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(57) Abstract: 1. A process (10) for the production of lithium carbonate, the process characterised by the steps of: (i) Calcining 
(20) an alpha-spodumene ore or concentrate (12) to produce beta-spodumene; (ii) Sulphating (28) the beta-spodumene at elevated 
temperature; (iii) Passing the sulphated beta-spodumene to a leach step (30) in which lithium sulphate is leached in water; (iv) 
Passing the pregnant leach solution from the leach step to a series of impurity removal steps in which iron, alumina, silicates and 
magnesium are, in large part, precipitated and removed (34, 36 and 38); (v) Adding sodium carbonate (42) to the product of step 
(iv) by which calcium is precipitated (40); (vi) The product of step (v) is then passed to an ion exchange step (50) in which residu
al calcium, magnesium and other remaining multivalent cations are substantially removed; and (vii) Passing the purified product 
of step (vi) to a lithium carbonate precipitation step (56) in which sodium carbonate (54) is added to produce precipitated lithium 
carbonate and a sodium sulphate mother liquor.
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“Process for the Production of Lithium Carbonate”

Field of the Invention

The present invention relates to a process for the production of lithium carbonate. 
More particularly, the process of the present invention is intended to provide a

5 high purity or battery grade lithium carbonate product. The process of the present 
invention may also provide a sodium sulphate product.

Background Art

Known processes for the production of lithium carbonate from lithium containing 

ores or concentrates typically utilise the thermal treatment of an alpha-spodumene
10 ore or concentrate. This thermal treatment can be referred as decrepitation and 

transforms the alpha-spodumene to beta-spodumene which is in turn able to be 
solubilised by acid. The step in which the beta-spodumene is sulphated in acid 
takes place in a kiln and produces water soluble lithium sulphate. The lithium 

sulphate is passed to one or more leaching tanks in which the lithium sulphate is
15 leached with water. Limestone, lime and sodium carbonate are subsequently 

added to the product of the leach so as to adjust the pH of the slurry, whereby 

certain impurities, including iron, aluminium, magnesium and calcium are 
precipitated. The residue is then separated which leaves a concentrated solution 

of lithium sulphate. The lithium sulphate solution is then treated with a
20 concentrated sodium carbonate solution so as to precipitate lithium carbonate. 

Such a process is described in Canadian Patent 1297265.

However, the above described process of the prior art is relatively inefficient in the 

removal of impurities that remain in the pregnant leach solution, which results in a 
relatively impure lithium carbonate product. This is particularly problematic when

25 attempting to produce a high quality or battery grade lithium carbonate product.

Further, the lithium carbonate precipitation step of the prior art results in a sodium 

sulphate solution in addition to the precipitated lithium carbonate. The sodium 

sulphate solution has traditionally been treated to crystallise sodium sulphate 

decahydrate for drying and disposal or sale, with some liquor recirculated to the
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water leach of the lithium sulphate. Such a process does not effectively utilise the 
sodium sulphate solution to produce a sodium sulphate product, the sodium 

decahydrate requiring drying/or heating before disposal. Similarly, the impurities 

removed from the pregnant leach solution, including iron, alumina and silicates
5 have simply passed to waste and have remained unutilised.

Attempts have been made previously to increase the purity of lithium carbonate 
product, particularly that obtained from brines or bitterns. Such efforts include the 

use of carbon dioxide to produce a lithium bicarbonate solution, at elevated 
pressure (up to 20 atm), with the subsequent precipitation of lithium carbonate.

10 An additional further purification step is then necessary, such as a further ion 
exchange or separation step, to produce the target purity of lithium carbonate. 
Such a process is described in US Patent 6048507 to Amouzegar et al. The need 
in such processes for elevated pressure and additional impurity removal steps 

impacts adversely on the economy of the process.

15 The process of the present invention has as one object thereof to overcome 
substantially one or more of the above mentioned problems associated with prior 
art processes, or to at least provide a useful alternative thereto.

Each document, reference, patent application or patent cited in this text is 
expressly incorporated herein in their entirely by reference, which means that it

20 should be read and considered by the reader as part of this text. That the 
document, reference, patent application, or patent cited in this text is not repeated 
in full in this text is merely for reasons of brevity.

Reference to cited material or information contained in the text should not be 

understood as a concession that the material or information was part of the
25 common general knowledge or was known in Australia or any other country.

