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ELECTRODEPOSITION OF PLUTONIUM

JUL 1860 i

Equipment for electrolytic deposltion of plutonium from molten salt

solutlions was designed and bullt, and was tested with cerium as a

stand-1n for plutonium. The electrolysis cell 1s a graphlte cruclble !
that serves ags the anode; the cathode 1s a molybdenum rod. The cell i
1s heated by Induction and 18 enclosed in a quartz chamber to permit

cperaflon in an inert atmosphere.

—

]

Buttons of cerlum metal were successfully produced by electrolysls of
molten mixtures of CeFg-BaFp-LiF {welght ratlo 77:1%:10) that contained

5 wt % of dissolved CeOp. In one experiment the mixture was electrolyzed
1% minutes at 900°C, with 25-35 amperes at a potentlal of 6 volts. A
coalesced B-g button of cerium metal was formed and about 2 g of
additional cerlum adhered to the melybdenum cathode. The total cerium
indicated a current efficlency of 62%. Electrolysis at about 8009¢
showed about the same current efficiency, but the cerium metal was
dispersed as nodules throughout the melt. Plans were made to use a
single charge of the mixed fluorides 1n repetitive cycles, wlth periodic -
addition of the cerium dioxide feed.

The: electrodepositlon of plutonlum metal from fused salt systems has
potentlial advantages over the present process 1n whilch batches of
plutonium fluoride are reduced wlth calecium; the electrolytlc process
could be adapted to contlnuous operatlon, and extended use of the same
batch of electrolyte for several throughputs of Pul; would reduce the
amount of plutonium that must be recovered from reductlion wastes.
Previous study 1in the laboratory was dlrected toward the electrodeposlilon
of plutonium from organic solvents; thils method was found to be limited
both by the solubility of plutonlum salts 1n the solvents tested and by
the conductivity of the organic soclutlons. Electrolysls from fused
salts 1s expected to avold these problems, but considerable effort willl
be needed to define satisfactory operating conditlons and materlals of
construction.
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ELECTRODEPOSITION OF PLUTONIUM T H

Exploratory runs in the electrolysls equlpment described in the July
report were continued with the obJject of defining satisfactory

vFoi=065-432

19R5

operating conditions and materials of constructicn for electrodepositing

plutonium from molten salts. Tests with cerium as a stand-in for
plutonium were continued and tests with plutonium were started.
Cerium was successfully deposited when CeO, was added perlodically
during 105 minutes to a molten bath of CeF,-BaF,-LiF. About 16 g of
cerium was produced; the current efficlency was about 60%. The
operating temperature, 800°C, was not high enough to allow the cerium

- to coalesce in the bottom of the graphite crucible; most of the cerium

remained as a spongy, dendritic deposit on the cathode.

Deposition of plutonium from the analogous PuFg-BaF,-LlF system has
not yet been tested, but attempts to depeosit plutonium from other
systems were not successful. When solutlons of PuF; in NaF-KF and
IiF-NaF eutectlecs were electrolyzed, flames appeared at the surface
of the solutions. In‘all experiments in which a flame appeared, the
cathode was a molybdenum rod and the flame surrounded the cathode.

In these tests the anode gases were probably mixtures of fluorine and
carbon-fluorine compounds; these gases may have reacted with the
molybdenum or with molten metals at the cathode. To avoid the use of
molybdenum, in one experiment a graphite anode was used and the
graphite cell served as the cathode. No flaming occurred and the
electrolysis was continued for one hour at 800°C. No plutonium metal
was found; any plutonlum produced may have reacted with the graphite
crucible. In an attempt to overcome this problem, the graphite
crucible was replaced by a magnesla crucible, and two molybdenum
strips were used as cathodes with a graphite rod as the anode. After
PuF, was added to.the LiF-NaF electrolyte the electrolysis'proceeded
without flaming, but the run was interrupted by dissolution of the
magnesla crucible. Preparations were made for tests with solutions of
PuO, in various molten salts, lncluding KPuFs and CspPuFse.
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LLECIRODRPOSLITLION OF PLUTUNLUM NGy

M50 DPST-65-43:;
Plutonium was electrodeposited from a molten bath of PuFs-NaF-LiF, in
successful demonstratlion of an electrolytic process that is being
studied as a potential replacement for the present bomb reductlon
process. The electrolysis was performed at 800°C in a graphite
. crucible, which served as the anode. The cathode, a molybdenum rod,
- was shielded from the atmosphere above the cell by an inverted
graphite cup that extended below the surface of the melt. The shield

i Ln

almost completely eliminated the flaming that previously occurred at the

surface of t - 1y After electrolysis for 87
minutes, about onium metal was dlspersed as small beads
throughout the melt, and about 2 g adhered to the cathode, Preparations
were made for tests with solutions of Pulz 1n various molten salts.
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ELECTRODEPOSTION OF PLUTONIUM .

’ FEB 1961
In further study of the electrodeposition of plutonium from molten salts,
the flaming that previously occurred at the surface of the melt durlng
electrolysis was eliminated and the evolution of dense vapors from the
melt during electrolysis was greatly reduced. Plutonium was deposited
gatisfactorily in two tests in which the basic procedure summarized 1n
the November report was improved by purlfylng the argon blanket gas and
substituting a melt of Li1F-CaFp~PuFs for the former L1iF-NaF-PuFs.

Two experiments wlth a LiF-NaF bath at 800°C showed that water vapor in
the blanket gas contributed to the formation of flames durlng electrolysis.

‘When the stream of argon supplied to the electrolytic cell was passed over

copper turnings at 600°C to remove oxygen the melt evolved dense vapors
during the electrolysis and flamed durlng and after the electrolysis,

When the argon was also passed through silica gel the vaporizatlon from
the LiF-NaF melt persisted but flames did not form. The lnert atmos-
phere system was also improved by the use of a new cell assembly that
provided more positive control of the flow of argon and the pressure in
the cell. In a third test, substlitution of a LiF-CaFz melt for the
LiF-NaF nearly eliminated the formation of vapor; thls effect lndicated
that sodium is electrodeposited and vaporized. Because of its relatively
low boiling point and its low reduction potential, sodium 1s not a
desirable constituent of the fluoride melts, which must be operated above
8o0°¢.

Two successful tests were made with melts of L1F-CaPFz that inltlally
contained as much as 5.5 wt % of PuFs. The cell cconsisted of an insulated
graphlite crucible with a graphlte ancde and a moclybdenum cathode. The
tests proceeded smoothly for as long as three hours without evidence of"
flaming or vaporization and without serious attack on the cell components.
In the longest run, 9.6 g of plutonium was deposlted, of which about 4 g
coalesced as a button. Plans were made for longer tests, with more PuFg.
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LELECTRODEFOSITION OF PLUTONIUM
. MAY
Study was continued of the electrodeposition of plutonium as a
potential replacement for the present plant process in which plutonium
salts are reduced to the metal by reaction with calcium. The
LiF-CaF,-PuF5; cell system and the operating technlques that were
recently developed as described in the February report continued to
give relatively stable operatlon and permitted runs of long duration
in which no flaming occurred. The longer runs, however, showed the
need for developing conditions for increasing the yield of plutonium
metal.

Five runs with PuF5; from the plant produced a total of about 12 g of
plutenium, which represented an average current efficlency less than
10%. The results are summarized in the following table. The cell
temperature in all cases was 875 $109C. The cell was an insulated
graphite crucible with a graphite anode and a molybdenum cathode, as
described previously; the size and shape of the electrodes were
varied. At the end of each run the melt was removed from the cell,
the plutonium metal was collected, and the melt was then re-used in
the subsequent runs. The low ylelds were attributed to two possible
factors: (1) an appreciladle quantity of slag accumulated on the
surface of the melt and caused arcing and stray currenta; the slag
probably resulted from impurities in the melt or in the argon blanket;
(2) the graphite cell as 1t was arranged in these runs may sometimes
have been anodle wlth respect to the molybdenum cathode; this
condition would cause anodlc dissolution of previously deposlted
plutonium.

Four electrolyses with cerium as a stand-in for plutonium are also.
gsummarized in the following table. The cerium 1s belng used to
expedite the development of conditlons for obtaining higher ylelds.
These runs showed improved yields and confirmed that the salts and the
hlanket need to be dried more rigorously than was done in the runs
with plutonium. In the runs with cerium, the salts were dried by
heating in argon and then in vacuum at 400°C. The argon for the
blanket of the electrolysis cell was dried with silica gel and was
passed over copper turnings at 400°C to remove oxygen. The
electrolyses were made at 875°C with a potentlal of 5.0 to 5.7 volts,
and a current of 15 to 20 amperes. Very little slag was formed on
the surface of the melts. There was some indlcatlion that the average
cathode current efficiency 1s dependent on the cathode current

II
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density and on the duration of the electirolysis.
belng explored‘in further runs with cerium, preparatory to runs with
plutonium in which the PuFs will be precipltated in the

and outgassed prior to use.

MAY 1961
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These factors are

Electrodeposition of Plutonlum and Cerium

Plutonium Runs

,‘Curreht Density,

Melt, 200 g amps/em®
wt ﬁ LiF CaF_, PuF, Cathode Anode
26.7 33,9 39.4 0.2 0.1
0.7 0.5
31,2 30.5 29.3 2.0 0.2
1.2 9.5 29.3 2.0 0.2
3.5 0.4
31.2 39.5 29.3 3.5 0.4
3L, 2 4z, 2 22.6 3.5 0.8
Cerium Runs
Melt, 350 g
wt % IiF CaF., CeF.,
31.0 9.3 29.7 5.0 0.6
23,6 29.9 U6.5 2.5 0.5
22.0 28.0 50.0 9.0 0.5
24.1 0.6 U45.3 3.5 0.7

Time,

2.5
3.0

3.0

1.0
0.5
k.5

2.0

2.5
4,0
3.0

3.0

3

ol

25
13
21

Cathode Current

hr Efficiency, %

labvoratory

Product

4,2-g putton

g granules,
carried to next run

6'9'5 P‘u’{,
in l-g buttons

No Pu collected

l.4%.g granules

9,5~g button
17.2-g button
21-g button

4,3-g button
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In the continuing laboratory study of the electrodeposition of plutonium
metal as a potential replacement for the bomb reduction process with
calcium that is presently used in the plant, additional runs wlth
cerlum as a stand-in for plutonium resulted in Improved yilelds and
ajded in defining the factors that affect the cell efficlency. In

three runs,

B Y X T I T R 1 T e
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compared with a
In plutonium

electrolyses to date the average current efficiency has been less
than 10%, as wag most recently summarized in the May report.

cerium metal was produced with an average cathode current
efficlency of 62% and a maximum efficlency of 82%

The most significant improvement in yleld was due to the presence of

dlsgolved CeO, In the L1F-BaF,-CeFg melt during electrolysis.

The

results in the following table may be compared with the results of

runs without oxide that were described in the May report.

