EP 4 825 998 A1

(19)

(12)

(43)

(21)

(22)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 4 825 998 A1

EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

Date of publication:
21.10.2026 Bulletin 2026/43

Application number; 24904411.6

Date of filing: 12.12.2024

(51)

(52)

International Patent Classification (IPC):
C22B 3/24(2006.01) C22B 26/12(2006.0)
C22B 3/06 (2006.01)

Cooperative Patent Classification (CPC):
C22B 3/06; C22B 3/24; C22B 26/12

International application number:
PCT/KR2024/096865

International publication number:
WO 2025/127846 (19.06.2025 Gazette 2025/25)

(84)

Designated Contracting States:

AL AT BEBG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LU LV MC ME MK MT NL
NO PL PT RO RS SE S| SK SM TR

Designated Extension States:

BA

Designated Validation States:

GE KH MA MD TN

Priority: 14.12.2023 KR 20230182332

Applicant: POSCO Holdings Inc.
Pohang-si, Gyeongsangbuk-do 37859 (KR)

Inventors:
HEO, Jungho
Pohang-si, Gyeongsangbuk-do 37859 (KR)

KIM, Juyoung

Pohang-si, Gyeongsangbuk-do 37859 (KR)
PARK, Woonkyoung

Pohang-si, Gyeongsangbuk-do 37859 (KR)
YANG, Heok

Pohang-si, Gyeongsangbuk-do 37859 (KR)
JUNG, Myungwon

Pohang-si, Gyeongsangbuk-do 37859 (KR)
KIM, Ryutae

Pohang-si, Gyeongsangbuk-do 37859 (KR)

Representative: Pfenning, Meinig & Partner mbB
Patent- und Rechtsanwilte

Theresienhohe 11a

80339 Miinchen (DE)

(54)

(57)

METHOD FOR ADSORBING/DESORBING LITHIUM

The present invention relates to a method for

adsorbing and desorbing lithium, and may provide a
method for adsorbing and desorbing lithium, compris-
ing: an adsorption step of passing a lithium-containing
solution through an aluminum-based adsorbent to ob-
tain an adsorbent onto which lithium has been ad-
sorbed; and a desorption step of passing a medium
through the adsorbent onto which lithium has been ad-
sorbed to obtain a lithium-containing desorption solu-
tion, wherein the medium used in the desorption step
includes a salt.
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Description
[TECHNICAL FIELD]
[0001] The present invention relates to a method for adsorbing and desorbing lithium.
[BACKGROUND ART]

[0002] Recently, with the rapid growth of related markets such as electric vehicles, demand for lithium secondary
batteries has been rapidly increasing. Accordingly, demand for lithium hydroxide, which is one of lithium raw materials
that are key raw materials of lithium secondary batteries, has also been rapidly increasing.

[0003] Such lithium hydroxide is produced by using lithium carbonate produced in limited regions such as Chile or
Argentina, chemically converting the lithium carbonate with calcium hydroxide or the like, and then producing lithium
hydroxide therefrom, and it is known that lithium hydroxide cannot be directly produced from raw materials.

[0004] Accordingly, there is an urgent need to develop a technology capable of economically and efficiently prepar-
ing lithium hydroxide from a lithium-containing solution.

[0005] As one of such methods, selective adsorption and desorption technology of lithium using an adsorbent has
been studied.

[DETAILED DESCRIPTION OF THE INVENTION]
[Technical Problem]

[0006] In a technology for recovering lithium through adsorption and desorption of lithium using an adsorbent, an
object of the present invention is to provide a process capable of effectively recovering lithium by providing a more
effective desorption technology.

[Technical Solution]

[0007] Hereinafter, various embodiments of the present invention will be described in detail with reference to the
accompanying drawings so that a person having ordinary skill in the art to which the present invention pertains can
easily practice the present invention. The present invention may be embodied in various different forms and is not
limited to the embodiments described herein.

[0008] In order to clearly describe the present invention, parts not related to the description are omitted, and the
same reference numerals will be used for the same or similar components throughout the specification.

[0009] In addition, throughout the specification, when a part is referred to as "comprising" a certain component, this
means that the part may further comprise other components, rather than excluding other components, unless specifi-
cally stated to the contrary.

