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(71) We, UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, LON-
DON, a British Authority, do 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 par-
ticularly described in and by the following 
statement: — 

This invention relates to nuclear fuel par-
10 tides and is concerned with nuclear fuel par-

ticles of the kind comprising small kernels 
containing nuclear fuel, which kernels are 
coated with fission product retaining material, 
for example pyrocarbon. 

15 As will be known, when the kernels of the 
nuclear fuel particles are in an oxide form 
and the fuel particles undergo fission, those 
of the residual oxygen atoms which do not 
combine with fission products, are available to 

20 react with the coating material and a gas 
phase is formed which can build up internal 
pressures of the kind detrimental to the 
integrity of the surrounding structure. It will 
also be known according to a prior proposal, 

25 that provided a suitable chemical buffer 
material (or oxygen getter) is incorporated in 
or near the kernel, the excess oxygen atoms 
may be absorbed in such material, preferen-
tially, so that the detrimental effects of its 

30 combination elsewhere are avoided. The pre-
sent invention aims to present a new mode 
of exploiting this technique thereby to produce 
a new form of nuclear fuel particle. 

According to the invention, a nuclear fuel 
35 particle comprises a kernel coated with fission 

product retaining material, said kernel com-
prising a nuclear fuel oxide and a non-nuclear 
fuel oxide of an element whose atomic num-
ber is 39 or 57 or from 60 to 64 inclusive 

40 or from 66 to 71 inclusive, the said particle 
having been manufactured in such a manner 
as either to inhibit the formation of solid solu-
tions by the nuclear fuel oxide and the non-
nuclear fuel oxide during the manufacture of 

45 the kernel, or to prevent the premature oxida-
tion of any such solid solutions so formed. 

The nuclear fuel oxide may envelop an 
inner seed of the non-nuclear fuel oxide. 

Alternatively, the non-nuclear fuel oxide 
may be distributed homogeneously throughout 50 
the kernel. 

To avoid premature oxidation of the 
kernels, they need to be protected from an 
oxidising atmosphere until coated with the 
fission-product retaining material. This may 55 
be done by storing the kernels in a non-
oxidising atmosphere, 

Alternatively, where the kernels comprise 
inner seeds of non-nuclear fuel oxide en-
veloped by nuclear fuel oxide, manufacture 60 
of the kernels may be carried out at tempera-
tures low enough to inhibit the formation of 
solid solutions by the two oxides. When this 
is done there is no need to store the kernels 
in a non-oxidising atmosphere before coating. 65 

By the term nuclear fuel oxide is meant an 
oxide of a fissile or fertile material, for 
example U02, PuO,—U02, Th02—U02. It 
will be seen from the foregoing therefore that 
the seed may be an oxide of virtually any 70 
single valency rare earth. It is, of course, un-
desirable to employ, for thermal reactor fuel, 
those elements with high thermal neutron 
cross sections such as gadolinium (Atomic No. 
64), samarium (62), europium (63), and 75 
dysposium (66). Thus, for thermal reactors, 
seeds of yttrium (39), lanthanum (57), 
neodymium (60), promethium (61), are pre-
ferred although holmium (67), erbium (68), 
thulium (69), ytterbium (70), or lutetium 80 
(71), are possible substitutes. 

Solid solutions of the aforementioned 
nuclear fuel oxides and single valency rare 
earth oxides have an anion-vacancy structure. 
These vacancies are very easily filled by 85 
oxygen. Thus the invention also resides in 
a method of manufacturing a nuclear fuel 
particle comprising forming said seed, en-
veloping the seed in the nuclear fuel oxide so 
as to form a kernel, the formation of the 90 
said kernel being carried out at temperatures 
low enough to inhibit the formation of solid 
solutions between the seed and the nuclear 
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fuel oxide, and coating the kernel with fission 
.product retaining material. 

