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(57) Abrégé(suite)/Abstract(continued):

the general formulas (1) or (II): [AR'R?R3R#Li (1), or R'R?R3A-0-AR*RR® (II), wherein: R'R’R°R*R°R® = alkyl (C,-C,,), aryl,
alkoxy, aryloxy-, or halogen (F, ClI, Br, 1), independently of each other; or two groups R represent together a 1,2-diolate (1,2-
ethandiolate, for example), a 1,2- or 1,3-dicarboxylate (oxalate or malonate, for example) or a 2-hydroxycarboxylate dianion (lactate
or salicylate, for example); the groups R to R® can comprise additional functional groups, such as alkoxy groups; A = boron,
aluminum, gallium, indium, thallium, silicon, germanium, tin, lead; x = 0 or 1 for B, Al, Ga, In, Tl; x = 0 for Si, Ge, Sn, Pb; in the case
thatx = 0and A =B, Al, Ga, In, Tl, R* is omitted, or with polymers comprising one or more of the elements B, Al, Ga, In, Tl, Si, Ge,
Sn, Pb, at temperatures between 50 and 300°C, preferably above the melting temperature of lithium of 180.5°C, in an organic,
inert solvent.



wo 20137104787 A1 || I} NN TP OO0 R 0RO

CA 02861036 2014-07-11

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG
(19) Weltorganisation fiir geistiges

. [Higentum gl T 0 0 O D 0 00

nternationales Biiro \

. / (10) Internationale Veroffentlichungsnummer
(43) International —
Verffentlichungsdatum I—F;; e WO 2013/104787 Al
18. Juli 2013 (18.07.2013) w PCT

(51) Internationale Patentklassifikation: (72) Erfinder: WIETELMANN, Ulrich; Rodheimer Strafie 19,
B22F 1/00 (2006.01) HOIM 4/00 (2006.01) 61381 Friedrichsdorf (DE). HARTNIG, Christoph;
B22F 1/02 (2006.01) Goethestr. 1, 65817 Eppstein (DE). EMMEL, Ute;
(21) Internationales Aktenzeichen: PCT/EP2013/050570 (ng‘;“g'HenSler Strafie 50, 63929 Frankfurt am Main
(22) Internationales Anmeldedatum: (74) Anwalt: UPPENA, Franz, c/o Chemetall GmbH,

14. Januar 2013 (14.01.2013) Trakehner StraBe 3, 60487 Frankfurt am Main (DE).

(25) FEinreichungssprache: Deutsch (81) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
(26) Veroffentlichungssprache: Deutsch Jjede verfiighare nationale Schutzrechtsart). AE, AG, AL,
N AM, AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW,

(30) Angaben zur Prioritit: BY, BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK,
102012 200 479.3 DM, DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM,

13. Januar 2012 (13.01.2012) DE GT, HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN,

(71) Anmelder: CHEMETALL GMBH [DE/DE]; Trakehner KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
Strafle 3, 60487 Frankfurt am Main (DE). 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, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

[Fortsetzung auf der ndchsten Seite]

(54) Title: STABILIZED LITHIUM METAL IMPRESSIONS COATED WITH ALLOY-FORMING ELEMENTS AND METHOD
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(57) Abstract: The invention relates to particulate lithium metal composite materials, stabilized by alloy-forming elements of the
third and fourth primary group of the PSE and method for production thereof by reaction of lithium metal with film-forming element
precursors of the general formulas (I) or (II): [AR'R*R*R*|LiL (I), or R'R?R*A-O-AR*RR® (II), wherein: R'R*R*R*R°R° = alkyl (C;-
Cy), aryl, alkoxy, aryloxy-, or halogen (F, Cl, Br, I), independently of each other; or two groups R represent together a 1,2-diolate
(1,2-ethandiolate, for example), a 1,2- or 1,3-dicarboxylate (oxalate or malonate, for example) or a 2-hydroxycarboxylate dianion
(lactate or salicylate, for example); the groups R' to R® can comprise additional functional groups, such as alkoxy groups; A = boron,
aluminum, gallium, indium, thallium, silicon, germanium, tin, lead; x = 0 or 1 for B, Al, Ga, In, T1; x = 0 for Si, Ge, Sn, Pb; in the
case that x = 0 and A = B, Al, Ga, In, T1, R is omitted, or with polymers comprising one or more of the elements B, Al, Ga, In, TI,
Si, Ge, Sn, Pb, at temperatures between 50 and 300°C, preferably above the melting temperature of lithium of 180.5°C, in an
organic, inert solvent.
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Die Erfindung betriftt partikelférmige mit legierungsbildenden Elementen der 3. und 4. Hauptgruppe des PSE stabilisierte
Lithiummetallkompositmaterialien sowie Verfahren zu deren Herstellung durch Umsetzung von Lithiummetall mit Filmbildungs-
Elementprecursoren der allgemeinen Formeln (I) oder (I): [AR'R*R*R*|Li, (I), oder R'R*R*A-O-AR*R°R® (II), worin bedeuten:
R'R’R*R*R°R® = unabhdngig voneinander Alkyl (C;—C12), Aryl, Alkoxy, Aryloxy-, oder Halogen (F, Cl, Br, I); oder zwei Reste R
bedeuten zusammengenommen ein 1,2-Diolat (z.B. 1,2-ethandiolat), ein 1,2- oder 1,3-Dicarboxylat (z.B. Oxalat oder Malonat)
oder ein 2-Hydroxycarboxylatdianion (z.B. Lactat oder Salicylat); die Reste R bis R® kénnen weitere funktionelle Gruppen
enthalten, beispielsweise Alkoxygruppen; A = Bor, Aluminium, Gallium, Indium, Thallium, Silicium, Germanium, Zinn, Blei; x =
0 oder 1 fiir B, Al, Ga, In, TI; x = 0 fiir Si, Ge, Sn, Pb; im Falle x = 0 und A = B, Al, Ga, In, Tl entfillt R* oder mit Polymeren
enthaltend eines oder mehrere der Elemente B, Al, Ga, In, T1, Si, Ge, Sn, Pb bei Temperaturen zwischen 50 und 300°C, bevorzugt
iiber der Lithiumschmelztemperatur von 180,5°C, in einem organischen, inerten Losungsmittel.
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Stabilized Lithium Metal Impressions Coated with Alloy-Forming Elements
and Method for Production Thereof

