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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to a method of extracting lithium compounds from mineral
or mineral concentrate.

[0002] The demand for lithium and lithium compounds is one of the fastest growing demands
in metals resources. Lithium may be extracted from minerals, brine and seawater. The mineral
sources containing lithium are spodumene, pentalite and lepidolite.

[0003] Minerals and mineral concentrates contain gangue such as phosphorus containing
apatite. When targeting to high-purity lithium products or intermediate products, the challenge
is often to ensure proper separation of impurities from the lithium product.

[0004] One procedure for extracting the lithium from lithium-bearing mineral has been
described in WO2007103083A2, which discloses the use of an alkaline material for the
extraction, providing a precipitated by-product, while the lithium is solubilized. From this
solution, the lithium is then directly precipitated into a carbonate. Such a process will, however,
also typically cause the precipitation of impurities together with the lithium carbonate.

[0005] US2004/0005267A1 discloses a method for making low sodium lithium carbonate by
precipitating lithium carbonate from purified brine using soda ash, filtering to obtain solid lithium
carbonate, introducing carbon dioxide gas to react the solid lithium carbonate into the aqueous
bicarbonate, from which solid impurities can be separated.

[0006] US 3 112 171 A discloses a method for preparing lithium carbonate from beta-
spodumene in a direct process by a reaction with aqueous sodium carbonate.

[0007] Likewise, Hu N et al. (WPl / Thomson, vol. 2011, No. 35, 19 January 2011) discloses a
method for preparing lithium carbonate from beta-spodumene by leaching in the presence of
an alkaline salt, such as an alkaline sodium, potassium or ammonium salt, and carbonizing in
the presence of COa.

[0008] Choubey, P. K. et al. (Minerals Engineering Oxford, vol. 89, 28 January 2016, pages
119-137) discloses methods for recovering lithium from mineral or brine sources, including a
carbonation processing, which includes reacting the mineral with sodium carbonate, and
leaching in the presence of CO».

[0009] When processing lithium-containing mineral concentrate, such as spodumene
concentrate via alkaline carbonate leach processes, it has been observed that phosphoric
impurities solubilize and report further to the final lithium carbonate product as insoluble
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phosphate compounds. Typically the phosphate impurities are compounds with lithium and/or
undesired metals. Lithium carbonate is typically processed further to form other lithium
chemicals, such as lithium hydroxide. During further processing the presence of phosphoric
impurities may lead to lithium losses. The phosphoric impurities originate typically from gangue
minerals of the concentrate, such as apatite. Typical phosphate levels, as elemental P, have
been at the range of 500 to 2000 ppm in the final lithium carbonate salts originating from
concentrates with less than 0.5 % of apatite.

BRIEF DESCRIPTION OF THE INVENTION

[0010] One of the disadvantages associated with the prior art arrangements and methods is,
that the phosphate(s) present in the gangue minerals are partly dissolved in the lithium (or
spodumene) leaching environment and react with lithium and/or undesired compounds forming
unwanted lithium phosphate compounds in the desired lithium product, typically in lithium
carbonate.

[0011] An object of the present invention is thus to provide a method and an arrangement for
implementing the method so as to alleviate the above disadvantages of impurities or lithium
losses. The objects of the invention are achieved by a method and an arrangement which are
characterized by what is stated in the independent claims. The preferred embodiments of the
invention are disclosed in the dependent claims.

[0012] The invention presents a method for removal of phosphate species as insoluble
compounds in a carbonate leach process of lithium-containing mineral, for example lithium-
containing concentrate, typically spodumene concentrate. The invention is based on the idea
of precipitating phosphate species during the carbonization phase thereby prohibiting the
phosphate to react with lithium.

