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Introduction 

 Ion exchange is a traditional technique and has been 

successfully employed in various chemical research studies 

encompassing fundamental and practical fields. Ion exchange 

resins have been used in water softening, removal of toxic 

metals, waste water treatment, hydrometallurgy, sensors, 

chromatography, catalysis and bimolecular separations [1]. 

Chromium contamination in water is due to the effluents  

discharged  from various industries such as electroplating, 

leather tanning, mining, steel making and pigments, which has 

significant impact on human health and other living organisms 

in the environment [2, 3]. The effluents from these industries 

contain both Cr(III) and  chromate Cr(VI). Among them Cr(VI) 

is highly toxic. Cr(VI) compounds are carcinogenic that cause 

lung cancer, as well as kidney, liver and skin damage in human 

beings. The maximum permissible limit of chromium content in 

drinking water is 0.05 mg/L [4]. Cr(III) is not a significant 

ground water contaminant whereas Cr(VI) is approximately 100 

times more toxic than Cr(III) [5]. It can diffuse as CrO4
2- 

or 

HCrO4
- 
through cell membranes [6-9]. Cr(VI) in acidic solution 

demonstrates a very high positive redox potential (+1.33V) 

which denotes that it is strongly oxidizing [10]. Similarly the 

presence of fluoride ion in potable water has unique effects on 

human health. Fluoride is easily attracted by positively charged 

calcium in teeth and bones due to its strong electro-negativity, 

which results in dental, skeltal and non-skeltal forms of fluorosis 

and permissible limit of fluoride in drinking water is 1.5 

mg/L[11].  

 A number of removal techniques have been suggested for 

the removal of chromate and fluoride. Depending upon their 

mode of action they are classified into three major types, viz., 

those based on chemical addition [12, 13], adsorption process 

[14, 15] and ion exchange mechanism [16-19]. Membrane  such  

 

as reverse osmosis [20], nano filtration [21], electro dialysis [22] 

and Donnan dialysis [23] were recently investigated to reduce 

fluoride concentration in water. Ion exchange resins have been 

also widely used in recovery and preconcentration of metal ions. 

The polymeric resin containing specific functional groups are 

capable of complexing or ion exchanging the metal ions in 

aqueous solution [24]. The resin can be regenerated and reused 

for continuous process. Further, the main advantages of the 

polymeric resin are its high porosity in bead forms or cross-

linking which can help in improving the kinetics by increasing 

the accessibility of the polymer –supported ligands to the metal 

ions. 

A number of studies have been performed using ion 

exchange resins which have received considerable attention in 

recent years due to their suitability at field conditions and 

reusability. They are also adaptable to continuous process 

involving columns and chromatographic separations. Their 

insolubility renders to environmentally compatible state since 

the cycle of loading /regeneration/reloading allows them to be 

used for many years. Ion exchange is identified as an efficient 

ion scavenger due to the presence of its reactive functional 

groups [24]. Resin chelates, exchanges or adsorbs metal ions 

selectively irrespective of other ions present in the water system. 

Polymeric resins of various types viz., anionic and 

cationic/chelating resins have been employed for the chromate 

and fluoride removal. 

In the present work Deolite A 171 (DLE) which is an anion 

exchange resin has been used for chromate and fluoride removal 

for the first time. The sorption capacity is very high and this 

resin can be used for the technology development. DLE A 171 is 

very cheap than compare to other types of polymeric resin and 

can be regenerated using the NaCl. At present this resin used for 

colour removal form industrial waste water in many industries.  
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ABSTRACT  

Commercially available anion exchange resin, Duolite A 171 (DLE) has been used for the 

sorption of chromate and fluoride ions from aqueous solutions. DLE resin possesses an 

enhanced chromate sorption capacity of 202 mg/g in a minimum period of 60 min contact 

time and 0.6 mg/g for fluoride with 30 min contact time. Sorption capacity (SC) of DLE 

resin was compared under various equilibrating conditions  like effect of pH and co-ions, 

temperature, contact time, for the removal of chromate and fluoride.  The results showed 

that DLE resin is more selective for chromate rather than fluoride.  The chromate and 

fluoride sorption was reasonably explained using Freundlich and Langmuir isotherm. 

