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PATENT SPECIFICATION (") 1507 670 
(21) Application No. 52913/74 (22) Filed 6 Dec. 1974 
(23) Complete Specification filed 5 Dec. 1975 
(44) Complete Specification published 19 April 1978 
(51) INT CL2 G21C 21/04 
(52) Index at acceptance G6C UAC UAE 
(72) Inventors DEREK WILLIAM STURGE, ERIC HANDLEY 

VOICE and LESLIE WILFRED GRAHAM 

(54) IMPROVEMENTS IN OR RELATING TO THE 
MANUFACTURE OF COMPACT NUCLEAR FUEL BODIES 

(71) We, UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, Lon-
don, a British Authority, to hereby declare 
the invention, for which we pray that a 

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

Background to the invention 
10 This invention relates to the manufacture 

of compact bodies from particulate nuclear 
fuel, for use in nuclear reactors. 

Nuclear fuel particles may comprise 
spheroidal kernels of sintered uranium 

15 dioxide coated with layers of pyrocarbon 
and silicon carbide to retain fission 
products. The particles are then "over-
coated" with layers of soft graphite before 
compaction, the soft graphite "overcoats" 

20 then deforming to fill the spaces between 
the spheroidal particles. 

A problem arises when the compact 
bodies are required to be of elongated form 
as the pressures required to overcome 

25 frictional forces and to achieve substantially 
uniform densities are necessarily high and 
invariably resulted in unacceptable damage 
to the particles. 

Summary of the invention 
30 According to the present invention, a 

method of manufacturing a compact 
elongated body of nuclear fuel from nuclear 
fuel particles each having fission product 
retaining coatings and overcoated with a 

35 layer comprising soft graphite and binder, 
comprises sequentially introducing fractions 
of the "overcoated" particles into an 
elongated cavity between applications of a 
compacting tamping means along the 

40 longitudinal axis of the cavity. 
Preferably, the tamping means is pro-

vided with a resilient means at its tamping 
end, so that after a fraction has been 
compacted said fraction presents an uneven 

45 surface to serve as a key for the following 
fraction. 

The method of the invention is particu-
larly useful for filling elongated cavities 
formed in graphite blocks with nuclear fuel 
particles, the block and compacted fuel 50 
particles subsequently being used to form 
part of the core of a high temperature 
gas-cooled nuclear reactor. 

Alternatively, the invention may be used 
to form compact "sticks" of nuclear 55 
fuel, compaction being performed in a die 
having an elongated die cavity. 

The invention also comprises compact 
bodies, as well as blocks of moderator 
material incorporating compact bodies, 60 
manufactured by the method according to 
the invention. 

Brief explanantion of the 
drawings 

The invention will now be described by 65 
way of example with reference to the 
drawings accompanying the provisional 
specification wherein: 

Figure 1 is a fragmental side view in 
medial section, of a graphite block for use in 70 
a nuclear rector, and illustrates how an 
elongated cavity in the block may be filled 
with compacted particles of nuclear fuel, 

Figure 2 is a fragmentary side view in 
medial section, of a nuclear fuel particle, 75 

Figure 3 is an enlarged view of the area 
enclosed in the area "HT of Figure 1, 

Figures 4, 5, 6, 7 and 8 are side views in 
medial section which show how a block 
similar to that shown in Figure 1 is 80 
manufactured, and 

Figure 9 is a section taken on the line 
IX—IX of Figure 7. 

Detailed description of the 
invention 85 

Referring now to Figure 1, a graphite 
moderator block 1 of right prismatic form 
and of hexagonal cross-section, is 
perforated from end to end by a plurality of 
cavities 2 of elolngated form, the cavities 2 90 
(one only of which is shown) being disposed 
in substantially parallel array. Each cavity is 
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1000 mm. in length and is of circular 
cross-section. The bottom of each cavity is 
closed-off by a removable graphite plug 3, 
the inner end of which supports a resilent 

5 disc 4 of silicone rubber. 
The blolck 1, with its cavities 2 filled with 

bodies comprising compacted nuclear fuel 
particles 5, is to form part of the core of a 
high • temperature gas-cooled nuclear 

10 reactor. 
As shown in Figure 2, the particles 5 

comprise spheroidal kernels 6 of sintered 
uranium dioxide coated with layers of 
pyrocarbon 7, silicon cabide 8, and 

15 pyrocarbon 9 to retain fission products. The 
spheroidal particles 5 also have thick 
"overcoating" layers 10 of soft graphite and 
phenolformaldehyde binder. The diameter 
of an overcoated particle is about 1.5—2.00 

20 mm, depending on the diameter of the fuel 
particle 5. 