During heating by irradiation in a nuclear 
reactor however, the single valency rare earth 

5 oxide dissolves slowly into the nuclear fuel 
oxide, and vice versa, creating a solid solution 
with anion-vacancies, which vacancies are 
gradually filled with the residual oxygen, 
thus preventing the residual oxygen from 

10 reacting with the coating material. 
The invention also resides in a method 

of manufacturing a nuclear fuel particle com-
prising the formation of a kernel by 
agglomerating a mixture of the two oxides in 

15 powder form and a binder, heating the kernel 
in a reducing atmosphere to densify it, storing 
it in a non-oxidising atmosphere and then coat-
ing the kernel with fission product retaining 
material. In order that the various aspects 

20 of the invention may be better understood, 
examples of nuclear fuel particles according 
to the invention will now be described to-
gether with their methods of manufacture. 

Example 1 
25 As applied to a U02 fuel, a nuclear fuel 

particle according to the invention may com-
prise a central seed of lanthanum oxide en-
veloped in U02 powder so as to form a sub-
stantially spherical kernel. The kernel may 

30 then be coated by one or more layers of 
fission-product retaining material comprising 
layers of pyrocarbon and preferably one layer 
of silicon carbide. 

The manufacturing route for such a kernel 
35 involves firstly preparing the seeds of lan-

thanum oxide. To this end a quantity of lan-
thanum oxide powder is mixed with decanol 
binder in proportions to form a damp powder 
mixture. The mixture is ground in an edge 

40 runner mill so as to grind the powder into 
smaller particle size at which agglomeration 
is facilitated. The mixture of agglomerates and 
powder is then brushed through a first sieve 
having an aperture size of 105 /j,m. The 

45 agglomerates passing through the sieve are 
employed to make the seeds by feeding them 
on to the surface of a second, 500 jmm aperture 
sieve. A number of stainless steel balls on the 
surface to which the powder is fed have the 

50 effect, when the sieve is shaken, of forcing 
the agglomerates through the sieve apertures 
on to the surface of a third 250 /urn aperture, 
sieve placed below the 500 /urn sieve. The 
third sieve lets the fines pass through it to fall 

55 on to a receiver tray below but the 
agglomerates of above 250 /j.m diameter are 
retained. These agglomerates of above 
250 jim diameter are the lanthanum 
oxide seeds. These seeds are then 

60 transferred to a bowl made of plastics 
material which is placed on an orbital table. 
The desired diameter of each lanthanum 
oxide seed is related to the expected oxygen 
release during irradiation of the nuclear fuel 

particle containing the seed. The seeds in 65 
the plastic bowl are therefore fed with a mix-
ture of lanthanum oxide and decanol until 
the required seed diameter is obtained. 
Uranium oxide grains which have been pre-
treated to render them suitable for 70 
agglomerating on to seed particles are next fed 
on to the gyrating seeds in the bowl. The 
U02 powder gradually envelops the seeds and 
when kernels of the correct size range are 
observed the feed is stopped and the batch 75 
of kernels removed. 

The green kernels are then placed in a low 
temperature vacuum oven and heated to 
250°C so as to dry off any surplus volatiles 
and then heated in an inert gas atmosphere to 80 
1300°C to densify them. If a lower densifica-
tion temperature can be tolerated then this 
would be preferred so as to inhibit the pre-
mature formation of U02/La203 solid solu-
tions. 85 

The kernels are then coated with pyro-
carbon by conventional means (e.g. by 
thermal decomposition of hydrocarbon in a 
fluidised bed) before excessive exposure of the 
kernels to the atmosphere has occurred. If 90 
desired several layers of pyrocarbon may be 
applied to enhance fission product retaining 
properties of the fuel and such layers may be 
followed by a layer of silicon carbide. 

Example 2 95 
In this example, the non-nuclear fuel oxide 

is distributed homogeneously throughout the 
kernels. 

The method of manufacture is similar to 
Example 1 but first comprises mixing lan- 100 
thanum oxide and uranium oxide powders 
with decanol binder to form a damp powder 
mixture. 