Fourier transform infrared spectroscopy (FTIR) was used for the determination of functional 

groups responsible for chromate and fluoride sorption. Various thermodynamic parameters 

such as ΔGº, ΔHº, and ΔSº have been calculated to understand the nature of sorption. The 

sorption kinetic mechanism was studied with reaction based and diffusion based models. 

The sorption process was found to be controlled by pseudo-second-order and intraparticle 

diffusion models. 
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The main objective of this work is to identify the selectivity 

of ion exchange resin for chromate and fluoride removal from 

aqueous solution and establish the probable mechanism of 

chromate and fluoride sorption. The various influencing 

parameters viz., contact time, solution pH and the presence of 

other ions on SC were optimized. The equilibrium sorption data 

was fitted with various isotherms and kinetic models to find the 

best fit model for the sorption system. 

Materials and methods 

Materials 

Duolite A 171 (DLE) was supplied by Auchtel Products 

Ltd., Mumbai (India).  DLE is a styrene/divinylbenzene 

copolymeric matrix containing quaternary amino functional 

group with chloride ion as exchangeable group. Sodium 

fluoride, potassium dichromate purchased from Merck, Mumbai, 

and all other chemicals and reagents were of analytical grade 

and used without further purification. The main properties of 

chromate and fluoride are given in Table 1. As per the 

guidelines of the manufacturers, the commercially available 

resin is specially prepared for colour removal purpose and 

specifications given by the manufacturer are given in Table 2. 

All the solutions used for the laboratory studies were prepared 

using double distilled water. The chromate, fluoride solutions of 

various concentrations were made by dissolving required 

quantity of respective potassium dichromate and sodium fluoride 

in double distilled water.  

Sorption studies  

The batch adsorption experiments were carried out by 

mixing 0.1 g of resin with 50 ml of an aqueous solution of 100 

mg/L of Chromate (pH 4)  and 50 ml of  (pH 7) F
-
 with 10 mg/L 

each separately. The mixtures were shaken in a thermostatic 

shaker at a speed of 200 rpm at room temperature and the 

filtrates were analyzed for chromate and fluoride. The influence 

of various parameters viz., contact time, pH and presence of 

other ions normally present in water on the SC of the sorbent 

was investigated. The SC of the resins was determined 

separately for chromate and fluoride by varying the contact time 

in the range of 10-60 min at 303 K by mixing 0.1 g of resin with 

50 ml of an aqueous solution of Chromate (pH 4) having  100 

mg HCrO4
-
/L and having 10 mg F

-
/L (pH 7) respectively. SC of 

the resin was determined at five different pH levels viz.3, 5, 7, 9 

and 11. The pH of the working solution was controlled by 

adding HCl / NaOH solution. For the temperature studies, the 

effect of different initial concentrations viz., 40, 50 and 60 mg/L 

for chromate and fluoride viz., 8, 10 and 12 mg/L at 303, 313 

and 323 K on sorption rate was studied by keeping the mass of 

sorbent as 0.1 g and volume of solution as 50 ml. The solution 

was then filtered and the residual chromate and fluoride 

concentration were measured.  

Methods of analysis 

The concentration of chromate was measured using UV-

Visible spectrophotometer (Pharo 300 Merck) at 540 nm, 

according to the 1,5-diphenyl-carbazide method [25]. Fluoride 

determination was done using expandable ion analyzer EA 940 

and the fluoride ion selective electrode BN 9609 (Orion USA 

made). The pH measurements were carried out with the 

expandable ion analyzer EA 940 with pH electrode [25]. pHzpc 

(pH of zero point charge) was determined by pH drift method 

[26].  FTIR spectra of the solid samples were recorded with 

JASCO- 460 plus model (Japan) FTIR spectrophotometer to 

detect the functional groups. 

Computations were made using Microcal Origin (Version 6.0) 

software. The effectiveness of fit was discussed using regression 

correlation coefficient (r), chi-square analysis and standard 

deviation (sd).  