In the

recent experiments the melt contained initially about 15 wt % LiF,

A b AN wetk &
20 wt % BaF 2

& NaAm anAd B
VW WLV o wolg allld )
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added periodically during the electrolysis according to the calculated

depletion rate.

and shape of the electrodes were varied.

of the melt was 825 *10°C.

The cell was a graphite crucible with a graphite
anode and a molybdenum cathode, as previously described;

the size
The operating temperature

The first three runs summarized in the

table show the improved ylelds under essentially the same conditlons
that previously gave a maximum cathode current efficilency of 25%

wilth the ¢xide-free melt.

et T mrm o ammma o

electrolysis progr
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The trend toward lower effilelency as the
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in the table were complicated by short cilrcults and erratic currents in

the cell.
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In at least one of the runs this behavior was caused by
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at the anode.

gontact of accumulated cerium wlth %the cell components.
two runs, attempts were made to operate with higher current densities
Although the results were obscured by shorting in the

DPST-65-432

In the last AUS 1961

¢cell, the experiments indicated that the yleld was lower at the higher

- anode current densities.

occeurrence of the "ancde effect"

This observation is conslstent wlth the
in alumlnum electrolysis,

in which the

cell efficiency i1s decreased by the formation of a nonconducting film

of fluorocarbon on the anode.

Apparently,

at anode current densitles

higher than about 1 amp/cm2 , or when the oxide content of the bath 1s
depleted, the anode process changes from predominant production of CO

This effect has

and COz to predominant production.of fluorccarben.
been observed by workers at Weldon Spring(l)
deposition of uranium from fused fluorides.

PuOz wilill be present in the melt.
studied to eliminate the occurrence of the short circults.

Electrodeposition of Cerlum

AUG

Current Denslty,

1961,

in studies of the electro-
The effect will be explored
in further runs with cerium, preparatory to runs with plutonium in which
Changes in cell designs are belng

amps /em® Time, Cathode Current Cerium Deposited,
Cathode Anode hr Efficlency, % grams
3 0.7 2,2 53 23.7
i 0.7 1.0 B2 15,4
“l' 5 0.8 2.3 50 30
. 4-6 0.5-0.6 2.3 16 11
46 1.5 1.6 33 15
4.2 1.4 4.5 25 24.9
—— . ) o e — - e
. by . R d '
- [ 1 ] ¥
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In the continulng laboratory study of the electrodeposition of plutonium
metal from molten salt, efforts were concentrated on (1) defining theQPST-
factors that affect the cell efficiency and (2) improving the coalescence
of the molten plutonium. The electrodeposition of piutonlum from fused
salt systems has potential advantages over the present process in which
batches of plutonium fluoride are reduced with calcium; the electrolytic
process could be adapted to contlnuocus operation, and extended use of

the same batch of electrolyte for several throughputs of Pul, or PuFj;

would reduce the amount of plutonium that must be recovered from

reduction wastes.

65-432

In a series of seven runs wilth plutonium the current efficiency was
improved, from the previous values of less than 104 that were shown in
the May report, Lo an average value of 26%, and conditions were found
for obtaining goocd ccalescence of plutonium metal. The operating
conditlons that affected the current efficlency most significantly were
the current denslitles at the anode and cathode.

1I-9
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DPST-65-432

As in preceding experiments the electrolysis cell consisted of a graphite
crucible fitted with a graphite anode and a molybdenum cathode. In the
serles of seven runs the type and arrangement of the electrodes was 0CT 19R
varted, and in one run the graphite cruclble was replaced by a molybdenum
crucible. The condltions and results of the runs are summarized 1n the
fellowing table. The melt initially contained 20.8% L1F - 34.6% BaF, -
41.3% PuFs - 3.3% Pul,. The same melt was used throughout the series of
runs; the weight and composition of the melt changed slowly, as the feed
and deposltlon rates were varied. The cell temperature was mailntained

at 800-825°C in all runs.

The role of oxide 1n the molten electrolyte was clarified by several of
the experiments summarized 1n the table. In Run 1, Pu0, was added to

the melt-as the run progressed, according to the calculated rate of
deposition; this procedure produced the best yields of metal in the 0cT 1961
previous runs wlth cerium as described in the August report. The cathode
current efficiency in this run was 26%, ‘the nhighest yet attained with
plutonium, but the metal did not coalesce. The lack of coalescence was
attributed to excess Pulp that was present as a sludge in the bottom of
the cell. In Run 2 the bath was depleted of this oxlde, and the metal

was removed from the bath at the end of the run. In Run 3, the oxide-free
melt was electrolyzed at 26% current efficiency; about 20 grams of
plutonium was deposited as a coalesced butten. As 1n previous runs, it
was necessary to maintain the anode current density below 1 amp/cm? to
avold erratic current interruptions that are attributed to the formation
of a nonconducting film of fluorocarbon at the anode, as described in

the August report. The fluoride melt (Run 3) required the use of a
somewhat lower anode current density than the oxlde melt (Run 1}. The
anode reactlons 1in the two systems may be represented by the equations:

PuC, + ¢ — pu** + Q0o + le

PuFs + 3¢ —— Put® + 0P, + 3e

The Pul; system has the advantages of permitting the use of higher

anode current densitles, of having a lower decomposition potential, and

of producing an Innocuous anode gas. However, the presence of undissolved
oxide In the cell interferes serlcously with the coalescence of the
plutonium.

Runs 4 and 5 were similar to Run 3 except that the crucible was used as
the ancde to provide larger area and thereby allow higher total currents /
at low current dengity. This procedure risked the anodle dissolution of
some of the plutonium metal, but an attempt was made to¢ minimize this
dissolution by limiting the duration of the runs so that most of the acT

! 1551

)
o7

metzl produced would remaln on the cathode. This attempt was not
cempletely successful, as evidenced by the lower yilelds.

II-10
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Electrodeposition of Plutonium

Current Cathode OCT 1981
Density, Current Pu 'Metal
amp/cm? Time, Efficlency, Deposited,
Run Conditions Cathode Anode _hr % z
1 Cathode-3/16" Mo rod 3 1.5 2 26 14.8

Ancde-3/8" graphite rod
%.6 volts, 12 amperes
Pu0, added during run

2 Cathode=-3/16" Mo rod 4 ¢.2 2 15, 12
Anode-graphite crucible
5.6 volts, 18-20 amperes

3 Cathode-3/16" Mo rod 5 0.8 1.5 26 20.6
Anode-3/8" x 1-1/4" '
graphlite bleck
3.6 velts, 18 amperes

4  Gathode-~1/2" Mo rod 5 0.8 1.25 12 17.3
Anode-graphite cruclble
4-L.5 volts, 40-44 amperes

5 Cathode-3/16" Mo rod 8 0.6 1 11 9.3
Anode~-graphite crucible
3,5 volts, 30-32 amperes

& Cathode-graphite crucible 0.2 1 2 - 0
fnode-1" graphite rod . .
3 volts, 18-19 amperes

7  Cathode -~ Mo crucible 0.4 0.8 =2 - ‘ 0
Anode-1" graphlte rod
%-3.6 volts, B4-50 amperes

The effect of cathode current density was investigated in Runs 6 and 7.

The ancde current density was maintained near the desired value of acrT 1951 "
1 amp/om2 but the cathode current density was lowered by operating with

the crucible as the cathode. No plutonium metal was produced in these
runs; this result was apparently not caused by reaction of the molten
plutonium with the crucible to form carbide, because the same result

was obtained with a molybdenum crucible in Run 7. The results indlcated
that the low cathode current density favored redox cycling of ionic
plutonium between the III and IV states rather than reduction to the
metal: ‘

put® — Put* + ¢ (anode)
Put* + e — pPut® (cathode)

Apparently, cathode current densities in the range of 5 amp/cm® must be
used to minimlize the consumption of current by thilis mechanism, The
requlred value of current density undoubtedly depends also on the
plutonium content of the melt.

Further runs were planned with plutonium to define the optimum current
densitles more explicitly.. A gas chromatograph wlll be used 1in the
cell system to analyze the anode gases. .

T IT-11
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ELECTRQDEPOSTITION OF PLUTONIUM - ) NOV 1961

In the contlnulng laboratory study of the electrodeposition of plutonium
metal from molten salt, efforts were concentrated on defining the factors
that affect the cell effleclency. The electrodeposition of plutonium
from fused salt systems has potentlal advantages over the present
process in which batches of plutonlum fluorlde are reduced with

calclum; the electrolytic process could be adapted to continuous
operation, and extended use of the same batch of electrolyte for several
throughputs of Pul, or PuF, would reduce the amount of plutonlum that
must be recovered from reductlon wastes. DBecause the slze of the
equipment 1s limited Py criticallty considerations, a reasonably high
current efflciency {(25-50%) is required to obtailn the desired

production rate with a small number of unilts (2 to 4).

The studies descrlbed in the October report have shown that current
densitles at the anode and the cdthode have important influences on the
cell efficiency in electrodepositing plutonium (or cerium) from fused
fluoride bpaths. Optimum values of the current densities are difficult
to define because they depend on a number of varlables Including the
composition ¢f the melt, the temperature, and the electrode materials.
For practical purposes, however, the results to date Iindicate that

the current density at a graphlte anocde must be maintalned below

1 amp/em® to avold interruptions of'the current by the formation of a
film of fluorccarbon at the anode. The current density at the cathode
must be maintained (1) below about 5 amp/cm® to avoid the electrodeposition
of metals other than plutonium or cerium, and (2) above about 2 amp/cm?
to avoid loss of current by cyeclic reduction and oxldatlon of the
plutonium {or cerium) ilons.

I1-8
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The preferred current densities are obtained with the simple cell
arrangement that has been used in much of this work, in which a NQV
cylindrical crucible of graphite is used as the anode and a small rod

of molybdenum or graphite 18 used as the cathode. Thils arrangement,
however, allows electrodeposited metal to drip to the bottom of the
erucible, where 1t can be dlssolved anodlcally. The extent of this
anodlc dissolution was studled in a serles of tests with cerlum, which
showed that the average cathode current efficlency can be increased

from about 3%0% to approximately 50% by avelding the anodlc dissolution.

Two methods were used in the tests to minimize anodic dlssolution.

In the first method, used in Runs 1, 2, and 3, as summarized in the NOV
following tzble, the temperature of the melt was successively lowered
in an attempt to deposit the cerium in solid form on the cathode. In
the other method the inductlon heating coil was raised so that 1t would
heat only the upper part of the crucible, in an abtempt to maintain a
frozen cake of salt in the bottom of the crucible and thereby insulate
the cerium from the crucible. In Rung 1 and 2, solid cerium was not
deposited directly on the cathode as planned, but the relatively low
temperatures apparently allowed the cerium droplets to solidify rapldly,
80 tnat anodic dissolution was decreased. In Run 3, at 765°C, the
cerium was deposlted as dendritlc crystals on the cathode, and the
efficlency was sharply reduced because of the large Increase in surface
arza of the cathode and the accompanylng decresase in cathode current
density that occurred as the crystals were formed. In Runs 4 and 6 a
s0l1id salt cake was maintained in the lower portion of the crucible, and
the cerium evidently was successfully insulated from the crucible as 1t
dripped from the cathode. In Run 5, at 825°C, the solid phase was not
present, and the lowered yleld was attributed to anodle dissolution of
1iquid cerium. Comparison of Runs 1, 2, %, and 6, in which little
dissolution occurred, wilth Run 5, showed that ancdic dissolutlon can
account for a reduction in current efficilency from about 50% to about 30%.

