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METHOD OF MAKING MIXED LITHIUM OXIDES SUITABLE AS ACTIVE
MATERIAL FOR A POSITIVE ELECTRODE IN A LITHIUM ION BATTERY

FIELD OF THE INVENTION

[0001] The invention relates to a method of making mixed lithium oxides comprising
at least one transition metal, preferably at least one of Ni, Mn, or Co. The invention
further relates to precursors from which said mixed lithium oxides are made. The in-
vention further relates to a positive electrode comprising said mixed lithium oxides,
and to a battery comprising said positive electrode. Moreover, the invention relates to
the use of a colloid mill for making mixed lithium oxides comprising at least one tran-

sition metal M, preferably selected from Ni, Mn, or Co, and precursors thereof.

BACKGROUND OF THE INVENTION

[0002] It is known to use mixed lithium oxides comprising at least one of Ni, Mn, or
Co as active material for a positive electrode in a lithium ion battery. Known
processes for the manufacture of such mixed oxides include the preparation of suita-
ble precursors such as oxides of Ni, Mn, or Co, or a mixture of two or more thereof.
Said precursors are subsequently subjected to a lithiation reaction in order to obtain
the mixed lithium oxides comprising at least one transition metal such as Ni, Mn, or

Co, or a mixture of two or more thereof.

[0003] For instance, aqueous solutions of Ni, Mn, and/or Co salts such as the sul-
fates may be reacted with hydroxide ions to result in the respective hydroxides, which,
after sintering to the respective oxides, may be further reacted with suitable lithium
compounds such as lithium hydroxide to said mixed lithium oxides. Typically, such
processes include a mixing step of said Ni, Mn, and/or Co salts such as the sulfates
with a suitable base such as hydroxide ions. This mixing step is frequently termed as
nucleation step. This nucleation step is accompanied or followed by a step of crystal
growth in which a precursor of said mixed lithium oxide is formed. Nucleation and
crystal growth may be carried out in parallel in two different reactors, i.e. in a conti-

nuous manner, or subsequently, e.g. in a batch process in one reactor.
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[0004] It is known that the continuous process typically results in a particle size distri-
bution of the respective precursors which is above 11.5 pym (measured as D90, D50
and D10). However, such particle size distribution may negatively affect the proper-
ties of the respective mixed lithium oxides in terms of capacity and cycle number of

the respective lithium ion battery due to inhomogeneity.

OBJECTS OF THE INVENTION

[0005] It is the object of the present invention to develop precursors for mixed lithium
oxides comprising at least one transition metal such as Ni, Mn, and/or Co, having
improved homogeneity, which in turn allow the manufacture of mixed lithium oxides
comprising preferably Ni, Mn, and/or Co also having improved homogeneity. This
would support the performance of a cathode comprising said mixed oxide, respec-

tively the performance of a lithium battery comprising said cathode.

SUMMARY OF THE INVENTION

[0006] The inventors of the present invention discovered that the use of a colloid mill
in a method of making precursors for mixed lithium oxides comprising at least one
transition metal such as Ni, Mn, and/or Co allows the preparation of products having
advantageous properties in view of homogeneity over products which are made ac-
cording to methods discussed in the Background section above. Furthermore, nuc-
leation and crystal growth may be carried out separately from one another, which

advantageously may increase throughput of produced precursor.

[0007] According to a first aspect, the invention relates to a method of making an oxide
comprising at least M, and optionally further comprising one or more of Al, Si, Mg,
and B, wherein M is at least one transition metal, preferably selected from Ni, Mn, or

Co, or a mixture of two or more thereof, comprising at least steps (S1) and (S2):

(S1) mixing a composition comprising water and at least one cation of at least
one M with a composition comprising water and at least one anion se-
lected from the group consisting of hydroxide, hydrogen carbonate, and

carbonate, or a mixture of two or more thereof, in a colloid mill;
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(S2) precipitating an oxide or hydroxide or hydrogen carbonate or carbonate, or
a mixture of two or more thereof, of M from the milled mixture obtained in
step (S1).

[0008] In one embodiment, in step (S1) the rotor of the colloid mill is rotated at a
speed of from 1,000 to 9,000 rpm.

[0009] In one embodiment, in step (S1) the mixing is carried out at a temperature of
from 10 °C to 30 °C.

[0010] In one embodiment, in step (S2) the temperature is above 30 °C.

