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ABSTRACT

' The Salt Cycle Process is a nuclear fuel processing approach designed
to be applied in a compact facility located at the reactor site. Irradia-
ted uranium dioxide fuels would be processed through a brief sequence of
steps and partially purified uranium dioxide or uranium dioxide~plutonium
dioxide powders recovered, suitable for refabrication into fuel elements.

The major steps of the process are the dissolution of uranium oxides
in molten NaCl-KCl eutectic by chlorination to form soluble uranyl chloride
and the reduction of uranyl chloride to uranium dioxide, which separates as
a solid. The preferred method of reduction is the electrolytic method, which
yields uranium dioxide as a conveniently handled, adherent deposit on the
cathode.

Means are described for separation of plutonium from uranium and for
co-deposition of the two. Also included are discussions of the probable
nature of the uranium and plutonium species present in the molten salt,
side reactions in which uranyl chloride may participate, and the influence

of certain variables on the properties of the uranium dioxide produced.

LEGAL NOTICE

This report was prepared as an account of Government sponsored work Neither the United
States, nor the Commission, nor any person acting on behalf of the Commission

A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, completeness, or usefulness of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privatély owned rights, or

B Assumes any liabilitles with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process discloged in this report

As used in the above, ‘‘person acting on behalf of the Commission’’ includes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent that
such or of the Ci or P! of such contractor prepares,
disseminates, or provides access to, any information pursuant to his employment or contract
with the C or his employ with such

* General Electric Company, Richland, Washington. Work performed under
Contract No. AT(45-1)-1350 for the U. S. Atomic Energy Commission.


file:///iranium

DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



THE SALT CYCLE PROCESS

by
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E. E. Voiland and M. T. Walling, Jr.*
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General Electric Company
Richland, Washington

The AEC-sponsored Plutonium Recycle Program seeks to establish proven and
economic technology for utilizing plutonium as an alternate for or to
supplement uranium-235 as a fuel enrichment material in power reactors.
This program is therefore somewhat unique among current nuclear power
development programs in that the goal is not a specific reactor type but
rather a plutonium fuel cycle technology which will be appropriate to a
wide variety of thermal, heterogeneous reactors.

Research and development on fuel reprocessing approaches appropriate to
this program has been pursued in the Hanford Laboratories Operation for
several years. The Salt Cycle Process is the most recent development to
emerge from this program. Because of the broad range of reactor and fuel
types to which recycle of plutonium may have applicability, it is some-
what unlikely that a single fuel reprocessing approach will apply
economically to all plutonium recycle applications. However, we believe
that the Salt Cycle Process will be of interest to a large majority of
such cases for the near future and for this reason have elected to present
this summary at this time despite the fact that this work is only now
progressing past the preliminary stage.

The Salt Cycle Process is what 1s generally termed a close-coupled process,
i.e., it is designed to be applied in a plant located at the reactor site.
In what we foresee as a typical application the feed to the process will
consist of spent uranium dioxide fuel encased in one of the conventional
cladding alloys. The objective is to separate the fuel material from

the cladding, dissolve the fuel material, readjust the plutonium to
uranium ratio to yield the desired reactivity in the material tc be
recycled, and recover oxide products suitable for remote refabrication
into fuel elements. It may be noted that nothing has been said about
separation from fission preducts. It goes without saying that a high degree
of separation from fission products would be welcome., However, it must be
recognized that the degree of fission product decontamination to be scught

¥ Work performed under Contract No. AT(h5wl)wl350 for the
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in the Salt Cycle Process (as in any close-coupled process reconciled to
remote fuel element fabrication), must be established by economic
considerations. Complete recycle of non-volatile fission products contained
in fuel irradiated to 30,000 MWD/T would require that the enrichment in

the recycled fuel be increased by perhaps O.4 to 0.5 percent to over-ride
the fission product poisons. Against this penalty must be balanced the

cost of any additional operations included in the chemical process to
improve fission product decontamination. We are perhaps optimistic in our
hope that conditions can be found within the framework of the basic Salt
Cycle Process which will yield sufficient decontamination from the rare
earths, which constitute the most serious fission product peisons. In any
event we are in the enviable position at the moment of having only very
meager data on fission product behavior and are, therefore, free to speculate,
unhampered by facts.

