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This invention relates to a procedure for processing of 

materials containing the element of atomic number 94, 
known as plutonium, and for separating the plutonium 
from extraneous matter such as substances of the kind 
present in neutron irradiated uranium, exemplified by 
uranium and especially fission products and the like 
radioactive contaminants. More particularly, this in 
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vention concerns improvements in certain phases of a . 
separatory and concentration procedure involving the 
use of a bismuth phosphate carrier wherein certain im 
proved procedure is employed in forming the carrier. 
As described herein, the isotope of element 94 having 

a mass of 239 is referred to as 94989 and is also called 
plutonium, symbol Pu. In addition, the isotope of 
element 93 having a mass of 239 is referred to 
as 93289. Reference herein to any of the elements is 
to be understood as denoting the element generically, 
whether in its free state or in the form of a compound, 
unless indicated otherwise by the context. 

Elements 93 and 94 may be obtained from uranium 
by various processes which do not form a part of the 
present invention, including irradiation of uranium with 
neutrons from any suitable neutron source, but preferably 
the neutrons, used are obtained from a chain reaction 
of neutrons with uranium. 

Naturally occurring uranium contains a major portion 
of 92U238, a minor portion of 92U8, and small amounts 
of other substances such as UX1 and UX2. When a mass 
of such uranium is subjected to neutron irradiation, 
particularly with neutrons of resonance or thermal en 
ergies, 9 J288 by capture of a neutron becomes 92U89, 
which has a certain half-life and by beta decay becomes 
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93.239. This 93.239, has a certain half life and by beta decay 
becomes 94239. Thus, neutron irradiated uranium may 
contain both 93289 and 94239, but by storing such irradi 
ated uranium for a suitable period of time the 93289 is 
converted almost entirely to 94289. 

In addition to the above-mentioned reaction, the re 
action of neutrons with fissionable nuclei such as the 
nucleus of U235 results in the production of a large 
number of radioactive fission products. As it may be 
undesirable to produce a large concentration of these 
fission products which must, in view of their high radio 
activity, be separated from the 94289 and further as the 
weight of radioactive fission products present in neu 
tron irradiated uranium is proportional to the amounts 
of 93289 and 94239 formed therein, it is preferable to dis 
continue the irradiation of the uranium by neutrons when 
the combined amounts of 93289 and 9489 reach a prede 
termined percentage by eight of the uranium mass, at 
which concentration of these substances the concentra 
tion of fission elements which must be removed is approxi 
mately the same percentage. 
A number of processes have already been proposed 

for accomplishing the separation and concentration of 
Pu. One type of these processes is generically known as 
the “bismuth phosphate” type process. These processes 
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are the inventions of others and the details of the processes 
are described in copending applications, for example, 
App. Ser. No. 519,714, filed January 26, 1944, and now 
Patent No. 2,785,951, granted March 19, 1957, to be 
referred to hereinafter, which gives details relative to the 
aforementioned bismuth phosphate process. Conse 
quently, all of the details of operation of the aforemen 
tioned processes are not described herein. 
As set forth in said application Ser. No. 519,714, it 

has been discovered that the element Pu, under the 
proper conditions, can exist in aqueous solution in either 
of two oxidation states. In the lower of these two oxida 
tion states, the Pu is in a form which is very efficiently 
carried from solution with "fluoride insoluble' or "phos 
phate insoluble' precipitation carriers, such as the rare 
earth fluorides or the phosphates of bismuth, zirconium 
or lanthanum. 

It has been found that plutonium present in a solu 
tion acidified with an acid such as nitric, sulphuric, or 
hydrochloric and in the absence of strong oxidizing agents, 
or preferably in the presence of a reducing agent such 
as sulphur dioxide, can be substantially carried out of 
solution by co-precipitation with some insoluble rare 
earth compound, such as lanthanum or cerium fluoride, 
or with certain insoluble phosphates, such as the phos 
phates of bismuth, lanthanum and zirconium. Rare 
earth iodates and oxalates are also efficient materials 
for Substantially carrying plutonium out of solution under 
these conditions. Thorium fluoride, iodate or oxalate 
also are efficient carriers for plutonium under these 
conditions. The plutonium, when it is in this carriable 
condition, is in the oxidation state of -4. The oxidation 
state of plutonium in this condition may be referred to 
as the "fluoride insoluble' or "phosphate insoluble” state. 

