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Improvements in Fabrication of Metallic Fuels: D. B. Tracy, S. P. Henslee,
N. E. Dodds, and K. J. Longua

INTRODUCTION
Argonne National Laboratory is currently developing a new liquid-metal cooled
breeder reactor known as the Integral Fast Reactor (IFR), (Reference 1). IFR fuels
represents the state-of-the art in metal-fueled reactor technology. Improvements in
the fabrication of metal fuel, to be discussed below, will support the fully remote fuel
cycle facility that as an integral part of the IFR concept will be demonstrated at the EBR-
II site.

BACKGROUND
Metallic reactor fuel has been fabricated for over 30 years where and has steadily

improved (Reference 2). The most recent area of interest is the development of IFR
binary and ternary fuel systems with life expectancies in excess of 15 atomic percent
burnup. These fuels have been irradiated to burnups in excess of 18 atomic percent
and continue to be evaluated with respect to their irradiation performance (Reference
3).

Current metallic fuel fabrication methods used at ANL-W have been developed
from extensive on fuel performance data. Several experimental subassemblies are
being irradiated in the EBR-II to explore the limits of the current fuel specifications.
This paper will describe fabrication improvements that have been developed over the
last five years, and provide a brief look at future fabrication equipment and techniques
that are now being pursued.

FABRICATION IMPROVEMENTS

Impurities, in the parts per million range, are introduced into the fuel alloy
during the melting and casting operation. The allowable impurity concentration,
was originally specified for each impurity, is now based on the total amount of these
constituents. The results of high impurity fuel irradiations have shown that the
impurity content had no adverse effect on fuel performance.

As well as the desire to relax the specification for process economy,
motivation also existed to improve fuel slug quality, casting yields, and to control
waste products. The overriding process parameter that effects all of these is the
casting temperature. Accurate temperature control reduced impurity levels,



internal slug defects and surface irregularities, as well as, allowing the use of
standard furnace materials, i.e., refractories. Chemistry control, mainly fuel slug
homogeneity, was greatly improved when the original 2 step process was combined
into a single melting operation. The molten alloy was stirred with a tantalum disk
prior to injection casting. The tantalum stirrer was replaced by using the
induction power supply to electromagnetically stir the melt. This process has
improved homogeneity, resulted in better control of remelt material chemistry and
lowered impurity levels.

In injection casting, the molten alloy is quickly forced into the cold quartz
mold where it rapidly solidifies. As the metal solidifies the metal cools and shrinks
forming internal hot tears and pores. Historically these defects were evaluated
radiographically and controlled as to size and frequency. Neutron radiographs of
irradiated elements showed no evidence of the as-cast defects in the slugs after low
irradiation exposures. Concerns stemming from the effect of a slug, broken during
loading, were resolved by irradiating segmented slugs to 11.5 atomic percent
burnup without failure. The success of these experiments made it possible to
eliminate slug radiography from the process sequence. Excessive porosity is still
controlled by slug weight requirements, which also guarantee the fissile content of
the slug.

Original IFR experimental fuel elements were fabricated with gas tungsten
arc-welded top and bottom end plugs. This closure process was replaced by a
capacitive discharge weld directed on the top of the upper end plug. Since the weld
melted the top end plug to form a spherical tip, the spacer wire wrap could no
longer be attached to the top end plug. The wire was welded to the cladding near
the top end prior to fuel slug loading.

EBR-II metallic fuel slugs are encapsulated with bond sodium. Voids in the
bond are virtually eliminated by multiple axial impacts, impact bonding, while at
500°C. The sodium bond quality is evaluated through non-destructive inspection. A
new, simpler process has been developed that may eliminate impact bonding and
non-destructive inspection. The process is capable of limiting the total bond porosity
to less than 20% as measured at room temperature and relies on the reactor inlet
coolant temperature to complete the wetting reaction prior to startup.

ALTERNATIVE MANUFACTURING METHODS
There are currently three alternative methods being considered for the

fabrication of metal luels. One of the three concepts is the continuous casting of the



metallic fuel rods directly from the alloy melt. Casting into a zirconium mold which
is an integral part of the final fuel slug has been accomplished and an experimental
subassembly is now being fabricated for irradiation. The final method under
consideration is the use of reusable molds.

CONCLUSIONS
Several improvements to conventional fabrication methods of metallic fuel

have been implemented. These efforts have significantly reduced fabrication costs
and have focused on the production of long life metallic fuels. Ongoing process
evaluations are intended to simplify the remote manufacturing for the integral fuel
cycle.
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