[0013] An advantage of the method and arrangement of the invention is that lithium is obtained
as a desired product, i.e. as lithium bicarbonate or lithium carbonate, and not as undesired
side product formed of impurity phosphates that have reacted with the lithium. With the method
and apparatus of the present invention it is possible to achieve lithium carbonate product,
which has a phosphorus content less than 300 ppm, more typically less than 200 ppm. Without
the present invention the phosphorus content of the end product would be 500 - 2000 ppm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the following the invention will be described in greater detail by means of preferred
embodiments with reference to the attached drawings, in which

[0015] Figure 1 is a flow diagram of an example embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0016] The invention relates to a method of preparing lithium compound(s), more specifically
to a method of preparing one or more types of lithium carbonates, particularly lithium hydrogen
carbonate (lithium bicarbonate) and/or lithium carbonate, from a lithium-containing mineral.
The method of the invention comprises

1. a) a leaching step, wherein the lithium-containing mineral is leached in aqueous alkaline
carbonate leach solution for liberating lithium and phosphate from the mineral, thus
obtaining a leach slurry containing lithium carbonate and phosphate,

2. b) a carbonization step, wherein the obtained leach slurry is reacted with an alkali earth
metal compound in the presence of CO,, for obtaining a carbonated slurry containing

lithium bicarbonate, and for precipitating phosphate(s) from the leach slurry as insoluble
phosphate compound(s),

3.¢) a solid-liquid separation step, wherein the carbonated slurry obtained from the
carbonization step is subjected to solid-liquid separation wherein undissolved mineral
and the insoluble phosphate compound(s) are separated as solids that can be
recovered or discarded, thereby obtaining a solution containing lithium hydrogen
carbonate.

[0017] The method can be performed batch wise or continuously.

[0018] According to an embodiment of the present invention the lithium containing mineral is
processed as lithium-containing concentrate, typically spodumene concentrate. Spodumene
concentrate comprises typically 60 to 85 weight-% spodumene (LiAI(SiO3)5), which includes

typically 20 to 40 weight-% silicate. Apatite is a typical gangue mineral of spodumene causing
problems for example by providing unwanted ions, such as phosphate ions.

[0019] In the leaching step a), the aqueous alkaline carbonate leach solution comprises
sodium carbonate and/or potassium carbonate. The leaching step is typically performed at
elevated temperature and elevated pressure. Typically the temperature of the leaching step is
150 °C or more, more typically between 150 - 300 °C, most typically between 190 - 240 °C.
The pressure is typically not controlled in itself, but it adjusts to the level corresponding to the
used temperature.

[0020] In the leaching step the phosphate(s) contained in the mineral are partly dissolved and
lithium contained in the mineral is liberated, thereby forming a leach slurry. The lithium-
containing slurry now contains lithium as lithium carbonate. After the leaching step the solid
matter does not contain significant amount of spodumene, i.e. lithium aluminium silicate, since
it has transformed to sodium aluminium silicate. In other words, lithium contained in
spodumene has been liberated and replaced by sodium originating from the leaching solution.
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Some of the phosphates contained in the mineral used as starting material have been
solubilized. Typically the yield of liberated lithium from the leaching step is 90 to 95 weight-%,
calculated from the mineral. However, lithium carbonate is only sparingly solubilized in the
leaching step, thus remaining mostly in solid form. Therefore, the solid lithium carbonate
obtained from the starting material is transformed to solubilized lithium hydrogen carbonate in
the carbonization step in order to be able to separate it from the undesirable, undissolved
materials.

[0021] According to a preferred embodiment, the leach slurry obtained in the leaching step is
carried further to the carbonaization step directly, without any separation steps.

[0022] The carbonization step b) is performed in the presence of alkali earth metal compound,
or mixture of compounds, and carbon dioxide. The alkali earth metal compound may be added
before and/or during the leaching step and/or before and/or during the carbonization step.
Preferably the alkali earth metal compound is added already before the leaching step. In this
way the feed mixture is ready when fed to the leaching step. Furthermore, the carbonization
step is typically performed in an autoclave rendering the addition of chemicals more
demanding. Carbon dioxide is typically added during the carbonization step.

[0023] Typically, the alkali earth metal compound is selected from the group consisting of alkali
earth metal hydroxides, alkali earth metal carbonates, alkali earth metal hydrogen carbonates,
and alkali earth metal chlorides, such as magnesium chloride or calcium chloride, more
typically the alkali earth metal compound is Mg(OH),.

[0024] The alkali earth metal compound addition can be done as a solution or the compound
can be added as aqueous slurry, typically already before and/or during the leaching step.
However, typically the alkali earth metal compound is added in solid form.

