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ABSTRACT

The presence of heavy metal ions in environment is a major concern because of their toxicity 
to many life forms. Heavy metal ions can be removal from water by adsorption on solid 
support.
In the present work, we tested the adsorption of metal ions on solvent impregnated resin (SIR). 
Di-(2-ethylhexyl)-phosphoric acid (D2EHPA) has been chosen as an extractant for the 
purpose of this study. The interaction between XAD4 resin and D2EHPA was evaluated by 
physico-chemical methods of analysis (EDX and SEM). The experimental studies on 
adsorption of metal ions were carried out on Pb2+, Cu2+, Cd2+, Cr3+, Ni , Fe3+, Zn2+ and Ca2+. 
A separation method was developed for metals ions and was investigated the influence of 
contact time on the residual concentration of metal ions, on their removal efficiency and on 
the adsorption capacity of resin towards metal ions.
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INTRODUCTION

Heavy metal pollution of industrial wastewaters represents a major problem for the 
environment, since heavy metal ions are nonbiodegradable, and tend to accumulate in the 
food chain, which causes varieties of serious health problems. They have remarkably high 
toxicity; some of them even have been confirmed to be carcinogenic [1-6].
Adsorption is generally preferred for the removal of heavy metal ions due to its high 
efficiency, easy handling, availability of different adsorbents and cost effectiveness [1-3, 5], 
Many studies are dealing with adsorption and separation of metal with SIR [7]. Amberlite 
XAD have attractive features are easy regeneration for multiple sorptions-desorption cycles, 
good mechanical stability and reproducible sorption characteristics.
The present paper investigates the adsorption of metal ions (Pb2+, Cu2+, Cd2+, Cr3+, Ni2+, Fe3+, 
Zn2+ and Ca2+) using the SIR prepared by impregnation of Amberlite XAD4 with an 
organophosphorous extractant D2EHPA. A separation method was developed for metals ions 
and was investigated the influence of contact time on the residual concentration of metal ions, 
on their removal efficiency and on the adsorption capacity of resin towards metal ions.

MATERIALS and METODS

The Amberlite XAD4 resin (supplied by Rohm and Hass Co.) was impregnated with 
D2EHPA trough dry method. The D2EHPA ~ 98.5% used as extractant, was supplied by
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BHD Chemicals Ltd Poole England and used as received. Impregnated XAD4 resin was 
obtained after method previous described [8]. One gram of fresh XAD4 has been placed for 
24 h in ethanol (Chimopar Romania) containing 0.1 g/ml extractant (D2EHPA). The 
polymeric beads have been separated through a porous filter using a vacuum pump, washed 
with water and dried at 50°C for 24 h.
Adsorption on the XAD4 support macro and interaction between the extractant and support 
has been emphasized by EDX and SEM analysis using a scanning electron microscopy (SEM) 
coupled with energy dispersive X-ray analysis (EDX) using an Inspect S scanning electron 
microscope.
To study the effect of contact time on adsorption of metal ions for experiments was used 
samples of O.lg Amberlite XAD4-D2EHPA impregnated resin were mixed at room 
temperature (27 °C) with 25 mL single metal solution containing 10 mg/L Me+ (where Me+ = 
Pb2+, Cu2+, Cd2+, Cr3+, Ni2+, Fe3+, Zn2+ and Ca2+) at several shake times (15, 30, 45, 60, 90 
and 120min). Adsorption of metal ions on impregnated resin was studied in single component 
solutions and in solutions containing all cations (in this solution the concentration of each 
cation was of 10 mg/L). For batch experiments a mechanical shaker bath MTA Kutesz, 
Hungary was used.
The suspensions were filtered and the concentration of metal ions in the filtrate was 
determined by means of atomic absorption spectrometry using a Varían SpectrAA 280 Fast 
Sequential Atomic Absorption Spectrometer with an air-acetylene flame at wavelengths 
X=2\l nm (Pb2+), X =324.8 nm (Cu2+), L=228.8 nm (Cd2+), X=357.9 nm (Cr3+), X=232 nm 
(Ni2+), X=248.3 nm (Fe3+), A.=213.9 nm (Zn2+) and X=422.7 nm (Ca2+). All other chemicals 
used for experiments were of analytical reagent grade, and were used without further 
purification. Distilled water was used in all experiments.

