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(57) Abstract: A method and arrangement for recovering lithium hydroxide from a raw material containing lithium, which method

comprises pulping (1) the raw material containing lithium in the presence of water and an alkali metal carbonate for producing a first
shurry containing lithium from the raw material containing lithium. After pulping the lithiumcontaining first slurry is leached (2) for a
first time thus producing a second slurry containing lithium carbonate, followed by a second leaching (3) for producing a third slurry
containing lithium hydroxide. After pulping and said two leaching steps the method comprises a separation (31) of the solids from the
solution. Crystals of lithium hydroxide monohydrate are then recovered by crystallizing (4).
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METHOD FOR RECOVERING LITHIUM HYDROXIDE

FIELD OF THE INVENTION

The present invention relates to a method and an arrangement for
recovering lithium hydroxide.

BACKGROUND OF THE INVENTION

CN102115101 discloses a method for producing lithium carbonate
from spodumene mineral by performing a sulfuric acid treatment in order to
obtain lithium sulfate, followed by a step of preparing the lithium carbonate
mother liquor, from which the carbonate product can be separated, and finally
the lithium hydroxide is obtained from the mother liquor by adding lime to caus-
ticize said mother liquor. Also barium hydroxide is said to be useful as a caus-
ticizing hydroxide.

CN 100455512 C discloses a process for preparing lithium hydrox-
ide monohydrate by adding sodium hydroxide to a lithium sulfate solution in
order to obtain liquid lithium hydroxide, followed by cooling, filtering and sepa-
rating the lithium hydroxide from the sodium sulfate, whereafter a series of re-
crystallization steps are performed to provide the pure lithium hydroxide mono-
hydrate.

In CN 1214981 C a similar process is described, wherein the step of
adding sodium hydroxide into the lithium sulfate solution is carried out, fol-
lowed by cooling and separating to obtain the liquid lithium hydroxide. The lith-
ium hydroxide solution is then concentrated and crystallized, whereby a coarse
lithium hydroxide monohydrate product can be separated. In this publication
the pure lithium hydroxide monohydrate is obtained by reacting the coarse
product with barium hydroxide, followed by concentrating and crystallizing.

However, these processes all proceed via the lithium sulfate.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is thus to provide a method and
an arrangement for recovering lithium hydroxide with high yield and high purity,
without the need for multiple purification steps. In addition, the process con-
cept is sulphate and acid free, without the formation of undesired crystallized
byproducts. The objects of the invention are achieved by a method and an ar-
rangement which is characterized by what is stated in the independent claims.
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The preferred embodiments of the invention are disclosed in the dependent
claims.

The present invention relates to a method for recovering lithium hy-
droxide from a raw material containing lithium. The method comprises the fol-
lowing steps of

- pulping the raw material containing lithium in the presence of water
and an alkali metal carbonate for producing a first slurry containing lithium,

- leaching the first slurry containing lithium in a first leaching step at
an elevated temperature for producing a second slurry containing lithium car-
bonate,

- leaching the second slurry or a fraction thereof in a second leach-
ing step in an aqueous solution containing an alkali earth metal hydroxide for
producing a third slurry containing lithium hydroxide,

- separating the third slurry into solids containing impurities and a
solution containing lithium hydroxide by solid-liquid separation and providing a
purified solution containing lithium hydroxide, and

- recovering lithium hydroxide monohydrate crystals by crystallising
from the purified solution containing lithium hydroxide.

According to an embodiment of the present invention the raw mate-
rial containing lithium can be any raw material from which it is desired to re-
cover lithium. Typically the raw material containing lithium is selected from a
mineral containing lithium, preferably from spodumene, petalite or lepidolite or
mixtures thereof, most suitably from spodumene.

According to an embodiment of the present invention the raw mate-
rial containing lithium is selected from a mineral containing lithium which has
undergone heat treatment, whereby a particularly preferred material is beta-
spodumene.

According to an embodiment of the present invention the first leach-
ing solution is separated from the solids after the first leaching step, whereby
only the solids are carried to the second leaching step.

