I *I Innovation, Sciences et Innovation, Science and CA 3119203 C 2023/05/09
Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 1 1 9 203
(12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépot PCT/PCT Filing Date: 2019/10/31 (51) ClLInt./Int.Cl. C22B 5/12 (2006.01),

C22B 26/12 (2006.01), C22B 7/00 (2006.01)

(72) Inventeurs/Inventors:
SCHEUNIS, LENNART, BE;

(87) Date publication PCT/PCT Publication Date: 2020/05/28
(45) Date de délivrance/lssue Date: 2023/05/09

(85) Entrée phase nationale/National Entry: 2021/05/07 CALLEBAUT, WILLEM, BE
(86) N° demande PCT/PCT Application No.: EP 2019/079762 (73) Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 2020/104164 UMICORE, BE

(30) Priorité/Priority: 2018/11/23 (EP18207942.6) (74) Agent: MACRAE & CO.

(54) Titre : PROCEDE DE RECUPERATION DE LITHIUM
(54) Title: PROCESS FOR THE RECOVERY OF LITHIUM

(57) Abrégé/Abstract:

The present disclosure concerns a process for the concentration of lithium in metallurgical fumes. The process comprises the
steps of. - providing a metallurgical molten bath furnace; - preparing a metallurgical charge comprising lithium-bearing material,
transition metals, and fluxing agents; - smelting the metallurgical charge and fluxing agents in reducing conditions in said furnace,
thereby obtaining a molten bath with an alloy and a slag phase; and, - optionally separating the alloy and the slag phase;
characterized in that a major part of the lithium is fumed as LiCl from the molten slag, by addition of alkali or earth alkali chloride to
the process. Using a single smelting step, valuable transition metals such as cobalt and nickel also present in the charge are
collected in an alloy phase, while the lithium reports to the fumes. The lithium in the fumes is available in concentrated form, suitable
for subsequent hydrometallurgical processing.

"
C an a da http/opic.ge.ca + Ottawa-Hull K1A 0C9 « arep:/eipo.ge.ca OPIC
OPIC - CIPO 191



w0 20207104164 A1 |0 0000 KO Y0 YO O 0 0

CA 03119203 2021-05-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert 3
(e Organization > | 0 00 0 O O R O
International Bureau / (10) International Publication Number
(43) International Publication Date = WO 2020/104164 A1

28 May 2020 (28.05.2020) WIPOIPCT

(51) International Patent Classification:
C22B 5712 (2006.01) C22B 26/12 (2006.01)
C22B 7/00 (2006.01)

Declarations under Rule 4.17:
— as to applicant's entitlement to apply for and be granted a

patent (Rule 4.17(ii))
(21) International Application Number: — of'inventorship (Rule 4.17(iv))
PCT/EP2019/079762
CTE / Published:
(22) International Filing Date: —  with international search report (Art. 21(3))
31 October 2019 (31.10.2019)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
18207942.6 23 November 2018 (23.11.2018) EP

(71) Applicant: UMICORE [BE/BE]; Rue du Marais 31,
B-1000 Brussels (BE).

(72) Inventors: SCHEUNIS, Lennart, Watertorenstraat 33,
B-2250 Olen (BE). CALLEBAUT, Willem; Adolf Grein-
erstraat 14, B-2660 Hoboken (BE).

(74) Agent: PILATE, André; UMICORE, Patent Department,
Watertorenstraat 33, B-2250 Olen (BE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE,LR, LS, MW, MZ, NA,RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: PROCESS FOR THE RECOVERY OF LITHIUM

(57) Abstract: The present disclosure concerns a process for the concentration of lithium in metallurgical fumes. The process comprises
the steps of: - providing a metallurgical molten bath furnace; - preparing a metallurgical charge comprising lithium-bearing material,
transition metals, and fluxing agents; - smelting the metallurgical charge and fluxing agents in reducing conditions in said furnace,
thereby obtaining a molten bath with an alloy and a slag phase; and, - optionally separating the alloy and the slag phase; characterized in
that a major part of the lithium is fumed as LiCl from the molten slag, by addition of alkali or earth alkali chloride to the process. Using a
single smelting step, valuable transition metals such as cobalt and nickel also present in the charge are collected in an alloy phase, while
the lithium reports to the fumes. The lithium in the fumes is available in concentrated form, suitable for subsequent hydrometallurgical
processing.



