal loading increased from 0.05 to 0.27%. This work offers several conclusions that 

provide new insights into increasing the fluoride removal capacity of wood char by amending it with metal oxides 

and using oxidation pretreatment processes. This research demonstrates that using aluminum oxide amendments and 

the less studied iron oxide amendments is effective at increasing fluoride removal by wood char. Although all four 

metal amendment methods showed statistically significant increases in fluoride removal above that of wood char 

alone, the iron oxide amendments actually resulted in higher fluoride adsorption than aluminum for all cases. The 

iron (III) nitrate showed a Qe1.5 value that was over 50 times higher than that of wood char alone. Wood char 

amended with iron (III) nitrate exhibited the highest metal loading and the largest fluo ride updates, but also 

demonstrated an inefficient use of iron when fluoride removal was normalized by metal loading. This result can 

likely be attributed to the reduced specific surface area caused by iron oxides blocking the pore spaces in the wood 

char and preventing full use of pore space and iron content. In contrast, the aluminum chloride –treated wood char 

showed the lowest metal loading but the highest efficiency when normalized by metal content. In all cases, 

pretreatment with oxidizing agents decreased the point of zero charge, and in most cases, potassium permanganate 

pretreatment increased metal loading and fluoride removal. Additionally, wood char, when treated with hydrogen 

peroxide or nitric acid, which was done in preliminary testing, was found to be less robust through the oxidation 

process than activated carbon used in oxidation tests conducted by other researchers. Therefore, the specific surface 

area decreased significantly with the stronger oxidation, i.e., pretreatment with hydrogen peroxide, but less with the 

potassium permanganate pretreatment. This suggests the weaker oxidation pretreatment is preferable for wood char. 

This work is one of the first to systematically study one starting material with several oxidizing agents and metal 

amendment processes. The conclusions from this work suggest that iron oxide amendment processes should be 

further explored for increased fluoride removal, particularly in geographic areas where iron amendment materials 

are readily available. Before any implementation of these materials, leaching studies and assessment of metal 

concentrations in the treated water should be conducted to ensure safe water consumption and disposal of used 

materials. 

Monal Dutta et al. [83] prepared activated carbon by carbonization of Acacia Auriculiformis scrap wood 

char followed by microwave heating. A batch study on fluoride sorption was carried out at various experimental 

conditions, including different pH, initial fluoride concentrations, adsorbent concentrations, competitive anion 

chloride and different temperatures. Fluoride adsorption was found to be pH dependent and the maximum removal 

of fluoride was obtained at pH of 4.4. On the other hand, the fluoride adsorption was reduced in the presence of 

chloride ions. The percentage removal of fluoride was found to be increased with increase in temperature and 

adsorbent dose and a maximum removal of 97.2% was obtained with an adsorbent dose of 2 g/l. On the other hand, 

the adsorption of fluoride was also increased with decrease in particle size and the maximum removal occurred at a 

particle size of 58 μm. In order to investigate the mechanism of fluoride removal, various adsorption isotherms such 

as Langmuir, Freundlich, Tempkin and Herkin-Jura were fitted at 293, 303, and 323 K . The experimental data 

revealed that the Langmuir isotherm gave more satis factory fit for fluoride removal. The monolayer adsorption 

capacity according to Langmuir isotherm was found to be 19.92 mg/g. The adsorption process was observed to 

follow a pseudo-second-order kinetic model. Thermodynamic parameters were also determined and change in 

enthalpy and entropy were found to be 6.094 kJ/mol and 19.022 J/mol-K respectively.  

Mohammad Ali Zazouli et al.[84] investigated the performance of bicarbonate treated sorghum and canola 

as cheap natural adsorbents in fluoride (F) removal from water. The effect on adsorbent performance of various 

parameters, such as pH, adsorbent dose, contact time, and F concentration, were investigated. The F concentration 

was measured by spectrophotometer at λmax=570 nm. The isotherms and kinetics of adsorption were determined. 

The results indicated that F removal by both adsorbents increased with increasing contact time and adsorbent dose. 

However, the removal rate reached a constant amount with an 10 g/L dose of canola and sorghum after 90 and 60 

min respectively. For an initial F concentration of 10 mg F/L, the F removal efficiency by the activated stalks of 

sorghum and canola was 94% and 79%, respectively. Maximum F removal was obtained at pH=5. The adsorption 
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data followed the type 2 Langmuir isotherm and the pseudo-second-order kinetic. The studied adsorbents can 

potentially be used as low-cost media for removal of F from, for example, industrial effluents. 

