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METHOD FOR PURIFYING LITHIUM BICARBONATE

FIELD OF THE INVENTION
The invention relates to a method for puritying a lithium bicarbonate solution
using ion exchange. The purification of lithium bicarbonate solution forms a

sub-process in the fabrication of pure lithium chemicals.

BACKGROUND OF THE INVENTION

Minerals containing lithium are mostly spodumene, petalite and lepidolite.
There may also be lithium in the hypolimnion of brine lakes, but the ratio of
lithium to magnesium in it is decisive for industrial production. Likewise there
IS also lithium in seawater. The greatest users of lithium at present are the
glass and ceramics industry, and the accumulator and battery industry. The
share of the latter is growing constantly, since lithium accumulators play a
significant role for instance in the development of the electric cars. Some of
the lithium Is used as lithium carbonate or Is at least a commercial inter-

mediate product.

In lithium recovery, lithium mineral is concentrated, after which concentrate
processing usually comprises a change in the crystal structure at high
temperature, pressure leaching, carbon dioxide treatment and the filtration
and purification of the lithium bicarbonate LIHCOs; that is generated.
Purification can take place either on the liquid-liquid extraction principle or by
lon exchange. US patent publication 6,048,507 describes a method in which
the purification of lithium bicarbonate takes place by carbon dioxide
treatment and ion exchange. The purpose of ion exchange is to remove
divalent metal ions, such as calcium, magnesium, iron and aluminium ions,
from a lithium-containing solution. After this, the pure lithium bicarbonate is

crystallised, so that pure lithium carbonate LioCO3 is generated.

lon exchange Is done typically with selective cation exchange resins, In

which the ion exchange group is for example iminodiacetic acid (IDA) or
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aminophosphonic acid (APA). The resins concerned are manufactured for
example by Rohm & Haas under the trade name Amberlite IRC 748 (IDA)
and Amberlite IRC 747 (APA). The resins are selective for multivalent metal
ions and are used for the removal of calcium and magnesium etc. from
concentrated NaCl-salt solution in the chlor-alkali industry. The ion exchange
groups of the resin are weak organic acids. The resins are especially
selective for heavy metal ions (Cu®*, Pb**, Ni**). In the column process, the
solution to be purified is run through the column and the purified solution is
collected from the solution exiting the column. When the resin is no longer
able to produce pure solution, the metals bound to the resin are eluted with
an acid solution, and the resin is converted to the acid form. An excess of
acid has to be used in relation to the ion exchange groups. In acid form, the
jon exchange group Is undissociated in agueous solution and is unable to
bind metal ions; instead it has to be neutralised before the following

purification cycle.

Selective cation exchange resins are generally used in metals recovery for
instance from wastewaters and pickling solutions and the metals to be
recovered are usually the above-mentioned heavy metals such as copper,
nickel and lead. In this case the regeneration of resins generally takes place
In accordance with the following sequence;

Washing water

Elution acid solution (e.g. HCI, H2SOy4, 1-2 mol/l)

Washing water

Neutralisation alkali solution (e.g. NaOH, 1 mol/l)

Washing water

The washes with water displace the previous solution from the resin column

between the acid and alkali stages.

US patent publication 6,048,507 describes the purification of lithium
bicarbonate solution by 1on exchange, Iin which metallic impurities,

particularly divalent ones, are bound to the resin used. When the resin Is
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saturated for example with regard to calcium, it is regenerated. Regeneration
consists of firstly washing with water and subsequently treatment with
hydrochloric acid to remove the calcium ions from the resin. When the
calcium ions and other metal ions have been removed from the resin, it Is
washed again with water. Lithium hydroxide solution is used for regeneration
with an alkali before the following purification cycle. Both the lithium
hydroxide solution and the hydrochloric acid solution used can be utilised
according to the text of the patent a number of times before they need to be

replaceaq.

PURPOSE OF THE INVENTION

In methods accordant with the prior art, a considerable amount of lithium is
lost to the regeneration chemicals. In addition, lithium hydroxide and
hydrochloric acid are expensive reagents. In particular the majority
(estimated over 95%) of the lithium hydroxide used in the regeneration of ion
exchange resin is transferred to the impure hydrochloric acid solution. As
stated above, hydrochloric acid solution can be recycled in elution and the
acid can also be regenerated by means of electrodialysis. However,
regeneration methods and equipment materials in hydrochloric acid
applications are generally expensive. The purpose of the invention now
developed is to achieve a more cost-effective method than earlier for

purifying lithium bicarbonate.

SUMMARY OF THE INVENTION
The essential features of the invention will be made apparent in the attached

claims.

The invention relates to a method for puritying impure lithium bicarbonate by
means of cation exchange resin in a column. In addition to solution purify-
cation by ion exchange, the treatment stages include the regeneration of
impurity metals bound to the resin. Regeneration consists of washing the

resin with water, elution with acid solution, washing with water, neutralisation
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with alkali solution and washing with water. It is characteristic of the method

that neutralisation is performed with sodium hydroxide solution.

According to one embodiment of the method, elution is carried out with

sulphuric acid solution.

According to another embodiment of the method, elution is carried out with

hydrochloric acid solution.

In an embodiment of the method the concentration of the sodium hydroxide

solution used for neutralisation is 0.5 — 2 mol/I.

In an embodiment of the method the concentration of the acid solution used

for elution is 0.5 — 2 mol/I.

According to one typical embodiment of the method, the first solution fraction
In the solution purification stage carried out after neutralisation with sodium
hydroxide is first taken separately and is routed back into the column at the
end of the stage before regeneration wherein the sodium of the solution to
be fed displaces at least partly the lithium bound to the resin. The volume of

the first fraction is preferably about two resin beds in size.

