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Abstract 

The present investigation deals with the elaboration in homogenous conditions of new 

cross-linked, hydroxyl cellulose (HEC) based material. Further, its application as a 

new eco-friendly low-cost efficient adsorbent of hazardous metal ions from an aquatic 

environment is treated. In this respect, the functionalization of HEC has been carried 

out using EDTA as a cross-linking agent exploiting its high capacity to chelate heavy 

metal ions in aqueous solutions. The proposed structure of the new crosslinked 

material (HECD) was investigated using structural analyses (FTIR-ATR vibrational 

spectroscopy and CP/MAS 13C NMR Spectroscopy). Also, the thermal and crystalline 

behaviours of unmodified and modified HEC were studied using thermogravimetric 

(TG and DTG) and DRX patterns. In addition, SEM images were recorded to 

demonstrate the changes expected at the morphological and textural level. 

Furthermore, the adsorption capacity of Pb (II), Cu (II), Cd (II) and Zn (II) ions from 

aqueous solutions by HECD was investigated using batch technique and optimized 

according to metal concentration, pH, contact time, ionic selectivity and regenerability. 

Thus, to examine the mechanism of adsorption, the experimental data is fitted to 

kinetic, isothermal, and thermodynamic modelling.  

  

Keywords: Hazardous Metal ions, Hydroxyethyl cellulose-EDTA, Adsorption Capacity, eco-friendly and low-cost 

adsorbent 
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1. Introduction 

Water is an indispensable substance in all natural and anthropogenic activities, and among the most recommended 

research are those intended for the removal of micropollutants from the aquatic medium, where the increased 

awareness of theses hazardous substance toxicity has led to strict regulations for its elimination. In particular, toxic 

metal ions such as Pb (II), Cu (II), Cd (II) and Zn (II) are classified among the most dangerous particles even at low 

concentration ranges [1, 2]. Indeed, the heavy metal ions are not degradable to harmless matter during the metabolism, 

they easily tend to accumulate in the vital organs of humans and animals through their transformation in trophic 

chains, where several studies have shown their adverse effects on human physiology and other biological systems 

giving rise to serious diseases such as developmental delay [3], several types of cancers [4], kidney damage [5], etc. 

Heavy metals are released into the environment through various anthropogenic activities where can be readily 

penetrated into water supplies, and therefore, the rejection regulations are more stringent and emphasize the treatment 

of contaminated water within industries is required prior to discharge. Conventional methods include chemical 

precipitation [6], membrane separation [7], flocculation [8-10] and ion exchange [11, 12], are widely used for the 

removal of heavy metal ions from industrial effluents and electrolysis. However, the majority of these techniques is 

frequently costly, less adapted or ineffective. Nevertheless, each of these methods has specific advantages and 

disadvantages, where the adsorption technique is one of the most popular and effective methods for the removal of 

heavy metals [13]. Recently, modified biopolymers intended for adsorption received a lot of attention because they are 

environmentally friendly, biodegradable and less toxic and above all, easy processing and many functional groups 

sensitive to chemical reactions. However, to reduce all these problems related to the environment and to operational 

costs, the search for alternative and eco-friendly adsorbents has intensified in recent years. Several biomass and 

biopolymer-based adsorbents reported in the literature include fruit peels (orange, hazelnut, Guar gum, etc.) [2, 14-

17], Natural bentonite [18, 19], polysaccharides based polymers (chitosan, alginate, etc.) [20-22] have been studied for 

the removal of heavy metals. Yet, these materials usually have low adsorption capacities in the received forms and 

improving their performance by chemical modification is necessary [23-25]. Cellulose is the most abundant linear 

polysaccharide biopolymer with lon -D- -1,4 glycosidic 

linkages [26], it is well used in many applications as a building material, mainly in the form of wood and textile fibers 

or in the form of paper, but also used as a derivative in many industrial areas and domestic life [27]. Although 

cellulose is a linear polymer contains two types of hydroxyl groups, primary hydroxyl (-CH2OH) at C-6 and secondary 

hydroxyl groups (-OH) at C-3 and C-4, which are less reactive than the primary hydroxyl. The insolubility in most 