The mixture is ground in an edge runner 
mill as before so as to grind it into smaller 105 
particle size at which agglomeration is facili-
tated. The mixture of agglomerates and 
powder is then brushed through a first sieve 
having an aperture size of 105 /j,m. The 
agglomerates pass through the first sieve and 110 
into a second sieve of 500 jam. As before, a 
number of stainless steel balls on the surface 
of the second sieve have the effect, when 
the sieve is shaken, of forcing the agglomerates 
through the sieve aperture on to the surface of 115 
a third, 250 ^m aperture sieve placed below 
it. The third sieve lets the fines fall through 
it to fall on a receiver tray below but the 
agglomerates above 250 /im diameter are 
retained. These are transferred to the bowl of 120 
plastics material as before and the bowl placed 
on an orbital table. A damp powder mixture 
of lanthanum oxide and uranium oxide 
powders, plus decanol binder prepared so as 
to render it suitable for agglomerating is then 125 
fed on to the gyrating agglomerates present in 
the bowl. When agglomerates of the desired 
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size have been obtained the feed is stopped. 
The agglomerates comprise the kernels. 

The green kernels are then placed in the 
low temperature vacuum oven, heated to 

5 250°C so as to dry off surplus volatiles and 
then heated in a reducing atmosphere (hydro-
gen) for 4 hours at 1600°C to density them. 
They are then stored in a non-oxidising atmos-
phere to protect them from premature oxida-

10 tion until coated as in Example 1 above. 

WHAT WE CLAIM IS: — 
1. A nuclear fuel particle, comprising a 

kernel coated with fission product retaining 
material, said kernel comprising a nuclear fuel 

15 oxide and a non-nuclear fuel oxide of an 
element whose atomic number is 39 or 57 or 
from 60 to 64 inclusive or from 66 to 71 
inclusive, the said particle having been manu-
factured in such a manner as either to inhibit 

20 the formation of solid solutions by the nuclear 
fuel oxide and the non-nuclear fuel oxide dur-
ing the manufacture of the kernel, or to pre-
vent the premature oxidation of any such 
solid solutions so formed. 

25 2. A nuclear fuel particle as claimed in 
Claim 1 wherein the nuclear fuel oxide 
envelops an inner seed of the non-nuclear 
fuel oxide. 

3. A nuclear fuel particle as claimed in 
30 Claim 1 wherein the non-nuclear fuel oxide is 

distributed homogeneously throughout the 
kernel. 

4. A nuclear fuel particle as claimed in any 
of Claims 1 to 3, wherein the non-nuclear 

35 fuel oxide comprises lanthanum oxide. 
5. A nuclear fuel particle as claimed in 

any of Claims 1 to 4, wherein the nuclear fuel 
oxide comprises uranium oxide. 

6. A nuclear fuel particle as claimed in any 
40 of Claims 1 to 5 wherein the fission product 

retaining material comprises pyrocarbon. 
7. A nuclear fuel particle as claimed in any 

of Claims 1 to 5 wherein the fission product 
retaining material comprises at least one layer 
of pyrocarbon enveloped by at least one layer 45 
of silicon carbide. 

8. A method of manufacturing a nuclear 
fuel particle as claimed in Claim 2, comprising 
forming said seed, enveloping the seed in the 
nuclear fuel oxide so as to form the kernel, 50 
the formation of the said kernel being carried 
out at temperatures low enough to inhibit the 
formation of solid solutions between the seed 
and the nuclear fuel oxide, and coating the 
kernel with fission product retaining material. 55 

9. A method of manufacturing a nuclear 
fuel particle as claimed in Claim 3 compris-
ing the formation of a kernel by agglomerating 
a mixture of the two oxides in powder form 
and a binder, heating the kernel in a reduc- 60 
ing atmosphere to density it, storing it in a 
non-oxidising atmosphere and then coating 
the kernel with fission product retaining 
material. 

10. The method of Claim 8, wherein the 65 
seed comprises lanthanum oxide. 

11. The method of Claim 8, 9 or 10 where-
in the nuclear fuel oxide comprises uranium 
oxide. 

12. The method of any of Claims 8 to 11, 70 
wherein the fission product retaining material 
comprises pyrocarbon. 

13. The method of any of Claims 8 to 11, 
wherein the fission product retaining material 
comprises at least one layer of pyrocarbon 75 
enveloped by a layer of silicon carbide. 

14. A nuclear fuel particle, substantially 
as hereinbefore described. 

15. A method of manufacturing nuclear fuel 
particles, substantially as hereinbefore des- 80 
cribed. 
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