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A B S T R AC T

Adsorption of K+, Cu (II), Pb (II) and partly Cd (II) ions by (hydr)oxide adsorbents MxOy·nH2O, 
where M – Zr (IV), Sn (IV), Ti (IV), Mn (IV), was studied. The Point of Zero Charges (PZC) of 
the (hydr)oxides varies from 2.7 (MnO(OH)2) to 6.9 (Al2O3·nH2O). Surface area is in the range 
52–290 m2·g-1. The values of distribution coeffi cient which can be related to ion exchange are 
15–62 for Cu (II) ions and 48–164 for Cd (II) and Pb (II) ions. The diffusion coeffi cient of adsorbed 
Cu (II) ions is infl uenced suffi ciently by PZC and surface charge of (hydr)oxide. Presumable 
surface complexes for (hydr)oxide adsorbents are (2SO-)M2+ and (SOHo)…(HOM)+.
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1. Introduction

The increasing interest towards ion-exchange and
sorption properties of inorganic hydrous nanoporous
materials is caused by the fact that these materials are
chemically and thermally stable and are capable of selec-
tive ion sorption and ion transfer [1–3]. This paper pres-
ents the results of studies of selectivity and kinetics of 
adsorption of one- and two-charged cations by sol-gel
precipitated (hydr)oxides of Zr, Al, Sn, Ti, and Mn. Within
the above-mentioned row (hydr)oxides possess anion-
exchange properties mainly ((hydr)oxides Zr, Al), as well
as cation-exchange properties mainly ((hydr)oxides Sn
and Mn).The point of zero charge (PZC) of manganous
(hydr)oxides MnO2 and MnO (OH)2 is located in the range 
of 2.3–3.5 [4, 5]. It is known, that Zr and Ti (hydr)oxides
can be considered as ampholitic, so they able to absorb

as well as anions or cations (PZC values are in the range 
of pH = 5.7–7.0), and Sn (hydr)oxide can be considered 
cation exchanger (pHPZC = 3.5–3.8), i.e., mainly adsorbs 
cations from the solutions with neutral pH values [4]. The 
task of the study was to compare adsorptive properties of 
above-mentioned (hydr)oxides towards one-charged and 
two-charged cations, namely, K+, Cu (II), Cd (II), Pb (II).

2. Experimental

2.1. Materials and methods

(Hyrd)oxide adsorbents were synthesized by pre-
cipitation method from aqueous solutions of chlo-
rides and oxychlorides of metals through the stage of 
sol-gel transformation. The preconditioning stage for 
all (hydr)oxide’s treatment (removal of adsorbed ions 
during the synthesis) was to keep the samples in 0.2 M 
HNO3 during 24 h. All samples of materials were then 
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