In sharp contrast to this "fluoride insoluble” or “phos 
phate insoluble' state of plutonium, it has been found 
that the addition to the acid solution of a strong oxidizing 
agent, such as peroxydisulphate ion (SOs), plus silver 
ion as a catalyst, leads to the oxidation of the plutonium 
to an oxidation state in which it is not carried by rare 
earth or thorium fluoride, iodate or oxalate or by the 
phosphates or bismuth, zirconium or lanthanum, when 
these are precipitated from the solution. Under these 
conditions, the plutonium is oxidized to a --6 oxidation 
state; such plutonium in solution may be referred to as 
being in the “fluoride soluble' or "phosphate soluble' 
oxidation state. It has been found that a number of 
oxidizing agents are capable of oxidizing the plutonium 
from the "fluoride insoluble" or "phosphate insoluble" 
oxidation state to the "fluoride soluble' or "phosphate 
soluble' state, and the oxidizing potential required for 
this change amounts to about -1.0 volt on the Latimer 
Scale of oxidation potentials. For example, it has been 
found that permanganate, periodate, dichromate and ceric 
ions in acid solutions can be used to effect this oxidation. 
It has also been found that reducing agents lying above 
the potential of about -1.0 on the Latimer scale can 
effect reduction from the "fluoride soluble" or “phosphate 
soluble' oxidation state to the "fluoride insoluble' or 
"phosphate insoluble' state. 
That is, by having the metal as Put-4, a product precipi 

tation or extraction may be accomplished in which a 
carrier precipitate brings down the Put-4, leaving behind 
in solution a substantial portion of fission product and 
other sources of contamination. However, some of the 
activity may be carried along with the precipitate or other 
wise may be occluded with the Put-4. Certain con 
taminants such as barium, columbium, zirconium, and 
lanthanum activities may be quite difficult to separate 
from Pu. 
The carrier precipitate containing Put, after suitable 
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dissolution, is oxidized so that Put-6 is obtained which 
remains in solution. A by-product carrier precipitate, 
such as a bismuth phosphate by-product precipitate, under 
the oxidizing conditions carries down fission products, 
leaving the Put in solution. However, in this step some 
contaminants may not separate out so that the solution 
remaining, which containas the Put-6, may still be con 
taminated, although in some smaller amounts. These 
various cycles may be repeated several times until sufi 
cient decontamination is accomplished. It should be kept 
in mind that, since the Pu is in an environment of radio 
activity which may give many million of counts per 
minute per milligram of fission product present, the rapid, 
clean-cut separation of the Pu presents a considerable 
problem. 
While prior processes have been carried out satis 

factorily and give Pu recovery, in certain phases some 
difficulties have been, or may from time to time be ex 
perienced. For example, it has been noted that when the 
content of fission products runs high, the losses of Pu 
in some of the steps, such as in the by-product precipita 
tion with a bismuth phosphate carrier, may be greater. 
Without wishing to be bound by any explanation of 
mechanism or theory of the reason for this loss, it is 
possible that the various fission components adsorb or 
occlude Pu. Consequently, when the by-product precipi 
tate is formed, which carries down the fission products, 
this Pu may also be carried down either due to the afore 
mentioned attachment or due to the fact that it is in 
hibited from oxidation which would place it in a soluble 
state. In some instances the bismuth phosphate carrier 
precipitated does not settle very fast and consequently 
the precipitation step may consume considerable time. 
Or the bismuth phosphate precipitate may be so finely 
divided that in industrial operations it may be difficult 
or time consuming to dissolve all of the finely divided 
separated precipitate from the centrifuge bowl. 

I have found that the aforementioned separatory and 
recovery processes illustrated by the bismuth phosphate 
type of process, may have included therein changes and 
additions for improving such processes. These improve 
ments may bring about a faster settling bismuth phosphate 
precipitate and other better physical characteristics. That 
is, the precipitate may becaused to be formed in a more 
granular condition so that difficulties due to packing or 
gelatinous character are minimized, thereby facilitating 
Washing and redissolving. In the instance of by-product 
precipitation, certain operations in accordance with the 
present invention may be carried out which permit better 
oxidation and aid in reducing Pu loss in the by-product 
precipitation. 

The meaning of the terms product and by-product 
precipitate, bismuth phosphate type of process, oxidation, 
redissolving, direct and reverse strikes, product, and 
similar terms are apparent to some extent from the pre 
ceding description and will be further apparent as the 
description proceeds. 

This invention has for one object to provide improve 
ments in methods for the separation and recovery of 
plutonium. 

Another object is to provide improvements in methods 
of forming the bismuth phosphate type of carrier pre 
cipitate. 

Still another object is to provide methods for forming 
an improved bismuth phosphate carrier precipitate having 
better properties such as a faster settling rate and a struc 
ture capable of better washing and redissolving. 

