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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 \iranium 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 producedo 

L E G A L N O T I C E 
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 thie report, or that the use 
of any information, apparatus, method, or process 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 Information, a[q>aratus, method, or process disclosed 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 employee or contractor of the Commission, or employee of such contractor prepares, 
disseminates, or provides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor 

* Gteneral Electric Company, Richland, Washington. Work performed under 
Contract No. AT(45-1)-I350 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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General Electric Company 
Richland, Washington 

The AEC-sponsored Plutoniiom Recycle Program seeks to establish proven and 
economic technology for utilizing plutonixom 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 reactorso 

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 programo 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 applicationso 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 stageo 

The Salt Cycle Process is what is generally termed a close-coupled process, 
ioeo, it is designed to be applied in a plant located at the reactor siteo 
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 alloyso 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 to 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 products« It goes without saying that a high degree 
of separation from fission products would be welcomeo However, it must be 
recognized that the degree of fission product decontamination to be sought 

^ Work performed under Contract NOo AT(it5-l)-1350 for the 
Uo So Atomic Energy Commissiono 
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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.k to 0,5 percent to over-ride 
the fission product poisons. Against this penalty must be balanced the 
cost of any additional operations incltided 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 poisons. 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 entails separation of the oxide 
fuel material from its cladding. We hope to 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 UOo to UoOg 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 U(^ ceramic shapes into a 
finely-divided UoOg 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 U(^ Fuel from the Cladding by Controlled Oxidation") at Atomics 
International, We have verified the workability of this process in small-
scale work with both unirradiated and irradiated material and are currently 
employing it in hot cell experiments on a 200 gram scaleo 

The feed to the dissolving step thus comprises U3OQ (with some unreacted 
UC^), PuC^, and fission products. The reaction medium which we have used 
in almost all our work to date is an equimolar mixture of KaCl and KCl 
which melts at about 67O C, The uranium oxides can be dissolved into this 
medium in several ways. Certain of the dissolving reactions which we have 
briefly investigated are shown in the first two slides. 

As indicated on the first slide, simply suspending a uranium oxide powder 
in NaCl-KCl and sparging with chlorine converts the oxide to species soluble 
in molten NaCl-KClo 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 witn 
chlorine at TOO C, In the case of UO3 almost 80 percent of the sample was 
dissolved in five minutes whereas with UC^ only four percent was dissolved 
in five minutes and only 13 percent in 30 minutes. Quite apparently, 
roasting UC^ to UOOQ prior to the dissolving step will greatly facilitate 
dissolution with chlorine. 
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Plutoniiim dioxide dissolves more slowly than uranium dioxide on chlorination 
in NaCl-KCl, as shown by the fact that when a solid solution of Pu(^ in UQ^ 
was subjected to chlorination under KaCl-KCl, uranium entered the mclten 
salt more rapidly than did plutonium. 

On the second slide are shown equations representing the reactions which 
are thought to occur when uranium and plutoni-'om 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 cf any of the 
uranium oxides in NaCl-KCl is indicated by the fact that no uranium species 
other than uranyl are detected in aqueous solutions prepared by dissolving 
samples of the crystallized salt phase. The situation when uranium oxides 
are dissolved into molten NaCl-KCl by treatment with hydrogen chloride is 
more complicated. With UO^ apparently only uranyl species are formedo The 
spectra of molten salt solutions prepared by dissolving UCg with hydrogen 
chloride indicate that some of the uranium is present in solution as 
uranium(l?) and some in a form other than uraniumflY) or {¥l)o On dissol-fing 
UoOg with hydrogen chloride, spectra of the molten salt solutions indicate 
the presence of little if any uranium(iv), a species other than uraniumfl?) 
or (YI)^ and perhaps uranium(Vl)o Although no uranium(l¥) was cbser/ed m 
this molten salt solution, uranium(lY) was observed in aqueous solutions 
obtained on dissolution of samples of the crystallized melt, "Because of 
the known disproportionation 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 FJC^J in laCl-KCl "oy 
chlorination or hydrochlorination appears to be piuto]aIum(lIl), Dissolation 
of Pu^ by treatment with hydrogen chloride and dissolution of PuCl^ in 
molten KaCl-KCl produced salt solutions which when crystallized and'^dissolved 
in dilute hydrochloric acid showed no evidence for any plutonium species 
other than plutonium(lIl)» Similarlŷ , prolonged chlorination of a melt 
prepared by dissolving PuCla in molten NaCl-KCl showed no eridence for 
species other than plutonium(lll) when the melt was allowed to freeze and 
then dissolved in dilute hydrochloric acid. 

