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(57) Abstract: Process for manufacturing a lithiated transition metal oxide, said process comprising the steps of (a) mixing at least
one lithium salt and a precursor selected from transition metal oxides, transition metal oxyhydroxides, transition metal hydroxides,
and transition metal carbonates, (b) pre-calcining the mixture obtained in step (a) at a temperature in the range of from 300 to 700°C,
and (c) calcining the pre-calcined mixture according to step (b) in a multi-stage fluidized bed reactor at a temperature in the range of
from 550°C to 950°C, wherein the temperatures in step (b) and (c) are selected in a way that step (c) is being performed at a temper -
ature higher than that of step (b).



Process for making a lithiated transition metal oxide

The present invention is directed towards a process for manufacturing a lithiated

transition metal oxide, said process comprising the steps of

(a) mixing at least one lithium salt and a precursor selected from the group
consisting of transition metal oxides, transition metal oxyhydroxides, transition

metal hydroxides, and transition metal carbonates,

(b) pre-calcining the mixture obtained in step (a) at a temperature in the range of
from 300 to 700°C, and

(c) calcining the pre-calcined mixture according to step (b) in a multi-stage
fluidized bed reactor at a temperature in the range of from 550°C to 950°C,

wherein the temperatures in step (b) and (c) are selected in a way that step (c) is being
performed at a temperature higher than that of step (b).

Lithiated transition metal oxides and lithium iron phosphates 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,
storage capacity, energy, but also other properties like advantageous methods for
manufacturing said electrode materials. Such methods should be cost-efficient,
environmentally friendly, and easily to be up-scaled.

Various electrode material manufacturing processes performed or under development
are essentially two-step processes. In the first step, a so called precursor is being made
by co-precipitating the respective transition metals as mixed hydroxide or mixed
carbonate. In a second step, said precursor is being mixed with a lithium compound and
then subjected to a solid-phase reaction under high temperature. The solid-phase
reaction is often being termed calcination in the context of electrode material

manufacturing.

In the past, a lot of developmental work has been done on the co-precipitation work.
However, the calcination process may also influence the properties of the respective
electrode material and the costs of the manufacturing process.
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In many embodiments, the calcination step is being performed at temperatures up to
900 or even to 950°C.

Numerous applications disclose the use of a rotary kiln or a roller hearth kiln. The
mixture of precursor and lithium compound, however, may cause corrosion especially at
the high temperature that is required for calcination. Therefore, only few and very costly
materials qualify for the respective rotary kiln. When ceramic materials are being used
in order to reduce the corrosion problems it can be observed that the thermal
conductivity of ceramic materials is much lower than that of metals. The incomplete
heat transfer results in higher heating costs and extended residence time of the material
to be calcined.
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In WO 2012/177833, calcination in a cascade of two rotary calciners is being suggested. How-
ever, the corrosion problems especially in the second rotary calciner remain unsolved.

In a roller hearth kiln process, a mixture of precursor and lithium compound such as lithium car-
bonate or lithium hydroxide is being placed in a sagger and then moved through a heating zone.
This process allows for reduced corrosion problems. However, roller hearth kilns have the dis-
advantage that the size of saggers is limited. Therefore, up-scaling of a roller hearth kiln-based
process causes high investment costs.

It was therefore an objective of the present invention to provide a process for manufacturing
lithiated transition metal oxides that can be up-scaled easily and which allows good heat recov-
ery.

Accordingly, the process defined at the outset was found. It is hereinafter also being referred to
as inventive process or process according to the (present) invention.

The inventive process can be used as process for manufacturing any lithiated transition metal
oxide. The term ‘lithiated transition metal oxides” hereinafter refers to mixed metal oxides that
contain lithium and at least one transition metal such as, but not limited to nickel, cobalt, man-
ganese, and combinations thereof. The stoichiometric ratio of lithium and total transition metal is
preferably in the range of from 1.13: 0.87 to 1 : 2. Lithiated transition metal oxides may contain
minor amounts of metal cations other than transition metals or lithium, such as barium, calcium
or aluminum and combinations thereof. For example, lithium transition metal oxides may contain
up to 5 mole-% of Al, referring to their total transition metal content. In one embodiment of the
present invention, however, lithiated transition metal oxides contain only traces of metal cations
other than transition metals and lithium, for example 0.01 mole-% or less, referring to their total
transition metal content.