Another object is to provide a bismuth phosphate pre 
cipitation cycle which may be accomplished in a shorter 
period of time yet which adequately functions as respects 
the plutonium recovery. 

Another object is to provide procedure for minimizing 
losses of plutonium in recovery processes where either 
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4. 
relatively high as compared with the contents heretofore 
encountered. 
A still further object is to provide steps which lend 

themselves to combination with steps already known or 
practiced. 
Another object is to provide a type of process which 

may employ materials used in existing processes, but with 
more efficient action, which may be carried out in exist 
ing equipment and which is generally similar to existing 
practice, as respects some of the operations. 

Other objects will appear hereinafter. 
In order to further illustrate a typical process which my 

invention may be applied to and some of the points in 
such process where the invention has particular value, 
such an illustrative process is described below. This illus 
trative process is also described for defining in further 
detail features such as bismuth phosphate product precipi 
tation, bismuth phosphate by-product precipitation and 
the like, thereby making it unnecessary in the examples 
which later follow to repeat such description in detail. 

Neutron irradiated uranium is dissolved in a suitable 
quantity of solvent, such as 60-70% nitric acid, giving 
a uranyl nitrate solution containing plutonium. The solu 
tion is subjected to treatment with an agent such as sodium 
nitrite, formic acid, HO, oxalic acid or the like in excess 
for a period of about one hour at a temperature from 
50° C. to 75° C. whereby any of the Pu which may have 
been oxidized to the Put state in the solution step is re 
duced to the Put-4 state, hydrazine is eliminated or other 
action takes place. The concentration of the solution, 
determined on the basis of uranyl nitrate hexahydrate, is 
adjusted to 20% and reagents such H2SO4 and fluosilicic 
acid are added. - 
To the solution is now added a source of bismuth ion 

to provide a concentration of bismuth ion equivalent to 
10 grams of Bit-3 ion in four liters of the uranyl nitrate 
solution having a concentration of 20% on the basis of 
uranyl nitrate hexahydrate; phosphoric acid is also in 
corporated to make the solution between .3-.8M therein, 
and a precipitate comprising BiPO4 which carries the 
Put-4 comes down and is separated from the solution by 
filtration or centrifugation. This illustrates reduction 
and an extraction or product precipitation. As will be 
described in detail hereinafter, the composition of bismuth 
reagent and the manner of forming the bismuth phosphate 
carrier applicable at this point in the process are preferably 
in accordance with the present invention. Consequently, 
this product precipitation step represents, in such pro 
cesses, one phase where the present invention may be 
applied. 
The BiPO precipitate carrying the Pul-4, whether 

formed by the procedure of the present invention or by 
existing practice, is dissolved in 10 N HNO3. The 
acidity of the solution is reduced to 6. NHNO by dilu 
tion and the solution is made.1 M in KCr2O7. Sodium 
bismuthate, and various other oxidizing agents may also 
be used. On heating the solution at 95° C. for 2.25 
hours, the plutonium is oxidized to the Put-6 state. The 
solution is then diluted to 1 N acidity by addition cf 
water, and HPO is added to provide a suitable phosphate 
ion concentration for causing the formation of a BiPO4. 
by-product precipitate. The resulting solution is heated 
to about 90° C. whereupon BiPO, precipitates, carrying 
fission products; and preferably none of the Put-6. The 
precipitate, may be removed by filtration or centrifuga 
tion and discarded. This illustrates oxidation arid a by 
product precipitation. Likewise at this point; informing 
a bismuth phosphate by-product precipitate, the proce 
dures of the present invention may be utilized, such as 
the incorporation of the Bi reagent in an acid medium of 
high normality and the incorporation of the Bi in several 
additions. - 

In conjunction, with by-product precipitation, a proce 
dure termed. Scavenging may sometimes: also be carried 

or both the plutonium and fission concentrations may be 75 out. However, it is unnecessary to go into detail on this 
  



5 
feature as the present invention is applicable in all such 
existing processes whether they are exactly as described 
above or vary somewhat therefrom. . . . . . . . 

