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LEGAL NOTICE

.This report was prepared as an account of Govern-
ment sponsored work. Neither the United States, nor the
Commission, nor any person acting on behalf of the Com-
mission:

A. Makes any warranty or representation, expressed
or implied, with respect to the accuracy, completeness, or
usefulness of the information contained in this report, or
that the use of any information, apparatus, method, or pro-
cess disclosed in this report may not infringe privately
owned rights; or

B. Assumes any liabilities with respect to the use
of, or for damages resulting from the use of any informa-
tion, apparatus, method, or process disclosed in this re-
port. '

As used in the above, “person acting on behalf of the
Commission” includes any employee or contractor of the
Commission, or employee of such contractor, to the extent
that such employee or contractor of the Commission, or
employee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his em-
ployment or contract with the Commission, or his employ-
ment with such contractor.
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ABSTRACT

The solubilities of selected fission product elements in mercury
indicaete that the purification of plutonium fuels by mercury processing
is chemically feasible. ©Such a process was experimentally carried out
on & ten gram plutonium scale with samples of two simulated fuels. If
rare earth products were used as diluents in fuel, mercury processing
resulted in satisfactory purification. If not, a combination with
halide slagging was shown to be satisfactory. Yields of 80-96% of
total plutonium were obtained in these small-scale experiments. Iron,
cobalt, cerium, lanthanum, niobium, ruthenium, zirconium, and molybdenum
were all removed to satisfactory levels. Plutonium was obtained as a
metallic button by heating a mercury-plutonium solution to 750°C for

two hours in a vacuum.
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INTRODUCTION

The study of mercury as a liquid metal solvent is one phase of the
program being conducted to obtain data relstive to the pyroprocessing of
spent plutonium fuels .l

Recrystallization from mercury has previously been proposeda’ 5 as
a high temperature reprocessing method for spent uranium fuels. In such
a process the fuel is dissolved in mercury at an elevated temperature
and filtered. The rare gas fission products and insoluble fission
products would be separated in this step. After the filtrate is cooled
and filtered to remove soluble fission products, the residue of uranium
tetramercuride would be decomposed to recover the uranium.

A similar process for plutonium fuels would sppear to be feasible
on the basis of the solubility of plutonium in mercury as a function of
temperature.u In this study the solubilities of selected fission
product elements in mercury were measured to further esteblish such
feasibility. Based on these solubility measurements, several processes

for separating fission product elements from plutonium were evaluated

experimentally.




SOLUBILITY OF SELECTED ELEMENTS IN MERCURY

The solubilities of iron, zirconium, niobium, molybdenum and
tantalum in mercury were determined by immersing weighed coupons, each
approximately 0.5 g., into 200 ml. of boiling mercury and periodically
measuring the coupon weight. Thus the weight loss would correspond to
the gmount of element dissolved.

The solubilities of ruthenium, cerium, and lanthanum were determined
individually by the method used for the plutonium-mercury solubility
study.LF A weighed quantity of the desired element was equilibrated
with 90 ml. of redistilled mercury in an inert atmosphere for 24 hours
at 350°C. The mixture was adjusted to a selected temperature, and
samples were drawn through a coexrse Pyrex frit st intervals of 5 to 90
hours. Each sample was cooled, weighed, and analyzed for the appropriate
element.”? 6

Results obtained in these experiments are summarized in Table 1.
The solubilities of zirconium, iron, niobium, and molybdenmm at 25°C
were in agreement with those reported at 25°C.7’8 Plutonium, lanthanum,
and cerium all appear to be temperature-dependent in solubility, and
these solubilities are all of the same megnitude. Although ruthenium
apparently dissolved in mercury at 350°C, it did not pass through a
coarse Pyrex frit at either 350°C or 30°C. Therefore, since the
"solubility" is considered here to be the quantity that passes through

such a frit in mercury, ruthenium would be by definition insoluble.




Table 1
THE SOLUBILITIES OF SELECTED EIEMENTS IN MERCURY

Solubility,
Element Temperature, °C grams solute/liter nercury
Zr 350 < 0.001
Nb 350 < 0.001
Mo 350 < 0.00L
Fe 350 0.002
Ta 350 < 0,001
Pu 20 2.65
150 20.0
325 85.7
Ru 20 < 0.002
250 < 0.002
La 20 2.87
150 22.9
250 37.0
Ce 20 1.31
150 19.8
250 Th.5

These results indicated that good purification of plutonium fuel
may be possible by mercury processing provided there are no inswrmountable
difficulties encountered in dissolution or in coprecipitation. Apparently
the rare earths are sufficiently soluble at 20°C, while the other elements

are relatively insoluble at 350°C.



PURIFICATION OF PIUTONIUM FUEL ALLOYS
These survey experiments were conducted with plutonium-fissium
alloy. This alloy was prepared by comelting zirconium, niobium,
molybdenum, ruthenium, lanthanum, end cerium in a master fuel alloy (90
atom percent plutonium-10 atom percent iron), followed by quench-casting

to prevent segregation .9

The master alloy was representative of the
LAMPRE~I fuel. Typical fission product elements were added in amounts
that correspond to 10 percent burnup of the plutonium. Only six fission
product elements were added because of limitations in alloying and
analyses for the other fission products. However, the elements that
were added, together with easily removable volatile fission products,
represent the mgjority of the impurities that will be present in
irradigted liquid fuel.

