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NORGANIC COMPOUNDS 

0001. The present invention relates to a chemical com 
pound of the formula NiM1M2(O),(OH), a process for 
the preparation thereof and the use thereofas a precursor for 
the preparation of cathode material for lithium secondary 
batteries. 
0002 Portable and cordless electrical equipment is widely 
used. Due to the ever more progressive miniaturization of this 
portable electronic equipment, the demand for ever Smaller 
and more lightweight secondary batteries of high energy den 
sity, which serve as the energy source for Such equipment, has 
risen at lightning speed in recent years. Lithium secondary 
batteries with non-aqueous electrolyte liquids have the 
desired properties. 
0003. This type of secondary batteries is distinguished by 
a positive electrode, the active material of which can revers 
ibly embed and release lithium ions. 
0004 Composite oxides which in each case comprise 
lithium and at least one transition metal are known as Suitable 
active substances for the positive electrodes of such second 
ary batteries. Examples are LiCoO, LiNiO or also LiNio. 
sCo. O. However, these material have various disadvan 
tages. LiCoO, which is currently still used most frequently in 
lithium secondary batteries, has the disadvantage of a very 
high price of cobalt. Nickel is indeed less expensive than 
cobalt, but the high nickel-containing active masses have the 
disadvantage that when they are employed in secondary bat 
teries they have the effect of an inadequate heat stability of the 
battery. 
0005 Among the materials mentioned, there was still no 
active substance for lithium secondary batteries for which the 
charging/discharging capacity, the resistance in the course of 
the electrochemical cycles, the thermal reliability and the cost 
aspect were simultaneously satisfactory. 
0006 JP 10-27611 proposes employing an at least bime 

