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Highlights 

Modified cellulose nanofibrils with high quaternary amines were achieved 
As(V) removal was rapid and the pseudo second order model best fitted the data 

The adsorption isotherms of As (V) removal were better described by the Langmuir model 

The Langmuir maximum capacity of modified cellulose nanofibrils was 25.5 mg g−1 
As V) adsorption onto modified cellulose nanofibrils is spontaneous 

 

 

1. INTRODUCTION: 

 Arsenic is viewed as one of the most lethal heavy metals and it has been delegated a Group 1 human cancer-

causing agent by the International Agency for Research on Cancer (IARC)(1) Arsenic is the twentieth most rich 

component in the Earth's crust, the fourteenth in seawater and the twelfth most copious component in the human 
body(2). There are two types of arsenic, to be specific arsenite [As (III)] and arsenate [As (V)]. Groundwater 

frameworks contain inorganic arsenic species as arsenite [As (III)] with an oxidation condition of +3 and arsenate [As 

(V)] with an oxidation condition of +5 (3). Ordinarily, As (V) exists as H2AsO4 
-, H2AsO4 

2-, and AsO 43-in 
groundwater under oxidizing conditions inside pH range of 2 to 12. In the mean time, As (III) as H3AsO3 prevails 

under reducing, anaerobic conditions inside a pH range of 2 to 9 (4). When all is said in done, arsenic is found in trace 

amounts in both surface water and groundwater, however in higher fixation levels in groundwater.  

 Arsenic can discharge into the aquatic conditions by common procedures, for example, disintegration of 
minerals by weathering, microbial action, and complexation with organic materials (5,6) On the other hand, 

anthropogenic exercises, including modern mining and metallurgical enterprises, burning of petroleum products, 

utilization of arsenic pesticides, herbicides, and yield desiccants, can bring about arsenic defilement in soils and 
surface water(7,8). Arsenic contamination in groundwater at raised fixations is all around reported in numerous 

nations, for example, America, Argentina, Bangladesh, Chile, China, India and Mexico at a focus extend from 1 mg L-

1 to 73.6 mg L-1.(9). Persistent presentation to arsenic contamination cause harm to the central nervous system, kidney, 
skin, liver and lungs in people (10), mitochondrial superoxide dismutase (MSOD) exercises in liver and lungs, cause 

cardiovascular ailments, hypertension and influences vascular system(11). In human beings, long term contact with 

arsenic polluted water can prompt various skin diseases (12). Adsorption onto materials is viewed as the primary 

removal step of arsenic polluted substances. It is an alluring innovation because of its cost-adequacy, simple activity 

Abstract: The presentation of an anion exchanger (AE) arranged on coconut coir fiber which acts like a 

reinforcer in magnetic chtosan matrix, for the adsorption of arsenic (V) [As(V)] from aqueous solutions was 

assessed in this examination. The adsorbent (PCC–AENF) possessing dimethyl amino hydroxypropyl was 
prepared by the reaction of PCC with epichlorohydrin and dimethylamine followed by treatment of hydrochloric 

acid. IR spectroscopy results affirm the nearness of – NH + (CH3) 2Cl - group in the adsorbent. XRD studies 

affirm the presence of PCC–AENF. Batch tests were led to look at the proficiency of the adsorbent on As(V) 
expulsion. Most extreme adsorption of 99.2% was gotten for an underlying grouping of 1 mg l - 1As(V) at pH 7.0 

and an adsorbent portion of 2 mg l -1. The energy of sorption of As(V) onto PCC–AENF was depicted utilizing 

the pseudo-second-order model. The equilibrium isotherms were resolved for various temperatures and the 

outcomes were investigated utilizing the Langmuir condition. The temperature reliance demonstrates an 
exothermic procedure. Recovery studies were performed utilizing 0.1 N HCl. Batch adsorption–desorption 

considers represent that PCC–AENF in magnetic chitosan matrix  could be utilized to expel As(V) from ground 

water and other modern effluents. 
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and low maintanance. Also, it is applicable in family unit module and mechanical plants and has the limit with regards 

to adsorbent recovery (13, 14). In such manner, the quantity of ordinary adsorbents of natural and synthetic source, for 

example, sand, fly debris, plant biomass, activated carbon and  alumina have been utilized to treat arsenic from 
groundwater (15,16).It is important to have a positive charge on the outside of the adsorbent to pull in anions like 

arsenate. Hence, surface alteration is the best way and it came into the spotlight for development in adsorption 

proficiency.  

