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Mixed metal hydroxides and their preparation and use

Abstract

Pulverulent mixed metal hydroxide comprising the metals nickel, cobalt and
aluminium, wherein the powder particles have a core of nickel/cobalt hydroxide, the
surface of which is coated with amorphous aluminium hydroxide. A process for the
continuous preparation of such mixed metal hydroxides by precipitation of
aluminium hydroxide in the presence of a nickel/cobalt mixed hydroxide in a tube
reactor. Use of the mixed metal hydroxides for the preparation of active matenals

for positive electrodes of a secondary battery.



10

15

20

25

30

CA 02518850 2005-09-12

STA 250 /Ps/Kr/2004-09-10 FOREIGN
-1-

Mixed metal hvdroxides and their preparation and use

The 1invention relates to a pulverulent mixed metal hydroxide based on the metals
nickel, cobalt and aluminium, wherein the powder particles have a core of
nickel/cobalt hydroxide, on the surface of which amorphous aluminium hydroxide 1s
deposited. The invention furthermore relates to a process for the continuous
preparation of such mixed metal hydroxides by precipitation of aluminium
hydroxide in the presence of a nickel/cobalt mixed hydroxide in a tube reactor, and

to the use of the mixed metal hydroxides for the preparation of active materials for

positive electrodes of a secondary battery.

Due to the ever more progressive miniaturization of portable electronic equipment,
the demand for ever smaller and lighter secondary batteries which serve as an energy

source for such equipment has risen at breakneck speed in recent years.

It has been found that high energy densities can be achieved in particular with
lithrum secondary batteries. This type of secondary battery is distinguished by a
positive electrode, the active material of which can reversibly embed and release
lithium 1ons. The embedding of lithium ions takes place in certain layers of the
crystal lattice of the active matenal and proceeds all the more efficiently the fewer

defects there are in the layer structure of the crystal lattice.

LiCoO; in particular is employed successfully as the active material. LiCoQ, is
distinguished by a very stable crystal structure, and secondary batteries in which the
L1CoO; achieves a discharge capacity of about 150 mAh/g at an average potential of
3.7 V can be produced therefrom. On the basis of the high costs for cobalt,
alternative active materials which, where possible, also render possible even better
discharge capacities are being intensively sought. LiNiO, has acquired great interest
in this respect, since it has been found that when LiNiO, is employed, discharge
capacities of more than 200 mAh/g can be achieved. However, LiNiO, is
significantly more susceptible to the development of defects in the crystal structure
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than L1Co0Q;,, so that a sufficiently high cycle stability does not result when LiN1O,

1s employed.

It has therefore been proposed to employ as the active material LiN1O, which
contains further metals 1n addition to nickel. In particular, doping with cobalt and
aluminium has proved advantageous. Thus, doping with cobalt and aluminium
increases the heat stability. However, aluminium does not contribute towards the
discharge capacity and should therefore be added in such a small amount that
although the desired increase in stability 1s achieved, an unnecessary increase in

weight 1s avoided. In this context, it is decisive that the aluminium is

homogeneously distributed in the active material.

In the preparation of the active materials, as a rule a lithium compound is mixed
with hydroxides of the desired metal components and the mixture is calcined. The
homogeneity of the distribution of the metal components in the crystal lattice of the
active material depends considerably on how successfully a homogeneous
distribution of the constituents i1s to be already achieved in the mixture to be
calctmed. It has been found that conventional mixing and grinding of the lithium
compound, nickel component, cobalt component and aluminium component is not

suttable for reliably mixing large amounts homogeneously.