tallic mixed hydroxide as a precursor for the synthesis of the 
lithium mixed metal oxide to improve the electrochemical 
properties. In addition to the elements nickel and cobalt, the 
elements aluminium and manganese, interalia, are also men 
tioned in this context as a third metallic component for co 
precipitation of the mixed metal hydroxide. It is recom 
mended that the amount of doping elements (metallic 
components with the exception of nickel) is 10-30 mol% of 
the total amount of metal. At an amount of these metallic 
doping components of less than 10 mol %, a battery with this 
active mass has an inadequate cycle stability, while at an 
amount of greater than 30 mol %, the spherical particle shape 
is difficult to maintain in the precursor. 
0007 US 2002/0053663 A1 and US 2003/0059490 A1 
propose composite oxides which comprise lithium, nickel, 
cobalt and manganese. In this context, co-precipitated mixed 
hydroxides of nickel, cobalt and manganese form the starting 
substance for the later mixed oxides. Both the electrochemi 
cal charging/discharging properties of the secondary battery 
and the high temperature stability are said to be improved by 
the doping elements cobalt and manganese in the lithium 
mixed metal oxide. In order to achieve these aims, higher 
concentrations of cobalt and manganese are required com 
pared with the compounds mentioned in JP 10-27611. The 
upper limitmentioned for cobalt and manganese in US 2002/ 
0053663 A1 is in each case 33 mol %, based on the total 
amount of the metallic transition elements. 
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0008. According to US 2002/0053663 A1, to date it has 
been very difficult to prepare a suitable precursor for the 
mixed metal oxides. In particular, co-precipitation of a mixed 
metal hydroxide comprising the elements nickel, cobalt and 
manganese which would meet requirements in respect of the 
tap density of the powder has not been Successful. In the case 
of the mixed metal oxides, it is very important that they are 
distinguished by a high tap density, because the high tap 
density leads to an increase in the Volumetric energy density 
of the battery. In this context, the tap density of the co 
precipitated mixed metal hydroxide has a direct influence on 
the later tap density of the lithium mixed metal oxide. In US 
2002/0053663 A1, mixed hydroxides comprising nickel, 
cobalt and manganese and having a high tap density of 1.5 
g/cm or higher are successfully synthesized either by the 
precipitation process of the mixed hydroxides taking place in 
an inert gas atmosphere or by a reducing agent being present 
in the product Suspension. It is assumed that by vigorous 
stirring during the precipitation reaction, a partial oxidation 
of the elements Co(II) and manganese(II) takes place by 
inclusion of air, which leads to a reduction in the tap density 
for the co-precipitated mixed hydroxide. In US 2002/ 
0053663 A1, a high stirring speed is recommended, which 
leads to an abrasion mechanism between the particles. The 
interaction between abrasion and particle growth is said to be 
a guarantee for production of spherical particles. It is there 
fore obvious that the desired abrasion leads to a limitation of 
the average particle sizes of the secondary particles. 
0009 US 2003/0054251A1 describes an optimized pro 
cess route for the synthesis of nickel- and manganese-con 
taining mixed oxides as an active mass for lithium secondary 
batteries. The main aim of this invention is to heat-treat the 
co-precipitated mixed hydroxides (e.g. comprising Ni, Co. 
Mn) at 300-500° C. before the actual oven process. i.e. before 
the conversion into the lithium mixed metal oxide, in order to 
obtain the so-called dry precursor. A lithium component is 
then added to this dry precursor and the mixture is converted 
into the mixed metal oxide by calcining. If the dried precursor 
described is employed instead of a non-dried mixed hydrox 
ide, according to US 2003/0054251 A1 an end product is 
obtained which is distinguished by a higher consistency of the 
product than in the case of materials for which the non-dried 
mixed hydroxide is employed. The consistency of the product 
from the materials was determined by producing in each case 
twenty batteries with each material and evaluating the varia 
tion of the decrease in capacity between the third and three 
hundredth electrochemical cycle for these twenty batteries. 
0010. However, the additional thermal step of “precursor 
drying and the stated use of lithium hydroxide instead of the 
less expensive lithium carbonate make the process both com 
plicated and expensive. 
0011 WO 2004/092073 A1 also relates to mixed metal 
precursors for the synthesis of lithium mixed metal oxide. As 
in US 2003/0054251 A1, an ideal precursor for the synthesis 
of this compound class is sought here. In this context, US 
2003/0054251A1 is mentioned, interalia, as prior art. Since 
the heat treatment of the precursor, as described in US 2003/ 
0054251, is very involved and the subsequent use of LiOH is 
very expensive compared with LiCO, an oxidation of the 
co-precipitated Ni Co-Mn hydroxide to give an 
Ni–Co—Mn oxyhydroxide is proposed as an alternative 
here. 
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0012. The oxidation is carried out using an oxidizing agent 
Such as dissolved air, sodium hypochlorite, hydrogen peroX 
ide solution, potassium peroxodisulfate or bromine. 
0013. In the examples given it is striking that a very 
involved process is likewise employed. After the co-precipi 
tation of the nickel-cobalt-manganese hydroxide, a filtration 
is first carried out, and then a washing of the residue on the 
filter in order to obtain a purified mixed metal hydroxide. 
Thereafter, the metal hydroxide is suspended again in an 
aqueous solution which contains the oxidizing agent and is 
oxidized over a certain period of time at a particular tempera 
ture to give a nickel-cobalt-manganese oxyhydroxide. There 
after, a filtration and a washing of the product obtained are 
again carried out. 
0014. It can be assumed that the first washing is carried out 
because during the Subsequent oxidation of the mixed 
hydroxide there is the risk that in addition to a beta-NiOOH 
phase, a gamma-NiOOH phase also additionally forms. This 
phase has a significant expansion in Volume compared with 
the beta-NiOOH phase because of an interlaminar expansion, 
which facilitates embedding of foreign ions, such as e.g. Na' 
etc. The interlaminar expansion is already known from J. 
Power Sources, 8 (1982), 229. Only by a washing of the 
mixed hydroxide, as is proposed in WO 2004/092073A1, and 
Subsequent Suspending in an aqueous phase having a low 
concentration of foreign ions, can a significant incorporation 
of foreign ions into the crystal lattice structure be avoided. 
The foreign ions, such as Na', are not dissolved out of the 
crystal lattice structure again during further conversion of the 
mixed metal hydroxide into the lithium mixed metal oxide, 
and are thus an impurity in the end product. When incorpo 
rated into the later lithium layers, in particular, the Na'impu 
rity can significantly impede diffusion of the lithium and 
therefore significantly impair the behaviour of the material in 
the battery. 
0015 Since the average valency of the metals in Example 
1 of WO 2004/092073 A1 is stated as 2.97, and since it is 
known that Mn" is considerably easier to oxidize than Ni", 
it is to be assumed that the Mn has been partly oxidized to a 
valency of four and thus leads to the local formation of non 
stoichiometric gamma-NiOOH. 
0016 US 2002/0053663 A1 discloses co-precipitated 
nickel-cobalt-manganese hydroxides, emphasis being placed 
on being able to synthesize a co-precipitated nickel-cobalt 
manganese hydroxide having a high tap density. The hydrox 
ide serves as a precursor for the lithium mixed metal oxides, 
which in turn is employed as an active mass in lithium sec 
ondary batteries. The tap density of the lithium mixed metal 
oxide is in turn of great importance and is influenced quite 
considerably by the tap density of the precursor. Alongside 
the tap density, however, further important parameters of the 
mixed hydroxide as a precursor for lithium mixed metal 
oxides are not dealt with. 

