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(54) Process of recovering uranium 
from w e t process acid 

(57) Entrainment of contaminated wa-
ter in the organic phase and poor phase 
disengagement is prevented in the 
second cycle scrubber, in a two cycle 
uranium recovery process, by washing 
the organic solvent stream containing 
entrained H3PC>4from the second cycle 
extractor, with a dilute aqueous sulfuric 
or nitric acid solution in an acid scrub-
ber, prior to passing the solvent stream 
into the second cycle stripper. 
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SPECIFICATION 

Process of recovering uranium from wet process 
acid 

5 
This invention relates to a process of recovering 
uranium from wet process acid. 

Uranium can be recovered from phosphoric acid 
by solvent extraction. In the first cycle of preferred 

10 processes using a di-2-ethylhexylphosphoric acid/ 
trialkyl-phosphine oxide (D2EHPA/TOPO) solvent 
mixture, the uranium is reductively stripped from the 
solvent using phosphoric acid containing a high 
concentration of ferrous iron. The uranium can be 

15 recovered from this strip acid by first oxidizing the 
acid and then re-extracting the uranium, preferably 
with a D2EHPA/TOPO solvent mixture in a second 
cycle extraction. The uranium can be recovered from 
the second cycle solvent using an ammonium 

20 carbonate strip solution and a precipitation stage. 
This process is well known in the art, and is taught, 
for example, in U.S. Patent Specification No. 
3,711,591, (Hurst etal.); U.S. Patent Specification No. 
3,966,873 (Elikan etal.) and U.S. Patent Specification 

25 No. 4,002,716 (Sundar). 
In this second cycle operation, the second cycle 

organic solvent, which is loaded with uranium after 
the extraction step, also contains H3P04 and other 
impurities which must be removed. Hurst et al., 

30 Elikan et al., and Sundar, cited above, attempted to 
solve this problem solely with a 100% water wash or 
scrub between the second cycle extractor and the 
second cycle stripper. However, as H3P04 is re-
moved by a 100% water wash, the phase disengage-

35 ment in the scrubber becomes very poor. As a result, 
contaminated water containing H3P04 can be carried 
with the organic solvent to the stripper. The H3P04 

may then be stripped by the ammonium carbonate 
and precipitated as a P205 compound, and this can 

40 affect the purity of the final, recovered uranium 
material, especially at high commercial through 
rates. 

U.S. Patent Specification No. 4,105,741 
(Wiewiorowski et al.), discloses attempting to re-

45 move carbonate after a second cycle stripping step. 
There, a separate step of washing the second cycle 
solvent was used, after uranium stripping with 
carbonate. This required an outside stream of a 
purified acid selected from sulfuric, hydrochloric, 

50 nitric or iron-free phosphoric acid. The acid treated 
stream was then fed back to the second cycle 
extractors. However, this would not solve H3P04 

entrainment problems which might occur prior to 
stripping. 

55 Accordingly the present invention resides in a 
process of recovering uranium from an aqueous 
solution of wet process phosphoric acid feed, which 
involves pressing phosphoric acid through extractor 
means and stripper means in first and second cycles 

60 thereof, and which comprises treating a second 
cycle organic solvent stream containing entrained 
H3P04, to remove H3P04 therefrom, before said 
solvent has passed through a second cycle stripper 
means, said treating comprising acid scrubbing said 

65 second cycle organic solvent stream containing 

entrained H3P04with a dilute aqueous solution of 
sulfuric acid or nitric acid, in an amount effective to 
remove entrained H3P04 and maintain the pH of the 
organic solvent stream exiting the acid scrubber at a 

70 value between 3 and 6.5, to provide a substantially 
H3P04free organic solvent stream which is then fed 
into the second cycle stripper means. 

