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(54) DIE SETS FOR COMPACTING GRANULAR MATERIAL 

(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 
granted to us, and the method by which 
it is to be performed, to be particularly des-
cribed in and by the following statement: — 

This invention relates to die sets for com-
pacting granular material and is directed 
to die sets for producing annular compacts 
of granular fissile material for nuclear re-
actor fuel elements. 

Such compacts for nuclear reactor fuel 
elements may comprise, for example, a com-
paction of graphite coated oxide particles 
incorporated in a matrix using graphite 
powder and phenolic resin. In the compac-
tion of granular material using a die set, 
compaction tends to be greater immediately 
in front of the compacting plunger because 
of the frictional resistance between the ma-
terial being compacted and the wall of the 
die and consequently the resulting compact 
is not usually of uniform density throughout. 
For use in nuclear reactors, compacts of 
fissile material should be of uniform density 
but excessive pressure to achieve compaction 
must be avoided because of the risk of 
damage to the particle coatings. One known 
compaction technique makes use of a die 
set having two opposed plungers, the die 
being supported from the base of one of the 
plungers on a helical spring so that as fric-
tional resistance builds up before the other 
plunger the spring will yield and allow rela-
tive movement between the die and the 
first plunger. However, this technique has 
not proved entirely satisfactory for the com-
paction of granular fissile material in the 
form of graphite coated oxide particles in-
corporated in a matrix with graphite powder 
and phenolic resin. 

According to the present invention a die 
set for compacting granular material com-
prises two co-axial cylinders bounding an 
annular compaction void, two opposed an-
nular plungers slidable within the void, two 
opposed pairs of co-axial helical coil com-
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pression springs disposed to react between 
the ends of the cylinders and the plungers, 50 
and means for effecting limitation to the 
extent of compaction. By "floating" both 
inner and outer cylinders between springs a 
compact of more uniform density is ob-
tained with a lower compacting pressure so 55 
that damage to the graphite coatings of 
oxide particles is reduced. 

A constructional embodiment of the inven-
tion will now be described, by way of 
example, with reference to the drawings 60 
accompanying the Provisional Specification 
wherein: 

Figure 1 is a side view in section of a 
die-set, and 

Figure 2 is a side view of part of the die- 65 
set arranged for charging with granular ma-
terial. 

The die-set shown in Figure 1 comprises 
two opposed annular plungers 1 having feet 
2 and two spaced co-axial cylinders 3a, 3b. 70 
Between each end of each cylinder and the 
foot 2 of each plunger there is a helical 
coil spring. The springs 4 are made captive 
to the plungers 1 by pins 5. The inner 
cylinder 3a has an extension 6 of reduced 75 
diameter at each end and the feet of the 
plungers have bores 7 through which the 
extensions can pass. 

In use to form a compact of granular ma-
terial the die-set is charged with material as 80 
illustrated in Figure 2. The die-set is sup-
ported on one of its plunger feet 2 and the 
other plunger being replaced by a tundish 
8. A blanking cover 9 is placed over the 
upper end of the inner cylinder 3a and a 85 
measured quantity of granular material is 
poured into the interspace between the cylin-
ders 3. The tundish is removed and the 
other plunger 1 re-inserted. The die-set is 
placed between two platens which are 90 
closed (to compact the granular material) 
until the ends of the extensions 6 pass 
through the bores 7 to abut the platens and 
prevent further closure. This feature limits 
the extent of compaction. Because the cylin- 95 
ders are independently mounted between 
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springs they are free to move relative to bounding an annular compaction void, two 
each other and to the plungers; the end loads opposed annular plungers slidable within 
on opposed ends of each cylinder are equal the void, two opposed pairs of co-axial heli-
and provide more uniform compaction than cal coil compression springs disposed to 

5 has been achieved by conventional die sets react between the ends of the cylinders and 35 
previously used. the plungers, and means for effecting limita-

The described die set has particular appli- tion to the extent of compaction, 
cation to the production of annular com- 2. A die set according to claim 1 where-
pacts of fissile material for nuclear fuel ele- in the means for effecting a limitation to the 

10 ments, the granular material tor compaction extent of compaction comprises an extension 40 
being particles of uranium oxide, coated with of each end of the inner cylinder and a cent-
graphite and incorporated in a matrix using ral bore through each plunger arranged so 
graphite powder and a phenolic resin binder, that the extensions can pass through the 
The feature for limiting the extent of com- bores to abut compaction apparatus in abut-

15 paction not only provides that all the com- ment with the plungers. 45 
pacts are of the same size to within very 3. An annular compact of fissile material 
close limits but also prevents over-pressur- for a nuclear reactor fuel element when 
isation of the coated particles whereby the produced in a die set according to either of 
coating would be damaged and fission pro- claims 1 and 2 by compacting granular ma-

20 ducts released from the particles during terial comprising particles of uranium oxide, 50 
operation of the compacts in a nuclear re- coated with graphite and incorporated in a 
actor. The die-set is of simple construction matrix using graphite powder and phenolic 
and therefore is easy to manufacture; it can resin binder. 
be used in a standard single ended platen 4. A die set substantially as hereinbefore 

25 press. described with reference to the drawings 55 
accompanying the Provisional Specification. 

WHAT WE CLAIM IS:— 
L. A. DUNNILL, 

1. A die set for compacting granular Chartered Patent Agent, 
30 material comprising two co-axial cylinders Agent for the Applicants. 

Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.—1974. 
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY 

from which copies may be obtained. 



136/352 PROVISIONAL SPECIFICATION 
2 SHEETS drawing is a reproduction of 

the Original on a reduced scale 
Sheet 1 

z C ^ F Z 



136/352 PROVISIONAL SPECIFICATION 
2 SHEETS This drawing is a reproduction of 

the Original on a reduced scale 
Sheet 2 