0017 US 2003/0054251A1 explicitly points out that it is 
advantageous to use lithium hydroxide as the Li component, 
since the particle shape and the crystallinity can be controlled 
better with this Li component compared with lithium carbon 
ate. 

0018. In WO 2004/092073 A1 the consequence is drawn 
from the above problems and the mixed hydroxide serving as 
a precursor in the prior art is oxidized to an oxyhydroxide 
before it is employed as a precursor for the synthesis of a 
lithium mixed metal oxide. In this context, however, a very 
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involved synthesis route is taken, which according to the 
examples given comprises both two filtrations and two wash 
1ngS. 
0019. The object of the present invention is therefore to 
provide a mixed metal compound, as a precursor for the 
preparation of cathode material for lithium secondary batter 
ies, which contains no gamma-oxyhydroxide structures and/ 
or alpha-hydroxide structures, is distinguished by a high tap 
density, has low sodium contents and allows the synthesis of 
a high-quality lithium mixed metal compound. The object of 
the present invention is furthermore to provide a economical 
process for the preparation of partly oxidized mixed metal 
hydroxides. 
0020. The object is achieved by a chemical compound of 
the formula NiM1M2(O),(OH), 

0021 wherein 
0022 M1 denotes at least one element from the group 
consisting of Fe, Co, Mg., Zn, Cu and mixtures thereof, 

0023 M2 denotes at least one element from the group 
consisting of Mn, Al, B, Ca, Crand mixtures thereof, 

0024 cs0.5 
0025 dis0.5, and 
0026 X is a number between 0.1 and 0.8. 
0027 y is a number between 1.2 and 1.9, and X-y=2. 

0028 Advantageous compounds are chemical com 
pounds of the formula NiM1M2(O),(OH), wherein 

0029 0.3sbs0.6 
0030) 0.1scs0.4 
0031 0.1sds0.4 and/orx is a number between 0.2 and 
0.7 and y is a number between 1.3 and 1.8 and X-y=2. 
The sum of b, c and d is preferably 1. 

0032 Particularly preferred compounds are chemical 
compounds of the formula NiM1M2(O),(OH), whereinx 
is a number between 0.3 and 0.6 and y is a number between 
1.4 and 1.7. 
0033 Compounds which are part of the invention are 
listed in the following Tables 1 to 17. Individual compounds 
are designated by the number of the table, followed by the 
number of the combination of the variables M1, M2, b and c 
as in Table 1. For example, compound 14.022 is the com 
pound as described in Table 14, wherein the variableX defined 
there is combined with the combination of variables M1, M2, 
band c as in Table 1, position no. 022. In Tables 1 to 17, the 
compounds have the general formula Ni,M1M2A(O),(OH), 
where y=2-X and d=1-b-c. 

TABLE 1 

No. M1 M2 b C 

OO1 Co Mn O.333 O.OS 
OO2 Co Mn 0.375 O.OS 
OO3 Co Mn O.475 O.OS 
OO)4 Co Mn O.S O.OS 
005 Co Mn 0.55 O.OS 
OO6 Co Mn O.65 O.OS 
OO7 Co Mn 0.7 O.OS 
O08 Co Mn 0.75 O.OS 
O09 Co Mn 0.77 O.OS 
O10 Co Mn O.333 O.13 
O11 Co Mn 0.375 O.13 
O12 Co Mn O.475 O.13 
O13 Co Mn O.S O.13 
O14 Co Mn 0.55 O.13 
O15 Co Mn O.65 O.13 
O16 Co Mn 0.7 O.13 
O17 Co Mn 0.75 O.13 
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Table 6: 

0038 Table 6 consists of 432 compounds of the formula 
NiM1M2(O),(OH), where y=2-x and d=1-b-c and x=0. 
22, wherein the values of the variables M1, M2, b and c are 
listed in Table 1. 

Table 7: 

0039 Table 7 consists of 432 compounds of the formula 
NiM1M2(O),(OH), where y=2-x and d=1-b-c and x=0. 
23, wherein the values of the variables M1, M2, b and c are 
listed in Table 1. 