RESULTS

1. Evaluation of the impregnation process
Adsorption on the XAD4 support macro and interaction between the extractant and support 
has been emphasized by EDX and SEM analysis. The appearance and morphology of the 
external protective barrier was examined by scanning electron microscopy. The internal 
structure of the polymeric adsorbent (Amberlite XAD4) before and after the impregnation is 
shown in Figure 1. The EDX spectrum of Amberlite XAD4 after impregnation is presented in 
Figure 2. One may notice the presence of the characteristic peak of phosphorus. This also 
proves the adsorption of D2EHPA on the XAD4 support. 2

Figure 1. SEM images of XAD4 (a) before impregnation Figure 2. EDX spectrum of 
and (b) after impregnation with D2EHPA XAD4-D2EHPA

We may notice the presence of the characteristic peak of phosphorus and phosphorus content 
is 1.02%.

2. Retention of metal ions on XAD4-D2EHPA impregnated resin



2.1. Retention of metal ions from single component solutions
Experimental data regarding the influence of contact time on the adsorption capacity 

and on the efficiency of removal of metal ions on the XAD4-D2EHPA impregnated resin are 
shown in Figure 3.

(a) (b)
Figure 3. Influence of contact time on the metal ions adsorption capacity (a) and on the 

efficiency of removal of metal ions (b) from single component solutions

The experimental data show the increase of the adsorption capacity and the efficiency of 
removal of metal ions as the contact time increases. Adsorption equilibrium and the efficiency 
of removal of metallic ions are reached after 60 minutes for all metal ions. The impregnated 
XAD4 resin with phosphate groups shows higher affinity for trivalent ion (Cr3+) and for 
divalent ion (Zn2+). One may notice that the efficiency of removal of metallic ions on XAD4- 
D2EHPA impregnated resin, reaching values -95% for Cr3+ and -50% for Zn2+ For other 
metal ions studied the efficiency of removal is lower (<18%).

2.2. Retention of metal ions from mixed cation solutions
Experimental data regarding the influence of contact time on the adsorption capacity and on 
the efficiency of removal of metal ions from solutions containing a mixture of cations on 
XAD4- D2EHPA impregnated resin is shown in Figure 4.

(a) (b)
Figure 4. Influence of contact time on the metal ions adsorption capacity (a) and on the 

efficiency of removal of metal ions (b) from mixed cation solutions

The experimental data show the increase of the adsorption capacity and of the efficiency of 
removal of metal ions as the contact time increases. Adsorption equilibrium and the efficiency 
of removal of metallic ions are reached after 60 minutes for all metal ions. One may notice 
that the resin retains selectively for Cr3+ from the cationic mixture. Chromium is not affected 
by the presence of the other cations in solution; a -  95% removal efficiency was reached, as 
for the solution containing only Cr3+. For other metal ions from the mixture was observed 
that retention efficiencies are <7%, somehow lower than the values reached for single 
component solutions.

CONCLUSIONS



Amberlite XAD4 resin was impregnated with D2EHPA by dry method. The impregnation 
was evaluated by SEM and EDX analysis. These techniques proved the adsorption of 
D2EHPA on the XAD4 support. To study the possibility of using impregnated resin as 
adsorbent material in view to remove metal ions (Pb2+, Cu2+, Cd2+, Cr3+, Ni2+, Fe3+, Zn2+ and 
Ca2+) from solutions, solutions containing only one of the cations and solutions containing a 
mixture of all cations were used. In this aim, the influence of the contact time on the 
efficiency of retention and on the adsorption capacity of the resin was studied. The adsorption 
capacity and metal ions removal efficiency increased with the increase of contact time. 
Adsorption equilibrium and the efficiency of removal of metallic ions are reached after 60 
minutes for all metal ions. It was observed that resin impregnated with phosphate groups 
shows affinity for trivalent ion (Cr3+) and for divalent ion (Zn2+) in solution with single 
component.
At the same time, the adsorption process occurred with the best results when single 
component solutions were used. When mixed cation solutions were used, the efficiency of 
adsorption is somehow lower, due to competition between metal ions present in the solutions. 
Chromium was not affected by the presence of the other cations in solution; 
a ~ 95% removal efficiency was reached in both situations.
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