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FOREWORD

This report is thefirst of a series thatwill be issued
under the generaltitle The EBR-II Skull Reclamation Proc-
ess. This first reportof the series is a general description
of the process flow sheet and the individual steps involved.
Subsequent reports will deal with the laboratory and pilot-
plant development work on various aspects of the process.




THE EBR-II SKULL RECLAMATION PROCESS

Part I. General Process Description
and Performance

by

Leslie Burris, Jr., I. G. Dillon, and
and R. K. Steunenberg

ABSTRACT

A general description of the EBR-II skull reclamation process and
a flowsheet showing the individual process steps are presented. The skull
reclamation process complements the melt refining process in the EBR-II
fuel cycle. After the enriched uranjium-fissium alloy used in the firstcore
loading of EBR-II has been processed by melt refining, approximately 10%
of the fuel remains in the crucible as a residue of unpoured and oxidized
metal. This residue constitutes the "skull." The objectives of the skull
reclamation process are: (l)to recover the uranium from the skull, and
(2) to remove fission products from the uranium. A large fraction of the
fission products removed in the EBR-II fuel cycleare removed in the skull
reclamation process.

Liquid metals and molten salts are used as the processing media.
Separation of fission products {rom the fuel is effected primarily by selec-
tive reduction of compounds of relatively noble fission product elements by
zinc and extraction of the reduced fission product elements into zinc for
disposal, and by selective precipitations of a uranium-zinc intermetallic
compound and uranium metal from liquid metal solutions. Fission product
elements are retained in the supernatant solutions and theseare discarded
to waste. The precipitated uranium is recovered by removing the super-
natant liquid metal and retorting to vaporize the residual solvent metals.

Because the skull constitutes only a small sidestream of material
in the overall fuel cycle, only modest uranium recoveries are required. A
uranium recovery of about 95% is adequate. The requirements for fission
product removal are also modest, particularly for the noble fission prod-
uct elements, which are deliberately used in the fuel material as alloying
elements. Removals of as low as 50% are sufficient for these alloying
fission product elements. For other fission product elements, removals of
about 90% are adequate. These recovery and purification requirements
have been shown to be readily achievable in the skull reclamation process.

Future reports in this series will include more detailed descriptions
of the development work underlying the process steps and information on
equipment design, materials, and scale-up studies.



I. INTRODUCTION

Pyrometallurgical processes for the recovery of fertile and fissile
materials from discharged reactor fuels are being developed with the ob-
jective of reducing substantially the fuel costs associated with nuclear
power production. Such processes are characterized by high-temperature
separation procedures in which the fuel is usually maintained in the metallic
state, although in some instances conversions to oxides or halides are em-
ployed. Several characteristics of pyrometallurgical processes render
them particularly suitable for potential use with power reactors: (1) Since
the materials used are stable in very high radiation fluxes, they can ac-
commodate fuels shortly after discharge from the reactor, thereby re-
ducing fuel inventory costs. (2) The procedures are relatively
straightforward, with a minimum of operations and process vessels.

(3) The processes are compact, and the equipment is of a modest size.
(4) The fission product wastes are in a concentrated, dry form which
contributes to ease of disposal.

Pyrometallurgical separations do not provide highly efficient
decontamination from fission products. As a result of their radioactivity,
remote refabrication of the fuel is necessary. This is not a serious dis-
advantage, however, since the buildup of certain isotopes of the fissile and
fertile materials (uranium-237, for example) also precludes direct re-
fabrication of the fuel, especially after extensive recycling. The principal
disadvantage of pyrometallurgical processes in the past has been the lack
of suitable corrosion-resistant, high-temperature materials for use in
process equipment. Recent developments in commercially available
refractory metals and ceramics have largely eliminated this problem.

The first plant-scale application of pyrometallurgical fuel reproc-
essing techniques is for the Experimental Breeder Reactor No. 2 (EBR-II)
at the National Reactor Testing Station in Idaho. The EBR-II is a fast
power breeder reactor designed to establish the feasibility of fast reactors
for central power stations. The EBR-II complex consists of the reactor,

a sodium boiler plant, power-generation facilities, and an integrated fuel
reprocessing plant.(l) Although the EBR-II reactor will ultimately employ
plutonium as the core fuel, an enriched uranium alloy will be used as the
fuel in the initial core loading.

Several pyrometallurgical schemes are being developed for use
in the EBR-II fuel cycle. Of these processes, melt refining(z) is the most
advanced, and it will be used to process the first (enriched uranium) core
(see Figure 1). The fuel pins are about 0.144 in. in diameter and are clad
with stainless steel thermally bonded by sedium in the annulus. In the melt
refining process the fuel pins are declad mechanically, chopped to con-
venient lengths (about 2 in.), and charged to a lime-stabilized zirconia




crucible. The charge is melted, held at 1400°C for about 3 hr, and then
poured into a mold to form a product ingot. This treatment removes
approximately two-thirds of the fission products through volatilization of
some fission product elements and selective oxidation of others, by the
zirconia crucible, to form a dross. Noble metal fission products such
as zirconium, niobium, molybdenum, and ruthenium are not removed by
melt refining. Thus, the recycled fuel becomes a uranium-noble metal
alloy, designated as "fissium" alloy. To avoid a fuel of changing compo-
gsition, inactive noble metals have been alloyed with the initial fuel in their
approximate equilibrium concentrations.* The presence of noble metals
has proved to lend desirable irradiation stability to uranium.

Figure 1

SIMPLIFIED FUEL CYCLE FOR THE
FIRST CORE LOADING OF EBR-II
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Mote: For convenience, the following abbreviations are used occasionally throughout this report:

F.B. = fission products
MM, = noble metals

Fs = fissium

*Uranium-5% fissium alloy selected for the initial EBR-II core fuel
has the following composition (W/o): Zr (0.1), Nb (0.01), Mo (2.46),
Ru (1.96), Rh (0.27), Pd (0.19), balance uranium.



When the product ingot is poured in the melt refining process, about

5 to 10% of the uranium remains in the crucible as a skull constituting a
mixture of dross and unpoured metal. In addition to uranium, the skull
contains 5 to 10% of the original noble metal content and nearly all of the
more electropositive fission product metals, such as yttrium, the rare
earths, barium, and strontium. A liquid metal process, named the skull
reclamation process, has been developed for processing melt refining
skulls with three objectives to be achieved: (1) recovery of the uranium
fuel in the skull, (2) removal of a sufficient fraction of the noble metal
fission products from the recycled uranium to maintain a desired equilib-
rium concentration of fissium in the primary fuel cycle, and (3) removal
of the more electropositive fission product elements which are concen-
trated in the skull material. Furthermore, it must produce a product
suitable for reintroduction into a melt refining charge.