N

The Effect of Anodic Dissolution on Efficliency

19681

1961

in the Electrodeposition of Cerium Metal NOV 1961

Current Denslty, Results
. ampfems Temp, Duration _ Metal, Efficiency,
Run Melt Compoaltion: Ancde Cathode og hr  amp-hr & 4

1  19% LiF - 314 BaFz - 0.25 2.5 800 1.5 30 25 48
20% CeFs (400 grams) .

2 As Run 1 0.25 2.5 775 1.5 35 25 42
% As Run 1 6.25 2.5 765 1.5 35 S - 20

4  21% LiF - 368 BaFz - (.30 3 800 1.5 48 i5 54
43% CeFay (630 grams)

5 As Run 4 ) 0.20° 2.5 825 2.0 62 36 33

6 As Run 4 0.30 2.7 800 1.5 35 3e 52

II-9
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New experlimental cells were designed and constructed to mlnimize the

anodic dissolutlon and plans were made to test these cells in future NOV 1081
runs. In one of the new deslgns, the wall of the crucible 1s shaped

as shown 1in Figure 2.3. With this design, the cruclble will serve

as the cathode to prevent anodic dissolution of the molten metal. The

cathode current density 1s expected to be hlgh enough to aveld the

redox cycling of the ionie plutonium, because the cathodically active

area of the crucible ‘18 expected to be restricted to the tips of the

protruding ridges.

NOV 1961

FIG. 2.3 MODIFIED CRUCIBLE-CATHODE , 0.85X
Anode Rod at Center




PUREX PROCESS

ELECTRODEPOSITION OF PLUTQONIUM

Analysis of Evolved (Gas

A gas chromatographic method was developed and tested for the
determinaticn of COz, Oz, Np, CO, and CFy in the off-gas from electrolytlc
cells for experimental depositilon of Ce and Pu from molten fluorides.
Analysls of the off-gas will ald in defining the electrolytlc processes
and establlishing the optimum conditions of operation.’

The gas chromatograph with dual columns, arranged as shown 1n Flgure 2.1,
was selected because of low cost, versatllity, and ease of operation.

4 sample of the off-gas is injected manuzlly into the helium carrier

gas and is swept successively through a dryer, a partition column
containing hexamethylphosphoramide {HMPA), one section of the detector
cell, an adsorpbion column containing molecular sleve 13X, and the
second section of the detector c¢cell, from which 1t is dlscharged to

the atmosphere.

The partition column selectively retards the passage of the CO»p but

does not resclve the other constituents of the sample. These constituents,
Oz, No, CO, and CF,, are sensed as a composlte peak by the first section
of the detector, as shown in Figure 2.2, and are then swept 1ntc the
adsorption column; the CO, peak 1s then sensed separately, by the first
sectlon of the detector. The 0s, Nz, CO, and CF, are resolved in the
adsorption column and are sensed as indlvidual peaks by the second

section of the detector; the COz 1s Irreversibly adsorbed In the
adsorption column.

Calibratlon of the chromatograph and determinatlon of the precilsion.of
the method were started in preparation for conneciing the Instrument

to the electrodeposition apparatus.

Thermel Conductivity

Cell

- L - -

Halium o Raference A i Sample »| Drying
In rg =S Thermistors E |_ Inlet Tube
| 2
e H 1
. o™ Datocting £y Column | /

Exhayst @ Thermistors [/ }“ 1 -~

L_ Column L Drying Tube — 8" long x 1/4" 0D packad with
2 1070 mesh Ca8Q, (anhydrous}
Column 1 =30" long x 1/4" OD packed with
30% HMPA (hexamethylphosphor-
emide) on 60-80 mesh *'Chromasorh P
Column 2~ 6.5 ft. long x 3/16" 0D packed with
) 5030 mesh molecular sieve 13X

FIG 2.1 FLOW DIAGRAM FOR FISHER GAS PARTITIONER
Model 25, with Dual Columns

116



Relotive Peak Height
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]
instrument  Fisher Gas Partitioner
Column 1 30 in.; 30% HMPA on .
60- 30 mesh "' Chromosorb P
Column 2 4.5 ft; Molecular Sieve 13X
Sample 1 cg, Synthetic Mixture
(5% HR0)
Flow 80 mI/min‘
Recorder 10 mv ot 25% sensitivity
Composite
\ l
co
{73%)
Na
(7.5%) A
CF M co,
O s
(8.7%) 0, (3.1%)
/ \ Q7% !U
& 5 4 3 2 1
~—— Timn akter Injection of Sample min

FIG. 2.2 GAS CHROMATOGRAM
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ELECTRODEPOSITION OF PLUTONIUM : JAN

-
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In the continuing laboratory study of the electrodeposition of
metal from molten salts, recent runs with cerlum as a stand-in for
plutonium have broadened the understanding of the maJor cell reactlons
that influence the deposition. The important influence that the cathode
and anode current densities have on the cell efficlency was explalned
in the November report, and ways of avolding loss of electrodeposited
metal by ancdic dissolution were described. Recént runs were made 1In

a new cell that was designed to provide the desired control of these
factors. The graphite crucible was electrically neutral, and a ceniral

1~ 4 Eal S A - -
graphite cathode rod was surrounded by a clrcular array of graphlte

anode rods; the melt consisted of LiF-BaFg-CeFz. . The new cell provlded
the desired high ratio of anode surface %o cathode surface and allowed
£he cerium metal to drip from the cathode to the bottom of the neutral
crucible, so that anodle dissclution of the metal was aveolded. Cerium
yields that corresponded to current efficlencies of 30-50% were obtalned
in several runs of about 2 hours duration. These tests demonstrated

the most favorable performance to date in oxlde-free melts wlth elther
pluteonium or cerium.

T
..I

With the provision of the favorable ratio of current denslities and the
minimization of anodic dissolution, the princlpal reaction that competes
with metal deposition appears to be oxldation of Ce(III) at the anode

to produce Ce(IV), which in turn oxidizes Ce metal. The fact that a
slgnificant fraction of the Ce{III) was oxidized during the electrolysis
was indicated by the color change in the melt, and confirmed by analysls
of the melt at the completion of a run. The Tollowing qualltative

description of the major reactions in the cerium system 1s consistent
with the gbzervaticons to date The results of ftests with nlutonium

Lald UW ST LV Qi AR LT . Fay Lo TaOda wn e [PA=RCRVES B R A A N T eV ViU £ PR AL

have likewlse indlcated that analogous reactlons occur In the plutonium
fluoride system. The prinecipal electrode reactlons are as follows;

the gaseocus products €0, CO,, CF, have been identifled in the ancde
off-gas and are 'routinely measured wlth the gas chromatograph.

Anode Reactions Cathode Reactlions
(1a) & +C = C0 + 2e (5) ce”t + 3e — Ce
(1B) 207 + C=COp + he  (6) Ce' 4 e —ge
{2) “ce”t - cett 4 e
(3) 4F +C-~CPFy + ke
(4}  "Anode effect"” (formatilon of

noncenducting flucrocarbon film
on anode at current density
>1 amp/cm®)

[

L
1

fon]



DPSI-63-432

Although the reactions are wriltten in terms of simple lonic specles, JAN 1957
complex lons are almost certainly involved. When oxide 1s present 1n

the molten salt in relatively high concentration, Reactlons la and

1b predominate; Reactions la lncreases as the temperature Inecreases.

When the system is depleted of oxide, Reactlons 2, %, and L oceur,

in this order of diminishing extent. Thus, the use of cerlum oxide

as the feed can avold the undesirable FReactlon 2, which causes
deposited metal to be dissolved by the reaction 3 Ceaf + Ce — 4 Ce4+-
Reaction 3 13 the desired anode reaction, for cperatlon with oxlde-free
melts, but apparently this reaction 1s always accompanied by Reaction 2.
Reactlon 5 i1z the desired cathode reactlon; Reactlon f combined with
Reaction 2 leads to loss of current by cyclic oxidatlon and reduction.

In the continuing program, the solubilities of cerlum and plutonium
oxldes in the LiF-BaFp melt wlll be measured. Previous experiments
have indicated that cerium oxlde 1s suffilciently soluble to yleld a
system that behaves as described by Reactions la and b, but that
plutonium oxide 1s less zoluble, to a sufficlent degree that

Reactions 2, 3, and 4 occcur to a significant extent. In additlon,
more exact measurements of the ratlo of Ce{III) to Ce{IV) in an
electrolyzed melt will be obtained by chemical znalyses and by
spectrophotometric methods, and sllicon carbide and boron nitride will

be evaluated as crucible material.

N



CHROMATOGRAPHIC ANALYSIS OF OFF-GAS FROM ELECTROLYTIC CELLS 7JAN47 77552

The gas chromatograph that was described 1n the December report was DPST-65_432
calibrated t¢o analyze the off-gas from the electrolytic cell described

in the feregoing section. The chromatograph is now Iinstalled at the
electrcdeposition apparatus and is used routinely to determine CO5, Op,

Ng, CO, and CF,, with satisfactory sensltivity, precision, and speed.

The chromatograph was calibrated over the range of 0-100 vol % for each
of the components. The sensitivity of the chromatograph 1s shown in
the following table. Additlonal senslitivity can be obtalned when
desired by increasing the sdmple size and/or the recorder sensitivity.

Sensitivity of (as Chromatograph

Detectable

Goncentration(a),
Component val %
[0 2% G.2
a2 6.1
N, 0.2
co 0.4
oF, | 0.4

(a) The concentratlion that will produce
a peak of 0.2 mv {2% of full scale)
when & l-¢¢ sample of off-gas at
STP is analyzed. .

II-9

The preclsion of the method was determined by analyses of l-cc¢ (STP)
aliquots of a synthetle mixture. The data from this limited test,
shown in the following table, indlcate that coeffilclents of variatien
of 3% or less may be expected over the range of 3 to 72 vol % of the
various components. JAN to67

No further development of the chromatograph for the analysis of
glectrolysis off-gas 1s planned at present.

Precision of Gas Chromatecgraph

Concentration, Number of Coefficlent of

.
Component vol % Determinations Variation, %
€Oz 3.8~ 3 . 1
02 3.0 b 3
N 11.% i 3
' o 7.9 4 0.3 /
CFy . 8.9 y . 1 '

L
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ELECTRODEPOSITION CF PLUTONIUM N '1962

In the continuing laboratory study of the electrodeposition of plutonlum
metal from molten flucride salts, addltlonal runs with cerium as a
stand-in for plutonium provided further information concerning the
design of cells that will suppress competitive side reactlons 1in
extended practlcal cperation. .

