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Our invention relates to a process for the concentra 
tion of plutonium. More particularly, it is concerned 
with the concentration of the plutonium present in di 
lute decontaminated solutions thereof. 
The designation "plutonium' or "element 94' as used 

throughout the present description refers to the transura 
nic element having an atomic number of 94. The ex 
pression “94239” means the isotope of element 94 having an 
atomic weight or mass of 239. Similarly, the terms 
“element 93 or “Np” refer to a new element known 
as neptunium having an atomic number of 93. 

Natural uranium is composed of two isotopes, namely, 
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 third isotope, U89, 
is produced having a half-life of 23 minutes and under 
goes beta decay to Np239 which decays further by beta 
radiation with a half-life of 2.3 days to yield plutonium. 
During the neutron bombardment, fission of the U235 
isotope present in natural uranium produces a number 
of highly radioactive fission fragments and decay prod 
ucts thereof all of which may be termed fission products. 
These fission products are composed of two distinct 
groups including a heavy group having atomic numbers 
of about 51 to 60 and a light group having atomic num 
bers of about 35 to 46. Such products make the mass 
extremely difficult to handle without danger of exposure 
of personnel to gamma radiation. Neutron bombard 
ment is discontinued before the concentration of U239 
and its products of decay increase since continued bom 
bardment causes decomposition of the plutonium as rap 
idly as it is formed. Owing to this fact, plutonium is 
present in the bombarded uranium in small quantities, 
usually less than one percent by weight and frequently 
of the order of one or several parts per million parts by 
weight of uranium, the exact concentration depending 
on the density and length of neutron bombardment, and 
hence it is difficult to separate from the uranium or even 
to form a uranium concentrate of high plutonium con 
tent. 

Plutonium obtained from neutron bombarded uranium 
metal is removed therefrom by dissolving the latter in a 
suitable acid, preferably nitric acid. Thereafter the plu 
tonium is separated from uranium and the various fission 
products by means of any of several decontamination 
procedures. A method suitable for this purpose is that 
described and claimed in Copending application U. S. 
Serial No. 478,570, filed March 9, 1943, by Stanley G. 
Thompson et al. In accordance with the procedure there 
described neutron irradiated uranium is dissolved in 
nitric acid, or preferably a mixture of nitric and sulfuric 
acids, after which a source of bismuthion, usually in the 
form of bismuth nitrate, is added. Thereafter, phos 
phoric acid, or some other suitable source of phosphate 
ion, is introduced into the solution whereupon a precipi 
tate of bismuth phosphate is produced carrying with it 
plutonium in a valence state not greater than 4 and a 
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relatively small proportion of the various fission prod 
ucts. The uranium and the bulk of the fission products 
are quite soluble under the conditions employed and 
remain in solution. The precipitate thus obtained is re 
moved by filtration or other convenient means and the 
mother liquor discarded. The bismuth phosphate pre 
cipitate, which contains plutonium as the phosphate and 
soline fission products, is dissolved in nitric acid and the 
solution further decontaminated by oxidizing the plu 
tonium to a valence state greater than 4, usually the hexa 
Valent state, and precipitating bismuth phosphate to 
gether with fission products from the soluble plutonium. 
However, since it is ultimately desired to obtain plu 
tonium in as highly purified form as possible, other meth 
ods for the further separation of fission products there 
from must be employed. 

Moreover, plutonium-containing solutions obtained in 
accordance with the general procedure outlined above are 
extremely dilute with respect to plutonium and hence in 
order to recover that element in appreciable quantities it 
becomes necessary to handle tremendous volumes of 
decontaminated solution. 
An object of our invention is to furnish a procedure 

whereby the plutonium can be recovered from the orig 
inal decontaminated solution in concentrations which are 
greatly increased over the low plutonium concentrations 
found in the previously decontaminated solutions. 

Additional objects and advantages of our invention 
will be apparent from the description that follows. 
We have now discovered a procedure by which the 

concentration of plutonium present in solutions of the 
above-mentioned type can readily be effected, and if 
fission products are present, a substantial separation of 
Such products also may be recovered. Broadly, our in 
vention involves the utilization of columbic oxide and 
a water insoluble compound of lanthanum such as the 
fluoride, oxalate, or hydroxide, or combinations thereof. 
Both columbic oxide and the lanthanum compounds will 
bring down plutonium from dilute solutions in the pres 
ence of the other. Thus, plutonium may be brought 
down with a lanthanum carrier and, the precipitate of 
plutonium and carrier may be dissolved in a smaller 
volume of solvent than that from which the carrier was 
precipitated to give a more concentrated solution of lan 
thanum, together with the plutonium removed by the 
lanthanum carrier. Thereafter, plutonium may be car 
ried from the concentrated solution of lanthanum by 
adding thereto a columbium compound, preferably co 
lumbic oxide. This process may be repeated forming 
progressively more concentrated solutions until the con 
centration of plutonium is such that on solution the plu 
tonium can be precipitated substantially completely with 
out the aid of a carrier. 

