
Nanocomposites and nanomaterials 

 

Organic-inorganic nanomaterials: from ion-exchangers to 

membranes 

Yu.S. Dzyazko1, L.N. Ponomaryova1, L:M. Rozhdestvenskaya1,               

Yu.M. Volfkovich2, N.F. Nikolskaya2, V.E. Sosenkin2, Yu.P. Gomza3,         

Yu. G. Zmievskii4, V.G. Myronchuk4 

1 V.I. Vernadskii Institute of General & Inorganic Chemistry of the NAS of 

Ukraine, Palladin Ave. 32/34,  Kiev-03680, Ukraine. dzyazko@hotmail.com  

2 A.N. Frumkin Institute of Physical Chemistry & Electrochemistry, Leninskii Pr. 

31, Moscow-119991, GSP-1, RF  

3 Institute for Macromolecular Chemistry  of the NAS of Ukraine, Kharkivske 

Highway 48,  Kiev-02160, Ukraine  

4 National University of Food Technologies, Vladimirskaya str. 68, Kiev-01601, 

Ukraine  

 

The methods of synthesis of nanocomposite organic-inorganic ion-exchangers 

have been developed. The materials are based on semi-rigid and flexible strongly-

acidic gel-like ion-exchange resins, they contain (i) only non-aggregated 

nanoparticles of zirconium hydrophosphate (4-20 nm), (ii) only aggregates of the 

nanoparticles (50 nm - several microns), (iii) both nanoparticles and their 

aggregates. The materials were investigated using methods of small angle X-ray 

scattering, TEM and SEM (air-dry forms), standard contact porosimetry and 

impedance spectroscopy (swollen forms). The aggregates were shown to be located 

in structure defects of the polymer and in voids between gel fields. They squeeze 

pores of the polymer, where functional groups are located (nanosized clusters and 

channels), exclude them from ion transport. This deteriorates kinetics of ion 

exchange and electrical conductivity of the composites. The nanoparticles are 

placed in clusters and channels. Functional groups of the inorganic constituent 

support ion transport, small amounts of the particles provide high rate of ion 

exchange. Depending on a type of the polymer matrix and state of particles of 

zirconium hydrophosphate, the materials can be applied both to traditional and 

electromembrane processes, particularly they can be used for removal of toxic ions 

both from aqueous and non-aqueous solutions. Ion-exchange membranes, which 

contain only non-aggregated nanoparticles have been also obtained, they were 

applied to whey demineralization. The nanoparticles reduce concentration 

polarization of the membranes and prevent their fouling.  