If repetition of the cycle is contemplated for further 
decontamination, the Put-6 in the filtrate is reduced by 
introducing a rapid stream of SO2 gas for five minutes 
and allowing the solution to stand for approximately one 
hour, or by oxalic acid, Fet or similar reduction, and 
the cycle is suitably repeated. 
As indicated, certain of the operations for obtaining 

the bismuth phosphate product and by-product precipi. 
tates or other carrier precipitates are not limitations on 
the present invention. The product precipitation under 
Put-4 conditions, as indicated, may be accomplished by 
using any of a number of reducing agents of which sulfur 
dioxide, hydrogen peroxide, oxalic acid, sodium nitrite, 
ferrous iron, and the like are mentioned for illustration. 
Likewise the by-product precipitation under Put-6 condi 
tions, as indicated, may be accomplished by a number of 
oxidizing agents for obtaining the Put-6 state. Dichro 
mates, bismuthates, permanganates and the like are men 
tioned for illustration, 

It will be further noted in forming the bismuth phos 
phate carriers that this may be accomplished by either 
adding the source of phosphate ions to a solution already 
containing the bismuth ions or by adding the source of 
bismuth ions to the liquid containing phosphate ions. In 
the art, it has been customary to define such procedures 
by the terms "direct strike' and "reverse strike.' In the 
direct strike bismuth phosphate is precipitated by adding 
the source of phosphate ions to the plutonium containing 
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liquid which also contains bismuth ions as well as sulfuric 
acid and the other components referred to above. In the 
reverse strike the bismuth reagent is added to the plu 
tonium containing liquid which also contains the phos 
phate ions and other components. Under existing opera 
tions the so-called direct strike has been used in many 
instances because of the coarsely crystalline and more, 
readily soluble bismuth phosphate carrier obtained. 

Also it will be noted that the solutions containing Pu 
which may be treated by my invention may be the same 
type of solutions as heretofore treated, or may be solu 
tions in which the concentrations of components are much 
higher. As apparent from the foregoing, one common 
type of solution containing Pu subject to separation and 
recovery procedures comprises a nitric acid containing 
liquid having a content of Pu therein. The nitric acid 
solution also contains other materials such as radioactive substances. 
The description is now directed, in particular, to some 

of the features of the present invention. As has been 
indicated, this invention relates to improving the efficiency 
of bismuth phosphate processes. As described above, 
bismuth phosphate carrier precipitates may be used both 
for decontamination when the materials to be treated are 
under oxidation conditions and for the carrying of Pu 
when the materials are under reducing conditions. How 
ever, in carrying out the aforementioned steps, some 
losses of product and other difficulties have been 
encountered. ... ." 

In respect to the bismuth phosphate product precipi 
tates by a direct (H3PO) strike, it has been observed that 
the loss of Pu product in some instances may be several 
percent. In accordance with the present invention, it is 
found that such loss may be reduced to less than 1% by 
the following type of procedure for forming the bismuth 
phosphate product precipitate under reducing conditions. 
It has been found that in general a direct strike followed by 
a reverse, Bi(NO3)3, strike gives better recovery. Or, a 
reverse strike may be employed alone and carried out by 
making partial additions. That is, a Pu containing solu 
tion is heated to 75 C. and two-thirds of the bismuth 
added as a Bi(NO3)3 reagent. Next, all of the phos 
phoric acid is added over a half hour period. This pre 
cipitates the bismuth and leaves a solution having excess 
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phosphoric acid. The remainder, namely the last one 
third of the bismuth is then added. The mixture is di 
gested for two hours at 75° C. By such procedure the 
loss of Pu in the supernatant liquor is only .4%. 
A similar procedure may be carried out in which a 

greater amount, namely, nine-tenths, of the bismuth is 
added before the phosphoric acid addition and one-tenth 
is added afterward. A Pu loss of only .84% is encoun 
tered. The foregoing is generally illustrative of one 
aspect of the present invention. 

It has also been found that the concentration of the 
acid of the bismuth addition as a Bi(NO) reagent, 
namely, the normality of the HNO3, may be chosen so as 
to give a bismuth phosphate precipitate of a certain crys 
tal size, and a bismuth phosphate precipitate which set 
tles relatively rapidly may be obtained. That is, it has 
been discovered that in certain instances it may be de 
sirable to add the bismuth reagent in nitric acid solution 
having a concentration within the range of 4 N to 10 N 
HNO rather than 2 N to obtain a bismuth phosphate 
precipitate that settles reasonably fast (in less than 8 
minutes). Usually, 5 or 6 N would be preferred as the 
bismuth reagents at the higher acid concentrations may 
tend to solidify. For example, a bismuth reagent in 7 N 
HNO freezes at about 21 C. Also, in general it was 
found that better precipitation might be obtained if there 
is excess phosphoric acid present in the solution when the 
addition of bismuth reagent is made. A system in which 
there is excess phosphoric acid rather than excess bismuth 
ions appears better for precipitation. 