Attempts have therefore already been made to employ mixed metal hydroxides in
which the metals are already homogeneously distributed, instead of the simple
hydroxides of the desired metal components. Thus, mixed nickel/cobalt hydroxides
in which the metals are homogeneously distributed in a solid solution are obtained
by co-precipitation. On the other hand, the co-precipitation of mixed metal
hydroxides which comprise nickel and aluminium presents difficulties, since as the
amount of aluminium added increases, the filterability of the co-precipitate formed

decreases, and the removal of the anions of the metal salts employed during the co-

precipitation also becomes problematic.
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JP 11-016752 therefore proposes starting from nickel hydroxide or a nickel/cobalt
hydroxide and depositing aluminium hydroxide thereon. For this, an alkali metal
aluminate 1s first dissolved 1n a suspension containing the optionally cobalt-
containing nickel hydroxide. The then strongly alkaline suspension is neutralized by
dropwise addition of an acid, as a result of which alumimium hydroxide 1s formed,
which precipitates out, with mixing and adsorption on the surface of the nickel
hydroxide. The suspension 1is stirred intensively during this procedure. After
conclusion of the addition of an acid, the mixture is stirred for about a further 30
minutes and the precipitate is then filtered off and dried. The precipitate obtained in
this way 1s redispersed in water, washed and finally dried again. Due to the long
dwell time 1n the precipitation reactor, the high concentration of solid in the
suspension and the intensive stirring required, the particles are exposed to severe
friction, so that there 1s the danger that aluminium hydroxide particles which have
already been adsorbed are partly abraded away from the surface of the nickel
hydroxide. The long dwell time in the precipitation reactor and the very slow
change in pH by dropwise addition of an acid furthermore cause aluminium
hydroxide particles of different crystal structure or morphology to form. The
saturation concentration for the aluminium compound is reached and exceeded very

slowly, so that comparatively large aluminium hydroxide particles of high

crystallimity form. This has the consequence that the aluminium can diffuse poorly
into the core of the mixed metal hydroxide particles during the subsequent thermal

reaction of mixed metal hydroxide and lithium compound. There is the danger of
the formation of undesirable lithium aluminate phases, such as LisAlO4 and LiAlO»,

and a uniformly homogeneous distribution of aluminium in the material formed is

not ensured.

JP 2001-106534 Al also discloses mixed metal hydroxides which are employed as a
starting material for the preparation of active material for the positive electrode of a
secondary battery. Co-precipitated nickel/cobalt hydroxide is again used as the
starting material, and is coated with aluminium hydroxide. Coating is carried out in

a reaction tower by addition of an aluminium nitrate solution. The pH is adjusted to
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weakly basic, so that the aluminium nitrate 1s converted into aluminium hydroxide,
which is deposited on the surface of the nickel/cobalt hydroxide. Coating is again
carried out with stirming, so that in this procedure also the coated particles are
exposed to severe mechanical stress and there 1s the daﬁger of detachment of the
aluminium hydroxide from the surface of the nickel/cobalt hydroxide. The reaction
conditions 1n a stirred reaction tower In turn cause a long dwell time and the
formation of aluminium hydroxide particles of high crystallimity. In the material
obtained in this way, the aluminium thus also can diffuse poorly into the core of the
mixed metal hydroxide particles during the subsequent thermal reaction of mixed

metal hydroxide and lithhum compound, so that a homogeneous distribution of the

aluminium 1n the matenal formed i1s not ensured.

The present invention provides mixed metal hydroxides comprising nickel,
cobalt and aluminium which are suitable for the preparation of active
materials for positive electrodes of secondary batteries, the metals being
homogeneously distributed 1n the active material. The present invention also

provides an economical process for the preparation of such mixed metal

hydroxides.

This 1s achieved by mixed metal hydroxides, the particles of which have a

core of nickel/cobalt hydroxide and a coating of amorphous aluminium hydroxide.

The present mvention therefore provides a mixed metal hydroxide comprising the
metals nickel, cobalt and aluminium, wherein the mixed metal hydroxide is in
pulverulent form and the powder particles have a core of nickel/cobalt hydroxide,

the surface of which is coated with amorphous aluminium hydroxide.