Lithiated transition metal oxides may, for example, have a layered oxide structure or a spinel
structure.

In one embodiment of the present invention, lithiated transition metal oxides are selected from
lithiated spinels, lithium nickel-cobalt-aluminum oxides, and lithium metal oxides with a layered
structure, also being referred to as layered oxides.

Examples of lithiated transition metal oxides are LiCoO2, LiMnO3, LiNiO», and compounds of the
general formula Lit+x(NiaCosMn:M14)1xO2, with M being selected from Ca, Al, Ti, Zr, Zn, Mo, V
and Fe, the further variables being defined as follows:

being in the range of from 0.015 to 0.13,
being in the range of from 0.3 to 0.7,
being in the range of from zero to 0.35,

O T v X

being in the range of from 0.2 to 0.5
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d being in the range of from zero to 0.03,

witha+b+c+d=1.

Further examples of lithiated transition metal oxides are those of the general formula
Li1+yM22-yO4-r

where r is from zero to 0.4 and vy is in the range of from zero to 0.4, and

M2 being selected from one or more metals of groups 3 to 12 of the periodic table, for example
Ti, V, Cr, Mn, Fe, Co, Ni, Zn, Mo, with Mn, Co and Ni and combinations therefrom being
preferred, and especially from combinations of Ni and Mn. Even more preferred are LiMn2Q4
and LiNi2«MnQ4 with the variable t being in the range of from zero to 1.

Examples of lithium nickel-cobalt-aluminum oxides are compounds of the general formula
Li[NinCoiAljJO2+r. Typical values for h, i and j are:

h is in the range of from 0.8 to 0.85,

i is in the range of from 0.15 to 0.20, and

j is in the range of from 0.01 to 0.05.

ris in the range of from zero to 0.4.

Preferred lithiated transition metal oxides that can be made according to the process according
to the present invention are lithiated spinels and lithium metal oxides with a layered structure.

The process according to the present invention comprises three steps, hereinafter also being
referred to as step (a), step (b) and step (c):

(a) mixing at least one lithium salt and a precursor selected from transition metal oxides, tran-
sition metal oxyhydroxides, transition metal hydroxides, and transition metal carbonates,
transition metal hydroxides and transition metal oxyhydroxides being preferred,

(b) pre-calcining the mixture obtained in step (a) at a temperature in the range of from 300 to
700°C, and

(c) calcining the pre-calcined mixture according to step (b) in a multi-stage fluidized bed reac-
tor at a temperature in the range of from 550°C to 950°C.

Step (a), step (b) and step (¢) will be described in more detail below.

Step (a) is directed towards mixing of at least two compounds, namely at least one lithium salt
and a precursor.

Lithium salts may be selected from lithium oxide, lithium sulfate, lithium acetate, lithium nitrate,
lithium peroxide, lithium hydrogen carbonate, and lithium halides, for example lithium fluoride,
especially lithium chloride and lithium bromide. Preferred lithium salts are selected from lithium
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hydroxide, lithium oxide, and lithium carbonate, lithium carbonate being particularly preferred.
Step (a) may be directed to mixing said precursor with one lithium salt or with a combination of
at least two lithium salts, for example, with a combination of two or three lithium salts. Examples
of suitable combinations of two lithium salts are mixtures of lithium oxide and lithium hydroxide,
and mixtures of lithium hydroxide and lithium carbonate, and mixtures of lithium carbonate and
lithium hydrogen carbonate. An example of a suitable mixture of three lithium salts is a mixture
of lithium oxide, lithium hydroxide and lithium carbonate. It is preferred, though, to perform step
(a) by mixing a precursor with essentially one lithium salt, wherein “essentially one lithium salt”
refers to exactly one lithium salt or a mixture of two or more lithium salts wherein in said mixture
one of the salts constitutes at least 95% by weight of the total lithium salts.

Said precursor is selected from transition metal oxides, oxyhydroxides, transition metal hydrox-
ides, and transition metal carbonates, transition metal hydroxides and transition metal oxyhy-
droxides being preferred.

