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The present invention relates to recovery and concen-
tration of transuranic elements. More particularly, it is
concerned with a method for the separation of plutonium

from solutions containing impurities commonly associ- 35

ated with that element.
An object of this invention is to provide an efficient
method for the separation of transuranic elements from

uranium, fission products and other contaminants associ-

ated therewith. — —

It is a further object of this invention to provide a
method capable of effecting a substantially complete
separation of plutonium from objectionable fission prod-
ucts such as radioactive columbium and zirconium.

An additional object of this invention is to provide a o

new class of carriers for plutonium which are readily
filterable and easily dissolved, thereby substantially aid-
ing in an efficient and relatively rapid recovery of that
element. . .

Other objects and advantages- of-the present-invention-gg-

will be apparent from the description that follows.

It is known that plutonium can be produced in small
quantities by the bombardment of natural uranium with
neutrons. The designation “plutonium” or “element 94”

as used throughout the present description refers to the 35

transuranic element having an atomic number of 94.
The expression “94239” means the isotope of element 94

has an atomic weight or mass of 239. _Similarly, the

terms “element 93" or “Np” refer to the new element
known as neptunium having an atomic number of 93.
Uranium is composed of three isotopes, namely, U234,
U235 and U238, the latter being present in excess of 99
percent of the whole. When U238 is subjected to the
action of slow or thermal neutrons, a fourth isotope,

U2, is produced having a halflife of 23 minutes and 45

undergoes beta decay to Np23® which decays further by
beta radiation with a half-life of 2.3 days to yield plu-
tonium. In addition to the formation of 94239, there are
simultaneously produced other elements of lower atomic
weight known as. fission fragments.

ie., a light and heavy element group. The light group
contains elements having atomic numbers of between
about 35 and 46 while the heavier group is composed

of elements of atomic numbers varying between-abeut—55-5;v01ves—contic

51 and 60. The elements of these groups as originally
produced are considerably overmassed and undercharged,
and hence are highly unstable. By beta radiation, how-
ever, they quickly transform themselves into isotopes of
these various elements having longer half-lives.
resulting materials are commonly known as fission prod-
ucts.

The various radioactive fission products have half-
lives ranging from a fraction of a second to thousands
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reasonable period before handling. Those with very
long half-lives do not have sufficiently intense radiation
to endanger personnel protected by moderate shielding.
On the other hand, the fission products having half-
lives ranging from a few days to a few ‘years have
dangerously intense radiations which cannot be. elimi-
nated by aging for practical storage periods. These
products are chiefly radioactive isotopes of Sr; Y, Zr,
Cb, and Ru of the light group and Te, I, Cs, Ba, La, Ce,

o and Pr of the heavy group.

It may be readily seen that plutonium produced as
generally set forth above is comtaminated ‘with consider-
able quantities of uranium and fission products. In fact,
the plutonium constitutes only a very minor portion of
the irradiated mass, i.e., less than one percent thereof.
In view of such a low concentration of plutonium in
the irradiated metal, it becomes apparent that the pro-
cedure employed to recover that element must be highly
efficient in order to be at all practicable.

" Thefe have beén devised a niumber of procedures for

the removal and concentration of plutonium from ex-
tremely dilute solutions thereof such as for example the
bismuth phosphate carrier method described and claimed
in co-pending application U.S. Serial No. 519,714, filed
January 26, 1944 by Glenn T. Seaborg et al., now U.S.
Patent 2,785,951, issued March 19, 1957. In general,
such methods involve the formation of various insoluble
compounds in said dilute solutions capable of carrying
plutonium in the reduced state. The carrier precipitate

-and plutenium-thus-obtained-are-then-dissotved amitie—

plutonium oxidized to PuO,*++ in which state of oxida-
tion it is soluble in the presence of said carrier. Under
these conditions, the plutonium remains in solution and
the fission products are removed when the carrier is
added. Thereafter, the dissolved plutonium is reduced

" to a valence state in which it is carriable by the afore-
~ said carrier and removed from solution in the form of
2 _carrier precipitate. which-may-again-be-dissolved--and—

the plutonium purified further if considered necessary or
desirable by repeating the above cycle.