[0010] Hereinafter, a method for adsorbing and desorbing lithium according to embodiments of the present invention
will be described in detail with reference to the drawings.

[0011] First, a step of adsorbing lithium from a lithium-containing solution is performed.

[0012] Specifically, the lithium-containing solution is passed through an aluminum-based adsorbent to adsorb lithium
onto the aluminum-based adsorbent.

[0013] In this case, the lithium concentration of the lithium-containing solution may be in a range of 0.04 g/L to 2.0
g/L, and more specifically 0.1 g/L to 1.0 g/L. When the lithium concentration of the lithium-containing solution is less
than 0.1 g/L, an adsorption rate may be slow, thereby reducing productivity. In addition, when the lithium concentration
of the lithium-containing solution exceeds 2.0 g/L, productivity increases, but the amount of adsorbent consumed
increases, thereby relatively reducing economic efficiency. Accordingly, it is preferable that the lithium concentration
included in the lithium-containing solution satisfy the above range.

[0014] The aluminum-based adsorbent is used to adsorb lithium dissolved in the lithium-containing solution, and
may include, for example, aluminum hydroxide. When the aluminum-based adsorbent including aluminum hydroxide is
used as in the present embodiment, there are advantages in that the amount of lithium dissolved in the lithium-
containing solution that is adsorbed is high, aluminum loss is hardly caused in a desorption process to be described
below, the lifespan of the adsorbent is long, and economic efficiency of the lithium extraction process is excellent.
[0015] In addition, the aluminum-based adsorbent may be a molded body including adsorbent powder and a binder.
[0016] The adsorbent powder may be, for example, adsorbent powder including aluminum hydroxide. Advantages of
using adsorbent powder including aluminum hydroxide are the same as described above.

[0017] The binder is used to prepare the adsorbent powder into a molded body having an appropriate form, and
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serves to bind the adsorbent powder together. The binder may include, for example, at least one of polyvinyl chloride
(PVC), polysulfone, and polyaniline. In particular, in the present embodiment, the binder preferably includes polyvinyl
chloride (PVC), which can provide excellent bonding force between adsorbent powders.

[0018] Meanwhile, the step of passing the lithium-containing solution through the aluminum-based adsorbent to
adsorb lithium onto the aluminum-based adsorbent includes, for example, a reaction represented by Reaction Scheme
1 below.

[Reaction Scheme 1] (1-x)LiCI-Al(OH)3'nH,0 + Li* — LiCI-Al(OH)5-nH,0 + (1-x)Li*

[0019] Next, a step of obtaining a lithium-containing desorption solution is performed.

[0020] Specifically, a medium (for example, distilled water or an aqueous solution including a lithium salt) may be
passed through the aluminum-based adsorbent onto which lithium has been adsorbed, thereby obtaining a lithium-
containing desorption solution.

[0021] In this case, the amount of distilled water passed through the aluminum-based adsorbent onto which lithium
has been adsorbed may be, based on the volume of the adsorbent, 0.5 times to 100 times, and more specifically 2
times to 40 times, the volume of the adsorbent.

[0022] When the desorption process is performed using distilled water in an amount of less than 0.5 times the
volume of the adsorbent with respect to the aluminum-based adsorbent onto which lithium has been adsorbed, there
is a problem in that the amount of lithium adsorbed onto the adsorbent that is desorbed decreases. In addition, when
distilled water in an amount exceeding 100 times the volume of the adsorbent is used, there is a problem in that lithium
desorbed in the desorption process is diluted, and the concentration of lithium included in the lithium-containing
desorption solution is lowered.

[0023] The concentration of lithium included in the lithium-containing desorption solution obtained by the above-
described method may be in a range of 0.2 g/L to 2.0 g/L, and more specifically 0.4 g/L to 1.0 g/L. When the lithium
concentration included in the lithium-containing desorption solution satisfies the above range, a recovery rate of lithium
hydroxide obtained after a subsequent process to be described below is excellent.

[0024] The step of passing distilled water through the aluminum adsorbent onto which lithium has been adsorbed to
obtain a lithium-containing desorption solution includes, for example, a reaction represented by Reaction Scheme 2
below.

