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[57] ABSTRACT 
A process is described for separating uranium and tho-
rium from an aqueous acid solution containing them 
together with rare earth elements. The process com-
prises contacting the solution with a water-immiscible 
organic solution of a high molecular weight primary or 
secondary amine whereby the uranium and thorium 
values are co-extracted and separating the resulting 
uranium and thorium loaded amine solution from the 
aqueous solution. The uranium and thorium are then 
easily separated from the loaded amine solution either 
by selective stripping or co-stripping and selective ex-
traction. 

4 Claims, 3 Drawing Figures 
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CO-EXTRACTION AND SEPARATE RECOVERY 
O F URANIUM AND THORIUM F R O M ACID 

SOLUTIONS 

This invention relates to a solvent extraction process 5 
for separating uranium and thorium f rom solutions 
containing them. More particularly, it relates to a pro-
cess involving the co-extraction of uranium and tho-
rium and the recovery of the two components by strip-
ping. 10 

Thorium and the rare earths are found associated 
with uranium in certain major uranium-producing ar-
eas, such as Elliot Lake, Ontario. Large volumes of bar-
ren liquor, relatively f ree f rom uranium but containing 
rare earth elements and thorium, are at present run to 15 
waste. This liquor results f rom sulfuric acid leaching of 
uranium ores, followed by removal of uranium f rom a 
filtered solution by ion exchange. An at tempt has been 
made to recover a bulk rare earth concentrate f r o m ion 
exchange barren solutions by solvent extraction but, to 20 
recover a salable rare earth product , thorium and resid-
ual uranium must be adsent, and at present these are 
removed by a two-stage precipitation technique. 

The uranium is first removed by adsorption on an ion 
exchange resin. Thorium, remaining in the effluent, is 25 
then removed by a two-stage precipitation, at pH 3.8 to 
4.1 using lime and aeration, followed by filtration and 
clarification of the treated solution prior to rare earth 
processing. The thorium-iron precipitate is not a sal-
able product and is therefore discarded to waste. 3 0 

The above system has the significant disadvantages of 
neutralization, precipitation and filtration steps being 
required for thorium removal and expensive filtration 
equipment being necessary. Also, the thorium value is 
lost to the mill as well as varying amounts of co- 3 5 

precipitated rare earths. 
Various separation schemes are described in the lit-

erature for the recovery of uranium or of thorium sepa-
rately by liquid-liquid extraction. Thus, the so-called 
" A M E X " process uses a primary amine for extraction 4 0 

of thorium followed by the extraction of uranium with 
a secondary or tertiary amine. Another prior process 
describes the use of a primary or secondary amine for 
the extraction of thorium and the author concluded 
that the primary amine was inferior to the secondary 4 5 

amine as regards stripping and iron selectivity during 
extraction. Yet another prior process describes the use 
of a secondary amine for thorium recovery. 

It is the object of the present invention to provide an 
improved amine extraction system for removing ura-
nium and thorium prior to rare earth recovery. 

According to the present invention a process is pro-
vided for separating uranium and thorium from an 
aqueous acid solution containing them together with 5 5 
rare earth elements, which comprises contacting the 
solution with a water-immiscible organic solution of a 
high molecular weight primary or secondary amine 
whereby the uranium and thorium values are co-
extracted into the amine solution. The resulting ura- 6 Q 
nium and thorium loaded amine solution is separated 
from the aqueous solution and the uranium and tho-
rium are then either (a ) selectively stripped f rom the 
loaded amine solution or (b) co-stripped with an acid 
and then selectively extraction from the acid strip solu- 6 5 
tion. 

According to the selective stripping procedure, ura-
nium is removed first by contacting the loaded amine 
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solution with a dilute nitric acid solution having a con-
centration of not more than 1 percent. Thereaf ter the 
thorium is stripped f rom the amine solution by one of 
several methods and preferably by contacting the 
amine solution with a nitric acid solution having a con-
centration of 5 to 10 percent. 

The products obtained by the nitric acid stripping are 
in the form of high purity salts and these are subjected 
to denitration. The denitration converts the uranium 
salt to a high purity uranyl trioxide while the thorium 
salt is converted to a high purity thorium sulfate. Dur-
ing denitration, nitric acid is regenerated and this can 
be recycled to the stripping stages. 