Throughout this specification, unless the context requires otherwise, the word
“comprise", or variations such as “comprises" or “comprising”, will be understood
to imply the inclusion of a stated integer or group of integers but not the exclusion
of any other integer or group of integers.

30
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Disclosure of the Invention

In accordance with the present invention there is provided a process for the
production of lithium carbonate, the process characterised by the steps of:

. · ... ' . / .

(i) Calcining an alpha-spodumene ore or concentrate to produce beta-
5 spodumene;

(ii) Sulphating the beta-spodumene at elevated temperature;

(iii) Passing the sulphated beta-spodumene to a leach step in which 
lithium sulphate is leached in water;

(iv) Passing the pregnant leach solution from the leach step to a series
10 of impurity removal steps in which iron, alumina, silicates and

magnesium are, in large part, precipitated and removed;

(v) Adding sodium carbonate to the product of step (iv) by which 
calcium is precipitated;

(vi) The product of step (v) is then passed to an ion exchange step in
15 which residual calcium, magnesium and other remaining multivalent

cations are substantially removed; and

(vii) Passing the purified product of step (vi) to a lithium carbonate 

precipitation step in which sodium carbonate is added to produce 
precipitated lithium carbonate and a sodium sulphate mother liquor.

20 Preferably, the mother liquor from step (vii) is passed to an anhydrous sodium 

sulphate recovery process from which a solid sodium sulphate product is 
obtained. A portion of the sodium sulphate mother liquor is preferably recirculated 

to the leach of step (iii).

The lithium carbonate precipitation step (vii) is preferably conducted in at least
25 one draft tube baffled crystalliser with a residence time of about 90 minutes.
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Preferably, the lithium carbonate, precipitation step (vii) is conducted sequentially 
in two crystallisers.

In one form of the invention the precipitated lithium carbonate of step (vii) is 
thickened prior to passing to a filter step. The filter step is preferably followed by

5 a repulp washing stage and a centrifuge step. Both the filter step and centrifuge 

step preferably incorporate a hot wash to reduce impurities. The resulting product 
is preferably then milled to minus 6 pm.

In another form of the present invention the precipitated lithium carbonate of step 

(vii) is thickened prior to passing to a bicarbonate circuit, the bicarbonate circuit
10 comprising digestion with carbon dioxide to produce a bicarbonate intermediate, 

and subsequent crystallisation to produce a lithium carbonate product of 
increased purity. ,

Preferably, the sodium sulphate recovery process is fed from the thickening step 
after the lithium carbonate precipitation step (vii). The sodium sulphate recovery

15 process preferably comprises creating a supersaturated solution and passing this 
solution to a crystallisation step. The crystallisation step is preferably conducted 
at a temperature of about 80°C to 90°C and a pressure of about 45 kPa(a). The 
residence time is preferably about 60 minutes.

Still preferably, water evaporated from the solution in the creation of the
20 supersaturated solution is recompressed, combined with make-up steam and 

utilised in the anhydrous sodium sulphate crystallisation step. This crystallisation 
step preferably utilises a vacuum evaporative crystalliser. .

The crystallisation step produces a crystal slurry that is preferably discharged to a 

' centrifuge step. This centrifuge step preferably further comprises a wash with
25 water, the liquid product of which is recycled back to the leach step (iii). The solid

product of the centrifuge step and wash is then preferably dried.

Preferably, the impurity removal steps of step (iv) comprise, in turn, the addition of 
lime/hydrated lime, hydrogen peroxide and sodium hydroxide. After the addition 
of the hydrogen peroxide the slurry is preferably thickened, the underflow of the
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thickening step then being filtered and dried to provide an alumina silicate 

product.

Still preferably, the beta-spodumene of step (i) is cooled and milled prior to the 

sulphating step (ii). The beta-spodumene is preferably milled to less than about
5 300 pm.

Still further preferably, the sulphating step (ii) is conducted in a sulphating kiln at 
about 250°C over a residence time of about 45 minutes.

Still further preferably, the sulphated spodumene is cooled prior to feeding into the 

leach step (iii).

10 The bicarbonate circuit preferably further comprises a centrifuge/wash step and a 
repulp step prior to the digestion step. The digestion step is preferably conducted 
at atmospheric pressure and at a temperature of less than about 20°C to 40°C.