The thiri step in the Salt Cycle Process as we envision it will be to readjust 
the ratio of plutonium to uranium to the degree necessary to establish the 
desired reactivity in the fuel to be recycled^ Hie equations shown en the 
next slide detail seme of the reactions which could in theory be used to 
effect separation of plutonium and uraaiumo 
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As indicated in the first series of equations the soluble uranyl species in 
molten KaCl-KCl can be reduced to insoluble U(^ with a wide variety of 
reductantso The reactions are essentially quantitative and the solubility of 
uranium dioxide sufficiently low that essentially quantitative precipitation 
of uranium should be possible. The work of Mo C, Lambert at Hanford has 
established an upper limit of four milligrams of uranium per kilogram of 
salt for the solubility of UO?, Actually, the true solubility of UC^ is 
probably considerably lower since the salt-soluble uranium detected in this 
experiment was entirely uranium(Vl). (UO^ and U3Q8 have substantially 
larger solubilities - at least 66 g u/Kg salt for UOo and I3 g/lfe salt for 
113(̂ 0) Since most of the reductants listed would not be capable of reducing 
plutonium (ill) J, it should be possible to effect separation of uranium and 
plutonium by selectively reducing uranyl and precipitating UC^, leaving 
plutonium in solutiono We have verified that this is possibleo For example^ 
simply sparging a melt containing uranium(Vl) and plutonium with armonia 
results in precipitation of U&s, However, we have not as yet been able to 
avoid carrying considerable amounts of the plutonium with the UC^ precipitate. 

As indicated by these equations, we have found that siaiply sparging a 
plutonium-bearing salx, solution with air results in essentially quantitative 
precipitation of plutoni'um as PuC>jo No reaction occurs with uranyl ion 
whereas if uranium(lV) is present in the solution it is simply converted 
to soluble uranyl species, Biis then represents a second approach whereby 
plutonium and uranium may be separated - in this case by selective 
precipitation of PuC^ while leaving uranium in solutiono Again we have 
demonstrated that this is a potentially feasible approach, Howe'/er, snce 
again we have not been able to recover more than about 95 percent of the 
plutonium in this way. From the fact that the plutonium preeipi~ate Is very 
finely divided and settles poorly and the fact that plutonium x^zyv^zi can 
be improved by providing a scavenger precipitate to carry the pluto-nlum 
(for example, by precipitating a fraction of the uranium with ammonia\ we 
suspect that this difficulty simply reflects our inability tc make a 
clean separation of the very finely divided PuC^ from •':;he salt melt. 

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^ siHiple direct current electrolysis of a 
molten NaCl-KCl system containing the soluble uranyl species will result 
in deposition of uraniuijii dioxide as an adherent deposit on a metallic or 
graphite cathode» Tiie problem m separating uranium from pluocnium is 
avoiding simultaneous deposition of a plutonium species (eog,̂  PuC;̂ ) aloiig 
with the uraniumo If our inference as to the stable plutoaiom species in 
the melt is correct than this should be simple enough, the only requirement 
being that 'She potential be held below the discharg*̂  potexitial for 
piutonium(III)o 
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This indeed proves to be the case. At a concentration of ten weight percent 
uranium in the melt, uranyl ion can be reduced to uranium dioxide at cell 
potentials as low as 0,5 volt and if the deposition is made under anhydrous 
and oxygen-free conditions plutonium can be maintained in solution in the 
salt phaseo In a typical experiment employing a salt solution containing 
uraniiim and plutoniijm in a 300 to 1 ratio, kO percent of the uranium was 
deposited as UC^ and this deposit contained only Oo3 percent of the plutonium. 
To effect this separation it suffices merely to dry the melt thoroughly 
with a dry chlorine and/or hydrogen chloride sparge prior to the deposition 
and to maintain a dry chlorine atmosphere ever the cell duririg the deposition. 
A useful technique which was employed in the experiment I cited entails 
adding graphite powder to the melt during the chlorine sparge. This results 
in conversion of a portion of the uranyl ion in the melt to soluble 
uranium(l¥) which then serves as a rather efficient oxygen getter duimg 
the electrolysis, 

