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1 Claim. (Cl. 260—429.1)

This invention relates to material purification and in its
more particular phases provides a method of separating
plutonium (element 94) from uranium (element 92) by
the preparation of a new composition of matter known
as plutonium trioxalate.

It is often desired to obtain a compound of an element
which is quite water-insoluble, particularly for separation
of that element from other materials. Plutonium as it is
usually produced is admixed with uranium and fission
products. Consequently it is desirable to obtzin com-
pounds of plutonium which have unusual properties irr
order to assist in the separation from these admixed ma-
teriaIs. There is a necessity for a method for separating
plutonium from the large amount of uranium from which
it has been prepared, as for example by neutron irradiation
in a neutronic reactor m when such a preliminary sep ara-
tion has been made and it is desired to remove the last
traces of the uranium from the substantially purified
plutonium. However, the necessity of separatism may_—
occur at any time a quantitative separation of plutonium
from uranium and fission pmd.octs is desired.

GeneraIly speaking, plutonium and uranium are difficult
to separate because their chemical properties are so very
similar. This similarity may be caused by uranium, nep-
tunium and plutonium and other transtrranic elements
forming a second series analogous to the rare earths,
The chemical similarity of the rare earths is caused by
the electrons, which are added as the elements progress in
atomic weight, entering into an inner ring rather than
into the outer incomplete ring of electrons. This Jeaves
the outer ring structure. that mainly controls the chemicaI
properties unchanged: It is possible that in a similar
manner, as the serie$--uranium, neptunium and plutoni-
um and other transuranic elements-increases in atomic
weight the added elecfrorts may also Ml into an inner ring
and thus leave the outer ring structure constant. In any
event, the chemical similarity of the three elements must
be taken into account when efforts are made to separate
them.

In cases where the plutonium is of such low concen-
tration that none of its known compounds will precipitate,
use has been made of the ca~rier method. Essentially
this method consists of adding to a solution containing the
material to be separated, a finely divided insoluble com-
pound which acts as a carrier for the desired material,
Preferably the carrier may be formed in situ by adding its
ions. The carrier yields at least one cation and at Ieast
one anion which is an ionic component of an insohble
compound of the material to be carried, e. g. plutonium,
and it is desirable that the compound formed, e. g. the
plutonium compound, be substantially as insolublp LLSthe
carrier used. The carrier may meld under certain condi-
tions more than one cation or anioti or more than one of
both. The mechanism of carrying is not fully understood
but is believed to be effected in some cases by the in-
corporation of the ion to be carried into the carrier crystal
lattice, in other cases by surface adsorption of the ion to
lx! carried and irI other cases by a combination of both,
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The carrier procedure may be effected by any of ~e - -
known techniques for effecting adequate contact of liquids
with insoluble solids.

The use of the carrier procedure for separating pluto-
nium from uranium is complicated by the fact that either
(a) isomorphic carriers, i. e., those having a crystalline
structure with cation spacing in the crystal lattice such
that plutonium ions may be substituted in the lattice for
carrier cations, or (b) carriers of the same range of ionic
radii are necessary. A carrier must be selected” that is
not isomorphic with any of the contaminating cations or,
in the event this cannot be accomplished, one that is
isomorphic with the least number of contaminating cat-
ions must be selected and the process repeated.

Another possible method for the purification of pluto-
nium which is present in such low concentration that none
of its known compounds will precipitate is the electro-
deposition of the plutonium simultaneously with the elec-
trodeposition of a carrier.

Although it is difficult to separate plutonium by elec-
trolytic means, since it is a strongly electropositive metal
not far below the alkaIi metals in the electromotive series,
plutonium may readily be electrodeposited as an oxygen-
ated compound by the electrolysis of suitable solutions of
plutonium in hydroxyl solventx These oxygenated comp-
ounds are not very satisfactory products since they must
be subected to additional processing to prepare intermedi-
ate materials for use in making pure plutonium.

The use of electrolytic means to separate plutofiium
from uranium requires the me of expensive equipment
with high power consumption. R requires skilled opera-
tors and considerable control equipment, not only for the
electrolytic deposition itself but also for the adjusting of
the conductivity of the solutions and even the placing” of
the metals in solution.