 Cellulose is viewed as one of the most moderate and plentiful common crude materials accessible for the 
production of different useful materials (17,18). The rich hydroxyl groups on the cellulose can be utilized 

straightforwardly or adjusted with other functional groups to extricate poisonous metal particles from water. Lately, 

there is a developing enthusiasm for the use of characteristic lignocellulose materials as modest and eco-friendly 
adsorbents(19). Altered cellulose-based materials have been used in different natural applications including the 

removal of heavy metals, dyes and microorganisms (20- 24).  

 Various changes, for example, substance adjustment, have been utilized for improving physical and 
compound properties of the lignocellulose materials and to expand the adsorption limit like copolymerization, cross 

connecting and quaternisation (25). The current work is given to the readiness of an anion exchanger utilizing purified 

coir cellulose from coconut coir fiber, by its reaction with epichlorohydrin and dimethylamine followed by treatment 

with hydrochloric acid. This is then blended in with magnetic chitosan which has a strong take-up limit of arsenic 
species from aqueous mediums (26). In particular, the prepared composite material was characterised by different 

techniques. Further, the removal efficiency of this composite was assessed by considering the parameters like dosage, 

time, concentration, pH, and temperature. And after all, utilizing experimental information, a model was created to 
figure the removal efficiency. 

 

2. MATERIAL AND METHODS: 

2.1 Materials 

 

All the chemicals used in this study were of analytical grade. A 1000 mg l_1 As(V) stock solution was prepared by 

dissolving a weighed quantity of Na2HAsO4 . 7H 2O (Aldrich, USA) in distilled water. All solutions for adsorption 
and analysis were prepared by appropriate dilution of the freshly prepared stock solution. Epichlorohydrin (Fluka, 

Switzerland) was used as received. Pyridine, dimethylformamide (DMF),dimethylamine, were obtained from M/S 

E.Merck, India. Low molecular weight chitosan, FeCl3.6H2O and FeSO4.7H2O were of analytical grade and purchased 
from Sigma–Aldrich. 

 

2.2 Extraction and purification of cellulose 

Then the coir fibers were Wiley-milled to 40–60 mesh (0.245–0.350 mm) and extracted with benzene-ethanol 
(v/v=2:1) in a Soxhlet extractor for 24 h to fully remove the extractives.The extractive-free sample was sonicated in a 

mixed aqueous solution for 30 min, which consisted of 0.5M NaOH and 0.5M CH3OH (v/v=2:1) (27) . The 

suspension was heated up and kept at 60 °C for 2.5 h under stirring. After that, the residue (crude coir cellulose 
product) was washed with deionized water until pH neutral. Repeat ii) and iii) once to further minimize the lignin 

content of the sample. The crude coir cellulose sample was charged into a mixed solution containing 5 wt% NaClO2 

aqueous solution and CH3COOH (v/v=1:1) with a total solid-liquid ratio of 1:15 (g:mL), and the mixture was 
continually stirred and heated at 80 °C for 2 h. The entire bleaching step was repeated for twice. The final purified coir 

cellulose (PCC) was thoroughly rinsed with deionized water, lyophilized and kept in a desiccator for future use.  

 

2.3 Surface modification of PCC to PCC- AE 
The sensitive part used for cross linking is the hydrxylgroup of the cellulose. Scheme 1 presents the general method 

for the preparation of adsorbent. Amino groups were introduced into the epoxy propyl by-product after reaction with 

100 ml of 50% dimethylamine solution for around 3 h maintaining the temperature in the range of 70–80 0C. To 
convert into an anion exchanger (AE), the above product was treated with 500 ml of 0.2 M HCl for 4 h at room 

temperature, washed well to remove excess chloride ions and dried at 80 0C. The functionalized PCC (PCC–AE) was 

sieved and particles having the average diameter of 0.096 mm were used throughout the study. 
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Scheme1. Preparation of PCC–AE 

 

2.4. Preparation of coir cellulose nanofibrils (PCC- AENF) 

 0.2 g PCC-AE was dispersed into 50 ml deionized water and cooled up to 4 °C.  The slurry was ultrasonicated 
for 1h. The suspension was centrifuged for 20 min to remove the unfribrillated parts. The final nanofibril suspension 

was stored at 4 °C for later use. 