While such a procedure functions to separate a sub-
stantial portion of the fission products and other im-
purities from plutonium, certain of the fission products
such as zirconium and columbium are extremely diffi-
cult to separate completely therefrom by the above
method since these elements tend to be closely associated
with plutonium in its carriable state and as a result are
found to be present in plutonium precipitates after. re-
removal of the other common impurities has been ef-

These fission frag- 50 fected.

ments are-composed—of-two -distinct —element —groups, — It has been discovered that the above and other objects

may be readily accomplished by the utilization of a
substantially water insoluble oxalate as a carrier for
plutonium in its reduced state. Broadly, the invention

an insoluble oxalate preferably in the presence of an
excess of oxalate ioms, thereafter recovering the plu-
tonium containing precipitate and processing- said pre-
cipitate in a known manner to obtain the plutonium there-
from.

A preferred embodiment of the present invention com-
prises the utilization of the aforesaid insoluble oxalate
as a follow-up carrier in combination with procedures

of years. Those having very short half-lives may be g5 using other carriers which tend to bring dowa fission

substantially eliminated by agmng the material for a

~ products such as zirconium and columbium along with
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the carrier préecipitate containing plutonium. = Such: con-
ditions are encountered when plutonium is removed from
4 solution. of meutron - irradiated uranium by means; of
carriers such as zirconium phosphate, columbium oxide,
bismuth. * phosphate, ‘ lanthanum - fluoride . and the - like.
With carrier precipitates capable of removing zirconium
and columbium - along ‘with ‘plutonium  in . its: reduced
state, separation ‘of the: platonium. from the two former
elemenis can be effected by first dissolving said, pre-
cipitate in ‘oxalic acid or a solution of a snitable soluble
oxalate, adding a soluble compound whose cation. forms
an insoluble: oxalate to the Tesulting solution and. there-
after introducing if ‘necessary, -sufficient oxalate iocn to
effect’ precipitation of - the oxalate. thus formed. Under
these conditions 'columbium and zirconium, if the latter
is present, form soluble stable oxalate complexes thereby
effecting’ a ‘substantially' complete separation .of ‘colum-
bium: and zirconiumy from the plutonium which precipi-
tates ‘with the insoluble oxalate formed in solution.

An ‘outstanding’ advantage obtained in employing -the
cartiers of the present invention resides in the fact that
the anion ‘portion thereof is readily destroyed by mieans
of heating an aqueous mixture of said carrier 2nd-a suit-
able ‘oxidizing ‘agent such: as for example nitric acid,
sodinm’ dichromate,; sodinm: bismuthate, or the like, there-
by ‘causing the cation of the carrier: to combine with an
anion which results in the formation of a compound much
more: soluble than the ‘oxalate carrier. ' It is- apparent
that'such @ property makes possible a relatively efficient
and ‘convenient means for effecting a substantial .concen-
tration  of element 94 in a single operation.  Further-
more, it ‘will readily be recognized by: those skilled : in
the ‘art that such a meéans of effecting concentration of
plutonium’ can' be accomplished by using other: carriers,
such as the insoluble tartrates, citrates; etc. whose anion
is readily destroyed under similar conditions.

One of the distinct advantages: afforded by using. the
oxalates of the present invention is-that such carriers, in
general, are much more soluble in the common mineral
acids than carriers previously used such as columbic
oxide, bismuth phosphate etc. With carriers of the
latter type large volumes of concentrated acid and long
digestion periods are required whereas the oxalates em-
ployed in the process of this invention require short di-
gestion periods and only relatively small volumes of acid
thereby resulting in the procurement of a highly concen-
trated solution of plutonium. For example, by using
uranous oxalate as a carrier for plutonium after the
standard bismuth phosphate process has been employed
to separate the plutonium from the bulk of the fission
products present, it has been found that a plutonium con-
centration factor of about 80 can be achieved jnasmuch
as uranous oxalate can be dissolved in a much smaller
volume of acid than bismuth phosphate. In employing
uranous oxalate as a carrier, however, it has bgen found
that the presence of ferric ioms has somewhat of an
adverse effect on the removal of plutonium by said car-
rier when the aforesaid ions are present in concentra~
tions of around 0.1 M and above.