In a preferred embodiment, the process of our inven 
tion is carried out in accordance with the description 
which follows. A plutonium solution, preferably one 
which has been substantially freed from fission preducts, 
is obtained. For example, a bismuth phosphate carrier 
precipitate is formed in a solution containing plutonium 
in a valent state not greater than 4, and whose original 
fission product concentration has been reduced by a fac 
tor of about 10,000. Thus while we prefer to decon 
taminate the solution containing fission products by the 
bismuth phosphate carrier method described above, the 
particular process by which this decontamination is per 
formed is immaterial in accomplishing our objects as long 
as the principal fission products are removed. The plu 
tonium containing precipitate wherein the plutonium is 
present in a valence not higher than 4, is dissolved in 
nitric acid and to the resulting solution are then added 
in Succession, and in approximately equal stoichiometric 
quantities, lanthanum nitrate and hydrofluoric acid, where 
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upon lanthanum fluoride is precipitated carrying down 
with it plutonium probably as plutonium trifluoride 
and/or plutonium tetrafluoride. The precipitate thus ob 
tained is then washed with dilute sodium hydroxide to 
remove any excess fluoride ions that may be present, 
after which the washed lanthanum fluoride precipitate is 
metathesized with an alkali metal hydroxide such as, for 
example, potassium or sodium hydroxides, to yield 
lanthanum hydroxide which is readily soluble in nitric 
acid. The lanthanum hydroxide precipitate is next washed 
with water to remove any fluoride ions that might be pres 
ent, after which it is dissolved in concentrated nitric acid, 
preferably limiting the amount of solvent to produce a 
solution substantially smaller in volume than that of 
the initial plutonium solution. At this point, a source 
of zirconium ions may be added, if desired, to assist in 
the solution of the washed lanthanum hydroxide pre 
cipitate by forming a soluble zirconium-lanthanum 
fluoride complex with the fluoride ions, and/or with the 
lanthanum fluoride remaining therein. The undissolved 
precipitate remaining suspended in solution after the last 
mentioned step contains very little, if any, plutonium and 
may be separated and discarded. The pH of the solu 
tion is next adjusted to a value of between about 1 and 
2 and then a quantity of columbic oxide is added while 
(agitating. When sufficient columbic oxide has been in 
troduced, agitation is stopped and the columbic oxide is 
permitted to settle or is centrifuged, carrying with it the 
dissolved plutonium. The resulting mass, consisting es 
sentially of columbic oxide and associated plutonium, is 
washed with dilute sulfuric acid and then dissolved in a 
relatively small volume of hydro-fluoric acid, oxalic acid, 
or an alkali metal hydroxide to give a concentrated solu 
tion of columbium ions which generally is more concen 
trated as to plutonium. 
Where a portion of the lanthanum is not removed by 

treatment of the columbic oxide precipitate with dilute 
sulfuric acid, this lanthanum precipitates as the fluoride 
or similar compound carrying with it the plutonium. In 
any event sufficient lanthanum is introduced into the solu 
tion to produce a precipitate which substantially com 
pletely removes the plutonium. This lanthanum fluoride 
precipitate is next washed with dilute sodium hydroxide 
metathesized with strong alkali, and then the metathesized 
product is washed with water. The product is next dis 
solved in a small volume of nitric acid to give a solution 
of plutonium whose volume may be of the order of 
10,000 fold less than the volume of the original plu 
tonium-containing solution. At this point in the process, 
the plutonium is converted in a known nanner to a rela 
tively insoluble compound such as the peroxide or the 
iodate thereby effecting separation thereof from the dis 
solved lanthanum by direct precipitation without car 
rier. Also in this connection it will be noted that, while 
the original solution employed is very low in fission prod 
luct concentration, the solution ultimately obtained has 
been further decontaminated. Generally, the extent to 
which additional fission products have been removed from 
the solution thus treated may be represented by a decon 
tamination factor of between about 100 and 1,000. 
Our invention may be further illustrated by the foll 

