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(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 de-
scribed in and by the following 
statement: — 

This invention relates to the manufacture 
10 of compact bodies from particulate 

material. 
A problem exists in manufacturing com-1 

pact bodies from nuclear fuel particles for 
use in nuclear reactors. The particles may 

15 comprise spheroidal kernels of sintered 
uranium dioxide coated with layers of 
pyrocarbon and silicon carbide to retain 
fission products. The particles are then 
overcoated with layers of soft graphite and 

20 compressed in dies to form compact 
bodies, the layers of "overcoating" de-
forming to fill the spaces between the fuel 
particles. 

When such compact bodies need to be 
25 of elongated form, pressure is applied 

axially through rams entering the ends of 
the die cavity. Unfortunately, however, this 
leads to a variation in volume loading and 
matrix density of the particles, so that 

30 those particles (and associated matrix) at 
the ends of the elongated body are com-
pacted to a higher degree than those at the 
centre thereof. Attempts to rectify this by 
increasing the pressure of compaction too 

35 often results in breakage of the particles 
subjected to the greatest pressure, i.e. the 
particles adjacent the ends of the body. 

According to one aspect of the present 
invention, a method of manufacturing a 

40 compact body of elongated form from 
particulate material, such as nuclear fuel 
particles "overcoated" with deformable 
matrix material, comprises the steps of 
placing the material in a shaped cavity of 

45 a die, which cavity partly defines the 

shape of the body, and compacting the 
material between at least one oppositely-
acting pair of rams which extend for the 
full length of the cavity and apply forces 
substantially normal to the longitudinal 50 
axis of said cavity, said rams being shaped 
so as to combine with the cavity to define 
the shape of the compact body. 

The addition of some end-compaction is 
advantageous however, and so the method 55 
of the invention may also incorporate the 
further step of applying additional, op-
positely-acting compaction forces to the 
material, said additional forces being ap-
plied in the direction of said longitudinal 60 
axis. 

The additional forces preferably precede 
application of the first-mentioned forces, 
but they could, as an alternative, be ap-
plied at the same time as the application 65 
of the first mentioned forces. 

According to another aspect of the in-
vention, a die for manufacturing a compact 
body of elongated form from particulate 
material, such as nuclear fuel particles 70 
"overcoated" with deformable matrix 
material, comprises a die body having a 
die cavity of elongated form and shaped so 
as partly to define the shape of the body, 
and at least one pair of oppositely-disposed 75 
compacting rams which extend for the full 
length of the cavity and are movable in a 
plane which contains the longitudinal axis 
of the cavity, said rams being shaped so as 
to combine with the die cavity to define 80 
the shape of the compacted body. 

As some additional end-compaction can 
be advantageous, the apparatus may 
further comprise a pair of oppositely-dis-
posed compacting rams movable lengthwise 85 
along said longitudinal axis. 

The invention also comprises compact 
bodies manufactured according to the 
above method. 

The various aspects of the invention will 0 0 
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now be described by way of example with 
reference to the semi-diagrammatic draw-
ings accompanying Application No. 14983/ 
73, wherein: — 

5 Figure 1 is a fragmentary plan view of a 
die with its top cover removed, 

Figure 2 is similar to Figure 1 and illus-
trates how the elongated body is formed, 

Figure 3 is a fragmentary side view 
10 taken generally on the lines Hi-Ill of 

Figure 1, 
Figure 4 is a fragmentary section of a 

nuclear fuel particle, and to the accom-
panying drawings, where: — 

15 Figure 5 is a view in perspective of 
another die, with parts removed, and 

Figures 6, 7 and 8 are views in medial 
section which illustrate operation of the die 
shown in Figure 5. 

20 Like reference numerals in the drawings 
relate to like components. 

With reference to the drawings accom-
panying Application No. 14983/73, and 
particularly to Figures 1 to 3 thereof, a die 

25 1 for manufacturing compact bodies 2 of 
elongated form from particulate material 
comprises a die body 4 having a die cavity 
5 of elongated form, and two oppositely-
disposed pairs of compacting rams 6 

30 movable in planes 7, 8 containing the long-
itudinal axis 9 of the die cavity 5. 

In further detail, the particulate material 
comprises particles 3 of nuclear fuel with 
(see Figure 4) kernels 15 of sintered ura-

35 nium dioxide coated with layers of pyro-
carbon (16), silicon carbide (17) and pyro-
carbon (18) to retain fission products. The 
particles 3 also have a thick "over-coating" 
layer 19 of soft matrix material (graphite). 

