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[57] ABSTRACT 
Salts or materials containing plutonium and americium 
are dissolved in hydrochloric acid, heated, and con-
tacted with an alkali metal carbonate solution to pre-
cipitate plutonium and americium carbonates which 
are thereafter readily separable from the solution. 

10 Claims, 1 Drawing Figure 
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PLUTONIUM AND AMERlCIUM SEPARATION 
FROM SALTS 

BACKGROUND OF INVENTION , 

The invention relates to a process for separating 
plutonium (Pu) and americium (Am) from materials or 
salt compositions resulting from molten salt processes. 

Various processes are known for treating or separat-
ing Pu and Am. For example, U.S. Pat. No. 3,420,639, 1 

dated Jan. 7, 1969, describes a method for separating 
Am from Pu. Further, U.S. Pat. No. 3,460,917, dated 
Aug. 12, 1969, describes another process for the recov-
ery of Am from Pu metals. In addition, U.S. Pat. No. 
3,804,939, dated Apr. 16, 1974, describes a method for 1 

precipitating americium oxide from a mixture of Am 
and Pu metals in a fused salt bath containing plutonium 
dioxide. As is readily evident, processes for treating Pu 
and Am are known. 2 

Although these prior art processes successfully ac-
complish their respective goals, salt used in these pro-
cesses may become undesirable for further use because 
of contamination, and/or exhaustion of magnesium ion 
(Mg+ +) which is consumed as an active metal oxidant. 2 
The resultant waste salt contains som Pu and Am "im-
purities" or values which prohibit or make undesirable 
disposal of the waste salt. It is desirable to recover and 
use the Pu and Am values in these waste salts, and a 
process which would easily and efficiently recover and 3 
extract the Pu and Am values from the waste salts 
would have significance in Pu and Am processing. 

SUMMARY OF INVENTION 

In view of the above, it is an object of this invention 3 
to provide a process for recovering Am and Pu values 
from salt compositions. 

It is a further object of this invention to provide a 
process for recovering Am and Pu values from salts 
which have been used as molten salts for Pu metal 4 

purification or treatment. 
It is a further object of this invention to recover Am 

and Pu values from acid solutions by precipitating the 
Am and Pu values as americium carbonate and pluto-
nium carbonate respectively, and subsequently separat- 4 

ing this precipitate from the remaining unprecipitated 
elements. 

It is a further object of this invention to provide a 
process that can recover Am and Pu values from salt 
compositions, wherein the Am and Pu values are at a 
concentration as low as 1 X 10~4 grams (g) Pu and/or 
Am per g of salt. 

Various other objects and advantages will appear 
from the following description of the invention and the 5 
most novel features will be pointed out hereinafter in 
connection with the appended claims. It will be under-
stood that various changes in the details, process steps, 
concentrations or the like of the processes herein de-
scribed in order to explain the nature of the invention 6 
may be made by those skilled in the art without depart-
ing from the principles and scope of this invention. 

The invention comprises dissolving the Am and Pu 
values in an acid, thereafter contacting a metal carbon-
ate solution with the dissolved values to effect a reac- 6 
tion and precipitation of americium and plutonium 
carbonate, and subsequently separating the americium 
and plutonium carbonate from the solution. 

DESCRIPTION OF DRAWING 
The drawing illustrates a flow process showing the 

various steps in the separation of Pu and Am values 
from a salt composition. 

DETAILED DESCRIPTION 
This invention may be employed to separate Am and 

Pu values from a salt composition by the process shown 
in the drawing wherein the salt containing the Pu and 
Am values is dissolved in an acid, the resulting solution 
is heated, and a metal carbonate is added to the solu-
tion to effect a reaction between the Pu and Am values 
with the carbonate and formation of precipitates of 
plutonium carbonate and americium carbonate. These 
may thereafter be suitably separated from the solution. 
While the drawing shows that the metal values of Pu 
and Am are originally contained in the salt, these metal 
values could be in other than a salt as long as they are 
dissolved in an acid or otherwise prepared into an acid 
solution such that the solution may be heated and a 
suitable carbonate be added thereto to precipitate the 
americium carbonate and plutonium carbonate. 