Table 8: 

0040 Table 8 consists of 432 compounds of the formula 
NiM1M2(O),(OH), where y=2-x and d=1-b-c and x=0. 
26, wherein the values of the variables M1, M2, b and c are 
listed in Table 1. 

Table 9: 

0041 Table 9 consists of 432 compounds of the formula 
NiM1M2(O),(OH), where y=2-x and d=1-b-c and x=0. 
28, wherein the values of the variables M1, M2, b and c are 
listed in Table 1. 

Table 10: 

0042 Table 10 consists of 432 compounds of the formula 
Ni,M1M2A(O),(OH), where y=2-x and d=1-b-c and x=0. 
30, wherein the values of the variables M1, M2, b and c are 
listed in Table 1. 

Table 11: 

0043 Table 11 consists of 432 compounds of the formula 
NiM1M2(O),(OH), where y=2-x and d=1-b-c and x=0. 
37, wherein the values of the variables M1, M2, b and c are 
listed in Table 1. 

Table 12: 

0044) Table 12 consists of 432 compounds of the formula 
Ni,M1M2A(O),(OH), where y=2-x and d=1-b-c and x=0. 
4, wherein the values of the variables M1, M2, b and c are 
listed in Table 1. 

Table 13: 

0045 Table 13 consists of 432 compounds of the formula 
NiM1M2(O),(OH), where y=2-x and d=1-b-c and x=0. 
42, wherein the values of the variables M1, M2, b and c are 
listed in Table 1. 

Table 14: 

0046 Table 14 consists of 432 compounds of the formula 
NiM1M2(O),(OH), where y=2-x and d=1-b-c and x=0. 
48, wherein the values of the variables M1, M2, b and c are 
listed in Table 1. 
0047 Table 15: 
0048 Table 15 consists of 432 compounds of the formula 
NiM1M2(O),(OH), where y=2-x and d=1-b-c and x=0. 
5, wherein the values of the variables M1, M2, b and c are 
listed in Table 1. 

Table 16: 

0049 Table 16 consists of 432 compounds of the formula 
NiM1M2(O),(OH), where y=2-x and d=1-b-c and x=0. 
6, wherein the values of the variables M1, M2, b and c are 
listed in Table 1. 

Table 17: 

0050 Table 17 consists of 432 compounds of the formula 
NiM1M2(O),(OH), where y=2-x and d=1-b-c and x=0. 
69, wherein the values of the variables M1, M2, b and c are 
listed in Table 1. 
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0051. The chemical compounds according to the inven 
tion are partly oxidized mixed metal hydroxides, later also 
called precursor(s). 
0.052 The parameters x and y stated in the partly oxidized 
mixed metal hydroxides according to the invention unam 
biguously define the average degree of oxidation over all the 
metallic components of the mixed metal hydroxide. It has 
now been found that the partly oxidized mixed metal hydrox 
ides having an average degree of oxidation of from 2.1 to 2.8 
can be processed particularly readily to end products of the 
general formula LiNiM1M2(O) wherein M1 denotes at 
least one element chosen from the group consisting of Fe, Co. 
Mg., Zn, Cu and mixtures thereof and/or M2 denotes at least 
one element of the group consisting of Mn, Al, B, Ca, Cr, the 
index a is 0.95<=a<=1.15, in particular a is 0.98<=a<=1.10, 
the indices b, c and d are defined above, which have a con 
siderably better cycle stability, improved charging/ischarging 
properties in the lithium secondary batteries and a higher tap 
density and particularly good sieving properties. These com 
pounds of the general formula LiNiM1M2(O) are also 
called end product in the following. 
0053. The average degree of oxidation is also an indicator 
for evaluation of the quality of the precursor for lithium 
secondary batteries. Precise adjustment of this parameter dur 
ing the preparation process is therefore necessary. 
0054. It has been found, surprisingly, that the average 
degree of oxidation of the partly oxidized mixed metal 
hydroxide according to the invention should not be below a 
certain level in order to ensure good further processability and 
finally a good quality of the end product. It has also been 
found that the average degree of oxidation should not be too 
high, since a secondary phase, Such as a gamma-Oxyhydrox 
ide, may increasingly occur in the precursor at degrees of 
oxidation which are too high. The presence of the gamma 
phase alongside the desired beta phase means an inhomoge 
neity of the precursor and finally also influences the homo 
geneity of the end product obtainable therefrom. Due to the 
interlaminar extension of the crystal lattice compared with 
the beta phase, the existence of a gamma phase furthermore 
promotes the undesirable inclusion of ionic impurities. 
0055 Preferably, the average degree of oxidation is 2.2 to 
2.7, particularly preferably 2.3 to 2.6. 
0056. The determination of the average degree of oxida 
tion over all the metallic components is based on the Rupp 
method of manganese dioxide determination. 
0057 The degree of oxidation determined by means of the 
method mentioned is the basis for evaluation of the empirical 
formula of the present chemical compound. 
0058. The following quantitative relationship exists 
between the index X and the degree of oxidation C.: 