Preferably, the crystallisation step comprises the addition of steam to a lithium 
bicarbonate product of the digestion step, thereby producing both carbon dioxide

15 and lithium carbonate products. The crystallisation step is preferably conducted 

at about 95°C.

Still preferably, the lithium carbonate product of the crystallisation step is passed 
to a thickening step, the overflow from which is passed, at least in part, to the 

repulp step prior to the digestion step. The overflow is preferably subjected to
20 cooling prior to passing to the repulp step.

In a preferred form of the present invention a lithium carbonate product of the 

thickening step provided after the crystallisation step is passed, or recirculated, to 
a point in the bicarbonate circuit prior to the digestion step so as to increase the 
purity of the ultimate lithium carbonate product. Preferably, the recirculated

25 lithium carbonate is added to the centrifuge step prior to the repulp step.

In accordance with the present invention there is further provided a process for 
the production of lithium carbonate, the process characterised by the steps of:
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(i) Calcining an alpha-spodumene or ore concentrate to produce beta- 
spodumene;

(ii) Sulphating the beta-spodumene at elevated temperature,

(iii) Passing the sulphated beta-spodumene to a leach step in which
5 lithium sulphate is leached in water;

(iv) Passing the pregnant leach solution from the leach step to a series 
of impurity removal steps in which iron, alumina, silicates and 
magnesium are, in large part, precipitated and removed;

(v) Adding sodium carbonate to the product of step (iv) by which
10 calcium is precipitated;

(vi) The product of step (v) is then passed to an ion exchange step in 

which residual calcium, magnesium and other remaining multivalent 
cations are substantially removed;

(vii) Passing the purified product of step (vi) to a lithium carbonate
15 precipitation step in which sodium carbonate is added to produce

precipitated lithium carbonate and a sodium sulphate mother liquor; 
and

(viii) Passing the precipitated lithium carbonate of step (vii) to a 
bicarbonate circuit, the bicarbonate circuit comprising digestion with

20 carbon dioxide to produce a bicarbonate intermediate, and
subsequent crystallisation to produce a lithium carbonate product of 
increased purity.

Brief Description of the Drawings

The process of the present invention will now be described, by way of example
25 only, with reference to two embodiments thereof and the accompanying drawings,

in which:-
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Figure 1 is a schematic flow-sheet depicting a process for the production of 
lithium carbonate in accordance with a first embodiment of the present 
invention; and ·

Figure 2 is a schematic flow-sheet depicting a bicarbonate circuit that is
5 provided as a substitute for a portion of the process of Figure 1, in

accordance with a second embodiment of the present invention.

Best Mode(s) for Carrying Out the Invention

In Figure 1 there is shown a process 10 for the production of lithium carbonate, in 
accordance with a first embodiment of the present invention. , .

10 All of the unit operations embodied in the process 10 are designed to operate 
continuously with full process instrumentation and control being provided for.

A concentrate stockpile and reclaim area 12 encompasses a 12 week capacity 

stockpile (30.000T) of alpha-spodumene concentrate 14. Front end loaders 16 
and belt conveyors 18 transport the alpha-spodumene concentrate to a calcining

15 step, conducted in a direct fired rotary kiln calciner 20. ·

The alpha-spodumene concentrate is calcined at about 1080°G to convert the 
alpha-spodumene to the leachable beta-spodumene. Off-gases from the calciner 
20 are directed through a cyclone and an electrostatic precipitator specified to 

comply with known environmental emissions limits. The hot calcine is indirectly
20 cooled in a cooling step 22 and then dry-milled to less than 300 pm in a ball mill 

24.

After storage in a surge bin, the beta-spodumene is mixed with a 40% excess of 
concentrated (98% w/w acid) sulphuric acid 26, and roasted at 250°C for about 30 

to 45 minutes in an indirectly heated sulphating kiln 28 Off-gases from the
25 sulphating kiln 28 are cleaned in a wet scrubber. The sulphated beta-spodumene

is then cooled to 95°C in a bin that feeds a leach circuit 30. An excess of at least
20% acid (based on the lithium content of the ore), preferably at least 40% acid, is
used to maximise the lithium extraction while minimising reagent use and any
need for sulphate addition to the leach circuit 30.



WO 2011/082444 PCT/AU2010/001557
. -.8-.