In one embodiment of the present invention said precursor is selected from oxides, hydroxides,
oxyhydroxides and carbonates of one transition metal. Said transition metal is preferably select-
ed from Ni, Mn and Co. In a preferred embodiment of the present invention the precursor is se-
lected from oxides, oxyhydroxides, hydroxides, and carbonates of at least two transition metals,
said transition metals being selected from combinations of two out of Ni, Co and Mn.

In one embodiment of the present invention, the precursor is selected from oxides, oxyhydrox-
ides, hydroxides, and carbonates of combinations of Ni, Co and Al.

In one embodiment of the present invention the precursor is selected from oxides, oxyhydrox-
ides, hydroxides, and carbonates of combinations of Ni, Mn, optionally Co and optionally at
least one further metal selected from Ca, Al, Ti, Zr, Zn, Mo, V and Fe.

In one embodiment of the present invention the precursor has an average particle diameter
(D50) in the range of from 3 to 20 um, preferably from 5 to 16 ym. The average particle diame-
ter can be determined, e. g., by light scattering. The term average particle diameter refers to the
average particle diameter of the precursor employed in step (a). Lithium salt as used in step (a)
of the inventive process preferably has an average particle diameter (D50) in the range of from
4 to 7 um. It may be observed that in many embodiments in steps (a), (b) and especially (c) cer-
tain agglomerates are being formed that contain a plurality of particles selected from dried or
dehydrated precursor and lithium salt and, optionally, lithiated transition metal oxides. Said ag-
glomerates usually have a diameter greater than the average particle diameter of precursor.
Said agglomerates usually behave dynamically, for example, they release particles of dried or
dehydrated precursor and/or lithium salt and, if applicable, of lithiated transition metal oxide. At
the same time, they incorporate particles of dried or dehydrated precursor and/or lithium salt
and, if applicable, of lithiated transition metal oxide.
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The stoichiometry of the metals and especially of the transition metals of the precursor is pref-
erably selected from the desired stoichiometry of the respective metals in the lithiated transition
metal oxide.

In one embodiment of the present invention the stoichiometry of lithium to total transition metal -
or to total metal other than lithium if Al or Ba or Ca are present — is preferably being selected
according to the stoichiometry in the respective lithiated transition metal oxide. In another em-
bodiment of the present invention, an excess of lithium salt is being employed, for example in
the range of 0.2 to 5 mol-%, referring to the total lithium content, in order to avoid a deficit of
lithium due to sublimation or other causes.

Mixing can be performed at various temperatures, and the temperature at which step (a) is be-
ing performed is usually not critical. It is possible to perform step (a) at a temperature in the
range of from zero to 100°C or even higher.

In one embodiment of the present invention, step (a) is performed at a temperature in the range
of from 10 to 30°C.

Step (a) may be performed at normal pressure.

Step (a) may be performed in conventional mixing apparatuses for mixing solids. In a special
embodiment, step (a) is performed in the same vessel as step (b) prior to said step (b).

After having performed step (a) a mixture is obtained.

In step (b), the mixture obtained in step (a) is being pre-calcined at a temperature in the range
of from 300 to 700°C. In order to affect such pre-calcination, the mixture obtained according to
step (a) is subjected to a temperature in the range of from 300 to 700°C. It is possible to raise
the temperature in one step or in more than one steps, for example in two or three steps. It is
possible, for example, to raise the temperature to 300 to 350°C, then to maintain the mixture
obtained according to step (a) at such temperature, to then raise the temperature to 500 to
600°C, and then to maintain the temperature at the latter temperature followed by raising the
temperature to 700°C. in another example, it is possible to raise the temperature to 300 to
350°C, then to maintain the mixture obtained according to step (a) at such temperature, to then
raise the temperature to 650 to 700°C, and then to maintain the temperature at the latter tem-
perature. In another embodiment, it is possible to raise the temperature to 350 to 400°C, then to
maintain the mixture obtained according to step (a) at such temperature, to then raise the tem-
perature to 550 to 600°C, and then to hold the temperature at the latter temperature followed by
raising the temperature to 700°C.

In the context of the present invention, holding the mixture obtained in step (a) at a temperature
shall mean that the respective mixture is heat treated at a certain temperature £ 10°C over a
period of time in the range of from 15 minutes to 5 hours.
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In one embodiment of the present invention the mixture obtained in step (a) is being held at at
least one certain temperature £ 5°C over a period of time in the range of from 15 to 120
minutes.