 

2.5. Preparation of PCC- AENF/ magnetic chitosan (MCHI) composite 
 3 g of chitosan was dissolved in 100 mL acetic acid (3%, v/v) at room temperature for 12 h. 4.20 g of FeCl2· 

4H2O and 11.42 g of FeCl3·6H2O were dissolved into 50 mL of deoxygenated distilled water. After stirring for 30 

min, precipitation was observed under vigorous stirring by adding 45 mL of NH3·H2O solution (28%, v/v), followed 
by a further stirring for 2 h. The precipitates were separated and washed with ethanol and distilled water. Then, it was 

stirred at 60 0C for 30 min. Fe (III) (as FeCl3) and Fe (II) (as FeSO4) (0.02 mol: 0.01 mol) was dissolved and added 

into the above the mixed solution to obtain magnetic chitosan (28).The CCNF were added to the1 Wt% magnetic 
chitosan solution, in 9:1 ratios and the total concentration of mix was 2 wt%. The mixture was allowed to solidify and 

sieved in a mortar.  

 

2.6 Characterisation 
 The FTIR spectra of PCC and PCC-AENF were obtained using the pressed disk technique on a Schimadzu 

FTIR model 1801. The XRD patterns of the adsorbent samples were obtained with a Siemens D 5005 X-ray unit using 

Ni-filtered Cu Ka radiation. A systronic microprocessor pH meter (model, l362, India) was used to measure the 
potential and pH of the suspension. Based on the standard method, an atomic absorption spectrophotometer, AAS (A 

5450, GBC, Australia) equipped with a manual hydride generator (APU-49, Analytical Spectral Utilities, Hyderabad, 

India) was employed to determine the As concentration in solutions (29). For complete reduction of As(V), 5% KI and 
10% ascorbic acid solutions were reacted with the samples. Following this procedure.After that, the sample was 

reacted with 3% NaBH4 and 1.5% HCl solutions. All measurements were based on absorbance and carried out using 

an arsenic hollow-cathode lamp (GBC) at 193.7 nm. Calibration curve in the concentration range 1–20 µg l-1 was 

achieved using dilutions prepared from standard As solutions. The detection limit was 0.2 µg l-1 and the relative 
standard deviation in the range of 1–20 µg l-1 was ±4.0%. 
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2.7 Adsorption experiment 

 50 ml of As(V) solution of known concentration were added to 100 ml flask containing 0.1 g adsorbent and 

shaken well for 4 h. the suspensions were filtered and the concentration of As was found out using AAS. The amount 
of adsorption (qe) was calculated using the equation: 

 

               qe   =  C0 - Ce    V                                                                 (1) 

                            m        
where Co and Ce are the initial and equilibrium As(V) concentrations, respectively. V is the volume of the solution and 

m is the amount of adsorbent used. In the present work, the effects of pH, contact time, initial concentration of solute, 

temperature and adsorbent dose on As(V) removal process were studied. The effect of the equilibrium pH on As(V) 
adsorption with composite was investigated using an adsorbent dose of 0.1 g in 50 ml at As(V) concentrations of 1 and 

5 mg l-1. The starting solution pH was initially adjusted with 0.1 M HCl and NaOH solutions and was determined 

using a pH meter. Kinetic studies were carried out at pH 7.0, with an initial concentration range from 5 to 20 mg l-1. 
Samples were withdrawn at regular intervals to show the removal percentage versus time. Isotherm experiments were 

performed using different initial concentrations ranging between 5 and 100 mg l-1 at 20, 30, 40 and 500C. 