It has been further observed that in employing urancus
oxalate as a carrier in combination with procedures in-
volving the use of bismuth phosphate as a carrier that
at any given ferric jon concentration the carrying of
element 94 by uranous oxalate decreases as the bismuth
phosphate concentration increases. This effect, however,
is only slight with ferric ion concentrations of the order
of about 0.05 M but is rather noticeable at concentrations
of around 0.1 M as shown by the table below. In ob-
taining the data appearing in the table the plutonium was
removed from a solution 5N in hydrochloric acid, 0.1
N in potassium chloride and containing tetravalent

uranium in concentration of 1 mg./ml. and plutonium in

a concentration of 0.04 mg./l. by adding thereto suffi-
cient oxalic acid to render the resulting solution 0.4 M
therein. ,
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While the utilization of insoluble oxalates as: carriers
of plutonium: in accordance with the: present invention
may' be -effectively applied :to any plutonium-containing
solution, such carriers are particularly useful for the-re-
moval of that element: from solutions formed by dissolv-
ing neutron irradiated uranium in-a suitable acid such as,
for' example, hydrochloric acid .or: nitric acid.

In employing an insoluble oxalate to remove plutonium
from such’solntions it. is 'recomimended that: alternate
carriers be used -at the various oxidation levels of the
plutonivm inasmuch as the oxalate ion tends-to at least
partially reduce that element from its higher valent states
to a valence of 4-4 and hence an insoluble oxalate when
employed to carry fission products: from a solution con-
taining plutonium in a higher valent state would partially
reduce said element to-a valence of -4 owing.to the
excess Oxalate ion present and, as a result, a portion of
the plutonium :would :be carried ‘down: with the fission
products. | ‘To avoid the occurrence of such a loss a suit-
able carrier other than an insoluble oxalate ‘which does
not in any way tend to reduce hexavalent plutonium ' to
the tetravalent state may-be utilized.  Examples of sat-
isfactory carriers for: fission ‘products. and which- have
no- effect ‘'on  the valent state ‘of - plutonium are thorium
iodate, bismmuth phosphate, lanthanum fluoride, and the
like.

In general, it has been found that the acid concentra-
tion of the solutions, from which the plutonium is re-
moved, has very little effect on the carrying efficiency of
the insoluble oxalates as employed in accordance with
this invention. However, for maxinm carrying efficiency
the fime of comtact of the oxalate with the plutonium
containing solution should, in general, be about ten min-
utes. Carrying is also facilitated by periodic agitation
of the mixture.

Tt has been further observed that the carrying of
plutonium from solutions, in which that element is pre-
sent in low concentrations, is gemerally improved by the
presence of a suitable alkali metal ion such as potassium,
sodium, or the like. This phenomenon has been found
to occur particularly in instances where uranous oxalate
was utilized as the carrier. Normally, in order to secure
noticeably improved results alkali metal ion concentra-
tions of the order of between about 0.01 M and 0.1 M
should be used. .

As examples of suitable oxalate carriers in addition to
uranous oxalate previously disclosed there may be men-
tioned bismuth oxalate and the alkaline earth metal and
rare earth metal oxalates such as, for example, the oxa-
lates of calcium, barium, strontium, lanthanum, thorium,
cerium, and the like. In employing these carriers it is
generally preferable to form such compounds in the
plutonium-containing solution by adding a source of
oxalate jons such as oxalic acid, potassium oxalate or
sammonium oxalate to a solution which coatains both the
plutonium and the cation that forms an insoluble oxalate.
Satisfactory carrying can also be secured by adding the
desired cation to the oxalate-containing solution or, if
desired, the preformed insoluble oxalate, per se, may be
added and the plutosium removed thereby. In most in-
stances, however, it has generally been observed that the
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quantity of plutonium separated is somewhat less when
the desired cation is added to a plutonjum solution con-
taining oxalate ions. In this connection it should also
be pointed out that plutonium in order to be carried from
solution in accordance with the present invention must
be present in the ionic form and in a valent state not
above 4. If the plutonium ions are allowed to form
a stable complex, it has been found that satisfactory car-
Tying can not be effected in view of the relatively high
solubility thereof and hence conditions which favor the
formation of such complexes are to be avoided. In pre-
venting the occurrence of these soluble plutonium com-
plexes, care should be exercised to avoid the presence of
anions of slightly ionized acids where the acidity of the
plutonium containing solution is relatively low ie., from
a pH of between about 1.5 and 4.0. The adverse effect
of such anions can be avoided, however, by increasing
the acidity of the solution through the addition of a
suitable highly ionized acid such as nitric acid, hydro-
chloric acid or the like.