It has also been found, in accordance with one feature 
of the present invention, that small additions of fluorides 
such as sodium fluoride in conjunction with the forma 
tion of a bismuth phosphate by-product precipitate may 
reduce any Pu loss. This, primarily, may be due to the 
solvent action of the fluoride addition dissolving off oc 
cluded Pu, permitting its oxidation and/or preventing its 
being carried on the bismuth phosphate by-product pre cipitate. 
The several features of the present invention generally 

described above will be further apparent from a con 
sideration of the following specific examples. 

EXAMPLE I, 

The runs under this example were carried out for illus 
trating the effect of the acidity of the bismuth reagent 
in controlling the character of the bismuth phosphate 
precipitate obtained. It was found that the particle size 
of the bismuth phosphate formed was related to the 
acidity of the medium in which the bismuth ions were 
added. A faster settling precipitate which had less tend 
ency to pack and resist washing or dissolving was formed 
by using Bi(NO3)3 having a high acid content. 

In this example, the usual amount of bismuth, namely 
2.5 g/l. was incorporated, but the nitric acid content of 
the medium in which the bismuth ions were contained 
varied from 2 N to 7 N. In keeping with usual pro 
cedure, the bismuth phosphate precipitation was accom 
plished by making the environment.8 M in phosphoric 
acid. Likewise, all other steps were in keeping with the 
usual operations for forming-bismuth phosphate precipi 
tates as described earlier herein. . . . . . . - 

The results of these several runs are given in the fol 
lowing table: 

Table I 

Reverse Strikes 

NO3 concentration of Bit-3 Soln.------------- 2N Settling time of precipitate in nins----------- 240 
4N 
29 

7 N 
8. 

From the foregoing table, it may be seen that if the 
bismuth is added as a 5 N-7N nitric acid solution instead 
of the lower normality nitric acid solution heretofore: 
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used, the bismuth phosphate carrier obtained has a more 
favorable settling rate. 

EXAMPLE II 
In accordance with this example, the method of form 

ing the bismuth phosphate precipitate was varied from 
the usual procedures in that a portion of the bismuth 
was first added and then all of the phosphoric acid con 
tent was incorporated, over about a half-hour, followed 
by the addition of the remainder of the bismuth. In this 
example the normality of the nitric acid and the normality 
of the phosphoric acid were in keeping with usual opera 
tions. That is, the 5-7 normality described under Ex 
ample I was not employed in this particular study but 
may be employed for still further improving the process, 
if desired. The precipitates were digested at 75 C. and 
the precipitations were carried out in 25-12 stainless steel 
containers. 
The Pu containing solution in each run was the same 

type, namely, a formic acid reduced solution, reduced at 
a concentration of 40% on the basis of uranyl nitrate 
hexahydrate, and had the same relatively high fission 
product content. Likewise, all the other steps for ob 
taining precipitate were as usual and in keeping with 
thcse described earlier herein. 
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tically identical in settling and solubility characteristics. 
On this basis in general, therefore, the 5N HNO solu 
tion is preferred. 
A number of runs have been carried out utilizing bis 

muth phosphate carrier precipitates both in accordance 
with existing procedures and in accordance with the spe 
cial procedures for formation of bismuth phosphate pre 
cipitates by the several additions of the present invention 
applied to plutonium containing solutions containing the 
usual content of fission activity and also fission activity 
Several times that heretofore encountered such as content 
of fission activity at least twice or three times usual. It 
has been noted that the losses of Pu in the by-product pre 
cipitation may increase with larger fission activity. This 
increase may occur irrespective of whether bismuth phos 
phate precipitates were formed by existing practice or by 
the practice of the present invention. While the use of 
the method of formation of the bismuth phosphate of the 
present invention and the higher normality of the acid in 
the bismuth reagents improved the settling rate and char 
acter of the bismuth phosphate precipitate as described, 
still there may be a small loss of the Pu in a bismuth 
phosphate by-product carrier precipitates. 

In accordance with the next example there are de 
The results of these several runs are summarized and ' S.EElena addition whichi 5. been 

compared with the control in the following table: g any su S. e - 
Table 2 

- Grams, Bit-3/l, in Percent Puin Waste 
Size of Runs Type of Strike Strike Reagent 20% Extraction Liquor, 

in m.fl. UO2(NO3)2.62O (Product) percent Precipitate 

-- Direct------------------- HPO4 2.5 91.4 over 8 
-- Combination: Direct- H3PO4250 g.fl. Bits 2.5 98.6 0.4 

26; Reverse-3. -2N HNO3 
100------------ Combination: Direct- E3PO 250 g.fl. Bit-3 2.5 99.7 0.84 

-2N ENO 0.9; Reverse-0.1. 