10

15

20

25

30

35

CA 03119203 2021-05-07

WO 2020/104164 PCT/EP2019/079762

Process for the recovery of lithium

The present disclosure concerns a process for the concentration of lithium in metallurgical
fumes. The lithium can then be recovered from these fumes according to known

hydrometallurgical principles.

The world consumption of lithium has more than doubled in the past decade. This increase is
mainly due to its use in rechargeable lithium-ion batteries. Lithium-ion batteries have indeed
become the preferred source of electrical energy whenever high energy or high power is
desired in applications where weigh or volume are at a premium. This growth will likely continue
in the next years: the global capacity of lithium-ion batteries that will hit the market each year is

expected to reach hundreds of gigawatt-hours by the late 2020’s.

Different types of battery chemistries are in use, all of them based on the oxidation and
reduction of lithium. Widely used cathode compounds include lithium cobalt oxide (LCO), lithium
manganese oxide (LMO), lithium nickel manganese cobalt oxide (NMC), lithium iron phosphate
(LFP), and lithium nickel cobalt aluminum oxide (NCA). At anode, lithium-graphite intercalation
compounds are typical, with lithium metal or lithium titanate (LTO) also being developed.
Lithium is furthermore used in the electrolyte in the form of LiPFe. The current lithium

consumption in lithium-ion batteries accounts for about half of total lithium production.

Lithium is also used in other products such as lithium primary batteries, as well as in lithium-

bearing glasses, ceramics, polymers, casting powders, alloys, greases, and pharmaceuticals.

From the above, it clearly appears that massive quantities of lithium will become available in all
kinds of production scrap and in end-of-life goods. Recovery of that lithium may offer interesting

industrial perspectives if efficient processes are developed.

Up till now, the recycling of lithium from non-battery related materials has been fairly limited to
the reworking of certain production scraps of the production process, like in the glass and
ceramics industry. It is therefore expected that the future emphasis will lie with the recovery of

lithium from lithium-ion batteries.

Lithium-ion batteries involve complex compounds often comprising particularly valuable metals
such as nickel and cobalt. The research in the field of battery recycling has therefore been
focusing on the recovery of these metals rather than on lithium. The literature describes several

hydrometallurgical processes that use a variety of extraction and purification steps to recover
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nickel and cobalt from powders derived from lithium-ion battery waste. Lithium typically ends up
diluted in the residual liquor of the last hydrometallurgical step. Often, this stream goes directly
to the waste water treatment plant without any attempt to recover the lithium. In rare cases,
lithium is nevertheless recovered by precipitation; this step generally offers only a low recovery

yield, unless it is combined with an energy-intensive crystallization and evaporation step.

As an alternative to a fully hydrometallurgical process, one could opt for a hybrid process
comprising a pyrometallurgical first step. Pyrometallurgy has the notorious advantage of being
robust and flexible with respect to the composition of the feed, from which specific elements can
readily be concentrated in one of the metallurgical phases. Hence, from a lithium recycling
perspective, a wide variety of lithium-containing scraps can be envisaged, including primary

batteries, rechargeable batteries, glasses, ceramics, polymers, and casting powders.

In the context of lithium-ion battery recycling, the recovery of lithium via pyrometallurgy has
been described in “Valorisation of battery recycling slags” (Proceedings of the second
international slag valorization symposium, pages 365-373, April 20", 2011). Lithium is one of
the most easily oxidized elements and is said to report to the slag. Subsequently, a
hydrometallurgical process is described to recover the lithium from the slag. This is however a
complex undertaking due to the dilution of the lithium in the slag, leading to diluted liquors

containing marginally exploitable levels of lithium.