In one embodiment of the present invention, step (b) is being performed at normal pressure. In
other embodiments, step (b) is being performed at a pressure higher than normal pressure, for
example up to 10 bar. Normal pressure or elevated pressure up to 1.5 bar is preferred.

In one embodiment of the present invention, step (b) is being performed over a period of time in
the range of from 1 hour to 10 hours.

In one embodiment of the present invention step (b) is being performed in a rotary kiln, in a rota-
ry hearth kiln, in a pendulum kiln, in a roller hearth kiln, in a tunnel kiln, in a packed bed reactor,
in a fluidized bed reactor, or in a separate zone of a fluidized bed reactor employed for step (c).
In a preferred embodiment of the present invention, step (b) is performed in a rotary kiln orin a
separate stage of a fluidized bed.

In one embodiment of the present invention, heating during step (b) is being performed at an
average rate of from 1 to 5 °C/min. In embodiments wherein step (b) is being performed in a
separate zone or stage of a fluidized bed the heating occurs faster, because the particles of
precursor and lithium salt are directly introduced into the fluidized bed.

In a particularly preferred embodiment of the present invention, step (b) is being performed in a
separate stage of a fluidized bed wherein said separate stage has at least the same as and
preferably a larger hold-up than the other stages. The term “the other stages” refers to the stag-
es employed in step (c). Said same or preferably larger hold-up is required to overcome the
potential stickiness of the particles of the mixture obtained in step (a).

In embodiments of step (b) in which step (b) is being performed as a fluidized bed only a minor
portion of the hold-up of a separate stage, for example up to 25%/h, preferably around 1 to
10%/h, is replaced by fresh mixture obtained from step (a). Whenever a lower hold-up or a
higher exchange rate is selected the material is too sticky in order to yield stable fluidization.

In one embodiment of step (¢), the height of one stage is in the range of from 30 cm to 1 m. The
hold-up in step (¢) depends on the number of stages and the volume of each stage, for example
characterized by height and diameter.

During step (b), in embodiments wherein the precursor is being selected from carbonates, car-
bonate from the precursor is being partially or completely removed as CO,.

During step (b), in embodiments wherein the precursor is being selected from hydroxides and
oxyhydroxides, hydroxide from the precursor is partially or completely being removed as H;O.
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After having performed step (b), a mixture is obtained. Such mixture has the temperature of up
to 700°C. The mixture so obtained has no or a very low hydroxide content, but it may have a
carbonate content of 5 % by weight or more.

The apparatus employed in step (b) may be made from steal, with or without protection by ce-
ramic material. In embodiments wherein step (b) is performed in a separate stage or zone of the
fluidized bed reactor in which step (c) is performed, said zone may be protected by a ceramic
material. Ceramic materials are being described below in more detail.

In step (c¢), the mixture obtained according to step (b) is calcined in a multi-stage fluidized bed
reactor at a temperature in the range of from 550°C to 950°C.

In steps (b) and (c) the temperatures are selected in a way that step (¢) is being performed at a
temperature higher than that of step (b), preferably at a temperature that is at least 50°C higher
than the temperature of step (b). In one embodiment, step (b) may be performed at a tempera-
ture in the range of from 300 to 500 °C and step (c) at a temperature in the range of from 550 to
950°C. In one embodiment, step (b) is performed at a temperature in the range of from 500 to
600°C and step (c) is performed at a temperature in the range of from 650 to 950°C. In a further
embodiment, step (b) is performed at a temperature in the range of from 600 to 650°C and step
(c) is performed at a temperature in the range of from 700 to 950°C. In a further embodiment,
step (b) is performed at a temperature in the range of from 650 to 700°C and step (c) is per-
formed at a temperature in the range of from 750 to 950°C.

A multi-stage fluidized bed reactor in the context of the present invention encompasses a reac-
tor or a combination of reactors in which in the steady state at least two, preferably at least
three, most preferably in the range of from 3 to 20 stages of a fluidized bed exist. Said stages
may also be termed as zones. The stages may be arranged horizontally or vertically, preferred
is vertically. Different stages are separated from each other through physical provisions, espe-
cially through at least one structural measure. Examples of structural measures are perforated
plates, perforated boards, and bubble trays (German: Glockenbdden).

