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Process for making fluorinated lithiated mixed transition metal oxides

The present invention is directed towards a process for making a fluorinated lithiated transition
metal oxide, comprising the step of treating a lithiated transition metal oxide according to gen-
eral formula (I)

Lit+x(NiaCobMneMa)1xO2 "

wherein

x is in the range of from zero to 0.2

a is in the range of from 0.5 10 0.9,

b is in the range of from zero to 0.35,
¢ is in the range of from 0.05 to 0.4,
d is in the range of from zero to 0.2,
witha +b+c+d=1

M being selected from Al, Mg, Ca, V, Mo, Ti, Fe, Zn, Nb, W, and Zr

containing at least two different transition metal cations and, as an impurity, at least one lithium
compound selected from lithium hydroxide, lithium oxide and lithium carbonate and from combi-
nations of at least two thereof, with at least one fluorine compound selected from HF, NH4F and
(NH4)3AlFe.

Lithiated transition metal oxides are currently being used as electrode materials for lithium-ion
batteries. Extensive research and developmental work has been performed in the past years to
improve properties like charge density, energy, but also other properties like the reduced cycle
life and capacity loss that may adversely affect the lifetime or applicability of a lithium-ion bat-

tery.

In a usual process for making cathode active materials for lithium-ion batteries, first a so-called
precursor is being formed by coprecipitating the transion metals as carbonates, oxides or pref-
erably as hydroxides that may or may not be basic. The precursor is then mixed with a lithium
salt such as, but not limited to LiOH, Li>O, LiNOs or — especially — Li>COs.

In many instances, traces of substances are made responsible for the deterioration of the cy-
cling behavior of lithium-ion batteries. One important material that is frequently made responsi-
ble for the deterioration of the capacity after multiple cycle steps are lithium compounds such as
Li oxide, lithium hydroxide and lithium carbonate. Traces of lithium carbonate in lithiated transi-
tion metal oxides may stem from unreacted lithium carbonate used as common starting material
for the introduction of lithium into the respective precursor. Although it has been suggested to
replace lithium carbonate by lithium hydroxide or some other lithium compound other than lithi-
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um carbonate the favorable price and easy handling still drives many manufacturers to use it. In
particular, the conversion of precursors containing 60 mole-% or more of Ni, relating to total
transition metal content, with lithium salts may be slow, resulting in unreacted lithium salts. Such
unreacted lithium salts may be converted to lithium carbonate during storage or handling under
air. Li>CO3 may react with traces of any Lewis acid formed during charging or discharging of a
battery. Upon such a reaction, CO; will be formed that may damage the battery during the oper-
ation.

For making a cathode, many sources suggest to slurry a cathode active material, a binder and
carbon. However, residual LiOH as well as Li>O may lead to gelation of such slurries.

It was therefore an objective of the present invention to provide a method for making an elec-
trode material that has a good cycle stability and therefore provides an extended life of the bat-
tery. In addition, it was an objective of the present invention to provide an electrode material for
lithium ion batteries with a good cycle stability and life time. In addition, it was an objective of
the present invention to provide uses for electrode materials.

Accordingly, the process defined at the outset has been found.

In a first aspect, the present invention is directed towards a process, hereinafter also being re-
ferred to as inventive process or process according to the present invention. The inventive pro-
cess is a process for making a fluorinated lithiated transition metal oxide. A fluorinated lithiated
transition metal oxide is in the context of the present invention is an oxide that does not only
contain oxide anions but also fluoride anions. The fluoride anions in fluorinated lithiated transi-
tion metal oxides in the context of the present invention are preferably unevenly distributed on
the outer surface and within pores of the particles of the respective fluorinated lithiated transition
metal oxide. As cations of such oxide, there are lithium and at least two different transition metal
cations present.

Preferably, during performing the inventive process, fluoride ions replace carbonate anions.

In the context of fluorinated lithiated transition metal oxides and of lithiated transition metal ox-
ides, a wording like “contains transition metal” or “contains lithium” refers to the respective cati-
ons.

The two transition metals, hereinafter also being referred to as mandatory transition metals,
contained in the fluorinated oxide, hereinafter also being referred to as mandatory transition
metals, are each present in at least 5 mole-%, referring to the total transition metal content.
Preferably, such mandatory transition metals are each present in at least 10 mole-%. Prefera-
bly, the mandatory transition metals are nickel and manganese.
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In one embodiment of the present invention, the sum of contents of the mandatory transition
metals is at least 55 mole-%, referring to the total transition metal content, preferably at least 65
mole-%.

