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A method and apparatus for the production of uranium.

@ A method of producing a metal comprising
uranium. The method comprises reacting a
chloride of uranium with sodium vapour to
produce the metal and sodium chloride. The
products of the reaction are cooled such that
the sodium chloride product is below its vapor-
isation temperature. The metal produced is
separated from the sodium chloride.
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This invention relates to the production of urani-
um, and more particularly to the production of urani-
um from a chloride of uranium.

According to one aspect of the present invention
there is provided a method of producing a metal com-
prising uranium, the method comprising reacting a
chloride of uranium with sodium vapour to produce
the metal and sodium chloride, the products of the re-
action being cooled such that the sodium chloride
product is below its vaporisation temperature, and
separating the metal produced from the sodium chlor-
ide.

Preferably, the chloride of uranium comprises
UCl3, or UCl,.

Advantageously, another metal such as iron, for
example up to 10% by weight, may be included with
the chloride of uranium, and may comprise a metallic
powder or a metal halide.

Preferably, the products of the reaction may be
cooled rapidly so as to produce mixed solids thereof
from which the uranium metal may be separated from
the sodium chloride. Alternatively, liquid said metal
may be separated from the sodium chloride.

In another aspect of the present invention, there
is provided apparatus for the production of a metal
comprising uranium, the apparatus comprising a re-
actor, means for feeding a chloride of uranium into the
reactor, means for feeding sodium into the reactor to
react with the chloride, and means for discharging
from the reactor products from the reaction of the so-
dium and the chloride.

Preferably, the sodium feeding means includes
means for heating molten sodium so as to vaporise
the liquid sodium.

Advantageously, means may be provided for
cooling the reactor so as to increase the rate of soli-
dification of uranium metal produced in the reaction.

The discharging means may comprise a weir, or
may be constituted by a rotary dispenser.

In one form of the apparatus, the reactor may be
provided by a rotary kiln operating in a horizontal or
near horizontal orientation.

It will be understood that the invention also in-
cludes a metal or alloy comprising uranium produced
by the method of the invention.

The invention will now be further described by
way of example only with reference to the accompa-
nying drawings, in which:

Figure 1 shows a diagrammatic medial sectional

representation of a reactor for producing uranium

metal, and

Figure 2 shows a diagrammatical medial section-

al representation of an alternative reactor.

Referring now to Figure 1, a reactor 10 is shown
and comprises a cylindrical mild steel vessel 12 with
aroof 14 having a central inlet 16. A side inlet 18 is at
the top of the vessel 12 with an electric heater 20. A
weir assembly 22 is arranged at the bottom of the
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vessel 12 with an upper overflow 23 and alower over-
flow 26. A corrosion resistant coating (not shown) is
applied to the internal surface of the vessel 12 to re-
sist the corrosive effect of liquid uranium.

In use of the reactor 10, initially the vessel 12 is
purged with an inert gas (eg. argon), and then a liquid
chloride of uranium (eg. UClj3, or UCl,) is fed through
the central inlet 16 at about 600°C. Molten sodium at
about 200°C is fed through the side inlet 18 where it
is heated to about 900°C by the heater 20 to vaporise
the sodium which subsequently contacts and reacts
with the liquid chloride of uranium. The temperature
of the vessel 12 is controlled by means (not shown)
such that the reaction products of uranium metal and
sodium chloride are cooled below their vaporisation
temperatures thereby avoiding corrosive attack on
the internal surface of the vessel 12. The liquid reac-
tion products of uranium metal and sodium chloride
fall to the weir assembly 22, with the lighter sodium
chloride flowing from the upper overflow 24 and the
heavier liquid uranium flowing through the lower
overflow 26. Soon after the initial reaction of the so-
dium vapour and the chloride of uranium has occur-
red, the exothermic heat from the reaction in the up-
per portion of the vessel 12 may be sufficient to va-
porise incoming molten sodium without the continu-
ing need for use of the electric heater 20.