The first step in the Salt Cycle Process entalls separation cf the oxide
fuel material from its cladding. We hope tc do this by a mechanical method
since this will make the remainder of the process relatively invulnerable
to changes in the cladding alloy.

We plan to cut fuel rods into short sections, thereby exposing the oxide
fuel, and then oxidize the UQ, to U 08 by treatment with air or oxygen at

a controlled temperature. The gross change in crystal lattice which is
accomplished by this reaction serves to convert UQ, ceramic shapes into a
finely-divided U3O8 powder which can be separated from the cladding remnants
by mechanical sieving. Many of you will recognize this clad removal process
as the one proposed and studied by L. A. Hanson {(NAA-SR-3591, "Removal of
Irradiated UQy Fuel from the Cladding by Contrelled Oxidaticn") at Atomics
Internaticonal. We have verified the workability of this process in smail-
scale work with both unirradiated and irradiated material and are currently
employing it in hot cell experiments on a 200 gram scale.

The feed to the dissclving step thus comprises U30g (with scme unreacted
IKé), Pu®y, and fission products. The reaction medium which we have used
in almost all our work to date is an equimolar mixture of NaCl and KCl
which melts at about 670 C. The uranium oxides can be dissolved intoc this
medium in several ways. Certain of the dissolving reacticns which we have
briefly investigated are shown in the first two slides.

As indicated on the first slide, simply suspending & uranium oxide powder
in NaCl-KCl and sparging with chlorine converts the oxide to species soluble
in molten NaCl-KCl. The "relative rates" shown are simple ratios of the
fraction of the powder sample dissolved in five minutes when (-100 +325)
mesh fractions of the powders were treated in identical fashion with
chlorine at 706 C. In the case of UO3 almost 80 percent of the sample was
dissclved in five minutes whereas with UG, only four percent was disscived
in five minutes and only 13 percent in 30 minutes. Quite apparently,
roasting UG, to Uz0g prior tc the dissolving step will greatly facilitate
dissolution with chlorine.
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Plutonium dioxide dissolves more slowly than uranium dioxide on chlorination
in NaCl-KCl, as shown by the fact that when a solid sclution of Pul, in UC%
was subjected to chlorination under NaCl-KCL, uranium entered the moltfen
salt more rapidly than did plutonium.

On the second slide are shown equations representing the reactions which
are thought to occur when uranium and plutonium oxides are dissolved with
hydrogen chloride. In general, rates of dissolution with hydrogen chloride
are greater than with chlorine.

The formation of soluble uranyl compounds on chlorination of any of the
uranium oxides in NaCl-KCl is 1indicated by the fact that no uranium species
cther than uranyl are detected in aqueous sclutions prepared by dissoclving
samples of the crystallized salt phase. The situation when uranium cxides
are dissclved into molten NaCl-KClL by treatment with hydrogen chloride is
more complicated. With UQ, espparently only uranyl species are formed. The
spectra of molten salt sclutions prepared by drssolving UCQ with hydrcgen
chloride indicate that some of the uraniuvm is present in sclution as
uranium{IV) and scme in a form other than uranium{IV) or {VI). On dissolring
U20, with hydrogen chloride, spectra of the moliten salt solutions indicate
the "presence of little if any uranium{IV), a species other than uranium{IV)
or (VI), and perhaps uranium(VI). Although no uranium/IV) was cbsesrsed in
this molten salt solution, uranium(IV) was observed in agueous solutions
obtalined on dissolution of samples of the crystallized melt, Because of
the known disproportiocnation of uranium{V) in aqueous solution, it is
inferred that a uranium{V) species is present in the molten salt.