In one embodiment of the present invention, the mandatory transition metals are Ni and Mn.

The fluorinated lithiated transition metal oxide may have a spinel structure or preferably a lay-
ered structure.

The inventive process metals starts by providing a lithiated transition metal oxide. Said lithiated
transition metal oxide contains Li* and the mandatory transition metals as defined above.

The mandatory transition metals are each present in lithiated transition metal oxide in at least 5
mole-%, referring to the total transition metal content. Preferably, such mandatory transition

metals are each present in at least 10 mole-%.

In one embodiment of the present invention, the mandatory transition metals in lithiated transi-
tion metal oxide are Ni and Mn.

In one embodiment of the present invention, lithiated transition metal oxide may contain transi-
tion metals other than Ni and Mn. Examples of other transition metals are Fe, Co, Ti, V, Mo and
Zn. In a preferred embodiment, lithiated transition metal oxide also contains Co.

Many elements are ubiquitous. For example, sodium and iron are detectable in certain very
small proportions in virtually all inorganic materials. In the context of the present invention, pro-
portions of less than 0.05% mol-% of the cations of the respective lithiated transition metal oxide

are disregarded.

In one embodiment of the present invention, lithiated transition metal oxides may contain one or
more metal M. Examples of metal M are Al, Mg, Ca, V, Mo, Ti, Fe, Zn, Nb, W, and Zr.

Said lithiated transition metal oxide is a compound according to general formula (1)

Lit+x(NiaCobMneMa)1xO2 "

wherein

x is in the range of from zero to 0.2, preferably from 0.005 to 0.05,

a is in the range of from 0.5 to 0.9, preferably from 0.6 to 0.8,

b is in the range of from zero to 0.35, preferably from 0.01 to 0.25,
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c is in the range of from 0.05 to 0.4, preferably of from 0.05 to 0.3,

d is in the range of from zero to 0.1,

witha+b+c+d=1

M being selected from Al, Mg, Ca, V, Mo, Ti, Fe, Zn, Nb, W, and Zr.

The lithiated transition metal oxide also contains, as an impurity, as an impurity, at least one
lithium compound selected from lithium hydroxide, lithium oxide and lithium carbonate and from
combinations of at least two thereof, for example a combination of Li>O and LiOH or a combina-
tion of LiOH and Li-COs or a combination of Li,O and Li2COs or a combination of LiOH and Li>O
and Li>COas. The term impurity in the context of the lithium compound selected from lithium hy-
droxide, lithium oxide and lithium carbonate and combinations of at least two thereof implies
that such lithium compound stems from a starting material or an impurity in at least one starting
material or has been formed as a side reaction during the synthesis of the respective lithiated
transition metal oxide. Carbonate ions are usually combined with lithium cations for calculation
purposes. Therefore, in the course of the current invention, Li>COs is not necessarily contained
as crystals of Li>CO3 but may as well be a calculated value. Also, the amount of Li,O or LiOH
may be calculated as Li>COs. Such impurity lithium compound selected from lithium hydroxide,
lithium oxide and lithium carbonate and from combinations of at least two thereof may —in the
context of the present invention — also be referred to as “Li>COz impurity”.

In one embodiment of the present invention, the Li>COzimpurity content of lithiated transition
metal oxide is in the range of from 0.1 to 2 % by weight, referring to lithiated transition metal
oxide. The carbonate content can preferably be determined by slurrying the respective lithiated
transition metal oxide in distilled water followed by filtration and subsequent titration of the fil-
trate with 0.1M aqueous HCI, or, as an alternative, by determination of the inorganic carbon with
IR spectroscopy.

In the course of the process according to the present invention, lithiated transition metal oxide is
treated with at least one fluorine compound selected from (NH4)3AIFs or NH4F or preferably HF.

In one embodiment of the present invention, the treatment of lithiated transition metal oxide is
carried out at a temperature in the range of from 300 to 500°C, preferably 350 to 450°C.