The present invention solves this dilution problem by concentrating the lithium in the fumes of a
smelting operation instead of in the slag. These fumes are formed in much smaller amounts
compared to slag, thus offering a more interesting starting product for a hydrometallurgical
process. The concentrated lithium fumes are moreover easily leachable, thereby facilitating the
purification steps. This result is achieved by the addition of a suitable source of chlorides to the

smelting furnace.

It should be noted that the formation and fuming of lithium as LiCl, using CaCl, as a source of
chlorides, has been described in the context of the lithium recovery from spodumene. A process
has indeed been described wherein finely comminuted spodumene is mixed with powdered

CaCl,, the mixture being then subjected to high temperature roasting in the solid phase.

Such a chlorination-roasting process is disclosed in US 2,561,439 and US 2,627,452.

US 2,561,439 teaches a vacuum chlorination-roasting process of comminuted spodumene

pelletized with CaCl,. LiCl evolves, which is condensed and recovered.
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US 2,627,452 teaches a preliminary thermal conversion of alfa to beta spodumene, followed by
addition of CaCl, and by a second heat treatment in a rotary kiln, wherein LiCl is formed and

volatilized.

This chlorination-roasting process has also been applied to a lithium-bearing slag obtained from
reducing smelting processes for the recovery of metals from spent lithium batteries. This is
shown in CN 107964593 A, wherein the solidified lithium-bearing slag is first crushed and then
mixed with a metal chloride such as CaCl,. Subsequently, the mixture is roasted, and the
evolving LiCl captured. Such a multi-step process comprising the production of the slag via
smelting, the solidification of the slag, its comminution, mixing it with fine CaCl,, roasting of the

mixture and capturing the LiCl is however both expensive and energy intensive.

In the present process however, good use is made of the fact that liquid phases are obtained
during smelting, allowing for the combined recovery of valuable metals such as iron, copper,
cobalt, and nickel in an alloy phase, and of lithium in the fumes, in a single operation. Compared
to the above mentioned prior-art, the present process has a significant efficiency advantage
since the slag does not need to be separated, mixed with a chloride source, and then re-heated

to perform the LiCl fuming.

To this end, a process for the concentration of lithium in metallurgical fumes is described,
comprising the steps of:

- providing a metallurgical molten bath furnace;

- preparing a metallurgical charge comprising lithium-bearing material, transition metals, and
fluxing agents;

- smelting the metallurgical charge and fluxing agents in reducing conditions in said furnace,
thereby obtaining a molten bath with an alloy and slag phase; and,

- optionally separating the alloy and the slag phase;

characterized in that a major part of the lithium is fumed as LiCl from the molten slag, by

addition of alkali or earth alkali chloride to the process.

The addition of chlorides leading to the fuming of LiCl can be performed on the molten slag,

after it has been separated from the alloy such as by tapping.

By major part of the lithium is meant at least 50% by weight of the lithium entering the process.
By “addition of alkali or earth alkali chloride” is meant that also a mixture of alkali and earth

alkali chloride can be added.



10

15

20

25

30

35

CA 03119203 2021-05-07

WO 2020/104164 PCT/EP2019/079762
4

In this process, the transition metals of most interest are iron, copper, nickel, and cobalt.

In a preferred embodiment, the alkali or alkaline earth chloride may be fed to the furnace as part
of the metallurgical charge, as part of the fluxing agents, or added separately to the liquid slag

during or after smelting.

The stoichiometry of the chloride is determined according to the reactions:
Li2O + CaCl; — LiCl + CaO (1)
Li2O + MgCl> — LiCl + MgO 2)

in the case of CaCl, or MgCl, respectively.

A super-stoichiometric amount of chloride helps in having these reactions proceed to
completion. The amount of chlorides that is added should preferably be at least stoichiometric
with respect to lithium in the fumes. More preferably, a stoichiometric excess of more than 10 %

is used.

When very high yields are desired, the amount of chlorides that is added should preferably be at
least stoichiometric with respect to lithium in the slag. More preferably, a stoichiometric excess
of more than 10 % is used. This, combined with the use of CaCl,, will ensure a lithium fuming

yield of more than 80%, or even of more than 90%.

