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[57] ABSTRACT

A reductive stripping flow sheet for recovery of ura-
nium from wet-process phosphoric acid is described.
Uranium is stripped from a uranium-loaded organic
phase by a redox reaction converting the uranyl to
uranous ion. The uranous ion is reoxidized to the uranyl
oxidation state to form an aqueous feed solution highly
concentrated in uranium. Processing of this feed
through a second solvent extraction cycle requires far
less stripping reagent as compared to a flow sheet which
does not include the reductive stripping reaction.

B Claims, 1 Drawing Figure
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REDUCTIVE STRIPPING PROCESS FOR THE
RECOVERY OF URANIUM FROM WET-PROCESS
PHOSPHORIC ACID

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

BACKGROUND OF THE INVENTION

The present invention relates to an improved process
for the recovery of uranium as a by-product of phos-
phate fertilizer production. More particularly, it relates
to a process for the recovery of uranium from the wet-
process phosphoric acid that is produced in the treat-
ment of phosphate rock found in Florida and other
states of the United States and in several foreign
countries. The invention described herein was made in
the course of, or under, a contract with the United
States Atomic Energy Commission.

The main purpose in mining phosphate rock is to
recover a high-phosphate-containing fertilizer. The first
step in winning the phosphate from the rock consists of
digesting the rock with sulfuric acid under controlled
temperature and concentration conditions to produce a
phosphoric acid solution and an insoluble calcium sul-
fate (gypsum). Prior to further treatment to produce a
commercially acceptable fertilizer product, this phos-
phate solution can be processed to remove valuable
uranium valucs provided such processing is economi-
cally justified.

It is accordingly an object of this invention to provide
a process for the recovery of uranium values from ura-
niferous phosphate mined deposits that satisfies this
criterion.

The phosphate rock mined in Florida contains 0.01 to
0.02 weight percent uranium or from 0.2 to 0.4 pound of
uranium per mined ton. While this appears to be a rela-
tively small concentration, it represents a large supply
of uranium because of the large amount of phosphate
rock processed. For example, it has been estimated that
in 1970 the wet-process phosphoric acid produced from
Florida phosphate rock [will have] contained about
2,000 tons of U3Og dissolved therein, representing a
significant potential source of uranium.

The so-called “wet-process” phosphoric acid solu-
tion resulting from the acidulation of phosphate rock
has the following approximate analysis (concentration
in grams per liter): 600 H3POj4, 0.17 uranium, 9 iron, 1
calcium, 30 sulfate, and 27 fluorine. This solution can
serve as the aqueous feed for a liquid-liquid solvent
extraction process for uranium recovery. In recent
years, workers have demonstrated the technical feasibil-
ity of solvent extraction as a way to recover uranium
from wet-process phosphoric acid. Some of the earlier
teaching concerned with uranium extraction are found in
ORNL-2259, “Synergistic Uranium Extractants: Combi-
nation of Neutral Organophosphorous Compounds with
Dialkylphosphoric Acids” by Blake et al; in ORNL-1903,
“The Extraction and Recovery of Uranium (and Vana-
dium) from Acid Ligquors with Di(2-ethyl-hexyl) phos-
phoric Acid and some Other Organophosphorus Acids” by
Blake et al: and in ORNL-2952, “Recovery of Uranium
from Di(2-ethylhexyl) phosphoric Acid (Dapex) Extraction
with Ammonium Carbonate” by the applicants. One of
the latest efforts is described in ORNL-TM-2522, “Sol-
vent Extraction of Uranium from Wet-Process Phos-
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phoric Acid,” by F. J. Hurst et al.,, [a publication]
(publications of the U.S. Atomic Energy Commission)[[.
In that document, a flow sheet is described in which]
wherein an aqueous uranium-containing phosphate feed
solution is contacted with a synergistic extractant com-
bination of dialkylphosphoric acid and trialkylphosphine
oxide, and more specifically an extraction combination
consisting of  di(2-ethylhexyl)phosphoric  acid
(D2ZEHPA) and trioctylphosphine oxide (TOPO) dis-
solved in an organic diluent to effect extraction of ura-
nium in the + 6 oxidation state. The synergistic enhance-
ment of the extraction coefficient due to the addition of
TOPO was greatest for D2EHPA and other dialkyl phos-
phoric acids. While this process represented a significant
advance in this technology, it nevertheless suffers from
several disadvantages: (1) Appreciable amounts of
phosphate and iron are co-extracted into the organic
phase and follow the uranium into the stripping solution
where they complicate recovery of the uranium prod-
uct. (2) The use of ammonium carbonate as the stripping
reagent results in the conversion of the D2ZEHPA to a
highly hydrated ammonium salt. When the stripped
solvent is recycled to the extraction circuit, the ex-
tracted water transfers to the aqueous phase and dilutes
the wet-process phosphoric acid. This in turn requires
additional cost to effect evaporation and reconcentra-
tion of the wet-process phosphoric acid. (3) Humic
acids are co-extracted from the acid phosphate feed by
the organic extractant. These substances form stable
complexes with metal ions, both with uranium and
other metallic contaminants, to produce problems of
phase separation and hindering precipitation of ura-
nium. It is therefore an additional object of the present
invention to reduce or eliminate the disadvantages of
the process described in ORNL-TM-2522, the disclo-
sure of which is hereby incorporated by reference.