In one embodiment of the present invention, said fluorine compound, preferably NH4F, is being
transferred into the gas phase by sublimation before contacting it with said lithiated transition
metal oxide. In another embodiment of the present invention, NH4F is being generated by de-
composing a compound that may release NH4F, for example upon heating or by the aide of a
catalyst. An example of such compounds is (NH4)3AIFs. The NH4F so formed is then transferred
into the gas phase and then contacted with said lithiated transition metal oxide.
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In one embodiment of the present invention, said fluorine compound, preferably HF, is being
transferred into the gas phase by decomposition of a fluorine compound before contacting it
with said lithiated transition metal oxide. Said decomposition may constitute a decomposition
into HF and a salt. In another embodiment of the present invention, HF is being generated by
decomposing a compound that may release HF, for example upon heating or by the aide of a
catalyst. Examples of such compounds are NH4F and (NHa)3AlFs. The HF so formed is then
contacted with said lithiated transition metal oxide.

In one embodiment of the present invention, the inventive process is being carried out by mixing
lithiated transition metal oxide and NH4F and then heating the resultant mixture to 300 to 500°C.
NH4F will then be sublimed and decompose in situ and react with lithiated transition metal oxide.

In one embodiment of the present invention, the inventive process is being carried out by mixing
lithiated transition metal oxide and a fluorine compound other than HF and then heating the re-
sultant mixture to 300 to 500°C. HF will then be generated in situ and reacted with lithiated tran-
sition metal oxide.

In one embodiment of the present invention, said contacting of the fluorine compound with said
lithiated transition metal oxide is achieved under oxygen. In another embodiment of the present
invention, said contacting of the fluorine compound with said lithiated transition metal oxide is
achieved under air or an inert gas, for example argon or nitrogen. Diluents other than air or ni-
trogen or noble gasses are possible but not preferred.

In one embodiment of the present invention, said contacting of the fluorine compound with said
lithiated transition metal oxide is achieved in a fluidized bed.

In one embodiment of the present invention the inventive process is being carried out at normal
pressure. In another embodiment of the present invention the inventive process is being carried
out under reduced pressure, for example 500 to 995 mbar. In an alternative embodiment, of the
present invention the inventive process is being carried at a pressure in the range of from 1000
mbar to 2,700 mbar.

Suitable reaction vessels for the inventive process are, for example, tank reactors without or
with additional vessels, fluidized bed reactors, rotary kilns, pendulum kilns, and rotary hearth
kilns. Rotary kilns are preferred.

In one embodiment of the present invention, the time for treatment of lithiated transition metal
oxide with fluorine compound at a temperature in the range of from 300 to 500°C is in the range
of from 10 minutes to 3 hours, preferably 30 to 90 minutes.

Another aspect of the present invention relates to a fluorinated lithiated transition metal oxide
comprising at least one compound according to general formula (1)
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Lit+x(NiaCobMneMa)1xO2 "

wherein:

x is in the range of from zero to 0.2, preferably from 0.005 to 0.05,

a is in the range of from 0.5 to 0.9, preferably from 0.5 to 0.8,

b is in the range of from zero to 0.35, preferably from 0.01 to 0.25,

c is in the range of from 0.05 to 0.4, preferably of from 0.05 to 0.25,

d is in the range of from zero to 0.2,
witha +b+c+d =1

M being selected from Al, Mg, Ca, V, Mo, Ti, Fe, Zn, Nb, W, and Zr,

wherein the particles from the above compound are being partially covered with LiF. Said partial
coverage may also include the insertion of some LiF in the pores, especially in the pores of be-
tween primary particles of said fluorinated lithiated transition metal oxide. Said fluorinated lithi-
ated transition metal oxide is hereinafter also being referred to as inventive fluorinated lithiated
transition metal oxide.

In one embodiment of the present invention inventive fluorinated lithiated transition metal oxide
contains in the range of from 0.01 to 1 % by weight Li>CO3, determined as Li>.CO3 and referring
to said fluorinated lithiated transition metal oxide.

In one embodiment of the present invention, the surface (BET) of inventive fluorinated lithiated
transition metal oxide is in the range of from 0.2 to 10 m#/g, preferably from 0.3 to 1 m%/g. The
surface (BET) can be determined by nitrogen absorption, for example according to DIN 66131.

In one embodiment of the present invention, inventive fluorinated lithiated transition metal oxide
is in the form of agglomerated primary particles of inventive fluorinated lithiated transition metal
oxide. Such agglomerates are then being referred to as secondary particles of inventive fluori-
nated lithiated transition metal oxide.