The soluble plutonium species formed by dissolving Pud, in NaCll-KC1l oy
chlorination or hydrochlorination appears to be plutomium{III). Dissclusion
of Pu® by treatment with hydrogen chloride and dissolution of PuCl in
molten Nali-KClL produced salt solutions which when crystallized and “dissolved
in dilute hydrochloric acid showed no evidence for any plutonium species
other than plutonium(III)o Similarly, prolomged chlorination of a melt
prepared by dissolving PuCl,; in molten NaCl-KCl showed no evidenze for
species other than plutonium(III) when the melt was allowed to freeze and
then dissolved in dilute hydrochloric acid.

The third step in the Sait Cycle Process as we envision it will be to resdjust
the ratio of plutonium to uranivm to the degree necessary to establish the
desired reactivity in *he fuel to be recycled. The equations shown cn the
next slide detail scme of the resctioms which coculd in theory be used o
effect separstion of plutonium and uranium.



As indicated in the first series of equaticns the soluble uranyl species in
molten NaCl-KCl can be reduced tc insoluble UG, with a wide variety of
reductants. The reactions are essentially quantitative and the sclubility of
uranium dioxide sufficlently low that essentiaily quantitative precipitstion
of uranium should be possible. The work of M. C. Lambert at Hanford has
established an upper limit of four milligrams of uranium per kilogram of

salt for the solubility of UOz. Actually, the true solubiiity of U0y is
probably considerably lower since the salt-soluble uranium detected in this
experiment was entirely uranium(VI}. (UO3 and U30g kave substantiaslly
larger solubilities - at least 66 g U/Kg salt for U0z and 13 g/Kg sailt for
Uz0q.) Since most of the reductants listed would noé be capable of reducing
plutomium(III)p it should be possible to effect separsticn of uranium and
plutonium by selectively reducing uranyl and precipitating UCy, Leaving
plutonium in solution. We have verified that this is possible. For example,
simply sparging a melt contsining uranium(VI) and plutonium with avmonia
results in precipitation of UQ,. However, we have not as yet been able to
avoid carrying considerable amcunts of the plutonium with the UQy precipitate.

Az indicated by these squations, we have found that simply sparging a
plutonium-bearing salvn solution with air results in essentislly quarntitative
precipitation of plutonium as Pul;. No resction occurs with wranyl Ion
vhereas if uranium(IV) is pmeqent in the socluticn it is simply converted

tc goluble uranyl species. This then represents 8 second approach whereby
plutonivm and uranium may be separated - in this case by selective
precipitation of Pu(, while leaving uranium in solution. Agsein we have
demonstrated that this 1s a potentially feasible approach. However, once
ggain we have not been able to recover more than about 95 percent of the
plutonium in this way. From the fact that the plutonium precipi-ate iz very
finely divided and settles poorly and the fact that plutonium recoiwvery can
be improved by providing a scavenger precipitate to carry the plutonium

(for exsmple, by precipitating a fraction of the uranium with ammonia’, we
suspect that this difficuity simply reflects our inability tc make a

ciean separation of the very finely divided Puly, from <he salt mels.

Our preferred method for effecting separation of uranium and plutonium
depends upon selective electrolytic deposition of uranium dioxide. As I
indicated on the preceding slide, simple direct curreur eleztrolysis of a
molten Nall-KCl system zontaining the scluble uranyl species wlill result
in deposition of uranium dicoxide as an adherent deposit on & metalili:z or
graphite cathode. The problem in separating uranium from pluscniuvm iz
avoiding simultaneous deposition of a plutonium species (e.g., PuC. ) along
with the uranium. If cur inference as to the stable plutonian speciss in
the melt is correct thep this should be simple encugh, the only requirement
being that wthe potential be held below the discharge poteatial for
plutonium(IT1).
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This indeed proves to be the case. At a concentration of ten weight percent
uranium in the melt, uranyl ion caz be reduced to uranium dioxide at cell
potentials as low as 0.5 wvolt and if the deposition is made under aphydrous
and oxygen~-free conditions plutonium can be meintained in solution in the