Suman Mann et al. [85] studied the adsorption behaviour of sawdust of Kail wood has been studied in order 

to consider its application for fluoride removal.  Batch adsorption and effects of various experimental parameters, 

such as pH (3-11), adsorbent dosage (0.5-2.5 g/l), particle size (90μm to 300μm), contact time (30-150 min) and 

initial concentration (5 to 30mg/l) were investigated. The equilibrium data have been analyzed by the Langmuir, 

Freundlich and Tempkin isotherm models, the experimental data were better fitted to the Langmuir e quation. The 

adsorption kinetics also investigated by the pseudo-first-order, pseudo-second-order, intraparticle diffusion and 

Elovich model. The deflouridation process followed pseudo second order model. 

 

5. Conclusion : 

This review has attempted to cover a wide range of adsorbents which have been used so far for the removal 

of fluoride from the water.The fluoride removal have been broadly divided in two sections dealing with removal of 

fluoride by bark based and wood based bioadsorbents. The most importan t results of extensive studies on various 

factors such as pH, contact time, initial fluoride concentration and temperature fluctuates removal of fluoride 

efficiency of adsorbents along with the various isotherm models and kinetic model reported by research er are 

reviewed. The review results indicated that very few research performed by using bark and wood based adsorbents 

which have potential for removal of fluoride from water than removal of other pollutants such as organic, inorganic, 

heavy metals, dyes, etc. 
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Table 1. : Comparative details of various bark and wood based adsorbents for removal of fluoride. 

Adsorbents 

 

pH 

range 

Temperature 

Range (K) 

Contact 

Time range 
(Min) 

Concentration 

range (mg/L) 

Isotherm 

model used 

Kinetics 

model used 

Maximum 

% Removal 

Maximum 

adsorption 
capacity(mg/g) 

Reference 

Almond tree (Terminialia cattapa) bark 
powder (ATBP)  
(Nitric acid treated) 

2-9 298-318 10 - 90 2 - 6 F,L,T  PF, PS, ID, E -- 
0.166  
 

[73] 

Vitex negundo (NVNC) plant bark 
(Activated carbon with nitric acid treatment) 

2-11 303-323 10-100 1-12 F, L, T , D-R 
PF, PS, ID, 
E, BPD 

99.2 % 1.150 [74] 

Drumstick (Muringa odecifera) tree bark  RT 60 5 -- -- 52 % -- [75] 

Bark of babool (Acacia nilotica tree bark) 
(Activated carbon) 

2-12 293-313 60-600 1-15 F, L PF, PS 77.04 % 
1.891 at 293 K 
 

[76] 

Neem stem charcoal (Azadirachta indica) 2-10 RT 30-180 2-10 F,L PF, PS, ID 94 % 1.27 [78] 

carbonised Neem bark powder (NB) -- 298 10-90 -- F, L PF, PS, ID -- -- [79] 

Acid treated activated carbon of Morringa 
Indica bark 

2-12 303-313 5-35 2-6 F,L PF, PS, ID -- -- [80] 

Nitric acid treated carbonized Pithacelobium 
dulce(PLDC)  

4-10 303 ± 1 10-120 1-8 F,L PF, PS, ID 89 % 78.96 [81] 

Nitric acid treated carbonized Peltophorum 

ferrugineum(PFC) 
4-10 303 ± 1 10-120 1-8 F,L PF, PS, ID 78 % 74.48 [81] 

Activated carbon  of Acacia Auriculiformis 
scrap wood char 

2.7-7 303-323 20-120 5-20 
F,L,T , H-J 
Herkin-Jura 

PF, PS, ID 97.2 19.92 [83] 

Bicarbonate treated stalks of Sorghum 3-11 RT 10-180 20-100 F,L,T  PF, PS 94 7.8 [84] 

Bicarbonate treated stalks of canola 3-11 RT 10-180 20-100 F,L,T  PF, PS 79 8.24 [84] 

Sawdust of Kail wood   3-11 RT 30-150 5-30 F,L,T  PF, PS, ID, E 75.6 -- [85] 

 
*
 RT-Room temperature. 

@  
L: Langmuir, F: Freundlich, T: Tempkin, D-R : Dubinin-Radushkevich , R-P : Redlich–Peterson, H-J: Herkin-Jura isotherms. 

#  
PF: Pseudo first order, PS: Pseudo second order, ID: Intraparticle diffusion model, E: Elovich model,  BPD: Bangham’s Pore diffusion kinetic models  . 
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