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BEAM-BASED MEASUREMENTS OF
PERSISTENT CURRENT DECAY IN RHIC*

W. Fischer, A. Jain and S. Tepikian, Brookhaven National Lab, Upton, NY 11973, USA

Abstract

The two RHIC rings are equipped with superconducting

dipole magnets. At injection, induced persistent currents

in these magnets lead to a sextupole component. As the
persistent currents decay with time, the horizontal and ver-

tical chromaticities change. From magnet measurements of

persistent current decays, chromaticity changes in the ma-
chine are estimated and compared with chromaticity mea-
surements.

1 INTRODUCTION

Persistent currents are eddy currents that are induced in

the filaments of superconducting magnets through a change
in the magnetic field. They generate all multiples which

are allowed by coil symmetry, i.e. the normal multiples

bo, b2, b4, ... in dipoles and bl, b5, bg, ... in quadruples. At
a constant field during injection these currents decay with

time. Decay rates typically vary from magnet to magnet
and depend on the magnetic field history as well as on cable
properties [1].

At injection energy, the sextupole field errors bz from
persistent currents can be significant due to their size and
time-dependence. Their uncorrected change during injec-
tion may be unacceptable for operation. An overview of
various hadron colliders can be found in Ref. [2]. Time
dependence is not only observable as a slow decay at the

injection level but also as a snap-back to the original multi-

pole value when acceleration starts. For an effective correc-
tion of persistent current effects, reproducibility and pre-
dictability are important. In this article we compare for
both RHIC rings the time-dependent chromaticity changes
expected from magnet measurements with measured chro-
maticity changes.

During the year 2000 gold run, beam was injected in
RHIC at a dipole current of 462 A. Time-dependent chro-
maticity measurements in both the Blue and Yellow ring

started 2 tin after reaching the injection current and ex-

tended over 15 min.

2 MAGNET MEASUREMENTS OF
PERSISTENT CURRENT DECAY

The expected time-dependent chromaticity change can
be deduced from two types of magnet measurements. First,
the persistent current decay was measured in 20 magnets
at 660 A, a current higher than the injection current of
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Table.1: Change in b2 is computed from 2 min to 17 min
with the fit fun&ions (1) and (2).

Measurement Logarithmic I 2 exponential

~

462 A. Second, the decay was also measured in a single
dipole magnet at 470A. Ideally, the persistent current de-
cay in magnets should be measured under the same con-
ditions as in machine operation. However, the 20 RHIC
magnets were measured during production assuming an in-
jection current higher than the one finally used in operation.

The decaying sextupole components were fitted to two

functions. First, a logarithmic time dependence was as-
sumed according to

bz = co + q loglo (t/Tl) with T1 = 1 s, (1)

Such a time-dependence is characteristic of a relaxation
process, namely the flux creep phenomenon in hard su-
perconductors. The HERA magnets could be character-
ized this way [1]. Another fit for the RHIC magnets can
be obtained with two superimposed exponentially decay-
ing terms according to

b2 = co + CIe–t/T’ + cze–tj”. (2)

An exponential decay is expected when the eddy current
loops are partly superconductive and partly resistive.

For the measurement of the 20 magnets Tab. 1 shows the
change in b2, computed with both fit functions over 15 min

starting 2 min after reaching 660 A. The Ab2 errors are
the square root of the average quadratic deviation between
measured and fitted values. The fitted functions are also
shown in Fig. 1. The fit with Eq. (1) overestimates the de-
cay while the fit (2) underestimates the decay.

Since the persistent currents are approximately indepen-
dent of the main field at tn.nsport currents well below the

critical current, the coefficients co, c1 and cz in Eqs. (1)
and (2) may be scaled witl the reference field. The re-
sult of scaling is also shown in Tab. 1. The simple scaling
is, however, only approximate and the exact scaling is not
known. A more detailed’discussion of scaling can be found
in Ref. [2].

The result of the single magnet measurement at
470 A [3] are shown in Fig. 2 and in Tab. 1. It is evident
that a simple linear relation between bz and log(t) is not
followed by the data over the entire range.

The expected change in b2 from the scaled measure-

ments of the 20 magnets at 660A differs from the expected

change in bz from the single magnet measurement at 470 A
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Figure 1: Time-dependent change of the sextupole coeffi-
cient in 20 RHIC dipoles at 660 A.

by some 25%, with error intervals overlapping (see Tab. 1).
However, as Fig. 1 shows, individual magnets can differ in
their behavior significantly from each other.