In one embodiment of the present invention, primary particles of inventive fluorinated lithiated
transition metal oxide have an average diameter in the range from 1 to 2000 nm, preferably
from 10 to 1000 nm, particularly preferably from 50 to 500 nm. The average primary particle
diameter can, for example, be determined by SEM or TEM, or by LASER scattering technolo-
gies, for example at a pressure in the range of from 0.5 to 3 bar.



10

15

20

25

30

35

40

WO 2015/128219 PCT/EP2015/053257
7
In one embodiment of the present invention, the particle diameter (D50) of secondary particles
of inventive fluorinated lithiated transition metal oxide is in the range from 6 to 16 um, especially
7 to 9 um. The mean particle diameter (D50) in the context of the present invention refers to the
median of the volume-based particle diameter, as can be determined, for example, by light scat-
tering.

Inventive fluorinated lithiated transition metal oxide may in particular serve as electrode materi-
als.

A further aspect of the present invention rrefers to electrodes comprising at least one inventive
fluorinated lithiated transition metal oxide. They are particularly useful for lithium ion batteries.
Lithium ion batteries comprising at least one electrode according to the present invention exhibit
a very good discharge and cycling behavior. Preferably, also the cycle stability and the C-rate
capacity behavior are improved. Electrodes comprising at least one electrode material accord-
ing to the present invention are hereinafter also referred to as inventive electrodes or electrodes
according to the present invention.

In one embodiment of the present invention, inventive electrodes contain
(A) at least one fluorinated lithiated transition metal oxide, as described above,
(B) carbon in an electrically conductive state, and
(C) a binder.

Electrodes according to the present invention further contain carbon in electrically conductive
modification, in brief also referred to as carbon (B). Carbon (B) can be selected from soot, ac-
tive carbon, carbon nanotubes, graphene, and graphite. Carbon (B) can be added as such dur-
ing preparation of electrode materials according to the invention.

In one embodiment of the present invention, the ratio of carbon (B) to inventive fluorinated lithi-
ated transition metal oxide is in the range of 1 to 15 % by weight, referring to total inventive
electrode, preferably at least 2% by weight.

Electrodes according to the present invention can comprise further components. They can
comprise a current collector, such as, but not limited to, an aluminum foil. They further comprise
a binder (C).

Suitable binders (C) are preferably selected from organic (co)polymers. Suitable (co)polymers,
i.e. homopolymers or copolymers, can be selected, for example, from (co)polymers obtainable
by anionic, catalytic or free-radical (co)polymerization, especially from polyethylene, polyacrylo-
nitrile, polybutadiene, polystyrene, and copolymers of at least two comonomers selected from
ethylene, propylene, styrene, (meth)acrylonitrile and 1,3-butadiene. Polypropylene is also suita-
ble. Polyisoprene and polyacrylates are additionally suitable. Particular preference is given to
polyacrylonitrile.
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In the context of the present invention, polyacrylonitrile is understood to mean not only polyacry-
lonitrile homopolymers but also copolymers of acrylonitrile with 1,3-butadiene or styrene. Pref-
erence is given to polyacrylonitrile homopolymers.

In the context of the present invention, polyethylene is not only understood to mean homopoly-
ethylene, but also copolymers of ethylene which comprise at least 50 mol% of copolymerized
ethylene and up to 50 mol% of at least one further comonomer, for example a-olefins such as
propylene, butylene (1-butene), 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-pentene, and
also isobutene, vinylaromatics, for example styrene, and also (meth)acrylic acid, vinyl acetate,
vinyl propionate, C4-C1o-alkyl esters of (meth)acrylic acid, especially methyl acrylate, methyl
methacrylate, ethyl acrylate, ethyl methacrylate, n-butyl acrylate, 2-ethylhexyl acrylate, n-butyl
methacrylate, 2-ethylhexyl methacrylate, and also maleic acid, maleic anhydride and itaconic
anhydride. Polyethylene may be HDPE or LDPE.

In the context of the present invention, polypropylene is not only understood to mean homopol-
ypropylene, but also copolymers of propylene which comprise at least 50 mol% of copolymer-
ized propylene and up to 50 mol% of at least one further comonomer, for example ethylene and
a-olefins such as butylene, 1-hexene, 1-octene, 1-decene, 1-dodecene and 1-pentene. Poly-
propylene is preferably isotactic or essentially isotactic polypropylene.