[Reaction Scheme 2] LiCI-Al(OH)3-nH,0 + H,O — (1-x)LiCl-Al(OH)3'nH,0 + xLiCl

[0025] With respect to such a lithium adsorption and desorption process, an embodiment of the present invention
may provide a more specific desorption method.

[0026] An embodiment of the present invention provides a method for adsorbing and desorbing lithium, the method
comprising: an adsorption step of passing a lithium-containing solution through an aluminum-based adsorbent to
obtain an adsorbent onto which lithium has been adsorbed; and a desorption step of passing a medium through the
adsorbent onto which lithium has been adsorbed to obtain a lithium-containing desorption solution, wherein the
medium used in the desorption step includes a salt.

[0027] When a medium including a lithium salt, rather than simply distilled water, is used as the medium as
described above, the concentration of lithium in the obtained desorption solution may be increased. Such improve-
ment in lithium concentration in the desorption solution can reduce the load of a subsequent concentration process.
[0028] In addition, an embodiment of the present invention provides a method for adsorbing and desorbing lithium,
the method comprising: an adsorption step of passing a lithium-containing solution through an aluminum-based
adsorbent to obtain an adsorbent onto which lithium has been adsorbed; and a desorption step of passing a medium
through the adsorbent onto which lithium has been adsorbed to obtain a lithium-containing desorption solution, where-
in the desorption step is performed a plurality of times, the plurality of desorption steps include a front-end desorption
step and a rear-end desorption step, and concentrations of salts in media used in the front-end desorption step and
the rear-end desorption step are different from each other.

[0029] Specifically, after the adsorption step, multi-stage desorption is performed using a medium. In this case,
when the lithium concentration in the medium is changed based on a predetermined section, the lithium concentration
of the finally obtained lithium desorption solution may be increased.

[0030] When the lithium concentration of the desorption solution is high, this means that the amount of water to be
removed in a subsequent concentration step is reduced, and thus process burden of a subsequent process can be
greatly improved.

[0031] Specifically, the concentration of the salt in the medium of the front-end desorption step may be higher than
the concentration of the salt in the medium of the rear-end desorption step. In the concentration of the salt in the
medium, the reference salt may be a lithium salt.
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[0032] In this case, the number of front-end desorption steps may be determined by comparing the lithium concen-
tration of a front-end desorption solution obtained through the front-end desorption step with the lithium concentration
of a rear-end desorption solution obtained through the rear-end desorption step.

[0033] As described above, when the desorption solution is obtained, the desorption step is performed a plurality of
times, and in this case, the lithium concentrations in the desorption solutions obtained in respective steps are com-
pared to define a predetermined step as the front-end desorption step, and the concentration of the lithium salt in the
medium at this time may be increased.

[0034] That is, a high-concentration medium may be used up to a predetermined desorption step, and a relatively
low-concentration medium may be used in the desorption step from a certain reference time point onward.

[0035] In this case, when calculating the lithium concentration in the desorption solution, the lithium concentration
included in the medium may be excluded, so that the calculation may be based on the amount of lithium desorbed by
the adsorbent.

[0036] This is because, when a high-concentration medium is used in the desorption step, the lithium concentration
in the obtained desorption solution is affected not only by lithium desorbed from the adsorbent but also by the lithium
concentration in the medium. That is, this is to exclude the influence of the medium and consider only the influence of
adsorption and desorption.

[0037] Specifically, the front-end desorption step may be maintained until a range in which a difference in lithium
concentration between the front-end desorption solution and the rear-end desorption solution is 0.1 g/L or more.
[0038] The medium may be an aqueous solution including at least one of lithium chloride, lithium sulfate, and lithium
borate.

[0039] A lithium concentration in the medium used in the front-end desorption step may be 0.2 g/L to 0.4 g/L, and a
lithium concentration in the medium used in the rear-end desorption step may be 0.2 g/L to 0.1 g/L.

[0040] The method may further comprise concentrating the entire desorption solution obtained through the front-end
desorption step and the rear-end desorption step.

[0041] Concentration efficiency of the concentration step may be improved by 80% or more.

[0042] The concentration efficiency may be calculated as follows. Specifically, efficiency when concentrating a finally
obtained desorption solution is compared between a method in which concentrations of lithium salts in media of the
front-end desorption step and the rear-end desorption step are differently controlled as in an embodiment of the
present application, and an existing method in which concentrations of lithium salts in media of these steps are
maintained the same.