The percentage of noble metals which must be removed depends
upon the fuel burnup and the fraction of the discharged fuel that enters
the skull reclamation process. In the EBR-II fuel cycle, noble metals are
removed only in the skull reclamation process. Therefore, to maintain
any particular fuel composition, the removal of noble metals must be
equivalent to the amount generated in the reactor. For a skull fraction
of about 7% of the fuel charge, to melt refining, and a fuel burnup of 2%,
complete removal is required to maintain the present fissium alloy com-
position with respect to all alloying elements except zirconium. If the
skull fraction exceeds 7% or if the fuel burnup is lower than 2%, the re-
quired removal of noble metals is proportionately reduced. For example,
if the skull fraction is 10% of the fuel charge (at a burnup of 2%), noble
metal removals of only about 70% are required. If fuel burnups higher
than 2% are achieved or if, at a 2% burnup, skull fractions are less than
7%, the concentrations of alloying elements would gradually increase to
a higher equilibrium value even if completely removed in the skull recla-

mation process. Because metallurgical scrap is also likely to be processed
in the skull reclamation process, thereby effectively increasing the fraction

of the fuel going through the process, it is possible that noble metal re-
movals as low as 50% will suffice.

Zirconium is present in the initial fissium alloy at a concentration

much lower than its equilibrium concentration (0.1% as compared with about
3.5%), and its concentration in the fuel will simply increase a total of about

0.25% with each fuel cycle (e.g., from0.1 to 0.35% after the first cycle).
The rate of increase in zirconium content is relatively unaffected by zir-
conium removal in the skull reclamation process, since only 10% or less
of the fuel is handled in this process. At equilibrium, the required zir-
conium removal is the same as that for other noble metals as discussed
in the previous paragraph.

Rare earth fission products, and to some extent alkaline earth

fission products, are concentrated in the skull material and must be largely
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removed in the skull reclamation process. The required removal 15 some-
what arbitrary, since some recycle back to melt refining could be tolerated
Therefore, a 90% removal of these elements is regarded as adequate

An overall fuel recovery of about 99.5% is sought in the EBR-II fuel
cycle. If 10% of the fuel passes through the skull reclamation process, the
required uranium recovery is 95%; if the {raction 1s 5%. the required re-
covery is only 90%. These are modest recovery requirements.

Although the skull reclamation process has been developed as an
adjunct to melt refining. it is also considered to be a back-up procedure
capable of processing EBR-II fuel directly in the event of difficulties with
melt refining. In this case. the required fuel recovery would be 99.5%.

It is the purpose of this report to provide a general description of
the skull reclamation process and to indicate its capabilities and limitations.
This is the first of a series of reports on the skull reclamation process. In
succeeding reports, the research and development work on individual steps
materials of constructlion, process demonstrations, and process scale-up
will be discussed in detail.



II. PROCESS DESCRIPTION

The skull reclamation process is illustrated schematically in Fig-
ure 2. The basic steps of this process are:

(1) Oxidation of the skull within the melt refining crucible to
convert the skull to a freely flowing powder which can be readily poured
from the crucible.

(2) Selective reduction with zinc at 800°C of noble fission product
element compounds from a suspension of the oxidized skull material in a
molten halide salt flux, and extraction of the noble metals into zinc. The
zinc phase is discarded to waste.

(3) After removal of the zinc phase, reduction at 800°C of the
uranium oxides contained in the molten flux suspension by magnesium,
present in an approximately 5 w/o Mg-Zn alloy. On reduction, the uranium
dissolves in the magnesium-zinc alloy.

(4) Precipitation of the uranium as a uranium-zinc intermetallic
compound by cooling the alloy solution from 800°C to about 525°C, after
which the supernatant phase is removed.

(5) Decomposition of the intermetallic compound and precipitation
of uranium metal by addition of magnesium to about a 50 W/O concentration,
followed by removal of the supernatant liquid.

(6) Dissolution of the uranium metal product in a zinc-magnesium
alloy.

(7) Transfer of the resulting solution of uranium (containing about
12 W/o uranium) to a retort where the solvent metals are vaporized. The
product uranium metal is then recycled by adding it to a melt refining
process charge.

A, Skull Oxidation

The purpose of the skull oxidation step is to provide a method for
essentially completely removing skull material from the zirconium oxide
melt refining crucible. The skull oxidation may be carried out at 700 to
800°C in an approximately 20 V/o oxygen-argon atmosphere. As the oxida-
tion proceeds, the oxygen concentration may have to be increased to maintain
the desired oxidation rate. Under these conditions the skull oxidation pro-
ceeds smoothly and is usually complete within 8 hr.

Iodine is expected to be the major activity evolved during skull oxi- .
dation. Special off-gas-handling procedures are required which either trap )
the iodine, hold it up for decay, or accomplish controlled dispersal into the




Figure 2
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atmosphere. The disposal of the oxygen-containing combustion atmosphere
also requires special gas-handling techniques, since it is not permissible
to contaminate the inert argon blanketing gas in the EBR-II processing cell
with oxygen.

After oxidation, the oxidized skull material is dumped from the
crucible. Carefully designed mechanical equipment will be necessary for
this operation in which it will be necessary to prevent fragmentation of
the zirconia crucible and the escape of oxide dusts.

B. Noble Metal Extraction

The purpose of the noble metal extraction step is to effect a separa-
tion of the noble metal fission product elements from uranium. The noble
metal elements consist mainly of molybdenum, ruthenium, rhodium, and
palladium, along with small quantities of silver, cadmium, and antimony.
Although several metals are capable of reducing oxides or other compounds
of the noble elements without reducing the uranium oxides to uranium metal,
zinc is the logical choice because it is a constituent of the magnesium-zinc
alloy used in the subsequent reduction step.

A chloride flux is employed to suspend the skull oxides (approxi-
mately 20 w/o skull oxide concentration) and to make possible a clean
separation of the extractant metal phase. The skull oxides are preferen-
tially wet by the flux and therefore remain suspended in it. As a result,
there is no oxide contamination of the metal phase.

The flux composition is dictated largely by the requirements of the
subsequent step for reduction of uranium oxide. The flux most likely will
consist of 47.5 m/o MgCl,, 5 m/o MgF,, and 47.5 m/o CaCl,; or LiCl
Approximately a 1-to-1 volume ratio of flux to metal is employed. Good
mixing of the flux and metal phases is required for efficient extraction of
the noble metals. Satisfactory extraction of noble metals has been achieved
within 4 hr at 800°C. Operation at lower temperatures is feasible, but
longer extraction times would probably be necessary.