Results and discussion 

Characterisation of DLE 

As per the specifications of the manufacturer DLE is an 

anion exchanger in Cl
-
form (cf. Table 2). Fig.1A a and b and 1B 

a and b depict the FTIR spectra of the DLE resin before and 

after chromate and fluoride sorption respectively.   In the FTIR 

spectra of the resin before sorption of either HCrO4
- 
or F

- 
a band 

at 3442 cm
−1

, represents a strong and broad band of the O-H 

stretching vibrations. The band at 3018, 2922, 2858 cm
-1

 

appeared and these bands are related to the symmetric or 

asymmetric, stretching vibrations of the ring C-H bonds and -

CH2 groups of the matrix (cross-linked polystyrene) of the resin 

(3018 cm
−1

 υas(C-H); 2922 cm
−1

 υas (-CH2); 2858 cm
−1

 υas (-

CH2). The vibrations of the O-H group is of the water molecule 

present in the resin at 1615 cm
−1

 (δ(O-H). The asymmetric, 

stretching vibrations of carbon-carbon bonds in the ring (υas(C-

C)) as well as the asymmetric, scissoring vibrations of 

methylene groups (δas (-CH2) appeared at 1487, 1421, 1383 cm
−1

 

respectively. The deformation vibrations of 1,4-disubstituted 

benzene ring is due to the styrene-divinylbenzene matrix of resin 

which observed at 976 and 826 cm
−1 

[27-30]. The quaternary 

ammonium group in resin is  confirmed by the bands at 1488 to 

1463 cm
-1

,  symmetric deformation and asymmetric angular 

bending of methyl groups of quaternary nitrogen -N
+
(CH3)3) and 

N-CH3 bending at 1494 cm
-1 

 [31-33].  Even after the sorption of 

chromate and fluoride, the bands and their positions on spectra 

are very similar to those before sorption, but the intensity of a 

few bands changed after the sorption process. Before the 

sorption process, the peaks at 872 and 713 cm
-1

 were found for 

resin whereas after sorption these peaks disappeared in chromate 

sorbed resin. The formation of new peak 936, 766 cm
-1

 and 540 

cm
- 1

 is due to Cr-O bonds in the chromate treated resin [34, 35].  

A slight broadening of band at 1488 cm
-1

 in the fluoride-sorbed 

and chromate sorbed resin may be taken as an indication of 

electrostatic adsorption between the quaternary ammonium 

group of the resin and chromate and fluoride respectively [31]. 

Fig. 1A. FTIR spectra of (a) DLE resin and (b) chromate-

sorbed DLE resin. 
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Effect of contact time 

As it is evident from Fig. 2, SC of DLE reached saturation 

after 60 minutes for chromate whereas fluoride attains saturation 

after 30 minutes. Hence, in all the experiments the contact time 

was fixed as 60 minutes for chromate and 30 minutes for 

fluoride. The SC of DLE was found to be 202 and 0.6 mg/g for 

chromate and fluoride respectively. The higher SC for chromate 

may be due to the higher valency and density which gets ion 

exchanged rapidly than the fluoride.  

Fig.2. Effect of contact time on SC of the resin at 303 K. 
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Effect of pH 

The removal of chromate and fluoride ions from the 

aqueous solution was highly dependent on the solution pH in 

many cases as it altered the surface charge on the sorbent resin 

[18]. Cr(VI) can exist in several forms such as Cr2O7
2-

, HCrO4
-
, 

HCrO7
-
 and CrO4

2-
 and the relative abundance of particular 

complex depends on the concentration of the chromium ion and 

pH of the solution. In acidic solutions Cr(VI)  exist as  HCrO4
-
.  

The effect of pH on the sorption of chromate ions onto the DLE 

resin is depicted in Fig. 3. At pH 2- 4 the uptake was high, while 

a slight decrease was observed in the range of 6-11. At alkaline 

pH SC is only 70%. In acidic conditions, complete sorption was 

observed, and at this region the chromate removal originates 

from electrostatic adsorption rather than ion exchange due to 

more positive charge on the DLE resin.  