40 The compact body 2 is for use as a fuel 
element in a nuclear reactor. 

The rams 6 each have a rectangular 
(lateral) cross-section and slide with small 
clearance in chambers 20 which extend 

45 radially from the die cavity 5. The rams 
and chambers 6, 20 extend lengthwise of 
the cavity 5. The inner or leading edges of 
the rams 6 are concave so that when ex-
tended (as in Figure 2) the rams 6 combine 

50 with the die cavity 5 to define a sub-
stantially cylindrical space. The die 1 is 
provided with removable covers (not 
shown) which close off the upper and 
lower ends of the die cavity 5 and cham-

55 bers 20. 
Each ram 6 is moved by a plurality of 

hydraulic actuators 25 stacked one above 
the other (see Figure 3) over the depth of 
the die cavity 5. The actuators 25 comprise 

60 pistons 26 movable .in cylinders 27 with 
hydraulic fluid supply/return ducts 28, 29. 
Piston rods- 30 connect the pistons 26 with 
the rear edges of the rams 6. Hydraulic 
fluid is caused to flow to and from the 

65 cylinders 27 by a reversible pump 31. All 

the hydraulic actuators 25 act simul-
taneously. 

In operation, with the lower cover of the 
die 1 in place so as to close off the lower 
end of the die but with the upper cover 70 
removed, the hydraulic pump 31 is used to 
retract the rams 6 from the die cavity, as 
shown in Figure 1. (The degree of re-
traction will actually depend on the re-
quired degree of compaction). The 75 
cruciform-like space defined by the die 
cavity 5 and retracted rams 6 is then filled 
with a pre-weighed charge of the particles 
3 of nuclear fuel and the top cover fitted 
to close-off the upper ends of the die cav- 80 
ity 5 and chambers 20. The hydraulic 
pump 31 is now caused to reverse the flow 
of the hydraulic fluid so that (see Figure 2) 
the rams 6 converge simultaneously 
towards the axis 9 so as to apply op- §5 
positely-acting compacting forces to the 
particles 3. These forces act in the planes 
7, 8 containing the central axis 9 (where 
they intersect). The central axis 9 also 
comprises the longitudinal axis of the com- go 
pleted body 2. 

As the compacting forces are applied to 
the particles 3 the soft "over-coating" 
layers 19 of graphite (see Figure 4) deform 
so as to fill the spaces between the par- 95 

.tides. Stop means (not shown) prevent ex-
cessive movement of the rams 6. The stop 
means comprise stop members extending 
laterally from the rams 6 and located by 
blind-ended grooves formed in the die 100 
body 4 and extending substantially parallel 
to the rams 6. 

After compaction, the upper and lower 
covers of the die are removed and the 
rams 6 retracted so as to allow the com- 105 
pleted body 2 to fall from the bottom of 
the die cavity 5. 

The completed elongated body 2 has a 
more uniform variation in density, taken 
along its longitudinal axis 9 than a simila- HO 
rly dimensioned body formed by pure 
"end-pressing". 

Unlike the pure "end-pressing" method, 
there is no real limitation on the length of 
a body 2. 115 

Some additional end-pressing is ad-
vantageous however, and with reference to 
Figure 5 of the accompanying drawings, 
this may be achieved by use of the die la. 

The die la comprises a die body 4a hav- 120 
ing a die cavity 5a of elongated form, an 
oppositely-disposed pair of compacting 
rams 6a movable in a longitudinal plane la 
containing the longitudinal axis 9a of the 
die cavity 5a, and two oppositely and 125 
axially disposed compacting rams (not 
shown) movable lengthwise along said axis 
9a. 

In further detail, the particles used in 
the die la are as illustrated in Figure 4 of 130 
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the drawings accompanying Application 
No. 14983/73 and the end product (com-
pact body 2) is substantially the same. 

The rams 6a of the die la each have a 
5 rectangular (lateral) cross-section and slide 

with small clearance in chambers 20a 
which extend radially from the die cavity 
5a. The rams and chambers 6a, 20a extend 
lengthwise of the cavity 5 a for the full 

10 depth thereof. The inner or leading edges 
of the rams 6a are concave so that when 
extended inwardly, the converging rams 6a 
combine with the die cavity 5a to define a 
substantially cylindrical space. 

15 The axial rams are slidably located by 
the bores of hollow, cylindrical guide mem-
bers (not shown) and are movable by ac-
tuating means (not shown) along the axis 
9a so that they converge to apply pre-

20 compaction forces to the particles in the 
die cavity 5a. (The actuating means may 
comprise hydraulic, pneumatic or electrical 
actuators). 