The phases will be separated by freezing the flux phase (m.p..
~600°C) and siphoning off the zinc phase (m.p., 420°C). This separation is
complicated by the fact that the larger particles of oxide, wetted by flux,
settle to the bottom of the crucible. Since the zinc phase is thereby dis-
placed upward to a position slightly off the bottom of the crucible, a special
technique is necessary to effect removal of the molten zinc. In effect, this
technique consists of back-blowing argon through the transfer tube during
solidification of the salt to maintain a zinc sump around the tip of the trans-
fer tube.

To provide the necessary corrosion resistance to the molten metal
and flux phases, a tungsten crucible will be used for the noble metal ex-
traction and succeeding steps up to the final retorting step
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Zinc chloride will be employed as an oxidizing agent in the flux
phase. The presence of ZnCl, would prevent loss of any uranium metal
which might not have been oxidized in the skull oxidation step. In the ab-
sence of ZnCl,, any such uranium would be dissolved by the zinc and
ultimately be lost in the zinc waste stream. The ZnCl, will also oxidize
uranium and magnesium present in the crucible heel remaining after re-
moval of the uranium product solution. This heel results from present
plans to use the same tungsten crucible for the noble metal extraction
through uranium product dissolution steps. Consequently, it is necessary
to consider the effects of heels and their compositions on the succeeding
operations.

The quantity of ZnCl, employed may be adjusted to meet the needs
of a particular situation. Because ZnCl,; is fairly volatile, the oxidation
of uranium and magnesium will be conducted at as low a temperature as
is practical, i.e., around 650°C. The concentration of ZnCl, may be kept
low by adding it incrementally.

Through the use of ZnCl, in the noble metal extraction step, it is
possible that non-decannable EBR-II fuel pins (warped pins or pins
broached by uranium) can be handled in this step. The uranium would be
oxidized and extracted into the flux phase while the relatively noble metal
constituents of the stainless steel can (iron, nickel, and chromium) would
be expected to remain in the zinc phase. This possibility has received
some preliminary experimentation with results about as indicated.

C. Uranium Oxide Reduction

In the uranium oxide reduction step, uranium oxides suspended in
the flux phase are reduced at 800°C to uranium metal by magnesium pres-
ent in an approximately 5 W/O Mg-Zn alloy. As the reduction proceeds,
the uranium metal dissclves in the magnesium-zinc alloy. At complete
reduction of the uranium oxides, the uranium concentration in the metal
phase is about 4 w/o. The solubility of uranium in the metal phase at
800°C is about 5 W/O. The uranium oxide reduction is effected at 800°C
within 4 hr with good mixing. The volume ratio of flux to metal is around 1.

Following the reduction step, the flux phase is removed by pres-
suring it out through a dip tube. Some consideration is being given to
postponing the removal of flux until after the final uranium precipitation
step. The MgO byproduct of the reaction is suspended in the flux phase
and reaches a final concentration of about 10 W/O. Reduction of uranium
oxides is hampered by MgO concentrations above about 12 w/o.

Under the conditions employed in the reduction step, the rare earth
oxides, most of the zirconium oxide, and any plutonium oxide which is
present are also reduced. Barium, strontium, and cesium remain in the
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flux. Rare earths and zirconium are, therefore, the principal contaminants ‘
accompanying uranium at the conclusion of the reduction step.

D. Precipitation of Uranium-Zinc Intermetallic Compound

By cooling the uranium-magnesium-zinc solution produced in the
uranium reduction step from 800 to 500°C, essentially complete precipita-
tion of the uranium as a uranium-zinc intermetallic compound occurs.
After the precipitate has settled to the bottom, the supernatant phase is
removed and discarded.

This step serves a two-fold function: (1) volume reduction, and
(2) uranium decontamination. By precipitation of the uranium and removal
of the supernatant liquid metal, the uranium is concentrated from 4 W/O
to 12-15 w/o, Zirconium is the only major fission product removed in
the supernatant phase. The other fission products, including the rare
earths, and plutonium coprecipitate extensively with the uranium. However,
removal of zirconium in this step is important, since no other step in the
process provides for sufficient zirconium removal.

Two uranium-zinc intermetallic compounds have been identified in
the uranium-zinc-magnesium system: (1) a compound designated "delta,"
having the formula U,Zn,;, and (2) a compound called "epsilon," which has
the approximate composition U,Zn,;. The phase-diagram boundaries for
these compounds have not yet been fixed, particularly in the ternary
system.

From a process standpoint, it is desirable to precipitate the epsilon
phase because it possesses much better settling characteristics than does
the delta phase, and thus provides a better opportunity for clean and maxi-
mum separation of the supernatant phase. Experience has shown that there
is a likelihood of precipitating the delta intermetallic compound if the
magnesium concentration is much above 5 W/O. Therefore, to insure for-
mation of the delta compound, the magnesium concentration is held below
5 W/o, generally in the region of 3 to 5 W/o.

E. Intermetallic Compound Decomposition and Uranium Metal Precipitation

Uranium metal is liberated by extracting the zinc from the inter-
metallic compound with magnesium. During the course of the intermetallic
compound decomposition, the uranium metal sinters and clumps into
aggregates of various shapes having fairly high uranium densities. These
settle very well, thus permitting efficient removal of the supernatant phase.

Magnesium is added to the intermetallic compound concentrate to
produce a 50 w/0 magnesium-zinc alloy. This composition is near that of
a eutectic in the magnesium-zinc system at about 47 w/o magnesium. The
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eutectic melts at about 350°C, and although the eutectic valley is fairly
narrow, on cooling to about 425°C, a latitude of about -10 and +4% in the
magnesium concentration is available. Outside of this permissible con-
centration variation, magnesium or a magnesium-zinc compound will

begin to precipitate. By cooling to 425°C, the uranium solubility is reduced
to approximately 0.03 w/o. At 800°C, the uranium solubility is in the
neighborhood of 0.3 w/o.

In experimental work to date, magnesium has been added as a
solid to the intermetallic concentrate and both have been heated to 800°C
to effect the intermetallic compound decomposition. Stirring has been -
employed above about 700°C.

Alternative procedures are now under investigation. The reaction
of the solid phases is slow, so the minimum temperature for the de-
composition will probably be 650°C, the melting point of magnesium. In
addition to temperature, the method of magnesium addition (whether as
a solid or a liquid), the digestion time, and rate of cooling are yet to be
established.

The rare earth elements and plutonium do not coprecipitate with
uranium metal. Therefore, in the course of the intermetallic compound
decomposition, they are liberated and dissolve in the eutectic phase.
Separation of these elements from uranium is then effected by removal
of this supernatant phase. It is expected that at least a 90% removal of the
supernatant phase can be realized. Separation of these elements to an
extent greater than that provided by the particular percentage removal of
the supernatant phase would require washing of the uranium product.