A possible method used for concentrating and decon-
taminating phrtoniurn is the use of a specific adsorbent.
This specific adsorbent must have the property of remov-
ing plutonium from the solution with which it is in con-
tact. Usually some of the various fission products are
also adsorbed. The various fission products can then be
successively removed and fimdly the plutonium Ca-ribe
eluted from the adsorbent with a much smaller volume
of solution, resulting in a simultaneous concentration and
separation. Several materials have been successftdly
tried for the absorbents, including silicious materials, a
synthetic titania-mica “zcoIite,” and a synthetic cation
exchange resin (amberlite IR-1 ).

This procedure can also be repeated or coupled with
carrier procedures in the same manner until the desired
degree of concentration and purification is obtained.
However, the method has a disadvantage of requiring a
very considerable plant outIay since a large number of
columns or other similar apparatus is necessary in order
to present the necessary area.

A fourth method for separating plutonium from other
materials is the use of immiscible solvent extraction meth-
ods. One of these methods, for example, provides for
the separation of plutonium compounds from impurities
by a suitable organic solvent which will preferentially
dissolve one of the compounds. An ether, such as a
dialkyl ether and especially diethyl ether, has been used
and other equivalent water-immiscible organic solvents
suggested. The method is especially suitabIe for the
treatment of pIutonium prepared by the neutron irradia-
tion of uranium where subsequent beta decay occurs and
the irradiated s[ug is dissolved so that the uranium is
present as uranyl nitrate hexahydrate. When this proce-
dure is used the uranium remains in the hexavalent state
while some or all the plutonium is in the tetravalent
state. The organic ph$se contains the ,bulk of the ura~l
nitrate; the aqueous phase contai~ the original water of
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crystalIization, a mino~ part of the uranyl nitrate and the
~ulk of ura@m,”fissic$s products and plutonium.
~. ($though Ibis :procc%s is useful under certain condi-
tions, the solvents create ever-present fire hazards and
many of them form explosive concentrations with air.
Furthermore many of the solvents give off fumes that are
dangerous and in some cases even lethal and tfius make
necessary special precautions to protect personnsl.working
with the equipment.

None of the above processes, alone or in cmnbirmtion,
present a simple, efficient, inexpensive me&hod fcm comp-
letely separating plutonium from uranium and other im.
purities aud yielding a product which is in a satisfactory
condition for immediate use cm processing without addi-
tional steps.

It is thus seen to be a prime object of this iny~ntion to
provide a method of material purification ivlrich will
effect the separation of plutonium compounds. from im-
purities in the same solution by preparing a ..c~mpouud
of plutonium which can. be separated from the rest of the
solution because of differences in volubility. E _.

It is a further object of this invention to obtaim:a simple
process camied out with easily and econo~icaI1y_ designed
and manufactured equipment which is capable of a large
output with a minimum of control instruments and insula-
tion.

Another object is to obtain a process which-is easily
operated to cause an efficient separation of ura~ir.rm and
plutonium compounds which does not at the s?.rne time
require the use ~f dangerous solvents or the use of com-
pounds which present fire or explosion hazards.

It is a further object of this invention to obtti.n as the
end product in this separation of plutonium and uranium
compounds, a compound which can be used imrne.diately
in producing the desired end product and which can be
easily and conveniently moved or stored for a Iong period
with practically no !OSSand without excessive “pmcauti ons
or special equipment.

It is a further object of this invention to pr~are the
new composition of matter which is produced_ simulta-
neously as the result of this method of separating pluto-
nium and impurities in solution.

It is a still further object to prepare a new com~osition
of matter, plutonium. trioxalate.

Still furfhe.r objects and advantages of this invention
will appear in the following description.

The above objects are accomplished by a novel process
which generally comprises the step of reacting PIUS three
plutonium ions with oxalate ions to form the novel pluto-
nium trioxalate,

The process is readily applied to a purification proce-
dure by reacting in solution trivalent plutonium-ions with
oxalate ions so as to form a precipitate of plutonium tri-
oxalate while leaving impurities in the solution.