lowing specific example: 
Example 

10 g. of lanthanum fluoride together with 100,000 
counts per minute of plutonium were precipitated by 
the addition of hydrofluoric acid to 40 liters of a plu 
tonium-containing solution whose original fission product 
concentration had been decreased to the extent of a fac 
tor of 10,000, and to which had been added lanthanum 
nitrate. After washing the resulting precipitate, with 1 N 
sodium hydroxide to remove excess fluoride ions, it was 
reacted with four times its volume of 10 N potassium hy 
droxide for a period of about two hours at a temperature 
of between 75 and 100° C. in order to convert the 
lanthanum fluoride to lanthanum hydroxide. The pre 
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4 
cipitate thus obtained was next washed three times with 
water, the volume of each portion employed being about 
three times the volume of the precipitate. The washed 
precipitate was then dissolved in concentiated nitric acid 
in the presence of about 3 g. of zirconium nitrate to give 
a solution of 150 ml., the lanthanum concentration being 
70 mg. per ml. The small quantity of undissolved pre 
cipitate which was removed at this stage contained rela 
tively little plutonium and was discarded. The pH of 
the solution was then adjusted to a value of about 2 and 
thereafter columbic oxide was introduced in an amount 
equivalent to that which, if soluble, would yield a solu 
tion 0.005 M in columbic ion. Columbic oxide was 
then allowed to settle out of solution carrying with it 
the plutonium. This precipitate, which had a volume of 
30 ml, was then washed four times with 100 ml, por 
tions of 0.001 N Sulfuric acid. It was next transferred 
to an acid resistant tube and hydrofluoric acid added 
thereto. That portion of the lanthanum which had not 
been extracted by washing the columbic oxide precipitate 
with dilute sulfuric acid, precipitated as the fluoride car 
rying with it the plutonium. This precipitate was washed 
with 1 N sodium hydroxide to remove excess fluoride 
ions, metathesized with 10 N potassium hydroxide, and 
then washed three times with water. The metathesized 
precipitate was next dissolved in concentrated nitric acid, 
the final volume of the solution which contained 81 per 
cent of the plutonium originally present, being 4 ml. 
The table appearing below shows the distribution of 

plutonium in terms of percent of total plutonium at vari 
ous stages throughout the process, employing a solution 
containing sufficient plutonium to provide a concentra 
tion of 100,000 counts per minute. 

Percentage 
of Tota 
recovered 
activity 

Activity not precipitated by Cb205------------------------ 3.4 
1st Cb2Oswash---- 4,7 
2nd Cb2O5 wash.--- 1.6 
3rd & 4th wash.---- - - - 4.7 

Percentage concentration not precipitated by second LaFa 
precipitation step---------------------------------------- 3.3 

Supernatant from KOF metathesis and EI2O washes.------- 0.9 
Plutonium recovered in final Solution.---------------- - - - 80 
Plutonium in insoluble residue----------------------------- 0.9 

It will be apparent to those skilled in the art that the 
process of our invention is susceptible of numerous alter 
ations and modifications and that such changes can be 
made without departing from the scope thereof. For ex 
ample, the process may be conducted in an alternate 
manner by first removing plutonium from this solution 
with columbic oxide and dissolving columbic oxide and 
plutonium in a suitable solvent such as oxalic acid to 
form a solution of smaller volume than that from which 
the plutonium was initially removed by the columbic 
oxide. Thereafter, this second solution may be treated 
with lanthanum as herein described to precipitate an in 
soluble lanthanum compound, such as lanthanum fluo 
ride, oxalate or hydroxide, and to remove the plutonium 
'from solution. This process may be repeated, alternately 
using columbic oxide and an insoluble lanthanum com 
pound carrier and progressively forming a more concen 
trated solution of plutonium. While the process may be 
performed in a manner such that the carriers are precipi 
tated in situ in the plutonium solution as previously de 
scribed, this is unnecessary since the carrier precipitate 
may be preformed and introduced into the solution in 
which they are to be used, if desired. Moreover, while 
it is generally found preferable to subject to treatment 
solutions which have been previously treated for decon 
tamination at least to a partial degree, from radioactive 
fission products, it is also possible to subject a solution of 
neutron irradiated uranium or any other solution of plu 
tonium and radioactive fission products to treatment as 
herein contemplated without the use of any other puri 

  

  



5 
fication or decontamination. Therefore, it is to be strictly 
understood that the above example is to be construed as 
merely illustrative and not limitative of our invention. 
In general, it may be said that our invention is to be con 
sidered generally applicable to the concentration and puri 
fication of dilute solutions of plutonium which may or 
may not contain, fission products. 
Our invention now having been described, what we 

claim is: 
1. A process for the recovery of plutonium values in 

a concentrated form from a solution containing plutonium 
compounds which comprises adding to the resulting solu 
tion a soluble lanthanum compound, converting the lan 
thanum to a substantially water insoluble compound 
whereby plutonium values are carried down therewith, 
dissolving the resulting lanthanum carrier containing the 
plutonium values in a smaller volume of solvent than was 
utilized to dissolve the original solution containing plu 
tonium, adding to the solution thus formed a source of 
columbium in the pentavalent state, precipitating the co 
lumbium as columbic oxide thereby carrying down plu 
tonium values with it, dissolving the columbic oxide car 
rier and said plutonium values in a volume of solvent 
which is less than that of the solution from which said 
columbium oxide was precipitated, and repeating the 
above cycle to effect further purification and volume re 
duction. 

