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Among host ceramic forms for nuclear waste immobilisation the NZP matrix, of
which NaZr2(PO4)3 is the parent composition, is a viable candidate. The NZP structure
contains a few crystallographic sites with different coordination numbers, which could
accept a wide variety of multivalent radioactive and stable ions presented in a
commercial nuclear waste. In fact, about two thirds of the elements of the periodic table
has been found to form the NZP-type phases. The fundamental reason for use of
mineral like NZP waste forms is their ability to keep a multicomponent single crystalline
phase instead of an assemblage of 4 or 5 radiophases (as, for example, in Sinroc)
eliminating possibilities of incompatibility due to different leaching, thermal expansion,
etc. Waste loading up to 20÷30 wt % incorporates into a single-phase form based upon
the NZP structure using sol-gel and sintering techniques. Simulated homogeneous NZP
waste forms are thermally and environmentally stable. In comparison with other waste
forms the important advantage of the NZP ceramics is incorporation at crystallographic
level of sodium-bearing nuclear waste without significant deterioration of physical and
chemical stability of matrix. Sodium is particularly difficult to immobilise as the most of
sodium-rich phases is not durable under hydrothermal conditions and frequently can act
as sinks for a number of fission products, as radioactive Cs and Sr.

This work details possibilities of incorporating of alkali elements into the NZP host
structure, examines the conditions of the crystalline solutions forming, and determines
the regions of the NZP structure compositional stability for the rows of complex
orthophosphates of titanium or zirconium and alkali elements Am-xA′xM2-(m-1)/4(PO4)3
formula with m = 1, 3, or 5 and 0≤x≤m where A and A′ are mutually different alkali
elements, and M are Ti or Zr. The phosphates containing Li-Na, Li-K, Li-Rb, Li-Cs, Na-
K, Na-Rb, Na-Cs, K-Rb, K-Cs and Rb-Cs in pairs were prepared and studied by X-ray
powder analysis, IR spectroscopy, simultaneous DTA-TG measurements and electron
microprobe analyses.

In the studied systems, the wide ranges of phosphate crystalline solutions with
tailor alkali metal substitutions were formed due to the large number of sites available
for substitution and high degree of flexibility in the NZP structure. The phase formation
regularities stated have shown that introduction of the less expensive and more lighter
Ti in a host phase instead of commonly used Zr permitted to obtain cheaper ceramics
having in some cases larger content of alkali elements. The studied phases containing
alkali metals can be formed, for instance, in phosphate solidification of molten alkali
chlorides with radioactive nuclides from the pyroelectrochemical technologies of nuclear
fuel recycling. This work was supported by the RFBR, Project No. 01-03-33013.