SUMMARY OF THE INVENTION

The present invention is predicated on the discovery
of a modified stripping flow sheet which overcomes or
at least considerably reduces the aforementioned diffi-
culties and, in addition, allows higher uranium recover-
ies and decreases chemical reagent costs. Specifically,
the present invention calls for a reductive stripping of
the uranium from the pregnant organic phase with a
reducing agent that converts the uranyl + 6 uranium to
the less extractable quadrivalent state, causing its trans-
fer to the aqueous phase. The process then calls for
reoxidation of the uranium, now at relatively high con-
centration, to the +6 oxidation state, and using the
resultant uranyl phosphate solution as the feed for a
second extraction cycle with the same extractant. In the
first extraction cycle, the low concentration of uranium
in the wet-process acid feed limits the amount of ura-
nium that can be loaded into the organic phase,
whereas, in the second cycle wherein the uranium con-
centration is high, the solvent can be effectively loaded.

The amount of stripping reagent required to recover
the uranium from the solvent extract is about inversely
proportional to the amount of uranium in the organic
phase. Consequently, the amount of stripping reagent
required to strip uranium from the solvent extract in the
second cycle is considerably reduced (by a factor of 10
to 20) relative to the amount needed to perform the
same function if carbonate stripping i1s employed in the
first cycle.
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The reductive strip solution consists of an effective
concentration of ferrous ion dissolved in at least 5 to 7

molar phosphoric acid solution. A convenient source of

strip solution is the aqueous raffinate from the first ex-
traction cycle since it has a suitable iron and phosphoric
acld concentration and also contains fluoride ion which
catalyzes the reduction reaction. A part of this raffinate
1s diverted and treated with iron metal to effect reduc-
tion of the ferric 1on to the desired ferrous state, or the
ferric iron may be reduced electrolytically. Thus, the
reductive strip solution, which eventually is returned to
fertilizer production, represents a minimal charge
against the cost of chemical reagents required to con-
duct the process.

Oxidation of the uranous phosphate strip product
solution from the first cycle can be effected by heating
In air, by electrolytic oxidation, or by the addition of an
oxidizing reagent such as sodium chlorate to the solu-
tion. The resulting solution is now concentrated in ura-
nium by a factor of from 70 to over 100 compared to the
original wet-process acid feed. In addition the concen-
trations, relative to uranium, of contaminants such as
organic acids and iron are at least a factor of 50 lower
than in the original wet-process acid, and higher-grade
uranium products, therefore, are obtainable using the
two-cycle process.

Once the uranium in the reductive strip solution is
oxidized to the uranyl oxidation state it can be treated in
a second extraction cycle using the same synergistic
organic extractant to decrease the contaminants, con-
sisting principally of iron and phosphate, to a suitable
level. In the second extraction cycle, the uranium-
loaded solvent is scrubbed with water to remove phos-
phate impurity and then stripped with ammonium car-
bonate solution to form an aqueous product solution or
slurry of ammonium uranyl tricarbonate (AUT). After
filtration and washing the AUT can then be decom-
posed thermally to yield a high-grade U3Og product.