2. in a process for the recovery of plutonium values in 
a more concentrated form from compositions containing 
plutonium compounds and a substantially water-insoluble 
lanthanum carrier, the steps which comprise dissolving 
said plutonium compounds containing lanthanum carrier, 
removing the plutonium values from the resulting solu 
tion with the aid of a columbic oxide carrier while main 
taining the lanthanum carrier in solution, dissolving the 
columbic oxide carrier containing the plutonium values in 
a volume of solvent smaller than that represented by the 
original lanthanum carrier plutonium solution, and renov 
ing the plutonium, values from the solution thus formed 
by means of a lanthanum carrier while maintaining the 
columbium values in solution. 

3. In a process for the recovery of plutonium values in 
a concentrated solution containing plutonium compounds, 
the steps which comprise adding to the solution a soluble 
lanthanum compound, converting the lanthanum to a 
substantially water insoluble compound whereby the piu 
tonium values are carried down therewith, dissolving the 
resulting lanthanum carrier containing said plutonium 
values in a smaller volume of solvent than was utilized 
to dissolve the original solution containing plutonium and 
carrier, adding to the solution thus formed a source of 
columbium in the pentavalent state, precipitating the co 
lumbium as columbium oxide thereby carrying down said 
plutonium values with it, and dissolving the columbium 
oxide carrier containing said plutonium in a volume of 
solvent which is less than that from which the columbium 
oxide was precipitated. 

4. A process for the recovery of plutonium values in 
a more concentrated solution containing plutonium com 
pounds, and a relatively low concentration of compounds 
of fission products, which comprises dissolving said plu 
tonium values contained in a carrier precipitate, adding 
to the resulting solution a soluble lanthanum compound, 
converting the lanthanum to a substantially water insol 
uble compound, whereby said plutonium values are car 
ried down therewith, dissolving the resulting lanthanum 
carrier containing said plutonium values in a smaller vol 
ume of solvent than was utilized to dissolve the original 
solution containing plutonium, adding to the solution thus 
formed a source of columbium in the pentavalent state, 
precipitating the columbium as a columbic oxide thereby 
carrying down said plutonium values with it, dissolving 
the columbic oxide carrier containing said plutonium 
values in a volume of solvent which is less than that of 
the solution from which said columbium oxide was pre 
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cipitated, and repeating the above cycle to effect further 
purification and volume reduction. 

5. A process for the recovery of plutonium values in 
a more concentrated form from a composition contain 
ing plutonium compounds, a carrier, and a relatively low 
concentration of compounds of fission products, which 
comprises dissolving said composition, adding to the re 
sulting solution a soluble lanthanum compound, convert 
ing the latter to insoluble lanthanum fluoride whereby 
said plutonium values are carried down therewith, dis 
solving the resulting precipitate in a smaller volume of 
solvent than was utilized to dissolve the aforesaid com 
position, adding preformed columbic oxide to the solu 
tion thus formed, removing said columbic oxide and the 
plutonium values adsorbed thereon from said solution, 
dissolving the columbic oxide carrier containing said 
plutonium values in a volume of solvent which is less 
than that from which said plutonium values were pre 
cipitated and repeating the above cycle to effect further 
purification and volume reduction. 

6. In a process for the recovery of plutonium values 
in a more concentrated form from a composition com 
prising plutonium compounds, lanthanum fluoride car 
rier, and a relatively low concentration of compounds 
of fission products, the steps which comprise dissolving 
said composition, adding to the resulting solution a solu 
ble lanthanum compound, converting the latter to in 
soluble lanthanum fluoride whereby said plutonium 
values are carried down therewith, dissolving the result 
ing precipitate in a smaller volume of solvent than was 
utilized to dissolve the aforesaid composition, adding 
columbic acid to the solution thus formed whereby it 
precipitates as columbic oxide, removing said columibc 
oxide and the plutonium values adsorbed thereon from 
said solution, and dissolving the columbic oxide carrier 
containing said plutonium values in a volume of solvent 
which is less than that from which said columbic oxide 
was precipitated. 