The additional tests with cerlum were made with cells of two basic
designs. The flrst type of cell tested i1s shown schematically as

Cell A in Flgure 2.2. Thls arrangement has been used previecusly 1n
tests with plutonium and cerium, but no metal was ever dEposited 1n

the previous tests with thils cell. The fallure to produce metal was
attributed to the consump lon of current by a cyclic p{ocess invelving
cathodic reductlion of Ce®*” and anodic oxldation of Ce® . The most
effectlve method that was previously apparent for overcoming this
cyclic redox process was by malntaining a high cathode current density,
>2 amp/cm®; the high current density was not possible with this cell
design because of the large surface area of the cathode. In the recent
runs 1t was found that decreasing the concentration of CeFa in the

melt from 75 to 25 wt % permitted the production of metal wilth a current
efficlency of about 10%. The more dilute melt apparently allows the
formation of concentration gradients of Ce®  at the cathode and Ce?

at the anode, and thus promotes the desired production of metal at the
cathode and CFs at the zanode.

The second type of cell used in the recent tests, shown as Cell B in
Figure 2.2, 1s also a modification of a design previously used. The
previous design, however, dld not include the small graphite catch pot,
and the efficiency of metal production was only about 30%; the
efflciency was assumed to be limited by the same ¢yclic redox process
and also by the oxldation by ce® at of part of the deposited metal after
the metal dripped from the cathode. The catch pot was added to keep
the deposited metal cathodic in order to prevent its reaction with
Ce*T. In the 2-hour run, about 30 grams of Ce was deposited in the
catch pot; the over-all cathode current efficiency was about %0%. The
anode current efflciency for the production of CF4 was alss about 20%,
as shown by chromatographlc analysis of the off-gas. Although the
electrodes were arranged to minimize the deposition of cerium on the
cutslde of the catch pot, there was evidence that such deposition had
occurred and that some cerium+had dripped 1nto the melt where 1t was
oxldized by reaction with Ce . The results of this test are consistent
with those of several previous tests in implying that cyclic oxidation-
reductlon 1s the most important competitive side reaction that occurs
under the condltions that have been studled to date,

The duration of the runs with each of the cells was limited %to about
2 hours because of short-circulting by graphitic deposits that
accumulated on the melt surface. 1In Cell A the crucible wall eroded
severcly where the cerium was deposited. Thls erosion appeared to

release particles of graphilte that floated on the melt. In the case

11-8
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of Cell B, the floating particles depcsited first at the central
cathode rod; the deposit then grew until it touched the anodes and
short-circuited the cell. In one run the cell was purged with CO

in an attempt to eliminate the problem by oxldizing the graphite to COC.
Gas chromatographic analyses showed that at 850°C about 5% of the COz
purge gas was converted to CO; at 9509 the CO production lncreased
tenfold but short-clrcuiting still occurred. This problem will ke
studied further in an attempt to extend the duration of the runs.’
Samples of silicon carbide and boroen nitrlde were obtalned and are
being tested as crucible materials to replace graphlte.

2 a & (_)
i+l ‘
(+) (+)
Anodes
Graphite
] A L L W g
\ﬂ-} 14 Laruen
Ancdes in

Circular Array

F o PP RO ] Hy
= WIopnRITe WIiCiies — |

0

Electrolyte

Z

Mo Rod Cathode

Graphite Catch Pot x — » %

7
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Run Conditions
Melt: 4009 28% LiF — 47% BaF, ~ 25% CeF4 Melt: 800g 28% LiF - 47% BaF, - 25% CeFy
Temp: 800-825°C Temp: 850°C
Currenf: ~ 25 amps at § volis Current: ~ 230 amps ot § velts
Current Density: Anode 0. 25a/cm? Current Density: Anode 0. Sofcm?
Cathode 0.15a/cm? Cathods 3a/cm?

1

FiG. 2.2 ELECTRODEPOSITION OF PLUTONIUM
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ELECTRODEPOSITION OF PLUTONIUM  MAY 1962

In the continuing laboratory study of the electrodeposlition of plutoniunm
metal from molten fluoride salts, addltlonal runs were made with cerium
as a stand-in for plutonium. Short-cilrculting of the electrolysis

cells by scums of graphlte particles was nearly eliminated by the
substitutlion of molybdenum or tantalum crucibles for the graphlte
cerucible and by purging with CO- %o oxidize the carbon particles. Beron
nitride and silicon carblde, as well as molybdenum and tantalum, were
found to be falrly sgtable in the fused fluoride melts.

The addltional runs were made with a cell of the simple design shown as
"cell A" in Figure 2.2 in the March report. In this design the cruciblé
18 used as the cathcde and a graphlte rod lnserted in the melt 1s used
as the ancde. .

In previous runs, when the concentration of CeFz; was kept below

25 wt % to decrease cyclic oxidation and reduction of cerium, lO-gram
quantities of metal were deposited at about 10% current efficilency, but
the duration of the runs was limlted to about 2 hours by the accumu-
lation of short-circulting graphite particles that were eroded from the
anode and the cathode by the electrode reactions. In one of the recent
runs with a molybdenum crucible and a COp purge, the electrolysis was
continued for 5 hours and as much as 55 g of cerlum was produced at an
average cathode current efficiency of 15%. The runs with the molybdenum
crucible are summarized 1n the followlng table. :

II-4
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The runs with the metal c¢ruclbles were stopped for operating convenience;
they could have proceede& considerably longer without short-circuliting.
The cerium was deposited as a well-formed button in the bottom of the
erucible. The button could not be removed easlly because The cerlum
adhered to the molybdenum, but the cerium appeared to be sound and free
from gross lnclusions of melt.

Two runs under essentlally the same conditions as -those descrilbed in

the table were made with a tantalum crucible, with similar freedom from
short-circulting. The cerlum that deposited 1in these runs, however, did
not coalesce, but was distributed through the salt phase so that the
yield of metal could not be accurately determined. The only operating
condition that was known to be different from the conditions of the runs
with the molybdenum crucible was the tell temperature, which exceeded

the intended 850°C.

The molybdenum c¢ruclble showed evidence of only very slight attack after
many hours of use. The tantalum crucible was attacked to a much greater
extent, but will be useful for a number of runs. In addlition to these
materials, boren nitride and silicon carbide were fested for corroslon
in a LiF-BaFa-CeFs melt at 800°C. Two commercial types of silicon
carbide were tested, "KT" sllicon carblde {Carborundum), and "Crysto-

ion 63" nitride-bonded silicon carbide (Norton). After 4 hours at
800°¢, ali of the specimens were attacked only slightly as indicated by
a small loss in weight and an etched appearance. Cruclbles of
"Crystolon 63" have been ordered for further evaluatlon, and specimens
of aluminum nitride were ordered for testing.

Because of the favorable results obtalned with the metal crucibles,
plans were made to resume the series of development tests with
plutonium. ’

Electrodeposition of Cerium

Molybdenum crucible; €O, purge; 825-850°C
Melt S00 g [27% LiF, 4&% BaFz, 27% Ce¥Fs)
Current Density Anode 0.75 amp/om?; Cathode 0.25 amp/cm®

Current, Duration, Cerium Yleld, Cathode Current

Run amp hr g Efficlency, %
1 35 4,5 43 17

2 45 5 54 15

3 45 5 55 15

4 55 0.7 20 35
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ELECTRODEPOSITION OF PLUTONIUM i1 1962

In the continuing laboratory study of the electrodeposition of plutonium
metal Trom molten fluoride salts, additional runs were made with cerium
as a stand-in for plutonium. The use of CeQp rather than CeF5 as feed
material greatly improved the operation. A bhs-gram button of cerium
was produced at 61% cathode current effleciency, in a run of 11.5 hours.

Previous tests with plutonium and wlth cerium had indicated that the
electrolysis was more efficient with oxide as the feed material than
with fluoride. Because the princilpal anode reactions produce CO and
CO, when the electrolyte contains dissolved oxlde, both the anodic

iI-11
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oxldation of Ce®t to Ce*t and the conseguent loss of current by cyclic
oxldation and reductlon of the cerium are decreased. A major problem
observed durlng the previous tests wilith oxlde, however, was that the
cerlum did not ccalesce but was dispersed in small nodules in the melt.

The lack of coalescence was caused by undissclved oxide, whilch was
difficult tp avold because the sclubliiity of the oxlide 1s cnly ~1.5 wt %.

In the new serles of runs, the excess oxide was avoided by a combinatlon
ef two techniques: (1) a continuous feed device provided a uniform

rate of oxlde addition, and (2) current was supplied substantlally

In excess of that requlred to reduce all of the oxide tc the metal.

The excess current was dissipated by cyelilc oxidation-reductlon of
cerlum, as evldenced by the fact that essentlally no CF, was evolved --
thus, the electrolysls of fluoride was negligible.

The new runs were made wilth a cell similar to that used successfully
in previous runs with cerium fluoride. The tantalum c¢rucilble was the
cathode, and a graphlifte anode was inserted in the center of the melt.
‘In Run 1 1in the following table, the graphite anode was a rod; in the
other runs, the graphlte anocde was a perforated tube through which the
CeO, was added to the melt. The other condltions are summarized 1n the
tabvle.

The operatlicn of the cell was smooth, and was not sensitive to minor
variations 1n the operating condltions. The current efficiency at the
cathode was controlled principally by the rate of feed addifion, because
a constant but excess current was supplled tc the cell. A more meaningful
evaluation of the runs is provided by the "feed utilization efficiency’,
whnilch is the percent of the oxlde feed that was reduced to metal. The
feed utillzation was high; lack of attalnment of 100% reduction of the
oxlde was attributed to the fact that some of the oxide did not enter
the melt, but dusted away from the crucible. The dusting was more
evident in Run 1 with the anode rod than Iin the other runs in which the
oxide was added through the tubular ancde.

The cerium was deposited a5 a sound button in.all of the runs. The
button stuck to the tantalum crucible, and was removed either by
dissolving or by melting. Analysls of the button from one of the runs
showed the major impurities to be 420 ppm C and 320 ppm Fe. Smaller
amounts of Mg, Mn, Sr, Al, Ba, Ni, and Cu were detected. The density
was 99.4% of the thecoretical value, and the cerium was sound and free
from gross lncluslons of the melt.

The majJor problem c¢bserved was that the anodes were not consumed
unifermly but were attacked principally near the surface of the melt.

The thin (1/8-inch-walled) tubular anodes fractured after 4 to 5 hours

of operation; three ancdes were consumed in thils manner in the 11.5-hour
run. The deterloration-cof the graphite is largely the result of operating
with small cells and with a melt essentlally depleted of oxide. Although
the oxide has low solublility, it dilissolves very rapldly near the surface

Ir-i2
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of the melt where 1t 1s apparently rapldly elect olyzed undor Loosent
operating conditions. The most obvious solutlon to the problem iz The

use of thicker. ancdes; the need for stirring is not apparent because

the anode gases appear to agitate the melt vigorously. No trouble was
experienced with short-circulting scums of graphite particles, in contrast
to {previcus) runs with fluoride feed. The COp produced in the electrclysis
of oxide apparently oxldizes the graphite particles that are eroded from

the anode.