The invention also includes a process of recover-
ing uranium from wet process acid by liquid-liquid 

75 extraction in which uranium values are stripped 
from an organic extractant with an aqueous ammo-
nium carbonate solution, said process comprising 
contacting said extractant, in an acid scrubber before 
said stripping, with a dilute aqueous solution of 

80 sulfuric acid or nitric acid. 
In order that the invention can be more clearly 

understood, a convenient embodiment thereof will 
now be described, by way of example, with refer-
ence to the accompanying drawing which is a flow 

85 diagram of first and second cycle stripping of 
uranium from a wet process phosphoric acid feed. 

Referring to the drawing, in Cycle 1, purified 
phosphoric feed acid from line 1 enters extractor-
settler means 2, which may contain 1 to 6 stages. 

90 This feed from domestic phosphate is typically a 
35°C to 50°C aqueous 5 to 6 M solution of wet 
process phosphoric acid having a pH of from 0.1 to 
2.5, and containing from 0.1 to 0.5 g/l of uranium (as 
the oxidized uranyl ion, U02

+2), about 600 g/l of 
95 phosphate and from 3 to 15 g/l of iron. In the process 

shown, the phosphoric acid may be oxidized by any 
suitable means, to ensure that the uranium is in the 
+6 oxidation state, i.e. uranyl ion. In the extractor-
settler 2, the feed acid is contacted by mixing with a 

100 water immiscible organic extractant composition 
from line 3. The organic extractant solvent com posi-
tion contains reagents which extract the uranyl ions 
into the organic solvent. 

Typically, the solvent composition from line 3 is 
105 added in a 0.5 to 1 solvent to phosphoric feed acid 

ratio (by volume). The solvent composition from line 
3 contains from 0.2 to 0.7 mole of a di-alkyl 
phosphoric acid additive having about 4 to 10 carbon 
atoms in each chain, preferably di-2-ethylhexyl 

110 phosphoric acid (D2EHPA) per liter of solvent. The 
solvent also contains about 0.025 to about 0.25 mole 
of a synergistic additive agent well known in the art, 
for example, a trialkylphosphine oxide, where the 
alkyl chains are linear from C4to C10, preferably 

115 tri-n-octylphosphine oxide (TOPO) per liter of sol-
vent. These synergistic agents allow reduction of 
equipment size while increasing uranium extraction. 
The solvent is usually kerusine. The use of the term 
"solvent stream" herein is meant to include such 

120 additives as described above. While the description 
herein is primarily directed to D2EHPA/TOPO mix-
tures, it is to be understood that broader di-alkyl 
phosphoric acid/trialkylphosphine oxides are in-
cluded. 

125 The organic solvent stream, containing complexed 
oxidized uranium, passes through line 4 to reductive 
stripper means 5, which may contain 1 to 4 stages, to 
strip uranium from the organic solvent. A portion of 
the phosphoric acid raffinate from extractor 2 typic-

130 ally passes through line 7 to reducer 8 where iron 
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(Fe°) is added to reduce enough ferric ions to bring 
the ferrous ion concentration up to a level sufficient 
to effeciently reduce and strip the uranyl ion in the 
reductive stripping operation. The ferrous ion enters 

5 reductive stripper 5 by line 9 and is oxidized there to 
the ferric ion, while reducing the uranyl ion to the 
quandravalent U+ 4 ion, which is transferred to the 
aqueous phosphoric strip solution exiting in line 10. 
The organic solvent leaving the stripper is then 

10 recycled through line 3 to extractor 2. An appropriate 
portion of the first cycle raffinate acid exits by line 
12. 

Finally, the U+ 4 ion in the phosphoric acid strip 
solution in line 10 is oxidized to the uranyl ion in 

15 oxidizer 11, to enable the uranium to be extracted 
again in Cycle II. The product stream 13from Cycle I 
contains H3P04 and typically has a pH of from 0.1 to 
2.5. It contains from 25 g/l to 40 g/l of iron, and from 3 
g/1 to 15 g/l of uranium. 

