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Abstract

A paper reports study of sorption and desorption behavior of Cd+2, Pb+2 ions on selected chelating resin consists of
(P-DETATA). It had converted to sodium form by treated with basic solution (0.5 M, NaOH). Sorption studies of Cd+2 and
Pb+2 ions were carried out by using batch-column processing system, and total capacity (mmoles of Mn+/g dry resin) was
designed as a function of pH values, time periods and constant temperature. As well, desorption of Cd+2 and Pb+2 ions were
achieved using diverse concentrations of diluted HCl at flow rate of 1 ml/min using column method. The results obtained
indicate that the (P-DETATA) resin has higher affinity towards the metal ions under the study. This may give opportunity to
use it for removing of Cd+2 and Pb+2 ions from industrial and environmental wastes.
c⃝ 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In industries, several operations like tanning, plating and mining discharge wastewater polluted with heavy and
poisonous elements into the environment. Technological approaches with various ways were established to control
the contamination of superficial and groundwater. Different functionalized chelating polymers have potential uses
in the selective uptake ions from manufacturing discarded solutions [1–8].

For enrichment and separation of metal ions, using of chelating agent-loaded organic polymers have a great
attention. hydroxamic acid, amidoxime, iminoacetic acid [9–12], Schiff bases [13,14], thiol [15,16], thiazole
[17] and amines [18] are some particular patterns. Diverse amino resins came from glycidyl meth-acrylate with
various matrix properties have been prepared and used to the recovery some metal ions from water medium
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[19,20]. Functionalization of polysiloxanes with organic group is typically used to present many chelating ligand
groups [21–27]. It is finding that the fusion of chelating ligands onto polysiloxanes, its manner into an increasing
number of uses in fields for instance extraction of metal ions from organic and aqueous solutions [28–34], use in
chromatographic separation as stationary phases [25,33] and for the catalysis of reactions [35,36]. Sol–gel method
at ambient temperatures has been used to synthesize Porous solid polysiloxanes [27–32].

For many decades, diethylenetriamine has been used as a chelating ligand. Substitution reaction was carried out
to prepare diethylenetriamine with halogen-functionalized polysiloxanes [21,37].

In this article, selected chelating resin consist of the DETATA anchored poly-siloxane material was prepared
according to modification method by El-Ashgar et al. [38]. Sorption and desorption studies were done by using
batch and column processing system at diverse pH media, periods and constant temperature.

2. Experimental

2.1. Chemical and materials

Diethylenetriaminopropyltrimethoxysilane, Tetraethylorthosilicate, and ethyl-chloroacetate were supplied from
Aldrich. Other chemicals were supplied by across. Stock solution of divalent (II) ions was made by using the metal
(II) nitrate in D.W. The measurements of pH were monitored by using CH3COOH/CH3COONa buffer solution (pH

.4–6.0) and NH4OH/NH4Cl (pH 9–10).

.2. Preparation of DETATA anchored resin (P-DETATA)

The method described in literature was adapted to prepare the (P-DETATA) resin, the preparation was included
he following steps [38]:

i. Ethyl chloroacetate (24.51 g) was treated with stirred ethanoic solution of diethylenetriamino-
propyltrimethoxysilane (13.27 g, in 15 mL of ethanol). The reaction was refluxed for about 48 h at 90 ◦C
after that left to cool. The solvent was removed and diethylenetriaminetetraethylacetate silane agent was
obtained.

ii. Stirred ethanoic solution (0.05 mole) of product in step i in the presence of 4.95 g 0.042M HCl as catalyst
was reacted with Tetraethylorthosilicate (20.8 g, in 25 mL ethanol) then the mixture was left to stir for about
1 h at room temperature. Polymerization was carried out within 3 days according to the method of El-Ashgar
et al. [38].

.3. Conversion of anchored resin to sodium form(Na-form)

A 5.0 g of resin form was shaken in 30 ml of (0.5 M) NaOH1 for 15 h at R.T. The mixture was decanted, and
hen the resin was filtered off, and wash with D.W. It was left in air to dry and stated as (Na-form).

.4. Batch-processing system for metal sorption experiments

Batch method was using for Metal ion sorption experiments and employing the literature method [19,20]. The
otal capacity (T.C) was determined as Mn+/g dry resin. Sorption ion was qualified at diverse periods and pH. Flame
tomic absorption technique (FAAs) was used to quantify the metal ions.

.5. Column separation experiment

100 mg of the resin was packed in a small column. The solution of the ion with 5 × 10−3 M was allowed at
ates 1, 2, and 3 ml/min. A 5.0 mL of the effluent was collected every 10 min and quantified.

.6. Desorption experiment

100 mg of resin was packed on the column, which was previously buffered then loaded with the ions. After the
aximum uptake, the loaded resin was washed with D.W. Elusion was done via using HCl (0.5, 1.5 and 3M). Ten

l of the effluent was collected consequently and the concentration of the unrestricted ion was quantified.
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. Results and discussion

As it was mentioned earlier, the chelating resin with DETATA ligand functionalized on polysiloxane material
as synthesized according to the method as described by El-Ashgar et al. [38]. The proposed structure of the

unctionalized resin was illustrated in Fig. 1. The detail spectroscopic data of this structure were as in the literature
38] (see Scheme 1).

Scheme 1. Diethylenetriaminetetraacetic acid.

Fig. 1. Total capacity of metal ions under the study by resin (Na-form) versus of the time.