In the co-stripping procedure, the loaded amine solu-
tion is contacted with a 10-25 percent nitric acid solu-
tion to co-strip the uranium and thorium. The resultant 
aqueous nitrate solution is then contacted with a 
5-100percent solution of a neutral organo phosphate, 
e.g., tributyl phosphate (TBP), in an organic solvent to 
extract and separate the uranium from the thorium. 
The concentration of the nitric acid solution is prefera-
bly selected such that the aqueous nitrate solution ob-
tained has a concentration of about 3 MHNO a . This is 
preferred for the most effective extraction with TBP. 

The uranium extracted in the TBP is subjected to 
denitration to yield pure thorium sulfate. The raffinate 
containing the thorium is treated in a separate denitra-
tion circuit to yield pure thorium sulfate. Nitric acid re-
covered f r o m the denitration circuit can be recycled 
back to the process, while the sulfuric acid that concen-
trates during denitration, together with some nitric acid 
is recycled to the leaching circuit. 

Thus, it will be seen that the extraction process of this 
invention provides a very simple technique for recover-
ing individually both uranium and thorium from an acid 
leach solution without removal of other values, such as 
rare earths, so that these can easily be recovered f rom 
the leach solution in subsequent steps. Also, by using 
a closed circuit nitric acid stripping system, it is possi-
ble to obtain high purity uranium and thorium while at 
the same time significantly reducing pollution possibili-
ties as compared to present practice. There are further 
economic advantages in that all the thorium is recov-
ered as well as there being an increased recovery of 
rare earth elements. 

Any of the high molecular weight primary or secon-
dary amines can be used as extraction reagent in the 
present invention. The term "high molecular weight 
amine "refers to an amine having 10 or more carbon 
atoms. A particularly preferred amine is that available 
f rom Rohm and Haas under the trademark Primene 
JM-T. 

As solvent for the amine, any water-immiscible or-
ganic solvent capable of dissolving the amine may be 
used. Typical solvents can include kerosene, hexane, 
ketones, alcohols, benzene, toluene, xylene, etc. 

The concentration of the amine in the organic solu-
tion is not critical and may suitably range f rom 0.05 to 
0.5 mole per liter. 

During the extraction of uranium and thorium, there 
is the possibility of co-extraction of small amounts of 
iron which may be present in the feed solution. It has 
been found that these small amounts of iron can be ef-
fectively removed f rom the amine solution prior to the 
stripping of the uranium and thorium by scrubbing with 
a dilute nitric acid solution, e.g. a concentration of less 
than 1 percent . Care must, of course, be taken to main-
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tain the scrubbing acid concent ra t ion and phase ratios 
such that only the iron is removed and substantial strip-
ping of uranium does no t occur . 

According to one prefe r red p rocedure of the inven-
tion, thor ium and uranium are co-extracted as uranium 5 
and thor ium sulfates using a suitable amine reagent , 
such as Pr imene JM-T, f r o m either a sulfuric acid leach 
solution or an ion exchange bar ren solution f r o m which 
most of the u ran ium is removed . 

The uran ium and thor ium loaded extract that is ob- 1° 
ta ined is then stripped with 1 percen t nitric acid solu-
tion to remove uranium as the ni trate and sulfate. The 
nitric acid strip solution is then concent ra ted to about 
3 molar H N O s , fol lowed by extract ion into tributyl 
phosphate (TBP) and this results in the separat ion of 1 5 

uranium f r o m sulfate and possible small quanti t ies of 
co-stripped iron and thor ium. Water-str ipping of the 
TBP fol lowed by deni t rat ion of the uranyl trioxide 
( U 0 3 ) . The nitric acid recovered during the denitrat ion 
is recycled to the TBP-acidification stage. The raff inate 
f r o m the T B P extract ion, containing about 3 molar 
H N 0 3 , is recycled to the Primene-stripping stage. Be-
cause sulfate, together with possible iron and thor ium, 
a re present , a bleed of this solution to a fur ther t reat- 2 5 
ment stage o r t o the leaching circuit is desirable to pre-
vent bui ldup of these ions. 