20 
Cycle II 

The oxidized, aqueous, phosphoric acid liquor 
solution in line 13 contains uranium in the hexava-
lent state i.e., the uranyl ion. The aqueous liquor 

25 passes through line 13 to liquid-liquid solvent extrac-
tor 17. The aqueous phosphoric acid liquor is mixed 
with a water-immiscible, organic solvent stream 
from line 18, which extracts the uranyl ions into the 
organic solvent. In addition, some H3P04 becomes 

30 entrained in the organic solvent. 
The solvent stream 18 is generally the same as 

that of feed line 3, i.e., preferably from 0.2 to 0.7 
mole of di-alkyl phosphoric acid additive, well 
known in the art, having 4 to 10 carbon atoms in 

35 each chain, preferably di-2-ethylhexyl phosphoric 
acid (D2EHPA) per liter of solvent. The solvent 
stream also contains from 0.025 to 0.25 mole of a 
synergistic additive agent well known in the art, for 
example, a trialkylphosphine oxide, where the alkyl 

40 chains are linearfrom C4to C10, preferably tri-n-
octylphosphine oxide (TOPO) per liter of solvent. 
Entrained H3P04 present in the organic solvent 
stream of line 20 will be removed in acid scrubbing 
means 21, as described below, to provide the 

45 uncontaminated stream 24. Typically, the volume 
ratio of solvent stream 18: aqueous liquor of line 13 
fed into the second cycle extractor is from 1:4to 1. 

The organic solvent stream, containing complexed 
uranium and entrained H3P04) leaves extractor 17 

50 through line 20. The oganic solvent in line 20 is 
scrubbed with selected dilute acid in acid scrubber 
21 to remove H3P04 entrainment which would 
increase the ammonia consumption in the stripper-
precipitator 25. The selected dilute acid scrub solu-

55 tion enters acid scrubber 21 by line 22 and waste 
acid leaves by line 23. Within acid scrubber 21, there 
is a recycle of dilute acid scrub solution, not shown 
in the drawing. The uncontaminated organic solvent 
then passes through line 24 to stripper 25. 

60 The dilute acid scrub solution stream 22 must 
contain from 2 vol.% to 10 vol.%, preferably between 
2 vol.% and 6 vol.% of nitric acid or sulfuric acid, and 
preferably the latter, usually added to water in 
concentrated form to get the appropriate vol. % 

65 described above. Other acids, such as hydrochloric 

acid or additional phosphoric acid, compound the 
impurity problem. Under a concentration of 2 vol.% 
acid, the pH will increase and the organic solvent will 
entrain an excess of H3P04 and consume excess 

70 amounts of ammonium carbonate on the stripper. 
Over 10 vol.% acid, the acid solution will become 
incompatible with the stainless steel or fiberglass 
used in plant construction and the acid waste will 
become a problem. 

75 The acid scrub solution 22 is allowed to contact 
organic in the scrubber in an amount effective to 
maintain the pH in the acid scrubber and the solvent 
stream 24 at a value between 3 and 6.5. Removal of 
H3P04 in the scrubber 21 solely by water was found 

80 to drive the pH of the exiting organic stream 24 up to 
about 7.5 and provide precipitated P206 compounds 
in the final product. Over about a pH of 7.0, phase 
disengagement in the scrubber was found to be 
poor. The use of aqueous nitric or sulfuric acid 

85 solves these problems and accomplishes three re-
sults. It is effective in removing H3P04from stream 
20 and stripper 21; it maintains the pH of the acid 
stripper and the exiting stream 24 at between 3 and 
6.5; and thus allows effective stripping in stripper-

90 precipitator 25. 
By the process of this invention little or no H3P04 

is transferred to ammonium carbonate in the strip-
per-precipitator so that there is no precipated P205 

contamination of the final uranium compound. The 
95 effective steady state volume ratio of organic con-

taining entrained H3P04 in line 20: total aqueous 
acid scrub solution in scrubber 21 is from 80:20 to 
60:40, preferably 70 volumes:30 volumes. Over 40 
volume parts acid per 60 volume parts organic, will 

100 provide an aqueous continuous phase ratio causing 
increased entrainment of scrub acid containing 
H3P04. Under 20 volume parts acid per 80 volume 
parts organic, the contact efficiency will drop so that 
impurity removal will become poor. This aqueous 

105 acid scrub between the extractor and stripper is 
effective to remove from 95 vol.% to 98 vol.% of 
entrained phosphoric acid without raising the pH of 
the organic exiting the scrubber 21. The term 
"steady state volume ratio" is meant to include total 

110 acid scrub solution in the scrubbers 21, which 
includes not only the volume from line 22 but also 
the volume amount recycled within scrubber 21. 