The runs have demonstrated that operation with oxide feed is smooth and
predictable. Both the current efficlency and the rate of metal production
were higher than previously cbtalned with fluoride feed, and further
improvement appears to ve feasible.

Plans were completed for resuming the serles of development tests with

plutonium. Metal crucibles will be used in the plutonium tests, and
further comparisons will be made of oxlde and fluoride feed materilals.

Electrodeposition of Cerium

825-835°C; 5.3-5.5 volts; 4B8-52 amperes; hellum blanket
Tantalum crucible cathpde; "CS" graphite anocde
Melt: 8C0-1000 g, 47% BaFz, 28% LiF, 25% CeFs
Current densify: Cathode 0.2 amp/em?; Anode 0.6 amp/em®

Feed

Cathode Cu?rint Utllization

Duraticn, CeCp Feed, Cerium Efficiency a Efficiency,
Run hr © g/hr vield, g %
1 5 33 139 25 . 82
2 k.5 34 109 39 87
3 11.5 51 Lhs 61 93

(a) Calculated on thé basis of Ce*' = Ce + ke
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ELECTRODEPOSITION OF PLUTONIUM oo o

In continuing laboratory study of the electrodeposition of plutonlum
metal from molten fluoride salts, tests with plutonium were resumed
after successful demonstration of the process with cerlum as a stand-in
for plutonium. In the most satisfactory procedure with cerium, as
sumrnarized in the July report, the average rate of production was 40 grams
per hour when Ce0p was fed continucusly to a molten mixture of LiF,
BaF,, and CePgz 1n a 2.8-inch-dlameter tantalum erucible which was the
cathode of the electrolysis cell; a hollow, perforated eylinder of
graphite was the anode. In the preliminary tests of the analogous
procedure wlth plutonium, however, the efficiency of the cell appeared
to be more sensitive to the propertles of the Pul; feed than had been

=1 b L o
cric Case W.LL:IL UCUE

The major problem with most of the similar cells, with oxide feeds such

as U0z and ThOp, arises from both the low solubility and the slow
dilssolution of the oxildes in the molten salt, so that 1t is difficult

to obtain the desired rates of electrochemical reacticn without maintalning
excess, undissolved, oxide in the cell; the excess oxide contaminates .
the moltern metal product and interferes with its coalescence. The
successful operation cof the process wlth cerium oxide was found in more
recent tests to be the result of .assimilation of the oxlde by a rapid
chemlcal mechanism in addition to the slow mechanism of simple dissolution.
Wnen a melt of LiF-BaF,-CeF, 1s electrolyzed, the following electrode
reactions apparently occur with high efficiency:

ced®t ; 3 —> (e {at cathode) | (1)

'3Ce®t —— 3Ce*™ + %~ (at anode) (2)

As the concentration of Ce4t 1in reases, The following cathode reactlon
competes with Reaction (1) and reduces the efficiency of metal production

Ce*t + e~ —— (ed? (3)

The cell efficlency (Reactlon (1)) is high as long as dissolved oxide
‘can be maintained in the electrolyte, because oxide ion 1s oxidized
to €O at the anode, in preference to Reaction (2). The supply of

dissolved oxlde 1s difficult to maintain in most cases other than the

cerium case, because of the slowness of dissclution of the oxide. 1In

the case of the cerium cell, however, the cerium oxide that 1is added
as feed reacts directly with the Ce*t iIn the melt:

Celp + 3CeF, —» UCeF,; + 0» {(4)

At temperatures 1n the region of 800°C, Reaction (L) 1s so rapld that
oxygen 1s evolved vigorously. The reaction has two favorable effects:
it reduces the anodically produced Cé4+, thus Improving the electrical
efficlency of the cell, and 1t maintains an adeguate concentration of

aLllb aLoguave CLINLCE tiviawaUil U1
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dissolved cerium in the electrolyte (wilthout depending on simple
dissolution of the oxide) =o that high rates of preduction are possible.
The over-all cell reaction, the sum of Reactions (1), (2), and (%), 1s the
same as 1f dlssclved oxlide were electrolyzed; the oxygen produced by
Reaction (4) can react with graphite cell components to form COj.

Further tests were then made with plutonlum te determine whether

J."UU2 would fedCb Wibn Fu '+- The UHEI‘mOdyndmlC condlitions are l'llg;ﬂJ.y
favorable for Reactlon (4) in the case of cerium, but are marginal in

the case of plutonlium. Samples of plutonium oxide prepared by different
methods were tested, because the oxlide 1s known to be quife varlable

in reactlivity. The tests were made with an electrolyte containing
approximately 24 wt % LiF, 39 wt % BaFp, and 37 wt % PuF4; the cell
arrangement was the same as was used successfully wlth cerium. The

oxlde feeds for the three tests were prepared, respectively, by

pyrchydrolysls of the fluoride, PuF,, at 600°¢, by decompositlion of the

&)
oxalate, Pun(Co0.)s; hydrate, at 400°C, and by decomposition of the

peroxide, Pu0,, at }OOOC Each test was limited to 45 minutes by the
small supply of the oxides. The cxides were added to the cell at a rate
equivalent to ~10 g Pu per hour durling the first 25 minutes, and at a
rate equivalent to 20 g Pu per hour for fhe remainder of each test. The
cell performance was evaluated on the basis of the CO and CO; content

of the off-gas. Wo slgnificant quantlty of CF, was evolved in any test;
the absence of CF, indicated that essentlally no direct electrolysis of
fluoride was cceurring.

When the plutonlum dioxide prepared by pyrohydrolysis of PuF, was fed
to the cell, the off-gas compositicn indicatéd that only about 1 g Pu
metal per hour was heing prodUCed; essentially the same rate of
production was cbtalned at each feed rate. Significantly higher, but
still very low, rates of production were obtalned with the diexldes
formed from peroxide and oxalate; the productlen rate was 7 g per hour
at the slower feed rate and 9 g per hour at the higher feed rate, in
contrast to the producticn rate of 40 g per hour for cerium. The tests

demonatrated that the oxalate and peroxide produce dloxldes that are

mere reactive than the dioxide prepared from the fluoride. The failure

of the off-gas rate to show & proportlcnality betwesen the feed rate and the
production rate 1s a preliminary indication that the Pulp 1s assimilated
principally by dissolutlon rather than by reaction. ILonger tests, with
higher feed rates, will be made to study this boint. The present tests
were not long enough to assure steady-state off-gas rates, and the guantity
of gas was not sufficlent to measure very accurately.

Should further tests show that the plutonlum dioxlde l1s assimllated
solely by dissolutlon, highly reactive forms of the dloxlde and me hods
for obtalning fast dissolution of the oxlde will be scught. In a
parallel approach, PuF, rather than Pulz would be used as the feed
compound and addltives would be sought for reducing the ancdlcally

PR b
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ELECTRODEPOSITION OF PLUTONIUM Fii 1962
In the continuing laboratory study of the electrodeposition of plutonium
metal, the desired rapid assimilation of plutonium dioxide feed by the

. mixed-fluoride electrolyte was obtained by operating at 950 rather than
835°c.

Slow assimilation of the plutonium dioxide 1n the electrolyte had been
identiflied as the factor that limited the rate of electrodeposition in
the first plutonlum tests with the preccedure by whilch cerium dioxide

had been demenstrated to be converted rapldly to cerium. In those
T‘P"-‘;f'q which were described in the Qetober reneort the cathode of the
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cell was the fantalum crucible that contained the LiF-BaFs-PuFs elec-
trolyte, the ancde was a central graphite rod, and the cell was operated
at 835°C, 4 to 5 volts, and 25 to 30 amperes.

The tests in October showed that Pu0, that was prepared from plutonium
oxalate or peroxlde was assimilated more readily by the electrolyte
than was Pul0z that was prepared from plutonium Ffluoride, but none of
the types of PuQp, was assimilated completely. Inadequate assimilation
was indlcated by low GO and CO: content in the cell off-gas, and was

substantiated by the presence of undissclved oxide in the cell after
electrolysis. -

The first of the two possible routes for assimilating the Pul; feed in
the flucrlde electroclyte is by simple dissolution; this assimilation

is very slow and is limited by low solubility of the dioxide (~3 wt %).
The second route 1s by the following reaction, which 1s analogous to
the reactlon that permits the successful operation of the cerium system.

\

PuQ:, + 3PuFy; == U4PuFs + 0

The thermodynamic cconditions for this reaction with plutonium are
marginal; the reaction is reversible, and the change in free energy 1s
quite small at the temperatures of interest. However, the change in
free energy becomes slightly more negative with rising temperature.
The succegsful assimilation of plutcnium dioxide in the recent tests
at 950°C could be the result of elther increased rate of dissolution
or lincreased rate of reaction, or both. Further tests will be made to
define the mechanism.

In the first of the two recent tests at 950°C, a tantalum crucible was
used and 30 g of PuOp was fed to the cell during a period of 1 hour.
In the second test a graphite crucible was used and 105 g of PuOs was
fed during a period of 3 hours. The cells were operated at b5 to

5.0 volts and 40 to 45 amperes. The rates of generation of CO and CCp
during both tests were consistent with the feed rate, and responded
rapidly to changes in the feed rate. The final electroliyte contained
no undissolved Puls.

II-8
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Plutonium metal was isclated in the first run as a thin film on the
tantalum crucible. Because only 30 g of Pul, was used in this test,
the plutonium did not coalesce. In the run wlth the graphite crucible-

cathode, the plutonium was deposited not as metal but as a black shell
T Fha malys addanant to the nvawn'{hT:::‘ Mh4 a qhell ‘F'r\?rmn1'1ﬁn m:nr have
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been caused by the production of plutonium carbide, although the rate
of formation of the carbide is reportedly quite slow below 1000°¢.
More than 50 g of plutonlum was recovered from the graphite crucible
by leaching with acid.

The two tests show that plutonium dioxide is assimilated rapldly and
completely by the fluoride electrolyte at GO0 fo 950°C. Continuing
tests of the process are being made with erucibles of tantalum or
'nn"lvhrj__::mnm to avoid the nr‘\qq'lh'i'l‘H‘v‘ af carbide formaticon and to pro-

mote coalescence ¢f the metal.
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QUANTITATIVE ELECTRODEPOSITION BY CARRIER TECENIQUE W 1

A new rapild technigue was developed for electrodepositing
actinides in 99.8% yleld from aguecus solutions on alpha ccunting
plates. The addition of uranyl nitrate {~0.001M) to the agueous
sample provlides a carrier for the actinides and insures the guan-
titative deposit, which permits precise alpha counting (coefficient
of variation 0.17% for ten measurements) and high resclution {1.5%)
of alpha spectra. The new technique is well suited for precise
accountabllity analyses and 1s expected to have many applications
in radiochemical analysis.