 

2.8 Desorption experiment 
 The most important thing in the adsorption process are the recovery of adsorbent and finding out capacity of 

regeneration. Desorption studies of the adsorbed As were carried out by shaking the composite in 0.1 M HCl for a 

period of 4 h. After equilibrium, the sorbent was filtered and washed. The adsorbed As was eluted with 50 ml of 0.1 M 
HCl. After mixing for 4 h, the suspension was filtered and the filtrate was analysed for As. A comparison of the value 

with those observed in the initial sorption step was used to compute the percentage recovery values. The sorbent 

sample thus regenerated was reused for adsorption. The loading and regeneration cycles were repeated four times.  

 

3. RESULTS AND DISCUSSION: 

3.1 FT-IR analysis 

 The FTIR spectra of CF, PCC, PCC-AE and PCC-AE/MCHI were explained in Fig. 1. Generally, the broad 
absorption bands observed at 3431 cm-1 were related to O-H stretching vibration of hydroxyl group and band at 2904 

cm-1 was related to C-H stretching vibration of methyl and methylene groups (30). The peak at 1739 cm-1 was due to 

acetyl groups of hemicellulose and the carbonyl groups of lignin. Compared with the spectrum of CF (Fig. 2a), the 
intensities of absorption bands (1739 cm-1) from PCC (Fig. 2b) and PCC-AE (Fig. 2c) were significantly weakened, 

which demonstrated that greater part of the hemicelluloses and lignin in CF had been expelled during the earlier 

purification steps. It is plausible that the absorption bands at 1630 cm-1 for CF and PCC were due to the moisture 

content (31). The absorptions at 1514 cm-1 and 1265 cm-1 were associated to the ring stretching vibration of aromatic 
C=C in lignin and the stretching vibration of acetyl groups of hemicellulose, respectively ( 30). The IR spectrum of 

PCC shows an asymmetric absorption band at 3275 cm-1 which is due to the hydrogen bonded O–H stretching 

vibration from the cellulose structure of the PCC. The absence of this band in PCC–AE indicates the participation of –
OH groups due to cellulose for epoxide formation with epichlorohydrin. Additional peaks at 1450 cm-1 and 1131 cm-1 

in PCC–AE indicate the presence of aliphatic CN vibration and-CH2–
+NH (CH3)2 type nitrogen. These observations 

clearly indicate the formation of chain (back bone) and the presence of -CH2–
+NH (CH3)2 groups in PCC–AE (32). 

The disappearance of the absorptions at 1514 cm-1 and 1265 cm-1 in the spectra of PCC and PCC-AE was also in good 

agreement with their low contents of hemicellulose and lignin. In addition, the C-O asymmetric stretching vibration 

(1164 cm-1), skeletal vibration of pyranose rings (1056 cm-1), and rocking vibrations of C-H (894 cm-1) were 

corresponded to the characteristic values of cellulose (33, 34). The peaks at 1,160 and 1,070 cm-1 are related to the 
saccharide structure (35). The peaks at about 539 cm-1is characteristic of the Fe3O4 phase and thus are ascribed to the 

stretching vibration of Fe-O bonds in the composite (36). 
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Fig.1FT-IR spectrum of (a) CF (b)PCC (c)PCC- AE (d) PCC-AE/ MCHI 

 

 

3.2 XRD analysis 

 As appeared in Fig. 2, two groups of signals were demonstrated for CF (Fig. 2c). The left broad one locating 

around 16° is an overlapped signal donated by 101 plane and 101 plane of cellulose, while the relatively sharper one 

close to 22° with higher intensity is mainly related to 002 plane. After a variety of chemical treatments and 

purification steps, the peak of 002 plane was slightly shifted to∼23° (Fig. 2b), attributed to the removal of majority of 

lignin and hemicellulose (37). Furthermore, the cellulose component in PCC still maintained the crystal structure of 

cellulose I (38), avoiding extensive structural changes resulted from chemical treatment. In the crystalline region 
cellulose molecules are arranged in an ordered lattice in which –OH groups are bonded by strong secondary forces.  