Three processing methods were tried. Although solubility dats
obtained with individual elements had indicated that good purification
could be achieved by simple recrystallization, experiments with fissium
alloy showed that rare earth elements coprecipitated with plutonium.
Therefore a second method using halide slagging combined with recrystalli-
zation from mercury was evaluated. The third method was used to process
plutonium-cerium~-cobalt alloy, since this liquid metal has been proposed

as a fuel for future molten plutonium reactors.

Processing of Plutonium-Iron Alloy by Recrystallization

The flowsheet for these experiments is shown in Fig. 1. A 10 g.

rod of fissium alloy was contacted with mercury at 325°C for 7 hours in



Hg
Storage

Pu-Fe Alloy Fuel

Dissolution
325°C

'

Filtration
325°C

'

Recrystallize
PquX at 25°C

———® Volatile Fission Products

Insoluble Fission
Products Plus Pu Loss

v

Filter at 25°C

———

‘

Filtrate
Soluble
Fission
Products
+ Pu Loss

Solid Phase
(Pung Product)

'

Condense
Hg and
Recycle

v

Vacuum Decomposition
750°C at 30 u
Pressure

'

To Pu
and Hg
Recovery

(Recycled
Hg)

Purified Pu
Product .

To Reactor

Fig. 1. Flowsheet for processing of plutonium-iron alloy fuel by
recrystallizgtion,



a Pyrex vessel filled with argon. After dissolution of the plutonium,
the mercury solution was passed through a coarse Pyrex filter disk at
325°C to remove elements that were not soluble in hot mercury. The
filtrate was then cooled to 25°C to recrystallize a plutonium-mercury
intermetallic compound (probably PuHgs), then filtered again through a
coarse fritted disk. This solid phase was heated in vacum to ~750°C
in order to recover the metal product as a coalesced ingot.

Analyses of the fissium alloy and final product are shown in Table
2. Calculations based on individual solubilities shown in Table 1 had
indicated that all impurities in the plutonium should have been below
the limits of detectability, i.e., < 0.0l percent. A camparison of the
lantharmm and cerium impurities actually present in the plutonium product
with predicted values indicates that a large fraction of the rare earth
Tission products will coprecipitate with plutonium in the recrystallization
step. Therefore a simple dissolution recrystellization process is
inadequate for a high degree of purificetion from rare earths. FPlutonium
yields varied from 80-96% of the total Pu present. Higher yields should

be attaingble in larger scale processing.

Table 2

PURIFICATION OF PIUTONIUM-IRON FISSIUM ALLOY BY
RECRYSTALLIZATION FROM MERCURY

Element Concentration of Element, w/o

Fissium Alloy Final Product
Pu 91.3 98.3
Fe 2.37 0.060
Zr 0.67 0.019
b 0.04 N.D.
Yo 0.75 0,0088
Ru 0.97 N.D.
La 1.59 1.06
Ce 0.7k 0.5%



Processing of Plutonium-Iron Alloy by Slagging and Recrystallization

Removal of rare earth elements from molten plutonium alloy by
halide slagging at 600°C has been demonstrated previously.lo Therefore,
a slagging step was incorporated into the dissolution step of the flow-
sheet shown in Fig. 1 in an gttempt to convert the rere earths in the
mercury solution to insoluble rare earth chlorides. Although a solid
reactive slag could be used, previous experience had indicated that a
liquid slag phase was preferable. The slag selected was the 70 wt. per=
cent rubidium chloride-30 wt. percent lithium chloride (solidus point
310°C) as the unreactive solvent system.

The reactive slag component, ferrous chloride, was added to the slag
phase to a concentration of 110 percent of that calculated to oxidize all
rare earth elements present. This excess is equivalent to < 0.7 w/o of
the plutonium present. Rare earths were removed from the mercury

solution according to the reaction

2La, + 3FeClo »  2LaClg + 3Fe
(in Hz sol'n) (in RbCl-KCl sol'n) (in RbCl-KC1, sol'n) (solid)
The filowsheet of Fig. 1 was further modified by conducting the high
temperature filtration at 300°C to freeze the slag and prevent it from
passing through the filter with the plutonium-mercury solution.
Results of the combined slagging~recrystallization methods are
shown in Table 3. The decontamination factor (D.F.) is defined as the

weight of an impurity, per grem of plutonium, in the fissiwm alloy
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Table 3

PURIFICATION OF PLUTONIUM-IRON FISSIUM ALLOY BY
COMBINED SLAGGING-RECRYSTALLIZATION PROCESS

(%8 g. salt phase, 9.3 g. fissium alloy, 100 ml. Hg)

Element Concentration of Element, w/o

Fissium Alloy Plutonium Product D, F.
Pu 9l1.3 99.7
Fe 2.5k N.D. > 2540
7 0.77 N.D. > 770
Mo 0.89 0.008 120
Ru 1.30 N.D. > 1300
La 2.13 0.11 21
Ce 1.02 0.08 1k

divided by the welght of the impurity per gram of plutonium in the

final product. These results indicate that adequate removal of fission
product elements, including rare earths, can be achieved by this combined
slagging-recrystallization procedure.

