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(57) Abstract: A method and arrangement for recovering lithium carbonate from a raw material containing lithium, which method
comprises pulping (1) the raw material containing lithium in the presence of water and sodium carbonate for producing a slurry con -
taining lithium from the raw material containing lithium. After pulping the lithium-containing slurry is leached (2) for dissolving the
lithium in the solution thus producing a solution containing lithium carbonate. After pulping and leaching the method comprises car-
bonating (3) the solution containing lithium carbonate by using carbon dioxide under atmospheric conditions for producing a solu -
tion containing lithium bicarbonate and separating (4) the solids form the solution. The solution containing lithium bicarbonate is
purified (5) to produce a purified solution containing lithium bicarbonate, and recovering by crystallising (6) lithium carbonate from
the purified lithium bicarbonate- containing solution.
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METHOD FOR RECOVERING LITHIUM CARBONATE

FIELD OF THE INVENTION

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

BACKGROUND OF THE INVENTION

US 2004/0005267 A1 discloses a method for making low sodium
lithium carbonate from lithium containing brine. In the method a mother liquor
containing carbonate from a prior precipitation step is added to brine to precipi-
tate magnesium as magnesium carbonate; a solution of CaO and sodium car-
bonate is added to remove calcium and residual magnesium; lithium carbonate
is precipitated from the purified brine by adding soda ash solution; the resultant
solution is filtered to obtain solid lithium carbonate; an aqueous slurry of lithium
carbonate is prepared in a reactor equipped with an inlet for introducing carbon
dioxide gas into said aqueous slurry to form an aqueous lithium bicarbonate
solution, said aqueous lithium bicarbonate solution is passed through filter and
optionally through ion exchange column for further calcium and magnesium
removal; said filtered lithium bicarbonate solution is introduced into a second
reactor and adjusted to from 60 to 100°C to precipitate ultra-pure lithium car-
bonate.

WO 2011/082444 A1 discloses a process for the production of lithi-
um carbonate, the process comprises: calcining an alpha-spodumene ore or
concentrate to produce beta-spodumene, sulphating at elevated temperature,
passing the sulphated beta-spodumene to a leach step in which lithium sul-
phate is leached in water. The pregnant leach solution is passed to a series of
impurity removal steps in which iron, alumina, silicates and magnesium are
removed, adding sodium carbonate to the product for precipitating calcium,
then ion exchanging for removing residual calcium, magnesium and other mul-
tivalent cations. The purified product is passed to lithium carbonate precipita-
tion. The publication also discloses passing the precipitated lithium carbonate
to a bicarbonate circuit, the bicarbonate circuit comprising digestion with car-
bon dioxide to produce bicarbonate intermediate and subsequent crystallisa-
tion to produce a lithium carbonate product.

Olivier, C.A and Nenninger, E.H, Continuous Process for the pro-
duction of lithium carbonate, CIM Bulletin, July 1979, disclose a process for
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soda leaching of spodumene concentrate and carbonating under high
pressure.

Galaxy Resources Limited has published a media release in
November 2008 relating to preliminary test work to produce battery grade
lithium carbonate using a 'Soda Ash' processing technique.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is thus to provide a method and
an arrangement for recovering lithium carbonate with high yield and high
purity. The objects of the invention are achieved by a method and an
arrangement which is characterized by what is stated in the independent
claims. The preferred embodiments of the invention are disclosed in the
dependent claims.

The present invention relates to a method for recovering lithium
carbonate from a raw material containing lithium. The method comprises the
following steps of

- pulping the raw material containing lithium in the presence of
water and sodium carbonate for producing a slurry containing lithium,

- leaching the slurry containing lithium in the presence of high
pressure steam for producing a solution containing lithium carbonate,

- carbonating the solution containing lithium carbonate by using
carbon dioxide under atmospheric pressure for producing a solution
containing lithium bicarbonate,

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

- purifying the solution containing lithium bicarbonate for producing
a purified solution containing lithium bicarbonate, and

- recovering lithium carbonate by crystallising it from the purified
solution containing lithium bicarbonate.

According to an embodiment of the present invention the raw
material containing lithium can be any raw material from which it is desired
to recover lithium. Typically the raw material containing lithium is selected
from a group consisting of brine, a mineral containing lithium, spodumene,
petalite or lepidolite or mixtures thereof.