The spodumene is leached in the leach circuit 30 in a recycled sodium sulphate 
solution 32. The leach circuit 30 comprises a few leaching tanks operating at 
about 60°C to 80°C. About 95% of the lithium is leached from the beta- 
spodumene. Soluble iron, aluminium and magnesium are removed in large part

5 from the leach liquor through a series of impurity removal steps, including pH 
modification (raising) through the addition of hydrated lime 34, the addition of 
hydrogen peroxide 36 (to ensure iron is present in the ferric form), and 
precipitation of magnesium through the addition of hydrated lime 38 at a pH of 
about 10. Calcium is then removed in a calcium precipitation step 40 with the

10 addition of sodium carbonate 42. The impurity precipitation occurs with the 
leached solids present in the slurry.

A thickening step 44 is provided prior to the addition of the hydrated lime 38. The 

overflow from the thickening step 44 is passed to a filter step, for example a 
polishing sand filter 46. The underflow from both the thickening step 44 and the

15 filter 46 are passed to a filter step to be described hereinafter.

The product of the calcium precipitation step 40 is passed to a filtration step 
comprising a polishing filter 47. A resulting filtrate 48 is passed through a 

polishing sand filter 47 and an ion exchange step 50, comprising an IX column 50 
to remove residual calcium, magnesium and other multivalent cations.

20 The solution passing from the ion exchange step 50 is heated 52 and then 

reacted with a hot sodium carbonate solution 54 in a lithium carbonate crystalliser 
56 operating at 85°C. The crystalliser 56 is a draft tube baffled crystalliser and the 

solution flashed therein is highly supersaturated. A secondary crystalliser 56 is 
also provided, to which the supersaturated solution is passed after the first

25 crystalliser 56 so as to remove the super-saturation. The result is small, inclusion- 
free crystals of lithium carbonate readily amenable to milling.

The small crystals from the crystalliser 56 are thickened in a thickening step 58
before passing to a filter step, incorporating for example a belt filter 60. The filter
step 60 is followed by a repulp washing stage 62 (at 40% w/w solids) before the

30 crystals are sent to a continuous centrifuge 66. To reduce impurities, for example
residual entrained sodium sulphate, the filter step 60 and the centrifuge 66 use a
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hot wash 68, achieving an overall wash efficiency of 99%.

Solid crystals resulting from the centrifuge 66 are dried in an indirect-fired kiln 70 
at 120°C. Resulting dry coarse lithium carbonate is air milled to less than 6 pm in 
a micronizer 72 and then pneumatically conveyed to storage bins, cooled to 50°C

5 in a jacketed screw conveyor and then bagged 74.

The majority of the overflow from the thickening step 58 passes to a sodium 

sulphate precipitation step 76. The remainder of the flow is recycled to the leach 
circuit 30. The sodium sulphate in solution, about 293 gpl, is precipitated or 
crystallised in, for example, a vacuum evaporative crystalliser operating at a

10 temperature of about 80°C to 90°C and pressure of about 45 kPa(a). This allows 
the use of lower cost materials of construction for the crystalliser. The residence 
time is about 60 minutes so as to achieve a coarse crystal product. Super
saturation is achieved in the precipitation step 76 by evaporating approximately 
half the water from the overflow of the thickening step 58 in the evaporative

15 crystallisation stage. The resulting water vapour is recompressed, combined with 
make-up steam 78 and used as the evaporative medium for the crystalliser.

A crystal slurry 80 is discharged to a single continuous centrifuge 82, where 

crystals are washed by cold water 84 achieving a wash efficiency of 99%. The 

resulting solution 32 is recycled back to the leach circuit 30. Solids from the
20 centrifuge 82 are fed to an indirect-fired kiln 86, operating at about 120°C, which 

dries the crystals. The crystal product is pneumatically conveyed to product bins 
88, and cooled to less than 80°C in a jacketed screw conveyer as it is conveyed 

from the bins to bagging stations. .

Condensate throughout the process 10 is used as make-up water for hot process
25 water, cold process water and cooling water. As the process 10 does not return 

condensate there is an overall positive water balance and about 1 t/h of process 

water is discharged to a waste (not shown).