The preferred chloride sources are MgCl,, more preferably CaCl,. These chlorides have a high
boiling point of respectively 1412 °C and 1935 °C at normal pressure, guaranteeing a good
availability of these chlorides to react with the oxidized lithium in the slag at the operating

temperature of the smelting furnace.

The process is particularly suitable for concentrating lithium present in materials also containing
nickel and/or cobalt. A pO; is then maintained that is sufficiently low to reduce a major part of at
least one of nickel and cobalt to the metallic state, allowing these elements to report to the alloy

phase. By major part is meant at least 50% by weight of the metals entering the process.

The skilled person knows how to vary the redox potential by adjusting the ratio between
oxidizing agents such as air or O, and reducing agents. Typical reducing agents are natural gas
or coal, but could also be metallic fractions like aluminum, elemental carbon, and plastics
present in the metallurgical charge. The redox potential can be determined by monitoring the

yield of the metals such as nickel and cobalt to the alloy.
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Lithium, which oxidizes easily, is assumed to quantitatively report to the slag. It will then react

with the added chlorides, forming LiCl, which evaporates as fumes.

The process is thus specially adapted for treating lithium-bearing materials comprising lithium

batteries, their scrap, or their production waste.

The LiCl that reports to the fumes can be separated and collected from the flue gas by using
common unit operations, like scrubbers, baghouse filters, electro-static precipitators and

cyclones.

Examples
End of life batteries with a composition according Table 1 are shredded to allow easier

manipulation and dosing.

A molten bath is then prepared in an alumina crucible of 2 L where 400 g of a starting slag is
heated and melted in an induction furnace at a temperature of 1500 °C. This starting slag is the
result of a previous operation and is used to provide a liquid bath to which the batteries can be

added. The composition of the slag is given in Table 2.

Once the slag is melted, the batteries are added together with limestone and sand fluxes. The
additions are made gradually over a period of 2 hours. During this time, O, is blown at a rate of

160 L/hour above the bath to combust the metallic Al and carbon present in the batteries.

After the final addition of battery scrap, CO is blown through the bath at a rate of 60 L/hour for
30 minutes to obtain a homogenous bath and fix the final reduction level. Samples of alloy and
slag are taken. The mass balance of slag and alloy is shown in Table 2. The vyields are

calculated based on the alloy and slag phases only, thus discarding (minor) losses or carry-over

to the gas phase.

Table 1: Composition of the batteries
Al Co Cu Ni Li
Batteries (wt.%) 7 16 9 2,5 2,5
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Table 2: Detailed material balance of the smelting operation before chloride addition

Al Si Ca Co Cu Ni Li
Input Mass (g)
(Wt.%) | (Wt.%) | (Wt.%) | (Wt.%) | (Wt.%) | (Wwt.%) | (wt.%)
Starting 3.8
400 20 13 19 0,2 - 0,1
slag
Batteries 1000 7 - - 16 9 2,5 2,0
Limestone 300 - 2,2 38,0 - - - -
Sand 100 - 46,7 - - - - -
Si Ca Co Cu Ni Li Al
Output Mass (g)
(Wt.%) | (Wt.%) | (Wt.%) | (Wt.%) | (Wt.%) | (Wwt.%) | (wt.%)
Alloy 270 0,0 0,0 58,1 33,1 8,8 0,0 0,0
Slag 950 11,0 19,9 0,5 0,1 0,1 3,8 15,7
Yield Mass (g) | Si(%) | Ca (%) | Co (%) | Cu (%) | Ni(%) | Li(%) | Al (%)
Alloy 22 0,0 0,0 97,2 99,0 94,6 0,0 0,0
Slag 78 100,0 | 100,0 2,8 1,0 5,4 100,0 | 100,0

While still at 1500 °C, argon is blown at a rate of 60 L/hour through the liquid bath to ensure
mixing of the slag. From this experiment, it is clear that without the addition of chlorides, the Li

remains in the slag.

