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(54) Production of pellets for nu-
clear fuel elements 

(57) A method for producing nuclear 
fuel pellets each made up of a 
central portion and an outer annular 
portion surrounding the central por-
tion, the two portions differing in 
composition. Such pellets are 
termed annular-layered pellets. The 
method comprises the steps of 
pressing powdered refractory ma-
terial which has been granulated to 
form separately a central portion 
and an outer annular portion, as-
sembling the portions together, 
compacting the assembly and sin-
tering the compact. The portions 
are bonded together during sinter-
ing. The difference in composition 
may include a difference in density 
or isotopic enrichment as well as a 
chemical difference. 
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SPECIFICATION 

Production of pellets for nuclear fuel ele-
ments 

5 
This invention relates to the production of 
pellets for nuclear fuel elements. 

Nuclear fuel is manufactured at the present 
time as small right circular cylinders of cera-

10 mic nuclear material (for example uranium 
dioxide, thorium dioxide, plutonium dioxide or 
mixtures of these) commonly called pellets. 
These pellets are normally produced by com-
pacting a powdered ceramic compound in a 

15 die at room temperature and sintering the 
resulting compact at high temperature to pro-
duce a dense homogeneous ceramic body 
which is the pellet. However, to obtain in-
creased benefit from nuclear fuel in the form 

2 0 of pellets it has been proposed that the pellets 
should be made up of a central portion and 
an outer annular portion surrounding the cen-
tral portion, the two portions differing in com-
position. Such nuclear fuel pellets are herei-

25 nafter termed annular-layered pellets. 
The present invention seeks to provide a 

method for producing annular-layered pellets 
in which the central portion and annular por-
tion in each pellet are bonded together during 

30 sintering. 
According to the present invention the prod-

uction of an annular-layered nuclear fuel pellet 
consisting essentially of a central portion and 
an outer annular portion surrounding the cen-

35 tral portion comprises the steps of pressing 
powdered refractory material which has been 
granulated to form separately a central portion 
and an outer annular portion differing from 
each other in composition, assembling the 

40 portions together, compacting the assembly 
and sintering the compact. 

Difference in composition is to be taken to 
include differences in density and isotopic 
enrichment as well as chemical differences. 

45 There may be differences in more than one of 
these properties. 

Both oxides and carbides are considered 
suitable refractory materials for use in nuclear 
fuel pellets and may be used in the present 

50 invention. However it is to be understood 
when selecting refractory material for use in 
the invention that normal precautions are to 
be undertaken by providing refractory powder 
of similar activity for the two portions, also 

55 that : -
a. the two portions are chemically compat-

ible with each other and with the sintering 
atmosphere, 

b. the thermal expansion characteristics of 
60 the two portions are compatible, 

c. neither portion undergoes a phase 
change causing a change in volume in the 
temperature range experienced during sinter-
ing, 

65 d. the two portions are ceramically identical 

to the extent that they will shrink by the same 
amount and at approximately the same rate 
during sintering. 
The preferred refractory material is uranium 

70 dioxide to which may be added other ma-
terials to aid sintering, enhance grain size'' 
growth or produce pores which control den-
sity, as well as additives providing nuclear 
characteristics, for example, plutonium diox-

75 ide. 
Advantages of annular layered pellets in 

which the portions are bonded together in 
accordance with the invention are the clear 
division between, the portions, the fixed posi-

80 tions of the portions relative to one another 
and the full use of the space available for the 
fuel pellet. 

In a preferred example of carrying the in-
vention into effect two batches of uranium 

85 dioxide powders of 3 .52% and 0 .387% en-
richment were taken. The 3 .52% enriched 
powder was blended with sufficient ugi t ive 
pore former to lower the final sintered density 
of pellets made from this oxide by 5 % — n o 

90 addition was made to the 0 .387% enriched 
oxide. The powders were separately precom-
pacted at 0 .75 te /cm 2 and granulated 
through a sieve of size 1200 microns. 0.2% 
zinc stearate was added as a lubricant to both 

95 batches of granules which were then pressed 
in dies at 1.5 te /cm 2 to form central and 
annular portions of pellets with a density of 
4 . 9 - 5 . 2 g / c m 3 — t h e 3 .52% enriched ma-
terial was used for the outer annular portion 

100 and the 0 .382% material for the centre. The 
outer annular portions were pressed in a die 
with a removable core rod which was with-
drawn after pressing leaving a hole. A central 
portion was inserted in the hole in each outer 

105 portion and a plain top punch was then used 
to press the assembled portions to a final 
green density of 5 . 6 - 5 . 8 g / c m 3 using a 
pressure of 4 te /cm 2 . The composite com-
pacts were then sintered for approximately 5 

110 hours at 1700°C. This yielded coherent pel-
lets of overall density in the range 
9 5 . 2 - 9 5 . 6 % of theoretical—the annulus and 
centre having approximate densities of 98.7 
and 93.7% respectively. 

115 Annular layered pellets with a central hole 
may be prepared similarly using a die with a 
fixed core rod for pressing the assembled 
central and outer annular portions. 

120 CLAIMS 
1. A process for the production of an 

annular-layered nuclear fuel pellet consisting 
essentially of a central portion and an outer 
annular portion surrounding the central por-

125 tion, the process comprising the steps of 
pressing powdered refractory material which 
has been granulated to form separately a 
central portion and an outer annular portion 
differing from each other in composition, as-

130 sembling the portions together, compacting 
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the assembly and sintering the compact. 
2. A process as claimed in claim 1 wher-

ein the central portion is annular. 
3. A process as claimed in claim 1 or 

5 claim 2 wherein the central portion and the 
outer annular portion consist essentially of 
uranium dioxide and differ in isotopic enrich-
ment. 

4. A process as claimed in claim 1 or 
10 claim 2 wherein the central portion and the 

outer annular portion consist essentially of 
uranium dioxide and differ in density. 

5. A process as claimed in any preceding 
claim wherein at least one of the portions 

1 5 contains plutonium dioxide. 
6. A process for the production of an 

annular-layered nuclear fuel pellet substan-
tially as herein before described wi th reference 
to the example. 

20 7. An annular-layered nuclear fuel pellet 
produced by the process claimed in any pre-
ceding claim. 
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