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(54) IMPROVEMENTS IN OR RELATING TO FURNACES 

(71) W e , UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY, London, a British 
Authority, do hereby declare the invention, 
for which we pray that a patent may be 

5 granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement:— 

This invention relates to furnaces and is 
an improvement in or modification of the 

10 furnace disclosed and claimed in UK Speci-
fication Serial No. 1,295,665 which furnace 
comprises a plurality of crucibles moveable 
in end-to-end abutting relationship through 
a heatable zone, each crucible having aper-

15 tured ends and being otherwise a closed 
vessel, whereby the plurality of abutting 
crucibles forms a closed duct, and means 
for passing a gas through said duct. 

The furnace is for performing heat-acti-
20 vated reactions involving a gas as one of the 

products or reactants and a solid material. 
In one form the crucibles are cylindrical, 
aligned vertically in the furnace, and made 
of graphite: their upper ends are open and 

25 their lower ends have a pattern of small 
holes which retain the contents but allow the 
passage of gas. 

One application of such furnaces is in the 
production of nuclear reactor carbide fuels, 

30 i.e„ consisting of single or mixed carbides of 
uranium and plutonium, in the form of gran-
ules or pellets. Such fuels can be made 
from the corresponding oxide powders by 
mixing them with carbon, forming the mix-

35 ture into granules or pellets, and heating 
the latter in the crucibles while passing an 
inert gas, suitably argon, through the duct 
formed by the crucibles, to purge the cru-
cibles of gaseous products. The furnace per-

40 forms the dual function of converting the 
oxide to carbide, and of sinterng the result-
ing carbide. 

It is found, however, that there is some 
tendency for the sintered carbide product, 

45 particularly granules, to stick to the walls of 
the graphite crucibles. This is believed to be 
due to chemical reaction between the oxide 
contents and the carbon walls of the crucible. 
As a result, the granules may be difficult to 

remove from the crucible and may also be 50 
contaminated with carbon. A similar effect 
may arise when such furnaces are used to 
produce oxide fuel of reduced oxygen con-
tent, by passing a hydrogen-containing gas 
through the crucibles. It is one object of the 55 
present invention to reduce this tendency of 
sintered granules to stick to the crucible 
walls. 

According to the present invention, in a 
furnace as claimed in UK Patent Applica- 60 
tion No. 1,295,664 having crucibles made of 
carbon and suitable for producing metal 
carbides from oxides, an internal surface of 
each crucible, which surface would other-
wise in use contact the crucible contents, is 65 
covered by a layer of a refractory substance 
other than carbon, to which a thus-produced 
carbide has a substantially lesser tendency 
to stick than to carbon. 

The layer may be a coating on the surface 70 
of the crucible iself, or on the inner surface 
of a liner insertable within the crucible and 
suitably also made of a refractory metal. The 
coating may be a carbide formed by 
chemical reaction with the surface. 75 

The coating may be of uranium carbide. 
Such a coating may be formed by applying a 
uranium oxide (U02) film to the inner sur-
face of each crucible or liner, and then mov-
ing the crucible through the furnace, suit- 80 
ably at about 1850°C, while passing a purg-
ing gas, suitable arbon, through the crucibles, 
to convert the oxide to carbide by heaction 
with the wall surface. The uranium oxide is 
preferably applied by plasma-spraying; it 85 
may also be applied as a slurry, but the re-
sulting uranium carbide tends to be less 
durable. 

Plasma-spraying coatings of refractory 
metals such as molybdenum or tungsten may 90 
be used but are less durable than splasma-
sprayed uranium oxide converted to carbide, 
as above. 

As an example of the use of a sheet metal 
liner, a liner made of 0.2 mm thick molyb- 95 
denum and covering the interior circular 
walls of graphite crucibles of the kind des-
cribed in UK Patent Specification No. 



5 
1,523,987. 

5 

1,295,664 has been used in the process for 
providing oxide fuel at reduced oxygen con-
tent referred to earlier. 

The form of crucible described in the in-
5 traduction is satisfactory for processing pel-

lets or granules of reasonably large size. For 
example a crucible having | inch diameter 
holes in its lower end will retain i r X | inch 
cylindrical pellets, or granules having a 

10 transverse dimension of } inch or even l / u 
inch. However for vibro-compacted fuel ele-
ments it is common practice to use two 
grades of granules, a fine grade being in-
filtrated between the granules of a coarse 

15 grade. The above form of crucible is unsuit-
able for processing fine-grade granules, for 
example about 1 / 1 0 0 inch in diameter, be-
cause they are not retained but fall through 
the holes in the base. 

20 In principle this difficulty might be over-
come by substituting for the holes of a disc 
of porous graphite. In practice this does not 
work because impurities such as iron and 
released residual binder (used in forming the 

25 granules and not wholly removed in a prior 
production stage) entrained in the purge gas 

' gradually clog the discs of the crucibles at 
the lower end of the furnace. 

The present invention also provides a 
30 modified form of furnace suitable for treat-

ing such small granules. 
In this modified form each crucible having 

an internal carbon surface covered as afore-
said further comprises an open-ended pas-

35 sageway extending from an upper region of 
the crucible interior (viz above the level of 
the contents when in use) to the outside of 
the crucible at its lower end, the arrange-
ment being such that the plurality of abutting 

40 crucibles forms a closed duct of which said 
passageways form non-abutting parts. 