salt phase. In a typical experiment employing & salt sclution containing
uranium and plutonium in a 300 to 1 ratio, 40 percent of the uranium was
deposited as UQ, and this deposit contained only 0.3 percent of the plutonium,
To effect this separaticn it suffices merely to dry the melt thoroughly

with a dry chlorine and/or hydrogen chloride sparge prior to the deposition
and tc maintain a dry chlorine aimosphere cver the cell durivg the deposition.
A useful technique which was employed in the experiment I cited en*tails
adding graphite powder to the melt during the chlorine sparge. This resuits
in conversion of a portion of the uranyl ion in the melt to soluble
uranium(IV) which then serves as s rather efficient oxygen getter during

the electrolysis.

We have not attempted quantitative removal of uranium from plutonium by this
approach, However, this should not be necessary in a plutonium recycle
application. Our desire is sixply to increase the plutomium to uranium ratio
tc the point where the remaining partially depleted uranium nogether with

the plutonium will constitute & workable fuel. Thus, removal of 10 to 2C
percent of the uranium might well suffice and it is rather unlikely that
removal of more than 40 percent ¢f the uranium would ever be necesssry.

Thus we have chosen to focus our major development effort for the near future
on selective electrodeposition of uranium dioxide as a means of effecting
the reproportioning of plutonium and uranium which will be necessary in a
plutonium recycle operation.

The next step in the Salt Cycle Prcocess entaills recovery of tne fues maverial
to bhe recycled to the reactor. In view of the present unsettled status of
the plutonium recycle concept, we are again faced with an arbl*trary decision.
Conceivably, recycle of plutonium could be accomplished in sither of two
WaYS.

So-called plutonium "spike" elements consisting of plutonium, in admixture
with inert material only, could be inserted in a reactor as integral fuel
elements to supplement a UG, fuel loading or mixed UG, Pul; fuel elsments
could be employed as the entire reactcr loading. From the standpoint of
chewical processing we favcr the second alternative where mixed Ulh-Pulh
Tuel 15 received at the processing piant and mixed UQy- Pu@b fuel ma*e”lal
is likewise the product.

The precipitation reactions whizh 1 summarized on an earlier swade could
presumably be utilized tc effect recovery of separated Ul and Pu.C; appropriate
for a spike loading. For a uniform reactor lcading in which all iue»
elements consist of a solid solution of Puly in UG we fayor am electrolytic
deposition of a mixed plutonium-uranium deposit as a means of recovering

the products o be recycled. For a reactor designed %o nanile a umiform
mixed oxide fuel loading such an approach has obvious advantages, The
products are recovered in a single step as & blended material thereby
obviating any necessity for powder blending operation. Likewise, an
electrolytic deposition enables the oxide product to be recovered as an
adherent deposit on the cathode.

BYA
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Thus molten salt filtration is avoided ~ the necessary phase separation is
made simply by withdrawing the cathode from the molten salt solution.

To allow co-deposition of the plutonium with the UQ, it is only required
to introduce oxygen into the atmosphere over the cell., We do not have
sufficlent information at present to permit a definitive conclusion as to
the mechanism by which plutonium is incorporated in the UQO> depcsit. The
process has the appearance of a genuine co-deposition process in the sense
that the concentrations of uranium and plutonium in the melt decrease in
similar fashion (and under certain conditions at identical relative rates)
throughout the periocd of the electrolysis. Without detailing the results
of several attempts to elucidate this process, all of which fail to yield
entirely conclusive results because of known complicating side reactions,
let me simply describe a plausible mechanism which is consistent with all
our experience with this system to date.