common solvents remains to be the challenges in processing cellulose for effective utilization. Nevertheless, cellulose 

can be directly modified through the reaction of functional groups with hydroxyl groups on the cellulose surface and 

several works based on cellulose chemical modifications have been carried out to enable the adsorption of organic, 

inorganic, and heavy metal pollutants from aqueous solutions [27-31]. Hydroxyethyl cellulose (HEC) is a 

commercially important cellulose ether derivative used extensively in chemical industry and common life as a 

stabilizer [32], emulsifier [33], pharmaceutical, cosmetic and thickener or coating [34, 35], which have been 

developed basically to overcome the limitations of cellulose solubility and proprieties, it can be prepared by the 

etherification reaction of cellulose with chlorohydrin in NaOH/Urea aqueous solution [36]. However, HEC was 

selected among the cellulosic derivatives for its better solubility in conventional solvents and its homogeneous 

chemical modification giving a number of additional advantages, including ease of preparation and production of 

highly substituted derivatives, selectivity and homogeneity in the substitution pattern. In this study, modified 

hydroxyethyl cellulose was synthesized by incorporation of EDTA groups into the polysaccharide chain through a 

crosslinking reaction. Ethylenediaminetetraacetic acid dianhydride (EDTAD) is an active agent presenting two 
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anhydride groups easily reacting with hydroxyl groups of HEC. The new crosslinked material (HECD) was analyzed 

by FTIR-ATR, SEM, RMN 
13

C solid-state and thermogravimetry analysis (TG and DTG). Present work aimed at 

metal ions uptake under optimum conditions using HECD material and the experimental data were fitted to kinetic, 

isotherms and thermodynamic modelling in order to examine the mechanism of adsorption. This investigation also 

dealt with selectivity studies and reproducible performance of regenerated material. In our knowledge, this new 

adsorbent has never been discussed in the literature either on the synthesis side or on the application side, where 

HECD constitute a new candidate promising to be an acceptable adsorbent at the industrial level, especially with its 

characteristics responding to environmental criteria and its high efficiency with short contact times. 

 

2. Material and Methods 

2.1. Material 

Hydroxyethyl cellulose (HEC, DS = 1.5) powder was purchased from HIMEDIA Company, pyridine and acetic 

anhydride, were obtained from Sigma Aldrich.  Triethylamine (TEA), 4-diméthylaminopyridine (DMAP) and 

dimethylformamide (DMF) were purchased from Sigma-Aldrich Company, ethanol and KOH were obtained from 

Merck. All other chemicals were used without further purification and were of analytical grade. The stock solution of 

metals was prepared with deionized water, and HCl (0.1N) and NaOH (0.1N) aqueous solutions were used for pH 

adjustment. 

 

2.2. Methods 

The chemical structure was evaluated using the vibration spectroscopy technique (FTIR-ATR), the spectra were 

performed on Shimadzu FTIR-8400S FTIR spectrometer using the KBr pellets of finely ground with 2% of the sample 

at a resolution of 2 cm-1 from 4000 to 400 cm-1 and an average of 40 scans were taken for each sample. Solid-state 

CP/MAS 13C NMR spectrum was attained at ambient temperature (100 MHz, NS 5000, acquisition time 0.032 s, 

delay time 2 s, proton 90°, pulse time 4.85 μs) using Bruker DRX-400 machine. The number of scans was typically 

1800.The crystallinity of each sample was studied by X-ray diffraction technique and the patterns were recorded on an 

X-ray Diffractometer EQUINOX 2000 using copper radiation CuKα (λ= 1.5418 A°), at an accelerating voltage of 40 

kV and an operating current of 30 mA in the range of 2θ (05°-60°), 0.25 g of each sample was pressed under 50 MPa 

to form the pellets of an average of 25 mm in diameter. SEM images were obtained on a FEI-Quanta 200. The thermal 

stability and the mass loss determinations were performed under air in a platinum crucible on a Shimadzu DTG-60 

simultaneous DTA-TG apparatus at a heating rate of 10 °C min-1 under nitrogen at a flow rate of 50 mL/min. All 

metal ion concentrations were determined by atomic absorption measurements were performed by Spectra Varian 

A.A. 400 spectrophotometer. 