The preceding examples have shown that the character 
of the bismuth phosphate precipitate can be varied by 
the control of the normality of the acid medium in which 
the bismuth ions are contained and/or by the manner of 
fractionally incorporating the bismuth ions as respects the 
phosphoric acid. 

40 

EXAMPLE III 
Inasmuch as it was noted that the tendency of bismuth 

nitrate to crystallize increases as the acid content in 
creases, in this example runs were made to study the cor 
relation between the temperature of crystallization and 
the nitric acid concentration. The results of this study 
are tabulated below: 

50 

Table 3 

Temperature of 
Crystallization 
Bi(NO3)3.5H2O 

HNO3 Concentration 55 

9 
14 
2. 27 60 

Because of the compartively high crystallization tem 
perature of the 7 N HNO3 solution (250 g. Bi/l.) it is 
preferable from the standpoint of greater temperature 
latitude on storage of the bismuth solution to use a solu 
tion 5 N in HNO rather than 7 N or to lower the bis 
muth content below 250 grams per liter. The latter, how 
ever, is not preferred because it might unnecessarily in 
crease the amount of nitric acid added to the uranyl ni 
trate solution. It has been found as indicated above that 
the effects of the HNO concentration of the bismuth 
solution used in the direct strike do not appear to vary 
much over the acidity range of 5 N to 7 N in that BiPO, 
precipitates obtained over this range appear to be prac- 75 
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stances the loss may be relatively small at this point in 
the process and regardable as insufficient to require the 
addition of any supplemental reagent industrially. That 
is, various batches may have different specifications and 
other similar factors involved, hence such supplemental 
additions may be regarded as optional. 

However, even in instances where the loss was small, 
it was found that the addition of supplemental reagents 
in accordance with the present invention generally cut 
such losses at least 50 percent. 

EXAMPLE IV 
In accordance with this example the Pu containing 

Solution was treated by a bismuth phosphate by-product 
carrier precipitate formation, excepting that in certain 
of the runs a Small content of sodium fluoride was in 
corporated. In some of the runs the content of fission 
products was usual and in others there was at least three 
times the usual quantity of fission activity. Results of 
these several runs under this example are shown in the 
following table: 

Table 4 

Usual 3 times Usual 3 times 
Fission usual Fission usual 
Activity Activity activity Activity 

Sample (No fluor- (No fluor- (0.03N (0.03N 
ide added), ide added), NaF NaF. 
Percent Percent added), added), 
Pu Pl Percent Percent 

P P 

Extraction Precipi 
tate---------------- 100 00 00 100 

.85 4.8 0.76 0.84 tate---------------- 

The extraction precipitate referred to in the table com 
prised a bismuth phosphate carrier precipitate formed 
in a solution containing Put?. This precipitate con 
taining Pu was dissolved in nitric acid, diluted and oxi 
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dized with oxidizing agents in accordance with existing 
practice as described earlier herein. A bismuth phos 
phate by-product precipitate was formed by incorporat 
ing bismuth ions and phosphate ions. The differences 
exemplified in the runs of the table were that in some 
of the runs a small content of sodium fluoride was pres 
ent during the oxidation step and during the by-product 
precipitate formation. As may be observed from the 
table, the loss of Pu in the by-product precipitate when 
sodium fluoride was present was substantially smaller 
than in the parallel runs where no fluoride was present. 

EXAMPLE V 
In accordance with this example a master extraction 

(1800 milliliters) was carried out, and the solution of 
the extraction precipitate, namely, the solution of a 
bismuth phosphate precipitate carrying Pu, (formed 
under reducing conditions) was divided into two equal 
portions. The first portion was processed through an 
oxidation and a by-product precipitation without the 
addition of any NaF while NaF was added to the second portion. 
That is, NaF was added to the extent that the oxida 

tion was carried out in the presence of .03 N NaF. In the 
runs of this example the bismuth reagent was added as a 2 
NHNO solution. The concentration of phosphoric acid 
was .8 M. The manner of addition and oxidation and 
all of the other details of operation were in keeping with 
usual practice and the same as described earlier herein. 

By-product loss of Pu in the instance where no sodium 
fluoride was added was twice that in the instance where 
the fluoride was added. In this particular example the 
loss of Pu was .69 percent without the fluoride addition 
and approximately .35 percent with the fluoride addition. 
Since the loss was only .69, the efficiency of the process 
at the onset was relatively good. However, under such 
conditions the addition of the fluoride in accordance 
with this invention reduced this loss. Cross reference 
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10 
be obtained, but poorer Purecovery results. However, 
by the steps of the present invention both good product 
recovery and satisfactory character of bismuth phos 
phate carrier may be obtained. In addition, and in 
some cases optionally when the results indicate that 
low Pu losses are already obtained, the by-product bis 
muth phosphate carrier formation may be improved by 
the incorporation of a small amount of sodium fluoride, 
hydrogen fluoride or other soluble fluoride. The pres 
ent invention contemplates the utilization of all or any 
combination of the above features for improving bis 
muth phosphate precipitation. 