It is to be understood that the thickening step 58 may be bypassed with certain 

draft tube baffled crystalliser designs.
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It is further envisaged that tantalite and alumina may also be recovered using the 

process 10 of the present invention. The filter cake from the thickening step 44 

may be discharged to a tantalite recovery plant (not shown). Discharge from the 
tantalite recovery plant may be fed onto a belt filter to remove water, which is

5 returned to the tantalite recovery plant. The Filter does not use washing and has a 
filtration area of 1.9 m2. The filer cake from the belt filter is dried in a direct-fired 

kiln. The dry alumina silicate is cooled to 50°C in a jacketed screw conveyor and 

then pneumatically conveyed to a storage bin prior to dispatch.

In Figure 2 there is shown a bicarbonate circuit 100 in accordance with a second
10 embodiment of the present invention. The bicarbonate circuit 100 is intended for 

use in combination with a significant proportion of the process 10 of the first 
embodiment of the present invention and reference to like numerals denotes like, 
parts or steps. However, this should not be understood to limit the generality of 
use of the bicarbonate circuit 100 as it is envisaged that the bicarbonate circuit

15 100 may have applications beyond that exemplified herein.

In the second embodiment of the present invention the small crystals from the 
crystalliser 56 that are thickened in the thickening step 58 are, rather than being 

passed to the belt filter 60 of Figure 1, passed to the bicarbonate circuit 100 of 
Figure 2.

20 Underflow.from the thickening step 58 is passed, at a temperature of about 85°C, 
to a centrifuge 102 in which the lithium carbonate crystals are washed. The 

lithium carbonate product is about 99.0% purity at this point. The product of the 
centrifuge 102 has a moisture content of about 14% and is directed to a repulp 
step 104 to which a cooled recirculation liquor 108, to be described hereinafter, is

25 added. The temperature of the repulp step 104 is about 45°C.

The product of the repulp step 104 is about 2 to 5% w/w solids which are directed 

to a digestion step 110 at less than about 50°C, for example 40°C. The digestion 

step 110 comprises the addition of a carbon dioxide feed stream 112 to the 

repulped lithium carbonate from the repulp step 104, with the addition of cooling,
30 in a stirred reactor vessel at atmospheric pressure for a time of about 90 minutes, 

producing a lithium bicarbonate intermediate product 114 at less than about 50°C,
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for example 40°C.

The lithium bicarbonate intermediate product 114 is passed from the digestion 
step 110 to a filter step 116. A filter bypass route 118 is available. The lithium 

bicarbonate intermediate product 14 is in turn passed to a crystallisation step 120
5 comprising a multi-compartment agitated reactor vessel to which a steam feed 

122 added. The crystallisation step 120 is conducted at atmospheric pressure in 

three overflow stages at about 95°C, and produces lithium carbonate crystals 124 
and carbon dioxide 126 products.

The carbon dioxide product 126 from the crystallisation step 120 is compressed
10 128, passed to a drying step 130 using a condenser, and produces a condensate

106 as a product. This condensate 106 is combined with an overflow from a 
thickener 136, to be described hereinafter. From the drying step 130 the carbon 
dioxide is passed to further compression 132. At least a portion of the carbon 

dioxide from the compression step 132 is utilised as the carbon dioxide 112 for
15 use in the digestion step 110. Any excess carbon dioxide from compression may 

be stored in tank(s) 134. Alternatively, carbon dioxide may also be drawn from 
tanks 134 for use in the digestion step 134.

The lithium carbonate product 124 of the crystallisation step 120 is passed, at 
about 95°C, to a thickening step 136, from which the overflow 138 is recirculated

20 either as the recirculation liquor 108 after a cooling step(s) 142, to the repulp step 

104, or as a bleed 144 to the leach circuit 30 shown in Figure T. The cooling of 
the recirculation liquor 108 in the cooling step(s) 142, which may incorporate a 

chiller 146, reduces the temperature from about an initial 94°C to about 35°C prior 
to addition to the repulp step 104.

25 Lithium carbonate underflow Ϊ48 from the thickening step 136 is passed to a 

centrifuge 150 in which it is washed, with the subsequent lithium carbonate 

product then being passed to a dryer 70 as shown in Figure 1, and the 

subsequent steps as described with reference to that Figure. The lithium 
carbonate product so produced is about 99.9% purity, or battery grade.