Throughout the study, pH of the chromium solution was 

maintained at pH 4. After the sorption experiments solution pH 

becomes neutral. 

The effect of pH on the sorption of fluoride ions onto DLE 

resin is depicted in Fig.3. Contrary to chromate ions, fluoride 

sorption capacity was not significantly altered from acidic to 

neutral pH of the environment. While decreasing from pH 7, the 

removal of fluoride ion was found to be slight altered. At 

alkaline pH SC is only 60%.  Hence, throughout the study, the 

pH of the medium was maintained at neutral pH.  

The pHzpc value of DLE was found to be 7.22.  Lower SC in 

alkaline medium can be explained by the fact that above 7.22 

pHzpc value the sorbent surface acquires negative charge in 

alkaline pH and hence there is repulsion between the negatively 

charged surface and sorbate and below 7.22 pHzpc value the 

sorbent surfaces attains positive charge and the HCrO4
-
 and F

-
 

adsorbed.    

Fig. 3.  Influence of pH on the on SC of the resin at 303 K. 
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Effect of co-ions in the medium 

The dependence of SC of the resin in the presence of other 

co-ions which are commonly present in water namely Cl
-
, SO4

2-
, 

HCO3
-
, NO3

-
, Ca

2+ 
and Mg

2+
 was investigated with varying 

initial concentrations of these ions 200 mg/L by keeping  100 

10mg/L  as initial chromate and fluoride respectively. 

As shown in Fig. 4A, these ions do not have any significant 

effect on SC of the DLE resin which may be attributed to the 

fact that DLE selectively removes chromate.  

However, in case of the fluoride (Fig. 4B), the results 

indicate 20, 35 45 and 60%,   significant reduction of SC 

presence Mg
2+

, Ca
2+

,
 

Cl
-
, SO4

2-
 and NO3

-
 respectively. 

Therefore, it is presumed that the DLE resin removes other ions 

also present in the medium to some extent and as a consequence 

there is a decrease in the SC. Since the sorption process of DLE 

is controlled by ion exchange mechanism it is quite obvious that 

the higher concentrated co-ions get exchanged first than the 

dilute fluoride solutions but sorption of chromium is not affected 

by the co-ions which is due to large charge density and higher 

valency when compared to other co-ions.  It is interesting to note 

that the SC of the sorbents were found to be influenced both 

anions and cations. This could be due to the fact that the sorption 

may be controlled by both adsorption / ion exchange 

mechanism. 

Fig. 4A.Effect of co-ions on the SC of DLE resin for 

chromate at 303 K. 
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Fig. 4B.Effect of co-ions on the SC of DLE resin for fluoride 

at 303 K. 
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Adsorption Isotherm 

Adsorption isotherm is the basic requirement for designing 

for sorption system. Several mathematical models have been 

developed quantitatively to express the relationship between the 

extent of sorption and the residual solute concentration. The 

most widely used models are the Freundlich and Langmuir 

adsorption isotherm models [36, 37]. 

Freundlich isotherm 

The linear form of Freundlich [36] isotherm is represented 

by the equation, 

eFe C
n

kq log
1

loglog 
                                                                                                       

(1)                                                                                                                    

where qe is the amount of chromium adsorbed per unit weight of 
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the sorbent (mg/g), Ce is the equilibrium concentration of 

chromium in solution (mg/L), kF is a measure of adsorption 

capacity and 1/n is the adsorption intensity. A linear plot of log 

qe vs. log Ce indicates the applicability of Freundlich isotherm. 

The values of 1/n and kF of AlCs composite are listed in Table 3. 

The values of 1/n lying between 0 and 1 and the n value in the 

range of 1 to 10 confirm the favorable conditions for adsorption.
 

The kF values increased with the rise in temperature, which 

indicates that the chromium and fluoride  sorption by DLE resin  

is an endothermic process. 