In the stripper 25, the organic solvent stream is 
stripped with an aqueous solution containing 

115 enough ammonium compounds, such as ammo-
nium carbonate, ammonium bicarbonate, or a mix-
ture thereof from line 26 to precipitate a uranium 
complex from the organic phase. The preferred 
uranium complex is AUT (ammonium uranyl tricar-

120 bonate) as it is easy to filter. The organic solvent 
stream is recycled through line 18. The aqueous 
slurry containing the precipitated AUT passes 
through line 27 to AUT filter 28 where AUT is filtered 
off. 

125 The filtrate is recycled through line29tostripper-
precipitator 25. A 0.5 M ammonium carbonate 
solution is added to line 29 as needed from line 30 to 
make up for water losses. The precipitated AUT can 
be calcined in an oven at about 350°C to about 900°C 

130 which drives off carbon dioxide and ammonia. If the 
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calcining is done in a reducing atmosphere, such as 
a hydrogen-nitrogen mixture, U02 is obtained and 
collected. If the calcining is done in an oxidizing 
atmosphere, such as air, the mixed oxide UaOs is 

5 obtained and collected. 
The acid scrubber can be a single or multiple stage 

apparatus. In a multiple stage apparatus, there may 
be two or more wash units with dilute acid contact-
ing organic solvent in one or more ofthe wash units, 

10 and a dilute acid scrub solution recycle. 
The invention will now be illustrated with refer-

ence to the following Example. 

Example 
15 The second cycle of a uranium recovery process 

was modified, as shown in the drawing, so that 
second cycle extractant, comprising H3P04 laden 
di-2-ethyhexyl-phosphoric acid and tri-n-
octylphosphine oxide in kerosene solvent, from the 

20 second cycle extractor was piped into an acid 
scrubber system. About 0.50 mole of D2EHPA and 
0.125 mole of TOPO was present per liter of 
kerosene. The organic contained an amount of 
H3PO4 calculated to be equivalent to about 0.3 grams 

25 per liter of P2O5. In the acid scrubber, the organic 
solvent extractant was mixed with a 3 vol.% aqueous 
scrub solution of sufuric acid in a volume ratio of 
organic: dilute sulfuric acid of 70:30 where the 30 
volume parts acid included feed and recycled acid 

30 scrub solution. The acid wash removed almost all of 
the entrained H3PO4 from the organic extractant. The 
washed, H3P04-free extractant was then fed into the 
second cycle stripper means, where the uranium 
was then stripped to pecipitateammonium-uranyl-

35 tricarbonate. Throughout, the pH ofthe organic 
stream between the acid scrubber and the stripper 
remained at about 4. 

Prior to the installation ofthe separate aqueous 
acid scrubbing unit of this invention, because of 

40 H3P04P20s contamination, additional 100%water 
was added in the scrubber, causing the pH ofthe 
stream fed into the stripper to gradually rise to a 
value of about 7.5. This caused poor phase disen-
gagement in the stripper with resulting contamin-

45 ated water being carried with the solvent. Eventually 
H3PO4 became entrained in the ammonium carbon-
ate exiting the stripper. The exiting, contaminated 
ammonium carbonate contained an amount of 
H3PO4 calculated to be equivalent to over 3,000 ppm. 