Due to the amorphous structure of the aluminium hydroxide, the aluminium can
diffuse easily into the core of the mixed metal hydroxide particles during the thermal

reaction of a mixture of mixed metal hydroxide according to the invention and a
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lithium compound. The aluminium 1s therefore distributed very homogeneously in

the active material formed for the positive electrode of a secondary battery.

In addition to nickel, cobalt and aluminium, the mixed metal hydroxides according

to the invention can comprise further metals. Thus, doping with one or more of the

metals titanium, vanadium, chromium, manganese, iron, yttrium, zirconium and

molybdenum 1s possible.

However, 1in addition to unavoidable impurities, the mixed metal hydroxides
according to the invention preferably contain exclusively the metals nickel, cobalt
and aluminium. The mixed metal hydroxides particularly preferably contain 50 to
93 mol% Ni, 5 to 30 mol% Co and 2 to 20 mol% Al, 1n each case based on the total
amount of N1, Co and Al, the sum of the contents of N1, Co and Al being 100 mol%.
In particular, the mixed metal hydroxides preferably contain 70 to 90 mol% Ni, 8 to
20 mol% Co and 2 to 10 mol% Al, in each case based on the total amount of Ni, Co
and Al, the sum of the contents of N1, Co and Al being 100 mol%. 80 mol% Ni, 15
mol% Co and 5 mol% Al and 82 mol% Ni, 15 mol% Co and 3 mol% Al may be

mentioned as very particularly preferred compositions.

According to the invention, the particles of the mixed metal hydroxide have a core

of nickel/cobalt hydroxide and a coating of amorphous aluminium hydroxide. In the
context of this invention, a coating of amorphous aluminium hydroxide is present if
the mixed metal hydroxide has no signals of a crystalline aluminium hydroxide
phase 1n an x-ray diffraction analysis, the x-ray diffraction analysis being carried out

with a Phillips X'pert MPD diffractometer having the following measurement

parameters:

Voltage: S0 kV
Current: 40 mA
Anode: copper

Soller: 0.04 rad
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Divergence diaphragm: 1°
Scattered ray diaphragm: 1°
Receiving slit: 0.2 mm
Step size: 0.02 ° = 2theta
Measurement time per step: 0.5s

The mixed metal hydroxide according to the invention is distinguished in particular
in that in an x-ray diffraction analysis carried out under the conditions described
above, no signals are detected at 2theta 27 - 28 ° and 40 - 41 °. These signals

correspond to crystalline aluminium hydroxide of the very common bayerite phase.

Fig. 1 shows by way of example an x-ray diffraction spectrum of a mixed metal
hydroxide according to the invention which was prepared according to Example 1.
The x-ray diffraction analysis was carried out under the conditions described above.
It can be clearly seen that only signals which correspond to the crystal structure of
phase-pure N1(OH), are obtained. Signals which could be assigned to a crystalline
phase of Al(OH); are absent. The coating 1s accordingly amorphous aluminium

hydroxide.

As a rule, the mixed metal hydroxides according to the invention have a closed
coating of alumimium hydroxide. However, it is not ruled out that some of the
particles of the mixed metal hydroxide have a coating which does not cover the
entire surface of the core material. Preferably, however, in the mixed metal
hydroxide according to the invention at least 90 % of the particles have a surface
coating with amorphous aluminium hydroxide which covers at least 90 % of the
surface of the core of nickel/cobalt hydroxide. Particularly preferably, in the mixed
metal hydroxide according to the invention at least 95 % of the particles have a

surface coating with amorphous aluminium hydroxide which covers at least 95 % of

the surface of the core of nickel/cobalt hydroxide.
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Fig. 2 shows by way of example an image, recorded with a scanning electron
microscope (SEM) (1,500-fold magnification), of a mixed metal hydroxide
according to the imvention which was prepared according to Example 1. The

particles shown have a closed and dense coating with amorphous AI(OH)s.