[0025] During the bicarbonization, the alkali earth metal compounds in the leach slurry are
solubilized via the reaction with carbon dioxide, and respective hydrogen carbonates are
formed. For example, magnesium has a slightly soluble bicarbonate but an insoluble hydrogen
phosphate. Hence, the chemical added is solubilized during the bicarbonization allowing
simultaneous precipitation of the insoluble hydrogen phosphate species. Typically the insoluble
phosphate compound is alkali earth metal hydrogen phosphate, such as magnesium hydrogen
phosphate or calcium hydrogen phosphate. However, the insoluble phosphate compound may
be any precipitated water-insoluble phosphate compound.

[0026] Typically the carbonization step is performed at a temperature between 0-50 °C, more
typically between 15-40 °C. The pressure of the carbon dioxide is typically 1 to 15 bar(g), more
typically 1 to 10 bar(g). Higher pressure improves the solubilisation of carbon dioxide into the
aqueous solution, but increasing the pressure too much will cause the increased formation of
by-products and impurities.

[0027] The solid-liquid separation step c) is typically performed by filtering. In the solid-liquid
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separation step the precipitated phosphate compound(s) are separated together with the
undissolved materials from the slurry, resulting in a solution containing lithium hydrogen
carbonate. The undissolved material is not separated earlier, since this would result in an
increased difficulty to separate the precipitated phosphate species from the solution due to
small amount of solid matter.

[0028] The present invention relates also to a method for obtaining lithium carbonate, wherein
the method comprising steps a) to c¢) further comprises a crystallization step d), wherein the
lithium hydrogen carbonate -containing solution obtained from step c) is heated to decompose
bicarbonate and crystallize lithium carbonate. The solution is typically heated to a temperature
in the range of 70-100 °C.

[0029] An apparatus suitable for use in the above described method typically comprises

1. A. a leaching unit,

2. B. a carbonization unit, and

3. C. a separation unit,
optionally also including

4. D. a crystallization unit.

[0030] In the leaching unit A, a step of leaching a mineral or a mineral concentrate using a
leach solution can be carried out. Typically the leaching unit A is operated at elevated
temperature and elevated pressure. Typically the temperature in the leaching unit Ais at least
150 °C, more typically between 150-300 °C, most typically between 190-240 °C. The pressure
is typically not controlled in itself, but it adjusts to the level corresponding to the used
temperature.

[0031] At a downstream point in the leaching unit A, a connection is typically provided to carry
the formed slurry directly to an upstream point of the carbonization unit B.

[0032] The carbonization unit B is preferably an autoclave and is typically operated at a
temperature between 0-50 °C, more typically between 15-40 °C. The pressure in the
carbonization unit B is typically 1 to 15 bar(g), more typically 1 to 10 bar(g).

[0033] The solid-liquid separation unit C is typically a filtering unit, such as vacuum belt filter.

[0034] The apparatus further comprises necessary connection(s) and storing unit(s) for
holding and adding chemicals and removing by-products and impurities, as well as for
recycling water, chemicals and/or gases to upstream units.

[0035] To facilitate operating the apparatus, it typically also contains means for adjusting the
temperature, the pressure, the flow rates and the chemical doses in the different units and
connections.
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[0036] For preparing lithium carbonate, the apparatus may further comprise a crystallization
unit D, adapted to heat the lithium hydrogen carbonate -containing solution to decompose
bicarbonate and crystallize lithium carbonate. The unit D is typically operated at a temperature
between 70-100 °C.

List of reference signs

[0037]
a)
Leaching step
b)
Carbonization step
c)
Solid-liquid separation step
d)
Crystallization step (optional)
A
Leaching unit
B
Carbonization unit
C
Separation unit
D

Crystallization unit (optional)

[0038] Figure 1 is a schematic illustration of the method of the present invention, including a
Fig. 1A, showing a preferred manner of operating the required steps a) to ¢), and a Fig. 1B,
showing the optional further step d). This method is particularly suitable for preparing lithium
hydrogen carbonate from lithium-containing mineral, typically from spodumene concentrate,
such as mixture comprising spodumene concentrate and apatite as gangue mineral, and
optionally for preparing lithium carbonate.