The die body 4a is fixed to a base 37. 
25 The die cavity 5a is heated by electrical 

heater units 38 attached to opposite sides of 
the body 4a. The outer end of one ram 6a 
is carried by a movable plate 39 slidably 
supported by blocks 37a fixed to the base 

30 37 and the outer end of the other ram 6a is 
carried by a similar movable plate 40. The 
plates 39, 40 are substantially parallel to 
each other. Guide rods 41 extend in sub-
stantially parallel array from the plate 39 

35 through guide holes in the plate 40 so as 
to support the plate 40 as well as guide it. 
The rods 41 are fixed to the plate 39. 

The plate 40 carries an internally (right-
hand) threaded boss 42. A support plate 

40 43 has one of its edges fixed to the base 
37 so that it extends substantially normal 
to the base 37 and substantially parallel to 
the plates 39, 40. The plate 43 supports 
and locates a rod 44 carrying a handle 45. 

45 The rod 44 carries a thrust collar (not 
shown) located within a thrust housing 43a 
fixed to the plate 43. 

The rod 44 is hollow and has an ex-
ternal right-hand thread which engages 

50 with the boss 42 and an internal left-hand 
thread (not shown) which engages with a 
similarly-threaded spindle (hidden behind 
the plate 40) loosely connected to the ad-
jacent ram 6a by a thrust connection 46 

55 which allows free rotation of the spindle 
relative to the said ram 6a. Hence rotation 
of the handle 45 in the direction of the 
arrow 47 results in relative movement of 
the plates 39, 40 (and hence relative 

60 movement of the rams 6a as well), in 
directions normal to the axis 9a. What 
happens is that as the handle 45 is rotated 
in the direction of the arrow 47, the plate 
40 is drawn towards the handle 45, and, at 

65 the same time, the spindle connected to the 

adjacent ram 6a by the thrust connection 
46 is moved away from the handle 45. 
Thus the rams 6a converge. To cause the 
rams 6a to diverge, the handle 45 is 
rotated in the opposite direction. 70 

In operation, and with the heaters 38 in 
use, the lower axial ram is inserted into its 
cylindrical guide beneath the die cavity 5a, . 
and the upper axial ram maintained clear 
of the cavity. With the lateral rams 6a in 75 
the position shown, the die cavity is then 
filled with a pre-weighed charge of the 
"overcoated" particles. The upper axial 
ram is then moved down its cylindrical 
guide member until it just contacts the 80 
charge of particles. Next, the actuating 
means associated with the axial rams are 
operated so that the rams are caused to 
converge whereby the charge is pre-com-
pacted in the cavity 5a. After this initial 85 
compaction, the handle 45 is turned in the 
direction of the arrow 47 so that the 
lateral rams 6a converge to complete 
compaction. The compaction forces deform 
the soft "overcoats" of the particles so that 90 
they deform to fill the spaces between the 
particles. After final compaction, all the 
rams are withdrawn so that the completed 
compact can be removed from the bottom 
of the die cavity 5a. An ejection device 95 
may be provided for this purpose, the de-
vice incorporating means whereby any re-
sidial "flash" is removed. 

Figures 6, 7 and 8 show the axial rams, 
their cylindrical guides and their method of 100 
operation. 

With reference to Figure 6, the axial 
rams 35 are located by cylindrical guide 
members 36. The rams 35 are carried by 
plates 37 and are movable along the long- 105 
itudinal axis 9a of the die by hydraulic ac-
tuators 38. 

Figure 6 shows the lower axial ram 35 
located by its guide member 36 with the 
ram maintained clear of the die cavity 5a. no 
The die cavity 5a has been filled with a 
pre-weighed charge of "overcoated" par-
ticles 3 and the upper axial ram 35 has 
been moved down the bore of its cylin-
drical guide member 36 until the ram just 115 
contacts the charge of particles. 

Figure 7 shows the die after the ac-
tuators 38 have been operated so that the 
rams 35 have been caused to converge 
whereby the charge is precompacted in the 120 
cavity 5a. 

Figure 8 illustrates the final compaction 
wherein the lateral rams 6a have been 
caused to converge so as to complete com-
paction. 125 

The completed elongated compact has a 
more uniform variation in density taken 
long its longitudinal axis 9a than a simila-
rly dimensioned body formed by "end-pre-
ssing". 130 
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Variation in matrix density can be ob-
tained by adjusting the weight of the 
charge. 

The nature of the compact ensures that 
5 during subsequent irradiation the dimen-

sional changes of the compact are such 
that diametrical expansion is delayed rela-
tive to axial growth. 