 

2.3. Synthesis of EDTA dianhydride (EDTAD) 

Ethylenediaminetetraacetic acid (15g) was suspended in anhydrous pyridine (27 mL) under strong stirring, and then 

acetic anhydride (21 mL) was added drop-wise into the mixture. The reaction was maintained at 65 °C under stirring 

for 22 h. A solid phase (EDTAD) obtained was filtered, washed with acetic anhydride and diethyl ether and stored in a 

desiccator [30]. 

 

2.4. Synthesis of crosslinked HEC (HECD) 

The preparation of crosslinked HEC was performed in a homogeneous medium using 4-Dimethylamino-

pyridine (DMAP) as esterification catalysts. 2g of Hydroxyethyl cellulose (8.77 mmol) was dissolved in DMF (40 
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mL) and was drop-wise added to the solution of EDTAD already dissolved in DMF under stirring at 70 °C (26.31 

mmol). DMAP (30 mmol) and TEA (4.38 mmol) were added to the mixture and the stirring reaction was kept for 1h at 

70 °C. The modified material (HECD) was separated by filtration, treated with saturated sodium bicarbonate solution, 

washed with deionized water, ethanol 95%, acetone and dried in an oven at 60 °C for 8h. 

 

2.5. Determination of total amount of crosslinker and grafted in the HECD 

The degree of substitution (DS), the percentage of crosslinked-EDTAD (%Cr) and that of grafted-EDTAD (%Gr) 

were determined by two different titration methods. Firstly, Ester content in the product was calculated according to 

Tanghe et al. method [37], where 200 mg of acidified HECD was weighed accurately and 30 mL of aqueous NaOH 

(0.1 N) then added, and the mixture was heated at 50 ◦C for 3 h for hydrolysis of ester linkages between EDTA and 

cellulose. The mixture was cooled to room temperature, and the NaOH consumed for ester hydrolysis was determined 

by the back-titration with HCl (0.1 N) aqueous solution using phenolphthalein as an indicator for the titration. Total 

ester linkages (E) were calculated in mmol.g
-1

. In the second titration, the tetrasodium EDTA, which was produced by 

the alkaline hydrolysis, was titrated with a standard solution of CaCl2. 0.5 g of sample was added to 20 ml of 75% 

aqueous ethanol into a 250 ml flask and heated for 30 min at 60 °C. Then 20 ml of 0.5 M NaOH solution was added 

and again heated at 60 °C for 15 min. The same procedure was also carried out for a control system (not containing 

HECD material). The mixtures were stoppered and kept at room temperature for 72 h. The solutions were filtered, 

transferred to a 100 ml volumetric flask and filled up to the mark with distilled water then 10 ml was transferred to 

Erlenmeyer’s flasks and 10 ml of ammoniacal buffer pH ~ 10 was added with Eriochrome Black as an indicator. The 

samples were then titrated with a standard solution of 0.01 M CaCl2 to the endpoint. This titration allowed to calculate 

the weight of EDTA crosslinked and grafted (mmol.g
-1

) in the polymeric network using eq.1 and eq. 2: 

 

 

 

2.6. Batch experiments 

The adsorption capacity of HECD to removal Pb(II), Cu(II), Cd(II) and Zn(II) from aqueous solutions, was studied 

using10 mg of the adsorbent in 10 mL of metal ion aqueous solution. The metal ion concentrations were varied from 

10 to 500 mg. L
-1

 and the effect of pH was studied in the range of 1 to 7. The kinetic study was carried out by varying 

contact time from 5 to 60 min and the agitation was conducted under magnetic stirring at room temperature (25 °C). 

At the equilibrium, the solid phase was separated by centrifugation and the supernatant was recovered. The residual 

metal concentration was measured by flame atomic absorption (ThermoScienific iCE3000, Type iCE3500AA System). 

