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(71) We United Kingdom Atomic Energy which can be further reacted to produce the 
Authority, London, a British Authority do corresponding carbide. Variation of the amount 
hereby declare the invention, for which we pray of carbon which is used allows the preparation 
that a patent may be granted to us, and the of either hyper- or hypo-stoichiometric carbides. 

5 method by which it is to be performed, to be One aim in the preparation of uranium and 50 
particularly described in and by the following plutonium carbide particles for use as nuclear 
statement: fuels is to produce dense particles. In order to 

The present invention relates to the facilitate the densification of uranium and 
preparation of sintered ceramic materials and plutonium carbide particles it is known that the 

10 particularly, to the production of nuclear fuels, addition of nickel to the carbide particles before 55 
Often in gel-precipitation processes used in sintering is beneficial, the nickel acting as a 

the preparation of ceramic materials, a feed sintering aid and facilitating the production of a 
solution containing a compound of a metal and dense sintered product aid. However, the 
an organic gelling agent or agents is distributed addition of nickel in the gel-precipitation pro-

15 into a precipitating agent in a desired physical cess is difficult because: 60 
form (e.g. droplets) to form gel particles con- (a) metallic nickel is not easily suspended in 
taining the metal; an organic gelling agent is a the aqueous feed; 
material which imparts to the feed solution the (b) nickel salts dissolved in the feed are 
property of gelling in the presence of a removed from the gel particle by ammine 

20 precipitating agent. Gel particles are sub- complex formation in the aqueous 65 
sequently treated to give sintered ceramic ammonia used to precipitate the gel 
materials. particle; 

Our British Patents Nos. 1,175,834, (c) addition of nickel salts to the gel particle 
1,231,385 and 1,253,807 and co-pending Patent is often unsatisfactory when carried out 

25 Application No. 49998/69 (now British Patent in an aqueous medium because the dis- 70 
No. 1,313,750) relate to gel precipitation pro- tribution of nickel is not homogeneous 
processes, and reference should be made to these and not easily controllable, 
for details of such processes. It is therefore an object of the present 

It is known that particles of actinide metal invention to provide in gel processes a method 
30 oxides, especially those of uranium oxide or for introducing nickel as a sintering aid, which 75 

plutonium oxide, or mixtures of the oxides, method substantially avoids the above-
may be prepared by adding a feed solution mentioned difficulties, 
containing organic gelling and modifying agents, According to the present invention, a method 
in the form of droplets, to concentrated for the production of nuclear fuel containing 

35 aqueous ammonia, separating the resulting gel sintered uranium carbide or sintered plutonium 80 
particles and calcining them under suitable carbide or a mixture thereof, includes the steps 
conditions. Examples of modifying agents are of precipitating an oxide-forming compound of 

'disclosed in the complete specification of our ' uranium or plutonium or a mixture of oxide-
co-pending Patent Application No. 49998/69 forming compounds of the metals, in the form 

40 (now British Patent No. 1,313,750). of gel particles containing carbon, and 85 
To prepare carbides by a similar method it is introducing into the gel particles a compound 

customary to include the requisite amount of capable of providing nickel as a sintering aid by 
carbon dispersed in an aqueous feed solution contacting the gel particles with a solution of a 
and to obtain a particle which contains in nickel compound in an organic solvent. 

45 addition to the oxide an amount of carbon In one preferred embodiment of the present 90 
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invention, gel particles containing an oxide-
forming uranium or plutonium compound, or a 
mixture thereof, and carbon are dried by 
azeotropic distillation from an organic solvent, 

5 whereupon the particles absorb nickel com-
pounds that are dissolved in the said solvent. 

In another preferred embodiment of the 
present invention, gel particles containing an 
oxide-forming uranium or plutonium com-

10 pound, or a mixture thereof, and carbon are 
dried by contacting with an organic solvent 
which extracts water. The resulting particles 
can then be debonded from residual organic 
materials by heating in an atmosphere con-

15 taining hydrogen, after which they are found to 
contain uranium oxide, or plutonium oxide, or 
a mixture thereof, carbon and . nickel. 
Subsequently the particles are heated in vacuum 
or an inert medium to effect the carbothermic 

20 reduction of the oxide or oxides to the 
corresponding carbide or carbides, after which 
the sintering of the particles may be carried out 
with nickel acting as a sintering aid. 

The solvent used in the azeotropic drying of 
25 the gel particles is conveniently a chlorinated 

hydrocarbon such as trichloroethylene, per-
chloroethylene or carbon tetrachloride, but 
other solvents or a mixture of solvents may be 
used providing they are suitable for use in the 

30 azeotropic drying of the particles. 
Examples of organic solvents which are 

suitable for the drying of the gel particles by 
solvent extraction are n-hexanol, 2-ethyl 
hexanol and the mixture of aliphatic alcohols 

35 commercially available in the United Kingdom 
as "Alphanol 79" (Alphanol" is a Registered 
Trade Mark). 

Nickel compounds that can be used include 
nickel acetonyl acetate, nickel salts of organic 

40 solvent soluble organic carboxylic acids, e.g. 
nickel oleate, nickel naphthenate or nickel 4-
cyclohexyl butyrate. The amount of nickel 
compound that is required is such that the gel 
particle contains 0.01 to 2.0 per cent by weight 

45 of nickel before carbothermic reduction. The 
process may be applied to spheres of size 50 to 
2000 micron diameter when calcined. 