3.1. Sorption of metal ions using batch-processing system

A comparison between (T.C) of the sodium-forms and hydrogen-forms of the dry resin is represented in Table 1.
The differences perhaps because the higher ionic nature of the sodium-form giving -(COO–) compared with
hydrogen-form which are controlled by the pH buffer. T.C in both forms was the order (Cd2+ > Pb2+). The higher
emoval of ions by resin (Na-form) can be elucidated by the higher affinity of -(COO–). This reveals that the resin
ould be favorable in the area of wastewater treatment. Conversely, modification of DETATA ligand functionalized
n the resin may lead to improve the affinity of anchored resin in a wide spectrum of diverse ions in aqueous and
on-aqueous solutions.

Table 1. (T.C) of resin (Na-form) and resin (H-form) at pH (Cd2+ 6.5, Pb2+ 6.1).

Metal ion Total Capacity (T.C) of the anchored resin (mmol/g dry resin)

Resin (Na-form) Resin (H-form)

Cd 1.52 1.28
Pb 1.20 1.10

Fig. 1 illustrates the variation of the (T.C) versus of the time for metal ions under study at pH (Cd2+ 6.5, Pb2+

.1). The (T.C) reached to 50% within 20 min while to 90% after 40 min. Equilibrium of adsorption (T.C) was
one in 100 min for both ions under the study.



246 A.D. Saleh, M.M. Sirhan and A.S. Ismail / Energy Reports 6 (2020) 243–249

c
2
t

3.2. pH effect on the total capacity (T.C) of metal ion

Fig. 2 shows the influence of the pH medium on total capacity (T.C) of both metal ions under the study. At close
to the natural pH of the metal ion solution, the maximum values of total capacity for both metal ions (Cd2+ 6.8, Pb2+

6.2) were recorded. This may be due to that the electron pairs on N atom is unoccupied, the existence of carboxylic
group may be also given a chance for making the corresponding resin–metal complex. Decreasing of total capacity
in acidic solution belong to the protonation of electron pairs on nitrogen atom Also, the lower dissociation of the
-(COO–) [19,20]. After the natural pH, the total capacity of both metal ions is unconvinced to be assigned individual
to the interaction of the ions with the active positions on chelating polymer. Another reason may also relative to
the formation of metal hydroxide as soluble or insoluble species. Nevertheless, chelation between the functional
ligands on the solid surface and metal ions can be occurred in a diverse manner owing to static hinderance effects
and the complexity of the solid matrix [39].

Fig. 2. pH effect on total capacity for ions under the study via resin (Na-form) at 25 ◦C.

To illustrate the correlation the quantity of adsorption with equilibrium concentration for both metal ions at
ertain temperature, isotherms of adsorption are used. Fig. 4 displays the isotherms of both ions at pH constant and
5 ◦C. It indicates that the total capacity increases with the rising of concentration until the overload value after
hat there is no longer effect of the concentration on the (T.C) (see Fig. 3).

Fig. 3. Adsorption isotherms for both ions on resin (Na-form) at pH constant and 25 ◦C.

Fig. 4a and b reveal the total capacity of both ions (Cd2+ and Pb2+) by resin versus of the time at 1, 2 and 3
mL/min. It was obviously found that the required time to reach the saturation (maximum total capacity) was longer
when the flow rate had decreased. Conversely, at the same flowing time, while the flow rate increases, the total
capacity will increase. This may assign to the big volume of the influent solution fleeting through the column at the
higher rate reaching quick saturation of active positions. Briefly, using higher flow rate can be provide the saturation
at short period while lower flow rate gives well interaction between the polymer and both ions. Consequently, the
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Fig. 4. Flow rate influence at the total capacity for both ions by resin (Na-form) with preliminary concentration 5 × 10−3 M: (a) Cd2+

nd (b) pb2+.

rocess should be achieved in line with the priority. It is also evident that upper 2 mL/min flow rate is less effective
o provide substantial variations in the values of total capacity.

.3. Desorption experiment

Diverse concentrations (0.5, 1.5 and 3M of HCl) using column technique was used as eluent agent. Elution ratio
as calculated by adapting the relation below [40]:

Quantity of metal ion in eluent
Quantity of metal ion adsorbed on the resin

X 100

Generally, Fig. 5(a and b) indicate the desorption data. Using 140–150 mL of 0.5M HCl gave more than 90%
f the desorption efficiency for metal ions under the study. The eluent volume (35–60 mL of (3 M) HCl) gave
desorption efficiency 92%–100%). The generation of resin was carried out more than 5 cycles without losing its
ctivity.

. Conclusions

In summary, the prepared anchored resin (P-DETATA) exhibits high potential towards Cd2+ and Pb2+. Sodium
orm of the chelating polymer indicated the (T.C) slightly higher than the H-form. Sorption studies were achieved
t different pH values, periods and certain temperature. The total capacity (T.C) gained by the batch processing
ystem was relatively slighter than that found by the column one. Diverse concentrations (0.5, 1.5 and 3 M) of HCl
ere used as eluates and found to be the effective desorbed agents. The generation of resin more cycles without

osing its activity may be made it suitable to use in industrial and environmental fields. In addition, this may make
t possible to use as solid phase for removing the metal ions under the study from polluted water and industrial
astes.
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Fig. 5. Elution of ions from resin (Na-form) by HCl with various concentrations by column: (a) Cd2+ and (b) Pb2+.
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