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The long term sustainability and future expansion of nuclear power programme in India
would depend to a great extent on large‐scale utilization of vast thorium resources for
breeding 233U and recycling the same in self‐sustaining 232Th‐233U closed fuel cycle in
appropriate reactors. In this context, India is embarking upon development of Advanced
Heavy Water Reactor (AHWR) and Molten Salt Reactor (MSR). Chemistry related R&D
initiatives have been undertaken in Radiochemistry and Isotope Group of Bhabha Atomic
research Centre in the fuel development programme for AHWR and MSR. These
programmes include (i) Chemical characterization of ThO2 and (Th,U)O2 fuels, (ii)
development of process flow sheet for AHWR fuel fabrication, (iii) determination of phase
diagram and thermo‐physical properties of thoria fuels, (iv) evaluating thermodynamic and
transport properties of the oxide fuels for AHWR, (v) development of extractants for
reprocessing of thorium based spent nuclear fuel, and (vi) development of inert matrix for
waste immobilization. On the other hand, the MSR fuel development programme includes:
(i) facility for preparation and purification of fluoride based salts, (ii) determination of
solubility of actinides in molten fluoride salts, (iii) determination of thermophyscial
properties of molten salts, and (iv) determination solidus‐liquidus and phase multi
component phase diagrams of molten slat systems.
Microsphere impregnation technique has been developed for fabrication of Thoria
based fuels in Fuel Chemistry Division. The process optimization was carried out to get
homogeneous distribution of uranium in thoria. A simple and fast method for the
dissolution of sintered ThO2 and (UxTh1‐x)O2 (sintered at 1600–1700°C and with approx. 94%
of the theoretical density) and separation of thorium and uranium from the solution was
developed by reacting the oxides with ammonium nitrate at 360°C. Analytical method was
developed for determination of relative amounts of U and Th in MOX by using TXRF method.
Extensive studies on phase diagram and thermophysical properties of thoria based fuels
were carried out in a wide composition and temperature range. For reprocessing studies, a
large number of amides (12 nos.) was evaluated for their extraction behavior with respect to
U/Th separation and it was concluded that branched alkyl chain amide, di‐2‐ethylhexyl
isobutyramide (D2EHIBA), is a promising candidate for the selective separation of 233U from
irradiated Th. Thermal and thermodynamic stability of Phosphate based inert matrix was
also studied for its application for waste immobilization of thoria based fuels.
With respect to molten salt reactor system, thermal behavior, thermodynamic properties
and phase diagrams of Th‐F, U‐F, Th‐U‐F, Th‐O‐F systems were investigated. A high
temperature and hydroflourination facility has been set up for preparation and purification
of thorium based fluoride salts.
This lecture will address some of the developments in the above field of research carried
out in Radiochemistry & Isotope Group of BARC.
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