According to an embodiment of the present invention the first leach-
ing solution is separated from the solids after the first leaching step and is re-
cycled either to the pulping step or to the first leaching step, or a fraction to
each.
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According to an embodiment of the present invention the solids are
separated from the solution in the separation step by any suitable solid-liquid
separation method, typically by thickening and/or filtering.

According to an embodiment of the present invention a separate pu-
rifying step is carried out on the solution obtained from the second solid/liquid
separation step, which preferably is performed by ion exchange, typically by
using cation exchange resin.

According to an embodiment of the present invention the crystallis-
ing of the lithium hydroxide monohydrate is performed by heating and cooling,
or alternatively by merely concentrating the solution by heating.

According to an embodiment of the present invention the bleed so-
lution obtained while crystallizing the lithium hydroxide monohydrate is recov-
ered and recycled to one or more of the previous process steps, for example
the pulping step, second leaching step, a separation step, and/or a point up-
stream of the crystallization step.

Optionally, the bleed solution obtained from the crystallization step
is pretreated prior to recycling it to previous process steps, e.g. by adjusting
the pH of the solution by carbonation (COy,).

When performing a first, optional, solid-liquid separation between
the leaching steps, it is possible to recover the solution used in the first leach-
ing step, containing any excess of the leaching chemical, i.e. the alkali metal
carbonate, and recycle it. This recycling, in turn, reduces the need for a sepa-
rate pH adjustment in the later stages of the process, and likewise reduces the
chemical consumption in the process.

According to a preferred embodiment of the present invention, when
a first solid-liquid separation is carried out between the two leaching steps, the
obtained solids are partly recovered and carried to a separate process for re-
covering pure lithium carbonate in a process comprising the following steps

- mixing the solids containing lithium into an aqueous solution to
prepare a further slurry containing lithium carbonate,

- carbonating said further slurry containing lithium carbonate by us-
ing carbon dioxide for producing a solution containing lithium bicarbonate,

- separating solids from the solution containing lithium bicarbonate
by solid-liquid separation, and

- recovering lithium carbonate by crystallising it from the solution
containing lithium bicarbonate.
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When applying this preferred embodiment, the method can also in-
clude the steps of recycling the crystallized lithium carbonate to the second
hydroxide leaching step, and recycling the bleed solution obtained from the
hydroxide crystallization, as described above, to one or more previous process
steps, for example the pulping step, the second leaching step, a separation
step and/or a point upstream of the crystallization step.

The present invention relates also to an arrangement for recovering
lithium hydroxide from a raw material containing lithium according to the above
method, which arrangement comprises

- a pulping unit 1 for pulping the raw material containing lithium in
the presence of water and an alkali metal carbonate,

- a first leaching unit 2 for leaching a first slurry containing lithium at
an elevated temperature to form a second slurry containing lithium carbonate,

- a second leaching unit 3 for leaching the second slurry containing
lithium carbonate using a second leaching reagent, in order to produce a third
slurry,

- a solid-liquid-separation unit 31 for separating solids from the third
slurry, and

- a crystallising unit 4 for recovering lithium hydroxide monohydrate
from the liquid phase obtained from the separation unit 31.

According to an embodiment of the invention the arrangement com-
prises also the necessary lines for carrying the solutions to be recycled to their
intended units.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by means of
preferred embodiments with reference Figure 1, which shows a general flow
diagram and arrangement of units of an embodiment of the invention, and Fig-
ure 2, which shows a general flow diagram and arrangement of units of anoth-
er embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the method of the invention, as presented sche-
matically in Figure 1, is a method for recovering lithium hydroxide from a raw
material containing lithium, which method comprises pulping 1 the raw material
containing lithium in the presence of water and an alkali metal carbonate for
extracting the lithium from the raw material and producing a first slurry contain-
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ing lithium. A preferred alkali metal carbonate is sodium carbonate. Typically,
the alkali metal carbonate is present in excess.

After pulping the first lithium-containing slurry is leached 2 for a first
time for producing a second slurry containing lithium carbonate.

After an optional solid-liquid separation step 21, the lithium-
containing phase (here typically the solids, or the entire second slurry) is
leached 3 for a second time using a hydroxide reagent, i.e. an earth alkali
metal hydroxide, followed by a separation of solids from the solution by solid-
liquid separation 31 and by the preparation of lithium hydroxide -containing
solution of high purity.