The adsorption capacity was expressed by the amount of metal ions adsorbed per unit mass of modified cellulose 

(mg.g
-1

) using the following equations (eq. 3 and 4):  

 

 

Where qM and qn are the mass (mg.g
-1

) and the amount (mmol.g
-1

) of the metal ion adsorbed, respectively. C0 and Ce 

are the initial and equilibrium concentrations (mg. L
-1

), respectively. M is the weight of the adsorbent (mg), V is the 

volume of the solution (L) and Mw is the molar mass of the ion in question. 
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3. Results and discussion 

3.1. Synthesis and characterization of HECD 

3.1.1. Route synthesis 

In the present study, Modified hydroxyethyl cellulose (HECD) was synthesized by crosslinking reaction through 

esterification, DMAP was used as a catalyst. To achieve homogeneous reaction HEC was dissolved in DMF and was 

drop-wise added to EDTAD solution, DMAP was added in excess to the solution to achieve a high degree of 

crosslinking [38]. During the reaction, a decrease in viscosity of the system was observed. Fig. 1 shows the schematic 

illustration of synthesizing of novel HECD. HEC is known as a water-soluble biopolymer and its crosslinking resulted 

in a derivative insoluble in hot and cold water, DMSO, ethanol and methanol and provided the basis for its use in the 

removal of metal ions from aqueous solution. During the reaction, a decrease in viscosity of the system was observed. 

In order to eliminate unreacted EDTA and to liberate carboxylate functions, the carboxyl groups of EDTA were 

converted to sodium carboxylate groups by dispersing the product in aqueous NaHCO3. The percentages of 

crosslinked-EDTAD and grafted-EDTAD and DS were calculated, which given; DS = 1.4, %Cr = 73.85 % and Gr = 

26.15 %. 

 

 

Figure 1: The synthesis route of HECD 

 

3.1.2. FTIR-ATR spectroscopic analysis 

Following the crosslinking esterification reaction of HEC with EDTAD, Fig.2 shows the FT-IR spectra of unmodified 

HEC, EDTA and HECD. The spectrum of HEC shows a broad absorption band at 3446 cm
-1

 due to O–H stretching 

vibrations and the O–H bending located at 1458 cm
-1 

[39]. The C–H stretching and bending vibrations are designated 

by bands at 2925 cm
-1

, 2880 cm
-1

 and 1429 cm
-1 

[31]. On the other hand, The C–O–C stretching vibration is present at 

1126 cm
-1

 and the group of bands at 1057.2 and 1020 cm
-1

 can be assigned to C–O stretching vibrations. The obtained 

product (HECD) showed several new absorption bands in the FTIR spectrum. The new broad absorption band at 1746 

cm
−1

 was attributed to the C=O stretching vibration of the ester group resulting from crosslinking of EDTA. Whereas, 

ester signal of HECD was shifted towards relatively higher absorption (intense peak) as expected due to cross-linking 

by ester formation as well [40]. The absorption appearing at 1594 cm
-
1 was assigned to the C=O asymmetric 

stretching vibration of the sodium carboxylate group (COO
-
Na

+
). The typical absorption at 1405 cm

-1
 corresponding to 

the carbonyl symmetric stretching vibration confirming the formation of the sodium carboxylate groups in the 

crosslinked product [41]. It was noticed that the peak intensities of C–O–C function group were obviously increased 
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after the reaction, which confirming as well the success of the esterification reaction. The results of FTIR analysis can 

validate the success of HEC crosslinking with EDTAD and formation of carboxylate anions.  

 

Figure 2: FITR-ATR spectra of EDTAD, HECD and HEC 

 

3.1.3. 
13

C CP/MAS NMR 

CP/MAS (solid-state) 
13

C NMR spectra of unmodified HEC and HECD are shown in Fig.3. The HEC spectra showed 

its typical peaks. The carbon signals at 60 and 70.68 ppm were assigned to C6 and C6’ (substituted) respectively. The 

peaks at 102.2 and 82.3 ppm are attributed to C1 and C4, respectively. The signals in the range 72.43-77.09 ppm, 

however, show carbon of both cellulose (C2, C3 and C5) and HEC backbone (C7, C8) [42]. In the HECD spectra, the 

most significant peaks indicating successful modification and sodium salt formation, respectively, appeared at 176.16 

and 179.60 ppm. These peaks corresponded to the ester carbonyl (C9) and the carbonyl of COO
-
Na

+
 of HECD (C14), 

respectively [43]. The signal at 59.35 ppm was attributed to the CH2 of EDTA; both signals at 55.55 and 52.94 ppm 

were assigned to the CH2 groups of the ethyl group of EDTA on the functionalized HEC [40]. 