More particularly, it is feasible to add to ‘“an”impure
aqueous solution of phrtonium containing impurities which
do not precipitate with oxalate ions a quantity of material
which yields oxalate ions while in aqueous solutjon, As
a result trivalent plutonium oxalate is precipitated in a
form which readily settles and is conveniently separated
from the aqueous solution containing impurities by any
suitable means such as filtration, recantation, cesitrifuga-
tion or the like.

His possible to pretreat a material containing plutonium
and impurities so as to have the impurities non-precipi -
table by the oxalate ion while having the plutonium in
the trivalent state. In this type procedure it is ‘possible
to reduce selectively the plutonium, e. g., from hexavalent
to trivalent state, while not substantially altering the im-
purity, such as uranium. On the other hand, it is also
feasible to oxidize selectively or to complex the itipurities
while retaining the p-lutonium in a reduced state .”--”

The purification process is therefore usually ca@ed out
in two or three steps. First, compounds of p~utonium
and impurities are treated, if necessary, so as to obtain
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4
plutonium and the impurities in the proper relative oxida-
tion or valence states, Secondly, an oxalate is added so
that plutonium oxalate is formed. Thirdly, the com-
pound is separated by appropriate methods. These steps
will be described in detail in the ensuing paragraphs.

‘rhc first step of this process is the obtaining of the
plutonium and the impurities in the proper oxidation
states. Frequently it is necessary to reduce the plutonium
while allowing the impurities to remain in an oxidized
condition. This is difficult since the starting valence
stat: of the plutonum is not always definitely known.
For example this is true of plutonium which is prepared
by the neutron irradiation of uranium. When the irra-
diated slug is dissolved and partly purified by various
methods which do not affect the vaf~nce state of the pluto-
I?ium, the plutonium ‘is p?esent predominantly in the ph.rs
four valence state but it is also to some extent in the
plus six valence state.

A method for reducing the p[utonium .to.t~e plus three
state can better be worked out if the oxidation-reduction
potentials can be determined. for the Pulll—Pulv, Pulv—
Puvl and the LN’—UV1” couples. The following values
have been established for the standard oxidation-reduction
potentials in volts, referred to the hydrogen-hy~~ogen ion
couple as zero, for .un~t ric.tivi~es and te.mper@ur~s at
25° ?2.

VoIts
Pu+lll=Pu+~+e– ------------------------- —0.95
Pu+lv+-2H@=Pu02 +11+4H++”2s- _.=------ —1.005
U+m+2H@=U02+1r+ 4H++2e- ___ -,------- –0.41

The potential will not be appreciably varied by minor
variations in temperature or concentration from the
values at standard conditions. In using the various values
these limitations must be borne in mind together with the
fact that the potentials give no indication as to the speed
of the reactions or whether or not an intermediate product
is formed which prevents the completion of the reaction
despite a favorable potential value. Thus if the appro-
priate potentials are again examined it may be seen that
the selective reduction of plutonyl ion to the plus ‘three
plutonium ion can be accomplished while leaving the
uranyl ion unreduced by using a reducing agent having
an oxidation-reduction potential in volts “fiat is more posi-
tive than —0.95” volt (i. e., less negative) and less po$i-
tive than —0.41 volt (i. e., more negative) and which does
not for any reason interfere with the reaction.

The plutonium and impurities are conveniently in the
form of nitrates or chlorides. Experience has shown that
the preferential reduction of plutonium can best be ac-
complished by the use of iodide ion (I–). Under the
same standard conditions as listed supra the oxidation po-
tential is as follows:

volts
21–=Iz+2e– ----------------------------- –0.535
31-=13 –+2e– ---------------------------- –0.54

Thus it may be seen that the iodide ion meets the require-
ment of falling between —0.41 volt and —0.95 volt.