Preferably, the mixed metal hydroxides according to the invention have a specific

surface area (BET surface area) of from 3 to 30 m?/g, particularly preferably from 5

to 20 m*/g.

The average particle size D50, determined 1in accordance with ASTM B 822 on the

MasterSizer Sy measuring instrument from Malvern, is preferably 1 to 30 um,

particularly preferably 5 to 20 um.

The tap density of the mixed metal hydroxides according to the invention is
preferably > 1.5 g/cm’, particularly preferably > 1.8 g/em’® and very particularly
preferably > 2.0 g/cm”.

The mvention furthermore relates to an effective process for the preparation of the

mixed metal hydroxides according to the invention.

The present invention therefore also provides a process for the preparation of the
mixed metal hydroxides according to the invention by precipitation of aluminium

hydroxide 1n the present of cobalt-containing nickel hydroxide, wherein

a) an aqueous suspension of the cobalt-containing nickel hydroxide and an

aqueous solution of an alkali metal aluminate are fed continuously to a tube

reactor, and

b) the mixture of the suspension and solution is neutralized on flowing through

the tube reactor, as a result of which the alkali metal aluminate is converted into

alumimium hydroxide.



10

15

20

25

30

CA 02518850 2005-09-12

STA 250

The process according to the invention allows the reliable deposition of amorphous
Al(OH); on to the surface of the nickel/cobalt hydroxide particles. Moreover, this
process 1s distinguished by a continuous process procedure, and in that the particles
are exposed to only mild mechanical stress in a tube reactor, so that aluminium

hydroxide which has been deposited is not abraded away from the surface of the

nickel/cobalt hydroxide.

The cobalt-containing nickel hydroxide which is employed is preferably one which
1s prepared by means of known co-precipitation processes. For example, a nickel
compound and a cobalt compound, for example nickel sulfate and cobalt sulfate, can
be dissolved in water and the desired mixed hydroxide can then be co-precipitated
by addition of a base, preferably by addition of a mixture of ammonia and sodium
hydroxide. The co-precipitated cobalt-containing nickel hydroxide can be worked
up in a known manner, for example by filtration, washing and drying. The cobalt-
contaming nickel hydroxide can then be suspended in water and reacted further.
Preterably, however, in the process according to the invention co-precipitated
cobalt-contaming nickel hydroxide which is transferred into an agglomeration tank
after the co-precipitation, without further isolation, is used as the starting material,
and 1s fed from this tank into the tube reactor. In this procedure, the co-precipitated
cobalt-containing nickel hydroxide always remains in the aqueous medium, so that

separate suspending i1s unnecessary.

The amounts ratio of nickel to cobalt in the cobalt-containing nickel hydroxide can
be adjusted within wide limits and depends on the composition of the desired
aluminium-containing mixed metal hydroxide. Cobalt-containing nickel hydroxide

of the formula Ni,Co;(OH),, wherein x represents 0.60 to 0.95, is accordingly
preferably employed.

Preferably, the aqueous suspension of the cobalt-containing nickel hydroxide

contains the cobalt-containing nickel hydroxide in an amount of from 0.1 to
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1.8 mol/l, particularly preferably in an amount of from 0.2 to 1.0 mol/l. This
comparatively low solids content in the suspension ensures that impact and friction
between the particles and therefore the mechanical stress, which can lead to abrading

of aluminmium hydroxide particles deposited on the surface of the solid particles, are

minimized.

The aqueous solution of the alkali metal aluminate preferably contains the alkali
metal aluminate 1n a concentration of 1 to 10 mol/l, particularly preferably in a
concentration of 2 to 8 mol/l. Any desired alkali metal aluminate, for example

potassium aluminate or sodium aluminate, or also a mixture of various alkali metal

aluminates can be employed. Preferably, however, sodium aluminate is employed.

The amounts of aqueous suspension of the cobalt-containing nickel hydroxide and
solution of the alkali metal aluminate employed are chosen such that the desired

stoichiometry 1s established in the mixed metal hydroxide.