Field of invention

The invention relates to particulate metal composite materials stabilized with
alloy-forming elements of main groups 3 and/or 4 of the periodic table of
elements as well as a method for producing the same by reacting lithium metal
with film-forming element precursors in an organic inert solvent at temperatures

above the melting point of lithium.

Lithium is one of the alkali metals. Like the heavy element homologs of the first
main group, lithium is characterized by a strong reactivity with a variety of
substances. It thus reacts violently with water, alcohols and other substances
containing protic hydrogen, often with ignition. It is unstable in air and reacts with
oxygen, nitrogen and carbon dioxide. It is therefore normally handled under an
inert gas (noble gases such as argon) and is stored under a protective layer of

paraffin oil.

Lithium also reacts with many functionalized solvents, even if they do not contain
protic hydrogen. For example, cyclic ethers such as THF are opened by ring
cleavage, esters and carbonyl compounds are lithiated and/or reduced in
general. The reaction between the aforementioned chemicals and/or
environmental substances is often catalyzed by water. Lithium metal can
therefore be stored and processed in dry air for long periods of time because it
forms a somewhat stable passivation layer that prevents most corrosion. This is
also true of functionalized solvents, for example, N-methyl-2-pyrrolidone (NMP),
which is much less reactive with lithium in anhydrous form than lithium with a

water content of more than a few 100 ppm.

CA 2861036 2019-08-28
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To increase safety in processing and the stability of lithium metal in storage, a
number of corrosion-preventing coating methods have been developed. For
example, it is known from US Patent 5,567,474 and US Patent 5,776,369 that
molten lithium metal may be treated with CO2. For the coating, molten lithium in
an inert hydrocarbon is typically brought in contact with at least 0.3% COz for at
least one minute. However, the resulting protection is not sufficient for many
applications, specifically for prelithiation of battery electrode materials in

N-methyl-2-pyrrolidone (NMP) suspension.

Another method for stabilizing lithium metal consists of heating it above its
melting point, agitating the molten lithium and bringing it in contact with a
fluorination agent, for example, perfluoropentylamine (WO 2007/005983 A2). It is
a disadvantage that fluorinating agents are often toxic or caustic and therefore
tend to be avoided in industrial practice.

Another method of protective surface treatment of lithium metal consists of
coating it with a wax layer, for example, a polyethylene wax (WO 2008/045557
A1). It is a disadvantage that a relatively large amount of coating agent must be
applied. This amount is approx. 1% in the examples in the patent application
cited above.

US 2008/0283155 A1 describes a method for stabilizing lithium metal, which is
characterized by the following steps:

a) Heating lithium metal powder to a temperature above the meilting point to
produce molten lithium metal,

b) Dispersing the molten lithium metal, and

c) Bringing the molten lithium metal in contact with a substance that contains
phosphorus to produce an essentially continuous protective layer of lithium

phosphate on the lithium metal powder. It is a disadvantage to handle acidic

CA 2861036 2019-08-28
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caustic substances (phosphoric acid) in general and in particular in the presence
of lithium metal: these two substances react very violently with one another when
brought in contact and release a substantial amount of heat. In addition, the
reaction of lithium metal with phosphoric acid produces hydrogen gas, which is

explosive.

US 2009/0061321 A1 proposes the production of a stabilized lithium metal
powder having an essentially continuous polymer coating. The polymer may be
selected from the group of polyurethanes, PTFE, PVC, polystyrene, etc. One
disadvantage of this method is that the protected lithium metal has an undefined
surface coating of organic substances which can interfere in its subsequent use,

for example, for prelithiation of electrode materials.