0059. This means e.g. that in the case of an average oxi 
dation level overall the metals of +2.5, a value of (2.5-2)=0.5 
results for the index X, which leads to an empirical formula 
Such as, for example, 

NiCoMn(O)os (OH)15. 

0060. The partly oxidized mixed metal hydroxides 
according to the invention are distinguished in particular in 
that these contain no gamma-oxyhydroxide structures. FIG.1 
shows by way of example an X-ray diffraction spectrum 
(XDS) of a partly oxidized mixed metal hydroxide according 
to the invention, which was prepared according to Example 1 
and in which no gamma phase is detectable. 
0061 Preferred partly oxidized mixed metal hydroxides 
according to the invention contain no alpha phase. 
0062. The presence of the alpha phase alongside the 
desired beta phase means an inhomogeneity of the precursor 
and finally also influences the homogeneity of the end prod 
uct obtainable therefrom. 
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0063. It was furthermore to be found that as the degree of 
oxidation increases, e.g. when the latter reaches a value of e.g. 
3.0 in the oxidized mixed metal hydroxide, the ionic impuri 
ties, those Such as e.g. sodium, in the product increase, since 
in the phase conversion to the gamma-oxyhydroxide greater 
distances between layers in the crystal lattice render possible 
the incorporation of undesirable foreign ions. The gamma 
phase leads to a considerable expansion in Volume due to an 
interlaminar extension and thereby promotes the embedding 
of foreign ions. 
0064. The partly oxidized mixed metal hydroxides 
according to the invention are also distinguished in that they 
have low sodium contents. Preferably, they contain <2,000 
ppm, particularly preferably <1,000 ppm of sodium, in par 
ticular <500 ppm of sodium. 
0065. The partly oxidized mixed metal hydroxides 
according to the invention are preferably in powder form, the 
average particle size of the secondary particles, measured in 
accordance with ASTM B822, preferably being 2 to 30 um, 
particularly preferably 3 to 15 lum. Secondary particles are 
understood as meaning particles which are composed of pri 
mary particles. 
0066. A particular feature of the mixed metal hydroxide 
powder according to the invention is its high tap density, 
which has a direct influence directly on the tap density of the 
end product, e.g. a lithium mixed metal oxide. The high tap 
density is necessary in order to achieve a high Volumetric 
energy density in the battery. Preferably, the partly oxidized 
mixed metal hydroxide powders according to the invention 
have a tap density, determined in accordance with ASTM 
B527, of greater than 1.7 g/cm, particularly preferably 
greater than 1.9 g/cm. 
0067. The pulverulent mixed metal hydroxides according 
to the invention can be prepared both in a spherical and in a 
regular (non-spherical) particle shape. 
0068. The preferred powders according to the invention 
are distinguished in particular by the spherical shape of the 
powder particles, the shape factor of which has a value of 
greater than 0.7, particularly preferably of greater than 0.9. 
0069. The shape factor of the secondary particles can be 
determined by the method mentioned in U.S. Pat. No. 5,476, 
530, columns 7 and 8 and FIG. 5. This method determines a 
shape factor of the particles which is a measure of the sphe 
ricity of the particles. The shape factor of the particles can be 
determined from the SEM photographs of the materials. 
0070 The shape factor is determined by evaluation of the 
particle circumference and the particle area and of the deter 
mination of the diameter deduced from the particular param 
eters. The diameters mentioned result from 

0071. The shape factor of the particles f is deduced from 
the particle circumference U and the particle area A according 
tO: 

0072. In the case of an ideal spherical particle, d and d. 
are equal and a shape factor of precisely one would result. 
0073 FIG.2 shows by way of example a photograph of the 
partly oxidized mixed metal hydroxide powder according to 
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the invention prepared according to Example 1 taken with a 
scanning electron microscope (SEM). 
0074 The partly oxidized mixed metal hydroxide pow 
ders according to the invention have a standardized width of 
the particle size distribution, defined according to the formula 