In one embodiment of the present invention, the different stages of the multi-stage fluidized bed
reactor are connected with each other through standpipes. Solid particles can pass the physical
provisions that separate the different stages of the fluidized bed from each other, from a higher
stage to the stage below. If the level of the fluidized bed on a stage of the multi-stage fluidized
bed reactor is exceeding the height of the standpipe due to a solids feed to this level, the fluid-
ized solids may drop into the respective standpipe as long as the level of the respective stage of
fluidized bed exceeds the height of the respective standpipe and are thereby transferred to the
stage below. In order to avoid short-circuits of a stage, the point where the standpipe of the
stage above enters the separate stage of the multi-stage fluidized bed reactor and the point,
where the standpipe to stage below is located, should be on opposing sides of the separate
stage of the multi-stage fluidized bed reactor.
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In one embodiment of the present invention, the average residence time in step (c) is in the
range of from one hour to 6 hours, preferably 90 minutes to 4 hours.

In one embodiment of the present invention, the gas inlet temperature in step (¢) is ambient
temperature. In other embodiments, pre-heated gas is being employed and the gas inlet tem-
perature may be in the range of from 100 to 950°C.

Preferably, the heat in step (¢) is introduced at least partially through heating of the wall(s) or
other elements of the reactor in which step (c) is being employed.

In one embodiment of the present invention, the gas outlet temperature in step (c) is ambient
temperature. In other embodiments, the gas outlet temperature in step (¢) is in the range of from
50 to 100°C.

The gas inlet may have a superficial gas velocity in the range of from 5 to 50 cm/s, preferably
20 to 30 cm/s. Said velocity is measured in the fluidized bed and relates to the empty reactor.
The average residence time of the gas may be in the range of from less than one second to one
minute per stage.

In an preferred embodiment, the superficial gas velocity in the fluidized bed changes with every
stage due to the different temperatures of the stages in the steps (b) and (c). The volumetric
gas flow rate and the reactor diameter are then selected in a way that the superficial gas veloci-
ty is neither below the minimum fluidization velocity too low nor the above the terminal velocity
(German: Einzel-Partikel-Austragsgeschwindigkeit). Accordingly a stable fluidization may be
achieved.

When the gas leaves the multi-stage fluidized bed reactor, solids may be removed from the gas
stream based on gravity through a free-board, or for example by means of a cyclone or prefera-
bly by filter candles.

In one embodiment of the present invention the heat in step (c) is at least partially transferred by
thermal radiation, especially at temperatures of 500°C or higher. Said thermal radiation partially
occurs through heating through a heating system that may be installed in or close to the wall of
the multi-stage bed reactor or in the free space between 2 stages. Said thermal radiation may
partially occur through heat exchange among the fluidized particles. The higher the temperature
the higher the percentage of heat exchange through thermal radiation.

In one embodiment of the present invention, step (c) is being performed in a multi-stage fluid-
ized bed with in the range of from 3 to 20 stages.

In one embodiment of the present invention, the apparatus wherein step (c) is being performed
has a surface made from ceramic material. This refers preferably to the surface that comes into
contact with the mixture obtained according to step (b). A surface made from ceramic - or ce-
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ramic material — refers to surfaces but not necessarily to the whole wall. It is therefore possible
that the wall of said apparatus is from steel coated with a ceramic material. Said surface may
also include some or all of the parts that constitute the different stages.

Ceramic materials may be selected from oxides, non-oxides, and composite materials. Exam-
ples of oxides suitable as ceramic material for the present invention are alumina and zirconia.
Examples of non-oxides suitable as ceramic material for the present invention are borides, ni-
trides and carbides, especially SiC. Examples of composite materials are particulate reinforced
ceramics, fiber reinforced ceramics and combinations of at least one oxide and at least one
non-oxide. Preferred examples of composite materials are fiber-reinforced alumina and combi-
nations of alumina and SiC.

After having performed step (c¢), the material so obtained may be removed from the multi-stage
fluid bed reactor by the gas stream.

Further steps may be performed thereafter, for example cooling down the material so obtained,
and sieving.

