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Uranium and plutonium in the pulverulent state can
be compressed and sintered either alone or in the presence
of other metallic constituents and can form a sintered
alloy which can be used as a fuel element in a nuclear
reactor. They can also be combined with another ele-
ment, for example carbon, nitrogen or silicon, in order
to form after heating a novel compound also capable of
providing a nuclear fuel by a powder metallurgy method.
The production of such sintered products implies that
the two base metals are available in the form of powders.

In order to obtain the base metal powders, either
the metal oxides are reduced by means of calcium or the
hydrides are decomposed.

These methods of preparation have serious disadvan-
tages however.

Although the method of reduction of uranium oxide
with calcium is used at present, it cannot be advantageous-
ly employed for reducing plutonium oxide, because wash-
ing of the production slags with dilute acids is incom-
patible with the very high oxidizability of plutonium.

Also, although direct action of hydrogen on massive
uranium and plutonium provides pulverulent hydrides
which can be substituted for the metals in all the appli-
cations which are initiated by starting with hydrogen
at a slightly elevated temperature, the use of hydrogen
in the presence of plutonium is not very desirable because
of the danger of explosion which is connected with the
use of that gas. Also subsequent fabrication steps neces-
sitates a very slow dehydrogenation stage. |

It is known that uranium-plutonium alloys having plu-
tonium contents from 15 to 80% are very fragile, be-
cause of the presence of a zeta phase. They normally
have fissures at ordinary temperature and are extremely
friable. When stock-piled, they break down very rap-
idly.

The present invention consists in a process of fabrica-
tion of sintered compounds based on uranium and plu-
tonium, the plutonium content of which is from 15 to
80%, in which, after provision of a uranium-plutonium
alloy of the desired plutonium content by any known pro-
cedure, the alloy is ground in order to obtain a pulveru-
lent product which is then compressed and sintered with
the addition of another element or substance.

Metals which can be added to the pulverulent alloy
include: molybdenum, niobjum, tantalum and zirconium.

Nonmetallic elements and substances which can be
combined with the alloy include carbon, silicon, nitro-
gen and hydrogen sulphide.

The process according to the invention can be put
into effect very readily. It is sufficient in fact to grind
the alloy directly, under an inert atmosphere, in a ball
mill, for example. The powders obtained by pulveriza-
tion of the alloy have an ability to become sintered which
is much better than that of mixtures of uranium and
plutonium powders obtained by standard processes, for
example by calciothermy or by decomposition of the hy-
drides. They also have the advantage in the case where
it is desired to make a mixed compound with a non-
metallic element of conducing directly to the formation
of solid solutions of uranium and plutonium compounds.
Production of the mixed compound can be effected either
in a single stage, that is to say the grinding and reaction
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of the alloy with the nonmetallic composition are simul-
taneous, or in two stages, in which preliminary grinding
of the alloy in an inert atmosphere is then followed by
reaction of the alloy with the nonmetallic compound. The
preparation of other refractory fuel products from these
powders, such as carbides for example, is more readily
put into operation than by the reduction of oxides by
carbon or carburization of hydrides. |

Various examples are given below, by way of illustra-
tion only, of the process of manufacture of sintered com-
pounds based on uranium and plutonium in accordance
with the invention,

Example 1

This example relates to the preparation of a nuclear
fuel based upon uranium and plutonium carbides.

(a) A uranium-plutonium alloy, the plutonium con-
tent of which is 30%, is prepared in an arc furnace;

(b) The alloy obtained is ground in a ball mill under
an atmosphere of argon for 10 minutes in the presence
of the theoretical quantity of carbon for the production
of the carbides; the average grain diameter is then less
than 40u;

(¢) The powder obtained previously tabletted under a
pressure of 7.25X10~2 p.s.i,, in order to effect the car-
burization reaction, is then heated under vacuum at
1200° C. for 10 hours;

'(d) the carbide obtained is ground in a ball mill for 20
minutes in the presence of 1% of naphthalene and 0.5%
of nickel by weight; the average grain diameter is then
less than 40u;

(e) The carbide powder and additive are compressed
under a pressure of 7.25X 10—2 p.s.i.; the apparent density
obtained is 9.2 gm./cc.;

«(f) The tablets obtained are sintered under vacuum
at 1450° C. for 4 hours; the refractory fuel material so
obtained has a density of 13.45 gm./cc.

Example 2

This example deals with the preparation of plutonium
and uranium mononitride.

(a) A uranium-plutonium alloy having a plutonium
content of 30% is prepared in an arc furnace;

(b) The alloy obtained is ground in a ball mill for 5
minutes under an atmosphere of argon;

(c) After introducing the stoichiometric quantity of
nitrogen to form the mononitrides, the mixture is heated
for 1 hour at 350° C,;

(d) The powder is then sintered by any known means.

I claim:

1. A process for the production of a sintered uranium-
plutonium product comprising the steps of grinding to
a powder, fragile particles of a uranium-plutonium al-
loy, the plutonium content of which is from 15 to 80%,
and compounding said uranium-plutonium powder by
compressing and sintering the ground powder in the pres-
ence of compounding metallic and nonmetallic materials
selected from the group consisting of molybdenum, ni-
objum, tantalum, zirconium, carbon, silicon, nitrogen and
hydrogen sulphide.

2. A process according to claim 1 in which the com-
pounding material is carbon and a carbide of said urani-
um-plutonium alloy is formed.

3. A process according to claim 1 in which the com-
pounding material is nitrogen and a nitride of said urani-
um-plutonium alloy is formed.

4. A process according to claim 1 in which the grind-
ing is conducted in an inert atmosphere.

5. A process according to claim 1 in which the com-
pounding material is added during the grinding.

6. A process according to claim 1 in which the com-
pounding material is added to the ground powder.
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7. A sintered uranium and plutonium product pre-
pared according to the process of claim 1.

8. A process for the production of an uranium-plu-
tonium carbide nuclear fuel comprising the steps of grind-
ing under an inert atmosphere fragile particles of a zeta
phase containing uranium-plutonium alloy, the plutonium
content of which is 30%, in the presence of the stoichi-
ometric quantity of carbon to provide a 40x grained pow-
der, compressing this powder at a pressure of about
7.25%10-2 ps.i. into a compact, heating said compact
under vacuum at 1200° C. to effect carburization, grind-
ing the carburized product, compressing the carburized
powder and sintering at 1450° C.

9. ‘A process for the production of an uranium-plu-
tonium nitride comprising the steps of grinding a fragile
zeta phase containing alloy of uwranium and 30% plu-
tonium in an inert atmosphere, introducing a stoichiomet-
ric quantity of nitrogen and heating to 350° C. to form
nitrides and then sintering the nitrided powder.

10

15

20

4

References Cited by the Examiner

UNITED STATES PATENTS
2,544,277 3/1951 Newton et al. —_____ 23—14.5
2,897,077  7/1959 Coffinberry —_________ 176—89
2,902,362 9/1959 Schonfeldetal, ______ 75—122.7
2,917,383 12/1959 Saller __________ 75—122.7 X
2,926,083  2/1960 Waber . _____ 75—122.7
3,136,629 6/1964 Williams et al. __..___ 23—14.5

OTHER REFERENCES

Nuclear Reactor Fuel Elements, Metallurgy and Fab-
rication, Xaufmann, Interscience Publishers, 1962,
page 133.

BENJAMIN R. PADGETT, Primary Examiner.

L. DEWAYNE RUTLEDGE, CARL D. QUARFORTH,
Examiners.

A. G. BOWEN, Assistant Examiner.