Iodide ion is capable of reducing both plutonium Vl
and phr[onium lV to plutonium 111in acid solution. The
reactions are relatively fast, the half-time for the re-
duction of plutonium IV to, plutonium III being being
of the order of a minute or less. In twenty minutes both
phitrmium IV and VT are completely reduced. This is
proved by the fact that the p-lutoni~m remaining in sohL-
ti~n when oxalate ion is added after twenty minutes re-
duction has the normal sohrbility of-plutonium 111oxalate.

Hydrogen ion is consumed in the reduction of pluto-
nium VI and may be consumed also “in the reduction
of plutonium IV if the -plutdum IV is, partially hy-
drolyzed. This is shown clearly in the following equa-
tions:

2PuOz+++8H++91-= 2Pu+s+313–+4H20
2Pu0+++4H++31–= 2Pu+s+13–+2H20

Consequently the reduction is somewhat dependent on hy-
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dmgen ion concentration. Trouble is sometimes expe-
rienced in reducing the plutonium nitrate with potassium
iodide if the plutonium is pm plutonium VI ion and part
plutonium IV ion. Substituting hydrogen iodide for po-
tassium iodide to furnish both hydrogen ions and iodide
ions will however correct this trouble. Hydrogen iodide
is preferably used for the reduction since it avoids the
addition of metallic impurities.

It is necessary to add excess iodide ion to keep the
iodine formed in solution as the tri-io.dide ion.

It may be seen of course that the plutonium may be
originally present in the PIUS three valence state and the
impurities present in a higher valence state and this first
step will not be necessary. On the other hand both the
plutonium and the impurities may be present in the re-
duced state. It may then be necessary to oxidize the im-
purities selectively or to oxidize both and then carry out
the step as presented above. The process may be fur-
ther modi~ed to complex selectively “the impurities, or to
complex selectively the pluto.gium and oxidize the im-
purities. It is possible.to. use.various combinations and
variations of tb.e. above procedures.

The second step .in the preferred process is to separate
the plutonium which has ‘been reduced to the plus three
state by the addition of an ~x.a!ate, preferably not in
Iargc excess of that needed toform the precipitate. This
addition of an oxalate, either as oxalic acid and/or any
of the soIuble o-xala-tes,such as sodium- oxalate, ammonium
oxalate, potassium oxalate or lithium oxakite, simulta-
neously effects the se~aiation of plutonium from im-
purities such as UTZrdL~”End yields a niw $ompoiition of
matler now krmwn as plLN three plutonium oxalate or
as plutonium tti6xalate. The” PIUS three plutonium oxri-
]ate is a green crystalline precipitate which settles easily
even after se-~eral washings. Although there is little
difficuty in obtaining- a PIUS three plutonium oxalate
precipitate which settles rapidly as a“reasonably compact
mass, somewhat more dense p-recipitatcs can be obtained
when the precipitation is made from’ a solution high in
hydrogen ions. When this plus three plutonium oxalate
is precipitated on a plant scare from an aqueous solution
the oxalate is a blue-green crystalline solid W,th a bulk-
density (after settling 1.f minirtes) of” 0.2–0.5 gram of
plutonium per milliliter. The formula of the oxalate is
presumed to be PU2(C204)3 .XH20 and crude experiments
have given values for X between nine and ten.

Since plutonium PIUSthree c6mp1exes are readily SOIU:
ble in potassium oxaiate or oxafic acid solution to give a
sohrble green oxalate complex, the excess of oxalic acid
used for precipitation has to be controlled rather well,
It was fcmnd best to keep the concentration of excess
oxalic acid less than 0.4 molar and hive the hydrogen ion
concentration gTeater than 0.5 molar to keep the asso-
ciation of oxalic acid down to the minimum.