 

 

Figure 3: 
13

C NMR CP/MAS spectra of HEC and HECD 

 

3.1.4. TGA analysis and thermal stability 

The thermal stability of HEC and HECD was determined by TGA and DTA. As shown in Fig. 4a and 4b, the loss of 

weight during the TG analysis of HEC can be divided into three steps. The initial weight loss (~17% for HEC) by 

heating the materials up to 150 °C owing to the moisture elimination with decomposition temperature (Td) of 74 °C for 
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HEC [44]. The second step has Ti, Tf and Td values of 261, 325 and 299°C, respectively, with 28% wt was attributed 

to the thermal cleavage of the glucosidic units and scission of the C–O bonds [39]. The third step starts at 450 °C and 

represents the carbonization of the products to ash. Compared to TGA and DTA results of HEC, the Thermograms of 

HECD show an increase in the decomposition temperature. While the modified HEC showed three-step continuous 

thermal decomposition, and the weight-loss rate was obviously slowed. The weight losses of about 7wt% (Td = 92 °C) 

correspond to the removal of the absorbed and bonded water. The weight loss of about 49 wt% (235–356 C) can be 

assigned to the dehydration of saccharide rings, the breaking of ether linkage and C-N bond present in the crosslinked 

HEC, where there is a major weight loss [45]. However, at 50% weight loss, the decomposition temperature occurs at 

310 °C for unmodified HEC and 344 °C for HECD. 

 

 

Figure 4: TGA (a) and DTA (b) spectra of HEC, EDTAD and HECD 

 

3.1.5 Scanning electron microscopy (SEM) 

 

 
d c 

b a 

 

Figure 5: SEM images of HEC (a, b) and HECD (c, d) 

 

The surface morphologies of HEC and HECD materials were recorded in Fig.5 using the electron microscopic 

observation. Fig.5a and b represent SEM micrographs of the initial HEC powder, showing a relatively entangled fibers 

and bundles with a smooth surface [46]. Fig.5c and d deal with SEM micrographs of HECD, the fibrous structure of 
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the material was partially destroyed and a fine powder was produced resulting in the formation of more surface 

interaction with the metal particles and more grain coalescence. Evidently, this situation will be helpful to pollutants 

absorbed. As well the modified cellulose seems to be more crystalline and its surface is more irregular and rougher 

than that of HEC. These results demonstrate that the hydroxyl groups located at the surface of HEC reacted with 

EDTA anhydride, leading to the slight destruction of the aggregates. 

 

3.1.6. X-ray diffraction (XRD) 

The X-ray diffraction patterns of HEC and HECD are shown in Fig. 6.The diffraction peak of the original HEC 

appears at 2θ = 21,47°, which is as assimilated to a cellulose backbone with amorphous characteristic [46, 47]. 

Compared with HEC, the XRD analysis of HECD shows the superposition of intensive and diffuse peaks, indicating 

an increasing crystallization phase and degree of crystallinity. This confirms that chemical reactions have proceeded, 

which resulted in a change of aggregate state. 

 

 

Figure 6: X-ray diffraction patterns of HEC and HECD 

 

3.5. Adsorption capacity of HECD for metal ions 

3.5.1 Effect of pH, contact time and kinetic modeling 

The removal of metal ions from aqueous solutions using carboxylate functions depends strongly on the pH, It is well 

known that pH influences significantly the adsorption process by affecting the protonation of the surface groups where 

the pH desired was determined according to the total saponification of the carboxylic form to the carboxylate one[31]. 

To achieve the maximum extraction capacity of heavy metals by the adsorbents, knowledge of an optimum pH is 

important. The pH range selected to study the effect of pH on sorption was 2.0-7.0 at T = 25°C, contact time = 30 min 

and optimum concentration of each metal ions and results of the effect of pH on the adsorption of Pb(II), Cu(II), 

Cd(II) and Zn(II) by the modified cellulose is presented in Fig.7a. The results reveal that at low pH values (pH <3), 

the adsorption efficiency was lowest due to the competition for adsorption sites between the metal ions and H
+
 ions. 