[0011] In one embodiment, steps (S1) and (S2) are carried out in parallel, wherein
the milled mixture obtained in step (S1) is fed to a reactor in which step (S2) is car-
ried out.

[0012] In one embodiment, the method further comprises step (S3):

(S3) isolating said oxide or hydroxide or hydrogen carbonate or carbonate, or a

mixture of two or more thereof, of M precipitated in step (S2).

[0013] In one embodiment, the method further comprises step (S4):

(S4) sintering the compound isolated in step (S3).

[0014] In one embodiment, the method further comprises at least steps (S1) to (S4):

(S1) mixing a composition comprising water and at least one cation of M with a
composition comprising water and a carbonate in a colloid mill;

(S2) precipitating at least a carbonate of M from the milled mixture obtained in
step (S1).

(S3) isolating the carbonate of M precipitated in step (S2).

(S4) sintering the carbonate isolated in step (S3).
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[0015] In one embodiment, the distribution of the particle size (measured in terms of
D90, D50 and D10) of the carbonate of M isolated in step (S3) is < 11.5 ym.

[0016]In a second aspect, the invention relates to a carbonate of M, optionally
comprising one or more of Al, Si, Mg, and B, wherein M is at least one transition
metal, preferably selected from Ni, Mn, or Co, or a mixture of two or more thereof,
wherein the distribution of the particle size (D90, D50 and D10) is < 11.5 pm.

[0017] In a third aspect, the invention relates to a method of making a mixed oxide
comprising at least Li and M, and optionally one or more of Al, Si, Mg, and B, wherein
M is at least one transition metal, preferably selected from Ni, Mn, or Co, or a mixture

of two or more thereof, comprising at least steps (T1) and (T2):

(T1) mixing a lithium oxide, lithium hydroxide, lithium carbonate or lithium hy-
drogen carbonate, or a mixture of two or more thereof, with a product ob-
tained according to step (S3) or (S4) as defined in the first aspect; or the
carbonate defined in the second aspect;

(T2) sintering the mixture obtained in step (T1).

[0018] In fourth aspect, the invention relates to a mixed oxide comprising at least Li
and M, and optionally one or more of Al, Si, Mg, and B, wherein M is at least one
transition metal, preferably selected from Ni, Mn, or Co, or a mixture of two or more

thereof, obtained by the method of as defined in the third aspect.

[0019] In a fifth aspect, the invention relates to a cathode of a lithium ion battery,

comprising the mixed oxide obtained in the method as defined in the third aspect.

[0020] In a sixth aspect, the invention relates to a lithium ion battery, comprising the

cathode as defined in the fifth aspect.

[0021] In a seventh aspect, the invention relates to the use of a colloid mill for mak-

ing a hydroxide, a hydrogen carbonate, a carbonate or an oxide of M, or a mixed
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oxide comprising at least Li and M, and optionally one or more of Al, Si, Mg and B,
wherein M is at least one transition metal, preferably selected from Ni, Mn, or Co, or

a mixture of two or more thereof.

DETAILED DESCRIPTION OF THE INVENTION

[0022] According to a first aspect, the invention relates to a method of making an
oxide at least comprising M, and optionally further comprising one or more of Al, Si,
Mg, and B, wherein M is at least one transition metal, preferably selected from Ni, Mn,

or Co, or a mixture of two or more thereof, comprising at least steps (S1) and (S2):

(S1) mixing a composition comprising water and at least one cation of at least
one M with a composition comprising water and at least one anion se-
lected from the group consisting of hydroxide, hydrogen carbonate, or
carbonate, or a mixture of two or more thereof, in a colloid mill;

(S2) precipitating an oxide or hydroxide or hydrogen carbonate or carbonate,
or a mixture of two or more thereof, of M from the milled mixture obtained
in step (S1).

[0023] The term “oxide of M, wherein M at least one transition metal, preferably se-
lected from Ni, Mn, or Co, or a mixture of two or more thereof’ as used in this disclo-

sure encompasses oxides of one or more transition metals.

[0024] The term “transition metal’ as used in this disclosure encompasses the transi-
tion metals having atomic humbers of from 21 to 30, 39 to 48, and 71 to 80, as de-

fined in the Periodic Table.