BRIEF DESCRIPTION OF THE DRAWING

The drawing is a flow diagram of a preferred embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Having described the invention in general terms,
together with salient process parameters, reference will
now be made to the FIGURE depicting a representa-
tive flow sheet in which the reductive stripping opera-
tion is integrated in an over-all process designed to
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The process begins by oxidizing wet-process acid to
ensure that the uranium is in the +6 oxidation state.
This can easily be accomplished by adding an oxidizing
reagent such as sodium chlorate. The uranium in the
wet-process acid can also be oxidized readily by bub-
bling air through the solution at a temperature in the
range 60°-70° C. The oxidized wet-process acid feed is
then sent to a first solvent extraction cycle. The process

35

will operate satisfactorily over a temperature range of 60

25" to 65° C. The rate and cleanness of phase separation
improves whereas the uranium extraction efficiency
decreases as the temperature is increased. Operation at
40° to 45° C. appears to be about optimum with respect

to balancing these effects and the cost of cooling the 65

wet-process acid (usually at 60° to 65° C.) prior to sol-
vent extraction. While contact of the organic and aque-
ous phases can take place in several ways, it is found

4

that cleaner phase separation occurs when they are
mixed with the organic phase as the continuous phase.
The uranium-loaded extract is then passed into a reduc-
tive stripping zone and contacted in countercurrent
fashion with an aqueous solution of preferably about 6
molar phosphoric acid containing from 10 to 20 grams/-
liter of ferrous ion. As shown in the flow sheet, a por-
tion of the aqueous raffinate passing to phosphate fertil-
1zer production is diverted for treatment with iron metal
to reduce the ferric ion to the ferrous state. The reduc-
ing solution is then passed to the reductive stripping
zone where the uranyl ion in the organic phase passes
into the aqueous phase as the reduced uranous form,
resulting in a reductive strip solution containing on the
order of 12 grams of uranium per liter under the condi-
tions shown. In order to convert the uranium to the
desired uranyl form, it is then oxidized by sparging with
alr at a temperature in the range of about 70° to 90° C.
or, alternatively, electrolyzed to effect the same result.
The oxidized strip solution now serves as the aqueous
feed in a second extraction cycle where ammonium
carbonate is used as the stripping agent to recover the
uranium as ammonium uranyl tricarbonate (AUT).
Contact with the ammonium carbonate strip solution
produces either a solution or slurry of the AUT salt: the
solubility of the uranium in the product solution is in-
versely dependent on the ammonium carbonate concen-
tration in this strip solution. Where a sufficiently con-
centrated strip solution is used, as shown, an AUT
slurry is formed which is then easily filtered and washed
and subsequently calcined to decompose the AUT salt

to U3Oyg. It should be noted that in the second extraction

cycle the D2EHPA which is recycled to the extraction
zone s also in the hydrated ammonium salt form. How-
ever, in this case, the volume of this solution is low
relative to the original wet-process acid volume and
dilution of the wet-process acid, which goes to fertilizer
production, is negligible. Operation of the flow sheet as
represented in the FIGURE and as described herein has
resulted 1n an over-all uranium recovery of 94 percent
as compared to an average uranium recovery of 82
percent in the absence of a flow sheet which includes
the reductive strip operation. Moreover, the chemical
reagent cost of ammonia and carbon dioxide in the latter
flow sheet has been determined to amount to about 10
cents per pound of uranium recovered as compared to a
cost for these reagents of about ninety cents for a flow
sheet that does not include the reductive stripping oper-
ation.

In the description we have illustrated the extraction
of uranium using D2EHPA and TOPQ. It should be
understood that synergistic extract combinations of
D2EHPA or other dialkylphosphoric acids with other
phosphine oxides or phosphonates as disclosed in
ORNL-TM-23522 are to be considered as falling within
the scope of our invention. In comparative tests of a

number of neutral organophosphorus compounds in combi-
nation with D2EHPA, none of the combinations tested had

greater extraction power than the combination of
D2EHPA and TOPO as shown in the Tables below. These
compounds include several phosphine oxides, a diphos-
phine oxide, a diphosphonate, and two phosphonates. It is
anticipated that results obtained with phosphine oxides
having n-alkyl chains shorter than n-octyl (e.g., tri-n-hexy!
phosphine oxide) will be equivalent to those observed with
TOPO inasmuch as they are all trialkyl phosphine oxides.
A number of extractants of different types and structure
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were screened to determine the capabilities for extracting
as set forth in the following Tables A-1 and A-2.