Finally, an anode for an electrochemical cell containing a metallic material with
an oxygen-based coating, is formed with a (additional) protective layer which is
formed by reaction of D- or P-block precursors with this layer containing oxygen
(WO 2010/101856 A1, US 2007/0082268 A1, US 2009/0220857 A1). The
protective layer of the metal anode material is produced by treating a metallic
material, which has a coating that contains oxygen, with at least two compounds,
wherein the first compound is a large molecular compound and the second
compound is a small molecular compound (US Patent 7,776,385 B2, US
2011/0104366 A1). With this type of protective layer formation, surface groups
that contain oxygen (for example, hydroxyl functions) will react with D- or P-block
precursors, for example, a silicic acid ester, in a nonhydrolytic sol-gel process,
forming a film consisting of SiO2 on the anode surface. These chemical reactions
can be formulated as follows (G. A. Umeda et al., J. Mater. Chem. 2011, 21,
1593-1599):

LIOH + Si(OR)s — LiOSi(OR)s + ROH

CA 2861036 2019-08-28
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SiOR + ROSi — Si-O-Si + ROR
One disadvantage of this method is that it takes place in multiple steps, i.e., first
the metallic material, for example, lithium metal, is provided with a layer

containing oxygen and then is reacted with two different molecular compounds
(D- or P-block precursors).

Object of the invention

The object of the invention is to provide lithium metal impressions with a
passivating top coat as well as a method for producing these metal impressions,

e which do not require the use of gaseous or acidic, caustic or toxic
passivating agents,

o which cause the formation of a passivating protective layer consisting
of a mixed organic/inorganic sparingly soluble film on the lithium
surface, and

¢ whose surface coating does not interfere during use as a prelithiating
agent for anode materials, for example, and

e which contain in the surface layer elements having an affinity for the

binders conventionally used.

Such lithium metal impressions should be stable for several days at temperatures
up to at least about 50°C in the presence of polar reactive solvents such as those

used for the production of electrode coatings, i.e., NMP, for example.

According to the invention, the object is achieved by the fact that the lithium
metal impression contains a core of metallic lithium, which is surrounded with an
outer layer containing one or more elements of main groups 3 and/or 4 of the

periodic table of elements that can be alloyed with lithium. The lithium metal

CA 2861036 2019-08-28
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impressions according to the invention are produced by bringing them in contact
with one or more passivating agents of general formulas | or |l
[AR'RZR3R*]Lix ()
or R'RZR3A-0-AR“R°R®  (ll)
wherein
¢ R'R2R3R*R°R® = independently of one another alkyl (C1-C12), aryl,
alkoxy, aryloxy or halogen (F, Cl, Br, I) or two radicals R together
denote a 1,2-diolate (for example, 1,2-ethanediolate), a 1,2- or 1,3-
dicarboxylate (for example, oxalate or malonate) or a
2-hydroxycarboxylate dianion (for example, glycolate, lactate or
salicylate);
« radicals R' to R® may contain additional functional groups, for example,
alkoxy groups;
e A =boron, aluminum, gallium, indium, thallium, silicon, germanium, tin,
lead;
e x=0or1forB, Al Ga, In, Tl;
e Xx =0 for Si, Ge, Sn, Pb;

e inthe case when x =0 and A = B, Al Ga, In, Tl, then R* is omitted.

In contact with lithium, compounds with halogen bonds can be cleaved, forming
lithium halide in part. The lithium halide may be deposited in the coating layer
because it is not soluble in the inert hydrocarbon-based solvent that is used, i.e.,
forming a lithium that may also contain lithium halide in its surface. When using
such a powder in a lithium battery, which usually contains liquid electrolytes,
which in turn contain polar organic solvents, the lithium halide dissolves and may
then come in contact with all battery components. It is known that lithium halides,
in particular LiCl, LiBr and Lil, have a corrosive effect on cathode current

diverters made of aluminum. This attack shortens the calendar lifetime of the

CA 2861036 2019-08-28
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battery (see, for example, H. B. Han, J. Power Sources 196 (2011), 3623-32). In the case
of housings or current diverters made of aluminum, the use of lithium impressions treated

with halogen-free passivating agents is preferred.