In this mechanism it is assumed that the presence of oxygen at the top of
the melt results in precipitation of PuG, as a finely-divided suspension
in the melt. However, during the electrolysis chlorine is continually
evolved from the anocde and reaction of this chlorine with the precipitated
PuQp causes it to redissolve. If this were all that occurred then a steady
state would be established such that a constant fraction of the plutonium
would remain in solution and the remainder would be present as solid,
suspended PuOy. If, however, we also presume that PuQy precipitated in
the vicinity of the cathode can be assimilated into the UQy deposit being
formed on the cathode and thereby be protected from redissolution then
this provides a means, and the only means, for removing Pulp from the
system. Continued electrolysis could then result in near-quantitative
removal of plutonium from the melt, as we have observed. In short, then,
the plutonium is precipitated as Puly by reaction with oxygen and the
precipitated Puq2 is forced to localize in the UG, deposit.

Quite obviously we have as yet done little toward elucidating this process
and can only stipulate that we have arrived at conditions which do permit
plutonium as some as yet undefined species to be incorporated into the

UQ> deposit in a reproducible manner.

A process whereby the plutonium to uranium ratic is increased by first
selectively depositing the excess uranium and then co-depositing

the remaining uranium and essentially all the plutonium thus appears quite
feasible,

Since the aim in the Salt Cycle Process is to recover the product oxides in
a form suitable for refabrication into ceramic fuel elements with a minimum
number of intervening steps, the nature of the UG product formed is of
considerable concern. It would be ideal to obtain a deposit which, after
simply rinsing and drying, had chemical and physical properties necessary
to assure efficient compaction into fuel elements and proper bhehavior
during subsequent irradiation.
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Little is known as yet about the behavior of electrolytically produced UG,
in the various methods of compaction into fuel elements. In one test,
cold-swaging of electrolytic UOy resulted in a product of identical density
(65 percent of theoretical) to that obtained on cold-swaging a commercial
arc-fused UG, A program is currently in progress to determine the
compaction properties of electrolytic UO, samples prepared under various
conditions. The methods of compaction of most interest here are swaging
and vibratory compaction as it is felt that these two methods could be

most easily adapted to operation by remote means.

The most readily apparent result of changing the conditions under which

the electrolytic UQ, is formed is the physical appearance of the cathode
deposit. In slide IV are presented examples of the wide variability omne

can obtain. On the one hand is seen a smooth, dense deposit while on the
other 1s seen a dendritic, voluminous deposit. The variable which is
apparently of prime importance in determining whether a smooth or a dendritic
deposit is obtained is the extent to which the deposit is exposed to chlorine.
In the assured absence of chlorine from the cathode reglon, very dendritic
deposits are obtained. The absence of chlorine from the cathode region was
agssured by surrounding the anode with a sleeve closed at the bottom with a
quartz frit on which was placed U,0g powder to react with chlorine before

it could pass through the frit into the cathode chamber. As the conditions
are altered to allow more chlorine to react with the depesit, smoother
deposits are obtained. Under various conditions we have obtained deposits
having nearly any degree of smoothness between the extremes shown in this
slide.

Another property of electrolytic UG, which can be quite sensitive to the
extent to which chlorine is present in the region of the cathode is the
oxygen to uranium ratio of the product. The oxygen to uranium ratios given
in this paper were calculated from the relative amocunts of uranium(IVE

and uranium(VI) found by coulometric titration of agueocus soluticns prepared
by dissolution of Uqa samples, assuming three oxygens per uranium(VI)} and
two per uranium(IV). In smooth, dense deposits as shown on the preceding
slide, oxygen to uranium ratios in the desired range of 2.00 to 2.01 have
invariably been obtained. In very dendritic deposits prepared in the
absence of chlorine in the region of the cathode, oxygen to uranium ratios
as high as 2.25 have been obtained. Under certain conditions of electrolysis,
howvever, dendritic deposits having oxygen to uranium ratios of 2.0l have
been obtained.