7. A process for the recovery of plutonium values in 
a more concentrated and purified form from a composi 
tion comprising a lanthanum fluoride carrier, plutonium 
compounds, and a relatively low concentration of com 
pounds of fission products, which comprises converting 
said lanthanum fluoride to lanthanum hydroxide by 
metathesis with an alkali metal hydroxide, dissolving the 
lanthanum hydroxide thus formed in nitric acid, adding 
columbic acid to the resulting solution to form columbic 
oxide which precipitates carrying with it said plutonium 
values and fission product values, dissolving this precipi 
tate in a volume of hydrofluoric acid smaller than the 
volume of the solution from which said columbic oxide 
was precipitated, forming in this solution a lanthanum 
fluoride carrier thereby removing said plutonium values 
from said solution, and repeating the above cycie to 
effect further purification and volume reduction. 

8. A method of obtaining a concentrate of plutonium 
values which comprises contacting aqueous solution of 
plutonium compounds with a substantially water in 
soluble lanthanum compound whereby the plutonium 
values in the solution become associated with the lan 
thanum compound, removing the insoluble lanthanum 
compound together with the associated plutonium values, 
dissolving said plutonium values to form a second aqueous 
solution of smaller volume than the first named aqueous 
solution and removing said plutonium values from the 
second solution by contacting the second solution with 
columbic oxide. 

9. A method of obtaining a concentrate of plutonium 
compounds which comprises contacting aqueous solution 
of plutonium values with columbic oxide whereby the 
plutonium values in the solution become associated with 
the columbic oxide, removing the insoluble columbic 
oxide together with the associated plutonium values, 
dissolving the plutonium values to form a second aqueous 
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solution of smaller volume than the first named aqueous 
solution and removing said plutonium values from the 
second solution by contacting the second solution with a . 
substantially water-insoluble lanthanum compound. 

10. A process for the recovery of plutonium values 
in a more concentrated and purified form from a compo 
sition comprising a lanthanum fluoride carrier, plu 
tonium compounds, and a relatively low concentration 
of compounds of fission products, which comprises con 
verting said lanthanum fluoride to lanthanum hydroxide 
by metathesis with an alkali metal hydroxide, dissolving 
the lanthanum hydroxide thus formed in nitric acid, add 
ing columbic acid to the resulting solution to form co 
lumbic oxide which precipitates carrying with it said 
plutonium values and fission product values, dissolving 
this precipitate in a volume of oxalic acid smaller than 
the volume of the solution from which said columbic 
oxide was precipitated, forming in this solution a lan 
thanum fluoride carrier thereby removing the plutonium 
values from said solution, and repeating the above cycle 
to effect further purification and volume reduction. 

11. A process for the recovery of plutonium values 
in a more concentrated and purified form from a com 
position comprising a lanthanum fluoride carrier, plu 
tonium compounds, and a relatively low concentration of 
compounds of fission products, which comprises con 
verting said lanthanum fluoride to lanthanum hydroxide 
by metathesis with an alkali metal hydroxide, dissolving 
the lanthanum hydroxide thus formed in nitric acid, 
adding columbic acid to the resulting solution to form 
columbic oxide which precipitates carrying with it said 
plutonium values and fission product values, dissolving 
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this precipitate in a volume of potassium hydroxide 
smaller than the volume of the solution from which said 
columbic oxide was precipitated, forming in this solu 
tion lanthanum hydroxide carrier thereby removing the 
plutonium values from said solution, and repeating the 
above cycle to effect further purification and volume 
reduction. 

12. A process for the recovery of fission products, 
and for the concentration of plutonium values, which 
comprises dissolving a carrier precipitate containing plu 
tonium values and fission product values, adding to the 
resulting solution a soluble lanthanum compound, con 
verting the lanthanum to a substantially water-insoluble 
compound whereby said plutonium values and a portion 
of said fission product values are carried down therewith 
leaving the balance of the fission product values in the 
solution in an uncontaminated state, dissolving the re 
sulting lanthanum carrier containing said plutonium 
values and fission product values in a smaller volume of 
solvent than was utilized to dissolve the original solu 
tion containing plutonium values, adding to the solution 
thus formed a source of columbium in the pentavalent 
state, precipitating the columbium as a columbic oxide 
thereby carrying down said plutonium values with it 
and leaving the balance of the fission product values in 
solution in an uncontaminated state, and dissolving the 
columbic oxide carrier containing said plutonium values 
in a volume of solvent which is less than that of the 
solution from which said columbium oxide was pre 
cipitated. 

No references cited. 
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