If a separation step is performed between the leaching steps 2,3 the
liquid fraction of the first leaching solution can be recycled either to the pulping
step or to the first leaching step, or a fraction to each, and the solid phase car-
ried to the second leaching step 3.

Finally, crystals of lithium hydroxide monohydrate are recovered by
crystallising 4 from the purified lithium-containing solution. The method of the
invention enables production of pure lithium hydroxide monohydrate with ex-
cellent yield and purity in a continuous and simple process.

The bleed solution obtained while crystallizing 4 the lithium hydrox-
ide monohydrate can be recovered and recycled to one or more of the previ-
ous process steps, for example the pulping step 1, second leaching step 3, a
separation step 31, and/or an upstream level of the crystallization step 4.

The raw material containing lithium can be any suitable mineral con-
taining lithium from which it is desired to recover lithium. Typically the raw ma-
terial containing lithium is selected from a mineral containing lithium, such as
spodumene, petalite, lepidolite or mixtures thereof. Typically the lithium-
containing raw material is spodumene, preferably in the form of beta-
spodumene.

According to an embodiment of the invention the method may also
comprise steps for pretreating the lithium-containing raw material. If necessary,
it is possible to perform a heat treatment of the lithium-containing raw material
before pulping. For example, spodumene occurs in nature as a-spodumene,
however it has to be converted into 3-spodumene before pulping and leaching.
For example, this can be performed by heating the a-spodumene or concen-
trate of a-spodumene to a temperature of approximately 1050°C for a suitable
period of time.
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The pulping 1 can be performed in any suitable vessel or reactor by
contacting a feed containing lithium mineral with an alkali metal carbonate and
water for producing a first slurry containing lithium.

The first leaching 2 of the first slurry containing lithium is typically
performed in a suitable autoclave or series of autoclaves at an elevated tem-
perature, for example achieved by the use of high-pressure steam. The first
leaching 2 is typically performed at the temperature of 160 to 250°C, preferably
200-220°C. A typical pressure of the first leaching step 2 is 10-30bar, prefera-
bly 15-25bar. The presence of alkali metal carbonate and process conditions
result in the formation of lithium carbonate and analcime solids, which can be
presented in the case of spodumene and sodium carbonate with the following
formula (1).

2 LiAI(SiO3), + Na,COs = 2NaAl(SiOs), + Li.COs (1)

The formed second slurry containing lithium carbonate is then rout-
ed to a second leaching step 3, performed in any suitable vessel or reactor,
optionally after a liquid phase containing excess leaching solution has been
separated from the lithium-containing solids. The second leaching 3 is prefera-
bly performed by using an earth alkali metal hydroxide as a leaching agent.
Preferred alternatives of said hydroxide are calcium hydroxide and barium hy-
droxide, calcium hydroxide (Ca(OH)2)being most preferred, optionally prepared
by reaction of calcium oxide (CaO) in the aqueous solution. The temperature in
the second leaching 3 is typically 10-100°C, preferably 20-60°C, and most
suitable 20-40°C. A typical pressure for the second leaching step 3 is 1-10bar,
preferably atmospheric pressure.

The presence of earth alkali metal hydroxide and process condi-
tions result in the formation of lithium hydroxide, which can be presented in the
case of analcime, lithium carbonate and calcium hydroxide with the following
formula (2).

2NaAl(SiO3), + Li,CO3 + Ca(OH),= 2NaAl(SiO3), + CaCOj; + 2LIOH  (2)
After the two leaching steps 2,3 have been performed, the obtained

third lithium hydroxide -containing slurry is separated 31 into a solid phase and
a solution. The separation 31 can be done with any suitable solid-liquid sepa-
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ration method. For example, the third slurry can be routed to a thickener, from
where the overflow can be routed directly to purification and the underflow can
be filtered further in order to recover all lithium hydroxide present in the solu-
tion and separate it from solid impurities, or a simple filtering technique can be
used.