The aqueous suspension of the cobalt-containing nickel hydroxide and the aqueous

solution of the alkali metal aluminate are fed continuously to a tube reactor.

A procedure 1s followed here in which the suspension of the cobalt-containing nickel
hydroxide 1s fed into the tube reactor via a first intake and the aqueous solution of
the alkali metal aluminate 1s added via a second intake arranged in the direction of

flow downstream of the first intake.

However, 1t 1s also possible for the aqueous solution of the alkali metal aluminate to
be fed mto the tube reactor via a first intake and for the addition of the suspension of
the cobalt-containing nickel hydroxide to be carried out via a second intake arranged
in the direction of flow downstream of the first intake. It is furthermore possible for
the aqueous solution of the alkali metal aluminate and the suspension of the cobalt-
contaiming nickel hydroxide to be fed together into the tube reactor, the solution and

suspension being mixed either before or during the feeding in.
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In order to achieve a deposition of aluminium hydroxide on the particles of the
cobalt-containing nickel hydroxide which is as homogeneous as possible, it is
important for the aqueous solution of the alkali metal aluminate and the suspension
of the cobalt-containing nickel hydroxide to be mixed homogeneously before the
neutralization and therefore before the start of the precipitation reaction. Preferably,
baffles which ensure intimate mixing of the solution and suspension are therefore
provided in the tube reactor after the aqueous solution of the alkali metal aluminate
and the suspension of the cobalt-containing nickel hydroxide have been passed in,
and still before or shortly after the neutralization. These can be, for example, simple
static baffle plates or tapers in the tube reactor. In contrast to the known mixing of

the components by means of stirrers i a stirred reactor, the mechanical stress on the

particles due to these measures is only low.

After the aqueous suspension of the cobalt-containing nickel hydroxide and the
aqueous solution of the alkali metal aluminate have been passed into the tube
reactor, the mixture formed 1s strongly alkaline and as a rule has a pH at room
temperature of about 12 to 14. In order to convert the dissolved aluminate into
aluminium hydroxide, which is then precipitated out of the aqueous environment

and deposited on the surface of the cobalt-containing nickel hydroxide, it is

necessary to neutralize the mixture.

The mixture of the suspension of the cobalt-containing nickel hydroxide and the
solution of the alkali metal aluminate is neutralized by addition of an acid, sulfuric

acid preferably being employed. 20 wt.% strength sulfuric acid is particularly
preferably employed.

Preterably, the acid 1s passed continuously into the tube reactor via an intake which
s at a point 1n the tube reactor where the suspension of the cobalt-containing nickel

hydroxide and the solution of the alkali metal aluminate are already mixed

completely.
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The intake of the acid 1s accordingly preferably arranged in the direction of flow

downstream of the imntake for the cobalt-containing nickel hydroxide and the intake

for the solution of the alkali metal aluminate.

The acid 1s preferably passed into the reactor in an amount such that, after the acid
has been fed into the tube reactor, the reaction mixture has a pH at the reaction
temperature of from 7 fo 8.5, particularly preferably in an amount such that a pH at
the reaction temperature of from 7 to 7.5 i1s established. A high degree of
supersaturation of the alumimum hydroxide formed 1s achieved at this pH, so that

the individual aluminium hydroxide particles precipitate out before highly ordered

crystalline phases have formed.

The short dwell time in the tube reactor due to the process, of as a rule less than 5
minutes, contributes towards the aluminium hydroxide being in the form of tiny
amorphous particles, so that the desired coating of the cobalt-containing nickel
hydroxide particles with amorphous aluminium hydroxide results. Preferably, the
dwell time of the precipitation mixture in the tube reactor after addition of the acid is

10 to 180 seconds, particularly preferably 30 to 60 seconds.