D90 - D10 
D50 

wherein D denotes the diameter of the powder particles, of 
less than 1.8, particularly preferably of less than 1.2. 
0075. The invention furthermore relates to an efficient and 
economical process for the preparation of the partly oxidized 
mixed metal hydroxides according to the invention. 
0076. The invention therefore also provides a process for 
the preparation of the partly oxidized mixed metal hydroxides 
according to the invention comprising the following steps: 

0.077 co-precipitation of spherical mixed metal 
hydroxides from corresponding metal salt Solutions, 

0078 partial oxidation of the precipitation product 
(mixed metal hydroxide) using an oxidizing agent, 

0079 separating off of the co-precipitated partly oxi 
dized mixed metal hydroxide from the Suspension, 

0080) washing and drying of the partly oxidized mixed 
metal hydroxide 

I0081. The partly oxidized mixed metal hydroxides 
according to the invention can be prepared both in a spherical 
and in a non-spherical particle shape, the preparation of the 
former being carried out in the presence of ammonia or 
ammonium salts. 
I0082 Mixed hydroxides are prepared by precipitation 
from aqueous metal salt solutions by adjusting the pH to 8-14. 
particularly preferably to 9-13, by addition of alkali hydrox 
ide solutions. The process can be carried out discontinuously 
or continuously. In the continuous process, metal salt Solution 
and the alkali hydroxide Solution are added simultaneously to 
a precipitating reactor, with continuous removal of the prod 
uct Suspension. Suitable metal salts are water-soluble metal 
salts, e.g. Sulfates, nitrates, halides, such as e.g. chlorides or 
fluorides. Alkali metal salt solutions which are employed for 
carrying out the precipitation are hydroxides of the alkali 
metals, preferably sodium hydroxide, as well as ammonium 
hydroxide. 
I0083. An oxidation of the metals should be avoided during 
the precipitation process, in order to be able to achieve a high 
tap density of the partly oxidized mixed metal hydroxide. The 
oxidation is therefore carried out after the precipitation in a 
further reactor. 

I0084. In order to be able to synthesize the partly oxidized 
mixed metal hydroxides according to the invention with an 
increased degree of oxidation on a commercial scale, the 
invention provides a process which is particularly Suitable in 
respect of simple ease of integration into the existing produc 
tion process. In this process, the partial oxidation of the co 
precipitated mixed metal hydroxide can still take place in the 
product Suspension. The process is realized by transferring 
the product Suspension with the co-precipitated mixed metal 
hydroxide from the precipitating reactor into a Subsequent 
stirred tank. An oxidizing agent is fed into this tank via an 
inlet tube. Air, oxygen, hydrogen peroxide, Sodium peroxy 
disulfate, potassium peroxydisulfate and/or mixtures thereof 
are particularly Suitable oxidizing agents. 
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0085 Preferably, the reaction temperature of the suspen 
sion during the partial oxidation is 25 to 65° C., particularly 
preferably 30 to 60° C. 
I0086. The pH of the suspension during the partial oxida 
tion of the mixed metal hydroxide is preferably 7-13, particu 
larly preferably 8-12. 
0087. The dwell time of the product suspension in the 
reaction tank likewise plays an important role during the 
partial oxidation. It has now been found that the dwell time of 
from 1 to 10 hours, preferably of from 2 to 8 hours and 
particularly preferably of from 4 to 6 hours leads to partly 
oxidized mixed metal hydroxides according to the invention. 
0088. After the oxidation step, the partly oxidized mixed 
metal hydroxide is removed continuously. However, it is also 
possible to remove the product in portions. The partly oxi 
dized mixed metal hydroxide according to the invention is 
then washed on a Suction filter and dried in a drying cabinet. 
0089. The preparation of partly oxidized mixed metal 
hydroxides according to the invention can also be carried out 
via another process by separating off the co-precipitated 
mixed metal hydroxides from the Suspension, washing them 
and drying them under an oxygen-containing atmosphere, 
Such as e.g. air. 
0090 The invention therefore provides a further process 
comprising the following steps: 

0091 co-precipitation of spherical mixed metal 
hydroxides from corresponding metal salt Solutions, 

0092 separating off of the co-precipitated mixed metal 
hydroxide from the suspension, 

0093 washing of the mixed metal hydroxide, 
0094 drying and simultaneous partial oxidation of the 
mixed metal hydroxide under an oxygen-containing 
atmosphere at a temperature of greater than 80°C. for at 
least 3 hours. 