We have not axtempted quantitative removal of uranium from plutonium by this 
approach. However, this should not be necessary in a plutonium recycle 
applicationo Our desire is simply to increase the plutonium to uranium ratio 
to the point where the remaining partially depleted uranium together with 
the plutonium will constitute a 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 kO percent cf the uranium would ever be necessary. 

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 Process entails recovery of tne fuel material 
to be recycled to the reactor. In view of the present unsettled status of 
the plutonium recycle concept, we are again faced with an arbî 'rary decision. 
Conceivably, recycle of plutonium could be accomplished in either 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 U(^ fuel loading or mixed UO^ PuGp fuel elements 
could be employed as the entire reactor loading» From the standpoint of 
chemical processing we favcr the second alternative where aixed UOp-PuCg 
fuel IS received at the processing plant and mixed UOj-PuClj fuel material 
is likewise the product. 

The precipitation reactions which 1 sunanarized on an earlier sx^de cculd 
presumably be utilized tc effect recovery of separated UG^ and F^Cj appropriat 
for a spike loading, Fcr a uniform reactor leading in which all fuel 
elements consist of a solid solution of Pu(^ in UC^ ̂ g favor an electrolytic 
deposition of a mixed plutonium-uranixan deposit as a means of recovering 
the products to be recycled. For a reactor designed to nandle a unifcrra 
mixed oxide fuel loading such an approach has obvious advantages. The 
products are recovered in a single step as a 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 cathodeo 
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Ihus 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 UC^ it is only required 
to introduce oxygen into the atmosphere over the cell. We do not have 
sufficient information at present to permit a definitive conclusion as to 
the mechanism by which plutonium is incorporated in the UC^ deposit. The 
process has the appearance of a genuine co-deposition process in the sense 
that the concentrations of uranium and plutoniiom in the melt decrease in 
similar fashion (and under certain conditions at identical relative rates) 
throughout the period 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 dateo 

In this mechanism it is assumed that the presence of oxygen at the top of 
the melt results in precipitation of PuC^ as a finely-divided suspension 
in the melt. However, during the electrolysis chlorine is continually 
evolved from the anode and reaction of this chlorine with the precipitated 
PuC^ causes it to redissolveo 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 PuC^o If, however, we also presume that PuC^ precipitated in 
the vicinity of the cathode can be assimilated into the UC^ deposit being 
formed on the cathode and thereby be protected from redissolution then 
this provides a means, and the only means, for removing PuC^ 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 PuC^ by reaction with oxygen and the 
precipitated PuCU is forced to localize in the UOg deposit, 

Qy.ite 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 
UC^ deposit in a reproducible manner, 