In the dendritic-type deposits the oxygen to uranium ratios become lower
as the temperature during the electrolysis is lowered and as the access of
chlorine to the cathode region is increased. Of course, excessive access
of chlorine leads to the smooth type of deposit. The combined effects of
temperature and degree of access of chlorine on the oxygen to uranium ratio
appear to be due to the fact that thermal decomposition of UG>Cl, in KCl-NaCl
results in the formation of an oxide having an oxygen to uranium ratio very
near to that of U30 ; as shown by R. E. Ewing at Hanford. It is felt that
the U,0q formed by thermal decomposition of the UObClg is incorporated in
the deposit unless there is sufficient chlorine present to either prevent
its formation or dissolve it once it is formed. The presence of U30g in
the UG, deposit would, of course, increase the oxygen to uranium ratio of
the deposit. The rate of decomposition to U308 is lower at lower temperatures
so, other conditions being equal, less USO@ can be incorporated in a UG

AN

deposit formed at a lower temperature. \
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The thermal decomposition of UGxClp to UzOg is one of the side reactions

of considerable importance in the Sa.t Cyc#e system. Another side reaction
which does occur when graphite electrodes are employed is the formation of
UCl), as shown on slide V. On this slide are also shown reactions 1nvolving
UCly which we feel may be of comsiderable importance in connecticn with
factors previously discussed. We know very little about +the importance of
these reactions since in a8ll our electrolysis runs to date at Least one of
the electrodes has been graphite; thus allowing the formation of UCLly to
occur and making it impossible 1o separate the effects of chlorine and UCLy
on certain portions of the process. Thus, some reactions which have been
attributed in previous discussion to chlorine may in reality involve UCLy
to a greater extent than chlorine. Examples of such possibilities shown on
this slide are the digsolution of U30g formed by thermal decompositicn, the
partial dissolution of UOE deposits to form smooth as opposed to dendritic
deposits, and the maintaining of plutonium ss Pull,; during the deposition
of only Umb from a melt containing borth uranium ang piutonium,

Perhaps surprisingly, the chemical purity of the UQ. povders does not vary
greatly with the nature (smooth or demdritic), of the deposit. In UG
obtained by depositiocn on graphite cathodes, carbon rontamination of the
order of 1000 ppm has been measured in the UG, powder after remcval from
the cathode., Fortunately, platinum cathodes axe usable in this melt and
provide a means of by-passing this problem. Excluding carbon, the major
impurities are the melt constituents sodiww, potassium, and chloride, which
are present in the 100 ppm range in apparentliy stoichiometric ratioc. The
densitlies of the electrolytic Ul powdeﬁss as messured by helium aisplacement,
have been 1n range 10.6 to 10.8. Tae specific surface ¢f pearly all our
preparations has been below the minimum velue of C.0L m?/gram which can be
measured in our BET apparatus. As an indiestion of the manner in whicn
electrolytic UG, crystals can build on one ancther anil the size cf the
crystals, a photograph of the powder from a dendritic deposit is shown in
slide VI. The maximum length of any of the crystsals shown here is sbocut

1 mm.

I menticned earlier that we have very little information cnm fission product
behavior in this system. Howaver, we have performed a couple of small-
scale co»deposition experiments with Ul irradiated to sbout 1. 2k stom
percent burn up (of U-235) and cooled abﬂut ten months.

As expected; decontamination factors for the fission products varied rather
widely. The rare earths, walch we are most desirous cf removing, prcved
the most difficult to remove, *“he decontamination factor being about “wo.
At the other extreme the highly slectropositive fissicn produzts suzh as
cesium;, barium and strontium were removed quite efficiently, the
decontamination factors being of the order of 100. We have not yet studied
the pehavicr of the fission products under electrolysis conditions designed
to depesit UGy but not Puly.
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This summarizes the bulk of the background information we have sc far acquired
cn this processing approach. By way of conclusion, I would like to show

you one of several possible flowsheets for applying this process in close-
coupled processing of spent UqamPu fuel from a uniformly loaded reactor
recycling plutonium. Such a conceptual flowsheet is shown on slide VII,