TABLE A-1]

Extraction of Uranium with Synergistic Reagent Combinations

Organic-phase: 0.2 M concentration of an acid reagent
plus TOPO in NDD diluent
Aqueous phase: 3.3 M H3PO4 0.2 g U(VI)/liter
Contact: 3 min at phase ratio of 1/1; 25° C.
Uranium
TOPO Extraction
Conc. Coefficient
Acid Reagent (M) (E£,°)
Monoheptadecylphosphoric acid Q0 0.10
Q.05 015
ai(2-ethylhexyl)phosphoric acid 0.0 <0.01
(D2EHPA) 0.05 2.6
di(n-decyl)phosphoric acid 0.0 <01
01 2.1
di(n-octyl)phasphoric acid 0.05 43
I-hydroxy-2-ethylhexylphosphonic acid 0.0 Q.15
0.1 0.4
2-ethylhexy! phenylphosphonate® 0.0 0.9
01 4.0
Dinonyinapthalenesulfonic acid 0.0 <00
(DNNSA) Q.05 016
Q.10 0.70
0.15 13
0.20 2.1
025 2.6
0.30 3.0
WM

NDD = n-Dodecane
Al of the uranium in the tests in this series was present as U(VT).

Table A-2

Extraction of Uranium with Combinations of D2EHPA and
Various Neutral Reagents

Organic phase: 018 M D2EHRPA, Q.05 M additive,
NDD diluent
Aqueous phase: 5.3 M HPO4 0.2 g U(VI) /liter
Contact; 3 min at phase ratio of 1/1;
25° C.
Uranium Extraction
Additive Coefficient (E,°)
Trioctylphosphine oxide {TOPO) 2.6
Phenyldibutylphosphine oxide 18
Butyldiphenylphosphine oxide 0.78
Tri2-ethylhexyi)phosphine oxide 041
Methylenebis(di-n-hexylphosphine oxide) 2.5
Diamylamyiphosphonate 0.671
Di(sec-butyl)phenylphosphonate Qif
Tetrakis{2-ethythexyl)ethylene 0.26

Diphosphonate

What is claimed is:

1. A process for the recovery of uranium from a
wet-process phosphoric acid solution derived from the
acidulation of uraniferous phosphate ores which com-
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6

prises contacting said solution with an organic extract-
ant consisting essentially of di(2-ethylhexyl)phosphoric
acid and trioctylphosphine oxide dissolved in an or-
ganic diluent, reductively stripping the extractant of
uranium with a strip solution in which ferrous ion is
used to reduce uranyl ions in the extractant to uranous
tons in the strip solution, disengaging the strip solution
from the organic phase, contacting said strip solution
with an oxidizing reagent which converts quadrivalent
uranium to hexavalent form, and then passing the resul-
tant solution through a second liquid-liquid solvent
extraction cycle where the uranium is stripped from the
organic phase with an aqueous solution of ammonium
carbonate to produce a product consisting essentially of
ammonium uranyl carbonate.

2. The process according to claim 1 in which the
reductive strip solution contains from 5 to 20 grams per
liter of ferrous ion dissolved in a 5 to 7-molar solution of
phosphoric acid.

3. The process according to claim 1 in which the
ammonium uranyl tricarbonate product is converted to
an oxide of uranium.

4. Process for obtaining uranium values from a synergis-
tic extractant comprising a dialkylphosphoric acid and a
trialkylphosphine oxide dissolved in a water-immiscible
organic solvent which comprises stripping the extractant
with a 3- to 7-molar aqueous phosphoric acid solution
having dissolved therein a divalent iron salt.

3. The process according to claim 4 wherein the agueous

phase is oxidized after uranium stripping

6. Process according to claim 4 wherein said phosphoric
acid solution contains dissolved therein from 5 to 20 grams
of divalent iron per liter of solution.

7. A process for the recovery of uranium from a wet-proc-
ess phosphoric acid solution derived from the acidulation of
uraniferous phosphate ores which comprises contacting said
solution with an organic extractant consisting essentially of
ai(2-ethylhexylphosphoric acid and trioctylphosphine
oxide dissolved in an organic diluent, reductively stripping
the extractant of uranium with a strip solution in which

ferrous ion Is used to reduce uranyl! ions in the extractant

to uranous tons in the strip solution, and disengaging the
strip solution from the organic phase.

8. Process for obtaining uranium values from an extrac-
ant comprising di-(2-ethylhexyDphosphoric acid and a
trioctylphosphine oxide dissolved in a water-immiscible
organic solvent which comprises stripping the extractant
with an aqueous phosphoric acid solution containing from
about 40 to 85 percent by weight HyPO4 having dissolved

therein a divalent iron sall.
¥ 3 * - i
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