After the solid-liquid-separation 31 the solution containing lithium
can optionally be purified 32 by using a suitable purifying method. According to
an embodiment of the invention, the lithium-containing solution is purified with
ion exchange in order to remove further impurities. Typically the purifying by
ion exchange is performed by using cation exchange resin. The ion exchange
can be performed for example by using a method disclosed in Finnish patent
121 785. Typically the purifying by ion exchange is performed by using cation
exchange resin, wherein the cation exchange group is for example iminodiace-
tic acid (IDA) or aminophosphonic acid (APA).

After the separation 31 and optional purifying 32, lithium hydroxide
monohydrate is recovered by crystallising it 4, for example by heating the puri-
fied solution in the crystallization unit to evaporate the liquid, or by recrystalliz-
ing the monohydrate from a suitable solvent.

The present invention relates also to an arrangement for recovering
lithium hydroxide from a raw material containing lithium according to the meth-
od of the present invention. The referral numbers referring to Figure 1 in con-
nection with the description of the method correspond to the referral numbers
used in connection with the description of the arrangement, thus the method
steps of the method correspond to the units of the arrangement. The arrange-
ment comprises

- a pulping unit 1 for pulping the raw material containing lithium in
the presence of water and an alkali metal carbonate,

- a first leaching unit 2 for leaching a first slurry containing lithium at
an elevated temperature to form a second slurry containing lithium carbonate,

- a second leaching unit 3 for leaching the second slurry containing
lithium carbonate, or a fraction thereof, obtained from the first leaching unit 2,
in the presence of a hydroxide to produce a third slurry containing lithium hy-
droxide,

- a solid-liquid-separation unit 31 for separating the third slurry into
a solid fraction and a solution containing lithium hydroxide, and
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- a crystallising unit 4 for recovering lithium hydroxide monohydrate
from the solution.

According to an embodiment of the invention, the second slurry ob-
tained from the first leaching unit 2 is carried to an optional solid-liquid separa-
tion unit 21 for separation into solids and a liquid, before the lithium-containing
fraction (here the solids) is carried to the second leaching unit 3.

In case of using such an optional S/L separation unit 21, it can be
equipped with a line 211 for carrying a liquid fraction from said separation unit
21 to the pulping unit 1, and a line 212 for carrying a liquid fraction from said
separation unit 21 to the first leaching unit 2.

According to an embodiment of the invention, the liquid phase sepa-
rated from the solids in the separation unit 31, is carried to a separate purifica-
tion unit 32 before being carried further to the crystallization unit 4.

According to an embodiment of the invention, the crystallizing unit 4
is equipped with a line 401 for carrying a liquid fraction from the crystallizing
unit 4 to the pulping unit, and with a line 404 for carrying a liquid fraction from a
downstream point to an upstream point of the crystallizing unit 4.

The arrangement also comprises all inlets, outlets and process in-
strumentation needed for carrying out the method of the invention.

REFERENCE NUMBERS
The reference numbers according to an embodiment of the present

invention, as used in Figure 1 and Figure 2, are shown below (some of these
units and lines being optional):

1 pulping unit
2 first leaching unit
21 optional solid-liquid separation unit

211 recycle line from separation unit 21 to pulping unit 1
212 recycle line from separation unit 21 to first leaching
unit 2
3 second leaching unit
31 solid-liquid separation unit
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32 purification unit (not shown in the Figures, but option-
ally present downstream from the S/L separation unit
31, and upstream from the crystallization unit 4)
4 crystallizing unit

401 recycle line from crystallizing unit 4 to pulping unit 1
(not shown in the drawings)

404 recycle line from a downstream point to an upstream
point of the crystallizing unit 4 (not shown in the
drawings)

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 in-
vention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims.

EXAMPLE

The soda leaching was carried out on a slurry containing lithium,
and obtained by pulping a beta-spodumene mineral sample. The leaching was
performed in an autoclave with the presence of high-pressure steam and at a
temperature of 220°C with a retention time of 1.5 h, with an initial solids con-
tent of 29.5 wt-%, a sodium to lithium excess in the feed of 10%, giving a pH of
about 11.5.