 
Fig.2 XRD spectrum of (a) CF (b)PCC (c)PCC- AE (d) PCC-AE/ MCHI 
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3.3 Effects of the individual parameter on removal efficiency 

3.3.1Contact time 
Estimation and improvement of contact time are of most extreme significance adsorption-based treatment framework. 
In this way, for the current investigation, in the 100-mL arrangement of As(v) concentration, a fixed measure of 

composite was included and shaken for various time spans running from 10–300 min. pH of the arrangement was kept 

up at 6.5 and adsorption try was performed at 25 °C. Consequences of contact time streamlining demonstrated that the 

rate As (V) expulsion expanded with increment in contact time until all its active site were involved and there was no 
more adsorption of As(V) (Fig.3a).  

3.3.2 Adsorbent dose 

 Sorption try was performed at the temperature of 25 °C. The impact of adsorbent portion on As (V) adsorption 
is shown in Fig.3b. The adsorption of As (V) got improved with the expansion in adsorbent portion. As (V) adsorption 

onto composite indicated that adsorption got consistent above 2.5 g/L of measurement. It demonstrated that solute was 

utilized totally. Further increment in adsorbent portion had not indicated any generous increment in removal. This may 
be because of the connection of  all As (V) particles on the adsorbent locales or accomplishing the equillibrium. 

 

 
   

       
 

 

 

 

 

 

 

 

 
Fig.3 a- e Effects of individual parameter on As(V) removal of (a) contact time ( b) adsorbent dose (c) pH (d) initial 

concentration and (e) temperature 
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3.3.3 pH 

 pH significantly influences the adsorbent surface charge. So, it is of prime significance to locate an 

appropriate and ideal pH for the productive evacuation of As (V). pH of the solution was changed from 3.5 to 10.5. 
Different parameters were kept equivalent to examined in past enhancement contemplates. Over 90% of expulsion 

was seen up to pH 7.5, yet rate As(V) evacuation diminished when pH increased above 7 (Fig.3c). Increment in pH 

made the adsorbent surface adversely charged that caused aversion between the equivalents charged species (40). 

3.3.4 Initial As (V) concentration 
 Range of concentrations varying from 50 to 500 μg/L was used here. One hundred milliliters of the solution of 

the mentioned concentrations having pH 6.5 was made and to this, a fixed amount of composite was added. The 

samples were agitated for 120 min. From the experimental data, it was established that the removal efficiency depends 
on the concentration of arsenate. The percentage As (V) removal got decreased with rising concentration. 2.5 g/L of 

composite dose was found effective to bring the As (V) concentration below 10 μg/L up to the concentration of 

150μg/L(Fig.3d). This happened due to more number of arsenate ions contending for the accessible sites for 
adsorption. Similarly, at higher concentrations, sites of adsorption were limited. 

3.3.5 Temperature 

 To know the effect of temperature, experiments were executed at three different temperatures (298–318 K). 

From Fig.3e, it was perceived that adsorption kept on decreasing for all studied concentrations by changing the 
experimental temperature from 298 to 318 K. The removal performance was highest at 298 K. The elevated 

temperature of solution has been observed to be less effective for the enhancement in removal efficiency. The results 

preliminary reflected the exothermic nature of adsorption. With this observation, it can be hypothesized that with an 
increase in temperature, surface might have attained higher energy which caused the escaping of adsorbed arsenate 

ions into bulk solution.  

 

3.4 Adsorption kinetics 
 Pseudo-first-order kinetic model(41) and pseudosecond- order kinetics (42) was applied to the experimental 

data. Nonlinear equations of these models are expressed by Eqs. (2) and (3). 

 
            qt = qe (1−e−k

1
t )                                                                      (2) 

                

qt  =   k2qe2t 
                    1+ k2qet                                                                (3) 

 
where k is the second-order rate constant (g mg_1 min_1), qe and qt are the amount of metal ions adsorbed at 

equilibrium and at time t, respectively 
 To measure the degree of fitness of this model with actual kinetic data, correlation coefficient (R2) values 

were computed. Higher R2 (>0.98) values obtained for the pseudo-second order model indicate that this model could 

define the experimental results in the present system. The experimental qe points and the modeled kinetic theoretical 
curves, for different initial concentration are illustrated in Figure 4. The estimated kinetic parameters are presented in 

Table.1. The pseudo-second-order kinetic model had the highest R2 than those of the pseudo-first-order models.  