[0043] Specifically, the concentration efficiency may be calculated as a ratio of energy when the method according
to an embodiment of the present application is used, relative to energy required for concentration when the concentra-
tion of the lithium salt in the medium is made the same.

[0044] When the desorption step is performed by the method according to an embodiment of the present applica-
tion, the lithium concentration in the final desorption solution is high, and thus the amount of water to be removed by
concentration is significantly reduced, thereby enabling efficient process design.

[Advantageous Effects]

[0045] In a technology for recovering lithium through adsorption and desorption of lithium using an adsorbent, the
present invention provides a process capable of effectively recovering lithium by providing a more effective desorption
technology.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0046]

FIG. 1 shows lithium concentration data according to BV of multi-stage desorption steps according to an embodi-
ment and a Comparative Example of the present invention.

FIG. 2 shows results of analyzing an actual lithium desorption amount according to desorption depending on BV
according to Examples and Comparative Examples.

FIG. 3 shows results of analyzing an actual lithium concentration in a desorption solution according to desorption
depending on BV according to Examples and Comparative Examples.

[MODE FOR CARRYING OUT THE INVENTION]

[0047] Hereinafter, embodiments of the present invention will be described in detail. However, these are provided as
examples, and the present invention is not limited thereby, and the present invention is only defined by the scope of
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the claims to be described below.
Examples
[0048] A brine having the composition shown in Table 1 below was prepared.

[Table 1]

Analyzed Element Li (g/L) Ca (g/L) Mg (g/L) B (g/L) K (g/L) Na (g/L)
Content 0.07 20.0 1.4 0.3 6.5 48.0

[0049] The adsorbent column was 100 mL, and desorption was performed at a level of about 3 L. The front-end was
performed at about 6 BV (~0.6 L), and the rear-end was performed at 6 BV to 30 BV (0.6 L to 3 L).

[0050] At this time, desorption was performed under a condition in which an amount of a medium used for perform-
ing one desorption step was defined as 1 bed volume (BV).

[0051] The front-end desorption step was performed up to 6 BV, and the rear-end desorption step was performed
from 7 BV to a level of 30 BV.

[0052] At this time, desorption was performed under each of three conditions.

[0053] In the first condition, desorption was performed using distilled water in all steps.

[0054] In the second condition, desorption was performed using a lithium chloride aqueous solution having a
concentration of 0.15 g/L in all steps.

[0055] In the third condition, the concentration of lithium chloride in the medium used in the front-end desorption step
was 0.3 g/L, and the concentration of lithium chloride in the medium used in the rear-end desorption step was 0.15 g/L.
[0056] FIG. 1 shows lithium concentration data according to BV of multi-stage desorption steps according to an
embodiment and a Comparative Example of the present invention.

[0057] In FIG. 1, a dotted line represents data obtained by performing desorption using distilled water, and a thick
line represents data obtained using a medium having the same lithium concentration in all desorption steps.

[0058] In addition, a thin line represents Example data in which multi-stage desorption steps were performed, and in
this case, it can be confirmed that the lithium concentration was high at most BVs.

[0059] However, this may be regarded as the lithium concentration in the desorption solution in most steps being
increased due to an influence of the lithium concentration in the medium because a high-concentration medium was
used initially.

[0060] FIG. 2 shows results of analyzing an actual lithium desorption amount according to desorption depending on
BV according to Examples and Comparative Examples.

[0061] In this case, the data of FIG. 2 are values calculated in consideration of the amount of lithium in the medium,
and it can be seen that, in the initial BV, the amount of lithium desorbed from the adsorbent is rather smaller than that
of the Comparative Example.

[0062] This is presumed to be because, due to the influence of lithium in the medium, additional adsorption may
occur together with desorption, and the lithium concentration of the medium may act as an inhibiting factor for
desorption.

[0063] However, what should be noted in the results of FIG. 2 is that, when desorption is finally performed up to the
rear-end desorption, the amount of desorbed lithium eventually becomes the same.

[0064] Specifically, it can be confirmed that, in the initial stage, the Example in which lithium is introduced at 0.3 g/L
and discharged at 0.57 g/L has a smaller desorption amount than the Comparative Example in which lithium is
introduced at 0.15 g/L and discharged at 0.47 g/L.