In a special embodiment of the present invention, step (¢) of the inventive process is carried out
in the presence of a chemically inert particulate material. Such chemically inert particulate mate-
rial may be added before or during step (b) or — at the latest — after step (b) and before step (c).
It is preferred to add such chemically inert particulate material before or during (b) in embodi-
ments in which step (b) is carried out in a separate stage of the fluidized bed or in a separate
fluidized bed reactor. It is particularly preferred to add a chemically inert particulate material at
the beginning of step (b), thus, before heating to temperatures to 350 °C or higher, in embodi-
ments where step (b) is carried out in a separate stage of the fluidized bed or a separate fluid-
ized bed reactor.

Chemically inert particulate materials in the context of this special embodiment of the present
invention refers to materials that do not undergo a chemical reaction with any of the lithium salt,
the respective precursor and the respective cathode active material of the respective embodi-
ment. Preferred are ceramics such as, but not limited to alumina, yttrium oxide, zirconia, and
combinations of at least two of the foregoing, and particularly preferred are alumina, yttrium ox-
ide and zirconia. Most preferred are alumina in alpha alumina phase (corundum) and zirconia.

Such chemically inert material is particulate, that is, in the form of particles, even during step (c).
The melting point of such chemically inert particulate material is thus higher than the tempera-
ture at which step (c) is carried out. Such particles may be spheroidal. The average diameter of
such chemically inert particulate material may be the same as the average diameter of the pre-
cursor but is preferably significantly greater or significantly smaller than the average diameter of
the precursor, with average diameters significantly greater being more preferred. For example,
the inert material may have an average particle size (d50) of at least 20 ym. Particle sizes of 35
microns pm to 500 pm are possible, preferred are 45 to 150 um.
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In one embodiment of the present invention, the weight ratio of chemically inert particulate ma-
terial to the sum of precursor and lithium salt and, if applicable, cathode active material formed
during step (b), at the beginning of step (c) is in the range of from 20:1 to 1:20, preferably 10:1
to1.5:1, even more preferably 5:1 to 2:1.

In embodiments wherein a chemically inert particulate material is used it is preferred to remove
such chemically inert particulate material from the cathode active material at the end of step (c)
or preferably after step (c), for example by sieving.

Such chemically inert particulate material may allow for a more stable fluidization. Without wish-
ing to be bound to any theory, it may be assumed that addition of a chemically inert particulate
material reduces the number of contacts of potentially sticky precursor particles. Essentially, no
sintering between precursor — or cathode active material — and chemically inert particulate mate-
rial can be observed.

By the inventive process, a lithiated transition metal oxide is being formed that is excellently
suitable for electrodes for lithium ion batteries. It does not only have an excellent morphology.
Preferably, such lithiated transition metal oxide has a low iron content due to the low corrosion
and erosion stress during step (c). In one embodiment of the present invention, the iron content
of the lithiated transition metal oxide is in the range of from 1 to 75 ppm, preferably up to 50
ppm. In a preferred embodiment, the iron content of the lithiated transition metal oxide is up to
50 ppm higher than the iron content of the respective precursor.

The invention is further illustrated by working examples.

The following tubular reactor systems are used. The tubular reactors have multiple distributor
plates with standpipes.

Explanations of terms:

RS: reactor system

Nm3: norm cubic meter, thus, at ambient temperature and atmospheric pressure

Settled bed height: entire height of the settled bed as if transferred into an empty cylinder with
the same cross-section

Ratio fluidized bed height/settled bed height

Height between bed and stage: distance between upper level of respective stage of fluidized
bed and a perforated plate of the next stage