According to an embodiment of the present invention the
carbonating of the solution containing lithium carbonate is performed by using
carbon dioxide in an excess amount.

6784758_1 (GHMatters) P98072.AU PCABRAL 11/08/15
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According to an embodiment of the present invention the
carbonating of the solution containing lithium carbonate is performed at
ambient temperature, typically at the temperature of approximately 5 to 40°C.

According to an embodiment of the present invention the
carbonating of the solution containing lithium carbonate is performed under
atmospheric conditions.

According to an embodiment of the present invention the
carbonating of the solution containing lithium carbonate is performed by
feeding the carbon dioxide countercurrently with respect to the flow direction of
the solution containing lithium carbonate.

According to an embodiment of the present invention the solids are
separated from the solution containing lithium bicarbonate by any suitable
solid-liquid separation method, typically by thickening and/or filtering.

According to an embodiment of the present invention the purifying of
the lithium bicarbonate solution is performed by ion exchange, typically by
using cation exchange resin.

According to an embodiment of the present invention the
crystallising of the lithium carbonate is performed by heating the solution to a
temperature of approximately the boiling point of the solution.

The present invention relates also to an arrangement for recovering
lithium carbonate 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 sodium carbonate,

- a leaching unit 2 for leaching a slurry containing lithium in the
presence of high pressure steam,

- a carbonating unit 3 for producing a solution containing lithium
bicarbonate under atmospheric conditions in the presence of carbon dioxide,

- a solid-liquid-separation unit 4 for separating solids from the
solution,

- a purifying unit 5 for producing a purified solution containing lithium
bicarbonate, and

- acrystallising unit 6 for recovering lithium carbonate.

According to an embodiment of the invention the carbonating unit 3
comprises a mixer.

6784758_1 (GHMatters) P98072.AU PCABRAL 11/08/15
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According to an embodiment of the invention the carbonating unit 3
is under atmospheric pressure.

According to an embodiment of the invention the carbonating unit 3
comprises at least one reactor or vessel. Typically the carbonating unit com-
prises two or more reactors or vessels.

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.

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 carbonate from a raw
material containing lithium, which method comprises pulping 1 the raw material
containing lithium in the presence of water and sodium carbonate for producing
a slurry containing lithium from the raw material containing lithium. After pulp-
ing the lithium-containing slurry is leached 2 for dissolving the lithium-
containing mineral in the solution thus producing a solution containing lithium
carbonate. After pulping and leaching the method comprises carbonating 3 the
solution containing lithium carbonate by using carbon dioxide under atmos-
pheric conditions for producing a solution containing lithium bicarbonate. Solids
are separated from the solution by solid-liquid separation 4. The solution con-
taining lithium bicarbonate is purified 5 to produce a purified solution containing
lithium bicarbonate, and recovering by crystallising 6 lithium carbonate from
the purified lithium bicarbonate-containing solution. The method of the inven-
tion enables production of battery-grade lithium carbonate with excellent yield
and purity cost effectively in a continuous process.

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 group consisting of brine, a mineral
containing lithium, spodumene, petalite, lepidolite or mixtures thereof. Typically
the lithium-containing raw material is 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,
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however it has to be converted into B-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 approximately1050°C for a suitable
period of time.

The pulping can be performed in any suitable vessel or reactor by
contacting a feed containing lithium mineral with sodium carbonate and water
for producing a slurry containing lithium.

The leaching of the slurry containing lithium is performed in a suita-
ble autoclave or series of autoclaves with the presence of high-pressure
steam. The leaching is typically performed at the temperature of 160 to 250°C.
The presence of sodium carbonate and process conditions result in the for-
mation of lithium carbonate, which can be presented in the case of spodumene
with the following formula (1).

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

Before routing the formed lithium carbonate solution to the atmos-
pheric carbonation it can optionally be diluted with water.

After pulping, leaching and optional diluting the formed solution con-
taining solid and/or dissolved lithium carbonate is routed to bicarbonization
step, wherein the lithium carbonate-containing solution is carbonated 3 by us-
ing carbon dioxide under atmospheric conditions for producing a solution con-
taining lithium bicarbonate. Mixing is provided in the carbonating 3 by using
any suitable mixer which provides mixing for dispersing gas, liquid and solids
very efficiently. The lithium carbonate may be partly in a solid form due to low
solubility and it is leached in the bicarbonization step, where relatively insoluble
lithium carbonate is converted to more soluble bicarbonate by carbonating with
carbon dioxide gas and water according to the reaction (2).