In accordance with an aspect, the invention also provides a method for producing a
stabilized lithium metal impression coated with alloy-forming elements, wherein lithium
metal is brought in contact with film-forming precursors at a temperature above the
melting point of lithium of 180.5°C, in an inert organic solvent, wherein one or more
passivating agents of general formulas | or |l are used as the film-forming precursor(s):
[AR'R2R3R*]Lix ()
or RIRZR3A-0-AR‘RSRS  (lI)

wherein

R'R?R3R“R5R® = independently of one another alkyl (C1-C12), aryl, alkoxy, aryloxy

or F or two radicals R together denote a 1,2-diolate, a 1,2- or 1,3-dicarboxylate or

a 2-hydroxycarboxylate dianion;

A is boron, aluminum, gallium, indium, thallium, silicon, germanium, tin, or lead;

x is 0O or 1 when Ais B, Al, Ga, In or TI;

x = 0 when A is Si, Ge, Sn or Pb;

when x is 0 and A is B, Al, Ga, In or T, then R* is omitted.
In accordance with a further aspect, the invention provides a method for producing a

stabilized particulate lithium metal, the method comprising:

bringing lithium metal into contact with one or more passivating agents at one or
more temperatures in a range of 180,5°C to 300°C in an inert organic solvent;

wherein the one or more passivating agents is/are of formula | or formula Ii:
[AR'R2R3R*]Lix ()]
or R'R?R3A-0O-AR*R5R®  (II)

wherein

CA 2861036 2020-04-08
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R'R?R®R*R°R® = independently of one another alkyl (C1-C12), aryl, alkoxy, aryloxy
or F or two radicals R together denote a 1,2-diolate, a 1,2- or 1,3-dicarboxylate or a

2-hydroxycarboxylate dianion;
radicals R' to R® may contain additional functional groups,

A is selected from the group consisting of boron, aluminum, gallium, indium,

thallium, silicon, germanium, tin and lead;

wherein x is 0 or 1 when A is boron, aluminum, gallium, indium, thallium;
and

wherein x is 0 when A is silicon, germanium, tin or lead;

and wherein when x is 0 and A is boron, aluminum, gallium, indium or thallium,

then R%is omitted,
wherein the lithium metal has a content of sodium of less than 200 ppm.

In accordance with a further aspect, the invention provides a method for producing a

stabilized particulate lithium metal, the method comprising:

bringing molten lithium metal into contact with one or more passivating agents in
an inert organic solvent under conditions sufficient to produce the stabilized particulate

lithium metal;

wherein the one or more passivating agents contain one or more elements of main
groups 3 and/or 4 of the periodic table of elements that can be alloyed with lithium, and
the one or more passivating agents are not gaseous, acidic, caustic, or toxic passivating

agents;
wherein the lithium metal has a content of sodium of less than 200 ppm; and
wherein the one or more passivating agents is/are of formula | or formula Ii:
[AR'RZ2R3R*Lix ()]
or R'R?R3A-0-AR*R®R®  (II)

wherein

Date Regue/Date Received 2021-06-15
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R'R?R®R*R°R® = independently of one another alkyl (C1-C12), aryl, alkoxy, aryloxy
or F or two radicals R together denote a 1,2-diolate, a 1,2- or 1,3-dicarboxylate or a

2-hydroxycarboxylate dianion;
radicals R' to R® may contain additional functional groups,

A is selected from the group consisting of boron, aluminum, gallium, indium,

thallium, silicon, germanium, tin and lead;
wherein x is 0 or 1 when A is boron, aluminum, gallium, indium, thallium; and

wherein x is 0 when A is silicon, germanium, tin or lead; and wherein when x is 0

and A is boron, aluminum, gallium, indium or thallium, then R* is omitted.

The preferred lithium source is a pure grade, i.e., in particular a grade of lithium that has
a very low sodium content. Such metal grades are available commercially as "battery
grade" lithium. The Na content is preferably <200 ppm and especially preferably

<100 ppm. It has surprisingly been found that when using lithium metal of a low sodium

content, particularly stable products that can be handled safely can be produced.

Date Regue/Date Received 2021-06-15
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Details of the invention

The reaction between the lithium metal and one or more of the passivating
agents according to the invention takes place in the temperature of at least
180.5°C and spherical lithium particles (i.e., lithium powder or granules consisting
of spherical particles) are produced and treated in the molten form with a

passivating agent according to the invention.

In a most especially preferred production variant, the lithium is first heated to a
temperature above the melting point of lithium (180.5°C) under an inert gas
(noble gas, for example, dry argon) in an organic inert solvent or solvent mixture
(usually hydrocarbon based). This process can take place at normal pressure
when using solvents with boiling points >180°C (for example, undecane,
dodecane or corresponding commercially available mineral oil mixtures, for
example, Shellsols®). On the other hand, if more readily volatile hydrocarbons,
for example, hexane, heptane, octane, decane, toluene, ethylbenzene or cumene
are used, then the melting process takes place in a closed vessel under

pressurized conditions.

After complete melting, an emulsion of the metal in hydrocarbon is prepared.
Depending on the desired particle geometries (diameter), this is accomplished by
homogenization using agitating tools which yield the required shearing forces for
the respective impression. For example, if a powder with particle sizes of less
than 1 mm is to be prepared, a dispersing disk may be used, for example. The
precise dispersing parameters (i.e., mainly the rotational speed and dispersing
time) will depend on the desired particle size. These parameters also depend on
the viscosity of the dispersing solvent as well as individual geometric parameters
of the agitating element (e.g., diameter, exact position and size of the teeth).