A process whereby the plutonium to uranium ratio 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 UC^ 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 behavior 
during subsequent irradiation. 
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Little is known as yet about the behavior of electrolytically produced UC^ 
in the various methods of compaction into fuel elements. In one test, 
cold-swaging of electrolytic UC^ resulted in a product of identical density 
(65 percent of theoretical) to that obtained on cold-swaging a commercial 
arc-fused UOgo A program is currently in progress to determine the 
compaction properties of electrolytic UC^ 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 UCU is formed is the physical appearance of the cathode 
deposit. In slide IV are presented examples of the wide variability one 
can obtain. On the one hand is seen a smooth, dense deposit while on the 
other is 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 region, very dendritic 
deposits are obtained. The absence of chlorine from the cathode region was 
assured by surrounding the anode with a sleeve closed at the bottom with a 
quartz frit on which was placed UOQB powder to react with chlorine before 
it could pass through the frit inxo the cathode chamber. As the conditions 
are altered to allow more chlorine to react with the deposit, 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 UC^ which can be quite sensitive to the 
extent to which dalorine 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 amounts of uranium(l¥) 
and uranium(Vl) found by coulometric titration of aqueous solutions prepared 
by dissolution of UC^ samples, assuming three oxygens per uranium(Vl) and 
two per urani\im(lV)o In smooth, dense deposits as shown on the preceding 
slide, oxygen to uranium ratios in the desired range of 2,00 to 2o01 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 2o25 have been obtainedo Under certain conditions of electrolysis, 
however, dendritic deposits having oxygen to uranium ratios of 2o01 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 deposito 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 UC^Cl2 in KCl-NaCl 
results in the formation of an oxide having an oxygen to uranium ratio very 
near to that of UoOg, as shown by R, Eo Ewing at Hanford, It is felt that 
the UjOg formed by thermal decomposition of the UC^Clo is incorporated in 
the UC^ deposit unless there is sufficient chlorine present to either prevent 
its formation or dissolve it once it is formed. The presence of UoOg in 
the UCk deposit would, of course, increase the oxygen to uranium ratio of 
the deposito "Bcie rate of decomposition to U3O0 is lower at lower temperatures 
so, other conditions being equal, less U^Og can be incorporated in a UC^ 
deposit formed at a lower temperature, •>' 
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The thermal deconrposition of U(^Cl2 to UoOg is one of the side reactions 
of considerable imiportance in the Salt Cycle system. Another side reaction 
which does occur when graphite electrodes are employed is the formation of 
UCI4 as shown on slide ¥0 On this slide are also shown reactions involving 
UCll|. which we feel may be of considerable importance in connection with 
factors previously discussed. We know very little about the importance of 
these reactions since in all our electrolysis runs to date at least one of 
the electrodes has been graphite, thus allowing the formation of 0C1|,_ to 
occur and making it impossible ̂ o separate the effects of chlorine and UCl̂ . 
on certain portions of the process, Tnus, some reactions which have been 
attributed in previous discussion to chlorine may in reality involve UGlij. 
to a greater extent than chlorine« Examples of such possibilities shown on 
this slide are the dissolution of UoO§ formed by thermal decosiposition, the 
partial dissolution of UC^ deposits to form smooth as opposed to dendritic 
deposits, and the maintaining of plutonium as PuClo during the deposition 
of only UC^ from a melt containing both uranium and plutonium. 

Perhaps surprisingly, the chemical purity of the U ^ powders does not vary 
greatly with the nature (smooth or dendritic^ of the deposit. In UQp 
obtained by deposition on graphite cathodes, carbon contamination of the 
order of 1000 ppm has been measured in the U ^ powder after removal from 
the cathode. Fortunately, platinum cathodes are usable in •••iiis melt and 
provide a means of by-passing this problem. Excluding carbon, the major 
impurities are the melt constituents sodiiim. potassiijm, and chloride^ which 
are present in the lOG ppm range in apparently stoichiometric ratio. The 
densities of the electrolytic U(^ powders, as measured by helium aisplacement, 
have been m range 10,6 to 10,8, The specific surface cf nearly all our 
preparations has been below the minimum value of COl E?/gram which can be 
measured in our BET apparatus» As an indication cf the manner in which 
electrolytic UC^ crystals can build on one another and the size cf the 
crystals, a photograph of the powder from a dendritic deposit is shown in 
slide VIo The maximum length of any of the crystals shown here is about 
1 mm, 

I mentioned earlier that we have rery little information en fission product 
behavior in this system. However, we have performed a couple of S3iall~ 
scale co-deposition experiments with UQ^ irradiated to sbout IcZk atom 
percent burn up (of U-235) sind cooled about ten laonths. 