F. Dissoclution of Uranium Product Metal

The uranium product is dissolved in a 14 w/0 magnesium-zinc
alloy at 800°C to give a final solution containing about 12 w/o uranium,
12 w/o magnesium, and the balance zinc. This solution will be transferred
out of the crucible into the retorting vessel or cast into a mold for later
transfer to the retorting vessel.

It may be necessary, prior to transfer of the product solution, to
immobilize a flux heel which remains after the transfer of the flux phase
to waste. This flux carries through the two uranium precipitation steps
but causes no difficulty since it is solid at the temperatures at which the
supernatant phases are transferred. However, it is molten at 800°C, the
temperature at which the product solution is transferred, and, therefore,
could be transferred with the product. This is highly undesirable, since
the MgO and other oxides which are present in the flux would contaminate
the final uranium product. To assure removal of a clean metal phase, the
flux heel can be solidified by adding, prior to transfer of the product solu-
tion, all of the MgF,, a high-melting-point constituent of the flux, required
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in the flux phase for the succeeding step for noble metal extraction. This
step is the first step to be performed on the next batch of skull oxide.

G. Retorting

A retorting operation is used to remove the residual magnesium
and zinc associated with the uranium metal product after the intermetallic
compound is decomposed. The vaporization of the magnesium and zinc
can be effected under a variety of conditions, e.g., atmospheric pressure
at temperatures in the range from 900 to 1100°C, or at lower pressures
and correspondingly lower temperatures.

The uranium product may be poured from the crucible as a liquid
or solidified and dumped from the crucible, but to avoid tipping a rather
large crucible, it is more likely that it will be solidified and removed by
tongs or some other suitable mechanism.




III, GENERAL OPERATING PROCEDURES AND
ENGINEERING EQUIPMENT CONCEPTS

Development work on the skull reclamation process has progressed
through a series of small-scale (100 g of uranium) process demonstrations
and preliminary operation of a pilot plant (1.5-kg-uranium scale, which is
about 1/3 full plant scale). Although still in an evolutionary stage, operat-
ing procedures and equipment concepts are described below.

In order to oxidize the skull material in a melt refining crucible,
the crucible is first placed in a tight-fitting stainless steel can which holds
the fragile, and possibly cracked, crucible together during the oxidization
operation, The crucible will be lowered into a narrow cylindrical tank
which is closed at the top by a cover or flange sealed in place by a liquid
metal freeze seal, A "Calrod" type of electric heater coil, of about 1.5-kW
capacity, is suspended from the cover and fits into the crucible when the
cover is in place, The heater is emploved to heat and maintain the cruci-
ble at the oxidation temperature of about 700°C.

Subsequent process steps up to the retorting step are, according
to the presently iavored operating procedure, to be conducted in a single
tungsten crucible. Previous to operation in a single tungsten crucible, the
4 w/o-uranium solution produced in the reduction step was transferred
from a tungsten crucible to a beryllia crucible where the uranium-
precipitation steps were performed. The use of a single tungsten crucible
was suggested relatively late in the development of the process, mainly
because of the poor performance of large beryllia crucibles, but has
proved to be an attractive procedure since it eliminates one crucible and
an entire furnace unit required for housing and heating the crucible.

The design concept of the pilot-plant equipment for the liquid metal
process steps is shown in Figure 3, The equipment consists essentially
of a large (12-in, OD by 19-in. high) tungsten crucible which is positioned
centrally within a metal bell jar (about 30 in, in diameter by 40 in, high).
The bell jar cover will be tightly sealed for maintenance of a high-purity
inert atmosphere within the bell jar. Heating will be effected by means
of a graphite susceptor heated by uncooled induction coils., Solution re-
moval for the necessary phase separations will be effected by pressuring
the liquids out through dip tubes, a procedure known as pressure siphoning,
Although it is thought that the full plant-scale equipment will be simi-
lar to the pilot-plant equipment, the induction coils may be located outside
the bell jar in the plant equipment, This would require the use of a more
tightly fitting bell jar or container around the crucible than that shown in
Figure 3,
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The major operations for phase separation are:

1) Separation of molten zinc containing noble fission elements
from the flux containing the skull oxide after noble metal leach in the first
crucible, This separation is made by cooling to about 500°C, which freezes
the flux but leaves the zinc molten, The zinc is then pressure siphoned
from beneath the solidified flux to a waste container.

2) Removal of the flux phase after the reduction step by pressure
siphoning molten flux at 800°C to a waste container. The pressure em-
ployed is sufficient to transfer the flux phase but not the underlying, more
dense metal solution, During transfer of flux, the transfer tube is slowly
lowered into the flux phase, The transfer of material stops when the
transfer tube enters the metal phase. Consideration is also being given
to postponing the removal of the flux phase until after removal of the
metal supernatant solution of the final uranium precipitation step. This
would permit removal of all liquid materials, the flux and metal waste
solutions, and the final uranium product solution through a fixed transfer
tube having its open end near the bottom of the crucible. The use of a
fixed transfer tube would simplify remote operations,

3) Separation of a 5% magnesium-zinc supernatant solution from
the precipitated uranium-zinc intermetallic compound at about 525°C by
pressure siphoning the zinc to a waste container,

4) Separation of the 507 magnesium-zinc supernatant from the
precipitated uranium. The separation is made at about 425°C by pres-
sure siphoning the magnesium-zinc solution to a waste container.




5) Removal of the uranium product solution, an approximately
12 w/o uranium-12 W/O magnesium-zinc solution, by pressure siphoning
the solution at 800°C to a mold or to the retorting crucible.

6) Removal of the solvent metals, magnesium and zinc, from the
uranium by vaporizing them in a retorting operation,

As pointed out above, the uranium will be removed from the
tungsten crucible by dissolving it to a 12 W/o concentration in a
14 W/O magnesium-zinc solution and transferring the solution to a mold
or directly to a retorting crucible, Vaporization of the solvent metals in
the retorting step will be effected at a low pressure, probably less than
10 torr, It is presently planned to perform the retorting operation in a
melt refining furnace unit by placing a radiation-cooled condenser above
the retorting crucibles. The retorting crucible will probably be a beryllia
crucible or a crucible of another material which has been internally coated
with bervyllia, Considerable work is required before a definite selection
of crucible materials can be made,

It has also not yet been decided whether the uranium metal prod-
uct should be removed from the retorting crucible as a sintered cake or
whether it should be further consolidated by melting it. If the uranium
product is melted, it may be poured from the crucible and cast in a mold.