A discussion of the magnetic cycle and the ramp rate on
the persistent current decay as well as references to magnet
measurements of persistent current decays for the Tevatron
and HERA can be found in Ref. [2].

3 EXPECTED CHROMATICITY
CHANGE FROM PERSISTENT

CURRENT DECAY
The change in the chromaticity &,Y = AQZ,y/(AP/ZJ)

associated with the change of the sextupole component
Abz can be computed as [4]

11
At&/ = +——

!
t%(s)

BTe.Abz(s)

2X (Bp)
qz(s)ds.

r;
(3)

where ~z ,Y is the lattice beta function and rlz the disper-
sion. Bre~ may be different from the II in the rigidity
(Bp). Assuming sextnpole errors only in dipoles Eq. (3)

can be approximated as

1 1 Bref Abz ~1
A&,Y = +——

21r [Bp) r; “y
(4)

where N denotes the number of dipoles and the integrals

/

12

Iz,u = ~z,y(s)% (SW (5)
11

extend over a dipole in a FODO cell. In Eq. (4) we use only
the average change in the sextupole coefficient Abz. Fur-
thermore, we only consider dipoles in FODO cells since

contributions from the interaction regions are sm~l [2].
The integrals .lZiu can be computed using a thin-lens ap-

proximation for the magnets in the cell [2, 5]. The result of

a numeric integration using the RHIC cell parameter [6] is
shown in Tab. 2 (analytical).

The expected chromaticiy change can also be computed
with optics programs. For RHIC we use MAD. and Teapot.
Both programs can introduce magnetic field errors in the

-8.4
1111111 11 II

~ -8.6 -j--~-- \--\--+-[-;--[--;-&+=’

~ -10.0
E.10.2

z
-10.4

t
,11111

-A--T-r-h!i?2 1111

,,, ,,, ,

r.#—l -- I---! --!-- .L--I--L. J --L-J

3
1111 [11
1111111---- --_—

● Data

‘Two Exponential Fit

-“’:-Log(t) Fit (t> 10s)
1 [11111

Figure 2: Time-dependent sextupole coefficient in a single

RHIC dipole at 470A.

Table 2: The effect of a change in the sextupole compo-

nent on the chromaticity. bz is given in units of 10–4 at a
reference radius of To = 25 mm;

Natural Chromaticity due
Chromaticity to bz in dipoles

&-Z,n ty,n (=J, tg,b,
Analytical – – +4.9 X bz –4.4 X bz
MAD –54.9 –56.5 +4.9 X bz –4.3 x bz
Teapot –54.7 –56.6 +4.2 X bz –4.0 X bz

lattice. The results for both programs are also shown in
Tab. 2. The analytical estimate and the coefficients deter-

mined from MAD agree very well. The Teapot coefficients

are slightly different since Teapot uses a single kick ap-
proximation for every dipole while the analytical estimate

and MAD use a thick lens model.

4 MEASUREMENTS OF
TIME-DEPENDENT CHROMATICITY

The chromaticity was determined by measuring the tune
at different average radii and therefore momenta. The tune
was obtained from the Fourier transforms of transverse
beam oscillations over 512 turns after the beam was ex-
cited with a single small kick [7]. The momentum was
changed by Ap/p = +0.0017. The chromaticity was mea-

sured every 16 seconds beginning 2 minutes after reaching
the injection plateau. Measurements extended over 15 min-
utes. Both the Blue and the Yellow ring were measured in
gold operation. In Fig. 3 the results of the time-dependent
chromaticity measurements are shown. With MAD it was
determined that tune changes due to second order chromat-
ic coefficients can be disregarded.

We fit the chromaticity to two functions equivalent to
Eq. (1) and Eq. (2). However, the experimental data make
a fit to five parameters like in Eq. (2) difficult. Furthermore
the fast decaying component has largely decayed when the
beam-based measurements start. We therefore set El = O
and perform only a three parameter fit. In addition, we
force the time constant TZ to be the same in the Blue and
Yellow rings.
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Figure 3: Measured chromaticity in the two RHIC rings on
a linear time scale.

The change in ~m,g computed from 2 min to 17 min

with the fitted functions is shown in Tab. 3 along with the
expectations from the magnet measurements. The bearn-

based measurements agree better with the single magnet
measurement than with the scaled measurement of the 20
magnets. Generally, a better agreement is obtained for the

exponential fits. For these, the scaled 660 A measurements
show an average deviation of –28%. For the single 470A
measurement the average is 490. Fig. 4 also shows the com-
parison between the expectation from bo~ magnet mea-
surements and the chromaticity measurements.