In order that the present invention may be 
readily understood, examples illustrating the use 

50 of the same will now be described. 
EXAMPLE 1 

First, for comparison purposes, particles 
were made without the use of a sintering aid. A 
feed suitable for the preparation of spherical 

55 uranium carbide particles was made up as 
follows: uranyl nitrate hexahydrate (240 g) was 
dissolved in water containing concentrated 
nitric acid (24 ml). A mixture of hexa-
methylenetetramine (72 g) was dissolved in 

60 180 ml of a 5% by weight solution of Moviol 
N 85-88 ("Moviol" is a Registered Trade Mark) 
and added dropwise to the uranyl nitrate 
solution. (Moviol (Registered Trade Mark) 
N 85-88 is a grade of polyvinyl alcohol marketed 

65 by Hoechst Chemicals Ltd., of Middlesex, 

England.) 84 g of a 20% by weight dispersion of 
carbon black in polyvinyl alcohol solution was 
then added dropwise with stirring, and the total 
volume of the mixture adjusted to 540 ml with 
water. This mixture was sprayed into concen- 70 
trated ammonia solution through a vibrated jet 
and the gel particles so obtained were washed in 
ten volumes of cold water. They were then 
dried azeotropically from three litres of 
trichloroethylene containing 0.02% by volume 75 
of Sarkosyl 0. ("Sarkosyl" is a Registered Trade 
Mark). (Sarkosyl 0 is a wetting agent marketed 
by the Geigy Chemical Company of Great 
Britain.) When dried the particles were 
debonded in argon-5% hydrogen, at 100°C per 80 
hour, up to 850°C. The debonded particles 
then contained 12.4% by weight of carbon. 
They were transferred to a Stokes radio-
frequency heated vacuum furnace and heated to 
1750°C over a period of eight hours. Uranium 85 
monocarbide spherical particles were obtained, 
about 100 microns in diameter with a density 
of only 63.4% of theoretical. 

A further batch of gel particles similar to 
those above was prepared. When dried in 90 
trichloroethylene, and before removal of the 
solvent, nickel acetonylacetate (2 g) was added 
and the mixture refluxed as before for a further 
one hour. The treated particles were then 
heated as before to debond them, when they 95 
were found to contain 0.3% by weight of nickel. 
They were then carbothermically reduced and 
sintered as before. The density of these particles 
was now found to be 80.6% of the theoretical. 
EXAMPLE 2 100 

Another batch of gel particles identical to 
those in the previous Example were prepared. 
When only partially dried in the trichloro-
ethylene, nickel 4-cyclohexyl butyrate (2 g) was 
added and the mixture distilled until no further 105 
water was removed. The particles were de-
bonded as above, the nickel content then being 
0.3%, and carbothermically reduced and 
sintered as above. The density of the particles 
was then 89.4% of the theoretical. 110 
EXAMPLE 3 

A further batch of gel particles identical to 
those in the previous examples was prepared. 

After washing with water, the gel particles 
were contacted with 3 litres of n-hexanol con- 115 
taining 5 g of nickel acetonylacetate at 50°C 
until no further water was extracted from the 
particles, (i.e. until the n-hexanol was saturated 
with water). The particles were then dried in a 
current of air and debonded, carbothermically 120 
reduced and sintered as in the previous 
examples. 

The density of the particles was then similar 
to that of Example 2. 
WHAT WE CLAIM IS:- 125 

I. A method for the production of nuclear 
fuel containing sintered uranium carbide or 
sintered plutonium carbide or a mixture thereof, 
including the steps of precipitating an oxide-
forming compound of uranium or plutonium or 130 



2 1 , 4 2 7 , 6 2 0 •7 

a mixture of oxide-forming compounds of the 
metals, in the form of gel particles containing 
carbon, and introducing into the gel particles a 
compound capable of providing nickel as a 

5 sintering aid by contacting the gel particles with 
a solution of a nickel compound in an organic 
solvent. 

2. A method as claimed in Claim 1, wherein 
the organic solvent is a chlorinated 

10 hydrocarbon. 
3. A method as claimed in Claim 2, wherein 

the organic solvent is trichloroethylene, per-
chloroethylene or carbon tetrachloride. 

4. A method as claimed in Claim 1, wherein 
15 the organic solvent extracts water from the gel 

particles. 
5. A method as claimed in Claim 4, wherein 

the organic solvent is n-hexanol, 2-ethyl hexanol 
or a mixture of aliphatic alcohols. 

20 6. A method as claimed in anyone of the 
preceding claims, wherein the nickel compound 
is nickel ace tony 1 acetate or a nickel salt of an 

organic solvent soluble organic carboxylic acid. 
7. A method as claimed in anyone of Claims 

1, 2 or 3, wherein the gel particles are dried by 25 
azeotropic distillation from the organic solvent 
containing the nickel compound, so that the 
particles absorb the nickel compound. 

8. A method for introducing a compound 
capable of providing nickel as a sintering aid ^Q 
into a gel particle substantially as hereinbefore 
described with reference to any one of the 
Examples. 

9. A method for the production of a sintered 
carbide using nickel as a sintering aid sub- 35 
stantially as hereinbefore described with 
reference to any one of the Examples. 

10. A sintered carbide prepared by a process 
including a method claimed in any one of the 
preceding claims. 
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