In the above description at some points certain specific 
concentrations of regeants have been given for the pur 
poses of illustration. For example, it has been indicated 
that .03 N NaF may be used. The choice of this particu 
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is made to applicant's co-pending application Serial 
Number 605,447, filed July 16, 1945, for "Reducing Pu 
Losses in By-Product', wherein the aspect of fluoride 
addition in by-product carrier precipitation is set forth 
in greater detail. 
From the preceding disclosure it may be seen that I 

have provided ways in which the formation of bismuth 
phosphate precipitates, both product and by-product 
precipitates, may be improved. One way comprises the 
incorporation of the source of bismuth reagent for 
furnishing bismuth ions in media of 4-7 N HNO3 acid, 
the 5 N acid being the preferred normality, and pre 
ferably introducing this solution into a liquid contain 
ing the required phosphate ions for precipitation. By in 
corporating the bismuth reagents in such media a better 
size bismuth phosphate particle precipitate is obtained. 
In accordance with another feature of the present in 
vention, the bismuth phosphate precipitates, either prod 
uct or by-product precipitates, are formed by adding 
from about one-half to nine-tenths of all the bismuth 
reagent in media of 2-7 N acid. Thereafter all of the 
phosphoric acid or other source of phosphate ion is in 
corporated. Preferably this addition is made over a 
period of time such as about half an hour, but longer 
periods up to about 2 hours may be used if desired. 
After the addition of all the phosphoric acid or sub 
stantially all of the source of phosphate ion, the re 
mainder of the bismuth ion addition is accomplished. 
As indicated the normality of the media in which the 
bismuth ions are contained may be from 2-7 N, better 
particle size of the precipitate being obtainable by the 
use of the higher normality acid media. By the above 
procedure, better bismuth phosphate carriers may be 
formed and improved results obtained, exemplified by 
lower losses of product. If all of the bismuth is added 
prior to the incorporation of the phosphate ions, a bis 
muth phosphate carrier of satisfactory particle size may 
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lar value was based to some extent on the fission product 
content of the materials being processed and other related 
factors. Higher amounts of NaF, for example, up to 1 
N, may be employed. Similar remarks apply in the in 
stance that HF is used in place of or as a supplement to 
NaF. In general, too large a content of these fluoride 
reagents would not be employed because of possible cor 
rosion. Hence, for the definition of addition of fluorides 
for the purposes described herein, it may be merely indi 
cated that a small content of fluoride is employed. Simi 
lar remarks apply to the specification of some of the other 
reagents. For example, although it is indicated that dis 
solution may be accomplished in 60% to 70% nitric acid, 
other lower concentrations of solvent may be employed 
and a longer period required for dissolution. In general 
the solvents used for dissolution and related features are 
described in the copending applications referred to, and 
such steps may also be in accordance with other practice. 

It is to be understood that all matters contained in the 
above description and examples are illustrative only and 
do not limit the scope of this invention, as it is intended 
to claim the invention as broadly as possible in view of 
the prior art. W 

I claim: 
1. In a carrier precipitation process for recovering tetra 

valent plutonium values from an aqueous solution con 
taining the same comprising adding sources of bismuth 
ions and phosphate ions to said solution to precipitate 
therein bismuth phosphate which thereupon carries pluto 
nium values from solution, the improvement which com 
prises effecting said addition of bismuth and phosphate 
ions by first adding a major portion but not more than 
nine-tenths of the total bismuth ions to be incorporated 
for precipitation, then adding all of the source of phos 
phate ions to be incorporated for precipitation, and there 
after adding at least one minor portion of bismuth ions 
to effect incorporation of the remainder of the total bis 
muth ions for precipitation, thereby forming a bismuth 
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phosphate carrier precipitate of improved plutonium 
carrying efficacy. 

2. In a carrier precipitation process for recovering tet 
ravalent plutonium values from an aqueous acidic solu 
tion containing the same comprising adding sources of 
bismuth ions and phosphate ions to said solution to pre 
cipitate therein bismuth phosphate which thereupon 
carries plutonium values from the solution, the improve 
ment which comprises effecting said addition of bismuth 
and phosphate ions by first adding only substantially one 
half to nine-tenths of the total bismuth ions to be in 
corporated for precipitation, then adding all of the source 
of phosphate ions to be incorporated for precipitation, 
and thereafter adding the remainder of the bismuth ions 
to be incorporated for precipitation, thereby forming a 
bismuth phosphate carrier precipitate of improved pluto 
nium-carrying efficacy. 