Where solutions are encountered in which the plut-
onium is in a valent state greater than 44, or a noncar-
riable state, it will generally be found that it may be
readily converted to a carriable form by reductien with
hydroxylamine chloride or hydroxylamine acetate. Re-
duction can also be effected by utilizing such materials
as sulphur dioxide, oxalate ions, and the like.

The present invention may be further illustrated by
the following specific examples.

Example 1

To a dilute solution of tetravalent jonic plutonium,
0.8 M with respect to nitric acid and 0.018 M with respect
to lanthanum nitrate, there was added an equal volume
of 0.8 M oxalic acid while agitating the mixture. The
resulting slurry was then agitated for an additional ten
minutes at room temperature, after which the precipitate
of lanthanum oxalate and associated plutonium was sepa-
rated by centrifuging On the basis of determinations of
alpha radiation from aliquot portions of the initial pluto-
nium solution and the final supernatant solution, using
standard counter tube techniques, the amount of pluto-
nium carried by the lanthanum oxalate precipitate is 96%
of that in the initial solution.

The following example demonstrates the ability of
bismuth oxalate to carry plutonium from nitric acid solu-
tions and also the effect of the acidity of such a solution
on the percentage of plutonium carried.

Example 11

A bismuth phosphate precipitate containing plutonium
was dissolved in sufficient 60 percent nitric acid to pro-

duce a solution having the normality indicated in—the-

table below. Bismuth oxalate was then precipitated by
adding enough oxalic acid to make the solution 0.12 M
with respect to oxalic acid. After agitating the resulting
mixture the solution was allowed to remain in contact
with the precipitate for approximately ten minutes.
Thereafter the mixture was cenfrifuged and the percent
plutonium carried on the bismuth oxalate determined in
accordance with the method used in Example I. The
quantity of plutonium carried in each instance is shown
in the table below.

TABLE II
HNO3; Normality Bi mg./mL}Percent Pu
carried
1 2.5 93.9
3 2.5 92.0
1 1.0 92.3
3 1.0 87.6

Example 111

To a solution containing uranyl nitrate hexahydrate
in a concentration of 10 percent, plutonium in the tetra-
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valent state and ‘a solution containing 6 mg. potassium
oxalate per ml., was added, a U+ solution containing 3.6
mg. of that ion per ml. The resulting mixture was then -
allowed to digest at room temperature for about one hour
after which the precipitate thus formed was separated by
centrifugation. By practicing this procedure 99 percent
of the plutonium was carried.

It may be seen from the foregoing description and
examples that the ultilization of insoluble oxalates as
carriers for plutenium in accordance with the present in-
vention may be readily adapted to a variety of pro-
cedures embodying the use of said oxalates alone or in
combination with other suitable carriers. Furthermore,
although the present invention has been illustrated with
particular reference to the concentration and decontami-
nation of plutonium and is especially -useful for this
purpose, it should be understood that such invention is
equally applicable to the concentration and decontamina-
tion of neptunium having a valent state not greater than -
+4 or of mixtures of neptunium and plutonium. All of
the procedures disclosed above may be applied to dilute
solutions of neptunium or to dilute solutions of neptunium
and plutonium as well as aged solutions containing only
plutonium,

In general it may be said that the use of any equiv-
alents or modifications of procedure which would
naturally occur to those skilled in the art are included
in the scope of the present invention.

What is claimed is:

1. A process of recovering plutonium values from an
aqueous plutonium (IV) salt solution, comprising adding
lanthanum nitrate to said solution, adding a water-solu-
ble oxalate-anions-containing substance to said solution
at room temperature whereby a lanthanum oxalate preci-
pitate is formed and plutoninm values are carried on said
precipitate, and removing said precipitate from the solu-
tion.

2. The process of claim 1 in which an oxidizing agent
is added to the plutonium-containing oxalate precipitate
and the mixture obtained thereby is heated whereby the
oxalate anion is decomposed and a plutonium compound
is formed of higher solubility in acid than that carried
on the oxalate. .

3. A process of decontaminating plutonium values
from zirconium and niobium values carried on a bismuth
phosphate carrier, comprising dissolving said bismuth
phosphate carrier in oxalic acid, adding lanthanum nitrate
to the solution formed, adding an oxalate-anions-contain-
ing substance to the solution at room temperature where-
by an oxalate precipitate forms which carries plutonium
values, and separating the oxalate precipitate from the
zirconium-and niobium-contajning aqueous solution.
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