The passageway may comprise a tube ex-
tending upwards within the crucible from its 
lower end, the lower end of the tube com-

45 municating with the outside of the crucible. 
Suitably the tube is coaxial with the crucible 
wall. The tube may extend upwards from a 
radially extending member removably 
located over, and arranged to close, an aper-

50 ture at the lower end of the crucible. 
In using a crucible comprising a coaxial 

tube, the region between the tube and the 
crucible wall is filled with granules to a level 
below the upper end of the tube. The gase-

55 ous products released from the granules dur-
ing the process migrate upwards to the 
region above the granules and are entrained 
in the downward flow of purging gas passing 
downward through the tubes. 

60 To enable the nature of the present modi-
fication to be more readily understood, at-
tention is directed, by way of example, to 
the drawing accompanying the Provisional 
Specification of Application No. 17320/76 

65 which is a sectional elevation of a crucible 

for use in a furnace embodying the present 
modification. 

The illustrated crucible is similar in shape 
to that shown in Fig. 2 of Specification No. 
1,295,664. Suitably its overall height is 6 70 
inches and its internal diameter is 1 \ inches. 
However instead of its lower end having a 
pattern of seven i inch diameter holes, it 
has a large central hole closed by a graphite 
disc 1 which is a push fit in a seating 4. The 75 
lower end of an open-ended graphite tube 2 
is a push fit in the disc 1. Tube 2 extends 
coaxially towards the upper end of the cru-
cible interior. Suitably the tube bore is about 
\ inch. At least the inner surface of the outer 80 
wall, and preferably other internal surfaces 
which, in use, are in contact with the gran-
ules, are coated or lined as already des-
cribed. 

In use the crucible is filled with granules 85 
3 to a level below the upper end of tube 2. 
The gases evolved during the reaction (eg 
carbon monoxide, residual binder, iron 
vapour, etc) migrate upwards to the region 
above the granules and are entrained in the 90 
downward flow of argon from the lower end 
of the corresponding tube 21 of the next-
above crucible. Because the migration pro-
cess is relatively slower, the crucibles must 
be moved through the furnace more slowly 95 
than when using crucibles having an aper-
tured lower end, as in Specification No. 
1,295,644, where the purge gas actually 
passes through the bed of granules. 

As a result of the reaction there may be 100 
a tendency for the sintered granules to stick 
together making their removal from the 
crucible difficult. Removal is facilitated, 
using the presently described crucible, by 
pushing the disc 1 from below out of the 105 
seating 4, taking the granules with it. 

WHAT WE CLAIM IS :— 
1. A furnace as claimed in UK Patent 

Specification No. 1,295,664 having crucibles 110 
made of marbon and suitable for producing 
metal carbides from oxides, wherein an in-
ternal surface of each crucible, which sur-
face would otherwise in use contact the 
crucible contents, is covered by a layer of a 115 
refractory substance other than carbon, to 
which a thus-produced carbide has a sub-
stantially lesser tendency to stick than to 
carbon. 

2. A furnace as claimed in claim 1 120 
wherein the layer is a coating on said surface 
of the crucible itself. 

3. A furnace as claimed in claim 1 
wherein the layer is a coating on the surface 
of a liner insertable within the crucible. 125 

4. A furnace as claimed in claim 3 
wherein the liner is made of carbon. 

5. A furnace as claimed in claim 1 
wherein the layer is an insertable liner made 
of a refractory metal. 130 
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6. A furnace as claimed in claim 2 or 
claim 4 wherein the coating is a carbide 
formed by chemical reaction with that sur-
face of the crucible or liner. 

5 7. A furnace as claimed in claim 2 or 
claim 4 wherein the coating is of uranium 
carbide. 

8. A furnace as claimed in claim 7 
wherein the coating is formed by applying 

10 uranium oxide to said carbon surface of 
each crucible or liner and passing the cru-
cibles through the furnace to convert the 
oxide to carbide by reaction with the carbon 
surface. 

15 9. A furnace as claimed in claim 8 
wherein the uranium oxide is applied by 
plasma-spraying. 

10. A furnace as claimed in any of 
claims 1—5 or 7—9 wherein each crucible 

20 further comprises an open-ended passage-
way extending from an upper region of the 
crucible interior to the outside of the crucible 
at its lower end, the arrangement being such 
that the plurality of abutting crucibles forms 

a closed duct of which said passageways 25 
form non-abutting parts. 

11. A furnace as claimed in claim 10 
wherein the passageway comprises a tube 
extending upwards within the crucible from 
its lower end, the lov/er end of the tube 30 
communicating with the outside of the cru-
cible. 

12. A furnace as claimed in claim 11 
wherein the tube is coaxial with the crucible 
wall. 35 

13. A furnace as claimed in claim 11 or 
claim 12 wherein the tube extends upwardly 
from a radially extending member removably 
located over, and arranged to close, an aper-
ture at the lower end of the crucible. 40 

14. A furnace as claimed in claim 10 and 
substantially as hereinbefore described with 
reference to the drawing accompanying the 
Provisional Specification of Application No. 
17320/76. 45 

M. GREENHILL, 
Chartered Patent Agent, 

Agent for the Applicants. 
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