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Project Summary

Project goal involves elaboration of the technology of modification of natural zeolite-clinoptilolite by metallic silver and
manganese dioxide and testing of obtained materials in the process of water purification.
The sphere of the use of zeolites, modified by metallic silver and manganese dioxide is manifold. It is determined by
antimicrobial, antivirus and catalytic properties of silver and by sorption-catalytic properties of manganese dioxide.
To perform the process of indirect electrochemical reduction Ag+ incorporated in zeolite framework the use of hydroquinone-
quinone as redox mediator is provided in the project.
By interaction between cationic form of zeolite silver (Ag+Z) and hydroquinone the goal product-zeolite, modified by silver (AgZ)
and quinone are obtained.
Quinone, obtained by reaction is reduced at a cathode by formation of hydroquinone.
Thus, indirect electrochemical reduction of Ag+, existing in zeolite, is an overall process, as a result of which zeolite, modified by
metallic silver is obtained.
To prepare zeolite, modified by MnO2 the system NaCl-NaClO is used as a mediator for indirect electrochemical oxidation of
Mn2+ - ions, incorporated in zeolite framework. Strong oxidant NaClO is obtained as a result of interaction between Cl2,
separated at an anode and NaOH, produced in cathodic layer, at diaphragm less electrolysis of aqueous solution of NaCl.
At the interaction between the solution, obtained by electrolysis and Mn2+Z , NaClO oxidizes Mn2+, existing in zeolite. As a result,
goal product-zeolite, modified by MnO2 is produced and reduced form of mediator – NaCl is regenerated. 
In considered process NaCl plays two roles: Cl- ions represent reduced form of mediator and participate in indirect exchange of
electrons. Na+ ions are favorable for formation of chemically bound layer of chemisorpted MnO2 of high chemical stability at
zeolite, as it well-known from literature.
The advantage of the method of indirect electrochemical oxidation and reduction, in comparison with the methods of chemical
oxidation and reduction, is as follows:
- Mediator which is functioning as oxidizer or reducer, is regenerated electrochemically; as a result, the problem of reclamation
of the compounds, existing in spent solutions ( NaCl and quinine) is avoided. 
- Oxidizer NaClO is used in the form of non-marketoble product, in particular, in the form of low concentration solution of NaClO .
- Reducer-hydroquinone is used in the form of marketable product-powder only for compensation of inevitable losses, with
comprises only small part of hydroquinone, circulating in the system. 



The project provides a realization of “ex-cell” process, implying performance of zeolite modification in separate reactor instead
of in electrolyzer directly. This version of realization of indirect electrochemical processes of oxidation and reduction is suggested
by circumstances that optimal conditions of electrolysis and modification are distinct from each other. 
To resolve the tasks, planned in the project, physical-chemical methods by the use of inductively coupled Plasmon
Spectrophotometer (ISP-AS) will be applied together with traditional methods of chemical analysis. To obtain electron-
microscope pattern of silver and MnO2 at clinoptilolite surface and to determine the sizes of nanoparticles, scanning electron
microscope (Nanolab-7) will be used. For calculation of specific area of the surface of MnO2, microbalance device (for obtaining
of adsorption isotherm of water and benzene) will be used. Oge spectral analyzer (OGE Analyzer Spectral. Las-2000) will be used
to analyze chemical composition of the surface.
Project provides testing of prepared materials in the process of water purification; in particular zeolite, modified by silver, will be
tested in the process of purification of water, contaminated by E.coli and zeolite, modified by MnO2, for purification of water,
contaminated by Mn2+, Fe3+ and As(III).