Unlike the pure "end-pressing" method, 
10 there is no real limitation on the length of 

the elongated body. Furthermore, com-
paction can be achieved with lower oper-
ating pressures. 

l i e physical properties of a compact 
15 body, for example thermal conductivity, 

are expected to be improved by manufac-
ture according to the invention. 

The invention can also be applied to the 
manufacture of tubes, by disposing a man-

20 drel lengthwise in the cavity of the die. 
In the case of nuclear fuel elements 

comprising a fuelled portion and a non-
fuelled portion, for example a tubular por-
tion of carbon enclosing a central core con-

25 taining nuclear fuel, the portions can be 
manufactured separately, each in accord-
ance with the invention. They may then be 
combined by further compaction according 
to the invention. 

30 Alternatively, the core portion can be 
compacted first, then placed in the die, 
and the carbon portion pressed around it. 

The invention may also be applied to 
the manufacture of compact bodies using 

35 particulate material other than particles of 
nuclear fuel, for example, metallic or other 
powders, some of which powders may re-
quire to be mixed with binder before com-
paction. 

40 
WHAT WE CLAIM IS: — 
1. A method of manufacturing a com-

pact body of elongated form from particu-
late material, such as nuclear fuel particles 

45 "overcoated" with deformable matrix 
material, which method comprises the 
steps of placing the material in a shaped 
cavity of a die, which cavity partly defines 
the shape of the body, and compacting the 

50 material between at least one oppositely-
acting pairs of rams which extend for the 
full length of the cavity and apply forces 
substantially normal to the longitudinal 
axis of said cavity, said rams being shaped 

55 so as to combine with the cavity to define 
the shape of the compact body. 

2. The method of Claim 1, in-
corporating the step of applying additional 
oppositely-acting forces to the material, 

60 said additional forces being applied in the 
direction of said longitudinal axis. 

3. The method of Claim 2, wherein the 
additional forces precede application of the 

first-mentioned forces. 
4. The method of Claim 2, wherein the 65 

additional forces are applied at the same 
time as the application of the first-men-
tioned forces. 

5. A method according to any one of 
Claims 1 to 4 inclusive, wherein the die 70 
cavity contains a mandrel disposed length-
wise in said cavity and arranged so that a 
hollow compact body is formed by com-
paction. 

6. A method according to any one of 75 
Claims 1 to 5 inclusive, wherein the 
material comprises spherical kernels of nu-
clear fuel coated with fission-product re-
taining material and "overcoated" with de-
formable matrix, material 80 

7. The method of Claim 6 including a 
further compaction step, wherein the body 
is compacted with non-nuclear fuel 
material to form a combined compact 
body having nuclear and non-nuclear fuel- 85 
led portions. 

8. A compact body manufactured by 
the method of any one of Claims 1 to 5 
inclusive. 

9. A compact body manufactured by 90 
the method of Claim 6. 

10. A compact body manufactured by 
the method of Claim 7. 

11. A die for manufacturing a compact 
body of elongated form from particulate 95 
material, such as nuclear fuel particles 
"overcoated" with deformable matrix 
material, comprising a die body having a 
die cavity of elongated form and shaped so 
as partly to define the shape of the body, 100 
and at least one pair of oppositely-disposed 
compacting rams which extend for the full 
length of the cavity and are movable in a 
plane which contains the longitudinal axis 
of the cavity, said rams being shaped so as 105 
to combine with the die cavity to define 
the shape of the compacted body. 

12. A die as claimed in Claim 11, 
provided with a pair of oppositely-disposed 
compacting rams movable lengthwise along 110 
said longitudinal axis. 

13. A die as claimed in Claim 11, 
wherein the lengthwise compacting rams 
are movable by hydraulic actuator means. 

14. A method of manufacturing a com- 115 
pact body, substantially as hereinbefore de-
scribed with reference to the drawings ac-
companying Application No. 14983/73. 

15. A method of manufacturing a com-
pact body, substantially as hereinbefore de- 120 
scribed with reference to the accompanying 
drawings. 

16. A die, substantially as hereinbefore 
described v/ith reference to the drawings 
accompanying Application No. 14983/73. 125 

17. A die, substantially as hereinbefore 
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described with reference to the accompany-
ing drawings. 

18. A compact body manufactured by 
the method of Claim 14. 

5 19. A compact body manufactured by 
the method of Claim 15. 

F. S. PEACHEY, 

Chartered Patent Agent, 

Agent for the Applicants. 
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