[0025] Preferably, the transition metal is selected from transition metals having atom-
ic numbers of from 21 to 30, further preferably from one or more of the following tran-
sition metals: Sc, V, Cr, Mn, Fe, Co, Ni or Cu.

[0026] More preferably, the transition metal is selected from one or more of the fol-

lowing transition metals: Mn, Fe, Co, Ni or Cu.
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[0027] Still more preferred, transition metals are selected from one or more of the

following: Mn, Co, or Ni.

[0028] In one embodiment, the term “oxide of M, wherein M at least one transition
metal, preferably selected from Ni, Mn, or Co, or a mixture of two or more thereof’

encompasses oxides of the individual elements Ni, Mn, or Co.

[0029] In another embodiment, the oxide is a mixed oxide of Ni with Mn, or Ni with Co,

or Mn with Co, or Mn.

[0030] In still another embodiment, the oxide is a mixed oxide of Ni with Mn and Co.

[0031] The oxide of M may be doped with one or more compounds of Al, Si, Mg, or B,

preferably in the form of oxides.

[0032] According to step (S1), a composition comprising water and at least one ca-
tion of at least one M is mixed in a colloid mill with a composition comprising water
and at least one anion selected from the group consisting of hydroxide, hydrogen

carbonate, and carbonate.

[0033] The term “composition comprising water and at least one cation of at least one

M’ as used in this disclosure encompasses a water-soluble salt of said at least one M.

[0034] The term “water-soluble salt of M’ as used in this disclosure encompasses any

salt of said at least one M having a solubility of at least 1 g per 100 g water.

[0035] Preferred salts are inorganic salts such as halogenides, nitrates or sulfates.

Organic salts such as formiates or acetates or oxalates may also be used.

[0036] The term “composition comprising at least one anion selected from the group
consisting of hydroxide, hydrogen carbonate, and carbonate” as used in this disclo-
sure encompasses aqueous bases of said hydroxides, hydrogen carbonates and

carbonates. Suitable cations are preferably selected from alkali metal such as so-
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dium and potassium. The reaction may also be carried out in the presence of ammo-
nia or organic amines, preferably ammonia. Without being bound by theory, it is be-
lieved that ammonia or organic amines act as chelating agents for M, thus supporting
in step (S1) solubility of the salt of M in water. This ammonia or amines may also be
generated under basic conditions from respective ammonium salts being present in
step (S1). Suitable forms of ammonia or amine are ammonia or amine in water, or

salts such as ammonium sulfate, ammonium chloride, and ammonium carbonate.

[0037] In one embodiment, said composition comprising water and at least one cation
of at least one M, and optionally ammonia or an amine, and said composition com-
prising water and at least one anion selected from the group consisting of hydroxide,
hydrogen carbonate, and carbonate are fed separately from one another to said col-

loid mill in order to be mixed.

[0038] In another embodiment, it is possible to combine said composition comprising
water and at least one cation of at least one M and said composition comprising wa-
ter and at least one anion selected from the group consisting of hydroxide, hydrogen
carbonate, and carbonate prior to the mixing in said colloid mill.

[0039] The term “colloid mill’ encompasses a device comprising a rotor and stator
between which a compound may be subjected to a high shear force. The term “collo-

id mill has a well-accepted meaning in the art.

[0040] In one embodiment, the rotor of the colloid mill in step (S1) is rotated at a
speed of from 1,000 to 9,000 rpm, preferably of from 2,000 to 8,000 ppm, more pre-
ferred of from 3,000 to 7,000 ppm, still more preferred of from 3,000 to 6,000 ppm or
3,000 to 5,000 rpm.

[0041] In one embodiment, the mixing in step (S1) is carried out at a temperature of
from 10 °C to 30 °C.

[0042] In one embodiment, said composition comprising water and at least one cation
of at least one M, and said composition comprising water and at least one anion se-

lected from the group consisting of hydroxide, hydrogen carbonate, and carbonate,
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are fed separately from one another to said colloid mill at a rate of from 30-40 mL/min,
wherein the rotating speed of the rotor of said colloid mill is in the range of from

3,000-5,000 rpm, and the reaction temperature is in the range of from 15-25 °C.

[0043] Step (S1) according to the invention may be regarded as a nucleation step.

[0044] Typically, if in step (S2) the temperature is raised above 30 °C, a water-
insoluble compound starts precipitating. Preferably, said compound is an oxide, a
hydroxide, a hydrogen carbonate or a carbonate of said at least one M, or a mixture

of two or more thereof.