Each charge fraction is automatically 
weighed and then passed to a hopper 15. 
The charge fraction is introduced to each 

25 cavity 2 by way of a charging duct 16 
(provided with a solenoid-operated charge 
valve 17) and a tubular guide 18 placed on 
the top face of the block 1. The bore 19 of 
the guide 18 is of the same diameter as each 

30 cavity 2 and located a tamping ram 20. A 
resilient disc 21 of silicone rubber is carried 
by the tamping end of the ram 20. The ram 
20 is moved axially within the guide 18 and 
cavity 2 beneath by a rod 22 connected to 

35 an actuator (not shown). The actuator 
control is interlocked with the charge valve 
17 to ensure that only one charge fraction of 
particles 5 is introduced at a time to the 
cavity 2 and that the final (i.e. compacted) 

40 thickness of the charge fraction does not 
exceed 20 mm. Compacting pressure is 
about 300 p.s.i. 

In operation, the wall of the cavity 2 is 
coated with a release agent, such as a 

45 P.T.F.E. spray. The charge fractions are 
then introduced sequentially into the cavity 
2 between the application of compacting 
forces P (Figure 1) along the longitudinal 
axis of the cavity 2 by the tamping means 

50 provided by the ram 20, rod 22 and the 
resilient means in the form of the rubber 
disc 21. After each fraction has been 
compacted by deformation of the overcoats 
of the particles 5 (see Figure 3), it presents 

55 an uneven surface 23 to serve as a key for 
the following fraction. 

The uneven surface 23 is formed by 
distortion of the resilient rubber disc 21, and 
the indentations and protuberances of the 

60 surface 23 serve as a key for the next layer 
of particles formed in the cavity 2. The 
rubber disc 4 at the bottom of he cavity 2 
serves as a cushion to prevent damage to the 
adjacent particles as they are compacted. 

65 The sequence of compacting operations is 

repeated until all the cavities have ben filled 
with elongated bodies of nuclear fuel. The 
guide 18 and ram 20 are then removed and 
the fuel-filled block 1 is heated in an 
inert-atmosphere furnace to about 800°C at 70 
lOT per hour to carbonise the binder. 
During this operation the elongated bodies 
or "sticks" of compacted nuclear fuel shrink 
by about 0.6%, leaving a clearance of about 
100/" m around each body. This enables a 75 
body to be subsequently removed from the 
block 1 so as to examined it for quality, 
post-irradiation condition, reprocessing, 
etc. 

The invention avoids the necessity for 80 
close-dimensional control because the hole 
in which the fuel body is formed is its final 
destination. 

It also allows the manufacture of fuel 
"sticks" corresponding in length to the 85 
moderator blocks used in high temperature 
gas-cooled nuclear reactors and results in 
substantially uniform density of nuclear fuel 
and matrix. 

Figures 4 to 9 illustrate a method of 90 
manufacturing another form of compact 
body. 

The end product comprises a right 
prismatic block of hexagonal cross-section, 
penetrated from end to end by a plurality of 95 
coolant channels, the body of the block 
being formed by compacting "overcoated" 
nuclear fuel paticles 5. 

Referring first to Figure 4, a die 29 is 
provided with upper and lower die rams 30, 100 
31. The ram 30 is of hexagonal cross-section, 
and slides within a die cavity 32 of elongated 
form and of similar cross-section, the cavity 
being formed by a die body 33 having a 
circular exterior. The die body 33 is 105 
supported on a base 34 having an aperture 
to allow entry of the die ram 31 into the die 
body 33. The die ram 30 is carried by a 
support/stop plate 35 moved along the 
longitudinal axis of the die body 33 by 110 
actuators (not shown). The ram 30 
comprises a tubular body 36 carry an end 
plate 37 covered by a layer 38 of silicone 
rubber. The plate 37 and layer 38 are 
perforated by a regular pattern of clearance 115 
holes 39. 

The lower ram 31 comprises a plurality of 
pins 40 extending upwardly in substantially 
parallel array from a support plate 41. The 
plate 41 is- slidably located in the bore of a 120 
tubular guide member 42. The pins 40 are 
disposed in the same pattern and in line with 
the clearance holes 39 of the die 30. The 
guide member 42 is carried by a support 
plate 43 disposed in the bottom end of the 125 
die body 33 and attached thereto so as to 
remain stationary. The support plate 43 is 
perforated by holes 44 which serve to guide 
the pins 40, and is provided with a relatively 
thick layer 45 of heat-insulating material 130 
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faced by a relatively thin layer 46 of silicone 
rubber. The layers 45,46 are also perforated 
to allow free passage of the pins 40. The 
bottom support plate 41 is movable within 

5 the guide member 42 by an actuator (not 
shown). 

In operation, with the upper ram 30 clear 
of the die body 33 and with the lower ram 31 
at the bottom of its "stroke", i.e. as shown in 

10 Figure 4, a pre-weighed charge fraction of 
"overcoated particles 5 (Figure 2) is 
introduced into the elongated die cavity 32. 
Next, with reference to Figure 5, the lower 
die ram 31 is moved upwardly so that its pins 

15 40 penetrate the charge fractknrand extend 
upwardly therefrom. Next, the upper die 
ram is moved downwardly within the die 
body 33 and along the lolngitudinal axis 
thereof, to apply a compacting force P 

20 (about 300 p.s.i.) to the charge fraction. The 
pins 40 penetrate the holes 44 of the plate 38 
during this operation. The soft "overcoats" 
of the particles 5 deform under the loading, 
so as to fill the spaces between the 

25 spheroidal particles, as in Figure 3. The 
rubber layer 38 also deforms, whereby after 
compaction has been carried out, the 
charge fraction presents an uneven "keying" 
surface (as in Figure 3) to the fraction which 

30 follows it. During compaction, the thin 
rubber layer 46 also deforms so as to reduce 
the risk of damage to the particles 5. 