As well, the carboxylate functions of material (COO
-
) must be almost entirely in its protonated form (COOH), in 

which the predominance of carboxylic form, that cause its decrease in the number of negatively charged sites, which 

in turn does not favour the adsorption of positively charged metal ions [48]. Beyond pH 3, the concentration of 

protons decreased and the adsorbent surface charge became negative when electrostatic attraction increased between 

the metal ions and the adsorbent. The maximum adsorption of metals occurred at pH range from 5 to 7. At pH>7 the 

metal ions hydrolyze in the form of hydroxides of M(OH)
+
 and M(OH)2. Then the optimum pH to have maximum 

adsorption in the case of HECD for each metal ion is between 5 and 6. The kinetic effect (contact time) on the removal 

of Pb(II), Cu (II), Cd (II) and Zn (II) by HECD was examined at a range time from 5 to 60 min at a pH of 6.0.The 
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effect of contact time on the adsorption of aqueous metal ions by HECD is shown in Fig.7b. However, during short 

contact times, the adsorption rate was very fast for all metal ions and the plateau was reached after about 20 min, 

where the fast extraction rate indicates that the adsorbent is highly suitable for the metal ions from aqueous solutions 

and HECD has active electron-rich atoms constituting numerous active exchange sites favouring electrostatic 

interactions with cationic species. The observed variation in adsorption capacity is probably due to the size of the 

metals, the degree of hydration, the forms of the hydroxides formed and the constant of their complexes band with the 

material. The pseudo-first-order and the pseudo-second-order kinetic adsorption model have been commonly used to 

study the kinetic behavior of adsorption processes. Since the linear equations for pseudo-first and pseudo-second 

kinetic orders are as follows (eq.5 and eq.6): 

        (eq. 5) Pseudo-first order 

             (eq. 6)    Pseudo-second-order 

Where qe and qt are the amounts of metal ions adsorbed (mg.g
-1

) at equilibrium and at time t, respectively, k1 is the rate 

constant of the first-order adsorption in min
-1

 and k2 (g. mg
-1

 min
-1

) is the pseudo-second-order adsorption rate 

constant. 

 

 

Figure 7: The adsorption of Pb (II), Cu (II), Cd (II) and Zn (II) metal ions on HECD at 25 °C (a) Effect of pH 

(optimum concentration, t = 30 min), (b) Effect of contact time (optimum concentration and pH=6), (c) pseudo-first-

order kinetic (d) Pseudo-second order kinetic. 

 

Model Parameters Pb(II) Cu(II) Cd(II) Zn(II) 

Experimental qe(exp) (mg.g
-1

) 405.37 265.47 203.36 108.36 

qe(exp) (mmol.g
-1

) 001.96 004.18 001.81 001.66 

Pseudo-1
er
Ordre qe (mg.g

-1
) 500.85 467.64 279.95 083.58 

K1 (min
-1

) 0.2194 0.2768 0.2787 0.1216 

R
2
 0.9830 0.9720 0.9740 0.9720 

Pseudo-2
eme

Ordre qe (mg/g) 416.67 277.78 212.76 126.58 

K2 (g. mg
-1

 min
-1

) 0.0007 0.0008 0.0020 0.0014 

R
2
 0.9950 0.9960 0.9950 0.9930 

Table 1: Kinetic parameters of the two models applied in metal ions adsorption 
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The results of kinetic modeling of linear pseudo-second-order model are shown in Fig.7c and d. The values of kinetic 

parameters are presented in Table 1. The values of the regression coefficient (R
2
) show that the most appropriate 

model for describing the adsorption of Pb(II), Cu(II), Cd(II) and Zn(II) on HECD is the pseudo-second-order model. 

This is in good agreement with the literature, which indicates that the adsorption of metal ions on cellulosic substrates 

obeyed a pseudo-second-order kinetic model. 

