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The direct electrochemical reduction of titaniunidaxto
titanium metal in molten Cagkalt has been proven by
the FFC Cambridge process. [1] Subsequently, the
process has been applied to a number of refrantetsyls.
However, there are limitations to the FFC Cambridge
process. For example, the current efficiency ofptteeess

is quite low, 10-40%, to achieve sufficiently lowygen
content, 0.3%, in the final titanium product. [2hi§
could be due to a number of reasons, such as the
increasing concentration of’Oions in the melt as the
reduction process proceeds. The metal oxide elethas

an inherent pore structure and sponge-type substrat
electrodes can be used with a range of pore sidesh

has the advantage of high surface area and actéls o
melt to the oxide. However, when the metal oxide is
reduced, oxide ions accumulation in the pores can
significantly change the potential needed for #duction

, as shown in the Littlewood [3] predominance diaxgyr
(Figure 1). It can also result in the formation aiher
unwanted metal phases, such as those that inchale t
salt's metal, as it reacts with the oxide ions. d@xion
build up close to the electrode surface can ulétyat
bring the reduction process to a halt, leaving itiveer
parts of the metal oxide unreduced.
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Fig.1: Predominance diagram for Li-K-W-O-Cl at 500

A possible solution to the Dions build-up issue is the
utilization of a ‘fluidised bed electrode’ (FBE) h uses

a suspension of metal oxide particles in an agitate
electrolyte melt. A schematic of the arrangememrtduis
shown in Figure 2. Fluidised bed electrodes hawenbe
studied and used industrially in various appliaagio[4]
though their definition is not certain. They hawa bheen
applied in the FFC Cambridge molten salt processes.
Here, tungsten is used as a model system; howéeer t
concept is applicable across a range of metal/sxadeal
molten salt systems. The cathode is a pure tungsin
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and particles of tungsten oxide are in the LiCI-KCl
eutectic melt. The oxide particles are agitatedthin
molten salt via the flow of argon bubbles from buttom

of the cell. The particles are reduced as they coree
contact with the cathode rod. The reduced tungsten
particles then either form on the surface of thth@de or
precipitate at the bottom of the cell when the atin is
stopped. The anode is a graphite rod, separated the
melt and placed inside a glass tube fitted witHasgyfrit

to avoid reoxidation of the tungsten. This appro&h
intended to eliminate the problems associated thi¢hG™
ions and their formation on the surface of the ed¢h and
enable a more complete and efficient reduction efamn

oxide to metal.
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Fig.2: Schematic of the fluidised bed electrodé cel

Figure 3 shows the voltammetry of a thin film of WO
compared to the fluidized bed electrode resuliglfe 4,
with a chronoaperometry over an extended perioavsho
in Figure 5.

This paper discusses the experimental findingh®HBE
applied to tungsten and its application to more
technologically relevant systems such as the
electrochemical reduction of uranium oxides to iuan

as being investigated in the EPSRC REFINE programme
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Fig.3: CV on WO3 thin film
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Fig.4: CV on WO; fluidised bed
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Fig.5: Chronoamperometry on WO3
fluidised bed at -1.47V
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