A decisive advantage of the coating in a tube reactor compared with the
conventional process procedure in a stirred reactor furthermore is that a plug flow
develops 1n the tube reactor and an approximately identical dwell time in the
reaction space thus results for the individual particles. The cobalt-containing nickel

hydroxide particles are therefore coated very uniformly with approximately an
identical amount of aluminium hydroxide, which promote homogeneous distribution

of the aluminium in the mixed metal hydroxide and in the active material prepared

therefrom for positive electrodes of secondary batteries.

The temperature at which the process according to the invention is carried out can be

varied within wide limits. However, the formation of undesirable crystalline
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aluminium hydroxide phases 1s promoted with increasing temperature. Very high
temperatures are therefore a disadvantage. Preferably, therefore, the process 1s

carried out at a temperature of from 10 to 60 °C, particularly preferably at a
temperature of from 20 to 50 °C.

The mixed metal hydroxide obtained can be separated off from the aqueous
environment and worked up via known process steps. As a rule, the suspension
leaving the tube reactor is first filtered and washed. The filtration can be carried out,
for example, via a suction filter, but also via continuously operating filtration
apparatuses, for example a belt filter. The mixed metal hydroxide separated off in

this way 1s then as a rule washed with distilied water once or several times.

As a rule, a drying step follows. It has proved advantageous here to employ drying
methods 1n which the matenal to be dned i1s exposed to only a very short heat
treatment. Examples which may be mentioned are spray drying, drying in a hot air

stream dryer and drying in a spin-flash dryer.

The mixed metal hydroxides according to the invention are outstandingly suitable
for the preparation of active matenals for positive electrodes for secondary batteries,
since active maternials which are distinguished by a very homogeneous distribution

of the metal components can be obtained.

The present invention therefore also provides the use of a mixed metal hydroxide
according to the invention for the preparation of a starting composition for an active
material for positive electrodes of a secondary battery, wherein a lithium compound

1s added to and mixed with the mixed metal hydroxide.

A suitable Iithium compound 1s, for example, lithium nitrate, lithium hydroxide,
lithtum carbonate or mixtures thereof. Lithium hydroxide is preferably employed as

the lithium compound.
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The amount of lithium compound depends on the stoichiometry of the desired active
material. As a rule, the lithium compound I1s employed in an amount such that the
molar ratio of lithium to the sum of the remaining metals, 1.e. as a rule to the sum of
nickel, cobalt and aluminium, is 0.9 to 1.1. Preferably, the lithium compound Is
employed in an amount such that the molar ratio of lithium to the sum of the
remaining metals, i.e. as a rule to the sum of nickel, cobalt and aluminum, is 0.95

to 1.05.

The present invention also provides the use of a mixed metal hydroxide according to
the Invention for the preparation of an active material for positive electrodes of a
secondary battery, wherein a lithium compound iIs added to and mixed with the mixed
metal hydroxide as described above and the starting composition obtained in this way

IS calcined In an oxygen-containing atmosphere at a temperature of from 450 to

900 °C. The calcining Is preferably carried out at a temperature of from 600

to 800 °C. The calcining time substantially depends on the calcining temperature

chosen and Is as a rule 5 to 50 hours.

The active material obtained in this way for positive electrodes of a secondary battery
can be further processed to corresponding positive electrodes in a known manner.
For example, the active material is mixed with acetylene black as a conductive
additive and PTFE (polytetrafluoroethylene) as a binder in the desired ratio of

amounts. The mixture formed is compression-moulded under a defined pressure to

form an electrode film, and Is then dried at, for exampie, 200 °C for about 24 hours.