Referring to Figure 2, a reactor 30 is shown hav-
ing a relatively long Inconel cylindrical vessel 32 with
awater-cooled cooling jacket 33, and a roof 34 having
a central inlet 36. A side inlet 38 is at the top of the
vessel 32 with an electric heater 40. A frusto-conical
lower end 42 of the vessel 32 has a rotary dispenser
in the form of a rotary valve 44 for discharging resi-
dues from the vessel 32. The upper portion of the in-
ternal surface of the vessel 12 may be coated with a
corrosion resistant material (eg. yttria) to withstand
the corrosive effect of liquid uranium.

Use of the reactor 30 to react sodium vapour with
a chloride of uranium (eg. UCl;, UCl,) is similar to that
of the reactor 10 of Figure 1. However, because of the
effect of the cooling jacket 33, the liquid uranium met-
al and the sodium chloride produced by the reaction
cool and solidify rapidly and collect as mixed powder
in a residue with any unreacted sodium in the lower
end 42 and from where the residue is discharged by
the rotary valve 44. Subsequent treatment of the re-
sidue with methyl or ethyl alcohol removes the un-
reacted sodium, and heating of the mixed powder in
a conventional vacuum casting furnace (not shown) to
melt the uranium metal separates the sodium chloride
which rises as a slag above a molten pool of uranium.

The particle size of the uranium metal powder in
the residue is affected by: the cooling rate in the re-
actor 30 (eg. affected by the coolant temperature),
residence time in the reactor 30 (ie. vessel 32 length),
and turbulence patterns in the reactor 30.

The feed of the sodium relative to the liquid chlor-
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ide of uranium should be at least stoichiometric but
preferably is in excess in the reactors 10, 30.

Other ingredients may be included with the liquid
chloride of uranium, for example, metal powder (eg.
iron, preferably not exceeding 10% by weight) or met-
al halides to provide alloying constituents in the ura-
nium produced in the reactors 10, 30.

It will be understood that the vessels 12, 32 may
be constructed from alternative materials.

A form of the reactor 30 could be provided by a
rotary kiln operating in a horizontal or near horizontal
orientation, with conventional scrapers, etc, to assist
the displacement of the residues from the reaction
along the kiln.

Claims

1. A method of producing a metal comprising urani-
um characterised in that the method comprises
reacting a chloride of uranium with sodium va-
pour to produce the metal and sodium chloride,
the products of the reaction being cooled such
that the sodium chloride product is below its va-
porisation temperature, and separating the metal
produced from the sodium chloride.

2. A method as in claim 1 characterised in that the
chloride of uranium comprises UCI; or UCI,.

3. Amethod as in claim 1 characterised in that an-
other metal, up to 10% by weight, is included with
the chloride of uranium, and comprises a metallic
powder or a metal halide.

4. A method as in claim 1 characterised in that the
products of the reaction are cooled rapidly so as
to produce mixed solids thereof from which the
uranium metal may be separated from the sodium
chloride.

5. Amethod as in claim 1 characterised in that said
liquid metal may be separated from the sodium
chloride.

6. Apparatus for the production of a metal compris-
ing uranium by the method of claim 1, character-
ised in that the apparatus comprises a reactor,
means for feeding a chloride of uranium into the
reactor, means for feeding sodium into the reac-
tor to react with the chloride, and means for dis-
charging from the reactor products from the reac-
tion of the sodium and the chloride.

7. Apparatus as in claim 6 characterised in that the
sodium feeding means includes means for heat-
ing molten sodium so as to vaporise the liquid so-
dium.
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8. Apparatus as in claim 6 characterised in that
means is provided for cooling the reactor so as to
increase the rate of solidification of uranium met-
al produced in the reaction.

9. Apparatus as in claim 6 characterised in that the
discharging means comprises a weir, or is consti-
tuted by a rotary dispenser.

10. Apparatus as in claim 6 characterised in that the
reactor is provided by a rotary kiln operating in a
horizontal or near horizontal orientation.

11. A metal or alloy comprising uranium produced by
the method of claims 1 to 5.
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