 

3.5.2. Adsorption isotherm modeling and Thermodynamic studies 

The effect of the initial Pb(II), Cu(II), Cd(II) and Zn(II) concentration on the adsorption capacity was investigated by 

varying the initial metal ion concentration between 10 and 600 (mg.L
-1

) on the modified hydroxyethyl cellulose 

(Fig.8a). The adsorption studies were accomplished at a pH of 6.0 and room temperature. Initially, the adsorption 

capacity of metal ions was faster, followed by a slow down to the equilibrium state, indicating the saturation of the 

active chelates sites. The equilibrium data isotherm analysis for heavy metal adsorption onto HECD can be 

mathematically expressed in terms of adsorption isotherm models. The objective is to evaluate the most appropriate 

correlations for equilibrium curves and then optimize the design of a sorption system. Langmuir and Freundlich 

isotherm models were used to describe the adsorption equilibrium. However, the Langmuir model proposes that the 

adsorption happens on the surface of the solid that is consists of elementary sites, each of which can receive one 

adsorbate entity. However, the model supposes that every site is equivalent, it was also assumed that the ability of the 

adsorbate to get bond is independent of the fact that the neighbouring sites are occupied or not. Freundlich isotherm 

model, also widely used, it describes the sorption of the solute from liquid onto the solid surface. It supposes that the 

strongest binding sites are occupied first after that the binding strength decreases once the degree of site occupation 

increase.  

 

 

Figure 8: Adsorption isotherms and Thermodynamic parameters, (a) Effect of the initial concentration of metal ions, 

(b) Langmuir adsorption modeling, (c) Freundlich adsorption modelling, (d) Temperature effect. 

 

Freundlich model assumes monolayer sorption and proposes a heterogeneous energetic distribution of active sites, 

and/or interactions between adsorbed entities. Langmuir and Freundlich models are given as follows, respectively: 

 (eq. 7) 

 (eq. 8) 

Equations 7 and 8 can be linearized as follows, respectively: 
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  (eq. 9) 

 (eq.10) 

Where qe is the quantity of the solute adsorbed (mg.g
-1

), Ce is the equilibrium concentration ion in the solution (mg.L
-

1
), q (mg.g

-1
) is the maximum adsorption capacity. KL (L.mg

-1
) is the Langmuir constant related to the free adsorption 

energy, KF (mg.g
-1

) is Freundlich constants related to the adsorption capacity and n is Freundlich constants to the 

adsorption intensity. 

The isotherm models’ parameters are computed from the slopes and intercepts of straight lines representing the 

interaction of HECD with different metal ions (Fig. 8b and c). These calculated values are shown in Table 2. 

 

Table 2: Langmuir and Freundlich adsorption isotherms parameters 

Metal ion 
Langmuir Freundlich 

q (mg.g
-1

) KL (L.mg
-1

) R
2
 KF (mg.g

-1
) n R

2
 

Pb(II) 434.78 0.071 0.994 36.52 1.63 0.96 

Cu(II) 294.64 0.064 0.996 20.46 1.53 0.94 

Cd(II) 233.10 0.059 0.997 15.90 1.59 0.95 

Zn(II) 129.95 0.090 0.997 14.01 1.93 0.89 

 

The comparison of correlation coefficients values (R
2
) of the linearized form of both Langmuir and Freundlich models 

shows that the Langmuir model yields a better fit for the experimental adsorption equilibrium data with R
2
 values are 

≥ 0.994, indicating a very good mathematical fit and the most suitable isotherm to describe the equilibrium data for the 

metal adsorption process of Pb (II), Cu (II), Cd (II) and Zn (II) onto the crosslinked hydroxyethyl cellulose. 

Alternatively, the influence of temperature is an important parameter influencing the adsorption process. Though, it 

was studied in the range 25- 45°C of temperature. The experiments have been achieved under the same optimum 

conditions of concentrations, pH and contact time. The thermodynamic parameters offer detailed information on 

characteristic energetic changes that are associated with adsorption. The thermodynamic parameters of adsorption 

including the free energy change G0 0 and the entropy 

0 were determined, using the equations 10, 11 and 12: 

            (eq. 11) 

    (eq. 12) 

   (eq. 13) 

Where Kc is the thermodynamic equilibrium constant, R is the general gas constant and T is the absolute temperature 

