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ABSTRACT OF THE DISCLOSURE

A tantalum container for plutonium fuels rendered re-
sistant to leakage of the plutonium fuel by incorporation
of zirconium carbides into the grain boundaries of the
tantalum. The container is made by adding carbon to the
tantalum in an amount of about 120 p.p.m. arc melting
the tantalum and zirconium carbide (source of carbon),
and melting the resulting mixture repeatedly.

The invention described herein was made in the course
of, or under, a contract with the U.S. Atomic Energy
Commission.

This invention relates to a method and means of pre-
venting the leakage of plutonium from containers and,
more particularly, the leakage of molten plutonium from
tantalum in heat affected zones.

It is generally found in tantalum tubes or capsules
used to contain fast reactor fuels of the type of plutonium-
cobalt-cerium liquid alloy (alloys used at liquid condition
in excess of 500° C.) that leakage of fuel occurs above
the liquid level through grain boundaries in the tantalum
tubes. In particular, it has been found that the greatest
amount of leakage occurs not so much below the level of
the liquid fuel but in the gas phase in the so-called heat
affected zones near the welds which are used to cap the
tube.

It has been found in the past that carbon can be in-
corporated into the tantalum and heat treated at some
temperature such as 1650° C. in a vacuum so that carbide
jn excess of the solubility limit migrates to the grain
boundaries, segregates there and penetration of the liquid
metal is either prevented or minimized. The difficulty
usually occurs when these carbon-containing tantalum
alloys containing somewhat in excess of 50 or more
p.p.m. of carbon are welded. Since tantalum has such
a very large solvent power for interstitial elements like
carbon, whenever a weld is made it is found that the
effect of the segregation has disappeared, that the carbide
seems to vanish from the grain boundaries at and near
the weld. The net result is usually that the material be-
comes susceptible to penetration again by the liquid
metal,

The purpose of the invention therefore is to provide a
means of incorporating carbide into the grain boundaries
in such a way that even the as-cast structure contains

10

15

20

25

30

35

40

45

55

2

carbide segregated into grain boundaries. In a preferred
embodiment of this invention this is effected by incorpo-
rating, into the metal, carbon in the form of zirconium-
carbide which is arc melted into the tantalum by known
and standard means. It has been found that carbon can
be incorporated in as low a concentration as 120 p.p.m.
and still find carbide segregated into grain boundaries
after repeated arc-melting of the alloyed buttons. Spe-
cifically, for instance, if about 2070 p.p.m. zirconium
carbide are incorporated representing 240 p.p.m. of car-
bon after arc-melting 120 p.p.m. of carbon and about 900
p.p.m. of zirconium will usually be retained.

In another example 4130 p.p.m. of zirconium carbide
equivalent to 480 p.p.m. of carbide were added to the
tantalum. After arc-melting four times the material is
found to contain 320 p.p.m. of carbon and 2000 p.p.m.
of zirconium. After rolling and on annealing at 1800° C.
for one hour in a vacuum they still show the segregated
structure which is desired. The method of adding zircon-
ium carbide is as a powder (usually wrapped in tantalum
foil) to scraps or chunks of tantalum %8 to ¥ in. diam-
eter. These are then rapidly melted in an inert gas arc,
the atmosphere being one-fifth argon and four-fifths
helium, and rapidly turning the button and remelting to
get homogenization. Although the invention should not
be restricted thereby, it is believed that the low solubility
of zirconium in the tantalum metal accounts for segrega-
tion, probably as zirconium carbide, in the grain bound-
aries, as contrasted to the usual methods. The invention
thereby minimizes migration of plutonium out of molten
plutonium-cobalt-cerium alloy or iron-plutonium eutectic
alloy through the grain boundaries of tantalum.

In this method four remelts were used as a standard
condition. However, electron beam melting of previously
arc-melted material can also be used and indeed has
been used without too great a loss of material to the
vacuum,

What is claimed is:

1. A tantalum tube or capsule containing plutonium
fuel having at least one welded zone therein which is
rendered resistant to plutonium leakage in the heat af-
fected zone of the weld by the presence of zirconium
carbide segregated into the grain boundaries of said zone.
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