Li2CO3 + CO;, + Hy0 = 2 LiIHCOs (2)

The carbonating of the solution containing lithium carbonate is per-
formed by using carbon dioxide in an excess amount. The carbonating of the
solution containing lithium carbonate is performed typically at ambient temper-
ature, more typically at the temperature of approximately 5 to 40°C. The car-
bonating of the solution containing lithium carbonate is performed under at-
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mospheric pressure, i.e. approximately 101.3 kPa. The carbonating is per-
formed by feeding the carbon dioxide countercurrently with respect to the flow
direction of the solution containing lithium carbonate.

When the method is carried out as a continuous process, at least
one reactor or vessel is used for carrying out the bicarbonation. Typically the
bicarbonation is performed by using at least two reactors or vessels.

Lithium bicarbonate containing solution is separated from the solids
contained in the solution. The separation of lithium bicarbonate containing so-
lution from the solids can be done with any suitable solid-liquid separation
method. For example, the lithium bicarbonate solution 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 bicarbonate pre-
sent in the solution.

After the solid-liquis-separation the solution containing lithium bicar-
bonate is purified by using a suitable purifying method. According to an em-
bodiment of the invention, after the solid-liquid-separation the lithium bicar-
bonate solution is purified with ion exchange in order to remove impurities, es-
pecially trivalent and/or divalent metal ions, such as calcium, magnesium, alu-
minium and iron. The ion exchange can be performed for example by using a
method disclosed in Finnish patent 121 785. Typically the purifying by ion ex-
change is performed by using cation exchange resin, wherein the cation ex-
change resin is for example iminodiacetic acid (IDA) or aminophosphonic acid
(APA). Such resins are manufactured for example by Rohm&Haas under
commercial names Amberlite IRC 748 (IDA) and Amberlite IRC 7476 (APA).
Typically the cation exchange resin is a resin which has a polystyrenic matrix
crosslinked with divinylbenzene containing aminophosphonic groups.

After the purifying, lithium carbonate is recovered by crystallising it
by heating the lithium bicarbonate-containing solution in the crystallization unit.
Lithium carbonate precipitates according to the reaction (3), when heat is ap-
plied to the solution containing lithium bicarbonate.

2 LIHCO; +heat = LixCO3 + CO, + H.0 (3)

A slurry containing water and lithium carbonate precipitate is formed.
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The solid lithium carbonate is filtered out from the obtained slurry
and thus a battery-grade lithium carbonate is obtained. Standard battery grade
lithium carbonate contains lithium carbonate at least 99.5%. However, it is
possible to produce superior battery grade lithium carbonate containing at least
99.99% of lithium carbonate.

The present invention relates also to an arrangement for recovering
lithium carbonate form 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 sodium carbonate,

- a leaching unit 2 for leaching a slurry containing lithium carbonate
in the presence of high pressure steam,

- a carbonating unit 3 for producing a solution containing lithium bi-
carbonate under atmospheric conditions in the presence of carbon dioxide,

- a solid-liquid-separation unit 4 for separating solids from the solu-
tion containing lithium bicarbonate,

- a purifying unit 5 for producing a purified solution containing lithium
bicarbonate, and

- a crystallising unit 6 for recovering lithium carbonate.

According to an embodiment the carbonating unit 3 comprises a
mixer, which is capable of providing efficient mixing for dispersing gas, liquid
and solids in the solution. In the arrangement the carbonating unit 3 is under
atmospheric pressure and comprises at least one reactor or vessel, typically
two or more reactors or vessels. Typically the solid-liquid-separation unit com-
prises a thickening unit and/or a filtering unit. Typically the purifying unit com-
prises an ion exchange unit.

The arrangement comprises all inlets, outlets and process instru-
mentation needed for carrying out the method of the invention.

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.
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The soda process was tested by carrying out soda leach, atmospheric
bicarbonization, solution purification by ion exchange and finally lithium carbonate was
precipitated. The process was tested with lithium mineral concentrates (spodumene)
containing 3.1 w% lithium.

The leaching is performed for the concentrate at 160 to 250°C in an
autoclave in a sodium carbonate solution.

Atmospheric bicarbonization was carried out in a batch reactor. The test
system consisted of carbon dioxide gas feed, heating plate, reflux condenser, pH and
redox detectors and agitator. The test was carried out at room temperature using a
continuous CO, feed to the reactor.