[0045] In one embodiment, the temperature of step (S2) is 2 30 °C, preferably in the
range of from 35 to 80 °C, more preferred of from 40 to 70 °C.

[0046] In one embodiment, the milled mixture generated in step (S1) is fed in step
(S2) to a stirred reactor at a feeding rate of from 5-10 mL/min and a stirring rate of
from 900 rpm, wherein the temperature is kept in a range of from 40 to 50 °C.

[0047] Said step (S2) may be regarded as a step of crystal growth.

[0048] In one embodiment, steps (S1) and (S2) may be carried out in parallel. The
term “in parallel’ means that both steps are carried out simultaneously, i.e. in differ-
ent reactors. Thus, the reaction sequence according to steps (S1) and (S2) may be
carried out in a continuous manner, wherein the milled mixture obtained in step (S1)

is fed to a reactor in which step (S2) is carried out.

[0049] In another embodiment, step (S2) may be carried out subsequently to step
(S1). Accordingly, the sequence may be carried out as a batch process wherein
steps (S1) and (S2) are carried out in the same reactor.

[0050] In one embodiment, the method further comprises step (S3):

(S3) isolating said water-insoluble compound precipitated in step (S2).
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[0051] Said isolation according to step (S3) may be carried out according to methods
which are well known in the art. Preferably, said isolation may be performed by filtra-

tion or centrifugation.

[0052] In one embodiment, said method further comprises step (S4):

(S4) sintering the compound isolated in step (S3).

[0053] Step (S4) removes water and, if carbonates and/or hydrocarbonates are

present in the product formed in step (S3), carbon dioxide.

[0054] Suitable sintering temperatures are = 100 °C, preferably in the range of from
200 to 900 °C, more preferred from 300 to 800 °C, still more preferred from 400 to
700 °C. In one embodiment, said sintering may be carried out in a suitable device

such as a muffle furnace.

[0055] In one embodiment, sintering is performed for a period of time in the range of
from 4 to 10 h such as 6 h.

[0056] If desired, sintering may be carried out in air or oxygen. This further supports

the formation of oxides.

[0057] In one embodiment, further suitable compounds used as dopants based on
compounds selected from Al, Si, Mg, and B compounds may be present in any one
of steps (S1), (S2), (S3), or (S4). Suitable compounds are e.g. oxides. Respective
halogenides e.g. may be added to step (S1) or (S2).

[0058] In a specific embodiment, the method according to the invention comprises:

(S1) mixing a composition comprising water and at least one cation of M with
a composition comprising water and a carbonate in a colloid mill;

(S2) precipitating at least a carbonate of M from the milled mixture obtained in
step (S1).
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[0059] Preferably, a sulfate or halogenide or nitrate or oxalate of M is employed in
step (S1).

[0060] Preferably, the carbonate used in step (S2) is sodium carbonate or ammonium

carbonate or a mixture thereof.

[0061] This specific embodiment further comprises step (S3):

(S3) isolating the carbonate of M precipitated in step (S2).

[0062] This specific embodiment further comprises step (S4):

(S4) sintering the carbonate isolated in step (S3).

[0063] The carbonate obtained in step (S4) according to the invention has a very ho-
mogeneous particle size distribution. In one embodiment, said particle size distribu-
tion (measured as D90, D50 and D10 via laser diffraction as is common in the art) is
< 11.5 ym or < 11.0 ym. Said particle size distribution is advantageously improved
over the respective distribution of a product which has been prepared according to a
process as defined in the Background section. If such a product is prepared accord-
ing to the referenced continuous method, the respective distribution is about 20 um,

and about 12 ym according to the batch process known in the art.

[0064] According to a second aspect, the invention relates to a carbonate of M,
wherein M is at least one transition metal, preferably selected from Ni, Mn, or Co, or
a mixture of two or more thereof, wherein the distribution of the particle size (D90,
D50 and D10)is < 11.5 ymor < 11.0 ym.

[0065] In order to obtain a mixed oxide comprising at least Li and M, wherein M is at
least one transition metal, preferably selected from Ni, Mn, or Co, or a mixture of two
or more thereof, the oxide obtained according to the method defined in the first as-

pect, or the carbonate defined in the second aspect, is mixed with a suitable lithium

10
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compound. Subsequently to the mixing, the generated composition is subjected to a

sintering step.