The extraction and recovery of Am and Pu values 
from salt compositions which have been used in molten 
salt baths and processses for the extraction of Am from 
Pu as referred to in the Background of Invention, is an 
appropriate application of this process. The salt com-
position may be of the type that is normally used in 
these molten salt processes, and may be varying pro-
portions of sodium chloride (NaCl), potassium chlor-
ide (KC1), and magnesium chloride (MgCl2) or various 
other salt compositions or mixtures thereof which are 
useful for, or are a product of these molten salt pro-
cesses in purifying Pu. Examples of typical salt compo-
sitions are such as 6 mole % MgCl2, 47 mole % NaCI, 
and 47 mole % KC1, and also 30 mole % MgCl2, 35 
mole % NaCl,'and 35 mole % KC1. These salts may be 
generated such as from the separation of Am from Pu 
in a process which employs molten salts. The particular 
salt from which the Pu and Am values are to be ex-
tracted and recovered may be such as one which is not 
useful for further separation in the initial process as a 
molten salt, because of contamination, and/or exhaus-
tion of Mg+ + , and as such may be termed a "waste" 
salt, but which may not be desired to be disposed of 
through conventional means because of the presence of 
Pu and Am values within the salt. The concentration of 
Am in such salt solutions may generally be between 
about 0.5 and about 15 grams per kilogram waste salt 
and the concentration of the Pu in such salt solutions 
may generally be from about 10 to about 250 grams per 
kilogram waste salt. It is understood that these are 
merely descriptive illustrations and are not to be inter-
preted as restricting the invention in any way. 

The salts are to be dissolved in a suitable acid. If the 
salt composition is KC1, NaCl and MgCl2, then a suit-
able acid for dissolution would be hydrochloric acid 
(HC1). The concentration of the acid is also not a criti-
cal element as long as the salts are dissolved. However, 
since the acid is neutralized by the carbonate solution, 
it may be preferable not to use too great an excess of 
acid. In this case, a preferred molarity of HC1 may be 
from about 1 to about 3 molar. Of course it is to be 
understood that the amount of Pu or Am or salt that is 
dissolved in the acid is dependent upon the solubility of 
the salt in said acid. The one to three molar HC1 solu-
tion may contain from about 1 X 10~4 grams to about 
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90 grams of Pu per liter of solution and from about 1 X 
10~4 grams to about 5 grams of Am per liter of solution. 

The resultant salt solution may be heated prior to the 
precipitation of the Pu and Am, to a temperature of 
from about 80° to about 98° C, and preferably between 5 
about 88° and about 92° C. While the carbonate 
(C0 3 ) precipitation reaction may be effected with-
out heating, heating will provide a more rapid reaction 
rate and precipitation of the C 0 3 reaction product. 

The metal carbonate added to the acid solution con- 10 
taining the salt to effect the precipitation reaction is a 
suitable metal carbonate such as an alkali metal car-
bonate, for example sodium carbonate (Na 2 C0 3 ) or 
potassium carbonate (K2C03) . Although the metal 
carbonate may be added as a solid to the acid solution 15 
containing the salt, it is preferably added as a solution 
wherein the metal carbonate concentrate or solid is 
dissolved in such as water or other solvent at a suitable 
concentration, for example, beteen about 0.03 and 
about 0.12 grams C 0 3 /milliliter and preferably be- 20 
tween about 0.05 and about 0.08 grams of C 0 3 per 
milliliter (ml) of solvent. Contacting of the metal car-
bonate with the Pu and Am values contained in the salt 
dissolved in the acid effects a reaction which results in 
selective precipitation of americium carbonate and 25 
plutonium carbonate. The precipitate particles are 
generally of a size range between about 1 and about 3 
micrometers (/xm). Various separation methods may 
be used to separate the precipitate from the solution, 
such as decantation, filtration, centrifugation or the 30 
like. 

Sufficient metal carbonate is added to the solution 
containing the dissolved salt to precipitate all of the Pu 
and Am values. If the precipitate is separated by filtra-
tion, a washing solution of a suitable liquid such as hot 35 
distilled water may be used to wash the precipitate and 
thereby yield a product of higher purity. The plutonium 
carbonate and americium carbonate precipitate may be 
used in the precipitate form or it may be desired to 
dissolve same into a solution. These precipitates may 40 
be dissolved in such as a nitric acid ( H N 0 3 ) solution, or 
any suitable acid mixture which would be desirable in 
subsequent processing of the Pu and Am product. 