Previously, alpha counting plates have been prepared by evapo-
rating aliqueots of solution or by subliming solid materials at
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high temperature in a vacuum. Evaporation of solutions is rapid

and quantitative but the nonuniform deposit of solid material on

the plate limits the precision of counting and the resolution of
alpha spectra. Vacuum sublimation produces a uniform deposii for
high resclution but is not quantitative and fractionation of elements
in the sample occurs frequently.

The electrodepcsition method of Mitchel1( 1) provides 97 3%
vield of actinides in the 10~ '®=curie guantities typical of health

physics analyses. The method has been used 1n the laboratory to
prepare counting plates for high resolution of alpha spectra as
described in the March report. Further analysis of Mitchell's data
suggested that the rate and yield of deposition are direct functions
of the concentration of the actinide peing deposited. On the basis

of this apparent relationship the addition of uranium as 2 carrier
was evaluated and was found to be the key to quantitative electro-~
deposition. Uranyl nitrate was added to a plutonium nitrate soiution
in varying amounts and the treated solution was then electrodeposited
cn alpha counting plates. Uranium was selected as the carrier because
of its low specific activity and its chemical similarity to plutonium.
The increase in the deposition of plutonium with added uranium is
ghown in the fellowlng table.

Increased Deposition of Plutonium @)

Uranium Added, Plutonlum Deposited,
We %
0 85
5 93
© 10 96

{a) Each sample contained 0.3 Ug Pu and
was electrolyzed 5 minutes with
2-amp current

*)Mitchell, R. F., Anal. Chem. 32, 326 (1960).
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Tenn alpha counting plates were prepared by the carrier techni-
que. Each plate was prepared by the electrolysis of 0.3 ug of
plutonium contained in a 1000-ul aliguot of stock solution. The

electrolysis was continued (in the cell shown in Figure 2.3) for

20 minutes at 2 amperes. To obtaln a maximum yield a total of
30 pg of uranium in three 10-ug ineremants was added at H-minute

intervals during the electrolysis. Each plate (~25,000 c/hin was
counted in a 27 counter for a ftotal of 1.3 x 107 counts to give a
counting error of only ©.03%. The yield was 99.8 z0.17%, as deter-
mined by extraction analysis of the residual electrolyte.

e—35 mm “"Pyrex'’ Tubing

4
— Electrolyte — Counting Plute,

toaleng TS 1 UHgstallayt!
GARE. i i Gasichgy L

R | [

Stainless Steel Base

5TI-458

FIG.2.3 ELECTRCDEPCSITION CELL

The carrier technique for gquantitative electrodeposition was
very useful in the preparation of plates for determining AmZ*! and
Ce*** in analyses for the Transplutonium Isotopes Program. Alpha
(and even gamma) counting with good precision was not possible by
other mounting ftechniques because of the high salt content (11M LiC1)
of the samples.

The improvement in electrodeposition removes a limitation to
measurements of specific activity and half-1ife of various actinides.
To exploit this advancée, imprevement in the precision of primary
alpha standards will be attempted. At present the carrier electro-
deposition is belng evaluated as a highly precise method for
accountabllity analyses for plutonium in unprocessed Purex feed

solutlons, as well as for Pu®®® and Np2®7 in other processes.
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ELECTRODEPOSITION OF PLUTONIUN — eco 1953

Continuing laboratory tésts confirmed that utilization of the
Pul, feed 1s rapid and essentlally complete when plutonium 1s
electrodeposited from LiF-RBaF,-PuF; electrolytes at 950°% . In
contrast, the Pul, was not assimilated adequately in previous
tests at 835°C.

In a2ll tests to date the utilization of PuC, has been deter-
mined principally by anglysis of the off-gas. In the two tests
at 950° that were described in the December report, a l-hour
test with 30 g of Pul; 1n a tantalum crucible did not Invelve
enough plutonium to produce an accurately recoverable deposit,
and a 3-hour test with 105 g of Pu0, In a graphite crucible
apparently led f£o the formation of plutonium carbide.

In a recent test at 95C° in a tantalum crucible, plutonium
was produced ag a visible fi1lm adhering to the crucible but the
guantity of plutonium involved in the run {~120 g) formed a film
only 10 to 15 mils thick and the quantity of plutonium depcsited
could not be determined directly by weighing. In this test, the
cell was operated as usual at 5 volts and 50 amperes with the
crucible as the cathode and a graphite rod as the anode; Pul,
was fed to the cell Quring 3 hours at 40 g Pu/hr. Analyses of
the off-gas again indicated essentially complete utilization cf
the oxide feed. Tests with 300 grams or more of Pul; feed have
been planned, to obtain more conclusive data on The yield obtain-
able with the process.

Electrolytic removal of plutonium from spent fluocride elec-

trolytes was tesfted briefly. Removal of the plutcnium without
aqueous processing of the spent electrolyfe 1s desirable in the

II-3
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. in the event that electrodeposition is used for processing Pu

FEB 1982
interest of econcmical operation, and would be particularly helpful

238

or transplutonium elements. In the tests, other oxides such as
810, or MgD were added to spent cerium- or plutonium-containing
electrolytes and the electrolysis was continued. Alloys {of CeSi
or PuMg, for example) were deposited from both the cerium- and
the plutonium-centaining electrolytes. These tests will be con-
tinued to define conditions for complete removal of the plutonium
and to explors the use of cther oxides such as L130 or BaO with

the objective of depositing the plutonium in nonalloyed form.
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ELECTRODEPOSITION OF PLUTONIUM AP 1963

Continuling laboratory tests led to more efficient
conditions for electrodepositing plutonium from PuQz in an
electrolyte of fused fluorides. In one test 115 grams of
plutonium was produced from 151 grams of PuCs that was added
continuously to the cell during five hours. The yileld of
metal represented about 95% conversion of the PuOsz. The
efficlency of conversicn was found to increase markedly with
increasing current density at the cathede. -

The electrodeposition of plutenium from fused salt systems
has potentlal advantages over the present process, in which
batches of plutonlium fluoride are reduced with calcium. The
cloatrolysic proccss cowld Te adapied o continuous cpsraiicn
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and eztended vge of the zame baten of electrolyte for several
throughputs of Pulz or PuFs would reduce the amount of plu-
tonium that must be recovered f{rom reduction wastes.

The present tests indicate that the Pul; is assimilated
into the electrolyte principally by simple dissclution, with-
out significant dependence on a chemical reaction such as was
described in the December report: PuOz + 3PuF, = 4PuFs + O-.
In previocus studies, the highly successful operation of the
model cerium cell was shown to depend con chemical reaction of
Celz with CeF,.

In the recent series of tests the electrolyte centained
41.7 wt % BaFz - 25.0 wt % LiF - 33.3 wt % PuFa. The electro-
lyte was ~% inches deep ' (600-700 grams) in all tests. A
tantalum or molybdenum cathode crucible, 2 to 2.5 inches 1n
diameter, contained the electrelyte, and a central graphite
rod 1 to 1.25 inches in diameter was the anode.

To study the effcet of current density at the cathede,
the cruclble slze was decreased from 2.5 to 2 inches and the
current was increased from 50 to 100 amperes in the serles
of tests shown in the following table. In all except the
first test, the current density at the anode was near the
maximum that was attalnable without occurrence of the "ancde
effect", in which a nonconducting film of 'flucrocarbon is
formed at the anode. The off-gas in z2ll cases was entirely
CO and COz, with no CH,. .

The data summarized in the table show that the conversilon
of %the Pule increased with increased current density at the
cathode. The percent of the PulOz that is converted to plu-
tonlum is the most important indicator of the cell performance.
The cathode current efficiency, which 1s of less.importance,

Ii-16
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was limited to a maximum of 15 tc 20% by the low rate of
addition of Pulz and the operaticn of the c¢ell under conditions
such that only the oxide was electrolyzed. The influence c¢f
the current density on the conversion efficiency is explained
by the competition between electrolysis of the oxide and the
cyclie oxidation and reduction of plutenium between the Pu(ITI)
and Pu(IV) valence states. A% low current density, essentially
all of the cell current is consumed by the cyclic reactlons
and no electrolysis products are formed. Higher current density
causes increased electrode polarization, which decreases the
cyelic reactions and increases the efficiency for electro-
lyzing the oxide. ‘

The cell efficiency was calculated on the basis of off-gas
analyses, and the values are therefore approximate. For a
precise measurement of cell efficlency, the yield of plutonium
metal must be measured accurately. In the first three tests,
converslion of the oxide was low. Because considerable un-

- dissolved oxide accumulated in the cell, the plutonium did not

coalesce well and only a fraction of it could be isolated. In
the fourth test, in which the oxide conversiocn was qulte high,
the coalescence of the plutonium was much improved, although
not complete, and isolation of the plutonlum was greatly facil-
itated. The problem of ccalescence will be studlied in more
detail in future tests.

The effect of increased temperature was studied in the
third test. The only significant effects cbserved were
increased corrosion of the crucible, increased formation of
undesirable sclids, and probably a slight decrease in cell
efficiency. -

The dependence of the efficiency of oxide conversion on
current denslty and the generally low rate of assimilation of
PuQs indicate that simple dissolution is the principal mechanlism
¢f assimilation of the oxide. In addition, the absence of Op
in the off-gas indicated that the reaction of Pu0, with PuF,
1s not important.

The large-scale tests with Pulz as feed will be continued
in an attempt to develcop satisfactory producticn conditions.

Electrodeposition of Plutonium

Current Densitiy, Pulz Oz lde Cathode Pu

Tenp, Duraticn, amp, en® Feed Rate, Conversion, Current Isolated,

Test _°C ) hr  amp-hr Cathode Ancde g Pu/hr 4 Efficiency, % grams
1 550 8 400 0.25 0.5 39 30 10 50
2 950 3-1/2 230 0.4 1.0 3Q o 14 L3
31025 5 400 0.4 0.9 27 73 1 52
4 550  4-3/4 460 0.5 1.0 30 95 13 115

II-17

DPST-65-432



DPST-55-432

.

GENERAL STUDIES

! 4 )
EIECTRODEPOSITION OF PLUTONIUM JUN 1963

The rate of electrodeposition of plutonium was tripled
by agitating the slurry of Pulp 1n fused BaF~L1F-Puls
electrolyte in continuing laboratory tests. Electrodeposzsition
is being studied because it has potentlal advantages over the
present process, in which batches of plutonium fluorlde are
reduced with calcium. Electrodeposition is expected to be
adaptable to continuous operation, with subsfantial decrease
in the over-all quantity of plutonium that must be salvaged
from spent reductlon residues.

Experiments that were summarized in the Aprill report
demonstrated that Puls can be converted directly fto plutonium
metal with ~85% efficilency of conversilon and with essentially
no depletion of the PuFs in the electrolyte. The assimlilatlon
of the Pul, in these previcus tests was slow, however, and
apparently depended on simple dissolutlcn of the oxlde in
the molten electrolyte. The average rate at which the Pul;
could ve fed to an unagitated electrolyte was eguivalent %o
~25 g Pu/hr. In the recent tests, agitation of the electro-
lyte increased this prccessing rate to ~85 g Pw/hr. As
described in the following paragraphs, mechanical agiltation
and sparging with the anode gases were similarly beneficial.