The thor ium sulfate is finally recovered f r o m the Pri-
mene extract by stripping with a 5 t o 10 pe rcen t nitric 
acid solution, followed by a similar deni t rat ion t reat- 3 0 
ment as was used for the uranyl ni trate solution. T h e 
resulting mill grade thor ium sulfate p roduc t could con-
tain some iron and uranium as impurities. 

If both high purity uranium and thor ium products are 
desired at the mill site, an alternative processing route 35 
can be used. Again the uranium and thorium are co-
extracted wtih a primary or secondary amine, e.g., Pri-
mene JM-T and the resul tant extract is scrubbed if nec-
essary with dilute nitric acid to remove any traces of 
co-extracted iron. Following scrubbing, the uranium 40 
and thor ium are co-str ipped with 25 percen t nitric acid 
solution. T h e resultant aqueous ni trate solution, at ap-
proximatey 3 molar H N O a f ree acid, is then contac ted 
with 25 pe rcen t tributyl phosphate ( in kerosene) to ex-
t ract and separa te the u ran ium f r o m the thorium. T h e 45 
uranium is recovered f r o m the loaded T B P solvent by 
water stripping followed by boiling down in a conven-
tional denitrat ion circuit to yield high purity uranyl tri-
oxide. The raffinate containing the thor ium is t reated 
in a separate denitrat ion circuit to yield pure thor ium 5 0 

sulfate. The regenerated nitric acid f r o m the deni t ra-
tion circuits is recycled back to the process, while the 
sulfuric acid that concen t ra tes during denitrat ion, to-
gether with some nitric acid is recycled to the leaching 
circuit. 5 5 

Fur ther preferred embodiments of the invention will 
now be illustrated by reference to the following exam-
ples: 

E X A M P L E 1 60 

A series of stage-wise extract ion tests were con-
ducted using selected amine extract ion reagents. T h e 
reagents used were Pr imene JM-T ( t r ademark of R o h m 
and Haas) Adogne 383 ( t rademark of Ashland Chemi- 6 5 

cal) and X L A - 3 ( t rademark of Rohm and Haas) . These 
were made u p as 0.1 molar solutions in a kerosene dilu-
ent containing 5 volume percent isodecanol. 

An Elliot Lake acid leach solution was obtained con-
taining 0.39 grams per liter uranium, 0 .694 grams per 
liter thor ium and 0.51 grams per liter iron. The leach 
solution had a pH of 1.6. 

The amine extract ion solution was contacted nine 
successive t imes with the leach solution at a phase ratio 
of aqueous to organic of 1/1 and a contact time of 5 
minutes. The results of these extractions are illustrated 
in FIG. 1. 

F rom the Figure it will be seen that XLA-3 gave good 
thor ium loading but af ter four contacts the uranium 
began to scrub off while the iron cont inued to load on. 
The Adogen 3 8 3 had good uranium loading but af ter 
two contac ts the thorium began to scrub off. The iton 
was also scrubbed f rom the Adogen 3 8 3 af ter two 
stages. Pr imene J M - T co-extracted uranium and tho-
rium, resulting in a loading of 0.7 g/1 thor ium and 2 - 3 
g/1 uranium. The iron began scrubbing off af ter three 
contacts and was reduced to 0.05 g/1 af ter nine stages 
of contact . 

It was also found f r o m these tests that if the feed solu-
tion contains sufficient quantit ies of thorium or ura-
nium and the required A/0 ratio is used in order to 
maintain saturation of the solvent with respect to the 
metals, then uranium or thor ium will preferentially ex-
t rac t because of their higher extraction coefficient as 
compared with those of the rare earths. 

E X A M P L E 2 

A pilot plant scale extraction was conducted on a so-
lution f rom sulfuric acid leaching of an Elliot Lake ore. 
This solution showed the following analysis in g/1: 0.65 
U; 0 .11 Th; 0 .19 total rare earths; 2.5 total Fe; 1.3 Fe + 2 . 

The extract ion reagent used was a 0.1 molar solution 
of Pr imene JM-T in a kerosene (shell 140) containing 
5 percent isodecanol. 