As expected, decontamination factors for the fission products v«»ried rather 
widely. The rare earths, whicn we are most desirous cf removing^ prĉ 'ad 
the most difficult to remove_, tne decontamination fa.c+-or being about two. 
At the other extreme the highly electropositive fission products such as 
cesium, barium and strontium were removed quite efficiently_; the 
decontamination factors being of tjie order of 100, We have not yet studied 
the behavior of the fission products under electrolysis conditions designed 
to deposit U(^ but not Pu(^, 

'̂  ( > 
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This summarizes the bulk of the background information we have so far acquired 
on 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 UC^-PuC^ fuel from a uniformly loaded reactor 
recycling plutonium. Such a conceptual flowsheet is shown on slide VII. 

The fuel is sectioned to expose the core material and the core material 
is separated from the clad material by oxidation to form UOOQ powder and 
sieving. The UoOg powder, containing the plutonium and fission products, 
is suspended in molten NaCl-KCl and dissolved by chlorine or mixed chlorine-
hydrogen chloride to form UC^Clp and PuCloo The fraction of the UC^ 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 PuC^ (and oxidize any UCII4. to UC^Cl2) and UC^ and PuCk are co-deposited 
on a fresh cathode. The deposit is removed from the melt on the cathode 
and after cooling is mechanically removed from the cathode, washed, dried, 
and refabricated into fuel elements to be recycled to the reactoro 

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, Ihis avoids the necessity for molten 
salt filtration or centrifugationo 

2, The desired mixed UC^-PuO^ product is formed as a "pre-blended" 
co-deposit. This obviates separate steps for plutonium and uranium 
and avoids any subsequent powder blending operations, 

3o Ko inipurities (other than fission products) are introduced into the 
molten NaCl-KCl salt. The salt is simply a vehicle in which the 
indicated electrodepositions are conductedo This makes it possible 
to consider re-use of the salt through multiple processing cycleso 
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 from 
the rare earths. 

7-21-60 



SLIDE I 

DISSOLUTION OF OXIDE FUELS INTO NaCl-KCl 

UC^ + Cl2̂  

U_Og + Clg 

UOo + Clg 

WITH CHLORINE AT 700 - 800 C 

UC^Clg 

"Rela t ive Rate" 

1 

13 

21 

Pu C^ + Cl^ —-—> PuCl, Slow 

SLIDE II 

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

u% + HCl 

U^Og + HCl 

UO^ + HCl -

PuOg + HCl 

UCli,. + ? 

UOgClg 

> PuCl, 

SLIDE I I I 

METHODS FOR SEPARATING U AND Pu IN NaCl-KCl AT 7OO-8OO C 

(Pb, Bi, Sn, Cd, 
UC^Clg + (Zn, Mg, % , 

(Cathodic Reduction 

(Pb, Bi, Sn, Cd, 
PuCl3 + (Zn, I ^ , Cathodic -

(Reduction 

UĈ  ( s ) 

No React ion 

UOgCl^ . Og 

UCliĵ  + (^ 

PuCl-, + Op 

No React ion 

UOgCl^ 

Pu02(s) 



SLIDE IV 

Pictures of Smooth and Dendritic UCk Deposits 

SLIDE V 

FORMATION OF UClĵ ^ AND REACTIONS OF POSSIBLE IMPORTANCE 

INVOLVING UClj^ 

UOgClg + C + Clg > UClij. 

UClj^ + U3OQ - — > ? (soluble) 

UClî  + UO — 4 . UOClg 

UClj^ + PuC^ PuClo 

SLIDE VI 

Picture of UOp Crystals 



SLIDE VII 

SALT CYCLE PROCESS 

GENERALIZED FLOWSHEET 

Air 

CI2 or _ 
CI2 + HCl 

CI. 

Air 

Sectioned 
Fuel Element 

^ 

U3OQ + PUO2 

•^ 

NaCl-KCl 
a t 700-800 C 

UC^Clg + PuCl. 

UC^Cl^ + PuOo 

Cladding 
Waste 

E l e c t r o l y t i c 
Reduction 

•4^ 

Electrolytic 
Reduction 

4. 

U(^ Free of Pu 

UO + PuC^ 

i 
Washing, Drying, 
and Fabrication 