Next, the lower die ram 31 moves down 
until its pins 40 are substantially level with 

35 the top of the compacted charge fraction 
and the upper die ram 30 is withdrawn from 
the die body 33. Another charge fraction is 
now introduced into the die cavity 32 and 
the operation repeated. Figure 6 shows the 

40 lower die 31 moved down until its pins 40 
are substantially level with the compacted 
second charge fraction. 

The introduction of charge fractions 
between the applications of compaction 

45 loads continues sequentially so that the 
fuelled block 50 (Figure 8) is built up, layer 
by layer, as shown in Figures 7, 8 and 9. 

After completion, the block 50 is 
removed from the die 29 and is heat-treated 

50 as before. The elongated holes left by the 
pins 40 serve as channels for the passage of 
reactor coolant through the block. 

It will be appreciated that since the 
invention allows an elongated body to be 

55 compacted by stages, lower compaction 
pressures may be used than would otherwise 
be the case (e.g. 300 p.s.i. instead of 2000 
p.s.i.). 

The invention has been described in 
60 relation to the use of an uneven surface on 

the compacted fraction to provide a "key" 
for the next fraction, but instead of an 
uneven surface a substantially flat surface 
may be formed on the compacted fraction, 

65 the binder contained in the fractions acting 

as a bonding agent to bind the fractions 
together. The use of a resilient disc 21 or 38 
is still advisable to provide a cushion to 
avoid damaging the fission product 
retaining coatings of the nuclear fuel 70 
particles but its resilience need not be such 
as to produce an uneven surface on the 
compacted fraction. 

WHAT WE CLAIM IS:— 
1. A method of manufacturing a compact 75 

elongated body of nuclear fuel from nuclear 
fuel particles each having fission product 
retaining coatings and overcoated with a 
layer comprising soft graphite and binder, 
which method comprises sequentially 80 
introducing fractions of the "overcoated" 
particles into an elongated cavity between 
applications of a compacting tamping 
means along the longitudinal axis of the 
cavity. 85 

2. A method as claimed in Claim 1, 
wherein the cavity is coated with a release 
agent before the introduction of the 
"overcoated" particles into the cavity. 

3. A method as claimed in Claim 1 or 90 
Claim 2, wherein t h e tamping means is 
adapted by the provision of resilient means 
at its tamping end to arrange that after a 
fraction has been compacted said fraction 
presents an uneven surface to serve as a key 95 
for the following fraction. 

4. A method as claimed in any of Claims 1 
to 3 inclusive, wherein means for 
introducing the fractions into the cavity, 
and the application of the tamping means, 100 
are interlocked and arranged so that each 
fraction introduced into the cavity has a 
thickness when compacted that does not 
exceed 20 mm. 

5. A method as claimed in any of Claims 1 105 
to 4 inclusive, wherein the particles in the 
cavity are supported by resilient means. 

6. A method as claimed in any of Claims 1 
to 5 inclusive, wherein the cavity is provided 
in a graphite block to form a block having 110 
compacted particles therein, for forming 
part of the core of a gas-cooled nuclear 
reactor. 

7. A compact elongated body manu-
factured by a method as claimed in any of 115 
Claims 1 to 5 inclusive. 

8. A graphite block incorporating a 
compact elongated body manufactured by a 
method as claimed in any of Claims 1 to 5 
inclusive. 120 

9. A metbiod as claimed in any of Claims 
1 to 5 inclusive including the step of 
introducing a plurality of upstanding pins in 
a pattern in substantial parallel array in the 
cavity so that they extend through the 125 
fractions before the application of the 
tamping means, the tamping means having 
clearance holes aligned with the pattern of 
the pins, thereby to manufacture a compact 
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elongated body having a plurality of holes in 
said pattern therethrough. 

10. A method as claimed in Claim 9, 
wherein the resilient means supporting the 
particles in the cavity is supported by a layer 
of heat-insulating material. 

11. A compact body manufactured by a 
method as claimed in Claim 9 or Claim 10. 

12. A method of manufacturing a 
compact body, substantially as herein-
before described with reference to Figures 1 
to 3 inclusive of the drawings filed with the 
provisional specification. 

13. A method of manufacturing a 
compact body, substantially as hereinbefore 
described with reference to Figure 4 to 9 of 
the drawings filed with the provisional 
specification. 

14. A compact elongated body manu-
factured by a method as claimed in Claim 12 
or Claim 13. 

F. S.PEACHEY, 
Chartered Patent Agent. 
Agent for the Applicants. 
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