The extraction was carr ied out in a 2 inch diameter 
glass sieve-plate pulse column with the sieve-plates at 
2 inch spacings. 12 fee t of column was used and the ex-
tract ion was carr ied out at room tempera ture at a feed 
p H of 1.6, with an A/0 ratio of 1.7/1. The pulse f re-
quency was set a t 36 cycles per minute with a 1.5 inch 
ampli tude. 

With this test a co-extract ion of thor ium and uranium 
of bet ter than 98 percent was obtained while less than 
1 percent iron was co-extracted. 

E X A M P L E 3 
The purpose of this test was to remove any co-

extracted small amounts of iron in the uranium and 
thor ium loaded extract. Tests were per formed on the 
extract in which it was scrubbed with ei ther nitric acid 
o r sulfuric acid. The concentra t ion of the scrubbing re-
agents was varied u p to 20 percent , using 0 /A ratios of 
3 to 1. The feed extract (0.1 M Primene JM-T) con-
taining 5 pe rcen t isodecanol analyzed 1.41 g/1 ura-
nium, 0 .62 g/1 thor ium and 0.42 g/1 iron. 

It was found that sulfuric acid removed relatively 
large amount s of thor ium and uranium along with iron 
while 1 pe rcen t nitric acid was highly effective for max-
imum removal or iron with a minimum loss of uranium 
and thorium. The results of the tests with nitric acid 
scrubbing a re shown in FIG. 2. 

E X A M P L E 4 
a . Af ter removal of the iron by dilute nitric acid 
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scrubbing according to Example 3, a series of stripping 
tests were carried out on 0.1 molar Primene JM-T ex-
tract containing 0.29 g/1 uranium and 0.26 g/1 thorium 
at various 0 /A ratios up to 20/1. Nitric acid, sulfuric 
acid and sodium carbonate were investigated at con-
centrations of 0.5 to 5 volume percent nitric, 20 to 30 
volume percent nitric and up to 20 volume percent 
Na2C03 . 

Of the above stripping reagents, the nitric acid was by 
far the most effective with a 1.0 volume percent nitric 
acid being highly effective both for uranium stripping 
and selective separation of the two metals. In a one 
stage operation at an 0/A ratio of 5/1 and using 1 vol-
ume percent HN03 , about 1 percent thorium was de-
tected with the uranium. By contrast, the sulfuric acid 
system showed a relatively good uranium-thorium sep-
aration at an 0/A of 3/1 but this required a 20 volume 
percent H2S04 or greater. The sodium carbonate 
showed no selectivity of one metal over the other. 

The results of the nitric acid stripping are illustrated 
in FIG. 3. 

b. After the removal of the uranium by stripping with 
dilute nitric acid, the remaining thorium was effectively 
extracted by stripping with a 5 to 10 volume percent 
nitric acid solution. 

We claim: 
1. In a process for separating uranium and thorium 

f rom an aqueous acid solution containing them to-

$5,213 
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gether with rare earth elements, which comprises con-
tacting the solution with a water-immiscible organic so-
lution containing f rom 0.05 0.5 mole per liter of a high 
molecular weight primary or secondary amine contain-

5 ing at least 10 carbon atoms, the improvement which 
comprises co-extracting the uranium and thorium val-
ues, separating the resulting uranium and thorium 
loaded amine solution f rom said aqueous solution and 
selectively stripping the uranium and thorium sequen-

10 tially by first contacting the loaded amine solution with 
a dilute nitric acid solution having a concentrat ion of 
not more than 1 percent to strip uranium and thereafter 
contacting the loaded amine solution with a nitric acid 
solution having a concentration of 5 to 10 percent to 

15 strip thorium. 
2. A process according to claim 1 wherein the ura-

nium is recovered as a salt which is then subjected to 
denitration to yield uranyl trioxide. 

3. A process according to claim 1 wherein the tho-
20 rium is recovered as a salt which is then subjected to 

denitration to yield thorium sulfate. 
4. A process according to claim 1 wherein the aque-

ous acid solution containing uranium, thorium and rare 
earth elements, also contains iron which iron is re-

25 moved f rom the solution by scrubbing with a dilute ni-
tric acid solution prior to stripping the uranium and 
thorium. 

* * * * * 
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