In the context of the present invention, polystyrene is not only understood to mean homopoly-
mers of styrene, but also copolymers with acrylonitrile, 1,3-butadiene, (meth)acrylic acid, C+-
Cio-alkyl esters of (meth)acrylic acid, divinylbenzene, especially 1,3-divinylbenzene, 1,2-
diphenylethylene and a-methylstyrene.

Another preferred binder (C) is polybutadiene.

Other suitable binders (C) are selected from polyethylene oxide (PEO), cellulose, carbox-
ymethylcellulose, polyimides and polyvinyl alcohol.

In one embodiment of the present invention, binder (C) is selected from those (co)polymers
which have an average molecular weight M,, in the range from 50,000 to 1,000,000 g/mol, pref-
erably to 500,000 g/mol.

Binder (C) may be cross-linked or non-cross-linked (co)polymers.

In a particularly preferred embodiment of the present invention, binder (C) is selected from hal-
ogenated (co)polymers, especially from fluorinated (co)polymers. Halogenated or fluorinated
(co)polymers are understood to mean those (co)polymers which comprise at least one
(co)polymerized (co)monomer which has at least one halogen atom or at least one fluorine at-
om per molecule, more preferably at least two halogen atoms or at least two fluorine atoms per
molecule. Examples are polyvinyl chloride, polyvinylidene chloride, polytetrafluoroethylene, pol-
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yvinylidene fluoride (PVdF), tetrafluoroethylene-hexafluoropropylene copolymers, vinylidene
fluoride-hexafluoropropylene copolymers (PVdF-HFP), vinylidene fluoride-tetrafluoroethylene
copolymers, perfluoroalkyl vinyl ether copolymers, ethylene-tetrafluoroethylene copolymers,
vinylidene fluoride-chlorotrifluoroethylene copolymers and ethylene-chlorofluoroethylene copol-
ymers.

Suitable binders (C) are especially polyvinyl alcohol and halogenated (co)polymers, for example
polyvinyl chloride or polyvinylidene chloride, especially fluorinated (co)polymers such as polyvi-
nyl fluoride and especially polyvinylidene fluoride and polytetrafluoroethylene.

Inventive electrodes may comprise 1 to 15% by weight of binder(s) (C), referring to the sum of
electrode material (A), carbon (B) and binder (C).

A further aspect of the present invention is an electrochemical cell, containing

(a) at least one cathode comprising fluorinated lithiated transition metal oxide, carbon (B), and
binder (C),

(b) atleast one anode, and

(c) atleast one electrolyte.

Embodiments of cathode (a) have been described above in detail.

Anode (b) may contain at least one anode active material, such as carbon (graphite), TiO-, lithi-
um titanium oxide, silicon or tin. Anode (b) may additionally contain a current collector, for ex-
ample a metal foil such as a copper foil.

Electrolyte (c) may comprise at least one non-aqueous solvent, at least one electrolyte salt and,
optionally, additives.

Non-aqueous solvents for electrolyte (¢) can be liquid or solid at room temperature and are
preferably selected from among polymers, cyclic or acyclic ethers, cyclic and acyclic acetals and
cyclic or acyclic organic carbonates.

Examples of suitable polymers are, in particular, polyalkylene glycols, preferably poly-C4-Cs-
alkylene glycols and in particular polyethylene glycols. Polyethylene glycols can here comprise
up to 20 mol% of one or more C4-Cs-alkylene glycols. Polyalkylene glycols are preferably poly-
alkylene glycols having two methyl or ethyl end caps.

The molecular weight M., of suitable polyalkylene glycols and in particular suitable polyethylene
glycols can be at least 400 g/mol.
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The molecular weight M., of suitable polyalkylene glycols and in particular suitable polyethylene
glycols can be up to 5,000,000 g/mol, preferably up to 2,000,000 g/mol.

Examples of suitable acyclic ethers are, for example, diisopropyl ether, di-n-butyl ether,
1,2-dimethoxyethane, 1,2-diethoxyethane, with preference being given to 1,2-dimethoxyethane.

Examples of suitable cyclic ethers are tetrahydrofuran and 1,4-dioxane.

Examples of suitable acyclic acetals are, for example, dimethoxymethane, diethoxymethane,
1,1-dimethoxyethane and 1,1-diethoxyethane.