The soIubility product of plus three plutonium oxalate,
[ (PU+++)Z(C20A-– )31, “is not constant because excess
oxalate ion tends to complex the phrtonium III oxalate
back into solution. However, in a solution containing
1 to 5 molar hydrogen ion and about 0.2 molar oxalic acid
with very low oxalate ion concentration, the volubility
product is constant within the experimental error and
has a value of about 10–26. A few experimental deter-
minations have shown that the plus three phltcmium
oxalate has a sdubi!ity of the order of 6 milligrams per
liter in a solution which is 0.1 molar ifi oxalic ncid and
from 0.2 to 0.4 molar in hydrochloric acid as compared
with the volubility of plus four” oxalate” in the same SOILS-’
tion, which is of the order of 1 gram per liter. It has
also been found that in solutions of nitric or hydrochloric
acid in which hydrogen ion is “f”“molar r@ oxalic acid is
0.1. .rnolar, the sohrbility in milligrams of plutonium per
liter appears. to be given by the relation 3.24 times the
concentration of hydrogen ion in moIes per liter rxised to
the third newer times the concentration of the oxalic acid
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6
in moIes per liter raised to the minus three halves power,
This may be expressed algebraically

[3.24. (H)s. ( H2C204)–3[21

Thus, this oxalatc. is one of the more insoluble oxalates
known. For this reason the second step of precipitating
the ph-rs three plutonium oxalate from aqueous SOh-LtiOrL
is easily and efficiently carried out.

It is clear of course that this formation of the oxalate
need not be made in solution and in particular in an
aqueous solution but ihat it may be accomplished in any
desired manner.

The third step in this process is the separation of the
plus three plutonium oxalate. The method of preparing
the plutonium trioxalate fixes the ‘range of methods to
be iised in its separation. For example if it was prepared
by precipitation of the plutonium trioxalate from an
aqueous solution, the separat~on is .n_otdifficult to accom-
plish since, as stated supra, the precipitate is dense and
easily handled and the separation is usually accomplished
by decanting, but it can be accomplished by centrifuging,
filtering or any of the other methods knowti to those
skilled in the art for separating solids from solutions.

~“e PIUS“three plutonium oxrdate” can be easily washed
with water since, unlike the plus four plutonium oxalate,
wh-ich”forms a white or pale green precipitate, it is not
appreciably soluble in water, being of the order of 10
milligrams of plutonium per liter of water at room tem-
perature. However the amount of washing should be
restricted because the oxalate has a tendency to peptize,
particularly ff it is washed” repeatedly with large volumes
of water. If the oxalate is thus peptized, this will came
difficulties in later operatiogs_because the peptized oxalate
when ‘ignited gives an oxide which requires much longer
metallurgical treatment for Tprrvm5ion to other for-rns
of pluton-ium.

The method of this invention of separating plutonium
by the precipitation of phrs. three plutonium oxalate is
feasible since, under the conditions used, uranyl oxalate
has a volubility of 28 milligrams of uranium per liter
whereas plus three plutonium oxalate has a volubility of
onIy 0.4’S milligram of plutonium per liter. Thki makes
possible ..the.reduction of the concentration of the im-
puritiei.”by” a factor of at least from 20–50 by a single
oxalate precipitation.

It can thus be seen that this plutohium oxalate method
of separating “plutonium has the additional advantage that
in addition to appreciably reducing concentration of
uraniu.rn, which is very difficult to accomplish, it also sub-
stantially removes many of tfie impi”rities present as fis-
sion products.

Theoxalate isa desirable final precipitate in the puri-
fication process because itismpableof being dried with-
out splattering, owing to its very low volubility in water
and to the resulting essentially normal water vapor pres-
su~-of the shn-ryand because it is stable to heat. It can
be heated for considerable tirn.e at an advanced tempera-
ture such as 80° C; in the presence. of the usual super-
natant containing hydrochloric and oxalic acid solutions
without perceptible change in crystal size, color or quan-
tity.

‘The plutonium trioxalate method is efficient since the
amount of plutonium lost during the oxalate precipita-
ticxr of plus three plutonium oxalate in solution and the
solid suspended particles of plutonium oxalate in the
supernatants and washings is quite low. Over a period

of time, when operated in large scale pIutonium produc-
tion the 10SSdue to the precipitation steps and two or
three washing steps was of the order 0.5 percent of the
total plutonium involved. l%e washings of course can
be recycled.