It was noticed that atmospheric bicarbonization is a fast reaction provided
there is a sufficient amount of CO, available.

After the bicarbonization, liquid was purified with ion exchange before
crystallization.

Lithium carbonate is crystallized out of the lithium bicarbonate solution. The
product analyses are presented in Table 1.

When gas formation was stopped, the slurry and crystals were collected and
filtered and washed with water.

Table 1. Impurity analysis of Li,CO; crystals from the product solution

Element% Li,CO, crystals from the solution
Cl- <0.005
Ca <0.01
Cu <0.01
Fe <0.02
K <0.02
Na <0.01
Mg <0.01
Mn <0.01
Ni <0.01
P <0.02
Pb <0.01
Zn <0.01

S(elem) <0.05

SO~ <0.06

In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising” is
used in an inclusive sense, i.e. to specify the presence of the stated features but not to
preclude the presence or addition of further features in various embodiments of the
invention.

6784758_1 (GHMatters) P98072.AU PCABRAL 11/08/15
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Claims

1. A method for recovering lithium carbonate from a raw material containing
lithium selected from a group consisting of brine, a mineral containing lithium,
spodumene, petalite or lepidolite or mixtures thereof , wherein the method comprises

- pulping the raw material containing lithium in the presence of water and
sodium carbonate for producing a slurry containing lithium,

- leaching the slurry containing lithium in the presence of high pressure steam
for producing a solution containing lithium carbonate,

- carbonating the solution containing lithium carbonate by using carbon dioxide
under atmospheric pressure for producing a solution containing lithium bicarbonate,

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

- purifying the solution containing lithium bicarbonate by ion exchange for
producing a purified solution containing lithium bicarbonate, and

- recovering lithium carbonate by crystallising from the purified solution
containing lithium bicarbonate.

2. The method according to any one of the preceding claims, wherein the
carbonating of the solution containing lithium carbonate is performed by using carbon
dioxide in an excess amount.

3. The method according to any one of the preceding claims, wherein the
carbonating of the solution containing lithium carbonate is performed at the
temperature of approximately from 5 to 40°C.

4. The method according to any one of the preceding claims, wherein the
carbonating of the solution containing lithium carbonate is performed under
atmospheric conditions.

5. The method according to any one of the preceding claims, wherein the
carbonating of the solution containing lithium carbonate is performed by feeding the
carbon dioxide counter currently with respect to the flow direction of the solution
containing lithium carbonate.

6. The method according to any one of the preceding claims, wherein the
separating of the solids form the solution containing lithium bicarbonate is performed
by thickening and/or filtering.

6784758_1 (GHMatters) P98072.AU PCABRAL 11/08/15
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7. The method according to any one of the preceding claims, wherein the ion
exchange is performed by using cation exchange resin.

8. The method according to any one of the preceding claims, wherein the
crystallising of the lithium carbonate is performed by heating the solution containing
lithium bicarbonate to a temperature of approximately the boiling point of the solution.

9. An arrangement for recovering lithium carbonate form a raw material
containing lithium according to the method of any one of claims 1 to 8, which
arrangement comprises

- a pulping unit for pulping the raw material containing lithium in the presence of
water and sodium carbonate,

- a leaching unit for leaching a slurry containing lithium in the presence of high
pressure steam,

- a carbonating unit for producing a solution containing lithium bicarbonate
under atmospheric conditions in the presence of carbon dioxide,

- a solid-liquid-separation unit for separating solids from the solution containing
lithium bicarbonate,

- an ion exchange unit for producing a purified solution containing lithium
bicarbonate, and

- a crystallising unit for recovering lithium carbonate.

10. The arrangement according to claim 9, wherein the carbonating unit
comprises a mixer.

11. The arrangement according to claim 9 or 10, wherein the carbonating unit
is under atmospheric pressure.

12. The arrangement according to any one of claims 9 to 11, wherein the
carbonating unit comprises at least one reactor or vessel.

13. The arrangement according to any one of claims 9 to 12, wherein the
carbonating unit comprises two or more reactors or vessels.

14. The arrangement according to any one of the preceding claims 9 to 13
wherein the solid-liquid-separation unit comprises a thickening unit and/or a filtering
unit.

6784758_1 (GHMatters) P98072.AU PCABRAL 11/08/15
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