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(57) Abstract: The invention discloses a method for recovering uranium
from an acidic leach solution or leach pulp in salt water using an amino-
phosphorus resin, wherein the liquid phase of the leach solution or leach
pulp contains greater than 3 g/L chloride ion in solution. The resin may com -
prise a functional group comprising an amino phosphonic group, an amino-
phosphinic group, an amino phosphoric functional group and/or a combina-
) tion thereof. According to the invention the leach solution or leach pulp may
be generated by in-situ leaching, vat leaching, heap leaching and/or agitated
leaching at ambient, elevated temperature and/or elevated pressure conditions
in saline or hyper-saline water.
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| METHOD AND SYSTEM FOR EXTRACTION OF URANIUM USING AN -
ION-EXCHANGE RESIN
- FIELD
THIS INVENTION described herein relates generally to a method of extracting
uranium using an amino-phosphorous resin. In particular, the invention is directed -
to a method of extracting uranium from a chloride containing solution using an
ion-exchange resin, although the scope of the invention is not necessarily limited
thereto. ' "
BACKGROUND |

In the past 5 years there has been a significant increase in the demand of uranium
for base load power generation. New mines have been developed to meet this
demand. Conventional processing of uranium ores requires leaching the uranium
bearing minerals in sulphuric acid or sodium carbonate under oxidising conditions
to liberate the uranium as a soluble uranyl sulphate or uranyl carbonate complex.
Uranium deposits situated in arid 'geographicalvregidns require large quantities of
desalinated wate; in the case where ion exchange is selected as the process
technology. Large desalination piant_s have been built arid others planned for a
number of proposed uranium projects.

Leaching of uranium minerals can be performed by various techniques. If
the ore body is below the water table in a confined aquifer then in-situ leaching is
possible. In-situ leaching (ISL) is where dilute sulphuric acid is injected into the
ore body thfough a series of injection wells. The acid reacts with the uranium

bearing minerals and leaches them into solution. A series of recovery bores then

- extract the weak acidic solution containing the uranyl sulphate from the aquifer

(IAEA, 2001). The pregnant leach solution (PLS) from the recovery bores
typically contains 50-200ppm uranium in solution. This uranium concentration is
low compared to conizentional agitated tank leaching. In the case of ISL, ion
éxéhange (1X) is normally used to recover and concentrate thé uranium from
solution. Solvent extraction (SX) can be used for recovery of uranium from ISL
l'iquo'rs, however due to the low uranium concentration in solution it is normally
proven to be uneconomic. Once the uranium has been recovered the barren PLS is

re-acidified before being re-injected into the bore field. In arid regions the ground



WO 2012/109705 PCT/AU2012/000144

10

15

20

25

30

2

water is normally very saline and uranium recévery using resin is not possible.
Heap leaching is also employed to extract uranium from low grade ores.
The ore is crushed and stacked into heaps and sulphuric acid or sodium carbonate
irrigated on to the heap. The leach solutioh percolates through the heap and the
pregnant leach solution collected in a pond (IAEA, 1993). Again the solution
typically contains very low concentrations of uranium (50-200ppm uranium) and

IX is used to recover uranium before the solution is recycled to the heap leach

circuit. In countries such as Namibia there are vast amounts of low grade uranium

ore amenable to heap leaching. Large desalination plants have been built and
more proposed to exploit these deposifs.

Hard rock uranium ore bodies or those ore bodies above the water table
are processed by conventional open pit or underground mining techniques. These
ores are normally crushed and then milled to the correct liberation particle size to
ensure . maximum extraction is achieved during uranium leaching. Either
sulphuric acid or sodium carbonate is normally employed as the leaching reagent.
Elevated temperature and pressure can be used to reduce leach residence time or
to improve overall uranium leach extraction. Once the ore has been leached the
pregnant leach solution is normally recovered through a counter current
&ecantation (CCD) circuit to wash the leach residue and recover the soluble
uranium. A large amount of wash water is normally required to ensure a high
wash efficiency is achieved. Uranium in solution is then recovered by solvent
extraction, ion exchange or precipitation. If high chloride levels are present in
solution, which originated from the ore, addition of a chloride oxidant or water
used in the process, then ion exchange cannot be used. At elevated chloride
levels only solvent extraction or direct precipitation has been available as a
technically feasible option. Resin-in-pulp (RIP) can also be employed where the
resin is contacted directly with the leach discharge pulp and uranium recovered
from the pulp (Gupta & Singh, 2003). This avoids the réquirement of a CCD
wash circuit. Again RIP is only applicable when chloride concentrations are
maintained below 3 g/L in the leach puip. |