Those skilled in the art can easily determine how to fine tune, through

CA 2861036 2019-08-28
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appropriate experiments, the dispersing process for preparing the desired
particle distribution.

If lithium particles in a grain size range between 5 and 100 ym are to be
produced, then the agitating frequency is generally between 1000 and 25,000
revolutions per minute (rpm), preferably 2000 to 20,000 rpm. The dispersing
time, i.e., the period of time within which the dispersing tool runs at full capacity is
between 1 and 60 minutes, preferably 2 and 30 minutes. If particularly finely
divided particles are desired, then extremely high-speed special tools may be
used, for example, it is available commercially under the brand name ULTRA-
TURRAX®. |

The passivating agent may be added together with the metal and the solvent
before the start of the heating phase. However, the passivating agent is
preferably added only after melting the metal, i.e., at temperatures >180.5°C.
This addition may take place in an uncontrolled manner (i.e., in one portion)
during the dispersion process, but the passivating agent is preferably added over
a period of time over approx. 5 to 5000 sec, especially preferably 30 sec to

1000 sec.

Suitable passivating agents include the molecular or "at" compounds of the
general formulas | or |l or polymers containing elements of main groups 3 and/or
4 of the periodic table of elements that can be alloyed with lithium. Especially
preferred compound are those of boron, aluminum, silicon and tin. Examples of
particularly preferred passivating agents include:

e Boric acid esters of the general formula B(OR)3,

e Boron and aluminum halides B(Hal)z and/or Al(Hal)z,

CA 2861036 2019-08-28
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e Lithium borates and aluminates of the formulas Li{B(OR)4] and/or
Li[AI(OR)a4],

¢ Aluminum alcoholates of the general formula Al(OR)s,

e Alkyl aluminum compounds of the general formula AlIRs.nHalx (n = 0, 1
or 2),

o Silicon and tin halides Si(Hal)4 and Sn(Hal)4,

e Silicic acid esters Si(OR)4 and tin alcoholates Sn(OR)4,

¢ Disiloxanes and distannoxanes R3Si-O-SiR3 and R3Sn-O-SnRs,

¢ Alkyl compounds of silicon and tin, SiR4, SnRq,

e Mixed alkyl halogen compounds of silicon and tin SiRs-nHaly (n =1, 2
or 3) and/or SnR4-nHalx (n =1, 2 or 3),

o Mixed alkylalkoxy compounds of silicon and tin SiR4.n(OR)n (n=1, 2 or
3) and/or SnRa-a(OR)n (n =1, 2 or 3),

where Hal = F, CI, Br, I; R = alkyl, alkenyl or aryl radicals or two radicals R
together denote a 1,2-diolate (e.g., 1,2-ethanediolate), a 1,2- or 1,3-dicarboxylate
(e.g., oxalate or malonate) or a 2-hydroxycarboxylate dianion (e.g., salicylate,
glycolate or lactate).

The passivating agents, either in pure form or dissolved in a solvent that is inert
with respect to lithium metal (i.e., hydrocarbons, for example) or in a less reactive
aprotic solvent (an ether, for example), are added to the mixture of lithium metal
and the aprotic inert solvent. Addition of the passivating agent is followed by a
post-reaction phase, during which the reaction is completed. The duration of the
post-reaction phase depends on the reaction temperature and the reactivity of
the selected passivating agent with respect to lithium metal. The average particle
size of the metal powder according to the invention is max. 5000 um, preferably

max. 1000 um and especially preferably max. 300 ym.
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In the sense of the present invention, it is also possible to perform a multistep
passivation, in which at least once one or more of the passivating agents
according to the invention are used. For example, passivation may first be
performed according to the prior art using fatty acids or fatty acid esters and the
resulting particulate lithium metal can then be stabilized further by an additional
coating with one of the passivating agents according to the invention. This
additional passivation is performed in a hydrocarbon solvent, preferably at

temperature below the melting point of lithium (i.e., <180.5°C).

The amount of passivating agent used for the surface coating depends on the
particle size, the chemical structure of the passivating agent and the desired
layer thickness. In general the molar ratio between Li metal and the passivating
agent is 100:0.01 to 100:5, preferably 100:0.05 to 100:1.

When using the preferred amount of passivating agent, lithium metal products
having contents >95% preferably >97% are the result.

The passivated lithium metal impression according to the invention surprisingly
contains the alloy-forming element A at least partially in elemental form or in the
form of an alloy with lithium. Silicon is thus formed in the reaction of the
passivating agents containing silicon according to the invention with metalilic
lithium, forming in a second step the Li-rich alloy Li21Sis. It is assumed that
metallic lithium is formed by a redox process by using silicic acid esters as

follows, for example:

Si(OR)a + 4Li — 4LiOR + Si

In a second step the resulting metallic silicon forms one of the known crystalline

Li alloys (mostly one of the existing alloys having the highest lithium content, i.e.,
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Li21Sis) in the case of Si. The lithium alcoholate which is formed as a coupling
product may react further depending on the selected synthesis conditions,
forming lithium oxide, for example. A multicomponent coating of the lithium
impression consisting of an alloy layer and a salt-type layer containing Li is

formed in this way.