Langmuir isotherm  

Langmuir [37] isotherm model can be represented by the 

equation  

o

e

o

e

e

Q

C

bQq

C


1
                                                                                                                

(2) 

where Q
o
 is the amount of adsorbate at complete monolayer 

coverage (mg/g), which gives the maximum sorption capacity of 

the sorbent and b (L/mg) is the Langmuir isotherm constant that 

relates to the energy of adsorption. The linear plot of Ce/qe vs. Ce 

indicates the applicability of Langmuir isotherm. The values of 

Q
o
 and b are listed in Table 3. The values of Q

o
 and b increase 

with the rise in temperature indicating the endothermic nature of 

chromium and fluoride sorption.  

In order to find the feasibility of the isotherm, the essential 

characteristics of the Langmuir isotherm can be expressed in 

terms of a dimensionless constant separation factor or 

equilibrium parameter, RL [38]           

01

1

bC
RL


                                                                                                                

(3) 

where b is the Langmuir isotherm constant and Co is the 

initial concentration of chromium (mg/L). The RL values lying 

between 0 and 1 indicate favorable adsorption for all the 

temperatures studied (cf. Table 3).  

 Chi-square analysis 

To identify a suitable isotherm model for the sorption of 

chromium on DLE resin, this analysis has been carried out. The 

equivalent mathematical statement is 





me

mee

q

qq

,

2

,2
)(

                                                                                                          

(4) 

where qe,m is equilibrium capacity obtained by calculating from 

the model (mg/g) and qe is experimental data of the equilibrium 

capacity (mg/g). If data from the model are similar to the 

experimental data, χ
2
 will be a small number, while if they 

differ, χ
2
 will be a bigger number.  

The results of chi-square analysis are presented in Table 3. 

As Freundlich isotherm possesses lower 
2 

values and hence this 

isotherm can be considered as the best fitting model for the 

sorption of chromate and fluoride on resin than Langmuir 

model. 

Thermodynamic treatment of the sorption process 

Thermodynamic parameters associated with the adsorption, 

viz., standard free energy change (ΔGº), standard enthalpy 

change (ΔHº) and standard entropy change (ΔSº) were 

calculated as follows 

The free energy of sorption process, considering the 

sorption equilibrium coefficient Ko, is given by the equation 

o

o KRTG ln                                                                                                               

(5) 

where ΔGº is the standard free energy of sorption (kJ/mol), 

T is the temperature in Kelvin and R is the universal gas 

constant (8.314 J mol
-1

 K
-1

). The sorption distribution coefficient 

Ko, was determined from the slope of the plot ln (qe/Ce) against 

Ce at different temperatures and extrapolating to zero Ce 

according to the method suggested by Khan and Singh [39] 

The sorption distribution coefficient may be expressed in 

terms of ΔHº and ΔSº as a function of temperature: 

RT

H

R

S
K

oo

o





ln                                                                                                          

(6) 

where ΔHº is the standard enthalpy change (kJ/mol) and 

ΔSº is the standard entropy change (kJ/mol K). The values of 

ΔHº and ΔSº can be obtained from the slope and intercept of a 

plot of ln Ko against 1/T. 

The values of thermodynamic parameters are shown in 

Table 4. The negative values of G confirm the spontaneous 

nature of chromate and fluoride sorption. The value of H is 

positive indicating that the sorption process is endothermic in 

nature. The positive value of S indicates the possibility of 

randomness at the solid/liquid interface during chromate and 

fluoride sorption.  

Sorption kinetic models 

The two main types of sorption kinetic models namely 

reaction-based and diffusion-based models were adopted to fit 

the experimental data 

Reaction-based models  

        The most commonly used pseudo-first-order and pseudo-

second-order models were employed to explain the solid/liquid 

adsorption.  

         A simple pseudo-first-order kinetic model [40] is given as. 

  t
k

qqq ad

ete
303.2

loglog                                                                                           

(7) 

where qt is the amount of ion on the surface of the composite at 

time t (mg/g) and kad is the equilibrium rate constant of pseudo-

first-order sorption (min
-1

).  The linear plots of log (qe-qt) 

against t give a straight line that indicates the applicability of 

pseudo-first-order model. The slope of the straight line plot of 

log (qe-qt) against t sorption at different temperatures viz., 303, 

313 and 323 K give the value of the pseudo-first-order rate 

constant (kad) and r are listed in Table 4. 

