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(71) We, UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, London, 
a British Authority, do hereby declare the in-
vention, for which we pray that a patent may 

5 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 nuclear fuel par-
ticles having fiission product retaining coat-

10 ings including carbon. 
Carbon can afford good defence alone or in 

combination with other materials (e.g. silicon 
carbide) against fission product release over 
lengthy periods of burn up. The retentive 

15 property has, however, been known to 
deteriorate prematurely in various ways and 
one of these manifests itself by the migration, 
of carbon preferentially to one side of the 
coated particle leaving die opposite side of the 

20 coating deficient in carbon and hence less well 
equipped to retain fission products and to 
contain gas pressure. Observations made of 
this effect, which has been termed the amoeba 
effect, have shown that the direction of this 

25 migration is away from one side of the particle 
at a higher temperature towards, and into, a 
region of the carbon coating at a lower tem-
perature. 

According to one aspect of the present in-
30 vention a nuclear fuel particle having a fission 

product retaining coating including carbon also 
has a discrete source of carbon disposed with-
in the fuel particle and substantially at the 
centre thereof. 

35 According to another aspect of the present 
invention, a method of forming a fission pro-
duct retaining nuclear fuel particle comprises 
enveloping a carbon seed in nuclear fuel and 
applying to the enveloping fuel a coating of 

40 fission product retaining material including 
carbon. 

The method lends itself to operation by the 
slow growth forming process for nuclear fuel 
particles by which method a particle of U0 2 

45 fuel is grown by progressive agglomeration of 
powdered U02 on to a carbon seed. 

An example of a nuclear fuel particle 
according to the invention and its method of 
[Price 33p] 

manufacture will now be described with re-
ference to the accompanying semi-diagram- 50 
matic drawing which is a cross-sectional view 
of a particle. 

Example. 
A batch of carbon seeds were prepared by 

mixing carbon powder with about 3% by 55 
weight of furfuryl alcohol and milling the 
mixture for 10 minutes. From the milled 
powder, spheroidal seeds of carbon of about 
300 jj.m diameter were formed by rotating 
the powder in a gyrating bowl. 60 

Coating layers of nuclear fuel powder in 
oxide form, in this case U02, were grown on 
to the carbon seeds in a multistage process, 
each stage of which involved feeding U02 
powder on to the seeds as the latter were 65 
rotated in a gyrating tray. 

When sufficient U02 powder was added to 
the carbon seeds to form spheroidal nuclear 
fuel particles of about 900 /xm, i.e. about three 
times that of the spheroidal seeds of carbon, 70 
the growing process was stopped, the batch 
sieved and a suitable size fraction extracted. 
This fraction was then heat treated to ensure 
coherent particles and subsequently passed 
to a fluidised bed coating furnace for coating 75 
with fission product retaining layers, of which 
the inner layer was pyrolytic carbon. An outer 
layer of silicon carbide was also applied. 

Instead of U02 powder, other oxides such 
as ThOs, or Pu02 (with subsequent heat treat- 80 
ment) may be used. 

The drawing shows one of the completed 
nuclear fuel particles 1 disposed (with similar 
particles) in a matrix 2 of carbon. The fud 
particle 1 has a fission product retaining coat- 85 
ing including layers 3 and 4 of pyrolytic 
carbon and silicon carbide respectively. The 
carbon seed, which is substantially at the 
centre of the particle is shown at 5. 

The nuclear fuel particle 1 is subjected to 90 
differing temperatures. The temperatures at 
its centre and opposite sides are Tl , T2 and 
T3. T l is higher than T2, which is higher 
than T3. The arrows 6, 7, 8 and 9 indicate 
the rate of carbon migration from the high 95 
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temperature areas to the low temperature areas. 
It will be noted that the outward migration 
of carbon from the discrete source of carbon 
provided by the seed 5 is greater towards the 

5 T3 side of the fuel particle 1 than towards 
the T2 side thereof. Arrows 8 and 9 indicate 
how migration takes place at the periphery of 
the fuel particle. 

The rate of migration from the carbon seed 
10 5 is greater towards the T3 side of the fuel 

particle 1 but even so some carbon will still 
migrate towards the T2 side to replace^ at 
least in part, and deficiency in carbon due 
to migration that that side. 

15 If no carbon seed 5 were present, some of 
carbon layer 3 would be transferred from the 
T2 area to the T3 area, which could result in 
thinning in the T2 area of a dangerous extent. 

Thus the invention results in a reduction 
20 of the amoeba effect so as to slow up any 

weakening of the carbon fission product re-
taining layer 3. 

WHAT WE CLAIM IS: — 
1. A nuclear full particle having a fission 

25 product retaining coating including carbon and 
a discrete source of carbon disposal within the 
fuel particle and substantially at the centre 
thereof. 

2. A nuclear fuel particle as claimed in 
30 Claim 1 of spheroidal form wherein the 

source of carbon is also spheroidal and has a 
diameter about one-third that of the fuel par-
ticle. 

3. A nucluear fuel particle as claimed in 
Claim 2 wherein the fuel of the particle is 35 
uranium dioxide. 

4. A nuclear fuel particle as claimed in any 
of Claims 1 to 3 wherein the fission, product 
retaining layer comprises pyrolytic carbon. 

5. A method of forming a fission product 40 
retaining nuclear fuel particle comprising en-
veloping a carbon seed in nuclear fuel and 
applying to the enveloping fuel a coating of 
fission product retaining material including 
carbon. 45 

6. A method according to Claim 5 wherein 
the nuclear fuel comprises uranium dioxide 
powder. 

7. A method according to Claim 5 or 6 
wherein the fission product retaining material 50 
comprises pyrolytic carbon. 

8. A nuclear fuel particle substantially as 
hereinbefore described with reference to the 
accompanying drawing. 

9. A method of forming fission product 65 
retaining nuclear fuel particles substantially as 
hereinbefore described. 
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1 ruccx This drawing is a reproduction of 
I bHbt I the Original on a reduced scale 