Materials of Construction. The only metallic materials which have
good resistance to attack by the molten metal and halide salt systems of
the skull reclamation process are tungsten and certain tungsten alloys,
Tungsten, which is virtually unattacked by these systems, has becn se-
lected for the crucible material for the steps involving liquid metals,
Because tungsten is difficult to machine, auxiliary items, such as agita-
tors and transfer tubes, will be fabricated from a 30 w/o tungsten-
molybdenum alloy. This alloy, although less resistant to corrosion than
tungsten, appears suitable for these purposes.

It is intended to use a beryllia or beryllia-coated crucible for the
retorting operation since bervyllia is not significantly attacked or welted
by molten uranium,

Bell jars and other enclosing vessels will be fabricated of a
300 series stainless steel. Internal stainless steel surfaces which are
exposed to atlack by metal and salt vapors may have to be protected by
tungsten coatings or tungsten shields,
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1IV. FLOWSHEET AND PROCESS PERFORMANCE

A detailed flowsheet indicating stream compositions, fates of
uranium and fission products, activity levels, and fission product heating
values is given in Tables 2 through 8 beginning on page 19.* In Table 1
useful design information derived from the detailed flowsheet is summarized.

Table 1

SUMMARY OF PERTINENT DESIGN INFORMATION FOR SKULL RECLAMATION PROCESS
(Basis: aporoximately 10 kg of uranium)

seration Stream Handling velght Volume Activity Level Fission Product Heating
or Steam \o. Temp (°C} kg (liters) (Curies} |Btufhr (B - 10% y)]

Ten Melt Refining

Skulls and Crucibles 1 ~700 1043 50 LEx 10% 16,000
Oxydizing Gas 2 30 1.9 1334 0 0
Skitll Oxidation Off-gas 3 30 0.04 2 ~ 2000 0
Waste Gas 4 30 0.04 24 0 &
Ten Separate Oxidized

Skulls 5 ~700 11.9 4 1.3x 106 11500
Crucible Waste 6 ~100 94 50 4.9 %105 4,460
Zinc to Noble Metal

Extraction 7 30 143 23 0 0
Flux to Noble

Metal Extraction 8 30 9.5 20 ] ]
Total Charge to Noble

Metal Extraction - &00-500 200 50 L3x 105 11,500
Excess ZnCls ¢ ~30 0.8 146 0 a
Zinc Waste from \able

Metal Extraction 12 500 132 21 23x10% 8
Flux Heel from Product

Solution Step 13 800 2.2 1 L1v1pd 100
Noble Metal Extraction

Flux Preguct 106 500200 52 29 155 107 11,600
Vietal Heel to Reduction 1 S0 14.7 3 2520 10
2ine=5" My to Reduction 14 30 193 37 a 0
Total Charge to Reduction

Sten - 800 204 65 13% 106 11,600
Fluv Waste from

Reduction 15 80050 42.3 20 2.0 105 1815
Zine Proguct Solution

from Reduction 16 800 220 39 11x 106 9,700
Intermetaliic Compound

Pptn Steo - 200525 22 39 1.1x 106 9,700
Zine Waste from Int

Compound Ppt Step 18 525 ~~50 1471 27 15x 10° 1,100
Irtermetaliic Compound

Cake 17 500 73.1 12 9.6 x 105 8,600
Vagnesiur Charge to

Uranium Ppt 19 30 60.9 39 0 0
Total Charge to

Uranium Ppt - 800425 133 51 9.6 % 10° 8,600
Yetal Waste from

U Ppt 20 425 ~~200 119 48 8.4x%105 8,000
Supernatant Metal

1o U Selution 21 475 6.2 2 44104 415
U Product to Solution 2 4 8.8 0.5 7.4% 107 190
Product Selution Step - 302 75 15 1.2x10° 610
Metal to Product Sefution 23 30 38.8 12 [ ]
Product Solufion Heel to

Neble Metal Extraction 25 800 3.7 0.8 6.5 x 103 4t
1 Praduct {o Retorting 24 800 69 15 1.1+10°% 570
Retortirg Step - 700--900 69 15 1.1 10° 570
Metal Condensate 2% 90050 60.0 14.5 il il
U Product 7 G00—+~50 84 0.5 11x10% 570

*In order to facilitate material balance calculations, mauy more figures are shown than are significant.
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Teble 2

EQUILIBRIUM MATERIAL BALANCE ARGUAD THE SKULL OXIDATION STEP

@ Waste Gas

Finerfrax
Trap

(3) skull Oxidation Off-gas

s mges Crucible Waste
10 Melt Refining Skull Oxdation @
Skulls and Crucibles@ (10 batches)

@ 200-8000C. () Skull oxide

4 hribatch 67,5 Transferds

@ Oxidizing Gas -
Osand ArgonP

L 2 5 6
Ten Melt Refining Sxutls Skull Oade
ana Crucibles@ Uxidizing Gast 97.x Transiets Lrucible Waste
Constiouent [EELD tunsfauent  Giams T rstiaent Gran s Constituent (HER
] 77007 0~ 198y 0 1o u,924.0 L-0 2554
(TR 979., ar 340 Pud 1o.b Puds 34
Pt fin1 , - Rh O 0.2 Rb O o
PLO, 12.0 Totaf 19210 10 15.9 Sr 63.0
hr ~(.3 VU 355 bR g.u
RH.O Ll 3 Zr0 ong.2 TeQ» 1.7
5r0 745 iFission Cs -0 7.4
70 44 Shdl Guigay Croducs Fal 75.1
Zr 137.1 Off-yas il 9.4 {RE#-0 08.2
Zrd X (Lrngmle 7ru_
Nt .7 Lonstit ert Grats Fian msnts Crucibles 93,8310
M A2y N e 124 p
ic 30 ‘o 70 Yol w17 fotal - 94,364.9
Ru lo5.e Ar .0 w0 43,5 Curies 439,343
RP 7.l K 0.0 Rut 216.3 Btufor 4,850
Pa 17.4 Ag 1o RinGz 353 Vilume ~50 liters,
Ag il 1 U 2000 e nress 5 [Zile) 2o
Ir i1 . o Ay n 1
Sn 0.3 Total 4l n U 1
So 2 . Sn0_ 0.4
Te 213 4 Shou 0.2
Cs20 5.0 Tets 5.0
Paly 93.9 Waste Gay 5~ 1.2
(RF1-04 682.1 o Bat 185
11 5000 Curtes) o Lonstibient Grads  gpe b13.9
Zt02 0> 7.0 13000 Cuniesy 1,28
Crucibles 93,1757 ﬁir 340 Total 110920
Total 1041741 < g0
ota . e ou ruries 1,326,132
Caries 1,219,477 I [ Dwnfhir 11,52
Btu'hr 15,984 Volume ~4 hiters
, " r
Voluame ~50 iiters Total 410