From Fig. it can be observed that the theoretical qt values for all concentrations were very close to the experimental qt 
values. The reaction mechanism therefore may be partly a result of the ion exchange followed by complexation 

between the As(V) species and –NH+(CH3)2Cl_ groups on the PCC–AENF.  

To better understand the removal mechanism of As(V) by the composite, the As(V) kinetic data were also evaluated 

using an intra-particle diffusion (IPD) model. The IPD is described by the 
Weber–Morris equation (43): 

                                         𝑞𝑡 = 𝐾id
0.5 + 𝐶                                                        (4) 

 
Where, Kp(g mg−1 min−0.5) is the diffusion rate constant of IPD, C is a constant related to the boundary layer 

thickness, and t(min) is the adsorption time. 

 

 
Pseudo-first order 

Parameters 1 mg L−1 2 mg L−1 10 mg L−1 
qe1 (mg g−1) 1.1736 1.9342 6.3118 

k (min −1) 0.6907 1.0351 0.4661 
R2 0.9939 0.9925 0.9654 

 

Pseudo-second 

qe2 (mg/g) 1.2045 1.9615 6.5661 
K2(g mg−1 min 1.2888 1.5332 0.1239 
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order −1) 
R2 0.9942 0.9983 0.9859 

 

Intra-particle 
model 

Kp 2.4762 0.8590 0.5063 
C 1.1800 0.1310 0.0336 

R2 0.9771 0.9064 0.9808 
 

Table.1 Kinetic fitting parameters for As(V) Adsorption onto the composite. 

 
 According to the IPD model, if the plot of qt versus t0.5 is linear and passes through the origin, the IPD is the 

rate–limiting factor for adsorption. However, if the IPD plot exhibits multilinearity, then both IPD and boundary 

diffusion contribute to the adsorption process [32]. 

Fig. 5 shows the plot of qt versus t0.5 for different initial As (V) concentrations at T = 25 °C. 
The plot exhibits multi linearity, indicating that IPD does not govern the As (V) adsorption process. The first step is a 

steep slope and it can be associated with the surface adsorption of the As (V) onto the most readily available adsorbing 

sites on the composites (44). The second step is relatively moderate adsorption and the third slow adsorption step is 
attributed to the stereo-hindrance effect caused by the adsorbed As(V) and the decrease of vacant and easily accessible 

adsorption sites on PCC AENF. 

 
Fig.4 As(V) adsorption kinetics of the composite 

 

 
Fig.5 Intraparticle diffusion model of As(V) adsoprtion by composite 
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3.5 Adsorption isotherm 

 Adsorption isotherm studies are of fundamental importance in determining the adsorption capacity of As(V) 

onto composite and to diagnose the nature of adsorption (Fig. 7).The As (V) adsorption isotherms concentrations  at 
four different temperatures, 25°C, 35°C, 45°C, and 55°C are plotted here. It can be seen that all the adsorption 

isotherms exhibit an L-shape, which corresponds to the classification of Giles (45). Two isotherm models; Langmuir 

and  Freundlich, were used to evaluate the adsorption equilibrium data.  

 

 
Fig.6 As(V) adsorption isotherms of the composite. 

 

In the Langmuir model the adsorption is assumed to be monolayer on a homogeneous surface. The Langmuir model is 

described by: 
         qe  =  Q0

 bCe                                                       

                   1 + bCe                                            (5) 

Where, qe(mg g−1) is the adsorption capacity at equilibrium, Ce(mg L−1) is the concentration of 
As(V) in solution at the equilibrium, qm(mg g−1) is the monolayer adsorption capacity of 

Langmuir, and b(L mg−1) is an equilibrium constant (46). The Freundlich model is empirical and assumes the 

adsorption to be multilayer on a heterogeneous surface with a non-uniform distribution (47) and is described as: 

𝑞𝑒 = 𝐾𝑓𝐶𝑒 1/N                                                             (6) 

Where, qe and Ce are the same as the Langmuir equation, Kf (mg g−1) is the adsorption capacity of Freundlich and n 

is the Freundlich adsorption intensity. The Langmuir model provided the best fit (Figure 8) as it had the highest R2 

and the lowest standard errors for its coefficients suggesting that it is more suitable to characterize the adsorption 
process. The Langmuir maximum adsorption capacity (qm) for As(V) removal by modified-CNF is 25.5 mg g−1. The 

