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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 encapsulated or 
clad nuclear fuel bodies and to methods of 

10 manufacturing said bodies, and relates to those 
bodies which incorporate nuclear fuel as 
oxide. 

One of the factors which is thought to have 
a deleterious effect on oxide fuel is the 

15 creation of gases within the fuel structure and 
its containment. For example, during the 
burn-up of oxide fuel, the atoms of oxygen 
which do not combine with fission products 
are available to build up a gas pressure which 

20 could become excessive and impose damaging 
strains on the fuel structure or on its con-
tainment. 

According to the present invention, an en-
capsulated or clad nuclear fuel body, which 

25 body comprises, as nuclear fuel, an oxide 
of one or more of the elements of the group 
uranium, thorium and plutonium, mixed with 
an additive which comprises a carbide of zir-
conium or titatium present in the body as 

30 a separate phase. 
When such a fuel body is placed in a 

nuclear reactor where fission reactions occur 
and oxygen is formed, that proportion of 
oxygen which dies not combine with fission 

35 products, i.e. free oxygen, either fills inter-
stitial positions in the carbide additive, whose 
structures remain unaltered, or reacts with 
carbon atoms to form CO. However, in the 
latter case the CO pressure in the fuel, or in 

40 its containment, will not surpass the CO 
equilibrium pressure over the oxygen deficient 
oxy-carbide because, as the CO is formed, so 
it reacts with the carbide leaving no gaseous 
reaction products. 

45 There are several methods of incorporating 
the selected carbide in close enough associa-
tion with the oxide fuel, 

In one method of making a fuel body 
in accordance with the present invention, 
which method is now described by way of 50 
example, zirconium carbide powder additive 
was mixed with nuclear fuel in the form of 
U02 powder and a binder such as stearic acid. 
The mixed powders were ground and formed 
into spheroids by the slow growth method. 55 
The spheroids were then sintered under re-
ducing conditions to produce coherent 
spheroids of OU2 and ZrC. The sin-
tering temperature was kept reasonably 
low, say below about 1500°C; in this 60 
way the UOs and ZrC did not form 
a solid solution but remainder as separ-
ate phases. After sintering, the spheroids were 
kept out of oxygen containing atmospheres 
until encapsulated or clar with the usual fis- 65 
sion product retaining coatings such as pyro-
lytic carbon and silicon carbide. Once coated, 
there was no longer any danger that the 
spheroid can pick up oxygen from the atmo-
sphere. During the burn-up of the U02, the 70 
oxygen released and remaining uncombined 
in the spheroid will occupy sites in the zir-
conium carbide and up to 60% of the inter-
stitial positions can be filled with atomic 
oxygen in place of carbon without any struc- 75 
tural change in the spheroid taking place. Car-
bon in the coating or the spheroid may react 
with oxygen to form CO' but in this event, 
the CO will react with ZrC to form an oxy-
carbide, thus: 80 

ZrC+2 C0->Zr02C+2C. 

The chemical composition of the oxy-carbide 
is not well defined and all kinds of inter-
mediate compositions are possible; hence the 
compound is better described by ZrOxCr. The 85 
CO pressure in the spheroid will not surpass 
the CO equilibrium pressure over the oxygen-
deficient oxy-carbide for, as CO is formed, 
so it reacts with the carbide leaving no gaseous 
reaction products. It can be shown that the 90 
CO equilibrium pressures over both oxygen 
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deficient zirconium oxy-carbide and titanium 
oxy-carbide are very low. 

The proportions of zirconium carbide or 
titanium carbide employed depends upon the 

5 burn-up to which the fuel is to be subjected. 
It is estimated that roughly for each 1% 
FIMA, 0.25% (mol) of carbide is employed. 
(FIMA stands for Fissions per Initial Metal 
Atom). 

10 WHAT WE CLAIM IS: — 
1. An encapsulated or clad nuclear fuel 

body, which body comprises as nuclear fuel 
an oxide of one or more of the elements of 
the group uranium, plutonium and thorium, 

15 mixed with an additive which comprises a 
carbide of zirconium or of titanium present 
in the body as a separate phase. 

2. An encapsulated or clad nuclear fuel body 
as claimed in claim 1, wherein the propor-

20 tion of additive present depends upon the 
burn-up to which the fuel is to be sub-
jected. 

3. An encapsulated or clad nuclear fuel 
body as claimed in claim 2, wherein about 

25 0.25% mol of additive is present for each 
1% Fima. 

4. A method of forming a fuel body as 
claimed in claim 1, 2 or 3, which method 

comprises the steps of forming a coherent 
body from an oxide of one or more of the 30 
elements of the group uranium, plutonium 
and thorium and an additive which comprises 
a carbide of zirconium or of titanium, sinter-
ing the coherent body at a temperature at 
which the oxide and the carbide remain as 35 
separate phases and then encapsulating or 
cladding the sintered body without expos-
ing the sintered body to an oxygen containing 
atmosphere. 

5. A method as claimed in claim 4, where- 40 
in a carbide of zirconium or of titanium in 
powder form is mixed with one of oxides 
of the group in powdered form and a binder 
so that a coherent body is formed from the 
mixture, the coherent body is sintered at a 45 
temperature below 1500° C and the sintered 
body is clad without exposing it to an oxy-
gen containing atmosphere. 

6. A nuclear fuel body as claimed in Claim 
1, 2 or 3, or, alternatively, a method of 50 
forming a nuclear fuel body as claimed in 
Claim 4 or 5, substantially as hereinbefore 
described. 
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