Lithium metal powder that has a low sodium content and has been passivated
according to the invention has surprisingly been proven to be particularly stable

in contact with reactive polar solvents, for example, N-methyl-2-pyrrolidone.

The lithium metal powder according to the invention surprisingly does not have
any significant exothermic effect in the DSC test in suspension with N-methyl-2-
pyrrolidone (water content less than approx. 200 ppm) when stored for at least
15 hours at 50°C and especially preferably at 80°C and in particular it does not
exhibit any "runaway" phenomenon. This behavior will now be explained on the

basis of the following examples.

The passivated lithium metal impressions according to the invention may be used
for prelithiation of electrochemically active materials, e.g., graphite, alloy or
conversion anodes for lithium batteries or after a suitable mechanical
physicochemical pretreatment (pressing, mixing with binder materials, etc.) for

the production of metal anodes for lithium batteries.

The present invention will now be explained in greater detail below on the basis
of five examples and two illustrations without thereby limiting the claimed scope

of the embodiments.

The product stability is determined by means of DSC (differential scanning

calorimetry). An apparatus from the Systag company in Switzerland (the Radex®
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system) was used. Approx. 2 g NMP and 0.1 g lithium metal powder were
weighed into the sample containers. Samples were stored for 15 hours at certain
temperatures. The particle size distribution was determined using the Lasentec®
FBRM® inline analyzer from Mettler-Toledo.

Figure 1 shows an x-ray diffractogram of the metal powder from example 1,
passivated with a layer containing Si
x: reflexes of lithium metal

o: reflexes of Li21Sis

Figure 2 shows an x-ray diffractogram of the metal powder from Example 2

passivated with a layer containing Si

Example 1: Production of a lithium metal powder having a low sodium content,
passivated with a layer containing silicon (tetraethyl silicate, TEOS, as the
passivating agent)

405 g Shellsol® D100 and 20.1 g lithium metal sections are placed in a dry 2-liter
stainless steel double-jacketed reactor equipped with a dispersing agitator
mechanism and inertized with argon. The lithium has a sodium content of 40
ppm. While agitating gently (approx. 50 rpm), the internal temperature is raised to
240°C by jacket heating and a metal emulsion is produced by means of the
disperser. Then 1.5 g TEOS dissolved in 10 mL Shellsol® D100 is added with a
syringe within about 5 minutes. During this addition, the suspension is agitated
with a strong shearing action. Then the agitator is stopped and the suspension is

cooled to room temperature.

The suspension is poured onto a glass suction filter. The filter residue is washed

several times with hexane until free of oil and then vacuum dried.
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Yield: 19.2 g (95% of the theoretical);

Average particle size: 140 um (FBRM® particle size analyzer from Mettler-
Toledo);

Metal content: 99.5% (gas volumetric);

Stability in NMP, water content 167 ppm: stable for 15 hours at 80°C; runaway
reaction after 2.5 hours at 90°C;

Si content: 0.40 wt%;

Surface analysis by XRD: phase components of Liz21Sis

Example 2: Production of a lithium metal powder with a low sodium content,
passivated with a layer containing silicon (vinyl triethoxysilane as the passivating

agent)

415 g Shellsol® D100 and 98.4 g lithium metal sections are placed in a dry 2-liter
stainless steel double-jacketed reactor equipped with a dispersing agitator
mechanism and inertized with argon. The lithium has a sodium content of

40 ppm. While agitating gently (approx. 50 rpm), the internal temperature is
raised to 240°C by jacket heating and a metal emulsion is prepared by means of
the disperser. Then 2.7 g vinyl triethoxysilane dissolved in 20 mL Shellsol® D100
is added with a syringe within about 5 minutes. During this addition, the
suspension is agitated with a strong shearing action. Then the agitator is stopped

and the suspension is cooled to room temperature.

The suspension is poured onto a glass suction filter. The filter residue is washed

several times with hexane until free of oil and then vacuum dried.