Strong base anionic (SBA) resins have been widely adopted as the

conventional approach for extraction of uranium from an acidic or alkaline PLS
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“or pulp. An SBA resin has a quaternary amine functional group and chemically

adsorbs uranyl sulphate or uranyl carbonate anionic complexes by electrostatic
forces. Chloride is also a strong anionic ion and when present in high
concentrations it competes with the uranyl complexes. As the chloride
concentration increases, loading of uranium onto SBA resins decreases. All SBA
resins preferentially load chloride and once the chloride concentration typically

exceeds 3.5 g/L then this starts to significantly impact the loading capacity of the

~ion exchange resin. For example, a strong base anionic (SBA) resin (Dowex

_ ZiK) has an equilibrium loading of 20 g U3Og/L wet settled resin (wsr) loading

when contacted. with a solution containing 150 ppm U303 and 3.5 g/L chloride at
pH 1.8. This loading decreases to 7 g UsOg/L(wsr) at 7.5 g/L chloride and 4.3 g
UsOg/L(wsr) at 8.3 g/L chloride (La Brooy, 2009). Weak base anionic (WBA)
resins containing secondary and/or tertiary amine groups are used when high
sulphuri;: acid concentrations are present after leaching. WBA resins are also
susceptible to low loadings when high chloride concentrations are present in
solution. Improved methods and/or resins are required.
SUMMARY

The present invention is broadly directed to a method for extracting
uranium. Suitably the invéntion allows extraction to be performed from high
chloride solutibns. A preferred advantage of the invention is that saline solutions
such as, sea water or salty gro_uﬁd water may be used in the extraction. This
advantage is of significant cost benefit to a mine site in that it eliminates the
requirement for a costly desalination plant.

In one aspect, there is provided a method for recovering uranium from an -

* acidic leach solution or leach pulp in salt water using an amino-phosphorus resin,

wherein a liquid phase of the leach solution or leach pulp contains greater than 3
g/L chloride ion in solution.

In a second aspect, there is provided a resin for recovering uranium from
an acidic leach solution or leach pulp, the resin comprising an amino-phosphorus
resin wherein the resin is used to recover uranium from an acidic leach solution or
leach pulp in salt water, wherein the liquor in the leach solution or leach pulp

contains greater than 3 g/L chloride ion in solution.
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 In-a third aspect there is provided a system for recovering uranium from
an acidic leach solution the system comprising the resin of the second aspect.

In a fourth aspect there is provided a system for performing the method of
the first aspect.

According to any one of the above aspects the amino phosphorus resih
may comprise an amino phosphonic group, an amino-phosphinic group, an amino
phosphoric. functional group and/or a combination thereof.

v According to any one of the above aspects the resin may belcomacted with
the leach solution or leach pulp in an up-flow, down-flow and/or ccunter current
flow. ' .

According to any one of the above aspects the leach liquor or leach pulp
may be generated by in-situ leaching, vat leaching, heap leaching and/or agitated
leaching at ambient, elevated temperature and/or elevated pressure conditions in
saline or hyper-saline water.

According to any one of the ébovc aspects the leach solution or leach pulp -
may be obtained by leaching the uranium bearing ore with an acid.

According to any one of the above aspects the acid may comprise
sulphuric acid. - '

According to any one of the ‘above aspects:the pH of the acidic leach

solution or leach pulp comprises 0.0 - 5.0.

According to any one of the above aspects a resin residence time in an - -

exfraction stage may be between 5 and 30 hours.

According to any one of the above aspects acidic leach pulp may be
contacted in a series of vessels each containing a volume of the resin.

According to any one of the above aspects the number of vessels may be
between 1 — 10, | ‘

‘According to any one of the above aspects the source of chloride may
originate from addition of a reagent such as sodium chlorate, hypochloritc and/or
others. _

According to any one of the above aspects the uranium-loaded resin may
be stripped with a stripping reagent such as and not limited to water, saline, a

carbonate salt, a bicarbonate salt, a sulphate salt, a sulphuric acid, a nitrate salt, a
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_ According to any one of the above aspects the carbonate salt may be
sodium carbonate generated through the precipitation of sodium diuranate (SDU).
According to any one of the above aspects the sodium diuranate (SDU)
may be contacted with carbon dioxide.
According to any one of the above aspects the carbonate salt may be

ammonium carbonate generated by carbonation of ammonia from ammonium

diuranate (ADU) production.