5 SUMMARY
Magnet measurements of persistent current decays in

REUC dipoles show neither a clear logarithmic nor a clear

exponential dependence but indicate both components. The
relatively small chromaticity changes that can be computed
from the measurements of a single magnet agree well with
beam-based measurements.

A single magnet was found to be a good proxy for both
the Blue and Yellow ring with respect to the persistent cur-
rent decay at injection. However, since decay times vary
considerably from magnet to magnet, predictions of the
chromaticity change should not rely on measurements of

Table 3: Change in ~m,v computed from 2 min to 17 rnin

with the fitted functions. The A&Z,Verrors correspond to

the square root of the average quadratic deviation between
measured and fitted values.

Measurement Logarithmic 2 Exponential
A& [1] A&V [1]

Horizontal
20 magnets, 660A scaled 3.45 + 1.06 2.73 + 0.97
single magnet, 470 A 4.05 + 0.34 1.89 + 0.10
Blue ring 2.16 + 0.22 1.98 + 0.21
Yellow ring 1.73 * 0.20 1.48 + 0.21
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Figure 4: Comparison between chromaticity changes ex-
pected from magnet measurements and measured chro-
maticity changes. In all cases the exponential fit functions

are shown.

a single magnet. .

The agreement with a scaled measurement of 20 mag-

nets, ca.nied out at a higher current and with a different cy-
cle, is less satisfactory. This suggests that the simple scal-
ing law used is only a crude approximation. For machines,
for which a detailed knowledge of the persistent current
behavior is essential for operation, magnet measurements
should therefore be done under conditions as close as pos-
sible to those encountered in machine operation.
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CONTRACTUAL ORIGIN OF THE INVENTION

The United States Government has rights in this invention pursuant to

Contract Number W-3 1-109-ENG-38 between the United States Government and

Argonne National Laboratory, as represented by the University of Chicago.

TECHNICAL FIELD

The present invention relates to a method for separating gallium metal from

plutonium utilizing an electrorefining process, wherein a solid plutonium-gallium

(Pu-Ga) alloy comprises the cell anode and the gallium and plutonium we removed

from a liquified surface on the solid Pu-Ga alloy, In particular, the plutonium in the

anode surface is electrochemical y oxidated, becoming part of the cell electrolyte,

-2-
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and the plutonium depleted surface liquifies and is effectively removed from the

solid anode by the turbulence in the agitated electrorefining process.

BACKGROUND OF INVENTION

Fuel cycle technology has recently been adapted to aid in solving nuclear

waste disposal problems. For example, weapons grade plutonium blended with

uranium is converted into mixed oxide fuel to be burned in commercial light water

reactors. Weapons grade plutonium, however, which is comprised of a plutonium-

gallium (Pu-Ga) alloy, has presented significant problems when utilized directly as a

reactor fhel, because the gallium, typically about 1 to 3 atom 0/0 of the Pu-Ga alloy,

deleteriously effects fuel element-cladding chemistry. Therefore, development

efforts have focused on processing Pu-Ga alloys to separate the gallium from the

plutonium, prior to using the weapons grade plutonium in the fuel cycle.

Electrorefining processes are used to recover high purity metals from metal

alloys containing impurities, such as plutonium from spent nuclear fbel.

Electrorefining is performed in an electrochemical cell in which

fiel alloys form the anode, and a molten eutectic salt electrolyte

select ions formed at the anode and discharged as purified metal

the fiel elements or

is used to transfer

to the cathode. The

fiel elements maybe dissolved in a liquid metal anode pool that is immiscible with

the electrolyte, or disposed in a moveable basket for immersion in the electrolyte.

FIG. 1 shows a prior art electrochemical cell (LANL design) having a non-

conducting ceramic electrolyte container 16 containing a molten electrolyte salt 18

-3-
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(preferably a chloride salt), a solid cathode cylindrical shell or ring 20 positioned

within the electrolyte 18, and an anode made of impure molten plutonium 12 (e.g.,

Pu-Ga alloy) and contained in an inner ceramic crucible 14. The liquid anode is

stirred by a ceramic agitator 24. During operation, the plutonium metal from the

liquid anode pool is oxidized to form a salt (e.g., PuCl~) at the anode-electrolyte

interface, and the salt is transported within the electrolyte and reduced to plutonium

metal at the cathode. The electrorefining process is operated above the melting point

of plutonium, such that the purified liquid plutonium drips off the cathode ring and

collects at the bottom 22 of the electrorefining cell in the annulus region.