In addition, the pseudo-second-order model is also widely 

used. There are four types of linear pseudo-second-order kinetic 

models [41], the most popular linear form is  

et q

t

hq

t


1
,                                                                                                               

(8) 

where 
ktq

ktq
q

e

e

t



1

2

, amount of chromium on the surface of 

the composite at any time, t (mg/g), k is the pseudo-second-

order rate constant (g/mg min), qe is the amount chromium ion 

sorbed at equilibrium (mg/g) and the initial sorption rate, h = 

kqe
2 

(mg/g min). The value of qe (1/slope), k (slope
2
/intercept) 

and h (1/intercept) of the pseudo-second-order equation can be 

found experimentally by plotting t/qt   against   t. In addition, the 
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fitness of the data and the values of qe, k, h and r of the pseudo-

second-order model were obtained from the plots of t/qt vs. t for 

chromium sorption at different temperatures viz., 303, 313 and 

323 K of DLE resin are presented in Table 5-6. The values of qe 

increase with the increase in temperature indicating chromate 

and fluoride sorption increases with the rise in temperature. The 

higher correlation coefficient (r) values obtained for pseudo-

second-order model than pseudo-first-order indicating the 

applicability of the pseudo-second-order model for the chromate 

and fluoride sorption onto the resin. 

 Diffusion-based models 

A simple equation for the particle diffusion controlled 

process [42] is given as follows,  

tk
C

C
p

e

t 









1ln                                                                                                            

(9) 

where kp is the particle rate constant (min
-1

). The value of 

particle rate constant is obtained by the slope of ln (1- Ct /Ce) 

against t. 

The intraparticle diffusion model used here refers to the 

theory proposed by Weber and Morris [43] and its equation is  

  tk  q 1/2

it                                                                                                                        

(10) 

where ki is the intraparticle rate constant (mg/g min
0.5

). The 

slope of the plot of qt against t
½
 will give the value of 

intraparticle rate constant.  

The respective straight line plots of ln (1-Ct/Ce) vs. t and qt 

vs. t
0.5 

indicate the applicability of particle and intraparticle 

diffusion models. The kp, ki and r values at different 

temperatures viz., 303, 313 and 323 K for both particle and 

intraparticle diffusion models are illustrated in Table 5-6. The 

higher r values obtained for intraparticle diffusion model suggest 

that the chromate and fluoride diffusion on resin follows 

intraparticle diffusion model. 

The assessment of the employed kinetic models for fitting 

the sorption data was made by standard deviation (sd) and the 

model which possesses lower values of sd show better fit to 

sorption data. The sd values of resin for all the kinetic models 

are summarized in Table 5-6. Smaller sd values observed for the 

pseudo-second-order and intraparticle diffusion models indicate 

that these two models are significant in defining the chromate 

and fluoride sorption process and suggest that the sorption of 

chromate and fluoride ion were onto the pore of resin. 

3.8. Sorption mechanism  

From the above studies, it is clear that the mechanism of 

chromate and fluoride removal by resin is mainly governed by 

ion-exchange. At acidic environment the percentage of 

electrostatic sorption is higher for both the ions. As the pH 

increases the percentage of removal of both the ions found to 

decrease, which may be due to the completion of OH
-
 ions also 

for the exchange. DLE resin removes hydrogen chromate ion 

and fluoride by means of ion exchange in neural pH. 

The FTIR spectra of chromate loaded sorbent has a new 

band at 540 cm
-1

 that confirms the formation of Cr-O in the 

chromate sorbed resin [34, 35]. The preference of exchange of 

anions may be in the following order, HCrO4
-
> F

-   
> Cl

- 
>

 
NO3

- 
> 

SO4
2-

. As chromate has higher charge density than fluoride, 

chromate has been sorbed more when compared with fluoride. 

Lower ionic radius of chromium(VI) (0.044 nm) than  fluoride  

(0.136 nm) also makes it to get exchanged easily (cf. Table 1). 