The method has the further advantage that although
the separation factor of plutonium from impurities is as
statedj”that is, 20–50, and may require two oxalate pre-
cipitations if the amounts of impurities are great, each of
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these steps can be used to good advantage. Often when
processing plutonium, the initial valence state of the
plutonium is not known. When the plutonium trioxalate
precipitation is used as the first procedure in the process-
ing, the processing can be planned from that procedure
on using a compound of known composition. Many of
the prior methods of producing plutonium result in a
plutonium product which is either in solution or which
is difficult to handle, On the other hand when the oxalate
precipitation_ iS used as the last step in a purification
process, the plus three plutonium oxalate is obtained as
a desirable solid concentrated end product,

Regardless of the method by which it is produced, the
novel composition of matter, plus three plutonium oxalate,
has a number of distinctive properties that make it very
desirable. For exampIe it can be used in preparing
halogeisated compounds of plutonium such as plus th~ee
plutonium chloride, plus three plutonium flubride, plus
three plutonium iodide and plus four plutonium fluoride
by a direct, rapid simple conversion such as” dry chemi-
stry conversion. This conversion is efiected by passing
the hydrohalide over the dry oxalate at an elevated tem-
perature with or without. an oxiditing or reducing agent.
The plutonium oxalate can also be conveniently dried
and ignited t.o the dioxide, The plus three plutonium
oxalate is also readily dissolved and oxidized by nitric
acid and sodium bromate to plus six plutonyl gitrate and
carbon dioxide. The plus three plutonium oxalatc is also
readily converted without introducing impurities to a
number of other plutotium compounds which are .Qsgful
either for storing the plutonium without loss or as a raw
material for further processing.

Thus the method Of this invention, in a simple three
step process, gives .an .excelient separation of pluto.niti
from impurities by simultaneously forming the desirable
and novel end product, plus three plutonium Oxalate.

Example I

The method which is presented in this exahple has
been successfully used on a plant scale in the folloting
manner. A liter of concentrated paste solution containing
160 grams of plutonium as mixed plus four and PIUS six
plutonium nitrate in 1.5 molar nitric acid is carefully
analyzed and pIaced in a storage container. This pasts,
which has been obtained by “partial decontamifiation and
purification of plutcmium produced by the neutron irradia-
tion of uranium, contains partially purified @{oni~m
pmsenf with impurities which have not been removed .by
the prior steps. The impurities comprise urartiutn ~tid
many of the various radioactive fission products.

As soon as it is desired to process the batch, the nitrate
paste is transferred from the storage container to the
jacketed wark tanks by dissolving the paste aryd wishing
the containers by the addition of approximately 1.1 liters
of one molar aqumms flitric acid solution to obttiin the
mixture plus four and plus six plutonium nitrates “a$ a~-
proximately 0.3 molar plutonium solution.

This solution is cooled to approximately 150 C. and
about 1.2 liters of 5.5 molar hydrogen” iodide are theri
added and thoroughly agitated. The sQlutiQn is then
permitted to stand for at Ieast twenty ~ksutes in order
to insure complete reduction ,of the plutonium iQ,the PIUS
three valence state. The r.esu]ting 3.3 liters Qf $Oiution
then have the following approximate composition,

0.2 molar PILLSthree plutonium ion
2 molar hydro_gen ign
1.2 molar nitrate icm
1 molar iodide ion
0.3 molar tri-iodide ion

3.5 liters of 0..67 molar oxalic acid are then added to
the solution and the slurry is agitated for 20 minutes
and then allowed to stand, After standing about fifteen
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minutes, the supernatant then has the foI1owing approxi-
mate composition.

1.3 molar hydrogen ion
0.6 molar nitrate ion
0.5 molar iodide ion
0.2 molar tri-iodide ion
0.2 molar oxalic acid

The supernatant is then iiphoried off and is recycled.
8 liters of a solution 0.1 moIar in oxalic acid and 0.1
molar in nitric acid is then introduced to wash the
precipitate. The stirrer is started as soon as 1 liter of
wash is added and is continued for five minutes after
all the wash has been added. The-slurry is”then allowed
to stand until the precipitate settles.