The effect of mechanical agltation of the oxide-
electrolyte slurry was tested with two stirrer designs; a
tantalum crucible was used as the cathode in hoth tests.

In the first design a perforated thick-walled graphite tube
was used as the anode, and a molybdenum paddle whose shaft
extended through the anode was used to agiltate the slurry.
Rates of deposition of plutonium, as indicated by off-gas
analyses, were as high as 40 g Pu/hr, but the stirrer was
dissolved anodlcally. In the second design a solid rod of
graphite was used as the anode and also as the agltater.
This test lasted 5 hours, with an average deposition rate of
30 g/hr; somewhat faster deposition (~40 g/hr) occcurred

" during short periods. A portion of the plutonium deposlted

in this test was coalesced; the remainder was dlspersed as
very small beads. Because no excess PuC, was found in the
cell after the test, the dilspersion was attributed tc the
vigorous agltation.
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Tests were then made wlthout mechanical agitatlon but
with the anode redesigned so that the anode gas would sparge
the electrolyte and keep the oxlde suspended. The modified
ancde wags a large, prerforated tube of graphite, the bottom
of which was an inverted funnel that concentrated the flow
of anode gas through the axial regicn of the cylinder. Thils
principle has also been used recently with fused chloride
electrolyte at Hanford. The Pul, was added to the electrolyte
at the top of the axial region. Thus, unassimlilated PulC, was
suspended by the upward flow c¢f gas and electrclyte, and was
largely contained within the ancde. The inner wall surfaces
of the tantalum cathode crucible were insulated with a liner
of magnesia so that most of the current flow, and generation
of anode gas, occurred at the bottom of the cell. Good
circulation of the electrolyte and rapid assimllation of the
Pul; were cobtalned. The cell design also provided for a high
cathode current density (~1 amp/cm®), which has been shown
to lncrease the cell efficlency. The operation during the
first hour was quite satisfactory and encouraging; analyses
o' the off-gas indicated that the rate of deposltion of
plutonium was as high as 85 g/hr. Operatlon of the cell was
limited to 2 hours by corrosion of the magnesia insulator,
which was expected. The 2-hr yleld of plutonium was 80 g,
at least 93% of which was well coalesced.

These tests have shown that . rather rapid assimilation
of plutonium diloxide feed into the fluorlde electrolyte 1is
possible when good tirculation 1s malntained within the cell.
Further tests wlth new anode designs are in progress.
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GENERAL STUDIES

ELECTRODEPOSITION OF PLUTONIUM ALG 1965

Continuing laboratory tests confirmed that the rate of
electrodeposition of plutonium is increased substantially by
directing the flow of anode gas to agiltate the slurry of
Pul, in the fused fluoride electrolyte. The desired conditions,
in which most of the current flow and generation of anode gzas
cceur at the bottom of the cell, were ovtained by redesigning
the anode to eliminate the need for an insulating liner in the
tantalum cathode crucible. In a 4-hour test with the new
conditions 160 grams of coalesced plutonium was deposited,
with essentially 100% utilizaticn of the Pulp that was fed to
the cell.

Electrodeposition of plutonium in fused BaF,-LiF-PuF; 1s
being studled because 1t has potentlal advantages over the
present process, in which batches of plutonium fluoride are
reduced with calcium. Electrodeposition is expected to be
adaptable fo continucus operation, with substantial decrease
in the over-zll guantity of plutonium that must be salvaged
from spent reduction residues. The cells that are being used
in the laboratory would be scalecd up by a factor of ~5 for
plant operation.

In previous operation of the cell with unagitated
electrolyte the Pul, was converted to plutonium with satis-
factorily little depletion of the PuFg in the electrolyte, but
slow assimilation of the PuC, limited its rate of addition to
~25 g/nr. As summarized in the June report, preliminary tests
in whigh the oxide-electrolyte slurry was sparged with the
anode gas increased the assimilation of the Pulp; and the
deposition of plutonlum to as much as 85 g/hr, but the
duration of these tests was limited by rapld corrosion of the
insulating liner that was used to confine the flow of current
to the bottom portion of the cell.

The two c¢ell designs studied in the recent tests are
shown in Figure 2.6. The cells differ in the deslign of the
graphite anodes and exhibit significantly different operating
characteristics. BRBoth of the anodes are cylindrically
gsymmetrical and are =go shaped that mest of the current flow
and generation of anode gas cccur at the bottom of the cell.
Thus, no insulating liner for the tantalum cruclble 1s needed.
Both cells were gperated at 35-100 amperes and with a 2.5-inch
depth -of electrolyte (~750 g) containing 42 wt % BaFp -

25% LiF - 33% PuFs.

I1I-9
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a. Funnel Anode b. Disc Anode

FIG. 2.6 PLUTONIUM ELECTRODEPOSITION CELLS
Each Cathede is a Tantalum Crucible

The "funnel” anode of the cell shown in Figure 2.6a is a
hollow cylinder perforated with holes. The PuQp feed 1s added
£o the melt withlin the anode. The gas generated at the bottom
of the anode sparges the melt and keeps the oxide in suspension.
Most of the oxide is confined within the space enclesed by the
ancde untll 1t is assimilated into the electrolyte. The average
values of the cathode and ancde current densities for this cell
are 0.6 and 1.3 amp/cm®, respectively; the current densities
are highest at the bottom cof the cell because of the closer
electrode spacing.

The anode of the cell shown 1in Filgure 2.6b is a flat disc
with a smell-dlemeter support rod. The gas generated at the
bottom of the disc flows up through holes in the disc and
agltates the electrolyte quite vigorcusly. The Pul, 1s fed
at the top of the cell -- although the anode does not confine
the Pulp-electrclyte slurry the sparging provides substantial
suspensicn and agitation. The average cathode and anode
current densitiles zre both approximately 1.5 amp/em®. The
current density is highest at the bottom of the cell.
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The c¢ell with the funnel anode ha:z been operated success-
fully in tests of 3 to 4 hours that yielded 100 to 125 grams
of plutonium. The utilization of the Ful, feed approached
100%, and current efficlencies as high as 20% were attained.
The maximum production rate attainable with this cell is
rather low, and 1s a function of temperature as shown 1n
Flgure 2.7. While several theories might account for the
temperature effect, additional data will he cobtained to define
the mechanism. In %-to-4-hour tests with the funnel anode cell
at §00-950°, which 1s the usual operating temperature,
deposition rates of 25-30 g Pu/hr have been attained.

60

40

. v
7

200 a50 1000 1050
Temperature, °C

Rate of Deposition of Pu, g/hr

FIG. 2.7 EFFECT OF TEMPERATURE ON DEPGSITION
OF Pu N CELL WITH FUNNEL ANODE

The dise anode has been used'in tests of 3 to I hours,
which yielded as much as 160 grams of plutonium. The ubili-
zation of the Pul; feed approached 100%, and current
efficiencies were 'as high as L0%. The maximum productilon
rate attainable with 'this anode design has nct been determined;
instantaneous rates of 75 g/hr have been observed. The affect
of temperature on the operation with the disc anode has not yet
been determined; all tests have been at 900°C.

The degres of metal coalescence has ranged from excellent
to poor in these tests. About 95% coalescence has been obtained
in the best runs. A small amount of -dispersed metal does not
seem tc be troublesome. Best coalescence has been chtained
by operating with the anode about 1/4 inch from the crucible
bottom and centered in the cathode. TUnder these condifions
deposition appears to occcur almost entirely into the mclten
metal pool, which 1s the area of highest cathode current
density. If the anode is nct positioned correctly, the
plutonium 1s deposited in small drops on the crucible wall.

II-11
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A sample of plutonium deposited In a recent test had
satisfactory density, 19.1 g/cc, and was analyzed wilth the
following satisfactory results.

The tests have shown the disc angde to be a highly
promlsing deslgn.

iIn progress.

Analysis of Deposited Pluteonium, ppm

Al
Cr
Cu
Fe
N1
Pb
Si

Tl Ca
25 cd
li¥g) Ga
100 Mg
50 Mn
20 Sn
20 in

<10
<10
<10
<10
<10
<10
<50

Studies with thls zanode are continuing
wlth the objective of defining the maximum rate of deposition,
and preliminary deslign of cells for continuous cperation is
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ELECTRODEPOSITION OF PLUTCNIUM SN 1963
Laboratory study cf the electrodepositicn of plutonium
from fluxes of fused BaF,-L1F-PuF, was continued with the
objective of 1ncreasing the deposition rate in cells with the
disc anode described 1n the August report. In previocus tests
of 3 to 4 hours with these cells, about 4C g plutonium per
hour was deposifed with 100% utillization of the Pul, feed;
instantanecus rates based on ¢off-gas analyses were as high
as 75 g/hr. As much as 100 g/hr has now been deposited in
recent short tests. This rate 18 adequate for a practical
plant process.

Electrodeposition of plutonium 1s being studied because
it has potentlal advantages over the present batch process
in which batches of plutonium fluoride are reduced wlth
calcium. Electrodeposition is expected toc he adaptable to
continuous operation, with substantial decrease in the over-
all quantity of plutonium that must be salvaged from reductlon
residues in the plant. The cells that are belng used in the
laboratory would be scaled up by a factor of ~5 for plant
operation. A total of ~2.1 kg of plutonium has been electro-
deposited in the tests during 1963.
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The electrodeposition fluxes Iin previcus tests with
plutonium contained inltially 42 wt % BaF, - 25% LiF -
33% PuF5. In the three tests that are. summarized in the
folliowing table the concentration of BaF, was increased
(52 wt % BaF, - 15% LiF - 33% PuF;) and the cell was operated
at Increasing rates of addition of PuO, to determine its
capaclity. All tests were made at 95-100 amperes and 6-7 volts,
in a tantalun crucible cathode with a graphite disc anode.

In all tests the deposition rate as indicated by the
off-gas rate was equal to the feed rate. In the first test
the yield of plutonium was quite low; this low yield was
probably due to an excessively large (1/2-inch) separation
of the electrodes. In the second test the electrode separa-
tion was 1/4 inch and an excellent yleld of coalesced
plutonium was obtalned, including a portion of the plutonium
that had not coalesced in the first test. In the third test
the yileld was closely equivalent to the PuQ, added, but the
plutonium was dispersed as a black solid. Inadequate control
of temperature is believed to have been the cause of the lack
of coalescence. The short (1~ to 3—hr) tests demonstrated
encouraging deposition rates of 100 g/hr.