Processing of Plutonium-Cerium-Cobalt Alloy by Recrystallization

The plutonium-cerium-cobalt ternary system has been p}'oposed for
ligquid-fueled power reactors .ll In this system the composition of
cobalt can be fixed at approximately 12-25 atom percent, while the
concentration of plutonium can be varied over a wide range without

seriocusly altering the solidus point of the system.



Thus cerium i1s present in this type of fuel in gross amounts as an
alloying constituent. For a power reactor fuel, the cerium concentration
probably will exceed the plutonium concentration (on an atom basis).
Employing a slagging step in the fuel reprocessing cycle probably would
be undesirable, owing to the fact that essentially all of this cerium
would be extracted into the slag phase. However, it seems likely that
removal of soluble rare earth fission products is not necessary for such
fuels. Because their atomic fractions will be low in comparison to the
cerium already present, they should not seriously increase the liguidus
point of the molten fuel. Moreover, in the proposed fast reactor
application, substitution of rare earth fission product atoms for
cerium in the molten fuel will not seriously alter the neutron economy
or energy distribution.

Small scale experiments were conducted with 83 a/o plutonium-12 a/o
cobalt-5 afo cerium to determine the behavior of the fuel during
dissolution and filtration. The alloy was prepared by comelting 100 g.
of plutonium with 3.53 g. cerium at 900°C for 30 minutes in a tantalum
crucible. This binary alloy was then cooled, 3.60 g. cobalt were added,
and the system heated to 800°C for 15 minutes. A solidus point of ~U20°C
was observed by thermal snalysis. The slloy was remelted and cast into
1/8 in. and 1/4% in. diameter rods by injection into quartz tutes. A
i g. segment of these rods was then dissolved in 50 ml. of mercury at
325°C, followed by filtration and vacuum decomposition at 900°C. This

decomposition product contained 90-95 percent of the plutonium initially




added to the dissolver. The chemical composition of the final product
was 96.9 percent by wt. plutonium, 2.9 percent cerium, and 0.2 percent
cobalt.

Experiments have not been conducted to determine the decontamination
of fission product elements from this fuel because the actual fuel
application is still in doubt. However, the information galned to date
indicates that the simple flowsheet shown in Fig. 2 would provide
adequate purification.

MATERTALS OF CONSTRUCTION

Pyrex was used as the container material for most of the experi-
ments in the temperature range of 25-325°C. During vacuum decomposition,
the mercurides were contained in either tantalum or magnesia crucibles
located within a stainless steel tube. In all experiments an inert
atmosphere (argon or helium) was used to prevent oxidation of the
plutonium. The plutonium-cerium-cobalt alloy dissolution and filtration
experiments were conducted in Type 304 stainless steel equipment,
including stainless steel filter disks. A 7 hour corrosion test in-
dicated no weight loss by 5-g. coupons of Type 304 stainless steel and
tantalum after immersion at 340°C in boiling mercury containing 85 g.
plutoniuvm per liter, 0.7 g. cerium per liter, and 1.4k g, lanthenum per
liter. This corresponds to a corrosion rgte of less than 0.010 in. per
year for the stainless steel and less than 0.005 in. per year for

tantalun.

15




Fuel

H issoluti
Sto & o —P D ?205‘}2 on —— Volatile Fission Products
Filtration \ Insoluble Fission
325°C Products Plus Pu Loss
Hg De;:)a;x(;:osition
3 . ]
Condensation 850°C, 30 u

v

Purified Pu-Ce Alloy

To Reactor

Fig. 2. TFlowsheet for processing plutonium-cerium=cobalt fuel.

1k



REFERENCES

Leary, J. A., et al., P/529 USA, Second U.N, Geneve Conference, 1959.

Dean, 0. C., Messing, A. F., and Forsberg, H. C., "Use of Mercury in
Reprocessing Nuclear Fuels,” CF-60-2-3 (1960) .

Morrison, B. H. and Blanco, R. E., "The Hermex Process for Metal
Decontamination,” CF~56-1-151 (1956).

](3ower)sox, D. F. and Leary, J. A., J. Inorg. Mucl. Chem., 9, 108-112,
1959) .

Smith, M. E., Los Alemos Scientific Laboratory Report LA-1995, (1956).
Waterbury, G. R., private communication.

Lyon, R. N. (ed.), Ligquid Metals Handbook, 82-87 (1950).

Strachen, J. F., end Harris, N. L., J. Inst. Metals, 85, 17-24, (1956-7).

Leary, J. A., "Pyrometallurgy Experiments on Plutonium-Rich Reactor
Fuels," Los Alamos Scientific Laboratory Report LA-2132, (1957).

Mullins, L. J,, Leary, J. A., and Mareman, W. J., Ind. and Eng. Chem.,
52, 227-230, (1960).

Coffinberry, A. S., U. S. Pat. 2901345, Plutonium-cerium-cobalt and
plutonium-cerium-nickel alloys.

15