Langmuir maximum uptake capacity was found higher than some of the adsorbents cited in the literature for As(V) 

removal (Table.2). Fig.8 shows that the As(V) removal by modified-CNF is pH-dependent. Between pH 4 and 8, more 
than 97% of As(V) was removed and the removal capacity was relatively constant at this pH range. Maximum uptake 

was obtained at pH 4. Similar behavior of As(V) adsorption was also reported in the literature (48). At pH< 4, As(V) 

removal was about 88% and at pH> 8 the % As(V) removal decreased significantly to 49%. 

 

 

 

Langmuir 

Parameters 25 °C 35 °C 45 °C 55 °C 

qm (mg g−1) 25.498 21.677 19.023 14.714 
b(L mg−1) 0.075 0.069 0.066 0.062 

R2 0.978 0.988 0.992 0.995 
 

Freundlich 
Kf (mg g−1) 2.659 2.015 1.672 1.258 

1/n 0.581 0.605 0.612 0.609 
R2 0.970 0.975 0.975 0.979 

Table 2. Langmuir and Freundlich  isotherm parameters for the adsorption of As(V) onto the composite 

 

3.6 Thermodynamic study 

The thermodynamic parameters including Gibbs free energy change (ΔG°, kJ mol−1), enthalpy 

change (ΔH°, kJ mol−1), and entropy change (ΔS°, J mol−1 K−1) were determined from the experimental data. These 
parameters were calculated using the following equations [49, 50]: 
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Δ𝐆° = −𝐑𝐓𝐥𝐧𝐊𝐝                                                                                                  (7) 

𝐋𝐧𝐊𝐝 = (Δ𝐒°/𝐑) − ( Δ𝐇° /𝐑𝐓 )                                                    (8) 
 
Where, R is the universal gas constant (8.314 J K−1 mol−1), T(Kelvin) is the absolute temperature, and Kd is the 

equilibrium constant. Table 3 summarizes the values of ΔH°, ΔS°, and ΔG°. The negative values of ΔH° indicate that 

the adsorption process is exothermic, while negative values of ΔG° indicate that the adsorption is spontaneous (51, 

52). The positive values of ΔS° could be due to the randomness increase at the solid/liquid interface during the 

adsorption process. 

 

Temperature (°C) Kd  ΔG°(kJ mol-1) ΔS° (J mol1·K-1) ΔH° (kJ mol-1) 
25 10359.25 -22.92  

        60.35 
 
         -4.91 35 9584.09 -23.49 

45 9101.49 -24.11 

55 8621.25 -24.72 
 

Table.3 Thermodynamic parameters of As(V) adsorption onto the composite. 

 

3.7 Reusability 
 The reuse of the adsorbent was tried by utilizing a similar adsorbent in three back to back cycles and a NaCl 

convergence of 0.05 M toward the finish of each cycle. The reuse results demonstrated that the adsorption limit of the 

adsorbent diminished from cycle 4. Be that as it may, significantly after three sequential cycles, the adsorbent 
moderately held high limit with respect to As (V) removal. 

                  

4. CONCLUSION: 
 The present study clearly shows that the dimethyl amino hydroxyl propyl derivative of the epichlorohydrin 

cross linked coconut coir pith in the anion exchanger form (CP–AE), is an effective adsorbent for the removal of 

As(V) from aqueous solutions. Sorption of As(V) is pH-dependent and the best results are obtained at pH range 6.0–

8.0. Kinetic and equilibrium studies were compiled for the adsorption of As(V) from aqueous solution onto CP– AE in 
the concentration range 5–100 mg l_1. The kinetics of As(V) can be described by the psuedo-second-order model. The 

equilibrium adsorption isotherm data were fit by the Langmuir model. The process is exothermic in nature. 

Quantitative removal of As(V) from simulated groundwater confirmed the validity of the results in batch wise studies. 
The spent adsorbent can be regenerated and reused by 0.1 N HCl. 
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