According to any one of the above aspects an impurity loaded on the resin
can be preferentially scrubbed or selectively stripped using a dilute sulphuric acid,
sulphurous acid, and/or water. ' '

Acqordihg to any one of the above aspects a uranyl peroxide product may
be precipitated by adding hydrogeh peroxide and/or sodium hydroxide.

’ According to any one of the above aspects yellowcake product may be
produced by calcining.

" According to any one of the above aspects the barren resin may be washed

‘with water or high chloride water.

According to any one of the above aspects the stripped or barren resin may
be regenerated to sulphate, chloride, nitrate or other anionic forms by contacting
the barren resin with a solution of sulphuric acid, sulphate salt, hydrochloric acid,
sodium chloride, nitric acid or a combination of these.

Accbrding to any one of the above aspects wherein the liquid phase may
comprise greater than 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5, 10, 10.5,
11, 11.5, 12, 12.5, 13, 13.5, 14, 14.5, 15, 15.5, 16, 16.5, 17, 17.5, 18, 18.5, 19,
19.5, 20, 20.5, 21, 21.5, 22, 22.5, 23, 23.5, 24, 24.5, 25, 25.5, 26, 26.5, 27, 27.5

. 28,285, 29, 29.5, 30, 35, 40, 45, 50, 60, 70, 80; 90, 100, 110 or 120 g/L chloride -

ion in solution.

According to any of the above aspects the acidic leach solution or leach -

. pulp may be pre-filtered.

The invention also provides a uranium product recovered using ‘the
method of the first aspect, the resin of the second aspect or the system or. the third.

or fourth aspect.
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The invention also provides a method, resin and system substantially as
herein described. | |

The invention also provides a method, resin and system substantially as
herein described with reference to the Figures and/or Examples.

As used herein; except where the context requires otherwise, the term
“comprise” and variations 'of the term, such as “comprising”, “comprises” and
“comprised”, are not intended to exclude further additives, components, integers
or steps. : |
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: is 4 flow diagram showing one embodiment of the method of
recovering uranium of the invention with sodium carbonate. |

Figure 2: is a flow diagram showing one embodiment of the method of
recovering uranium of the invention with ammonium carbonate / ammonium
bicarbonate. _

DETAILED DESCRIPTION '

The method outlined in the present. invention may be used to recover :
uranium from acidic leach liquors and pulps. Surprisingly, the inventors have :
provided a method, resin and system in which recovery can be performed from a
solution with a concentration of chloride higher than 3 g/L.

Significantly, the present invention enables the application of resin
recovery in arid regions whére the ground water or other available water, such as
sea water, is normally saline or very saline. Hitherto this has not been possible.

_ Of great importance the present invention allows the use of seaWater or
brackish ground water for leaching and recovery by ion exchange significantly
reducing the required capital by eliminating the need for a desalination plant.

The present invention also has signiﬁ_cant safety advantages. lon exchange
is normally selected as the preferred proce‘se'option over solvent extraction due to
inherent fire risk of solvent extraction and its higher capital cost during initial
installation. Prior to the present invention the presence of high soluble chloride
levels in the ore or process water has omitted IX as a technically viable process
option, without building an expensive desalination plant.

The invention will be described with reference to uranium.
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As used herein “salt water” includes sea water, salty or brackish ground
water, saline and hypersaline solutions. It is to be understood that without the
present invention such salt water would be re'Quired to be desalinated before being
suitable for extraction of uranium by ion exchange. Based on the teaéhings herein
a person of skill in the art is readily able to idéntify salt water as opposed to water
that is not required to be desalinated for use in extraction of a metal by ion
éxchange’. The salt water may have a chloride concentration greater than 250;
greater than 300; greater than 350; greater than 400; greater than 500; greater than
600; greater than 700; greater than 800; greater than 900; greater than 1000;
greater than 2000;» greater than 3000; greater than 4000; greater than 5000; or

greater than 6000 mg/L.