Examples of suitable cyclic acetals are 1,3-dioxane and in particular 1,3-dioxolane.

Examples of suitable acyclic organic carbonates are dimethyl carbonate, ethyl methyl carbonate
and diethyl carbonate.

Examples of suitable cyclic organic carbonates are compounds of the general formulae (Il) and

(1)

O‘
0)\0

)R (i
R R

3 (m
RMR

where R, R? and R? can be identical or different and are selected from among hydrogen and
C1-Cs-alkyl, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and tert-
butyl, with R? and R?® preferably not both being tert-butyl.

In particularly preferred embodiments, R is methyl and R? and R® are each hydrogen, or R', R?
and R?® are each hydrogen.

Another preferred cyclic organic carbonate is vinylene carbonate, formula (1V).
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\__/ (V)

The solvent or solvents is/are preferably used in the water-free state, i.e. with a water content in
the range from 1 ppm to 0.1% by weight, which can be determined, for example, by Karl-Fischer
titration.

Electrolyte (c) further comprises at least one electrolyte salt. Suitable electrolyte salts are, in
particular, lithium salts. Examples of suitable lithium salts are LiPFs, LiBF4, LiCIO4, LiAsFes,
LiCF3S0s3, LiIC(CnF2n+1S02)3, lithium imides such as LiN(CnF2:,+1S02)2, where n is an integer in
the range from 1 to 20, LiN(SOzF),, Li»SiFs, LiSbFs, LiAICls and salts of the general formula
(CnF2n+1S02)YLi, where m is defined as follows:

t =1, when Y is selected from among oxygen and sulfur,

t =2, when Y is selected from among nitrogen and phosphorus, and

t = 3, when Y is selected from among carbon and silicon.

Preferred electrolyte salts are selected from among LiC(CF3S05)s, LIN(CF3S0O),, LiPFe, LiBF4,
LiClOa, with particular preference being given to LiPFs and LIN(CF3SO>)..

In an embodiment of the present invention, batteries according to the invention comprise one or
more separators (d) by means of which the electrodes are mechanically separated. Suitable
separators (d) are polymer films, in particular porous polymer films, which are unreactive toward
metallic lithium. Particularly suitable materials for separators (d) are polyolefins, in particular
film-forming porous polyethylene and film-forming porous polypropylene.

Separators (d) composed of polyolefin, in particular polyethylene or polypropylene, can have a
porosity in the range from 35 to 45%. Suitable pore diameters are, for example, in the range
from 30 to 500 nm.

In another embodiment of the present invention, separators (D) can be selected from among
PET nonwovens filled with inorganic particles. Such separators can have a porosity in the range
from 40 to 55%. Suitable pore diameters are, for example, in the range from 80 to 750 nm.

Electrochemical cells according to the invention can further comprise a housing which can have
any shape, for example cuboidal or the shape of a cylindrical disk. In one variant, a metal foil
configured as a pouch is used as housing.

Electrochemical cells according to the invention provide a very good discharge and cycling be-
havior, in particular with respect to the capacity loss.
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Batteries according to the invention can comprise two or more electrochemical cells that com-
bined with one another, for example can be connected in series or connected in parallel. Con-
nection in series is preferred. In batteries according to the present invention, at least one of the
electrochemical cells contains at least one electrode according to the invention. Preferably, in
electrochemical cells according to the present invention, the majority of the electrochemical
cells contain an electrode according to the present invention. Even more preferably, in batteries
according to the present invention all the electrochemical cells contain electrodes according to
the present invention.

The present invention further provides for the use of batteries according to the invention in ap-
pliances, in particular in mobile appliances. Examples of mobile appliances are vehicles, for
example automobiles, bicycles, aircraft or water vehicles such as boats or ships. Other exam-
ples of mobile appliances are those which move manually, for example computers, especially
laptops, telephones or electric hand tools, for example in the building sector, especially drills,
battery-powered screwdrivers or battery-powered staplers.

The present invention is further illustrated by working examples.