8Bases. Fuel burnnup 2 of neavy atoms 10 135 uavs. Frssion product concentrations are those o7 10th pass.
Total skull weight - 10 kg, 1.e., 10 shulls each werihing acout 10, In accunulatng 10 skulls for
erocessing, the rachng times aowld Brconie appresmately 15 daws tor tre last sl a | 1 gavs 101 19
creceding one, efc,

DArgon used as oxvgen diluent in oxidation fuinace; oxvaen suppiird as required to snustasn reaction,

CBased on 1/16th of 1odine in melt refining charge plus decay correction,,

A was assumen that no loss of 10dine would orcur 1 oxee hanoling; hoasver, an odine toss of as mucn
as 0.5™ mav ocour,
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Table 3

EQUILIBRIUM MATERIAL BALANCE AROUND THE MNOBLE METAL EXTRACTION STEP

v Z SJ1
Zinc Metald Flux
143 kg, ~23 & 39.5kg, ~20 £
—

Flux Heel from Preduct Solution Step

N

Excess ZnCi,

7

5y Skull Oxide from Oxidation Step | Noble Metal i
: loble Meta v L
Exiraction Flux to Reduction Step ~ ™
=]
5:, Metal Heel from Product so0 C,=4~hr 2 ~
25y 0 ion St Volume = ~50 »ih
= Dissolution $tep ——————— Metal Heet fo Reduction Step E
(10% of Tofal Metal
L——»@) Zinc Extract to Waste
©) n 10 an 13 2
Flux Heel from Metal Heel from
Skull Oxide 16" Metal Heel Product Solution Product Dissolution
from Oxidation Step Zinc Metal Flux to Reduction Step to Reouction Step Step (57 of total fluxd Step
Constituent  Grams Constituent Grams Constituent Grars Constituent  Grams Constituent  Grams Constituent  Grams
U40r 9.928.0 Zinc 143,400 CaCly 21,263.2 Zinc 14,692.0 CaCl, 1,063.2 Mg 436.0
Pulz 116.8 63 gfen’ MgCls 17,075.2 Mo 19.2 MgCly 862.7 In 2,816.5
Rbo0 0.2 p g MaFo 1.263.2 Tc 2.9 MgF 5 63.20 u 436.0
Sro 15.9 Volurme - 22.8 liters Mgl 2336 Ru 14.2 U0~ 2.6 Pu 0.3
Y203 35.8 Zn0 734.0 Rh 24 Mg0 235.6 Y 0.1
Zr0z 204 2 . Uz0~ 9,930 6 Pd 17 Rbo0 ~0.0 Zr 23
(Fission g) ucls 632.0 Sr0 0.8 Nb 0.1
Product - PUO, 116.8 Totat 147324 Y05 0.2 Mo 09
i~ 3
O T N S
Fri\ajgr;g:t} 124 Constituent  Grams_ Mole ” iigh ;gé Volume ~3 Iners 3250 % RE 1.2
o £ 2 B 5
M2 B oo omao se  YOD 0.2 (RE) 0 31 Total 36948
Tclz 435 : i ; Zr(y 207.2 75 Mol ~01  Curies 6,592
Ru02 2163 Mgt 1445 367 Fission iz = Btu/hr 3
RhO> 33 Mol 128 50 Proguctt Total 2350 youme 0.8 lier
9 ZnCla 3,600 9.1 Zme Extract : .
Pd02 22.6 kbbbt Zr0y 119.0 (90" Metal Transfers Curies 11,099
Ag 0 0.1 Total 39456 100.0 {Crucible ———e e — Biufhr 99
Inz03 0.1 } N Fragmentt Volume ~1 liter
) 04 p - 20gfom? Nbs0s, 1p5 Sonsttuent  Grams
15_;35(33 22(2) Volume - ~20 liters ?16%0; 22? Zine 1320015
Csp0 1.2 i RuG» 2.0 o e
Bal0 18.8 9 RhO4 3.5 R 127'4
(RE)205 613.9 PO 23 R; 0
1( 3000 Curiest 1.2 Excsss ZnClo ;itlé 2?; pd 15.7
Total 11,692.6 éaf) 19'8 Ag 0.1
Curies 1,328,132 Constituent  Grams REI-05 617.0 n o
Btu/hr 11.528 ncl 720 (REICI3 2.1 3 Py
Volume ~4 liters 2 Mgl f 3000 Curiest 1.5 —

Totat 52573.1 Total 132 592.8

Curies L0019 Curies B2

Btu/hr %6
Btu/hr 11,569 Yolume ~21 liters
Volure ~25 liters

3The amount of zinc employed was hased on the desirability of a 90% metal transfer and on the assumption tnat the heel volume would he 3 fifers. This hieel
volume is equivalent to a I-in.-thick faver of metal remaining in the crucible, 1f the nesl volume can be reduced, e.q., by us2 of a crucible witn a sloping
fotiom or buitt-in sump, the welght of zinc metal charged and of the zinc exiract could be correspondingly reduced. Achievement of a 1-liter matal hee!
would reduce these amounts by a factor of three.

DAl of the MgF ., may be charged just before dissolution of the uranium product in order to immobilize the flux neel by producing a salt phase with a melting
point higher than that used for dissolution of the uranium (800°Ch. This would increase the amount of MgF ., in Stream 13 fo 1263 grams and would eliminate
Mgf » from Stream 8,