[0066] In one embodiment, the product isolated in step (S3) may be subjected to a

lithiation reaction.

[0067] In another embodiment, the product sintered in step (S4) may be subjected to

a lithiation reaction.

[0068] Suitable lithium compounds for lithiation are preferably selected from lithium
oxide, lithium hydroxide, lithium carbonate, or lithium hydrogen carbonate, or a mix-
ture of two or more thereof. The compounds may be employed in hydrated form. In
one embodiment, lithium hydroxide may be employed in hydrated form such as
LiIOH*H20.

[0069] Thus, according to a third aspect, the invention relates to a method of making
a mixed oxide comprising at least Li and at least one M, and optionally one or more
of Al, Si, Mg, and B, wherein M is at least one transition metal, preferably selected
from Ni, Mn, or Co, or a mixture of two or more thereof, from the oxide obtained ac-
cording to the method defined in the first aspect, or from the carbonate defined in

the second aspect, comprising:

(T1)  mixing a lithium oxide, lithium hydroxide, lithium carbonate or lithium hy-
drogen carbonate, or a mixture of two or more thereof, with a product ob-
tained according to step (S3) or (S4) as defined in the first aspect, or
with the carbonate defined in the second aspect;

(T2)  sintering the mixture obtained in step (T1).

[0070] In one embodiment, sintering according to step (T2) is carried out at a tem-
perature = 500 °C, preferably of from 500 to 1,500 °C, more preferred of from 600 to
1,400 °C, and still more preferred of from 700 to 1,100 °C. In one embodiment, sin-

tering is performed at a temperature of 900 °C.

11
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[0071] In one embodiment, further suitable compounds used as dopants based on
compounds selected from Al, Si, Mg, and B compounds may be present in any one

of steps (T1) or (T2). Suitable compounds are e.g. oxides.

[0072] Accordingly, in one embodiment, the invention relates to a method of making a
mixed oxide comprising at least Li and M, and optionally one or more of Al, Si, Mg,
and B, wherein M is at least one transition metal, preferably selected from Ni, Mn, or

Co, or a mixture of two or more thereof, comprising:

(S1) mixing a composition comprising water and at least one cation of at least
one M with a composition comprising water and at least one anion se-
lected from the group consisting of hydroxide, hydrogen carbonate, or
carbonate, or a mixture of two or more thereof, in a colloid mill;

(S2) precipitating an oxide or hydroxide or hydrogen carbonate or carbonate,
or a mixture of two or more thereof, of M from the milled mixture obtained
in step (S1);

(S3) isolating said water-insoluble compound precipitated in step (S2);

(S4) sintering the compound isolated in step (S3);

(T1)  mixing a lithium oxide, lithium hydroxide, lithium carbonate or lithium hy-
drogen carbonate, or a mixture of two or more thereof, with a product ob-
tained according to step (S3) or (S4);

(T2)  sintering the mixture obtained in step (T1).

[0073] The mixed oxide obtained according to the method defined in the third aspect
has improved homogeneity due to the homogeneous precursor used as starting ma-

terial compared to the known respective precursors.

[0074] Accordingly, in a fourth aspect, the invention relates to a mixed oxide com-
prising at least Li and M, wherein M is at least one transition metal, preferably se-
lected from Ni, Mn, or Co, or a mixture of two or more thereof, obtained by the me-

thod as defined in the third aspect.

12
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[0075] The mixed oxide comprising at least Li and M, wherein M is at least one transi-
tion metal, preferably selected from Ni, Mn, or Co, or a mixture of two or more thereof,
obtained according to the method as defined in the third aspect may be processed

as an active material for a cathode of a lithium ion battery.

[0076] The term “active material’ as used in this disclosure encompasses the material

which reversibly may absorb or may release lithium ions.

[0077] The term “cathode” as used in this disclosure encompasses the electrode

which may absorb electrons upon discharging the battery.

[0078] The term “lithium ion battery” as used in this disclosure encompasses terms
such as “lithium battery”, “secondary lithium ion battery”, or “lithium ion accumulator’,

i.e. a rechargeable lithium ion battery.

[0079] Thus, according to a fifth aspect, the invention relates to a cathode of a li-
thium ion battery, comprising the mixed oxide obtained in the method as defined in

the third aspect, or comprising the mixed oxide defined in the fourth aspect.