3. In a carrier precipitation process for recovering tet 
ravalent plutonium values from an aqueous nitric acid 
solution containing the same comprising adding sources 
of bismuth ions and phosphate ions to said solution to 
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precipitate therein bismuth phosphate which thereupon 
carries plutonium values from the solution, the improve 
ment, which comprises effecting said addition of bismuth 
and phosphate ions by first adding only substantially two 
thirds to nine-tenths of the total bismuth ions to be in 
corporated for precipitation, then adding all of the phos 
phate ions to be incorporated for precipitation, and there 
after adding, in the form of a nitric acid solution thereof, 
the remainder of the bismuth ions to be incorporated for 
precipitation, thereby forming a bismuth phosphate car 
rier precipitate of improved plutonium-carrying ficacy. 

4. In a carrier precipitation process for recovering tet 
ravalent plutonium values from an aqueous acidic solu 
tion containing the same comprising adding sources of 
bismuth ions and phosphate ions to said solution to pre 
cipitate therein bismuth phosphate which thereupon 
carries plutonium values from the solution, the improve 
ment which comprises effecting said addition of bismuth 
and phosphate ions by first adding, in the foria of a bis 
muth nitrate solution, only substantially two-thirds of the 
total bismuth ions to be incorporated for precipitation, 
then adding, in the form of phosphoric acid, all of the 
phosphate ions to be incorporated for precipitation, and 
thereafter adding, in the form of a bismuth nitrate solu 
tion, the remainder of the bismuth ions to be incorpo 
rated for precipitation, thereby forming a bismuth phos 
phate carrier precipitate of improved plutonium-carrying 
efficacy. 

5. In a carrier precipitation process for recovering 
tetravalent plutonium values from an aqueous acidic so 
lution containing the same comprising adding bismuth 
nitrate and phosphoric acid to said solution to precipitate 
therein bismuth phosphate which thereupon carries plu 
tonium values from the solution, the improvement which 
comprises effecting said addition of bismuth nitrate and 
phosphoric acid by first adding only substantially nine 
tenths of the total bismuth nitrate to be incorporated for 
precipitation, then adding all of the phosphoric acid to 
be incorporated for precipitation, and thereafter adding 
the remainder of the bismuth nitrate to be incorporated 
for precipitation, thereby forming a bismuth phosphate 
carrier precipitate of improved plutonium-carrying effi 
cacy. 
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6. In a carrier precipitation process for recovering 

tetravalent plutonium values from an aqueous acidic so 
lution containing the same comprising adding sources of 
bismuth ions and phosphate ions to said solution to pre 
cipitate therein bismuth phosphate which thereupon car 
ries plutonium values from the solution, the improvement 
which comprises effecting said addition of bismuth and 
phosphate ions by first adding only substantially one 
half to nine-tenths of the total bismuth ions to be in 
corporated for precipitation, then adding all of the source 
of phosphate ions to be incorporated for precipitation, 
and thereafter adding, in the form of a bismuth nitrate 
solution having a normality of substantially 5 to 7 in 
nitric acid, the remainder of the bismuth ions to be in 
corporated for precipitation, thereby forming a bismuth 
phosphate carrier precipitate of improved precipitation 
characteristics and plutonium-carrying efficacy. 

7. In a carrier precipitation process for recovering 
tetravalent plutonium values from an aqueous nitric acid 
solution containing the same comprising adding bismuth 
nitrate and phosphoric acid to said solution to precipitate 
therein bismuth phosphate which thereupon carries plu 
tonium values from the solution, the improvement which 
comprises effecting said addition of bismuth nitrate and 
phosphoric acid by first adding, in the form of an aque 
ous, acidic solution, only substantially one-half to nine 
tenths of the total bismuth nitrate to be incorporated 
for precipitation, then, while digesting said plutonium 
containing solution at approximately 75 C., slowly add 
ing, over a period ranging approximately from one-half 
to two hours, substantially all of the phosphoric acid to 
be incorporated for precipitaticn, and thereafter adding, 
in the form of an aqueous acidic solution, the remainder 
of the bismuth nitrate to be incorporated for precipitation, 
thereby forming a bismuth phosphate carrier precipitate 
of improved plutonium-carrying efficacy. 
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