EXAMPLE I 45 
Plutonium metal was dissolved in HCI to yield a solu-

tion containing 10 grams of Pu in 120 ml of 1 normal 
(N) HCI. The solution was then heated to about 90° C 
at which time 1 molar (M) Na 2 C0 3 solution was added 
slowly to the acid solution until all the Pu had been 50 
precipitated from the solution as detected by a rise in 
pH values as further described hereinbelow. The resul-
tant plutonium carbonate precipitate was filtered and 
washed with 150 ml of hot distilled water. 

EXAMPLE II 5 5 

40 grams of salt mixtures which comprised 35 mole 
% NaCl, 35 mole % KC1, and 30 mole % MgClj were 
dissolved in 120 ml of a 1 N HCI solution containing 80 
g Pu (III)/Iiter. Three such prepared salt solutions were 60 
heated to 50° C, and 1 molar Na 2 C0 3 was added to 
each of these solutions of different rates of addition: 
0.5, 2.5 and 5 ml per minute. Another three salt solu-
tions were similarly prepared and heated to 90° C. 
Again, Na 2 C0 3 was added to each of the three solutions 65 
at different rates: 0.5, 2.5 and 5 ml per minute. In each 
case, plutonium carbonate precipitates were formed 
and were subsequently filtered through a 1.5 nanome-

ter filter. The difference noted between the 50° C tem-
perature and a 90° C temperature was that the precipi-
tates formed at 90° C were more easily filtered. In the 
second series, at 90° C, the precipitates formed at the 
slower rates of C03~~ addition were more easily fil-
tered. 

EXAMPLE III 
50 grams of molten salt extraction waste salts, result-

ing from removal of Am from Pu in which the Am had 
"grown" with passage of time, and which also con-
tained a small quantity of Pu, were dissolved in 120 ml 
of 2 N HCI. The acid solution containing the salt was 
then heated to 90° C and 1 M Na 2 C0 3 solution was 
added at a rate of about 2 ml per minute (equivalent to 
0.002 moles C 0 3 per minute). After the precipitation 
of the Pu and Am was completed as noted by the rise in 
pH, the solution was cooled to room temperature of 
about 27° C and thereafter filtered through a 1.5 nano-
meter filter. The americium and plutonium carbonate 
precipitate was then washed twice with 120 ml volumes 
of hot distilled water per washing. The combined pluto-
nium carbonate and americium carbonate precipitate 
was filtered and analyzed by infrared spectroscopy, 
thermogravimetry, and also by X-ray diffraction. The 
precipitate was then dissoled in 100 ml of a 7.5 N 
HN03—0.1 N HF solution. The dissolved precipitate 
was analyzed spectrophotometrically for Pu valency, 
for Pu concentration potentiometrically, for Am con-
centration radiometrically, for sodium, potassium and 
magnesium by atomic absorption and for chloride ion 
by specific ion electrode. The filtrate solutions were 
analyzed for Pu and Am concentration radiometrically. 

The results shown in the Table demonstrate the ef-
fectiveness of the carbonate precipitation process to 
remove or extract Am and Pu from molten salt extrac-
tion waste salts. Pu and Am were selectively and quan-
titatively precipitated from solution in the runs of Ex-
ample 3 as shown in the Table. The precipitates formed 
were light blue in color, crystalline and easy to filter. 
The filtration time for each of the precipitates was less 
than 1 minute. The average density of the precipitate 
was 2.54 grams of Pu and Am per cubic centimeter of 
precipitate. 

Precipitates from run 1 and run 2 were then sepa-
rately dissolved in 100 ml of 7 N HN03—0.1 N HF 
solution. Analysis of the dissolved precipitate showed 
an average of 153 grams per liter (g/I) of Pu, 5 g/1 of 
Am, and only 698 milligrams per liter (mg/1) of sodium, 
132 mg/1 of potassium, and 36 mg/1 of magnesium. The 
average carryover of chloride ion was only 1.4 g/1. 

Analysis of the filtrate in run 1 yielded Pu at 9.8 X 
10 - 4 g/1 and Am at 8.8 X 10 - 6 g/1. Analysis of the run 2 
filtrate yielded Pu at only 9.2 X 10 - 4 g/1 and Am at 7.0 
X 10 - 6 g/1. These results demonstrate the quantitative 
manner in which Pu and Am are precipitated from the 
solution. 