Resin – N(CH3)3
+
Cl

-
 + HCrO4

-                             
Resin – N(CH3)3

+
 

HCrO4
-
 + Cl

-
 

 

 
            

Duolite A 171                                              

Exhausted resin 
 

 

Resin – N(CH3)3
+
Cl

-
 + F

-                             
Resin – N(CH3)3

+
 F

-
 + Cl

-
 

 

 
          

Duolite A 171                                              

Exhausted resin  

Conclusions 

The chromate and fluoride sorption characteristics of DLE 

resin were studied under various equilibrium and 

thermodynamic conditions. DLE resin displayed good selectivity 

towards chromate than the fluoride due to density and lower 

ionic radiation of chromates. The SC of DLE resin was 

influenced by pH of the medium and in the presence of co-ions. 

After sorption, irrespective of initial pH ranges, the final pH of 

the treated water was found to be neutral. The nature of the 

reaction was spontaneous and endothermic. The sorption of 

chromate and fluoride on DLE resin followed Freundlich 

isotherm. The pseudo-second -order kinetic model is found to be 

the best correlation of the data for chromate and fluoride 

removal on DLE resin. The kinetics of the reaction follows 

intraparticle diffusion models. The mechanism of chromate 

sorption by DLE resin was mainly governed by ion exchange 

and adsorption. DLE resins can be effectively used for chromate 

removal than the fluoride removal.  
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Table 1- Physico-chemical properties of chromate and fluoride 
Property Cr(VI) F- 

Atomic number 24 9 
Salt form K2Cr2O7 NaF 

Purity (%) 99 99 

Atomic weight (g/mol) 51.996 18.998 
Pauling Electronegativity 1.6 4 

Density (g.cm-3 at 20°C) 7.19 1.810-3 

Vanderwaals radius (nm) 0.127 0.135 
Ionic radius (nm) 0.044 0.136 

Energy of first ionization 

( kJ. mol -1) 

651.1 1680.6 

Standard potential (V) +1.33  (Cr6+ / Cr3+) - 2.87 
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Table 2 - Physical and chemical properties of resin 
Constituents DLE Resin 

Matrix Styrene - divinylbenzene copolymer. 
Functional groups -N - (CH3)3 

Physical form Opaque beads 

Ionic form Cl- 

Total ion capacity Min 1.0 eq / l (Cl-form ) 
Mesh/Bead size 450 µm 

Moisture holding capacity 54 - 60 % (Cl-form ) 

Particle size 0.3 to 1.2 mm 
Opearating pH range 0 to 14 

Chemical stability Insoluble in water, dilute solutions of acids or bases and common solvents. 

Maximum operating temperature K 373 

 Table 3 - Freundlich and Langmuir isotherms constant of  DLE. 
 

 

 
 

 

 
Chromate 

Temp. 

(K) 

Freundlich isotherm Langmuir isotherm 

 

1/n 

 

n KF
 

(mg/g) (L/mg)
1/n 

r 2 Qo 

(mg/g) 

b 

(L/g) 

RL r 2 

303 0.467 2.141 88.45 0.999 9.0E-04 332.45 0.246 0.063 0.998 0.1395 

313 0.447 2.237 94.23 0.999 9.3E-04 344.52 0.260 0.071 0.998 0.0025 

Fluoride 323 0.427 2.341 49.88 0.999 8.1E-04 356.23 0.275 0.057 0.998 0.1465 
303 0.579 1.72 3.10 0.987 0.003 10.09 0.43 0.189 0.959 0.004 

313 0.551 1.81 3.32 0.997 0.0006 9.46 0.53 0.086 0.987 0.001 

323 0.536 1.87 3.70 0.999 6.85E-05 9.33 0.66 0.070 0.997 0.005 

 
Table 4 - Thermodynamic parameters of DLE 

Thermodynamic parameters 

 

Chromate Fluoride 

 

∆Go ( kJ mol-1) 

 

303 K 

 
 

 

-5.63 

 

-3.42 
 

313 K 
 

 

-5.61 

 

-3.17 
 

323 K 

 

 

-5.56 

 

-2.80 
∆Ho ( kJ mol-1) 

 

6.64 1.04 
∆So ( kJ mol-1K-1) 

 

0.003 0.21 

 Table 5 -Kinetic parameters of reaction based and diffusion based models for chromate sorption. 
 