By using the electrochemical cell shown in FIG. 1, approximately 90’%0of the

plutonium metal is removed from the anode and recovered as purified cathode metal

before the anode solidifies, preventing stirring of the anode and thus terminating the

operation of the electrochemical cell (i.e., for a Pu-Ga alloy initially comprised of 1

wt YOgallium, the anode solidifies after about 85% to 90’%0of the plutonium has been

removed from the anode). The remaining 10°/0of the plutonium is part of the

solidified ring of anode. The solidified anode, also referred to as the heel, is a

process waste made of impure plutonium (about 25 atom YOGa and about 75 atom YO

Pu) and must be subjected to further processing. Additional problems include

migration of impurities toward the salt-anode interface where the plutonium

oxidation is occurring, and limits on the volubility of the impurity within the liquid

plutonium. For example, in the case of a gallium impurity, the Pu-Ga interrnetallic

-4-
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compound blocks or clogs the liquid salt-liquid metal interface and prevents further

electrolysis. Although stirring the anode with a ceramic stirrer 24 increases the

amount of liquid plutonium at the salt-anode interface, breakage of the stirrer 24

occurs at a high frequency, after the Pu-Ga anode begins to solidi~.

Another electrorefining process for separating plutonium from gallium

involves dissolution of the Pu-Ga alloy in a liquid cadmium anode. The Pu-Ga alloy

is dissolved in the liquid cadmium anode of the electrochemical cell, and plutonium

ions are transported by an electrolyte to a solid cathode where solid plutonium metal

dendrites form, or, alternatively, to a liquid cadmium cathode. This cadmium diluted

anode electrorefining process operates at a temperature of about 500 “C, well below

the melting point of plutonium, and is a single phase liquid system for all

compositions. Where a liquid cadmium cathode is used, pure plutonium is

recoverable by distillation. This approach requires little stirring, since the salt-metal

pool anode interface does not become blocked with solids; after repeated cycles,

however, gallium accumulates in the gallium-cadmium (Ga-Cd) anode pool, and the

gallium to cadmium ratio in the anode is great enough to inhibit dissolution of Pu-Ga

alloys. The Ga-Cd liquid anode is then retorted to separate the volatile cadmium

from the non-volatile gallium. The cadmium condensate is recycled, and the gallium

is recovered and may be used for producing Pu-Ga alloys.

Electrorefining spent fuel containing gallium has significant corrosion and

process limitations. For example, ferrous metal is vigorously attacked by

-5-
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intergranular diffirsion and compound formation caused by the gallium in

temperatures between about 400 ‘C and 500 “C. Gallium also forms very strong

compounds with uranium, plutonium, and alkali, alkaline earth, rare earth, and some

noble metals. Gallium effects distribution coefficients and separation factors, and,

although gallium does not oxidize into salt, its alloying properties also effect

electrorefining separation processes used to recycle spent fuel. Therefore, it is

desirable to separate the gallium from the plutonium prior to using Pu-Ga alloys to

produce fuel.

The invented method for separating gallium from Pu-Ga alloys disclosed

herein uniquely employs a solid anode for significantly improving the overall rate of

electrotransfer by four to ten times the state of the art. The method involves moving

a solid Pu-Ga alloy anode in liquid electrolyte at a temperature sufficient to cause a

liquid layer to form on the surface of the solid Pu-Ga alloy (e.g., 500”C). The

surface plutonium is oxidized and effectively stripped fi-om the surface layer until

only gallium essentially remains. The plutonium is electrotransported to a cathode

and recovered in a purified form. The liquid gallium drips from the surface and is

collected at the bottom of the electrorefining cell.

Therefore, in view of the above, a basic object of the present invention is to

provide an efficient method for separating impurities from plutonium.
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Another object of this invention is to provide an electrorefining method for

separating plutonium and gallium from a Pu-Ga alloy, wherein essentially pure

plutonium is recovered.

Another object of this invention is to provide a one step electrorefining

method for separating plutonium and gallium from a Pu-Ga alloy that does not

produce a waste product containing plutonium, requiring further processing.

Yet another object of this invention is to provide a method for processing a

Pu-Ga alloy that overcomes anode solidification problems experienced in the prior

art.