Analysis of the 400 ml of distilled water which were 
used to wash the precipitate in run 1 showed only 1.5 X 
10~4 g/1 Pu and less than 4.3 X 10~6 g/1 Am. Analysis of 
the wash solution from the second run showed 1.0 X 
10 - 4 g/1 Pu and again less than 4.3 X 1 0 - 6 g/1 Am. These 
results show that the Carbonate precipitate, may be 
washed with hot water without a detrimental loss of Pu 
and Am. 

It is believed that the Pu compound that is formed, as 
determined through X-ray diffraction analysis, is Pu2(-
C0 3 ) (0H) 4 . ;cH 20. The infrared spectrum of the pluto-
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nium carbonate compound that is formed indicates 
covalently-bonded carbonate groups rather than an 
ionic carbonate species. 

Thermogravimetric analysis of the precipitate shows 
no anomalous characteristics. When the precipitate 5 
was heated to 100° C it lost 14.2% of its weight which 
is attributable to the volatilization of absorbed water. 
Between 100° and 320° C the precipitate lost an addi-
tional 4.5%, and between 320° and 420° C the precipi-
tate lost 8.2% of its weight. During the temperature 10 
rises, the weight loss is attributed to the conversion of 
plutonium carbonate to plutonium oxide. 

With the exception of some tetravalent plutonium 
oxide, the plutonium in molten salt extraction waste 
salts is in the trivalent state. The carbonate precipita- 15 
tion process was not found to alter this valency. To 
demonstrate this, a solution of pure trivalent plutonium 
chloride was scanned spectrophotometrically and then 
the Pu was precipitated from solution as would be done 
in the process. After the precipitate was filtered and 2 0 

washed, it was dissolved in 1 M HC1. Analysis revealed 
that none of the principal peaks of trivalent plutonium 
were changed and there were no peaks indicating the 
presence of tetra- or hexavalent Pu. 

The molten salt extraction waste salts from which the 2 5 

Pu and Am are to be extracted and recovered dissolve 
readily in 2 M HC1. The volume of acid used to dissolve 
the salts may be about 2.4 liters of 2 M HC1 per kilo-
gram of molten salt extraction waste salt. 

The Pu and Am form carbonate precipitates in the 3 0 

salt solution between pH's of 4.0 and 5.5; therefore, 
before precipitation can begin the acid solution con-
taining the dissolved salts must first be neutralized. This 
may be easily accomplished by adding a solution of 2 M 
Na2C03. As the dissolved salt solution approaches a pH 3 5 

of 4 by the addition of Na 2 C0 3 or other alkali metal 
carbonate, 

TABLE 
N o m i n a l C o m p o s i t i o n Q u a n t i t y o f E l e m e n t 

o f 5 0 g of f o u n d in P p t M e t h o d 
M S E ° W a s t e Sa l t R u n N o . 1 R u n N o . 2 o f Analys is 6 

Pu 16 g 15.7 g 15.0 g P T 
A m 0 . 5 g 0 . 4 g 0 . 6 g R C 
N a 3 .6 g 78 .1 m g 6 1 . 4 m g A A 
K 6 .2 g 15.2 m g 11.1 m g A A 
M g 3-2 g 4 .1 m g 3.0 m g A A 
CI 21.1 g 100 m g 100 m g SIE 

aMoIten salt extraction 
"PT = Potentiometric titration 
RC = Radiometric counting 
SIE = Specific ion electrodc 5 0 
AA = Atomic absorption 

the precipitate begins to form. 
It would appear that at first a reaction takes place in 

which the salts are dissolved and then reprecipitated. 55 
Since. Pu and Am form hydroxide precipitates in this 
pH range, it is possible that a competition is taking 
place between the carbonate and hydroxide ions for the 
Pu and Am. The reaction may be generally slow unless 
the solution is hot; therefore it may be desirable that 60 
the temperature of the acid solution containing the salt 
during precipitation be between about 80° and about 
98° C and preferably about 90° C. 

