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Abstract

The paper present the studies regarding the siranibns removal from aqueous solution
through adsorption onto a functionalyzed polymepnegnated with a ionic liquid. As a a
solid support styrene-1%divinylbenzene grafted witiosphonium groups was used and this
was impregnated with 1-ethyl-3-methylimidazoliumaide ionic liquid. The impregnation
of the studied ionic liquid onto the studied polynsolid support was realised through
ultrasonication. The SEM, and energy dispersive Eipylied to the obtained adsorbents
proved the fact that the polymer solid support wagregnated with the studied ionic liquids
and also put in evidence the morphology changeshefsolid support produced by its
impregnation with these ionic liquids. The styre¥%- divinylbenzene functionalised with
phosphonium gropus and impregnated with 1-ethyle3hylimidazolium chloride developed
a maximum adsorption capacity in the removal pre@ésSf* ions from aqueous solution of
1.28 mg St'/g of adsorbent. The equilibrium between the adsurbnd adsorbate is achieved
in 60 minutes.

Introduction

The waste aqueous solution contaning radionuclitey affect human health and the
environment, therefore thei treatment received idenable attention worldwilde. It was
noted that the solvent extraction process is viigient in the recovery of radionuclides from
agueous solutions as alternative to conventionatl usethods. [1-4] The volatile organic
compunds were substitute by the ionic liquids (tlsg to their environmental benefits, such
as: non-inflamable and non-volatile, good selettjvsensitivity and reproductability for
metal extraction. [5-7] However, some disadvantagdss were found in some liquid-liquid
extractions, such as: the use of high concentratainonic liquids, decomposition of ionic
liquids in water which results in the loss of iohguids, high viscosity leading to dissolution
and unfavorable diffusion difficulties of separatiand recovery and low interface area.
Therefore the immobilization of the ionic liquidtoran appropriate solid support is a solution
to prevent these disadvantages. The use of iogiddiimpregnated solid support in the
removal of radionuclides from aqueous solutionss@nés a link between the benefits of
solvent extraction and solid supports so this apfibn increase selectivity, achieving a high
degree of adsorbent-adsorbed interaction and mazhatability to the solid support. [8-12]
The most relevant criteria for the selection of #udid support are surface properties and
porosity. Many researchers use macroporous orgatigners as solid support due to their
high specific surface area and mechanical stapdititable for removing toxic elements from
dilute solutions due to their high kinetics, easeegeneration and high adsorption capacity.
[13]. The paper present the studies regarding thentsum ions removal from aqueous
solution through adsorption onto a functionalyzedymer impregnated with a ionic liquid.
As a a solid support styrene-1%divinylbenzene gdafvith phosphonium groups was used
and this was impregnated with 1-ethyl-3-methylinzidleum chloride ionic liquid.
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Experimental

Obtaining of ionic liquid impregnated polymer

In a 100 mL Erlenmeyer glass were added 5 g okesgal%divinylbenzene grafted with

phosphonium groups and 0.5 g of 1-ethyl-3-methylamblium chloride ionic liquid dissoled

in 25 mL of ethanol. The impregnation was done hgasound at 30 °C and at 30 minutes
working time. The samples obtained were separagefilttation, washed with ethanol and

then dried in an oven at 50 °C for 24 hours. Théase morphology of the impregnated
material was studied by scanning electron microgd®&EM) using a a Quanta FEG 250
microscope equipped with a EDAX ZAF detector.

Sr?* adsorption onto the ionic liquid impregnated polyner

In order to determine the adsorption capacity efitmic liquid impregnated polymer this was
used as adsorbent materials in the removal pragfeS€* ions from aqueous solutions. The
Sr** adsorption was achieved by stirring, and for taemles shaking was used a MTA
Kutesz shacker with a constant speed of stirringurder to determine the adsorption capacity
of the studied material this was treated with sohg containing different concentrations of
S (5, 15, 20, 25 and 30 mg / L). 1 g of the ioniguld impregnated polymer was treated
with 25 ml of Sf* solution. The samples were stirred for 1 hour after stirring was filtered
and the concentration of Brwas determined by atomic emission spectrometrggusin
atomic absorption spectrometer Varian 280 SpecttA air/acetylene flame.