Yield: 95.2 g (97% of the theoretical);
Average particle size: 101 ym (FBRM® particle size analyzer from Mettler-
Toledo);
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Metal content: 99.7% (gas volumetric);

Stability in NMP, water content 167 ppm: stable for 15 hours at 80°C; a slightly
exothermic reaction (no runaway phenomenon) after 2 hours at 90°C;

Si content: 0.26 wt%;

Surface analysis by XRD: very little phase amounts of Li21Sis

Example 3: Production of a lithium metal powder with a low sodium content,
passivated with a layer containing boron (lithium bis(oxalate)borate, LiBOB) as

the passivating agent

396 g Shellsol® D100 and 19.1 g lithium metal sections are placed in a dry 2 liter
stainless steel double-jacketed reactor equipped with a dispersing agitator
mechanism and inertized with argon. The lithium has a sodium content of 40
ppm. While agitating gently (approx. 50 rpm), the internal temperature is raised to
210°C by jacket heating and a metal emulsion is prepared by means of a
disperser. Then 6.1 g of a 30% solution of LIBOB in THF is added with a syringe
within about 4 minutes. During this addition, the suspension is agitated with a
strong shearing action. Next the agitator is stopped and the suspension is cooled
to room temperature.

The suspension is poured onto a glass suction filter. The filter residue is washed

several times with hexane until free of oil and then vacuum dried.

Yield: 20.5 g (107% of the theoretical);

Average particle size: 43 um (FBRM® particle size analyzer from Mettler-
Toledo);

Metal content: 96% (gas volumetric);

Stability in NMP, water content 167 ppm: stable for 15 hours at 80°C; runaway
after 4 hours at 100°C;
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Example 4: Production of a lithium metal powder with a low sodium content,
passivated by a layer containing boron (triisopropyl borate as the passivating
agent)

435 g Shellsol® D100 and 19.6 g lithium metal sections are placed in a dry 2 liter
stainless steel double-jacketed reactor equipped with a dispersing agitator
mechanism and inertized with argon. The lithium has a sodium content of 17
ppm. While agitating gently (approx. 50 rpm), the internal temperature is raised to
210°C by jacket heating and a metal emulsion is prepared by means of the
disperser. Then 2.7 g triisopropy! borate dissolved in 20 mL Shellsol® D100 is
added with a syringe within about 10 minutes. During this addition, the emulsion
is agitated with a strong shearing action. Next the agitator is stopped and the

suspension is cooled to room temperature.

The suspension is poured onto a glass suction filter. The filter residue is washed

several times with hexane until free of oil and then vacuum dried.

Yield: 19.4 g (99% of the theoretical);

Average particle size: 125 ym (FBRM® particle size analyzer from Mettler-
Toledo);

Metal content: 97% (gas volumetric);

Stability in NMP, water content 167 ppm: stable for 15 hours at 80°C; stable for
15 hours at 100°C; runaway after a few minutes at 120°C;

B content: 0.68 wt%.
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Claims

1. A method for producing a stabilized lithium metal impression coated with alloy-
forming elements, wherein lithium metal is brought in contact with film-forming
precursors at a temperature above the melting point of lithium of 180.5°C, in an inert
organic solvent, wherein one or more passivating agents of general formulas | or Il

are used as the film-forming precursor(s):
[AR'RZR3R*Lix ()]
or RIRZR3A-O-AR*R5R® (Il
wherein

R'R?R3R*R°R® = independently of one another alkyl (C1-C12), aryl, alkoxy, aryloxy
or F or two radicals R together denote a 1,2-diolate, a 1,2- or 1,3-dicarboxylate or a

2-hydroxycarboxylate dianion;
A is boron, aluminum, gallium, indium, thallium, silicon, germanium, tin, or lead;
xis0or1whenAisB, Al, Ga, Inor TI;
x =0 when A is Si, Ge, Sn or Pb;
when x is 0 and A is B, Al, Ga, In or Tl, then R* is omitted.
2. The method according to claim 1, wherein the 1,2-diolate is 1,2-ethanediolate.

3. The method according to claim 1 or 2, wherein the 1,2- or 1,3-dicarboxylate is

oxalate or malonate.

4. The method according to any one of claims 1 to 3, wherein the 2-hydroxycarboxylate

dianion is glycolate, lactate or salicylate.

5. The method according to any one of claims 1 to 4, wherein radicals R' to R® contain

additional functional groups.

6. The method according to claim 5, wherein the additional functional groups are alkoxy

groups.
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7. The method according to any one of claims 1 to 6, wherein the molar ratio between
Li metal and the passivating agent is 100:0.01 to 100:5.
8. The method according to claim 7, wherein said molar ratio is 100:0.05 to 100:1.

9. The method according to any one of claims 1 to 8, wherein hydrocarbons selected
from the group consisting of hexane, heptane, octane, decane, undecane, dodecane,
toluene, ethylbenzene and cumene, either in pure form or in a mixture as commercially

available boiling cuts, are used as the inert organic solvent.

10. A use of the lithium metal impression obtained according to the method of any one

of claims 1 to 9, for prelithiation of electrochemically active material.

11. The use according to claim 10, wherein the active material is graphite, alloy or

conversion anodes for lithium batteries.