It is understood that sea water ordinarily contains about 19 g/L of c_hlofide.
Accordingly sea water is suitable for the present invention, but the present
invention is not so limited. | _

It is to be understood that the salt water has a chloride concentration
suitéble to result in a leach solution or leach pulp with a chloride solution
comprising greater than 3 g/L chloride ion in solution. The high chloride solution
may comprise greater than 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5,7,75,8,8.5,9,9.5, 10,
10.5, 11, 11.5, 12, 12.5, 13, 13.5, 14, 14.5, 15, 15.5, 16, 16.5, 17, 17.5,\18,- 18.5,
19, 19.5, 20, 20.5, 21, 21.5, 22, 22.5, 23, 23.5, 24, 24.5, 25; 25.5, 26, 26.5, 217,
27.5 28, 28.5, 29, 29.5, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110 or 120 g/L

chloride ion in solution.

~ The leach solution or leach pulp may contain 3 to 1000 g/1 chloride ion in
solution. In one embodiment the leach solution '(;r leach pulp liquid phase may

contain 3 to 120 g/l chioride.
. The resin used in the invention is preferably an amino-phosphorous resin.

Suitable resins include those comprising a functional group comprising an amino

- phosphorous group. Examples of these include, but are not limited to an amino-

phosphonic group, an amino-phosphinic group, an amino phosphoric functional
group, and/or a combination thereof.
Prior to contacting the resin with the pregnant leach solution or leach pulp

the method may optionally include a pre-filtration step. The pre-ﬁltratibn step
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may be used depending on the amount Qf suspended solids and/or slimes in the
feed solution. In this way the pre-filtration step may be used to ensure low
suspended solids so as to not affect the performance of the method. Pre-filtration
methods can be sand filtration, clarification, thickening, but are not limited to
these.

| The pregnant leach solution or leach pulp may originate from any
sulphuric acid leach process such as in-situ leach, heap leach or agitated leach
process but not limited to these. ‘

In one embodiment the leach lixiviant is sulphuric acid.

The amino-phosphorus resin may be contacted with the resulting acidic
pregnant leach solution or leach pulp either as a clarified pregnant leach solution
or acidic leach pulp to recover the contained uranium. -

The acidic solution or pulp may have a pH range of 0.0 to 5.0.

While performance can vary, extraction systems are typically designed to
recover greater than 95% of soluble uranium.

Pregnant leach solution may be contacted with a fixed bed of resin in an
up-flow or down flow arrangement or countef currently to the flow of resin, in
continuous systems. _

Of significant advantage, the barren saline solution can ‘be recycled. as
process water to the comminution or leach circuit.

The extraction equipment whereby resin is contacted with uranium-
leached solution or pulp and stripping solution includes, but is not limited to batch
or fixed bed, carousel, moving packed bed (i.e. Higgins Loop®, Clean-iX® cLX),
fluidised bed‘ (e.g. NIMCIX) style contacting equipment and others. The
equipment may include some form of clarification or filtration before extractioh.

The extraction equipment whereby resin is contacted with uranium-
leached slurry or pulp may be, but is not limited to, continuous, carousel or batch
Resin-In-Pulp (RIP) or Resin-In-Leach (RIL).systems. The system may include
pre-screening of pulp or slurry prior to entering into the resin-contacting
equipment. | |

In the cases where continuous systems (e.g. moving packéd bed and

fluidised column) are used, resin may be transported by airlifts, mechanical
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pumps, or eductors but not limited to these. »

Resin volume and residence time in extraction stages will be dependent on
the process condition for each applicaﬁon. In one embodiment the residence time
is between 5 and 30 hours. However, the residence time will be dependent on the
resin volume. Based on the teaching herein, a skilled person is readily able to
select a suitable residence time based on the resin volume. Similarly, from the
teaching herein, a skilled person is readily able to select a suitable resin volume
based on the size of the project.

Acidic leach pulp may be contacted in a series of vessels, each containing

a volume of resin. The number of contactors will be dependent on the process

- conditions for each application, but is most likely to be between 3 — 10 tanks in

each serie»s.l The agitation of slurry and resin in each contactor can be with
mechanical forces (impellers or pumps) or with compressed air. The movement
of resin between stages can either be continuous, using resin | transport -
mechanisms between each contactor such as airlifts or mechanical pumps or fixed
resin volumes can be in each contactor as in carousel operations.