[0039] The method illustrated in Fig. 1 comprises a leaching step A, wherein the lithium-
containing mineral is leached in carbonate leach solution, for obtaining a leach slurry. The
carbonate leach solution is preferably an aqueous alkaline carbonate solution, such as an
aqueous solution of sodium carbonate and/or potassium carbonate. The temperature of the
leaching step Ais typically 150 °C, or more, and the pressure is at a level corresponding to the
used temperature. In the leaching step lithium contained in the mineral starting material is
liberated into the leach slurry and the phosphate(s) of the mineral are partly solubilized. The
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obtained phosphate and lithium carbonate -containing leach slurry contains also the
undissolved part of the mineral.

[0040] After the leaching step a), the method comprises a carbonization step b), leach slurry
obtained from the leaching step a) is reacted with an alkali earth metal compound, added
before and/or during this step and/or already before and/or during the leaching step a). Carbon
dioxide (CO») is also added, thus obtaining lithium hydrogen carbonate, and also causing

precipitation of phosphates, contained in the lithium carbonate -containing slurry, as insoluble
phosphate compound(s).

[0041] The alkali earth metal compound may thus be added before and/or during the leaching
step a), and/or before and/or during the carbonization step b). If added at two or more points, it
is possible to use either the same alkali earth metal compound, or two or more different
compounds, to achieve variation of the reaction conditions.

[0042] According to a preferred embodiment, an alkali earth metal compound is added to the
leaching slurry, before the leaching process has started, while the same or another alkali earth
metal compound is added also before the carbonization step b), at a point before adding the
carbon dioxide feed.

[0043] For solubilizing the CO, present in the carbonization step, the temperature of the

carbonization step is lowered, typically to be in the range of 0-50 °C, more typically between 15
to 40 °C. The pressure of the carbon dioxide is typically 1 to 15 bar g, more typically 1 to 10
bar g. A slurry containing lithium hydrogen carbonate, insoluble phosphate compound(s) and
undissolved mineral is obtained from the carbonization step b) and subjected to solid-liquid
separation step c), wherein the undissolved mineral and precipitated insoluble phosphate
compound(s) are separated from a solution containing lithium hydrogen carbonate. The solid-
liquid separation step c) is typically a filtering step, such as a vacuum belt filtering.

[0044] The solution containing lithium hydrogen carbonate obtained from the solid-liquid
separation step ¢) may be optionally subjected to a crystallization step d), wherein the solution
is heated to decompose bicarbonate and to obtain crystallized lithium carbonate. The
temperature is typically in the range of 70 to 100 °C.

EXAMPLES

[0045] Firstly, two test series were performed, wherein phosphate was precipitated from
LIHCO3-containing solution. The used chemicals were CaCl, and MgCl», as they are soluble

and have no effect on the pH value of the solution. The chemicals were added to the LIHCO3-
solution after bicarbonization. Chloride ion acted as an inert anion in the test environment. The
tested chloride chemicals were added in a stoichiometric amount or twice the stoichiometric
amount with respect to the amount of phosphorus in the starting material. The results are
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shown in the below Table 1.

[0046] Secondly, solid Mg(OH), was added to a batch of mineral slurry before carbonization,
together with spodumene concentrate (containing 4.5% Lix0), solid Na>CO3 (1.1 x equivalent

to the lithium content of the concentrate) and water to make a 20 w% slurry. The slurry was
leached in an autoclave at 220 °C for one hour. After the leaching step, the slurry was cooled
down to 25 °C and gaseous CO, was injected to the slurry at CO, pressure 3 bar g for 30

minutes. Afterwards a solid/liquid (S/L) separation by filtering was carried out. Solution analysis
from the filtrate was taken and the contents of lithium, calcium, magnesium and phosphorus
(Li, Ca, Mg & P) were analyzed with ICP-OES. Mg(OH), addition was 2 x stoichiometric amount
to the soluble P determined in an earlier parallel leach test without the addition of Mg(OH)>
(assuming MgHPOy4 precipitation). A parallel test was made without the addition of Mg(OH)» in
order to determine the levels of soluble phosphorus and Ca & Mg originating from the
concentrate. These results are also shown in Table 1.

Table 1. The results of the different test series described above.