30 Additional purification may be achieved through a recycle 152 of all, or a portion



WO 2011/082444 PCT/AU2010/001557

-12*

of, the lithium carbonate product from the centrifuge step 150 to the centrifuge
step 102. This can be expected to increase the purity of the ultimate lithium
carbonate product to a target of above 99.9% purity.

Any available low grade lithium carbonate 154 may be fed to the repulp step 104
5 to be repulped, and purified via the bicarbonate circuit 100.

It is envisaged that the bicarbonate circuit 100 may be by-passed should 
maintenance be required. The lithium carbonate product so produced will be an 

“off-spec” material, typically of technical grade.

Overall lithium recovery through the process of the present invention is about
10 82%.

As can be seen from the above, the process of the present invention provides a 

process by which a high purity or battery grade lithium carbonate product may be 
obtained from an alpha-spodumene ore or concentrate. The purity of the lithium 
carbonate product may be improved further through incorporation of a bicarbonate

15 circuit as described. Further, the process of the present invention also allows the 
production of a useful sodium sulphate product. The process of the present 
invention as described herein is typically a simpler and more economic route to 

the production of a high purity lithium carbonate product when compared with 
processes that have been described in the prior art.

20 Modifications and variations such as would be apparent to the skilled addressee 

are considered to fall within the scope of the present invention.
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Claims:

1. A process for the production of lithium carbonate, the process characterised 

by the steps of:

(i) Calcining an alpha-spodumene ore or concentrate to produce beta-
5 spodumene;

(ii) Sulphating the beta-spodumene at elevated temperature;

(iii) Passing the sulphated beta-spodumene to a leach step in which lithium 
sulphate is leached in water;

(iv) Passing the pregnant leach solution from the leach step to a series of
10 impurity removal steps in which iron, alumina, silicates and magnesium

are, in large part, precipitated and removed;

(v) Adding sodium carbonate to the product of step (iv) by which calcium is 

precipitated;

(vi) The product of step (v) is then passed to an ion exchange step in which
15 residual calcium, magnesium and other remaining multivalent cations

are substantially removed; and ,

(vii) Passing the purified product of step (vi) to a lithium carbonate 
precipitation step in which sodium carbonate is added to produce 

precipitated lithium carbonate and a sodium sulphate mother liquor.

20 2. A process according to claim 1, wherein the mother liquor from step (vii) is
passed to an anhydrous sodium sulphate recovery process from which a 
solid sodium sulphate product is obtained.

3. A process according to claim 1 or 2, wherein a portion of the sodium 
sulphate mother liquor is also recirculated to the leach of step (iii).
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4. A process according to any one of the preceding claims, wherein the lithium 

carbonate precipitation step (vii) is preferably conducted in at least one draft 
tube baffled crystalliser with a residence time of about 90 minutes.

5. A process according to claim 4, wherein the lithium carbonate precipitation
5 step (vii) is conducted sequentially in two crystallisers.

6. A process according to any one of the preceding claims, wherein the
precipitated lithium carbonate of step (vii) is thickened prior to passing to a 
filter step. ·

7. A process according to claim 6, wherein the filter step is followed by a repulp
10 washing stage and a centrifuge step.

8. A process according to claim 7, wherein both the filter step and centrifuge 
step incorporate a hot wash to reduce impurities.

9. A process according to claim 7 or 8, wherein the product of the centrifuge 

step is subsequently milled to minus 6 pm.

15 10. A process according to any one of the preceding claims, wherein the
precipitated lithium carbonate of step (vii) is thickened prior to passing to a 

bicarbonate circuit, the bicarbonate circuit comprising digestion with carbon 

dioxide to produce a bicarbonate intermediate, and subsequent 
crystallisation to produce a lithium carbonate product of increased purity.

20 11. A process according to any one of claims 2 to 10, wherein the sodium
sulphate recovery process is fed from the thickening step after the lithium 

carbonate precipitation step (vii).

12. A process according to claim 11, wherein the sodium sulphate recovery
process comprises creating a supersaturated solution and passing this

25 solution to a crystallisation step.
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13. A process according to claim 12, wherein the crystallisation step is
conducted at a temperature of about 80°C to 90°C and a pressure of about
45 kPa(a).

14. A process according to claim 12 or 13, wherein the crystallisation step has a
5 residence time of about 60 minutes.

15. A process according to any one of claims 12 to 14, wherein water 
evaporated from the solution in the creation of the supersaturated solution is 

recompressed, combined with make-up steam and utilised in the anhydrous 
sodium sulphate crystallisation step.