BRIEF SUMMARY OF THE INVENTION

Briefly, this invention is an efficient process for recovering plutonium from a

solid plutonium-gallium (Pu-Ga) alloy. An electrorefining cell is employed, and the

solid Pu-Ga alloy is used directly as a moving anode, preferably placed in a basket

and immersed in liquid electrolyte at a temperature of about 500 “C. This

temperature is sufficient to cause a liquid layer to form on the surface of the solid Pu-

Ga alloy, when the composition of the surface layer is changed by the removal of

plutonium from the surface by oxidation. Plutonium is electrotransported to a

cathode, while the gallium drips from the liquified surface and collects at the bottom

of the electrorefining cell. The cathode is initially a support surface, preferably

comprised of iron, and the transported plutonium deposits as a solid (the melting

point of plutonium is 640 ‘C) on the cathode surface and is recovered. The voltage is
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controlled to prevent gallium from forming a salt within the electrolyte, with an

upper limit of about -0.9 V for driving the electrorefining cell.

A great volume of Pu-Ga alloy may be treated expeditiously by using the

present electrorefining cell and method, since there are no solid Pu-Ga pieces or

heels remaining for fi.u-therprocessing or other wastes requiring treatment. In

addition, all of the gallium is recoverable in a liquid form suitable for producing

additional plutonium-gallium alloys, if desired. In fact, the heels recovered from less

efficient Pu-Ga separation processes may easily be treated by the present method by

using the heels as the solid Pu-Ga anode. Finally, the plutonium is recovered in a

convenient solid form by scrapping the plutonium dendritic solid fi-om the cathode

support. The solid, containing occluded salt, is melted and cast to separate the

plutonium and salt into two layers, which are easily broken apart.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, advantages, and novel features of the present invention will be

apparent from the following detailed description and drawings herein described

below.

FIG. 1 shows a prior art electrorefining cell design employing a liquid

plutonium-gallium (Pu-Ga) anode, which solidifies as the overall composition of the

anode is changed by the plutonium removal;

FIG. 2 shows the anodic dissolution of the solid Pu-Ga alloy according to the

present method; and
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FIG. 3 is a phase diagram of a plutonium-gallium (Pu-Ga) system.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a method for separating plutonium and

gallium from a solid plutonium-gallium (Pu-Ga) alloy by solid anodic dissolution in

an electrorefining process. As shown in FIG. 2, solid anodic dissolution 40 of the

Pu-Ga alloy is accomplished in an electrorefining cell by disposing a solid Pu-Ga

alloy 42 in a molten electrolyte 44, such that the solid Pu-Ga alloy 42 forms the cell

anode. Preferably, the solid Pu-Ga anode is placed in baskets that are connected to a

power supply and immersed in and moved through the molten electrolyte 44. A

solid cathode 50 is also provided within the electrorefining cell. Alternatively, a

liquid cathode may be employed. The cathode is in contact with the electrolyte and

is preferably located at a point above the solid Pu-Ga alloy.

In operation, the electrorefining cell is maintained at a temperature sufficient

to cause a liquified layer 46 to form on the surface of the solid Pu-Ga alloy, as the

plutonium is electrochemically stripped from the surface of the anode and the

composition of the surface layer 46 changes. In other words, the plutonium in the

surface is electrotransported to the cell cathode, leaving a substantially gallium

surface behind that liquifies at the electrorefining cell temperature. Preferably the

electrorefining cell is operated at a temperature of about 500 “C. Current is passed

through the electrorefining cell, causing the metal plutonium (M) component of the

surface of the solid Pu-Ga alloy to initially oxidize, and then to oxidize at the

-9-
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interface 48 between the created liquified layer 46 and the electrolyte 44 (e.g., M“ - e

+ M+). This surface oxidation occurs very rapidly, and the plutonium is effectively

electrotransported to the cell cathode. The liquid gallium component of the Pu-Ga

alloy is removed from the Iiquified surface 46, as it drips from the surface and

5 collects below the solid Pu-Ga anode, preferably at the bottom of the electrorefining

cell. The liquified layer is essentially being scrubbed off the solid Pu-Ga anode by

the washing action of the electrolyte and gravitational forces, as the metal is heavier

than the electrolytic salt. Importantly, at the time the dripping liquid layer loses

electrical contact with the solid Pu-Ga alloy anode 42, the liquid is essentially

10 depleted of plutonium and is comprised essentially of gallium.