I Synthesis o f a lithium transition metal oxide with a layered structure



10

15

20

WO 2016/083185

CA 02966798 2017-05-04

PCT/EP2015/076741

11
Table 1: Parameters of tubular reactors for carrying out the examples
RS.1 RS.2 RS.3 RS.4 RS.5
cross-sectional area [m?] 0.196 0.196 0.283 0.442 0.00811
reactor total height [m] 17.0 17.0 11.8 7.5 3
ratio height/diameter per stage 1.0 1.5 0.83 0.67 29.5
settled bed height per stage [m] 0.5 0.75 0.5 0.3 0.38
expansion factor of fluidized bed 1.1 1.1 1.1 1.1 1.1
height
fluidized bed height per stage [m] 0.55 0.825 0.55 0.33 0.42
Number of stages 34 23 24 26 1
Number of stages for step (c), 1 17 11 12 13 1
Solids residence time per stage 14.1 20.9 20.0 18.5 240
[min]
Volumetric gas flow [Nm?3/h] 50 50 75 75 3.35
superficial gas flow at 25°C [cm/s] 7 7 7 5 11.5
superficial gas flow at 925°C 28 28 30 19 13.4
[cm/s]
mass flow of gas [kg/h] 58.4 58.4 87.6 87.6 96
height between bed and stage [m] 0.2 0.2 0.2 0.2 n/a
Total height of reactor system [m] 25.3 23.4 17.8 13.6 5

n/a: not applicable.

Step (a.1):

In such a reactor, a precursor of formula Nig.33C00.33Mno.33(OH)2, average particle diameter 12
Mm, is mixed with 1.12 equivalents of Li.COs, average particle diameter 5.5 um, equivalents of

Li referring to total transition metal content of said precursor.

Step (b.1): the mixture obtained in step (a.1) is pre-calcined at a temperature of 675°C.

Then, step (c.1) is begun in a fluidized bed reactor with distributor plates and standpipes made
from high density alumina and alumina shielded reactor inner walls. The gas inlet temperature is
25 °C, the maximum temperature of the gas is 925°C. The heat is reached by electrical heating
of the walls. The required heat flow to heat up the solids from 25°C to 925°C is approximately
166.7 kW. In this example, the required heat flow is only partially provided by external heat in-
troduction and the main amount of the heat is transferred by the gas to the particles (heat re-
covery). The respective step (c.1) to (c.4) is performed at 50% of the stages, the other stages
serve for heating of the particles of the precursor to the desired temperature or cooling them

down to ambient temperature.

A cathode active material of the formula Li1.06(Nio.33C00.33Mno.33)0.9402 was obtained. The iron

content was less than 75 ppm.

II.  Synthesis of a lithiated Ni-Co-Al oxide
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(a.ll) In reactor system RS.1, a mixture of LIOH, Al>(OH)s, and a precursor of formula
Nio.84C00.16(OH)2 are mixed in such way that the final nickel cobalt aluminum cathode material
has a lithium to metal ratio of 1.02, with metals in this context being nickel, cobalt, and alumi-
num. The amount of aluminum hydroxide is defined by the ratio of atoms in the final lithiated
nickel cobalt aluminum layered oxide, which is Nig.g1C00.15Alo.04.

(b.ll) The mixture obtained in step (a.ll) is pre-calcined at a temperature of 400 °C for 4 hours
followed by pre-calcination at 675 °C for 6 hours. Both pre-calcination dwells are conducted in
oxygen atmosphere.

(c.ll) The system for calcination is the same as described in (¢.1). Calcination is conducted in
oxygen atmosphere. The material temperature in the highest temperature zone is 780 °C. The
residence time of the material in the highest temperature zone is 6 hours.

A cathode active material of the formula Li1.01(Nio.s1C00.15Al0.04)0.9002 is obtained. The iron con-
tent is less than 75 ppm.

lll.  Synthesis of a lithiated spinel

(a.lll) In reactor system RS.1, Li2COs is mixed with spinel precursor of formula NipsMn4s5(OH)4 in
such way that the lithium to transition metal ratio is 1.01.

(b.1ll) The obtained mixture is pre-calcined at 375 °C for 3 hours and at 650 °C for 6 hours, both
in an atmosphere of air.

(c.lll) The calcination of the material is conducted in the same system as described in (¢.1). The
calcination is run in air. The calcination is run in such way that the material is treated at 820 °C

for 6 hours with 820 °C being the highest temperature the material reaches in the course of the

calcination.

A cathode active material of the formula Lis 01(Nio.sMn1.5)0.9902 is obtained. The iron content is
less than 75 ppm.