Phosphate precipitation tests for LIHCO3 Li g/l {Mg Ca P mg/l
solution mg/l {mg/l

Initial concentration (soln.) 5,5 0,5 6 22
Dosage (CaCl2) 1 x eq. 5,5 10 22
Dosage (CaCl2) 2 x eq. 5,5 11 22
Dosage (MgCI2) 1 x eq. 5,5 19 22
Dosage (MgCI2) 2 x eq. 5,5 40 22
Phosphate precipitation for LIHCO3 - mineral {Li g/l Mg Ca P mg/l
slurry in spodumene leaching-carbonation test mg/l img/l

No Mg(OH)2 addition 4 0,5 6 23
Dosage (Mg(OH)2) 2 x eq. 5,4 <1 1 3,5

[0047] It will be obvious to a person skilled in the art that, as the technology advances, the
inventive concept can be implemented in various ways. The invention and its embodiments are
not limited to the examples described above but may vary within the scope of the claims.
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Patentkrav

1. Fremgangsmade til fremstilling af en eller flere typer af lithiumforbindelser fra
lithium-holdigt mineral, hvor fremgangsmaden omfatter
a) et udludningstrin, hvor det lithium-holdige mineral udludes i en vandig
alkalicarbonatudludningsoplasning, til friggrelse af lithiumforbindelser og
phosphat(er) fra det lithium-holdige mineral, for sdledes at opnd en
udludningsopslaemning indeholdende lithiumcarbonat og phosphat(er),
b) et carboniseringstrin, hvor den opnaede udludningsopslaamning reageres
med en jordalkalimetalforbindelse i tilstedeveerelsen af CO2, for at opna en
carboniseret opslaamning indeholdende lithiumhydrogencarbonat, og for at
udfeelde phosphat(er) fra udludningsopsleemningen som uoplgselig(e)
phosphatforbindelse(r),
¢) et trin til faststof-vaeske-separation, hvor den carboniserede opslaamning
opnaet fra carboniseringstrinnet underkastes faststof-vaeske-separation,
hvor ikke-oplgst mineral og den/de uoplgselige phosphatforbindelse(r)
separeres som faststoffer, som kan genvindes eller kasseres, for derved at
opna en oplgsning indeholdende lithiumhydrogencarbonat.

2. Fremgangsmaden ifglge krav 1, hvor det lithium-holdige mineral anvendes i
form af lithium-holdigt koncentrat, typisk spodumenkoncentrat.

3. Fremgangsmaden ifglge krav 1 eller 2, hvor alkalicarbonatudludnings-
oplgsningen omfatter natriumcarbonat og/eller kaliumcarbonat.

4. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
udludningstrinnet udfgres ved forhgjet temperatur og forhgjet tryk.

5. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
temperaturen af udludningstrinnet er 150°C eller mere, typisk mellem 150-300°C,
mere typisk mellem 190-240°C.

6. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
jordalkalimetalforbindelsen tilsaettes far og/eller under udludningstrinnet og/eller
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fgr og/eller under carboniseringstrinnet.

7. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
jordalkalimetalforbindelsen er valgt fra gruppen bestdende af jordalkalimetal-
hydroxid(er), jordalkalimetalcarbonat(er), jordalkalimetalhydrogencarbonat(er) og
jordalkalimetalchlorid(er), typisk er jordalkalimetalforbindelsen Mg(OH)2, typisk i
fast form.

8. Fremgangsmaden ifslge et hvilket som helst af de foregdende krav, hvor den
uoplgselige phosphatforbindelse er jordalkalimetalhydrogenphosphat, sdsom
magnesiumhydrogenphosphat eller calciumhydrogenphosphat.

9. Fremgangsmaden ifslge et hvilket som helst af de foregdende krav, hvor
carboniseringstrinnet udfgre ved en temperatur mellem 0 - 50°C, typisk mellem
15 til 40°C.

10. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
trinnet til faststof-vaeske-separation udfgres ved filtrering, typisk ved

vakuumbandfiltrering.

11. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
fremgangsmaden yderligere omfatter et krystalliseringstrin d), hvor den
lithiumhydrogencarbonat-holdige oplgsning opvarmes for at nedbryde bicarbonat
og krystallisere lithiumcarbonat.

12. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
fremgangsmaden udfgres batchvist eller kontinuerligt.

13. Anvendelsen af fremgangsmaden ifglge et hvilket som helst af kravene 1 til
12 til fremstilling af lithiumhydrogencarbonat, som eventuelt krystalliseres for at
danne lithiumcarbonat.
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