K. 0 0, were obtained from the slope and intercept of the plot of 

ln(Kc) against 1/T (Fig. 8d).The values of thermodynamic parameters are calculated and given in Table3. The results 

show that the G° values are negative at all studied temperatures, indicating the 

spontaneous nature of the adsorption process of metal ions onto the crosslinked material. The positive ∆H° value 

designates the endothermic nature of the adsorption process. Moreover, the positive ∆S° reveals the decrease in 

randomness at the solid-solution interface through the adsorption processes of metal ions onto HECD. 
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Table 3: Thermodynamic parameters of the metal ions removal process 

Metal ions  R
2
 ΔH° (kJ.mol

-1
) ΔS° (J.K

-1
.mol

-1
) T (K) ΔG° (kJ.mol

-1
) 

Pb(II) 0,995 -24.91 -69.75 

298.15 -4.110 

308.15 -3.412 

318.15 -2.714 

Cu(II) 0,995 -23.16 -66.30 

298.15 -3.394 

308.15 -2.731 

318.15 -2.068 

Cd(II) 0,996 -23.28 -68.67 

298.15 -2.802 

308.15 -2.116 

318.15 -1.429 

Zn(II) 0,994 -17.09 -51.55 

298.15 -1.717 

308.15 -1.202 

318.15 -0.686 

 

3.5.3. The metallic selectivity and Regenerability of material (HECD) 

A solution containing Pb(II), Cu(II), Cd(II) and Zn(II) was agitated with HECD to study the competitive removal of 

metal ions under optimal conditions and the results are presented in Fig.9a.HECD showed adsorption capacities of 

141.65 mg/g (0,683 mmol/g), 76.4 mg/g (1,2 mol/g), 56.31 mg/g (0,5 mmol/g) and 23.37mg/g (0,36 mmol/g) for 

Pb(II), Cu(II), Cd(II) and Zn(II), respectively. Adsorption capacity value of each metal ions in the mixture of metal 

ions was less than its value in single metal ions solution. This is due to the fact that in a single metal system there is no 

competition between different metal ions for sorption sites on the surface of the sorbent. However, the material shows 

a remarkable selectivity to Cu(II) with an extraction capacity of about 76.4 mg/g (1,2 mmol/g). Furthermore, the 

stability of the adsorbent was studied by regeneration experiments. This study of regeneration and reuse of the 

adsorbent is extremely important since it has a direct influence on the economic feasibility of the adsorbent material. 

In this context, the sorption-desorption studies of the metal ions were carried out over five successive cycles. The 

sample was easily regenerated by soaking the sample in 2N HCl for 15 minutes. Fig. 9b shows that total decrease in 

term of percentage uptake was 31.5, 37.8, 29.4 and 40.6% for Pb(II),Cu(II), Cd(II) and Zn(II), respectively after five 

cycles. During the regeneration, the adsorption efficiency was radically affected by the regeneration process in acidic 

medium. These results show a high stability and a good recyclability of adsorbents suggesting the repeated use of 

sorbent before need to be replaced. 

 

 

Figure 9: Adsorption selectivity of HECD (a) and Regenerability study using nitric acid medium (b) 
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4.Conclusion 

Through a quick, efficient, and inexpensive methodology, we carried out the homogeneous esterification crosslinking 

of HEC by EDTA dianhydride. In addition, crosslinking and grafting of HEC was occurred by the formation of diester 

and monoester linkages. This produced material was found to be an efficient adsorbent in simulated decontamination 

solutions and showed good adsorption properties. This study showed that HECD is an effective adsorbent for removal 

of heavy metal ions from aqueous solutions with adsorption capacities values of 405.37, 265.47, 203.36 and 108.36 

mg/g for Pb (II), Cu (II), Cd (II) and Zn (II), respectively. The molar adsorption capacity values shown the following 

adsorption order, Cu(II) > Pb(II) > Cd(II) > Zn(II), whose maximum adsorption capacities were found to be 1.96, 

4.18, 1.81 and 1.66 mmol/g. This work also shows that the adsorption absorption is best described by the Langmuir 

isotherm model, the nature of the adsorption process was exothermic and spontaneous, and finally that the adsorption 

kinetics were represented by a pseudo-second-order model. The adsorption results suggest that this modified 

hydroxyethyl cellulose could be utilized for the removal of divalent cations from an aqueous solution contaminated 

with heavy metals. 
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