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AbstrAct
rare earth niobates RE NbO7
respect to their oxides. The enthalpy of formation from oxides becomes more exothermic as the size
of the RE cation increases, a trend seen previously in other RE compounds including pyrochlores,
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introduction
The rare earth elements (RE) include lanthanides, yttrium, and
scandium. Geochemically classified as incompatible elements,
they do not readily substitute into major rock-forming minerals
but partition into minor phases and are important petrologic

systematics play major roles in geologic dating (DePaolo and
-

Despite the name “rare earth,” these elements are not parthat of such commonly used elements as copper or lead (Golev et
minerals or rich ores. Rather they are often present together in
minor to trace concentrations in other minerals. This leads to the
necessity of extracting and separating them from different kinds
mantle rocks, minerals that contain these elements as significant
components make up approximately 12% of the total number of
have been used for the extraction of rare elements (Linnen et al.
-

adsorbed clays are the major sources of HRE (heavy rare earths,

The coexistence of rare earths and niobium in ores is relatively

minerals containing iron, rare earths, fluorine, and niobium

niobium and rare earth containing deposits are St-Honoré and

actively mined and are potential future sources of rare earths.
Sustainability of rare earth supply, use, and recycling is very
important and must take many factors into consideration. Sustainability impacts of RE can be analyzed from techno-scientific,
ence and technology. The analysis of thermodynamic properties
of rare earth containing compounds can help in understanding
processes forming the rare earth containing minerals and improving methods of their extraction from ores. Extracting rare earths
from ores is also a part of environmental, social, and economic
sustainability assessments.
In addition to being possible sources of rare earth elements
and of niobium, rare earth niobates have interesting properties
NbO7 has been
NbO7 is a proton
exhibiting high conductivity are usually not very chemically
proton conductor (Gonçalves and Muccillo
tivity seems crucial, especially if the materials are ion conductors
in the undoped state. Rare-earth niobates, since they are inher-