[0065] However, when desorption is performed up to about 30 BV, it can be confirmed that the total amount of
effective desorption is almost the same. It was found that, in a range of about 18 BV, the same amount of desorption
can be sufficiently expected.

[0066] That is, this means that, even when the media of the front-end and rear-end are used differently as in the
Example, the fact that all lithium in the adsorbent is eventually desorbed does not change.

[0067] FIG. 3 shows results of analyzing an actual lithium concentration in a desorption solution according to
desorption depending on BV according to Examples and Comparative Examples.

[0068] The results of FIG. 3 are also values considering the influence of lithium concentration in the medium, like
FIG. 2.

[0069] As can be seen from FIG. 3, it can be confirmed that the lithium concentration in the desorption solution
obtained in all desorption steps was higher in the Example.

[0070] Specifically, at 28.8 BV, the lithium concentration in the desorption solution was 244 mg/L in the Example and
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212 mg/L in the Comparative Example. This is an effect in which the Example is improved by 87%.

[0071] This means that the Example is 87% more effective than the Comparative Example in terms of the amount of
water to be removed when concentrating to the same concentration.

[0072] That is, the Example and the Comparative Example eventually desorb the same amount of lithium, but the
Example obtains a desorption solution having a higher concentration.

[0073] The presentinvention is not limited to the above Examples, and may be prepared in various different forms. A
person having ordinary skill in the art to which the present invention pertains will understand that the present invention
may be embodied in other specific forms without changing the technical spirit or essential features of the present
invention. Therefore, the above-described Examples should be understood as illustrative in all respects and not
restrictive.

Claims
1. A method for adsorbing and desorbing lithium, comprising:

an adsorption step of passing a lithium-containing solution through an aluminum-based adsorbent to obtain
an adsorbent onto which lithium has been adsorbed; and

a desorption step of passing a medium through the adsorbent onto which lithium has been adsorbed to obtain
a lithium-containing desorption solution,

wherein the medium used in the desorption step comprises a salt.

2. The method for adsorbing and desorbing lithium of claim 1,

wherein the desorption step is performed a plurality of times,

wherein the plurality of desorption steps comprise a front-end desorption step and a rear-end desorption step,
and

wherein concentrations of salts in media used in the front-end desorption step and the rear-end desorption
step are different from each other.

3. The method for adsorbing and desorbing lithium of claim 2,
wherein the concentration of the salt in the medium of the front-end desorption step is higher than the concentra-
tion of the salt in the medium of the rear-end desorption step.

4. The method for adsorbing and desorbing lithium of claim 3,
wherein, in the concentration of the salt in the medium, a reference salt is a lithium salt.

5. The method for adsorbing and desorbing lithium of claim 3,
wherein the number of front-end desorption steps is determined by comparing a lithium concentration of a front-
end desorption solution obtained through the front-end desorption step with a lithium concentration of a rear-end
desorption solution obtained through the rear-end desorption step.

6. The method for adsorbing and desorbing lithium of claim 5,
wherein, when calculating the lithium concentration in the desorption solution, a lithium concentration included in
the medium is excluded, so that the calculation is based on an amount of lithium desorbed by the adsorbent.

7. The method for adsorbing and desorbing lithium of claim 5,
wherein the front-end desorption step is maintained until a range in which a difference in lithium concentration
between the front-end desorption solution and the rear-end desorption solution is 0.1 g/L or more.

8. The method for adsorbing and desorbing lithium of claim 2,
wherein the medium is an aqueous solution comprising at least one of lithium chloride, lithium sulfate, and lithium
borate.

9. The method for adsorbing and desorbing lithium of claim 2,
wherein a lithium concentration in the medium used in the front-end desorption step is 0.2 g/L to 0.4 g/L, and a
lithium concentration in the medium used in the rear-end desorption step is 0.2 g/L to 0.1 g/L.
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10. The method for adsorbing and desorbing lithium of claim 2, further comprising:
concentrating an entire desorption solution obtained through the front-end desorption step and the rear-end
desorption step.

11. The method for adsorbing and desorbing lithium of claim 10,
wherein concentration efficiency of the concentration step is improved by 80% or more.
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[Fig. 3]
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