Although the carbonate addition rate may be varied 
over a wide range, an acceptable and desirable rate of 65 
carbonate addition may be between about 0.02 and 
about 0.06 moles of C 0 3 per mole of Pu or Am per 
minute, and preferably is at about 0.05 moles of CO3 

per mole of Pu or Am per minute. To form the carbon-
ate precipitate, the Pu and Am react with carbonate 
ions in the ratio of 2 moles Pu or Am to 3 moles of 
C03~". Therefore, if 2 kilograms of salt containing 478 
grams (2 moles) of Pu and Am is processed, then 318 
grams of Na 2C0 3 (3 moles) would have to be added for 
complete precipitation, and it may be desirable to add 
a slight excess of Na2C03 . Each step of the plutonium 
and americium carbonate precipitation process may be 
followed by pH monitoring. In the initial acid neutral-
ization step, the pH may gradually rise until the Pu and 
Am begin to precipitate at a pH of about 5. After all the 
Pu and Am have been precipitated, the pH rapidly 
changes to about 7.4 at which pH the solution becomes 
buffered through the reaction of the carbonate with 
water to form bicarbonate and hydroxyl ions. This 
buffering action prevents the solution from becoming 
basic enough to precipitate the magnesium which may 
be a major constituent of the salt being processed. 
Magnesium precipitates as a hydroxide in molten salt 
extraction waste salt solutions at a pH of about 9. It 
may be desirable not to add an excessive amount of 
carbonate after the buffer point of 7.4 since magnesium 
does form an insoluble carbonate compound and pluto-
nium carbonate does solubilize if an appreciable excess 
of carbonate is added. 

The precipitate that is formed is of a crystalline na-
ture having a size range of from about 1 to about 3 f i m . 
The color of the precipitate is a light blue. 

What is claimed is: 
1. A process for separating plutonium and americium 

from an acid solution comprising hydrochloric acid and 
containing plutonium and americium comprising con-
tacting said acid solution with an alkali metal carbonate 
solution comprising sodium carbonate, to effect forma-
tion of a plutonium carbonate and an americium car-
bonate as precipitates, and separating said precipitates 
from said solution. 

2. The process of claim 1 including heating said acid 
solution to from about 80° to about 98° C prior to and 
during said contacting of said acid solution with said 
carbonate solution. 

3. The process of claim 1 wherein said acid solution 
is from about 1 molar to about 3 molar hydrochloric 
acid solution containing from about l X l 0~4 grams per 
liter to about 90 grams per liter plutonium and from 
about 1 X 10 -4 grams per liter to about 5 grams per liter 
americium. 

4. The process of claim 1 wherein said separating 
comprises filtering said solution containing said precip-
itates to filter said precipitates from said solution, and 
thereafter washing said precipitates with hot distilled 
water. 

5. A process for extracting and recovering plutonium 
and americium values from salt compositions contain-
ing said values and resulting from molten salt pluto-
nium treating processes comprising dissolving said salts 
in hydrochloric acid to form an acid solution, contact-
ing said acid solution with a metal carbonate solution 
comprising sodium carbonate, to effect formation of a 
precipitate of plutonium carbonate and americium 
carbonate, and separating said precipitate from said 
acid solution and said carbonate solution. 

6. The process of claim 5 including heating said acid 
solution to from about 80° C to about 98° C prior to 
and during said contacting with said carbonate solu-
tion. 
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7. The process of claim 5 wherein said carbonate 
solution comprises an alkali metal carbonate com-
pound dissolved in water at a C 0 3 mole concentra-
tion of from about 30 grams per liter to about 120 
grams per liter. 5 

8. The process of claim 5 wherein said separating 
comprises filtering said precipitate from said acid solu-
tion and said carbonate solution, thereafter washing 
said precipitate with hot distilled water, and subse-
quently dissolving said precipitate in a nitric acid solu-

331 
8 

tion. 
9. The process of claim 5 wherein said salt composi-

tion is from about 35 to about 47 mole percent sodium 
chloride, from about 35 to about 47 mole percent po-
tassium chloride, and from about 6 to about 30 mole 
percent magnesium chloride. 

10. The process of claim 9 wherein said salt composi-
tion is about 35 mole percent sodium chloride, about 
35 mole percent potassium chloride, and about 30 
mole percent magnesium chloride. 

* * * * * 

15 

25 

35 

40 

45 

50 

55 

60 

65 