DETAILED DESCRIPTION OF THE DRAWINGS

The purification of lithium bicarbonate solution is performed by ion exchange
as a column process. The method has particularly exploited the selectivity
sequence of the resins: Li'<Na'<<multivalent metal ions<H™. In the method
accordant with the invention, sodium hydroxide Is used as the alkali in resin
neutralisation instead of lithium hydroxide solution i.e. the resin is initially in
sodium form. Metallic impurities (e.g. Fe, Ca, Mg, Al) from the LIHCOs3
solution bind themselves to the resin. Right at the start of the ion exchange

cycle, the sodium-form resin and the concentrated lithium solution seek
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equilibrium, whereby a drop in Li content and an increase in Na content

occur in the product solution.

The first NaHCO3s—containing fraction is taken separately from the solution
exiting the column. This fraction is about the volume of two resin beds In
size. After this, the product solution is obtained from the column, in which the
lithium and sodium content remain during ion exchange at almost the feed
level. After the feed of the process solution, before the actual regeneration,
the NaHCOs—rich fraction collected at the beginning is run back into the
column. In this way the sodium displaces the majority of the lithium bound to
the resin, and there is a high lithium content In the solution exiting the
column. This solution can be joined to a process, most easily to the ion
exchange feed. In the method accordant with the invention, the lithium
losses of ion exchange are reduced considerably in comparison with the
method described in the prior art, in which the resin is neutralised to the
ithium form. After the actual ion exchange stage, the resin goes for

regeneration, in which the first step is the elution of metals with acid solution.

The advantage of the method now developed is that when the resin is
exhausted or filled with impurity metals, the majority of it is still in the original,
neutralised form, i.e. in the sodium form Iin accordance with this invention.
The resin can never become full of impurities. When resin enters the elution
stage, all the metals bonded to it, including Li/Na, are released and end up In
the acid, and their separation from the acid demands a relatively expensive
separation method. The fraction that is in the acid is therefore either waste or
difficult to utilise, i.e. in order to recover sodium or lithium, for instance
electrodialysis Is required. In accordance with the method now developed,
the resin entering elution therefore contains only sodium in addition to the
impurities to be removed, not lithium. When acid has to be discharged as
waste, only relatively inexpensive sodium is removed with it from the

process, and not valuable lithium.
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The elution of metals from the resin is done with acid solution, whereby In
accordance with the method, It is advantageous to use sulphuric acid
solution with a concentration of around 0.5 - 2 mol/l, preferably 1 molll,
instead of hydrochloric acid. In the method accordant with the prior art,
elution is carried out with hydrochloric acid seemingly because it prevents
the precipitation of calcium as gypsum. However, in the tests we carried out,
it was found that the impurity metals are distributed evenly in the resin mass,
so that the precipitation of calcium in the resin as gypsum was not observed,
at least not it the amount of calcium was less than 10 mg/L. All the calcium
was found to have been removed from the resin in elution. It is possible to
neutralise the sulphuric acid used advantageously by means of limestone,
whereby the other impurity metals are also precipitated into the gypsum
sediment. Using sulphuric acid as the acid is simpler than using hydrochloric
acid, since the equipment used does not need to be of special material as in
the use of hydrochloric acid. After elution, the resin is washed with water and
neutralised with a sodium hydroxide solution of 0.5 — 2 mol/l, preferably 1

mol/l, to sodium form before the following purification cycle.

If the solution to be purified contains a large amount of calcium, it is also

possible to use hydrochloric acid solution for elution.

Lithium carbonate is produced from the purified solution by crystallisation, in
other words by heating the solution to a temperature of 70-90°C, whereupon
carbon dioxide Is released and the lithium carbonate product crystallises.
The precipitate is filtered and dried. In order to lower the sodium content of
the product and to remove the other water-soluble impurities the precipitate

Is washed with hot water and filtered again.

The method for purifying lithium bicarbonate solution described above can
be utilised as part of lithium carbonate production from raw materials of
mineral origin such as spodumene. It is also applicable for the purification

process of impure lithium carbonate. Extremely pure lithium carbonate
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>99.9% can be manufactured with the method, and it can be further purified

and converted into other pure lithium chemicals (e.g. LICI, LiF).

In the tests performed, it was found that when manufacturing lithium
carbonate from spodumene concentrate in the manner accordant with the
invention, the impurities of the product were e.g. at the level of: Pb <1 ppm,
Mg and Fe <5 ppm, S <10 ppm and Ca < 20 ppm as well as Al 12 ppm and
Na 57 ppm. Lithium carbonate, which has a content of >99.9% is a

commercial or battery-grade product.
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CLAIMS:

1. A method for purifying impure lithium bicarbonate using a cation exchange
resin in a column, comprising in addition to solution purification by ion exchange,
the treatment stages comprise the regeneration of the resin by the removal of

impurity metals bound to the resin, which regeneration comprises the steps of
1.) washing the resin with water;
2.) eluting the washed resin with acid solution;
3.) washing the resin with water after elution with acid solution; and

4.) neutralising the resin, after elution with acid solution, with sodium
hydroxide solution, and washing with water, and then routing back into the
column before regeneration, the solution obtained at the end of this step, so that

the sodium of the solution to be fed displaces at least partly the lithium bound to

the resin.

2. The method according to claim 1, wherein the elution in step 2.) is

performed with sulphuric acid solution.

3. The method according to claim 1, wherein the elution in step 2.) is

performed with hydrochloric acid solution.

4. The method according to claim 1, wherein the concentration of the

sodium hydroxide solution used for neutralisation is 0.52 mol/l.

D. The method according to claim 1, wherein the concentration of the

acid solution used for the elution in step 2.) is 0.5 — 2 mol/l.

6. The method according to claim 1, wherein the volume of the

solution obtained in step 4.) is about two resin beds in size.
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