Specific aspects of the invention include:

mixed metal hydroxide comprising 50 to 93 mol% nickel, 5 to 30 mol% cobalt and

2 to 20 mol% aluminium in each case based on the total amount of Ni, Co and Al
wherein the mixed metal hydroxide is in pulverulent form, and the powder particles
have a core of nickel/cobalt hydroxide, the surface of which is coated with amorphous
aluminium hydroxide, and the tap strength of the powder particles is more

than 1.8 g/cm®:
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a process for an active material for preparation of positive electrodes of a secondary
battery comprising: mixing the mixed metal hydroxide as described herein with a
lithium compound in an amount such that the molar ratio of lithium to the sum of

nickel, cobalt and aluminum is 0.9 to 1.1, and calcining the mixed product in an

5 oxygen-containing atmosphere at a temperature of from 450 to 900 °C; and

a secondary battery comprising the active material produced by the process as

described herein.

The following examples serve to explain the invention in more detail, where the
examples are intended to facilitate understanding of the principle according to the

10 invention and are not to be understood as meaning a limitation thereof.



10

15

20

25

30

CA 02518850 2005-09-12

STA 250

_14 -

Examples

Unless stated otherwise, the percentage data are per cent by weight (wt.%).

Example 1

A suspension of a freshly precipitated nickel/cobalt hydroxide having a D50 value of
14.8 ym and a molar Ni/Co ratio of 5.3 was transferred continuously from the
precipitation reactor into a reservoir container. The concentration of nickel/cobalt
hydroxide in the suspension was 120 g/l. The suspension furthermore contained
sodium sulfate mn a concentration of 180 g/l, ammonia in a concentration of about
11 g/l and the excess sodium hydroxide solution employed in the precipitation of the
nickel/cobalt hydroxide. At the existing temperature of the suspension of 37 °C, the

pH of the suspension was about 12.5.

The suspension was transferred from the storage container via an overflow into a
tube reactor which was connected directly to the overflow and has a diameter of
2.54 cm (1 1inch). The volume flow of the suspension was 550 I/h. The tube reactor
has three feed connectors located in succession in the direction of flow of the
suspension, feed connectors 1, 2 and 3 being located in this sequence in the direction
of flow of the suspension at an ever further distance from the intake point of the
suspension. 1,100 I/h of completely deionized water (CD water) was added via feed
connector 1 downstream of the suspension intake for dilution of the suspension.
5 I/h of a sodium aluminate solution were introduced into the tube reactor via the
feed connector 2 following feed connector 1, the aluminium concentration in the
sodium aluminate solution being 210 g/l. After the addition of sodium aluminate,
the suspension passed through a first static mixer in the tube reactor for the purpose
of homogemzation. The amount of 20 % strength sulfuric acid necessary for
precipitation of AI(OH); was fed into the tube reactor via the feed connector 3
arranged in the direction of flow of the suspension downstream of the static mixer.

The addition of sulfuric acid was metered such that a pH of 7.0 - 8.0 was established
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in the tube reactor. After the addition of sulfuric acid, the suspension again passed
through a static mixer in order to intensify the exchange of matter between the
individual constituents of the suspension and to be able to achieve a homogeneous
coating of the nickel/cobalt hydroxide with aluminium hydroxide. The dwell time of
the suspension in the tube reactor after addition of the sulfuric acid was a further
30 seconds. The suspension was then led on to a belt dryer, on which washing of

the coated co-precipitate with CD water took place. After the washing, the material

was dried in a spin-flash dryer.

The N1Co(OH); coated with amorphous aluminium hydroxide in this manner had a
molar Al content of 5 mol%, based on the total amount of Ni, Co and Al metal. A
comparison of the scanning electron microscopy photographs (SEM photographs) of
non-coated and coated material demonstrates that the NiCo(OH), was coated
homogeneously. Fig. 2 shows the mixed metal hydroxide obtained (1,500-fold

magnification). The particles showed a closed and dense coating with amorphous

A1(OH);.

The D50 value of the mixed metal hydroxide obtained corresponded to that of the
base matenal and was 14.7 um. This shows that abrading of aluminium hydroxide
did not occur during the coating. Had such an undesirable abrading occurred to a
noticeable extent, the abraded aluminium hydroxide would be present in the form of
very fine particles alongside the mixed metal hydroxide. The presence of a fraction
of very fine particles would have led to a clear decrease in the D50 value. The tap

density of the mixed metal hydroxide obtained was 2.1 g/cm’.