Table 4

EQUILIBRIUM MATERIAL BALANCE ARQUND THE REDUCTION STEPA

i Metal
Y et
Mg 11 kg
p =5.5g/em3
Vol =~37 £
v
(T Hhux from Noble Metal to Intermetaliic ot
~—" Metal Extraction Step Reduction Compound Precipitation Step —
800°C, 4 hr,
73,_Zinc Heel {10°%) from Vol =~65 £ Flux Heel 5% to Intermetallic =
=~ Noble Metal Extraction Step Compound Precipitation Step =~ =
. Flux to Waste
N T{95%%)
@ @ @ i
Flux from Noble Zinc Heel (107 from Metal to Intermetallic
Metal Extraction Noble Metal Extraction Metal Compound Precipitation Step
Constituent Grams Constituent Grams Constituent Grams Constituent Grams
CaCl, 21,263.2 Zinc 14,698.0 Zinc 187,172.0 L] 8,090.0
MgCla 17,075.2 Mo 19.5 Mg 10,940.0 Zn 202,460.5
MgF2 1,263.2 Tc 3.0 Ui wio) 8,804.4
Mgo 2356 Ru 149 Total ~ 198,112.0 Pu 103.4
Zn0 734.0 Rh 2.4 - Y 25.5
U:08 9,930.6 Pd L6 _ o> zr 281
4 Volume - ~37 liters
ucts 632.0 Total  14739.4 Nb 8.8
Pud; 116.8 e Mo 40.5
Putls 0.4 Curies 2,519 §Et e 6.6
R0 0.2 = Ry 32.5
2 2 Btu/hr 9
oro 16.7 Volume ~3 liters Rt 51
Y03 36.0 Flux Heel to Waste (9570 Pd 34
YCis 0.2 RE 471.1
Zr0z 207.2 3 Constituert Grams
(Fission a3 Total 220,281.9
Product! CaCl, 20,200.0 .
7r02 119.4 Flux Heel 57) 1o MgCl, 16,390.5 gm‘ji Lo 1
(Crucible Intermetallic Compound MgF 1,200.0 Volure ~39 {itars
Fragments} Precipitation Step u.0. 50.6
Nb 70 12.5 Mao 4,713.0
Mo0> 28.5 Constituent Grams Rb-0 0.2
Tco, 4.7 Sr 15.9
RuO» 23.0 CaCly 1,063.2 Y504 34
RRO2 3.5 MgClo 862.7 FALUS 219
PdO2 2.3 MaF o 63.2 Te0, 25.3
Te0» 26.3 U-0g 2.6 Cso0 11
Cs40 1.2 Mg0 235.6 Ba0 18.8
Ba® 19.8 Rbo0 ~0.0 (RE) 05 58.7
(RE1;04 617.0 Sr0 0.8 Mg, 14
(REXCI 2.1 Y05 0.2
Mgl, s 770, 11 Total 42,7008
Total 52,3731 160, L3 Curies 201,29
Cs20 0.1 Btu/h 1815
. Ba0 1.0 urnr -
Curies 1,320,019 ' Volume ~24 fiters
(REV-0-, 3.1
Btu/hr 11,569 M ~01
Volume ~25 liters Uho :
Total 2,235.0
Curies 11,099
Btufhr 99
Volume ~1 liter

3Bases of reduction operation are: (1) 99.6% reduction of uranium oxides, (2) maxirium uranium concentration of 4 w/o in magnesium-zinc solution,
and (3) 95% transfer of flux to wasts.

BThe flux transfer may be delayed until after the intermetallic precipitation step, hut its composition would be nearly the same as above.
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Table 5

EQUILIBRIUM MATERIAL BALANCE ARQUND THE

INTERMETALLIC COMPOUND PRECIPITATION STEPE

(& Metal Phase from
~ Reduction Step
B Flux Hea! from
== Reduction Step

Intermetallic
Compound
Precipitation

800°C to 525°C

B

Flux Heel from
Reductionor to Uranium
Metal Precipitation Step

2 hr: Yol~39 2

Intermetallic
Compound Cake

Flux Hesl to

13

Supernatant Metal

Solution (80" Transfer)

16

Metal Phase from
Reduction Step

@

Intermetallic Compound
Cake (127 Uy

an

R e oy -
U Mefal Precipitation

To U Metal
Precipiiation

i

Supernatant Metal
Solution (80 Transfer!

Constituent Grams Constituent Grams Constituent Grams Constituent Grams
CaCl, 1,063.2 Mg 8,090.0 Mg 1,390.0 Mg 6,700.0
MaCl, 2627 In 202,462.5 Zn 62,321.3 Zn 140,141.2
MafF > 63.2 U4 wfo) 8,804.4 U 87744 U(0.002°%) 30.0
U505 2.6 Pu 103.4 Pu 102.4 (0.34 wfo U lossi
Kgo 235.6 \ 25,5 Y 1870 Pu 10
Rb,0 ~0.0 7r 28.1 zZr 456 Y 6.8
Sr 0.8 Nb 8.8 b 1.8 Zr 1825
Y05 0.2 Mo 40.5 Mo 18.3 Nb 70
Zr0s 11 Tc 6.6 Tc 1.3 Mo 217
Te0z 13 Ru 32,5 Ru 2554 Tc 53
Cs-0 0.1 Rh 5.1 Rh 10 Ru 7.50
Bal 1.0 Pd 3.4 Pd 0.7 Rht 4.1
{RE) 02 3.1 RE 4771 RE 466.8° Pd 21
\ - — —

MoI> o Total  220,287.9 Total  73.1683 RE _ 0
Total 2,235.0 Total 147,120.0
Curies 1,110,143 Curies 956,150
Curies 11,099 Btu/hr 9,664 Btu/nr 8,576 Curies 153,993
Btu/hr 99 Volume ~39 liters Volurme ~12 liters Btu/hr 1,088
Yolume ~1 liter Volume ~27 Iiters

Basis: 807 transfer of supernatant solution with U Zn s as the precipitated uranium phase. This results in an overall
U concentration in the intermetallic cake of 12%.

bBased on an assumed Dosrner-Hoskins coprecipitation coefficient of 0.2,

CRased on a Dosrner-Hoskins coprecipitation coefficient of 0.66 (see ANL-5924, pp. 135-136).

Upased on an assurmed ruthenium sotubitity of 0005 w/o in zinc in the presence of precipitated uranium, This value agrees
with expermmental data obtained in piiot-plant-scale runs.




Table 6

EQUILIBRIUM MATERIAL BALANCE AROUND THE URANIUM PRECIPITATION STEP?

. Melal
W e 600k
p=Léglem?
Vol = ~39 liters
T Intermetallic Compotind - Uranium Concentrate 5.
W ke zwh U Precipitation of 5 Briguct Solution Sep
U Metal
13; Flux Heel from Intermetallic fﬁf‘icvtg‘“fgiof Flux Heel to Product
=" Precipitation Step ’ Solution Step
20 Supernatant Metal Solution Supernatant Metal Heel (5‘”:)»
&5 =45 Waste (957 Transter) to Product Sclution Step  ~ '<
B 5 a

Flux Phase from Intermetallic

Total 73,168.3

Curies 956,150
Btu/hr 8,576
Yolume ~12 liters

dBasis: 95% transfer of metal supernatant solution.