The adsorption capacity of the ionic liquid impratgd polymer was determined using the
following equation:

C,-C.)IV
qe o ( 0 e)

m
where: G and G are the concentrations of’Sions (mg/L) in the initial solution (t=0) and at
equilibrium, V is the volume of the solution (L)é&m is the mass of adsorbent (g).

It was also determined the dependence of the aiorgapacity of the ionic liquid
impregnated polymer a function of stirring time.rRbis purpose 0.1g of the studied
adsorbent was treated with 25 mL of*Ssolution having a concentration of 5 mg/L for
different periods of time (range: from 15 to 24(hates).

Results and discussion

Characterization of the ionic liquid impregnated pdymer

The morphological structure of the studied adsdrlmm be seen from the SEM image
presented in Figure 1 a). The EDX spectra is showiigure 1 b). By SEM and EDX were
laid out the presence of the phosphonium and inoidlam groups and the chloride ions on
polymeric support. This analyze put in evidence fdet that the studied polymeric support
was impregnated with the studied ionic liquid (hy&{3-methylimidazolium chloride).
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Figure 1. SEM image and EDX spectrum of the styrene-1%diberyzene grafted with
phosphonium groups and impregnated with 1-ethyleBaylimidazolium chloride

Effect of Sr** initial concentration on the adsorption process diciency

The equilibriu isotherm of Stadsorption onto the studied material is presemdifjire 2. It
can be observed that by increasing the initial eatration of the $f ions increase the
amount of radionuclide adsorbed by 1 g of adsorheritl it is achieved the equilibrium. The
maximum adsorption capacity developed by the seaEYdivinylbenzene grafted with
phosphonium groups and impregnated with 1-ethyle3hylimidazolium chloride developed
in the removal process of Zions from aqueous solution is 1.28 m§*&y of adsorbent.
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Figure 2.sotherm of ST* adsorption Figure 3. Effect of contact time on the adsorption
onto studied adsorbent capacity of the studied adsorbent

Effect of stirring time on the adsorption process #iciency

The experimental data regarding the dependencleofitisorption capacity of the studied
adsorbent function of the stirring time are presdnin figure 3. It can be notice that the
stirring time increasing lead to the increase o Hdsorption capacity, untill it reach a
constant value. The equilibrium between the adsdrlaed adsorbate is achieved in 60
minutes.

Conclusion

In the present work was studied the removal of $ons from aqueous solutions by

adsorption onto styrene-1% divinylbenzene functised with phosphonium gropus and

impregnated with 1-ethyl-3-methylimidazolium chidgi The impregnation of the studied

ionic liquid onto the studied polymer solid suppess realised through ultrasonication which
proved to be an efficient method because is na@ tonsuming, combine the advantages of
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the ionic liquids with those of the solid suppastused a smaller amount of the ionic liquid
and there is no risk of loss of the extractantha aqueous phase. The SEM, and energy
dispersive EDX applied to the obtained adsorbentsqul the fact that the polymer solid
support was impregnated with the studied ionic ilguand also put in evidence the
morphology changes of the solid support producedit®yimpregnation with these ionic
liquids. From the experimental data it has beemdothat the adsorption capacity of the
studied material increase with the increasing efittitial concentration of $tions and with
stirring time increasing. The styrene-1% divinylbene functionalised with phosphonium
gropus and impregnated with 1-ethyl-3-methylimidazo chloride developed a maximum
adsorption capacity in the removal process of* Sons from aqueous solution of
1.28 mg St'/g of adsorbent. The equilibrium between the adsurbnd adsorbate is achieved
in 60 minutes.
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