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PRECONCENTRATION OF HEAVY METAL IONS ON NEW ALUMINA-BASED SORBENTS WITH FOLLOWING DETERMINATION BY X-RAY FLUORESCENCE AND DIFFUSIVE REFLECTANCE SPECTROMETRY

N.M. Srokina et.al, S.S. Kubyshev, T.I. Tichomirova, V.A. Goloviznin, T.R. Yamilov

Chemistry Department, Lomonosov Moscow State University, Moscow, Russia

tikhomirova-tatyana@yandex.ru
Alumina is widely used for sorption of organic substances because of its availability and hydrolytical stability in different solutions. But there are only a few examples of usage of modified alumina for preconcentration and separation of inorganic ions. Some possible mechanisms of modifications were proposed in the literature. Earlier silanes and derivatives of phosphonic acids were used as modifiers of alumina surface, but all the modified sorbents were not stable enough in water solutions. 

In the present work the possibility of modification of γ-alumina surface with organic ligands in the water solutions was studied systematically. Different triphenylmethane dyes, catechol derivatives and nitrosonaphthols were chosen as surface modifiers. All the chosen reagents formed stable complexes with a number of metals, including aluminum. It was established that the sorption increased with the increase of number of sulfonic groups in the modifier’s molecule. For sulfoderivatives of investigated reagents sorption increased with the decrease of pH while for reagents containing no sulfonic groups sorption was maximal in basic solutions. The mechanism of sorption was proposed. At pH lower then the isoelectric point of alumina surface (8.6) the molecules of the modifier are adsorbed due to the electrostatic interactions, but in basic solutions because of specific π-π interactions. Although all the reagents form complexes Al3+ ions in water solutions, no evidences for formation of surface complexes were found. The simple rapid reproducible methodics for modification of alumina surface were developed. 

The complexing groups of the reagents stay idle in the sorption process, so the preconcentration of heavy metal ions on modified sorbents was possible. The sorbents, modified with tiron and nitroso-R-salt, were chosen for further investigation because of their better stability. The maxima in diffusive reflectance spectra of modified alumina after metal sorption were in good agreement with maxima of corresponding complexes in water solution what proved the complexing mechanism of metal ions sorption. The pH-dependences of sorption of copper, zinc, lead, vanadium (V), iron (III) and titanium (IV) on the alumina modified with tiron and of cobalt (II) and iron (III) on the alumina modified with nitroso-R-salt were studied. The sorption of iron (III) was maximal at pH range 2.5-3.5 in both systems. The optimum pH range for sorption was found to be 4-5 for titanium and vanadium and 5-7 for other elements. 

Iron (III) formed colored complexes with tiron and nitroso-R-salt, so it was possible to determine  iron (III)selectively by diffusive reflectance in the phase of sorbent after sorption at pH 2.5. The wavelengths were 560 nm at the case of tiron system and 715 nm for nitroso-R-salt system. The determination limits were 0.01 µg/ml, the calibration plots were linear within range of concentrations 0.02-0.2 µg/l.

The optimal conditions for group preconcentration of four elements were found. It was shown that iron, copper, lead and vanadium are adsorbed quantitatively in the dynamic mode by alumina modified with tiron from 500 ml of solution at pH 5.2. A preconcentration factor of 2500 was achieved. New methodic of XRF determination was proposed. The determination limits were 0.02 µg/ml for all studied elements. Calibration plots were linear in the concentration ranges of 0.02-0.15 µg/ml. Procedure was used for the analysis of samples of river water.
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