Compound Precipitation and Supernatant Metal Solution
to Solution Step Metai Heel (57 of Total)
Constituent Grams Constituent Grams Constituent Grams
CaCl, 1,063.2 g 60,931.3 Mg 3,116.0
7
Ve e o+ L g i g
U-0g 26 Volume = 39 liters Py 51
Mg0 235.6 ¥ 0.9
Rb,0 ~0.0 020 Rh ~0.0
Sro 0.8 - Pd ~0.,0
Y402 0.2 RE 23.3
ZrQ, 11 Supsrnatant Metal Solution
TeO» 13 to Wasie (95% Transfer) Total 6,264.5
Cs20 0.1 .
Ba0 1.0 Constituent Grams Luries 43702
LU L L LI Btufhr 415
{RE) .02 31 Volume ~2 liters
Mg ~0.1 Ma 59,2053 -
Total 2290 Zn 292053
U 60.8 55
Curies 11,099 Pu "3 =
Btu/nr 9 ¥ 17.8
Volumne ~1 Iiter Rh 1o Uranium Concentrate
Pd 0.7 fo Solution Step
RE 443.5
@/, Toal  119,03L7 Constituent Grams
. Mg -
Intermetallic Compound Cake Curies 838,199 Zn -
(12 wjo U Bl s U 8,710.4
® Zr 45.6
Constituent Grams Nb 18
Mo 18.8
Mg 1,390.0 T 13
Zn 62,321.3 Ru 25.5
U 8,774.7
Pu 1024 Total 8,803.4
Sy o Curies 74,249
. Btufhr 191
Nb 1.8 Volare ~05 It
Mo 185 olum 5 liter
Tc 13
Ru 25.5
Rh 1.0
Pd 0.7
RE 466.8
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B

Flux from Uranium Metal
Precipitation or to Noble
Metal Extraction

Tahle 7

EQUILIBRIUM MATERIAL BALANCE AROUND THE PRODUCT SOLUTION STEP

Constituent Grams
CaClz 1,063.2
MgCls 862.7
MyF - 63.2
U40g 2.6
MaO 235.6
Rb20 ~0.0
Sro 0.8
Y05 0.2
Zr0s 11
TeDs 13
CSZO 0.1
Ba0 1.0
(RE) 04 3.1
M ~0,1

Total 2,235.0
Curies 11,099
Btu/nr 99
Volume ~1 liter

32 Urantum Phase

-

Metal Solution

23

Metal

Mg 56kg

Zn - 52.0kg

¢ 4.9gfem>
Vol - ~12 liters

2l ¥ 200°C

~ Heel

13, __Flux from

Precipitation Stepd

u

2hre Vol - ~154

Hranium Solution

Product Solution Heel %=,

% 1o Noble Metal  ~ ™~
Extraction Step

Product Metal Solution 5

Fiux Heel fo Nabie > 13,
Metal Extraction Stepd” =

Supernatant Metal Solution
Heel (57 of Totall

Constituent

Mg
Zn
U

Pu
Y

Rh
Pd
RE

Curles
Buufnr
Volume

Uranium Phase

Total

@)

Constituent

U
Zr
Nby
o
Te
Ru

Curies
Btu/nr
Volure

Total

n order to immobilize the flux neel and prevent its transfer witn the metal product solution, all of the MgF., a nigh-melting-poirt constituent
of the flux, required in the flux in the succeeding noble metal extraction ster (see Table 3!, may be added priov to transfer of the metal solution,

5% of Totah to Retorting”
)
Metal
Grams Constituent Grams
3,116.0 Mg 5,597.6
3,116.0 n 51,989.3
3.2
51 Total 57,586.9
~8g p = 4.9¢g/cm?®
~0.0 Volume =~12 liters
23.3
6,264.5 24
43'2?? Product Metal Solution
~2 lit 95% of Totaly
¢ Ihers of Reforting Step
Constituent Grams
Mgt12 & 8,271.6
Zn(76”} 52,288.8
U2y 8.,277.6
Grams Pu 4.8
Y 0.3
8,710.4 Zr 433
45.6 Nb 1.7
1.8 Mo 17.9
18.8 Tc 1.2
1.3 Ru 24,2
25.5 RE 22,1
8,803.4 Total 68,960.0
74,249 Curies 111,359
191 Btufhr 569
~0.5 liter Volume ~15 liters

Product Metal Solution Hesl
{5% of Total to Noble Metal
Extraction Step

Constituent Grams
Mg(127) 436.0
Zni{767s 2,816.5
U124} 436.0

Pu 0.3
Y 0.1
Zr 2.3
Nb 0.1
Mo 0.9
Tc 0.1
Ru 13
RE 1.2
Total 3,694.8
Curies 6,592
Btufhr 37
Volume  ~0.8 liter
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Table 8
EQUILIBRIUM MATERIAL BALANCE ARQUND THE RETORTING STEP

Evaporated Solvent oy

Metals to Waste <
i
Retorting
o7, _Uranium o Uranium Mefal
_dranium ;
= oduct Soration 700 10 S00°C et a
6 hr; Vol - ~154
(2, %. k)
Evaporatea Solvent Metals
Uranium Product Sclution o Waste Uranium AMetal Product
Constituent Grams Constituent Grams Constituent Grams
Ma 8,217.6 Mg 8,277.6 U 8.277.6
Zn 52,288.% Zn 52,286.8 Pu 4.8
U 8,271.6 N ey Y 0.8
U 48 Total 60,566.4 7r 53
Y 0.8 . Nb 17
7r a3 Volume ~14.5 liters Mo 7.9
Nb 17 Tr 1.2
Mo 17.9 Ru 24.2
Tc 1.2 RE 22.1
Ru 24.2 p
RE 21 Total 8,393.6
Total 65,960.0 Curies 111,359
Btufhr 509
Curies 111,359 Volume ~Q.5 titer
Btufhr 569
Volume ~15 liters

Minimum processing losses of uranium based on solubility in
waste streams are as follows:

Step % Uranium Loss
Skull Oxidation 2.5
Noble Metal Extraction <0.1
Reduction 0.5
Intermetallic Compound Precipitation 0.4
Uranium Metal Precipitation 0.7
Total 4.1

Losses in the intermetallic compound precipitation and uranium metal
precipitation steps will be increased by the entrainment of uranium pre-
cipitates in the supernatant solutions removed in these steps. Actual
losses mav be as much as two to three times higher than the minimum
losses of 0.4 and 0.7%. The detailed flowsheets are based on the minimum
loss values.



Potential fission product decontamination factors as represented by
the estimates on which the calculations for the detailed flowsheet are based

are as follows:

Fission Product Percent Removal Decontamination Factor
Strontium ~99 ~100
Yttrium 98 44
Zirconium 82 6
Niobium 81 5
Molybdenum 92 12
Technetium 96 27
Ruthenium 85 7
Rhodium >99 >100
Palladium >99 A00
Tellurium 39 >100
Barium >99 2100

Rare Earths

96
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These fission product removals are satisfactory and, in fact, exceed the

requirements for skull reclamation.
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