The solids were separated from the obtained leached solution
through filtration, and the obtained solid fraction was carried to a second leach-
ing vessel, where leaching tests were carried out as shown in the following
Table 1:
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CLAIMS

1. A method for recovering lithium hydroxide from a mineral contain-
ing lithium, selected from spodumene, petalite or lepidolite or mixtures thereof,
wherein the method comprises

- pulping the raw material containing lithium in the presence of water
and an alkali metal carbonate for producing a first slurry containing lithium,

- leaching the first slurry containing lithium in a first leaching step at
an elevated temperature for producing a second slurry containing lithium car-
bonate,

- leaching the second slurry or a fraction thereof in a second leach-
ing step in an aqueous solution containing an alkali earth metal hydroxide for
producing a third slurry containing lithium hydroxide,

- separating the third slurry into solids and a solution containing lith-
ium hydroxide by solid-liquid separation and providing a purified solution con-
taining lithium hydroxide, and

- recovering lithium hydroxide monohydrate by crystallising from the
purified solution containing lithium hydroxide.

2. The method according to claim 1, wherein the solution is sepa-
rated from the solids in a separate solid-liquid separation step after the first
leaching step, and the solids carried to the second leaching step.

3. The method according to any one of the preceding claims, where-
in the solution is separated from the solids after the first leaching step, and the
solution is recycled either to the pulping step or to the first leaching step, or a
fraction to each.

4. The method according to any one of the preceding claims, where-
in the second leaching step is carried out in an aqueous solution in the pres-
ence of either calcium hydroxide or barium hydroxide, preferably in the pres-
ence of calcium hydroxide.

5. The method according to any one of the preceding claims, where-
in the second leaching steps is carried out at a temperature of 10-100°C, pref-
erably 20-60°C, and most suitably 20-40°C.

6. The method according to any one of the preceding claims, where-
in the solid-liquid separation is performed by thickening and/or filtering.

7. The method according to any one of the preceding claims, where-
in a separate purification step is carried out after the separation of the third
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slurry into solids and a solution, which purification step preferably is carried out
by ion exchange, more by using cation exchange resin.

8. The method according to any one of the preceding claims, where-
in the crystallising of the lithium hydroxide monohydrate is performed by heat-
ing the purified solution containing lithium to a temperature of approximately
the boiling point of the solution.

9. The method according to any one of the preceding claims, where-
in the solution obtained during the crystallization is separated from the pro-
cess, and is recycled to one or more of the previous process steps, for exam-
ple the pulping step, the second leaching step, a separation step, and/or a
point upstream of the crystallization step.

10. An arrangement for recovering lithium carbonate from a raw ma-
terial containing lithium according to the method of any one of claims 1 to 9,
which arrangement comprises

- a pulping unit (1) for pulping the raw material containing lithium in
the presence of water and an alkali metal carbonate,

- a first leaching unit (2) for leaching a first slurry containing lithium
at an elevated temperature,

- a second leaching unit (3) for leaching a second slurry containing
lithium carbonate, or a fraction thereof, in the presence of water and an alkali
earth metal hydroxide,

- a solid-liquid-separation unit (31) for separating a third slurry con-
taining lithium hydroxide into solids and a solution containing lithium, and

- a crystallising unit (4) for recovering lithium hydroxide monohy-
drate from a solution containing lithium.

11. The arrangement according to claim 10, wherein a further solid-
liquid separation unit (21) is arranged between the first leaching unit (2) and
the second leaching unit (3).

12. The arrangement according to claim 10 or 11, wherein a further
solid-liquid separation unit (21) is arranged between the first leaching unit (2)
and the second leaching unit (3), and a line (211) is arranged to carry a solu-
tion from the further separation unit (21) to the pulping unit (1), and/or a line
(212) is arranged to carry a solution from the further separation unit (21) to the
first leaching unit (2).
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13. The arrangement according to any one of claims 10 to 12,
wherein either solid-liquid-separation unit (21,31) comprises a thickening unit
and/or a filtering unit.

14. The arrangement according to any one of the preceding claims
10 to 14, which comprises a line (401) for carrying a solution from the crystal-
lizing unit (4) to the pulping unit (1), and/or a line (404) for carrying a solution
from the crystallizing unit (4) to a point further upstream of the crystallizing unit
(4), and preferably one or more lines for carrying a solution from the crystalliza-
tion unit (4) to the second leaching unit (3) and/or to a separation unit (21, 31).
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