Any Pu-Ga alloy maybe separated according to the present method,

including weapons grade plutonium in the range of between about 1 and about 3

atom 0/0gallium, and anode heels produced by known electrorefining processes

generally in the range of between about 18 and about 22 atom %. Large pieces of the

Pu-Ga alloy maybe used, or, alternatively the Pu-Ga alloy maybe subdivided into

smaller pieces prior to anodic dissolution.

The molten electrolyte is preferably a eutectic chloride salt, e.g., LiCl, KC1,

among others. PuCl~ maybe added to the electrolyte to ensure efficient

electrotransport of plutonium from the anode to the cathode within the

electrorefining cell. Alternatively, an oxidant, including but not limited to CdC12,

-1o-
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FeCl, CUC1, ardor Cl, maybe added to the electrolyte to chemically react with the

plutonium, forming PuCIS.

FIG. 3 is a phase diagram of the plutonium-gallium system illustrating the

relationships between temperature and the phase compositions. The Pu-Ga alloy is a

solid at 97 atom 0/0plutonium and 773 ‘K (500 “C), near point D. As plutonium is

removed from the surface of the solid Pu-Ga alloy by anodic oxidation, the surface

layer liquifies at a composition of about 8 atom YOplutonium, near point E. The

advantage of employing a solid Pu-Ga anode is that all the plutonium is recoverable

in a single separation step. If the Pu-Ga alloy is melted in the anode, as in the

electrorefining process illustrated in FIG. 1, the initial anode composition is

represented by point A on FIG. 3. As plutonium is removed from the stirred anode,

its composition moves from point A to point B, where solids will begin to form. As

even more plutonium is removed, the composition continues to move from point B

toward point C -- complete solidification. Electrorefining processes employing a

liquid anode are therefore limited at a certain point between point B and C, where

stirring can no longer be performed due to the solidification. The present method

overcomes this limitation.

The electrorefining cell voltage is controlled to prevent gallium from forming

a salt within the electrolyte, with an upper limit of -0.9 V, as the driving voltage. For

example, if the Pu-Ga alloy is initially 97 atom 0/0plutonium and a solid cathode is

used, then to recover 99.999°/0 of the plutonium the composition of liquid gallium
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leaving the anode is 3.2x 10-4mol fraction plutonium, requiring a voltage of-0.73

volts. To firther reduce the plutonium content of the gallium to 3.2 x 10-6mol

fraction plutonium, a voltage of -0.84 volts is required, resulting in a gallium stream

containing only 10 ppm by weight plutonium.

Electrorefining cell designs known in the art maybe employed to practice the

present method. Preferably, the design for practicing anodic-dissolution of the solid

Pu-Ga alloy disposes the anode and cathode in close proximity to reduce cell

resistance and employs a movable anode basket device for immersing the solid Pu-

Ga alloy in the electrolyte. The movement of the anode through the electrolyte is

desirable to facilitate continuous washing or scrubbing of the liquid layer from the

solid Pu-Ga alloy anode, whereupon a fresh liquid surface is formed.

It is appreciated by one skilled in the art that this method maybe similarly

employed to puri~ other plutonium alloys.

The present one-step, high through-put method minimizes waste products

streams, operates at a lower temperature than prior art methods, and is easily

and

controlled by maintaining the voltage through the electrorefining cell. Additional

advantages include use of the solid phase of the Pu-Ga alloy, extended liquid surface

area available for oxidation of the plutonium at the metal-salt interface, and the

recovery of the gallium and plutonium, without formation of a Pu-Ga alloy waste

solid, or heel, or necessity for further separation steps.

While preferred embodiments of the present invention have been shown and

-12-



described in detail above, it would be clear to those skilled in the art that many

changes and modifications are possible without departing from the invention in its

broader aspects, as set forth in the appended claims. Accordingly, all such

modifications are intended to be included within the scope of this invention.
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ABSTIL4CT OF THE DISCLOSURE

Purified plutonium and gallium are efficiently recovered from a solid

plutonium-gallium (Pu-Ga) alloy by using an electrorefining process. The solid Pu-

Ga alloy is the cell anode, preferably placed in a moving basket within the

electrolyte. As the surface of the Pu-Ga anode is depleted in plutonium by the

electrotransport of the plutonium to a cathode, the temperature of the electrolyte is

sufficient to liquifj the surface, preferably at about 500 “C, resulting in a liquid anode

layer substantially comprised of gallium. The gallium drips from the liquified

surface and is collected below the anode within the electrochemical cell. The

transported plutonium is collected on the cathode surface and is recovered.
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