Interstage screening of leach soflut'ion or leach pulp between contactors
can be with static screens, vibrating screens, rotating submerged pumping screens,

but not limited to these. Pulp can be transported by mechanical pumping,

‘impeller pumping or gravity for plants in cascade arrangements. Resin volumes in

each contactor will be dependent on process conditions for each application but is
most likely to be between 1 — 50%v/v per contactor. :

Once the resin has been contacted with pregnant leach solution or pulp
sufficiently to extract the desired -amount of uranium, it is stripped and
regenerated in a Stripping stage. |

For batch and carousel systems, columns are contacted with a series of
different reagents and wash waters through a series of valves and pumps directed
to a specific column in a set sequence. '

In continuous and pulp systems, uranium-loaded resin (loaded resin) is
transported to a dedicated column, whereby it can undergo the stripping
procedure outlined below. The transport of resin can either be with airlifts or

mechanical pumps or eductors. For pulp systems, the loaded resin is typically
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- screened to remove entrained solids from the resin, prior to stripping and may

comprise of a range of screens, including static screens, vibrating screens or

trommel screens. Wash or transportation water in these process steps can be

saline or hyper-saline water.

Typically the first step in the stripping stage requires the resin to be
washed using watef (saline) to elutriate any fine particulates remaining on the
resin. This is typically done in an elutriation or fluidised wash column, whereby
the resin bed is partly expanded through water injection in the bottom of the
column at a sufficient superficial velocity to separate resin and solid particles. In
fixed or carousel colurnns, back-washing of the resin bed at high velocities are
used. The requirement of this washing step is dependent on the level of solids in
the feed solution and the technology selected for extraction and strippiﬁg.

Some minor impurities (such as iron, vanadium, zirconium or thorium)

may have co-loaded onto the resin and can affect the purity of the final product.

These can be scrubbed by contacting the loaded resin with a solution of a weak

acid such as, weak sulphuric acid or sulphurous acid in the case of removing iron.
Dilute sulphuric acid will remove minirpal uranium frqm the resin. Saliné or
hyper-saline water may also be used, with pH correction to around 1.5. The scrub
step is optional depending on the amount of impurities present. The spent scrub
solution is nonnally sent to leach, as it can contain acid and a small amount of

After scrubbing, the resin may be washed with water to remove any
entrained scrub solution. For systems using sodium diuranate (SDU) and
peroxide precipitation, saline water may be used for resin washing. For systems
using ammonium diuranate (ADU) producing an ammonium uranyl tricarbonate
preéipitatidn product, fresh (low chloride) water may be used for resin washing.
The wash water from this step may go to scrub solution make up to recycle any“
sulphuric acid recovered from the resin bed. |

Scrubbed washed resin may be contacted with a stripping solution to strip
any uranium loaded onto the resin into solution. The stripping reagents may
include carbonate, bicarbonate, sulphate and/or nitrate. These reagents strip the

uranium from the resin as uranyl carbonate, uranyl sulphate or uranyl nitrate
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complexes. The uranium rich. product solution is sent to precipitation. The
uranium-stripped (barren) resin is sent to resin washing. _

Barren resin may then be washed with water to recover any entrained strip
solution. High chloride water may be used for this barren r_ésin wash step. For
systems using sodium diuranate (SDU) angi peroxidé precipitation downstream of
stripping, wash water from barren resin wash step may ‘go to stripping solution
make up to recycle any strip solution recovered. For systems using ammonia
precipitation downstream of stripping, barren resin wash water may be seﬁt to
leaching or comminution circuits.

Tﬁe washed, barren resin may be regenerated before be returned to
extraction. A regeneration solution such as dilute sulphuric acid may be used to
convert the resin back- to its sulphate form. Sulphuric acid may be mixed with
return high chloride water from the regeneration wash stage to produce a dilute
(~5-10% w/w) sulphuric acid regeneration solutioh. Spent regeneration solution
may be sent to leaching to recover any excess acid in solution. After
regeneration, the resin may be washed to remove excess regeneration sbhition,
with resulting weak regeneration solution being recycied to regeneration solution
make up. High chloride water may be used in this step.

_ The washed, regenerated resin may then be returned to the extraction
stage. Depending on the design of the system, buffer columns for loaded ahd
barren resin may be required. Resin transportation to extraction can use airlifts,
mechanical pumps, eductors, compressed air or other methods. '

The point at which saline water may no longer be used in the main process .
stream may occur either When the resin is washed and stripped with a stripping

reagent prepared in low chloride water, or by precipitating an intermediate

“uranium product after stripping, which is washed and repulped in potable water.