The supernatant wash solution .is siphoned off and re-
cycled, and the washirig’ ope;adon ii”-iip”eated exactiy
as before. 8 liters of a’ soluihn (LI molar in oxalic acid
and 0.1 mo~ar in nitric acid is again used to wash the
precipitate. After the slurry has “been agitated and then
permitted to settle the supernatant is withdrawn for re-
cycling and the precipitate” is~,gh~ a ,final washing with
8 liters of water. Again the slurry is agitated and then
permitted to stand. The supematant wash solution is
siphoned off and recycle-d, a“nd-th”e washed plutonium tri-
fluoride is finally separated from_ the remaining solution
by filtration. The precipitate is then dried. The product
is in the form of blue-gre~q crystals of regular shape
and is substantially pure pluton& trfoxalate. It con-
sists of 99.2 percent of the plutonium in the original
solution which has been puriffed” frorn-”at least Z(i to 50
fold of all impurities.

A variation of the present invention comprises the
oxidation of the plutonium in the solution, treatment
with a soluble oxalate, such as oxalic ‘acid to precipitate
materials such as calclum w’hich might also be precipi-
tated with the plutonjum if it were in the plus three
valence state, separating this impurity precipitate, reduc-
ing the plutonium to plus-three va~encs State? for example,
with a soluble iodide, and m-en .~fecipitating the pkLto-
nium with a soIuble oxaI~te,. ~U,C~-aS~.alit acid.

Another possibility is to add a reducing agent to an
aqueous solution containing the higher valence pluto-
nium and oxalate ion whereby the. plutonium is reduced
and reacts directly with the. oxalate ion t.o precipitate
plus three plutonium oxaIate.

~f course the various purification procedure$ mentioned
in introductory paragraphs Qf this application may be
used in combination with the presently proposed proce-
dures of this application,

The soluble iodide as noted before is preferably hy-
drogen iodide but other iodides may be used, such as
alkali metal iodides and .am.rn.onium igdide.

Of course, if the impurity will not precipitate with
oxalic acid, it is not necessary .to use a .se)ective reducing
agent such as is employed for separating the plutcmium
from uranium but it is feasible JO use.a reducing agent
having a potential more positive than —0.95 volt. For
example, one may convenimdy use sulfur dioxide or
sodi,um sulfide.

The foregoing examples, ”procedures and theory Qf the
reactions are given for the purpose of illustrating the
present invention but are not intended to be Iimitirig on
the scope thereof. Since Many widely different embodi-
ments of the invention can be rn.ade. without departing
from the spirit and scope thereof, it is to be understood
that this application is not .t,o.be,. Iinlited except m indi-
cated in the appended claim.

What is claimed is:
A process which comprises treating solutions of higher

valence plutonium and liexavalent” uranium with a soluble
iodide to obtain plutonium in the plus three state, while
leaving the uranium in the hexawdent state, adding a

—
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soluble oxalate, and then separating the insoluble plus Harvey et al.: Jour. of the Chem. Sot., August 1947,
three plutonium oxalate from the solution. pp. 1010-1021.

Patton: “Note on the Preparation of Plutonium (III)
References Cited in the file of this patent Oxalate” (found in Seaborg et al., as above, article based

Connick et al.: “The -} 3 Oxidation State of Pluto- ~ on Project report CN–1324 (February 1, 1944), p. 8.
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ber 4, 1946. Plutonium oxides,” as above, p. 936. Article based on

The above essentially duplicated in: reports the latest being issued December 14, 1944.
Seahorg et al.: “The Transuranium Elements: pub. Seaborg et al.: J. Amer. Chem. Sot. 70, 1128-34

by McGraw-Hill Book co., Inc. N. Y. (1949), pages 1~ (1948); articIe based on report issued March 21, 1942,
175-179, in vol. IV–14B; part I relied on. \he 1942 date is relied on. (Page 1129 xefied on.)

MaStick et al.: ‘lJltramicrochemical Investigations of Seaborg: Chemical and Eng. News, vol. 23, No, 23,
Solubilities of Some Plutonium Compounds,” MDDC- pp. 2190-2193, December 10, 1945.
1761; date of manuscript February 22, 1944; date de-

. classi6ed February 25, 1948; 4 pages. 15