12. A use of the lithium metal impression obtained according to any one of claims 1 to

9 for production of metal anodes for lithium batteries.
13. A method for producing a stabilized particulate lithium metal, the method comprising:

bringing lithium metal into contact with one or more passivating agents at one or

more temperatures in a range of 180,5°C to 300°C in an inert organic solvent;
wherein the one or more passivating agents is/are of formula | or formula II:
[AR'RZR3R*Lix ()]
or R'TR?R3A-0-AR*R®R®  (II)
wherein

R'R?R3R*R°R® = independently of one another alkyl (C1-C12), aryl, alkoxy, aryloxy
or F or two radicals R together denote a 1,2-diolate, a 1,2- or 1,3-dicarboxylate or a

2-hydroxycarboxylate dianion;
radicals R' to R® may contain additional functional groups,

A is selected from the group consisting of boron, aluminum, gallium, indium, thallium,

silicon, germanium, tin and lead;
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wherein x is 0 or 1 when A is boron, aluminum, gallium, indium, thallium;
and
wherein x is 0 when A is silicon, germanium, tin or lead;

and wherein when x is 0 and A is boron, aluminum, gallium, indium or thallium, then

R*is omitted,
wherein the lithium metal has a content of sodium of less than 200 ppm.

14. The method according to claim 13, wherein two radicals R together denote 1,2-

ethanediolate, oxalate, malonate, salicylate, glycolate or lactate.

15. The method according to claim 13, wherein the molar ratio between the lithium metal

and the one or more passivating agents is 100:0.01 to 100:5.

16. The method according to claim 13, wherein the molar ratio between the lithium metal

and the one or more passivating agents is 100:0.05 to 100:1.

17. The method according to claim 13, wherein inert organic solvent is selected from
the group consisting of hexane, heptane, octane, decane, undecane, dodecane, toluene,

ethylbenzene and cumene.

18. The method according to claim 13, wherein an additional coating step is performed
by bringing the stabilized particulate lithium metal into contact with the one or more

passivating agents at temperature of less than 180.5°C.

19. The method according to claim 13, wherein the stabilized particulate lithium metal
has a core of metallic lithium which is surrounded with an outer passivating layer containing
one or more elements of main groups 3 and/or 4 of the periodic table of elements that can
be alloyed with lithium and wherein one or more elements of main groups 3 and/or 4 is/are
present in the outer passivating layer in elemental form or as an alloy with lithium and the

stabilized particulate lithium metal has an average particle size of max. 5000 pm.

20. The method according to claim 19, wherein the stabilized particulate lithium metal

has an average particle size of max. 1000 ym.
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21. The method according to claim 19, wherein the stabilized particulate lithium metal
has an average particle size of max. 300 pym.

22. The method according to claim 19, wherein the lithium metal is spherical lithium

metal selected from lithium powder or granules of bail shaped particles.

23. The method according to claim 13, wherein the lithium metal has a content of sodium

in an amount of less than 200 ppm.

24. The method according to claim 13, wherein the lithium metal has a content of sodium

in an amount of less than 100 ppm.

25. The method according to claim 13, wherein the lithium metal has a content of sodium

in an amount of less than 50 ppm.

26. The method according to claim 13, wherein the one or more passivating agents are

not gaseous, acidic, caustic, or toxic passivating agents.
27. A method for producing a stabilized particulate lithium metal, the method comprising:

bringing molten lithium metal into contact with one or more passivating agents in an
inert organic solvent under conditions sufficient to produce the stabilized particulate lithium

metal;

wherein the one or more passivating agents contain one or more elements of main
groups 3 and/or 4 of the periodic table of elements that can be alloyed with lithium, and the
one or more passivating agents is exempt of gaseous, acidic, caustic, or toxic passivating

agents;
wherein the lithium metal has a content of sodium of less than 200 ppm; and
wherein the one or more passivating agents is/are of formula | or formula Il:
[AR'RZR3R*Lix ()]
or R'R?R3A-0O-AR*R°Ré  (lI)

wherein
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R'R?R®R*R°R® = independently of one another alkyl (C1-C12), aryl, alkoxy, aryloxy
or F or two radicals R together denote a 1,2-diolate, a 1,2- or 1,3-dicarboxylate or a

2-hydroxycarboxylate dianion;
radicals R' to R® may contain additional functional groups,

A is selected from the group consisting of boron, aluminum, gallium, indium, thallium,

silicon, germanium, tin and lead;
wherein x is 0 or 1 when A is boron, aluminum, gallium, indium, thallium; and

wherein x is 0 when A is silicon, germanium, tin or lead; and wherein when x is 0

and A is boron, aluminum, gallium, indium or thallium, then R?* is omitted.

28. The method according to claim 27 wherein the lithium metal is brought into contact
with the one or more passivating agents at one or more temperatures in a range of 180,5°C
to 300°C.

29. The method according to claim 27, wherein the one or more passivating agents
contain one or more elements selected from the group consisting of boron, aluminum,

silicon and tin.

30. The method according to claim 1, wherein the one or more passivating agents
contain one or more elements selected from the group consisting of boron, aluminum,

silicon and tin.
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