Uranium-rich product solutions may be sent to precipitation for
yellowcake production. When using sodiﬁm carbonate or sodium bicarbonate for
the stripping reagent, the product solution containing uranyl carbonate may be
precipitated with sodium hydroxide to form SDU. This point in the method
provides the segregation between saline and low chloride within the circuit.

The résulting SDU precipitate may be filtered and washed with potable
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water, which segregates the circuit from saline process conditions. The SDU

, filtrate may be carbonated to allow sodium carbonate to be generated for uranium

stripping in the ion exchange section. - Carbon dioxide may be contacted with
SDU filtrate to convert all excess sodium hydroxide in to sodium carbonate. The
contacting equipment can be through a scrubber or tank. SDU precipitate may be

repulped in low chloride water and dissolved in sulphuric acid. The resulting

“uranyl sulphate may be precipitated with hydrogen peroxide to form a uranyl

peroxide product. Sodium hydfoxide is used to maintain pH at the optimum
peroxide precipitation conditions. Final uranyl peroxide product is thickened,
filtered and dried to produce a yellowcake product. ,

When using ammonium carbonate or ammonium bicarbonate, product
solution from ion exchange stripping containing ammonium uranyl tricarbonate
solution may be heated with steam to precipitate ADU and generate ammonia and
carbon dioxide gas.. Vapour may be recovered via a packed bed scrubber for

recycling to stripping along with the barren ADU solution after solid-liquid

- separation. The ADU may be calcined to produce final yellowcake product.
| ‘Ammonia generated from the calcined off gas is scrubbed and also returned to -

‘ strippiﬂg make-up.

Conditions in extraction may be controlled to ensure the saline barren
solution contains less than 10ppm U3Os. In cases where clarified solutions are
used; barren solutions may be recycled back to leaching or comminution. In
cases were leached pulps are used; barren pulps may be neutralised and sent to
tailings. Here a portion of the solution may be recycled back into the process.

Two embodiments of the method accordiﬁg to the invention are discussed
below with reference to FIGS. 1 and 2. _ |

FIG. 1 shows one method 100 éccording to the invention in which sodium
carbonate is used as the ton exchange stripping agent and FIG. 2 shows an
embodimént in which ammonium bicarbonate is used as the stripping agent.

Both methods include steps 102 leach the pregnant leéch solution and 104
uranium extraction after which the barren solution is returned to leach.

In step 102 acidic saline pregnaht leach solution, typically containing

between 50 ~ 1000 ppm U;Og, is contacted with an amino-phosphorus resin to
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selectively extract uranium from solution. The leach lixiviant will in most cases
be sulphuric acid. In method 100 conditions are controlled to ensure the saline
barren solution contains less than 5-10 ppm U;Og ﬁefore it is recycled to the
comminution or leach circuit as process water. In method 200 conditions- are
controlled to ensure the saline barren solution contains less than 10 ppm U3Os
before it is recycled to the comminution or léach circuit as process water.

Method 100 shown in FIG. 1 br(;vides a process for extraction and
recovery of uranium from saline or hyper-saline soluti(;;ls and pulps using an
amino-phosphorus resin and stripping using a reagent such as cérbonate,
bicarbonate or nitrate. . |

Prior to stripping and scrubbing, the resin is washed in step 128 to remove
any solid particulates on the resin from the extraction stage.

“As shown in FIG. 1, method 100 also includes step 106 of a scrubbing
impurities. In the embodiment shown weak acid is used. The scrubbing step
serves to scrub minor impurities such as, iron, vanadium, zirconium or thorium,
which may also co-load onto the resin and these can be scrubbed by 'contacfing
the loaded resin with a solution of weak sulphuric acid or a reducing acid such as
sulphurous acid in the case of removing iron. Dilute sulphuric acid will remove
minimal uranium from the resin. As npted above, the scrub step is optional
depending on the amount of impurities present. .

- In step 108 the resin is washed to remove impurities. In the embodiment
shown in FIG. 1 saline wash water is used to remove any entrained scrub solution.
The spent scrub solution is normally sent to leach, as it can contain some residual
acid and a small amount of uranium. ' ‘ |

In step 110 sodium carbonate is generated by adding sodium hydroxide to
the product solution to form SDU. '

In step 112 the uranium is stripped from the resin with a stripping reagent,
such as sodium carbonate or ammonium carbonate, to remove uranium from the
resin as uranyl carbonate. v |

In step 116 the product solution containing uranyl carbonate is _
precipitated with sodium hydroxide to form sodium diuranate (SDU). This point

in the FIG. 1.provides the segregatioh between saline and low chloride water
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within the circuit. The resulting SDU precipitate is filtered and washed with
potable water, which segregates the circuit from saline process conditions.