The mixed metal hydroxide obtained was analysed by means of x-ray diffraction

analysis (XRDA), a Phillips X'pert-MPB diffractometer having the following

measurement parameters being used:

Voltage: S0kV
Current: 40 mA
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Anode: copper
Soller: 0.04 rad
Divergence diaphragm: 1°
Scattered ray diaphragm: 1°
Receiving slit: 0.2 mm
Step size: 0.02 ° = 2theta
Measurement time per step: 0.5s

Fig. 1 shows the corresponding x-ray diffraction spectrum. Only signals which
correspond to the crystal structure of phase-pure Ni(OH), were to be detected.
Signals which could be assigned to a crystalline phase of the AI(OH); are absent.

The coating 1s accordingly amorphous aluminium hydroxide.
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CLAIMS:
1. Mixed metal hydroxide comprising 50 to 93 mol% nickel, 5 to 30 mol%

cobalt and 2 to 20 mol% aluminium, in each case based on the total amount of Ni, Co
and Al, wherein the mixed metal hydroxide iIs in pulverulent form, and the powder
particles have a core of nickel/cobalt hydroxide, the surface of which is coated with
amorphous aluminium hydroxide, and the tap strength of the powder particles is more

than 1.8 g/cm”.

2. The mixed metal hydroxide of claim 1, wherein the tap strength of the

powder particles is more than 2.0 g/cm®.

3. Process for the preparation of mixed metal hydroxides according to
claim 1 or 2 by precipitation of aluminium hydroxide in the presence of cobalt-

containing nickel hydroxide, wherein

a) an aqueous suspension of the cobalt-containing nickel hydroxide and
an aqueous solution of an alkali metal aluminate are fed continuously to a tube

reactor, and

b) the mixture of the suspension and solution is neutralized on flowing
through the tube reactor, as a result of which the alkali metal aluminate is converted

Into aluminium hydroxide.

4. Process according to claim 3, wherein the agueous suspension of the
cobalt-containing nickel hydroxide contains the cobalt-containing nickel hydroxide in

an amount of 0.1 to 1.8 mol/l.

5. Process according to claim 3 or 4, wherein the aqueous solution of the

alkali metal aluminate contains the alkali metal aluminate in a concentration of 1
to 10 mol/l.

0. Process according to any one of claims 3 to 5, wherein sodium

aluminate is employed as the alkali metal aluminate.
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/. Process according to any one of claims 3 to 6, wherein the suspension
of the cobalt-containing nickel hydroxide is fed into the tube reactor via a first intake

and the addition of the aqueous solution of the alkali metal aluminate takes place via

a second Intake arranged in the direction of flow downstream of the first intake.

5 8. Process according to any one of claims 3 to 7, wherein the
neutralization of the mixture of the suspension of the cobalt-containing nickel
hydroxide and the solution of the alkali metal aluminate is carried out by addition of
an acid into the tube reactor via an intake which is at a point of the tube reactor at

which the suspension of the cobalt-containing nickel hydroxide and the solution of the

10 alkali metal aluminate are already mixed completely.

9. Process according to claim 8, wherein the acid is passed into the
reactor in an amount such that after the acid has been fed into the tube reactor, the

reaction mixture has a pH at the reaction temperature of from 7 to 8.5.

10. A process for an active material for preparation of positive electrodes of

15 a secondary battery comprising:

mixing the mixed metal hydroxide according to one of claims 1 or 2 with
a lithium compound in an amount such that the molar ratio of lithium to the sum of

nickel, cobalt and aluminum is 0.9 to 1.1, and

calcining the mixed product in an oxygen-containing atmosphere at a
20 temperature of from 450 to 900 °C.

11. A secondary battery comprising the active material produced by the

process according to claim 10.
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