10 16. A process according to any one of claims 12 to 15, wherein the
crystallisation step utilises a vacuum evaporative crystalliser.

17. A process according to any one of claims 12 to 16, wherein the
crystallisation step produces a crystal slurry that is discharged to a centrifuge 
step.

15 18. A process according to claim 17, wherein the centrifuge step further
comprises a wash with water, the liquid product of which is recycled back to 
the leach step (iii). ·

19. A process according to claim 18, wherein the solid product of the centrifuge 
step and wash is then dried.

20 20. A process according to any one of the preceding claims, wherein the
impurity removal steps of step (iv) comprise, in turn, the addition of 
lime/hydrated lime, hydrogen peroxide and sodium hydroxide.

21. A process according to claim 20, wherein after the addition of the hydrogen 
peroxide the slurry is thickened, an underflow of the thickening step then

25 being filtered and dried to provide an alumina silicate product.

22. A process according to any one of the preceding claims, wherein the beta- 
spodumene of step (i) is cooled and milled prior to the sulphating step (ii).
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23. A process according to claim 22, wherein the beta-spodumene is milled to 

less than about 300 pm.

24. A process according to any one of the preceding claims, wherein the 

sulphating step (ii) is conducted in a sulphating kiln at about 250°C over a
5 residence time of about 45 minutes.

25. A process according to claim 24, wherein the sulphated spodumene is 
cooled prior to feeding into the leach step (iii).

26. A process according to any one of claims 10 to 25, wherein the bicarbonate 
circuit further comprises a centrifuge/wash step and a repulp step prior to the

10 digestion step.

27. A process according to any one of claims 10 to 26, wherein the digestion 
step is conducted at atmospheric pressure and at a temperature of less than 

about 20°C to 40°C.

28. A process according to any one of claims 10 to 27, wherein the
15 crystallisation step comprises the addition of steam to a lithium bicarbonate

product of the digestion step, thereby producing both carbon dioxide and 

lithium carbonate products.

29. A process according to any one of claims 10 to 28, the crystallisation step is 

conducted at about 95°C.

20 30. A process according any one of claims 10 to 29, the lithium carbonate
product ofthe crystallisation step is passed to a thickening step, the overflow 
from which is passed, at least in part, to the repulp step prior to the digestion 

step.

31. A process according to claim 30, the overflow is subjected to cooling prior to
25 passing to the repulp step.

' ' . ' . ■ I' ·

32. A process according to claim 30 or 31, wherein a lithium carbonate product 
of the thickening step provided after the crystallisation step is passed, or
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recirculated, to a point in the bicarbonate circuit prior to the digestion step so 

as to increase the purity of the ultimate lithium carbonate product.

33. A process according to claim 32, wherein the recirculated lithium carbonate 

is added to the centrifuge step prior to the repulp step.

5 34. A process for the production of lithium carbonate, the process characterised
by the steps of:

(i) Calcining an alpha-spodumene or ore concentrate to produce beta- 
spodumene;

(ii) Sulphating the beta-spodumene at elevated temperature;

10 (iii) Passing the sulphated beta-spodumene to a leach step in which lithium
sulphate is leached in water;

(iv) Passing the pregnant leach solution from the leach step to a series of 
impurity removal steps in which iron, alumina, silicates and magnesium 
are, in large part, precipitated and removed;

15 (v) Adding sodium carbonate to the product of step (iv) by which calcium is
precipitated;

(vi) The product of step (v) is then passed to an ion exchange step in which 
residual calcium, magnesium and other remaining multivalent cations 

are substantially removed; '

20 (vii) Passing the purified product of step (vi) to a lithium carbonate
precipitation step in which sodium carbonate is added to produce 

precipitated lithium carbonate and a sodium sulphate mother liquor; 
and

(viii) Passing the precipitated lithium carbonate of step (vii) to a bicarbonate
25 circuit, the bicarbonate circuit comprising digestion with carbon dioxide
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to produce a bicarbonate intermediate, and subsequent crystallisation 

to produce a lithium carbonate product of increased purity.

35. A process for the production of lithium carbonate substantially as 

hereinbefore described with reference to Figure 1 or 2.

5
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