In step 117 carbon dioxide is contacted with the SDU filtrate to convert all

excess sodium hydroxide into sodium carbonate.

In step 118 the sodium diuranate solid is separated from the liquid phase |
in a solid/liquid separation step, typically consisting of a clarifier or thickener.

Step 120 is a releach step in SDU. SDU precipitate is repulped. in low
chloride water and dissolved in sulphuric acid. The resulting uranyl sulphate is
precipitated with hydrogen peroxide to form a uranyl peroxide product. Sodium
hydroxide is used to maintain pH at the optimum peroxide precipitation
conditions. Final ﬁranyl peroxide product is thickened, filtered and dried.

In step 122 the uranyl peroxide product is precipitated by adding hydrogen
peroxide and sodium hydroxide. Sodium hydroxide is used to maintain pH at the
optimum peroxide precipitation conditions. Final uranyl peroxide product is
thickened, filtered and dried. |

The barren resin is then washed in step 124 with saline wash water to

- remove any entrained sodium carbonate. The resulting weak stripping solution is .

then recycled to stripping solution make-up.
In step 126 the washed, barren resin is regenerated to the sulphate form

using dilute sulphuric acid before being returned to uranium extraction. After this

. step, in step 128 the resin may be washed with saline wash water to remove

excess regeneration solution. The resulting weak regeneration solution may be

' reéycled to regeneration solution make up.

- The final regenerated resin is then returned to the extraction stage 104 for
uranium recovery.
FIG. 2 shows method 200 which is another embodiment of the invention.

Prior to stripping and scrubbing, the resin is washed in step 228 to remove

‘any solid particulates on the resin from the extraction stage.

The second embodiment, method 200 shown in FIG. 2 is an alternative
arrangement for extraction and recovery of uranium from saline or hyper-saline
solutions and pulps using an amino-phosphorus resin and stripping using

ammonium bicarbonate / carbonate.
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As shown in FIG. 2, method 200 also includes step 106 of scrubbing
impurities. _ ‘

In step 208 the resin is washed to remove impurities. Once the majbr
impurities have been scrubbed in step 208 shown in FIG. 2, the loaded resin is
washed with potable or low chloride water to ensure no or a low amount chlorides
are entrained. This point in method 200 provides the segregation between saline
and low chloﬁde within the circuit.

In 212 the resin is then stripped- with an ammonium bicarbonate and
ammonium carbonate mixture. This produces an ammonium uranyl tricarbonate -
product solution.

In 224 barren resin is then washed with low chloride water to recover any
entrained ammonium carbonate for reagent make-up in stripping. Washed barren
resin must be regenerated to its sulphate form before returning to uranium
Extraction. This is achieved by contacting the resin with diluted sulphuric acid in

226. After regeneration, the resin is washed with saline water in 228 to recover

-~ any entrained sulphuric acid. The resulting weak acid is recycled as regeneration

make-up solution or to leach as process water. The final regenerated resin is then

- returned to Extraction 104 for uranium recovery.

Following stripping, in 216 ammonium uranyl tricarbonate solution is
heated with steam to precipitate ammonium diuranate (ADU) and generate
ammonia and carbon dioxide gas. Vapour is recovered via a packed bed scrubber
for recycling to stripping along with the barren ADU solution after solid-liquid
sepération. ‘ ' '

The ADU is calcined in 220 to produce final yellowcake product.
Ammonia generated from the calcined off gas is scrubbed in 230 and also
returned to stripping make-up in 232. ‘

Produced uranium-rich product solutions from method’ 100, 200 of the
present invention can be integrated with well-known and established producf
recovery circuits to produce a yellowcake product.

The following non-limiting example illustrates the invention. The example
should not be construed as limiting: the example is included for the purposes of

illustration only. The Example will be understood to represent an exemplification
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of the invention.
l‘ Example _

A synthetic 60 ppm U ISL qranium solution was prepared using seawater
cdntai‘ning 20 g/L chioride. This solution was pumped in an upward flow through
a fixed bed ion exchange column loaded with Clean TeQ R600CI amino-
phosphonic resin. Synthetic ISL solution was continuously pumped through the
IX-column until the barren IX uranium concentration matched the feed uranium
conbentratidn. This indicated the resin héd reached equilibrium uranium loading.

