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Use of selective sorbents in liquid radioactive waste (LRW) management
is widely spread in the field of nuclear power objects liquid waste
decontamination, since the main objective there is to remove long-lived
radionuclides of the nuclear cycle. The latter include, first of all, cesium-137,
strontium-90, cobalt-60 and a number of a-irradiators. In this case LRW
composition for most of the nuclear power objects is rather simple, except acidic
deactivation solutions. At the same time, liquid radioactive wastes of different
research centers have a variable chemical and radiochemical composition
depending on objectives and tasks of a given center research activities. As a
result, application of sorption technologies in such waste decontamination
determines special requirements to these sorbents selectivity: a wide spectrum of
radionuclides that can be removed and fairly high selectivity enabling to remove
radionuclides from solutions of complex chemical composition (containing
surfactants, complexing agents etc.)

This paper is concerned with studying properties of new materials
selective to different radionuclides. These materials are capable to interact with
solution components whether already contained in the waste or deliberately
added into resulting solution. Such sorption-reagent materials combine universal
character of co-precipitation methods with simplicity of sorption methods.

In this work we studied sorption-reagent inorganic ion-exchange materials
interacting with sulfate-, carbonate-, oxalate-, sulfide-, and permanganate-ions.
Insoluble compounds formed as a result of this interaction increase tens- and
hundreds-fold the sorption selectivity of different radionuclides - strontium,
cobalt, mercury, iron, and manganese as compared to conventional ion-exchange
system.

By means of X-ray phase analysis, IR-spectroscopy, chemical and
radiochemical analysis, we have studied the mechanism of radionuclide sorption
on different sorption-reagent materials and it was shown that a dramatic increase
of the sorption selectivity results from radionuclide co-precipitation on micro-
particles of insoluble precipitates inside the pores of inorganic matrices and
from selective ion exchange on the matrix.

The most interesting features of the sorption-reagent method of LRW
decontamination are observed in the process dynamics. We have studied the
sorption dynamics in sulfate, sulfide and permanganate sorption-reagent systems
and it has been shown that the radionuclide sorption dynamics in such systems is
substantially different from sorption and ion-exchange dynamics. We have
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developed a mathematical model of simultaneous reagent front motions, ion
exchange and radionuclide co-precipitation. The radionuclide sorption dynamics
was simulated and the model was found to explain main features of the sorption-
reagent radionuclide decontamination.

The efficiency of decontamination of LRW of complex chemical
composition from cesium, strontium and cobalt radionuclides by the sorption-
reagent method was shown. While conventional selective sorbents (zeolites,
titanates, silicotitanates, different forms of manganese dioxide) are not capable
to remove selectively strontium and cobalt radionuclides from solutions with
high complexing agent content, the sorption-reagent materials enable to achieve
the extent of LRW decontamination meeting the radiation safety normative
documents.

The pilot-plant scale sorption-reagent installation for LRW management
has been tested at different nuclear industry objects and waste decontamination
facilities of the A. A. Bochvar Research Center VNIINM (Moscow, Russia).
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