Kinetic models 

 

Parameters 

 

303 K 313 K 

 

313 

323 K 

90 

mg/L 

100 

mg/L 

110 

mg/L 

90 

mg/L 

100 

mg/L 

110 

mg/L 

90 

mg/L 

100 

mg/L 

110 

mg/L 

Pseudo-first-order kad (min-1) 0.090 0.099 0.101 0.158 0.154 0.122 0.128 0.131 0.170 

r 0.883 0.824 0.881 0.795 0.896 0.864 0.859 0.892 0.841 
sd 0.433 0.622 0.496 0.103 0.698 0.647 0.693 0.603 0.993 

Pseudo-second-order qe (mg/g) 202.2 206 210.8 204.2 210.8 212.8 205.5 209.5 214.2 
k (g/mg min) 0.0018 0.0014 0.0015 0.0019 0.002 0.0017 0.0021 0.0027 0.0021 
h (mg/g min) 15.84 15.527 19.267 17.241 22.72 23.31 19.267 29.411 28.169 

r 0.998 0.994 0.997 0.998 0.998 0.997 0.999 0.999 0.998 
sd 0.0126 0.0211 0.0138 0.0120 0.009 0.0123 0.0100 0.0059 0.0114 

Particle diffusion kp (min-1) 0.089 0.099 0.101 0.159 0.155 0.122 0.128 0.131 0.170 
r 0.883 0.824 0.881 0.795 0.896 0.864 0.859 0.892 0.841 

sd 0.998 1.433 1.142 2.541 1.609 1.489 1.596 1.390 2.228 
Intraparticle diffusion ki (mg/g min0.5) 4.754 5.03 5.45 4.47 4.43 4.61 4.21 4.15 3.87 

r 0.994 0.967 0.979 0.990 0.992 0.978 0.991 0.958 0.967 
sd 0.972 2.483 2.143 1.167 1.019 1.855 1.028 2.353 1.921 

 
Table 6 - Kinetic parameters of reaction based and diffusion based models for fluoride sorption. 

 

Kinetic models 

 

Parameters 

 

303 K 313 K 

 

313 

323 K 

10 

mg/L 

15 

mg/L 

20 

mg/L 

10 

mg/L 

15 

mg/L 

20 

mg/L 

10 

mg/L 

15 

mg/L 

20 

mg/L 

Pseudo-first-order kad (min-1) 0.130 0.140 0.170 0.140 0.150 0.19 0.15 0.16 0.21 

r 0.967 

 
 

 

 

 

 

 
 

0.972 0.988 0.987 0.980 0.975 0.995 0.986 0.983 
sd 0.055 0.022 0.017 0.011 0.004 0.007 0.009 0.008 0.009 

Pseudo-second-order qe (mg/g) 5.946 7.611 9.717 4.773 6.741 9.867 5.086 8.6349 11.016 
k (g/mg min) 0.011 0.014 0.0147 0.054 0.053 0.0165 0.0495 0.0127 0.0124 
h (mg/g min) 0.398 0.840 1.389 1.235 2.422 1.607 1.2814 0.948 1.5085 

r 0.998 0.999 0.998 0.998 0.999 0.999 0.997 0.999 0.998 
sd 0.157 0.024 0.136 0.170 0.037 0.076 0.193 0.078 0.115 

Particle diffusion kp (min-1) 0.117 0.114 0.104 0.092 0.116 0.092 0.143 0.171 0.106 
r 0.868 0.996 0.901 0.910 0.965 0.971 0.942 0.962 0.982 

sd 0.697 0.108 0.207 0.468 0.327 0.234 0.342 0.347 0.208 
Intraparticle diffusion ki (mg/g min0.5) 0.923 0.090 0.222 0.942 0.100 0.254 0.951 0.255 0.426 

r 0.938 0.984 0.981 0.962 0.994 0.990 0.997 0.995 0.989 
sd 0.088 0.021 0.059 0.177 0.013 0.048 0.026 0.036 0.085 

 