The fuel is sectioned to expcose the core material and the core material

is separated from the clad material by oxidation to form U,0, powder and
sieving. The U304 powder, containing the plutonium and fissIon products,

is suspended in molten NaCl~KCl and dissolved by chlcrine or mixed chlorine-
hydrogen chloride to form UQ2012 and Pu013° The fraction of the UG, to be
removed to adjust the plutonium to uranium ratio is electrolytically deposited
free of plutonium by maintaining a dry chlorine atmosphere over the cell
during the deposition. This cathode is then withdrawn, air is introduced

to form Puly (and oxidize any UCl) to UOZCle) and UO, and PugG, are co-deposited
on a fresh cathode. The deposit is removed from the melt on the cathode

and after ccoling is mechanically removed from the cathode, washed, dried,

and refabricated into fuel elements to be recycled to the reactor.

Features of this process which we consider attractive and which we hope to
retain include the following.

1. Phase separation is effected by simply withdrawing the cathode and its
adherent deposit from the melt. This avoids the necessity for molten
salt filtration or centrifugation.

2. The desired mixed UOG>-PuQ, product is formed as a "pre-blended”
co~deposit. This obviates separate steps for plutonium and uranium
and avolds any subsequent powder blending operations.

3. No impurities (other than fission products) are introduced intc the
molten NeCl-KCl salt. The salt is simply a vehicle in which the
indicated electrodepositions are conducted. This makes it possible
to consider re~use of the salt through multiple processing cycles.
This introduces considerable flexibility in that quantitative product
recovery is not mandatory in each processing cycle. Product left
behind in one cycle is simply recycled to the next processing cycle.

We hope that this technique will also afford us sufficient flexibility

that we will be able to effect a workable degree of separation frcm
the rare earths.

7-21-60 L



SLIDE I

DISSOLUTION OF OXIDE FUELS INTO NaCl-KCl
WITH CHLORINE AT 700 - 800 C

"Relative Rate'

UOE + 012 1
U308 + 012 UOEACZL2 13
U()3 + Cl2 21
PuO2 + Cl).;2 e PuCl3 Slow

SLIDE TI

DISSOLUTION OF OXIDE FUELS INTC NaCl-KCl
WITH HYDROGEN CHLORIDE AT 700-800 C

UO2 + HCL =3 UCl) 4+ 2
U308 + HCl — 2

2
PuQ, + HCL —% PuCly

UO; + HCL ——3 UO,CL

SLIDE III

METHODS FOR SEPARATING U AND Pu IN NaCl-KCi AT 700-800 C

(Pb, Bi, Sn, Cd,

UQ,Cl, + (Zn, Mg, H, —3 UG, (s)
(Cathodic Reduction

(Pb, Bi, Sn, C4,

PuCl,3 + {Zn, H,, Cathodic -———% No Reaction
(Reduction
—>
U02012 + O2 No Reaction
ucl, + G —_— U0,CL,
PuCl, + O

340 s PaO(s)




SLIDE IV

Pictures of Smooth and Dendritic UO2 Deposits

SLIDE V

FORMATION OF UCl) AND REACTIONS OF POSSIBLE IMPORTANCE

INVOLVING UCL),

U0,Cl, + C + Cly, —— UCLy
UCl), + U30g — ? (soluble)
ucly, + U0, — UOCl,

UCL), + PuQ, —— PuClg

SLIDE VI

Picture of UO2 Crystals

2D



_SLIDE VIT

SALT CYCLE PROCESS

GENERALIZED FLOWSHEET

3 Cladding

Waste

Electrolytic
Reduction
4

Air N Sectioned
Fuel Element
U308 + PuCé
Clp or NaCl-KC1l
Cl, + HCl at T700-800 C
2\
012 4 UOBCL’2 + PmCl3
Air ——
v
UQEC¥2 + PuCé

N\

Electrolytic
Reduction
<1

L4

Uq2 Free of Pu

U, + PuCé

2

v

Washing, Drying,
and Fabrication