Electrodeposition of Plutonium

PuC, Feed,(a) Deposition,(b) Plutonium ¥ield, Current Effilciency,

g Pu/hr g Pu/Hr z % C) %
1 35 ~40 17 19 ~3
2 70 ~65 116" 132 ~49
3 117 ~105 a7 99 ~53

(a) 100 g Pu0, (88 g Pu) was fed %to each test.
(b) Ingdicated by off-gas rate.
{c) Bzsed on the 100 g Pud, fed during the test period.

Plutonium dioxide can be assimilated in the fluoride
fluxes in two ways: (1) by dissolution, and (2) by a chemical
reaction: Puly + 3 PuF. = 4 PuF5; + Co. The solubility of
the oxide is known tc be low, and in some instances the
oxide. dissolves glowly. The rather high rates of denosition
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of plutonium that have been attained recently, however,
indicate that tho chemlcal reaction is assisting to some
extent In aszimi.ating the Pul, in the fluz.

.

further evidence for the occurrence of the chemical
reaction was obtalned in the experiments summarized in the
following table. In each experiment, 50 g cof the flux was
melted in a graphite crucible by heating to 900°C; 25 g of

2
a pnO_-Pn'ﬁ‘ -P!J'F‘- mixture was then added; and the slurrv was
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heated 1 hr at 900°C in an inert atmcsphere. After cooling,
the mixture was examined for residual Pul; and the salt phase

was analyzed tc determine the total plutonium flucride content
and the Pu(III)-to-PullIV) ratio.

Plutonlium Oxide Reaction Tests

Final Plutonium Content

Fluorides, Ratio,
Initial Flux, mol % g Pu pul IIT) /Pu{IV)
1 100 LiF 17.8 -0.23
2 80 LiF - 20 BaF, 17.5 3.3
3 80 LiF - 20 'CaF, 15.9 2.1
4 50 LAF - 50 KF 15.0 - 5.7
5 60 LiF - 40 NaF 17.7 2.8
& %0 NaF - 860 K 18.3 4.3
Pulz-FuFz=-PuF, mixture
added to eaeh rlux 15.1(2) 0.18(a)

{a) Initial value

The approximate composition of the initial plutonium oxide-
fluoride mixture was 21 wt % PuO, - 67% PuF, - 12% PuFz. In
each experiment both the plutcnium flucride content of the
mixture and the Pu{III)-to-Pu{IV) ratioc were increased. These
results indicate that Pul, reacted with PuF,, dbut the residue

of PuO, that remained after each test showed that the reaction
did not proceed to completion. Because the prelimlnary data
represent single determinations for each flux and the experi-
mental error has not been determined, the results are not
necessarily indicative of differences in the extent of reaction.

Electrodeposition tests of longer .duration are now in
progress and a new cell with provisions for continuous with-
drawal of liquid plutonium i being evaluated in preliminary
tests with ceriunm.
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ELECTRODEPCSITION OF PLUTONIUM MAR 1964

In the continuing laboratory study of the electrodeposition
of plutonium, maximum production rates were determined for a
cell that utilizes a carbon disc anode in a tantalum crucible
cathode. In the previous tests with this cell that were
summarized in the November report ~40 g‘plutonium per hour
was depcsited With_lOO% reducticn of the Pu0, feed, in tests
of 3 to 4 nours duration. This rate is adeguate for a
reasonable scale-up to plant operation. Production rates of
75 to 100 g plutonium per hour, which would reduce the number
of cells needed 1n a plant installation, were obtained 1n tests
of shorter duration, but these operations were erratic and not
reproduclible.

In recent tests, no significant improvement was made by

varying elther the composition of electroiyte or the temperature.

Thus, the practical limit of throughput for this laboratory
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cell (approximately 20% of a proposed plant-scale cell) was
concluded to be about 50 g per nr.

Electrodeposition of plutonium in fused flucride sz1t 1s
being studied bhecause of potential advantages over the present
process, in which batches of plutonilum fluoride are reduced
with calcilum. Electrodeposition 1s expected to be adaptable
to continuocus operation, with substantial decrease 1n the over-
all quantlity of plutonium that must be salvaged from reduction
residues. '

The 15 recent electrolysis teats evaluated the effects
of' electrolyte composition and temperature. The arrangement
and size of the cell were described in the August report. The
sketech of the cell cross section is reproduced in Figure G,
The anode of the cell is s digsc with a small-diameter
support rod. The gas generated at the-bottom of the disc flows
up through holes in the disc and agitates the electrolyte
quite vigorously. The Pu0, 13 fed at the top of the cell.
The average cathode and anode current densities are both
approximately 1.5 amp/cm®., The current density is highest
at the bottom of the cell. All tests were made at about 100
amperes and & to 7 volts. Data for representative tests are
summarlized in the following table.

FIG. § PLUTONIUM ELECTRODEPOSITION CELL

The cothede is a tantalum crucible
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In the first series of tests, the melt was made richer
in BaF, than the previously used LiF-BaF, binary eutectic
(20 mol % BaF, before PuF, 1s added). The increased concen-
tration of BaF, lncreases the melting temperature and requires
an operating temperature above 900°C. The yield of plutonium
in these tests improved somewhat with Increasing temperature,
but was generally low. Because no beneficial effect of the
increase in BaF, was observed, the conclusicn was drawn that
the L1F/BaF, binary eutectic ratlio 1s the most favorable ratio
for cell operation.

In the second series of tests, increased production rates
were attempted at higher temperatures with melts econtalning ILiF
and BaF, in the binary eutectic ratio. Agaln, increased temper-
ature appeared to lncrease the yield of plutoenlum, but the
operations were generally not satisfactory. In the last two
tests the cell current was increased from 100 to about 125
amperes, and the cell operation deterlorated further.

Electrodeposition of Plutonium

Temp, Pu0, Feed,'®) Plutonium

Flux, mol % o¢ g Pu/hr Yieid, %

BaF, LiF PuF, : ‘
33 57 10 925 35 z2
950 53 - g0

75 £2 \ 45

1050 53 g0

18 72 10 900 75" 55
1000 75 39

11000 7T 103

1000 70 18

1000 g6 30

(2) 100 g Pun, (B8 g Pu) was fed In each test.

The ¢ell behavior in many respeéts was simllar in these
two serles of tests. COccasional tests were satisfactory, but
could not bhe reproduced. Good plutonium coalescence occurred
only in the tests with high ylelds. The off-gas rate in nearly
all cases indicated essentlally 100% reduction of the Pul,
feed; excess residual oxlide was never observed. 1In most tests
s0lid phases different from pure plutonium accumulated at the
bottom of the cruclble and 1nterfered wlith cell operation.
These phases contain dispersed metal, oxyflucrides, double
salts, and unldentified compounds, both alone and in combinations.
The tantalum crucitle was corroded deeply at fthe surface of the
filux in the tests at the hligher temperatures, possibly by
oxygen produced by the reaction Pul, + 3PuF, — 4PuF3 + 0,. The
corroslion was prevented in later ftests by a grarhite liner in
the crucible. The over-all behavior 1n these tests_indicates
that the capaclty of the cell was exceeded, and that no signifi-
cant galn can be obtained by operating above 900°C.
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An additicnal analysis of electrodepocsited plutonium
Indicates good qualiity although resulfts are not yet available
for tantalum, which i1s the impurity expeczted in highest concen-

tration.

Analysis of Electrodeposited Plutonium

Al

Ca,

. cd
Cr

Cu
Fe
Ga

Density 19.5 g/cc

22 ppnm
<10
<10
<10

<2 ~

&0
<10

Mg
Mn
Ni
Pb

51
En
Zn

<10 ppm
<10
<10
<10

<5
<10
<50

Further tests are in progress with the objective of
reproducing, in extended operations, the highly successful
performance that has been obtalned in previous tests wlth
lower deposition rates and at lower temperatures.
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ELECTRODEPOSITION QF PLUTONIUM MAY 1964

A series of tests was started with the objective of
demenstrating the operating stability of the cell system
that has been developed in continuing laboratory study of
electrodeposgition of plutonium. This cell, which has been
chosen as the most promising of several alternatives for
portential plant application, comprises a carbon disc anode
in a tantalum crucible cathode as sketched in the March
report. The electrolyte is molten LiF-BaFa-PuFs and the feed
is PuQp, which 1s added to the cell continuously.

Electrodeposition of plutonium in'a fused fluoride salt
system 1s being studiled because of potential advantages over
the current process, in which batches of plutonium trifluocride
are reduced with calcium. Electrodeposition 1is expected to
be adaptable to continuous operation, with substantial decrease
in the over-all quantity of plutonium that must be salvaged
from reduction residues.

One series of seven 5C-g PuC, demonstration tests was
completed; a series of 100-g tests was started; and a final
series of ~400-g tests is planned. The tests will glve
information on the durability of the cell components, the
STabllity of the molten salt system, and the quality of the
plutonium.
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In the 9 recent tests fthe cell wes cperatved at about
100 amperes and 6 to 7 volts; the feed rate was varied
between 15 and 45 g Pu/hr; and the temperafure was maln-
tained near lOOOOC. Optical pyrometry of the surface of the
eiectrolyte provided more reliable control of temperature
than was obtained with external thermocouplss in contact
wlth the crucidle. Contrcl of temperature is important
because PuQ, tends to accumulate in the boitom of the cell
and prevent coalescence of the plutonium at temnerﬁtures
below a critical value of about 925°C.

"Data from the recent tests are shown in the following
table. The 5C~g tests, with the exception of the first and
last, showed reproducibly good performance. The low yield
in the flrst test was atiributed to the low temperaturs, angd
the low yield in the last test was attributed tentatively to

. the higher rate of feeding PFul,, although yields from eariier

tests at this feed rate had been satisfactory. Coalescence

cf the plutonium in Tests 2 through 5 was exaellﬂnt and the
vields were good; Lthe three yielids below ;uup are abbl¢uhbdﬂle
primarily to inabllity to separate 2ll of the plutonium whan

the frozen electrolyte 1s removed from the crucible.

Tne same sample of electrolyte was reused in the series
of 50-g tests; the composition was adjusted slightly with LiF
and BaFs. Barium fluoride was omitted from the first three
tests to demonstrate that the procéss is not very sensitive
Lo this variable. A small guantity of BaPFz, however, reduces
the velatilizatlion of LiF,

The conditicns for the two 100-g tests were essentially
the same a3 those 1n the shorter tests, but new elect%olyte
was used. Trne first test showed a somewhat lower yield of
plutonium, which is typical for the first operation with
new glectrolyte. Coalescence of the plutonium was excellent

in both tests. This series of tests will be continued and
the preducts of all ftests will be analvzed for nurity
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Electrodeposition of Plutonium

Flux, mol % Temp, Puls Feed, Plutonlum
LiF_ BaFs PuFs °¢ g Pu/hr Yield, %
50 g Puls {44 g Pul per %fest
94.5 - 5.5 625 35 10

iQlc 16 100
1020 20 i00
g9 5.5 5.5 1010 16 83
91 5.0 4,0 1010 z2 8z
1%15 32 g7
1010 4y 20
100 g Pulz {88 g Pu) per test
88 6 6 1010 25 77
1015 18 g2
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