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REZUMAT. Prezenţa ionilor metalelor grele în mediu constituie o preocupare majoră datorită toxicităţii lor pentru multe forme de 
viaţă. Tratarea apelor reziduale conţinând ioni de metale grele necesită concentrarea metalelor într-un volum mai mic urmată de 
recuperarea sau depozitarea acestora în condiţii sigure. Ionii metalelor grele pot fi îndepărtaţi din apă prin adsorbţie pe suporturi 
solide. Una dintre cele mai importante proprietăţi ale materialelor impregnate este procesarea uşoară a acestora ceea ce permite 
utilizarea lor ȋn numeroase aplicaţii. Răşinile Amberlite XAD2, Amberlite XAD4, Amberlite XAD7, Amberlite XAD8 and Amberlite IRC 
718 sunt cele mai utilizate ca şi suport. Metoda de impregnare (SIR- Solvent-impregnated resins) a fost postulată ca o alternativă 
eficientă pentru separarea şi recuperarea diferitelor specii din soluţii diluate. Utilizarea polimerilor organici macro-poroşi cu 
suprafaţă mare şi stabilitate mecanică bună oferă multe avantaje.  Conceptul SIR este bine dezvoltat şi ocupă un loc important în 
extracţia cromatografică ca aplicaţie analitică şi poate fi aplicat la scară industrială. 
 
Cuvinte cheie: răşini, adsorbţie, metale, grupări organofosforice. 
 
ABSTRACT. The presence of  heavy metal ions in environment is a major concern because of their toxicity to many life forms. 
Wastewater treatment containing heavy metal ions requires metal concentration  in a smaller volume followed by recovery or safe 
storage. Heavy metal ions can be removal from water by adsorption on solid support. The impregnation of polymer matrices with 
common chelating ligands is an easy way to design chelating collectors. Amberlite XAD2, Amberlite XAD4, Amberlite XAD7, 
Amberlite XAD8 and Amberlite IRC 718 have been used as a support for such preparations. Solvent-impregnated resins (SIR) have 
been postulated as an effective alternative for the separation and recovery of species from dilute solution. The use of macro-porous 
organic polymers, with a high surface area and good mechanical stability and flow characteristics, containing selective extraction 
reagents offers many advantages. The concept of the SIR is now well developed and has a strong place in extraction 
chromatography at analytical application scale  and is of potential application at industrial scale.  
 
Key words: resins, adsorption, metals, organophosphorus groups . 
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1. INTRODUCTION 

 
Industrial waste streams contaminated with heavy 

metal ions are frequently encountered in practice. Such 
streams often containing solutions of metal ions such as 
copper, nickel, zinc, cobalt, chromium, lead, mercury 
and aluminium may be produced as effluents from 
various industrial processes. Conventional chemical 
treatment methods including precipitation, solvent ext-
raction, ion exchange, adsorption, electrochemical 
recovery, membrane separation and other techniques 
are frequently used for their removal from environ-
mental matrices. These techniques may be ineffective 
or uneconomical because of several technical and 
environmental constraints. The recovery of metal ions 
from dilute solutions using solvent impregnated resins 
(SIR) has been proposed as a technological alternative 
to solvent extraction techniques [1]. It has been shown 
that macroporous polymeric resins containing an 
extractant within their lattice provide the best use of the 
advantages of both solvent extraction and ion exchange 
[2]. The impregnated resins SIR studied were prepared 
using metal extractants generally known in solvent 
extraction and impregnated on different supports. The 
combination of appropriate extractant and adsorbent 
allows the preparation of effective and selective 
reactive stationary supports for many applications, 
since the stability of impregnated resins caused by the 
leakage of the extractant from the polymeric structure 
and which is one of their weakness depends prin-
cipally on the type of support used and the nature of 
the organic reagent retained. Generally, these supports 
are macroporous organic polymers with a high surface 
area and good mechanical stability. Of these support, 
the Amberlite resins XAD are among the most suitable 
[1]. Several methods were proposed for their stabili-
sation [3-7]. Before the solvent impregnated resins 
SIR can be satisfactorily considered as an alternative 
on an industrial scale, a more complete understanding 
of their stability and sorption mechanisms is needed 
[8-12].      

The present paper investigates the adsorption of 
metal ions (Cd2+, Cr3+) using the SIR prepared by 
impregnation of Amberlite XAD4, XAD7 and XAD8 
with an organophosphorous extractant DEHPA. A 
separation method was developed for metals ions and 
was investigated the influence of contact time on the 
removal efficiency towards metal ions. 

2. EXPERIMENTAL 

2.1. Reagents 

Di(2-ethylhexyl) phosphoric acid (DEHPA) ~98.5% 
was supplied by BHD Chemicals Ltd Poole England 
and used as received. Amberlite XAD4, XAD7 and 
XAD8 resins (Rohm and Hass Co.), size 0.3–0.9 mm, 
were used as support.  The mean pore size is ~ 9 nm 
with a surface area of 450m2/g. As organic solvent was 
used ethanol from Chimopar Romania. 

