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The intermetallic compound Li@i played au integral part in
the demonstration of an ion replacement electroreftig
method developed at Argonne National Laboratory. The
Li@i compound was generated in a tilt-pour casting
furnace using high-purity lithium and bismuth metals as the
initial charge. At fm small-scale (-20 g) exzents
were conducted to detexmine tie materials synthesis
parameters. In the end, four larger-scale castings (500 g to
1250 g) were completed in a tantalum crucible. The metals
were heated slowly to melt the charge, and the formation
reaction proceeded vigorously above the melting point of
bismuth (-270”C). For the large-scale melts, the fbrnace
power was temporarily turned off at this point. After
several minutes, the tantalum crucible stopped glowing, and
the furnace power was turned on. The temperature was
then increased to -1200”C to melt and homogenize the
compound, and liquid Li@i was cast into cold stainless
steel molds. Approximately 3.7 kg of Li@i was generated
by this method.

The Chemical Technology Dhision at Argonne National
Laboratory (AM+) has a long histmy of developing new
and varied applications for the electrometallurgical
processing of metals and molten salts. Recently, a
pyrochemical process was developed and demonstrated at
the laboratory scale for the treatment of the radioactive salt
waste from the Molten Salt Reactor Experiment (MSRE)
that operated fbm June 1, 1965 to December 12, 1969 at
Oak Ridge National Laboratory (ORNL) [1-3]. This paper
describes a smaU subset of the process development effort
involving the synthesis and casting of the Li3Bi
intermetaUic anode material used to supply lithium to the
electrochemical cell. I

Backmound: MSRE Salt Treatment Process

The Molten Salt Reactor Experiment was a nuclear reactor
concept designed to produce power using a homogeneous

liquid core [3]. The reactor fuel was uranium tetrafluoride
[initially (Z~)Fo and later (Z3U)F4] dissolved in a molten
fluoride salt with the composition 65 mol ‘%. LiF-
30 mol ‘Yo BeF2-5 mol % ZrFq. Upon reactor shutdo~ the
system was drained, and the radioactive salt was stored at
ORNL. In the early 1990s, a task force was formed at
ORNL to evaluate methods for the cleanup and disposal of
the MSRE salt [1-2].

MI electrometallurgical process developed at ANL is one of
several methods considered for the treatment of the MSRE
waste [1-2]. The key step in this treatment process is an
electrochemical ion-replacement method that introduces
lithium into the salt as otier metals are extracted. The
reduction of non-lithium salt constituents is accomplished
using a Iithium-beaxing compound at the anode and various
types of “collection” cathodes. Two candidate anode
materials, Li3Bi and Li$b, were considered for this
process, but only the Li3Bi compound has been
demonstrated.

The process operates at temperatures between 530’C and
650”C and includes four extraction steps. In the fmt step,
zirconium and the noble metal fission-product fluorides are
electrochemically reduced and collected at a solid cathode
as the Li@i anode is converted to lithium fluoride (LO?).
As lithium is extracted fmm the Li3Bi anode, bismuth is left
behind as a liquid and coUected in a catch basin below the
anode. Calculations indicate that up to 90% of the
zirconium must be removed before uranium extraction
bewmes favorable.

In the second reduction step, uranium and other actinides in
the salt are ~duced along with the rare eti fission
products and any leftover zirconium. The reduced metis
are deposited in a liquid bismuth cathode. At this stage, the
bismuth cathode is removed and placed in a different
electrorefiier, which contains a LiC1-KCl-UC13 electrolyte
to extract the uranium fium the bismuth alloy. This

chloride salt electmreftig method is a welldeveloped
technology behg applied to the treatment of spent nuclear
ikels [4].
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DISCUSSION

The assignments of levels in 24(’Cm, which are strongly populated in the
‘JXCm(JHe,JH~)retiction, are based on a comparison of the cross sections measured for
this reaction with those measured for known high-j states in ‘“’)Pband ‘JJTh. The cross
sections were also calculated with the DWUCK4 code [6]. The magnitude of the cross
section and the angular distribution are tracked by the calculation but the agreement is
only qualitative. Thus it is not possible to firmly distinguish t-transfer or parity from a
comparison of measured and calculated cross sections alone.

The 2JzTh(JHe,JHe) reaction (Fig. 1) shows only two strong peaks, which are
associated with the j[~,z orbital. Because of the large gap at N= 152 [1], only states
above N= 152 gap are populated with substantial intensities in 2J Cm. In the
2J8Cm(4He,3He)spectrum, shown in Fig. 2, a strong peak at 593 keV was observed at
all angles. This peak is identified as the 15/2 member of the 11/2-[725] band. The same
level has been identified at 570 keV in the isotone 25’Cf [3]. The peak at 664 keV has
been assigned to the 11/2 member of the 9/2+[615] orbital because this state is expected
to have a large cross section and it has been identified in “Cf at 680 keV. For the 1898
keV level, the observed cross section is about one half the calculated value as is the case
for the 988 keV level in ‘33Th. The measured cross section for the 1560 keV level
agrees well with the value calculated for thej= 17/2 component of the 1/2+[880] band. It
is possible that for the higherj15n states the cross section is reduced because the state is
mixed with many other states. On this basis it is plausible that the 1898 keV state would
be the 15/2 member of the 13/2[716] band and the 1560 keV level would be the 17/2
member of the 1/2+[880] band.
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Figure 1. A portion of the ~Heexcitation energy spectrum from the reaction
2J2Th(4He,3He)measured with the K600 magnetic spectrometer.

To get some idea of the uncertainties involved in theoretical assignments, we
have made calculations of level orderings and spacings using a momentum-independent
(m.i.) Woods-Saxon potential, in addition to the calculations carried out with the
momentum-dependent (m.d.) potential discussed in [2]. Using the m.i. potential, we
are able to carry out Strutinsky method calculations to determme the deformation. We
have done such calculations in a three dimensional deformation space and find that the
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Figure 2. A portion of the 3He spectrum from the reaction 2J8Cm(4He,3He)measured
with the K600 magnetic spectrometer.

minimum in the energy surface is at V2=0.24, vd=-.O 1 and V6=0.02; in rather good

agreement with the deformation inferred [2] from the observed low-lying levels
(V2=().2$ VJ=-.O1 and VG=+.02). In Fig. 3, we show the single-particle spectra
calculated with the two potentials and compare them with the experimentally known
levels in “Cf [2] and 249Cm[7,8]. The level orderings and spacings obtained from the
momentum independent and momentum dependent potentials are in fairly good
agreement with each other, as well as with the experimental assignments below 800
keV. Both potentials give a large gap at N= 164. Above the gap, the levels calculated
with the m.i. potential are typically 100-200 keV higher than those obtained with the
m.d. potential. The notable exception to the agreement in level positions obtained from
the two potentials is the position of the 1/2+[880] orbital, which is about 600 keV higher
in the m.i. calculation. We note that the 1/2+[880] configuration is at a slightly larger
deformation than the other configurations because of its very strong deformation driving
chdracter. With these differences in the theoretical estimates, we feel that either of the
large peaks at 1560 and 1898 keV could be associated with the 1/2+[880] orbital.
Assuming that the level assignments are consistent with the m.i. potential, we feel that
we can calculate [9] the properties of the superheavy elements with a considerable
degree of confidence using the Strutinsky prescription.
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Figure 3. Experimental bandhead energies of neutron orbitals in 249Cm[7,8] and ‘lCf
[2] along with theoretical values.
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