Examples

l. Manufacture of a lithiated transition metal oxide

.1 Manufacture of lithiated transition metal oxide (l.a)

In a blender, NiosC00.1Mno.1(OH), was mixed with LiOH so that the Li/total transition metal molar
ratio was 1.03/1. The mixture so obtained was calcined in a box furnace under an oxygen at-
mosphere with the following temperature program: raise for 3K/min to 400°C, maintain at 400°C
for 3 hours, raise 3K/min to 675°C, maintain at 675°C for 6 hours, raise 3 K/min to 800°C, main-
tain at 800°C for 6 hours. After that, material so obtained was cooled to room temperature under
the oxygen atmosphere within a period of 12 hours, deagglomerated in a mortar and sifted
through a sieve with 32 ym mesh size. Lithiated transition metal oxide (l.a) was obtained.

II.  Treatment with a fluorine compound

1.1 Manufacture of inventive fluorinated lithiated transition metal oxide FM.1

An amount of 20 g of lithiated transition metal oxide (l.a) was mixed in a mortar together with
1.0 weight % NH4F and then inserted into a box furnace and treated under oxygen with the fol-
lowing temperature program: raise 3 K/min to 410°C, maintain at 410°C for 1 hour. Then, the
material so obtained was cooled to room temperature under oxygen within a period of 12 hours,
deagglomerated in a mortar and sifted through a sieve with 32 ym mesh size. Inventive fluori-
nated lithiated transition metal oxide FM.1 was obtained.

1.2 Manufacture of inventive fluorinated lithiated transition metal oxide FM.2
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An amount of 20 g of lithiated transition metal oxide (l.a) was mixed in a mortar together with
0.5 weight % (NH4)3AlFs and then inserted into a box furnace and treated under oxygen with the
following temperature program: raise 3 K/min to 410°C, maintain at 410°C for 1 hour. Then, the
material so obtained was cooled to room temperature under oxygen within a period of 12 hours,
deagglomerated in a mortar and sifted through a sieve with 32 ym mesh size. Inventive fluori-
nated lithiated transition metal oxide FM.2 was obtained.

1.3 Manufacture of a reference material

For reference purposes, an amount of 20 g of pure lithiated transition metal oxide (l.a) free from
NH4F was inserted into the same box furnace as above and treated under oxygen with the
same temperature program as above: raise 3 K/min to 410°C, maintain at 410°C for 1 hour.
After said treatment, the material so obtained was cooled to room temperature under oxygen,
deagglomerated in a mortar and sifted through a sieve with 32 um mesh size. Comparative lithi-
ated transition metal oxide C-TM.3 was obtained.

Discharge capacities C/5 and inorganic carbon content (determined as Li-COs3) of the above
inventive materials and the reference material are summarized in Table 1.

Table 1: Discharge capacities C/5 and inorganic carbon content (determined as Li>CO3) of in-
ventive materials and the reference material

Sample Battery Discharge capacities C/5 inorganic carbon content (as
[mAh/g] Li2COzs) [wt%]
FM.1 (BAT.1) 197 0.09
FM.2 (BAT.2) 195 0.40
C-TM.3 C-(BAT.3) 183 0.68

I1l.  Manufacture of cathodes and electrochemical cells and tests thereof
.1 Manufacture of an inventive battery

To produce a cathode (a.1), the following ingredients were blended with one another:

88 g of FM.1

6 g polyvinylidene difluoride, (d.1) ("PVdF"), commercially available as Kynar Flex® 2801 from
Arkema Group,

3 g carbon black, (c.1), BET surface area of 62 m%/g, commercially available as "Super C 65L"
from Timcal,

3 g graphite, (c.2), commercially available as KS6 from Timcal.

While stirring, a sufficient amount of N-methylpyrrolidone (NMP) was added and the mixture
was stirred with an Ultraturrax until a stiff, lump-free paste had been obtained.

Cathodes were prepared as follows: On a 30 pm thick aluminum foil the paste was applied with
a 15 pm doctor blade. The loading after drying was 2.0 mAh/cmZ. The loaded foil was dried
overnight in a vacuum oven at 105°C. After cooling to room temperature in a hood disc-shaped
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cathodes were punched out of the foil. The cathode discs were then weighed and introduced
into an argon glove box, where they are again vacuum-dried. Then, cells with the cathode discs
were built.

Electrochemical testing was conducted in "TC1" coin type cells. The electrolyte (c.1) used was a
1 M solution of LiPFe in ethyl methyl carbonate/ethylene carbonate (volume ratio 1:1).

Separator (D.1): glass fiber. Anode (B.1): graphite. Potential range of the cell: 3V -4.3 V.