0095. The partly oxidized mixed metal hydroxides 
according to the invention are particularly Suitable for the 
synthesis of end products having the chemical formula 
LiNiM1M2(O), also called end product, which are 
employed as the active material for positive electrodes in 
secondary batteries. The partly oxidized mixed metal hydrox 
ides according to the invention are conceived such that the 
end product obtainable therefrom lithium mixed metal 
oxide—can be prepared via a simple synthesis route. 
0096. The invention furthermore provides a process for 
the preparation of active materials for secondary batteries 
comprising the following steps: 

0097 mixing of a chemical compound according to one 
of claims 1 to 18 with a lithium-containing component, 

0.098 calcining and sieving of the mixture. 
0099. In this process, the chemical reaction of the precur 
sor proceeds to a chemical compound LiNiM1M2(O), 
wherein M1 is at least one element chosen from the group 
consisting of Fe, Co, Mg., Zn, Cu and mixtures thereof and/or 
M2 is at least one element chosen from the group consisting 
of Mn, Al, B, Ca, Crand mixtures thereof, the particle shape 
and/or particle size distribution being retained. 
0100. The end product can be prepared by mixing the 
partly oxidized mixed metal hydroxide according to the 
invention with a lithium-containing component and then cal 
cining and sieving the mixture. Suitable lithium-containing 
components are, in particular, lithium hydroxide, lithium car 
bonate, lithium nitrate and/or mixtures thereof. The calcining 
can be carried out at temperatures of greater than 600° C. 
preferably of greater than 700° C. 
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0101 The end product obtainable from the partly oxidized 
mixed metal hydroxide according to the invention is distin 
guished in particular by very good sieving properties. The 
sieving yield of the end product is greater than 90%, prefer 
ably greater than 95%, particularly preferably greater than 
98%. 
0102 The partly oxidized mixed metal hydroxides 
according to the invention are preferably employed as a pre 
cursor for cathode active material in lithium secondary bat 
teries, together with materials known to the person skilled in 
the art. 
0103) The invention is explained in more detail with the 
aid of the following examples. 
0104. The average degrees of oxidation stated in the fol 
lowing examples are determined by the Rupp method. This 
method is based on the method of determination of manga 
nese dioxide. In this, metalions of higher Valency (Valency +3 
or +4 in this case) are reduced to metal(II) ions by iodide, the 
iodide being oxidized to elemental iodine. The iodine formed 
is determined by means of titration against Sodium thiosulfate 
standard solution. The equivalent point is indicated with 
starch Solution. 
0105 0.2 g of the test material is weighed into a 500 ml 
conical flask with a ground glass joint on an analytical bal 
ance. 50 ml of potassium iodide solution and 25 ml of dilute 
Sulfuric acid are added by means of a 50 ml measuring cyl 
inder. The conical flask is then closed with a glass stopper. 
0106 The test material is dissolved at room temperature 
by occasional swirling of the conical flask. The dissolving 
time is 30 to 60 min. 
0107. When the sample has dissolved completely, titration 

is carried out against Sodium thiosulfate standard Solution 
with addition of approx. 5 drops of starch solution, until the 
colour changes detectably from brown/blue to pale green. 
0108. To determine any interfering reactions, it is neces 
sary to runablank sample in parallel in the analysis operation. 
The consumption of sodium thiosulfate standard Solution is to 
be included in the evaluation. 
0109 The average degree of oxidation over all the metals 
of the compound can be calculated via the following formula: 

-- titre(Na2S2O3). C(Na2S2O3). M(sample) 
d = 2 n(sample) 