Starting each time from the lithium-bearing slag according to above Table 2, 4 different
experiments were performed, differing only in the total amount of CaCl, added. These 4
amounts represent 0%, 60%, 100% and 120% of the chloride needed for stoichiometric reaction
with the Li present in the slag. CaClz is added gradually during the first hours in 12 equal
additions every 5 minutes. Prior to the test the CaCl; is dried at a temperature of 150 °C in order
to remove any water excess. The slag is allowed to react for an additional 30 minutes after the

last CaCl, addition, while still continuing the gas blowing with Ar.

Samples of the slag are taken before the CaCl, addition, after the final addition, and 30 minutes
after the last addition. The results are shown in Table 3, together with the overall yield of the Li

to the fumes.
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For a sub-stoichiometric addition of 60%, all the CaClz reacts with the Li in the slag to form
volatile LiCl. A 100% stoichiometric amount of CaCl, is however not sufficient to vaporize the
lithium quantitatively. A super-stoichiometric amount of 120%, equivalent to a 20% excess,

achieves a lithium yield of 96%.
Samples of the fumes all show a lithium concentration of 15%, which corresponds to a LiCl
content of more than 90%. The remainder is primarily CaCl, present due to mechanical carry

over.

10  Table 3: Li content of the slag in function of time and stoichiometry (CaCl)

CaClz Li content in slag Li yield to
fumes
Stoichiometry Before After final 30 min after final addition
addition addition

0% 3.8 3.8 3.7 3%

60% 3.8 1.8 1.5 60%
100% 3.8 1.3 0.78 79%
120% 3.8 1.5 0.17 96%

Similarly to the 4 experiments with CaCl,, 2 experiments were performed using MgCl,. The
results are shown in Table 4. The lithium yields are markedly lower, though still satisfactory, in
particular when using a 200% stoichiometry.

15

Table 4: Li content of the slag in function of time and stoichiometry (MgCl.)

MgCl> Li content in slag Li yield to
fumes
Stoichiometry Before After final 30 min after final addition
addition addition
100% 3.8 2.2 1.9 51%
200% 3.8 1.0 0.8 78%

NaCl was also tested as chlorinating agent, resulting in a yield of 26% when using a 100%
stoichiometry. A super-stoichiometric addition of 250% NaCl result in satisfactory yields of 50%

20 or more. This is shown in Table 5.
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Table 5: Li content of the slag in function of time and stoichiometry (NaCl)

NaCl Li content in slag Li yield to
fumes
Stoichiometry Before After final 30 min after final addition
addition addition
100% 3.8 3.0 2.8 26%
250% 3.8 2.1 1.8 53%
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Claims:

1. A process for the concentration of lithium in metallurgical fumes, comprising the
steps of:

providing a metallurgical molten bath furnace;

preparing a metallurgical charge comprising lithium-bearing material, transition
metals, and fluxing agents;

smelting the metallurgical charge in reducing conditions in said furnace, thereby
obtaining a molten bath with an alloy and a slag phase; and

optionally separating the alloy and the slag phase,

wherein a major part of the lithium is fumed as LiCl from the molten slag by addition
of alkali and/or earth alkaline chloride to the process.

2. The process according to claim 1, wherein the alkali and/or alkaline earth chloride is
added to the process as part of the metallurgical charge, or added to the liquid slag during
or after smelting.

3. The process according to claim 1 or 2, wherein the alkali and/or alkaline earth
chloride is added in an amount corresponding to a stoichiometric excess with respect to the
lithium in the slag.

4. The process according to claim 3, wherein the stoichiometric excess of alkali and/or
alkaline earth chloride amounts to at least 10%.

5. The process according to any one of claims 1 to 4, wherein the alkali and/or alkaline
earth chloride is CaCls.

6. The process according to any one of claims 1 to 5, wherein the lithium-bearing
material further comprises nickel and/or cobalt, and wherein a pO- is maintained that is

sufficiently low to reduce a major part of at least one of nickel and cobalt to the alloy phase.

7. The process according to claim 6, wherein the lithium-bearing material comprises
lithium batteries, their scrap, or their production waste.
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