IV. Synthesis of a lithium transition metal oxide with a layered structure in the presence of a
chemically inert particulate material
Aluminum Oxide White from AGSCO Corporation was used as chemically inert particulate ma-
terial. The crystal form was a-alumina, the chemical nature was amphoteric, the particle density
was 3.95 g/cms3, the loose back bulk density was 1.61 — 1.87 g/cm?, the Mohs hardness was 9,
the melting point 2000°C. The particle size distribution was measured with a Horiba Particle
Size Distribution Analyzer LA-950 V2. The average particle diameter of the chemically inert par-
ticulate material was 52.3 ym.
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Steps (a.1) and (a.2) were repeated as above. Before charging the reactor system RS.5, how-
ever, an amount of the above aluminum oxide white was added to the precalcined mixture ob-
tained from step (b.1) so that the weight ratio of aluminum oxide white to precursor was 7:3. The
precalcined mixture was filled into a glass vessel cold flow fluidized bed system first, the alumi-
na then was also filled into the same vessel. Mixing was performed by fluidizing the vessel load
for one minute. Quality of the mixture was determined visually. The mixture so obtained was
then filled into reactor system RS.5. The fluidization was performed in accordance with Table 1
as a batch operation, maintaining a bed temperature of 925 °C for 2 hours.

A cathode active material of the formula Li1.06(Nio.33C00.33Mng 33)0.0402 was obtained. The iron
content was less than 75 ppm.
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Claims

1. A process for manufacturing a lithiated transition metal oxide, said process

comprising the steps of

(a) mixing at least one lithium salt and a precursor selected from the group
consisting of transition metal oxides, transition metal oxyhydroxides,

transition metal hydroxides, and transition metal carbonates,

(b) pre-calcining the mixture obtained in step (a) at a temperature in the range
of from 300 to 700°C, and

(c) calcining the pre-calcined mixture according to step (b) in a multi-stage
fluidized bed reactor at a temperature in the range of from 550°C to 950°C,

wherein the temperatures in step (b) and (c) are selected in a way that step (c) is
being performed at a temperature higher than that of step (b).

2. The process according to claim 1, wherein step (b) is being performed in a rotary
kiln, rotary hearth kiln, pendulum kiln, roller hearth kiln, tunnel kiln, packed bed
reactor, fluidized bed reactor, or in a separate stage of a fluidized bed.

3. The process according to claim 1 or 2, wherein step (b) is being performed in a
separate stage of a fluidized bed wherein said separate stage has the same as
or a larger hold-up than the other stages.

4. The process according to any one of claims 1 to 3, wherein the precursor has an
average particle diameter (D50) in the range of from 3 to 20 um.

5. The process according to any one of claims 1 to 4, wherein said precursor
contains the cations of at least two transition metals selected from the group
consisting of nickel, cobalt, and manganese.

6. The process according to any one of claims 1 to 5, wherein the heat in step (c) is

at least partially transferred by thermal radiation.

7. The process according to any one of claims 1 to 6, wherein step (c) is being

performed in a multi-stage fluidized bed within the range of from 3 to 20 stages.

Date Regue/Date Received 2022-01-04
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The process according to any one of claims 1 to 7, wherein different stages of
the reactor wherein step (c) is performed are separated from each other through
physical provisions.

The process according to any one of claims 1 to 8, where the different stages of
the reactor wherein step (c) is performed are connected with each other through

standpipes.

The process according to any one of claims 1 to 9, wherein the apparatus

wherein step (c) is being performed has a surface made from ceramic material.

The process according to any one of claims 1 to 10, wherein the lithiated
transition metal oxide is selected from the group consisting of lithiated spinels,
layered oxides, and lithium nickel-cobalt-aluminum oxides.

The process according to any one of claims 1 to 11, wherein the iron content of
the lithiated transition metal oxide is in the range of from 1 to 75 ppm.

The process according to any one of claims 1 to 12, wherein lithium salts are
selected from the group consisting of lithium hydroxide, lithium oxide, and lithium
carbonate.

The process according to any one of claims 1 to 13, wherein the precursor is
selected from the group consisting of mixed transition metal oxides, mixed
transition metal oxyhydroxides, mixed transition metal hydroxides, and mixed

transition metal carbonates of at least two transition metals.

The process according to any one of claims 1 to 14, wherein step (c) is carried

out in the presence of a chemically inert particulate material.

Date Regue/Date Received 2022-01-04
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