50 of P2Os. With the addition ofthe dilute sulfuric acid 
according to this invention, the phase separation in 
the scrubber became very fast, water entrainment in 
the solvent became very small and the resultant 
precipitation purity was greatly improved. After 2 

55 weeks of operation a steady state was reached, and 
the calculated P05 concentration in the ammonium 
carbonate dropped to 725 ppm. After further con-
tinuous operation the calculated P205 concentration 
dropped to between 100 ppm. to 300 ppm., where it 

60 was consistently maintained. 

CLAIMS 

1. A process of recovering uranium from an 
65 aqueous solution of wet process phosphoric acid 

feed which involves pressing phosphoric acid 
through extractor means and stripper means in first 
and second cycles thereof, and which comprises 
treating a second cycle organic solvent stream 

70 containing entrained H3P04, to remove H3P04 there-
from, before said solvent has passed through a 
second cycle stripper means, said treating compris-
ing acid scrubbing said second cycle organic solvent 
stream containing entrained H3P04with a dilute 

75 aqueous solution of sulfuric acid or nitric acid, in an 
amount effective to remove entrained H3PO4 and 
maintain the pH ofthe organic solvent stream 
exiting the acid scrubber at a value between 3 and 
6.5, to provide a substantially H3P04free organic 

80 solvent stream which is then fed into the second 
cycle stripper means. 

2. A method according to claim 1, wherein the 
acid scrubbing is effective to remove from 95 vol.% 
to 98 vol.% ofthe H3P04, the dilute acid is sulfuric 

85 acid, and the steady state volume ratio ofthe second 
cycle organic solvent stream containing entrained 
H3P04:total dilute aqueous acid is from 80:20 to 
60:40. 

3. A method according to claim 1 or 2, wherein 
90 the second cycle organic solvent stream contains a 

di-alkyl phosphoric acid having 4 to 10 carbon atoms 
in each chain and a trialkylphosphine oxide, where 
the alkyl chains are linear from C4 to C10. 

4. A method according to claim 3, wherein the 
95 second cycle organic solvent stream consists of 

di-2-ethylhexyl phosphoric acid and tri-n-
octylphosphine oxide in kerosine solvent. 

5. A method according to claim 1,2, or 3, 
including the additional step of cycling the acid 

100 scrubbed, H3P04free organic solvent stream back 
into the second cycle extractor, to contact a stream 
of oxidized phosphoric acid. 

6. A method according to any of claims 1 to 5, 
wherein the dilute acid is from 2 vol.% to 10 vol.% 

105 aqueous acid. 
7. A process of recovering uranium from wet 

process acid by liquid-liquid extraction in which 
uranium values are stripped from an organic extrac-
tant with an aqueous ammonium carbonate solu-

110 tion, said process comprising contacting said extrac-
tant, in an acid scrubber before said stripping, with a 
dilute aqueous solution of sulfuric acid or nitric acid. 

8. A process according to claim 7, wherein the 
dilute acid is from 2 vol.% to 10 vol.% aqueous acid, 

115 and the aqueous acid is added in an amount 
effective to maintain the pH ofthe organic extractant 
exiting the acid scrubber at a value between 3 to 6.5, 
and to remove H3P04 entrained in the organic 
extractant. 

120 9. A process according to claim 7 or 8, wherein 
said organic extractant contains a dialkylphosphoric 
acid and a trialkylphosphine oxide, and the dilute 
acid is sulfuric acid. 

10. A process according to claim 9, wherein the 
125 dialkylphosphoric acid is di-2-ethylhexyl phosphoric 

acid and the tri-alkyl-phosphine oxide is tri-n-octyl-
phosphine oxide. 

11. A process of recovering uranium from an 
aqueous solution of wet process phosphoric acid 

130 feed, said process being substantially as described 
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herein with particular reference to the accompany-
ing drawing. 

Printed for Her Majesty's Stationery Office, by Croydon Printing Company 
Limited, Croydon, Surrey, 1983. 
Published by The Patent Office, 25 Southampton Buildings, London, 
WC2A.1 AY, from which copies may be obtained. 