Analysis of the loaded resin was performed as shown in Table 1.

Table 1 Analysis of synthetic ISL solution and R600CI loaded resin.

Analysis Concentration

' U Na [(Ca [Mg|ClI' |§
ppm | gL [ppm|g/lL |glL |ppm
ISL Solution 101 110.5] 395 1.2 (20.2 | 923
Load Resin | 29,441

The present invention is of significant advantage because it allows the
extraction of uranium from acidic leach liquors and pulps where the concentration
of chloride in solution is higher than 3g/L. Prior td the present invention this was
not possible. The consequence of this is the recovery of uranium is now possible
using saline, hyper-saline or seawater without the need for desalination or 'solvent
extraction. . |

Throughbut the specification the aim has been to describe the preferred
embodiments of the invention without limiting the invention to any one
embodiment or specific collection of features. It will therefore be appreciated by
those of skill in the art that, in light of the instant disclosure, various

modifications and changes can be made in the particular embodiments

_exemplified without departing from the scope of the present invention.

All computer programs, algorithms, patent and scientific literature referred
to herein is incorporated herein by reference.
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CLAIMS

1. A method for recovering uranium from an acidic leach solution or leach
pulp in salt water using an amino-phosphbrus resin, wherein a liquid phase of the’
le‘achAsolution or leach pulp contains greater than 3 g/L chloride ion in solution.

2. The method of claim ‘1 wherein the resin comprises a functional group
comprising an amino phosphonic group, an amino-phosphinic group, an amino
i)hosphoric ftinc@ional group and/or a combination thereof. |

3. The method of any previous claim wherein the leach so(ufion or leach
pulp is generated by in-situ leaching, vat leaching, heap leaching and/or agitated
leaching at ambient, elevated temperatufe and/or elevated pressure conditions in

saline or hyper-saline water.

4, The method of any previous claim wherein the leach solution or leach

pulp is obtained by leaching uranium bearing ore with an acid.

- 5. The method of any previous claim wherein the source of chloride

originates from addition of a reagent such as sodium chlorate, hypochlorite and/or
others.

6. The method of any previous claim wherein uranium-loaded resin is

 stripped with a stripping reagent.

7. The method of claim 6 wherein the stripping agent is selécted from water,
saline, a carbonate salt, a bicarbonate salt, a sqlphate salt, a sulphuric acid, a
nitrate salt, a nitric acid or a combination of these.

8. The method of claim 6 wherein the carbonate salt comprises sodium
carbonate genérated through the precipitation of sodium diuranate (SDU).

9. The method of claim 8 wherein the sodium diuranate (SDU) is contacted
with carbon dioxide.

10.  The method of claim 6 wherein the carbpnate salt may be ammonium
carbonate generated by carbonation of ammonia from ammonium diuranate |
(ADU) production. | | |

11..  The method of any previous claim Whe'rein an impurity loaded on the resin .

can be preferentially scrubbed or selectively stripped using a dilute sulphuric acid,
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sulphurous acid, and/or water.

12. The method of any previous claim wherein a uranyl peroxide product may
be precipitated by adding hydrogen peroxxde and/or sodium hydroxide.

13. The method of any previous claim wherein yellowcake product may be
produced by calcining. o '

14.  The method of any previous claim wherein barren resin is washed with
water or high chloride water. |

15.  The method of any previous claim wherein stripped or barren resin is
regenerated to its sulphate, chloride, or nitrate form by contacting the barren resin
with a solution of sulphuric acid, sulphate salt, hydrochloric acid, chloride salt,
nitric acid, nitrate salt or a combination of these. |

16. A résin for,recoVering uranium from an acidic leach solution, the resin
comprising an 'amino-phospho;us resin wherein the resin ié used to recover
uranium from an acidic leach solution or leach pulp in salt water, wherein the
liqﬁid phase of the leach solution or leach pulp contains greater than 3 g/L
chioride ion in solution. '

17.  The resin of claim 16 wherein the resin comprises a functional group
comprising anb amino phosphonic group, an amino-phosphinic group, an amino
phosphoric functional group and/or a combination thereof.

18. A system forl recovering uranium from an acidic leach solution, the system
comprising the resin of claim 16 or 17.

19. A system for performing the method of any one of claims 1 to 15.

20. A uranium product recovered using the method of any one of claims 1 to

15, the resin of claim 16 or claim 17, or the system of claim 18 or claim 19.
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