Stock solutions of Cd(II) and Cr(III)  were prepared 
using Merck Standard Solutions of Cd(NO3)2 and 
Cr(NO3)3 respectively, in HNO3 0.5 mol/L. 

All other chemicals used for experiments were of 
analytical reagent grade, and were used without further 
purification. Distilled water was used in all 
experiments. 

2.2. Preparation of impregnated resins 

For the impregnation we have followed the dry 
method [13]. The extractant content of the impregnated 
resin was determined by potentiometric titration with 
NaOH solution in ethanol and by gravimetry. 

2.3. Instrumentation 

For batch experiments a mechanical shaker bath 
MTA Kutesz, Hungary was used.  

The concentration of metal ions was determined by 
means of atomic absorption spectrometry using a 
Varian SpectrAA 280 Fast Sequential Atomic 
Absorption Spectrometer with an air-acetylene flame at 
wavelengths  = 228.8nm (Cd2+) and  = 357.9nm 
(Cr3+). 

2.4. Procedure for removal of metal ions 
(Cd2+, Cr3+) from aqueous solutions 

Samples of 0.1g Amberlite XAD4, XAD7 and 
XAD8 DEHPA impregnated resins were mixed at room 
temperature (27°C) with 25 mL single metal solution 
containing 10 mg/L Men+ (where Men+ = Cd2+, Cr3+) at 
several shake times (15, 30, 45, 60, 90 and 120 min).  

The suspensions were filtered and the concentration 
of metal ions in the filtrate was determined by means of 
atomic absorption spectrometry. 
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The metals removal efficiency was calculated using 
the equation: 

 
( )

η 100o t
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  [%] (1) 

where Co and Ct are the initial and equilibrium metals 
concentrations in the solution at 0 and t moments 
(mg/L). 

3. RESULTS AND DISCUSSION 

3.1. Influence of contact time on the 
efficiency of cadmium ions removal  

Experimental data regarding the influence of contact 
time on the efficiency of removal of cadmium ions on 
the XAD4, XAD7 and XAD8 DEHPA impregnated 
resins are shown in Figure 1. 
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Fig. 1. Influence of contact time on the efficiency of cadmium ions 
removal on the XAD4, XAD7 and XAD8 DEHPA impregnated 

resins. 
 

One may notice that the efficiency of removal of 
cadmium on XAD4, XAD7 and XAD8 DEHPA im-
pregnated resins increases with the increase of contact 
time, reaching values higher than 40% for XAD7. For 
studied of XAD4 and XAD8 the efficiency of cadmium 
removal is lower less than (<10%). The maximum 
efficiency of cadmium ions removal was reached after 
60 minutes.  

3.2. Influence of contact time on the 
efficiency of chromium ions removal  

Experimental data regarding the influence of contact 
time on the efficiency of chromium ions removal on the 
XAD4, XAD7 and XAD8 DEHPA impregnated resins 
are presented in Figure 2. 
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Figure 2. Influence of contact time on the efficiency 
of chromium ions removal on the XAD4, XAD7 and XAD8 

DEHPA impregnated resins 
 

One may notice that the efficiency of removal of 
cadmium on XAD4, XAD7 and XAD8 DEHPA im-
pregnated resins increases with the increase of 
contact time, reaching values higher than 80% for 
XAD4 and XAD8 resins. For XAD7 the efficiency of 
removal chromium is lower (~70%). The maximum 
efficiency of removal of chromium ions was reached 
after 60 minutes.  

XAD4, XAD7 and XAD8 impregnated resins with 
phosphate groups show higher affinity for metal ions 
with larger radius [14, 15]. Thus, for trivalent ions 
(Cr3+) the affinity is higher than for those divalent 
(Cd2+).  

4. CONCLUSIONS 

Amberlite XAD4, XAD7 and XAD8 resins were 
impregnated with di-(2-ethylhexyl)-phosphoric acid 
(DEHPA) by dry method. 

To study the possibility of using impregnated resins 
to remove metal ions from solutions the influence of 
contact time on the efficiency of Cd2+ and Cr 3+removal. 

One may notice that the efficiency of removal of 
cadmium on XAD4, XAD7 and XAD8 DEHPA 
impregnated resins with phosphate groups increases 
with the increase of contact time, reaching values 
> 40% for XAD7. For studied of XAD4 and XAD8 
the efficiency of removal cadmium is lower (<10%).  

 The efficiency of removal of cadmium on XAD4, 
XAD7 and XAD8 DEHPA impregnated resins 
increases with the increase of contact time, reaching 
values higher than 80% for XAD4 and XAD8 resins. 
For XAD7 the efficiency of removal of chromium is 
lower (~70%).  

The maximum efficiency of removal cadmium and 
chromium ion was reached after 60 minutes.  
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