Inventive battery (BAT.1) was obtained.

1.2 Manufacture of cathodes and batteries according to the invention, and of comparative
cathodes and batteries

For the manufacture of inventive battery (BAT.2, the above protocol was followed but FM.1 was
replaced by an identical amount of FM.2.

For comparative purposes, the above protocol was followed but FM.1 was replaced by an iden-
tical amount of C-TM.3.

Comparative battery C-(BAT.3) was obtained.
Batteries according to the invention and comparative batteries are each subjected to the follow-
ing cycling program: Potential range of the cell: 3.0 V-4.3 V., 0.1 C (first and second cycles),

0.5 C (from the third cycle). 1 C = 150 mA/g. Temperature: ambient temperature.

The discharge capacities are summarized in Table 1.
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Claims
1. Process for making a fluorinated lithiated transition metal oxide according to general for-
mula (I)
Li1ex(NiaCobMncMa)1xO2 )
wherein

x is in the range of from zero to 0.2

a is in the range of from 0.5 10 0.9,

b is in the range of from zero to 0.35,
¢ is in the range of from 0.05 to 0.4,
d is in the range of from zero to 0.2,
witha +b+c+d=1

M being selected from Al, Mg, Ca, V, Mo, Ti, Fe, Zn, Nb, W, and Zr,

comprising the step of treating a lithiated transition metal oxide containing at least two dif-
ferent transition metal cations and, as an impurity, at least one lithium compound selected
from lithium hydroxide, lithium oxide and lithium carbonate and from combinations of at
least two thereof, with at least one fluorine compound selected from HF, NH4F and
(NH4)3AlFe.

Process according to claim 1, wherein the treatment is carried out at a temperature in the
range of from 300 to 500°C.

Process according to claim 1 or 2 wherein the total impurity of lithium compounds selected
from Li>O, LiOH and Li>CO3z amounts to in the range of from 0.1 to 2 weight %, determined
as Li2CO3 and referring to said lithiated transition metal oxide.

Process according to any of the preceding claims wherein a, b, ¢ and d are defined as
follows:

a is in the range of from 0.6 t0 0.8,

b is in the range of from 0.01 to 0.25,
¢ is in the range of from 0.05 to 0.3,
d is in the range of from zero to 0.1.
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Process according to any of the preceding claims wherein said lithiated transition metal
oxide is a powder with an average particle diameter of the secondary particles in the
range of from 1 to 50 ym.

Process according to any of the preceding claims wherein said fluorine compound is con-
tacted in solid state with said lithiated transition metal oxide.

Process according to any of the preceding claims wherein said fluorine compound is being
transferred into the gas phase by sublimation or decomposition into a salt and HF before
contacting it with said lithiated transition metal oxide.

Process according to any of the preceding claims wherein said lithiated transition metal
oxide containing at least two different transition metal cations is being treated with in the

range of from 0.5 to 2% by weight of fluorine compound.

Fluorinated lithiated transition metal oxide comprising at least one compound according to
general formula (1)

Lit+x(NiaCob,MncMg)1-xO2 (h
wherein
x is in the range of from zero to 0.2
a is in the range of from 0.5 10 0.9,
b is in the range of from zero to 0.35,
¢ is in the range of from 0.05 to 0.4,
d is in the range of from zero to 0.2,
witha+b+ctd=1

M being selected from Al, Mg, Ca, V, Mo, Ti, Fe, Zn, Nb, W, and Zr,

wherein the particles from the above compound are being covered (with LiF type com-
pounds.

Fluorinated lithiated transition metal oxide according to claim 9 wherein said fluorinated
lithiated transition metal oxide contains in the range of from 0.01 to 1 % by weight Li2COs,
determined as Li2CO3 and referring to said fluorinated lithiated transition metal oxide.
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11. Fluorinated lithiated transition metal oxide according to claim 9 or 10 wherein said fluori-
nated lithiated transition metal oxide is a powder with an average particle diameter of the
secondary particles in the range of from 1 to 50 um.

5 12. Electrode for a lithium ion battery comprising
(A) at least one fluorinated lithiated transition metal oxide according to any of claims 9 to
11,
(B) carbon in an electrically conductive state,
(C) a binder.
10
13. Electrochemical cell comprising at least one electrode according to claim 12.
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