[0080] According to a sixth aspect, the invention relates to a lithium ion battery com-

prising the cathode as defined in the fifth aspect.

[0081] According to a seventh aspect, the invention relates to the use of a colloid
mill for making a hydroxide, a hydrogen carbonate or a carbonate or an oxide of M, or
a mixed oxide comprising at least Li and M, wherein M is at least one transition metal,

preferably selected from Ni, Mn, or Co, or a mixture of two or more thereof.

13
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CLAIMS

Method of making an oxide comprising at least M, and optionally further com-
prising one or more of Al, Si, Mg, and B, wherein M is at least one transition
metal, preferably selected from Ni, Mn, or Co, or a mixture of two or more the-

reof, comprising at least steps (S1) and (S2):

(S1) mixing a composition comprising water and at least one cation of at least
one M with a composition comprising water and at least one anion se-
lected from the group consisting of hydroxide, hydrogen carbonate, and
carbonate, or a mixture of two or more thereof, in a colloid mill;

(S2) precipitating an oxide or hydroxide or hydrogen carbonate or carbonate,
or a mixture of two or more thereof, of M from the milled mixture obtained
in step (S1).

Method of claim 1, wherein in step (S1) the rotor of the colloid mill is rotated at a
speed of from 1,000 to 9,000 rpm.

Method of claim 1 or 2, wherein in step (S1) the mixing is carried out at a tem-
perature of from 10 °C to 30 °C,

Method of any one of the preceding claims, wherein in step (S2) the tempera-

ture is above 30 °C.

Method of any one of the preceding claims, wherein steps (S1) and (S2) are
carried out in parallel, wherein the milled mixture obtained in step (S1) is fed to
a reactor in which step (S2) is carried out.

Method of any one of the preceding claims, further comprising step (S3):

(S3) isolating said oxide or hydroxide or hydrogen carbonate or carbonate, or

a mixture of two or more thereof, of M precipitated in step (S2).

14
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Method of claim 6, further comprising step (S4):

(S4) sintering the compound isolated in step (S3).

Method of any one of the preceding claims, comprising at least steps (S1) to
(S4):

(S1) mixing a composition comprising water and at least one cation of M with
a composition comprising water and a carbonate in a colloid mill;

(S2) precipitating at least a carbonate of M from the milled mixture obtained in
step (S1).

(S3) isolating the carbonate of M precipitated in step (S2).

(S4) sintering the carbonate isolated in step (S3).

Method of any one of the preceding claims, wherein the distribution of the par-
ticle size (measured in terms of D90, D50 and D10) of the carbonate of M iso-

lated in step (S3) defined in claim 8 is < 11.5 ym.

Carbonate of M, wherein M is at least one transition metal, preferably selected
from Ni, Mn, or Co, or a mixture of two or more thereof, wherein the distribution
of the particle size (D90, D50 and D10) is £ 11.5 pym.

Method of making a mixed oxide comprising at least Li and M, and optionally
one or more of Al, Si, Mg, and B, wherein M is at least one transition metal, pre-
ferably selected from Ni, Mn, or Co, or a mixture of two or more thereof, com-

prising at least steps (T1) and (T2):

(T1) mixing a lithium oxide, lithium hydroxide, lithium carbonate or lithium hy-
drogen carbonate, or a mixture of two or more thereof, with a product ob-
tained according to step (S3) or (S4) as defined in any one of claims 1 to
9, or with the carbonate defined in claim 10;

(T2) sintering the mixture obtained in step (T1).
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12.

13.

14.

15.

WO 2016/154872 PCT/CN2015/075440

Mixed oxide comprising at least Li and M, and optionally one or more of Al, Si,
Mg, and B, wherein M is at least one transition metal, preferably selected from
Ni, Mn, or Co, or a mixture of two or more thereof, obtained by the method of

claim 11.

Cathode of a lithium ion battery, comprising the mixed oxide obtained in the me-
thod of claim 11.

Lithium ion battery, comprising the cathode of claim 13.
Use of a colloid mill for making a hydroxide, a hydrogen carbonate, a carbonate
or an oxide of M, or a mixed oxide comprising at least Li and M, and optionally

one or more of Al, Si, Mg and B, wherein M is at least one transition metal, pre-

ferably selected from Ni, Mn, or Co, or a mixture of two or more thereof.
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