EXAMPLES 

Example 1 

0110. A solution which is in each case 0.7 molar in NiSO, 
CoSO and MnSO is fed continuously to a precipitating 
reactor. In addition to the metal-containing solutions, a 2.5 
molar NaOH solution and a 12.5% strong NH solution are 
simultaneously fed continuously into the reactor. These 
streams are metered Such that an ammonia concentration of 
30g/1 and a free sodium hydroxide solution concentration of 
1.4 g/l are established in the stationary operating state. Under 
these conditions, a pH of 12.4 is established. The high pH 
ensures that the metallic components are precipitated as 
hydroxides from the metal-containing Solutions. The addition 
of the various feed solutions results in a solids concentration 
in the reactor of 40 g/l. The temperature in the reactor is 
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regulated to 50° C. by means of an external supply of heat. 
The average dwell time of the solid in the reactor is 6 h. 
0111. The product suspension is removed continuously 
from the reactor and first fed to washing on a suction filter. 
Washing is necessary in order to separate the Solid from 
adhering impurities. 
0112. After washing of the hydroxide, drying for 24 hand 
parallel oxidation of the solid are carried out in a circulating 
air drying cabinet under an oxygen-containing atmosphere at 
100° C. 
0113. In the compound synthesized, the metals nickel, 
cobalt and manganese have a molar ratio of Ni:Co:Mn=1:1:1. 
The Solid synthesized in this way has an average oxidation 
level over all the metals, determined by experiment, of 2.7. 
The tap density of the material was measured as 1.74 g/cm. 
The SEM photograph in FIG. 2 shows the particular spheric 
ity and also the pronounced compactness of the particles of 
the material synthesized in this way. 
0114. The shape factor determined for the material is 0.85. 
For further conversion of the precursor into the end product, 
the precursor was first mixed mechanically with technical 
grade lithium carbonate (Chemetall). The molar ratio of the 
lithium compound to the precursor in this case was 1.05:1.00. 
0115 The mechanical mixture was then calcined at 890° 
C. under an oxygen-containing atmosphere for 30 hours. 
0116. After the calcining, the material was sieved. 
0117. The sieving yield was 97.5%. 2.5% of the material 
could not be sieved through a 50 um sieve. After the sieving, 
the material was subjected to a second calcining at 890° C. 
under an oxygen-containing atmosphere for 4 hours. There 
after, sieving was carried out again with a sieving yield of 
99.6%. 

0118. The tap density of the end product here was 2.0 
g/cm. It can be seen from the SEM photographs of the end 
product, FIGS. 3 and 4, that the conversion of the precursor 
into the end product has taken place with retention of the 
spherical shape of the secondary particles of the precursor. 

Comparison Example 1 

0119) A solution which is in each case 0.7 molar in NiSO, 
CoSO and MnSO is fed continuously to a precipitating 
reactor. In addition to the metal-containing solutions, a 2.5 
molar NaOH solution and a 12.5% strong NH solution are 
simultaneously fed continuously into the reactor. These 
streams are metered such that an ammonia concentration of 
8.3 g/l and a free sodium hydroxide solution concentration of 
0.5 g/l are established in the stationary operating state. Under 
these conditions, a pH of 12.0 is established. The high pH 
ensures that the metallic components are precipitated as 
hydroxides from the metal-containing Solutions. The addition 
of the various feed solutions results in a Solids concentration 
in the reactor of 80 g/l. The temperature in the reactor is 
regulated to 45° C. by means of an external supply of heat. 
The average dwell time of the solid in the reactor is 12 h. 
0120. The product suspension is removed continuously 
from the reactor and first fed to a filtration and washing. 
Washing is necessary in order to separate the Solid from 
adhering impurities. 
0121. After washing of the hydroxide, the solid was dried 
at 70° C. 

0122. In the compound synthesized, the metals nickel, 
cobalt and manganese have a molar ratio of Ni:Co:Mn=1:1:1. 
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The mixed hydroxide synthesized in this way had an average 
oxidation level overall the metals, determined by experiment, 
of 2.07. 
I0123. The X-ray diffraction spectrum for the compound 
synthesized is shown in FIG. 5. 
0.124 For further conversion of the precursor into the end 
product, the precursor was first mixed mechanically with 
technical-grade lithium carbonate (Chemetall). The molar 
ratio of the lithium compound to the mixed metal compound 
in this case was 1.07:1.00. 

0.125. The mechanical mixture was then calcined at 860° 
C. under an oxygen-containing atmosphere for 30 hours. 
I0126. After the calcining, the material was sieved. The 
sieving yield was 64%. 
I0127. It can be seen from the SEM photographs of the end 
product, FIGS. 6 and 7, that during the conversion of the 
precursor into the end product the spherical particle shape of 
the precursor is lost due to the irregular growth of the primary 
particles. 
I0128. A comparison of the electrochemical performance 
data of half cells which comprise the material synthesized 
according to Example 1 and that according to Comparison 
Example 1 as the cathode active material is shown in FIG.8. 
It can be seen from the figure that a half cell produced with the 
substance from Example 1 shows better performance data 
compared with a half cell produced with the substance from 
Comparison Example 1. 

Example 2 

I0129. A solution which is in each case 0.7 molar in NiSO, 
CoSO and MnSO is fed continuously to a precipitating 
reactor. A 2.5 molar NaOH solution and a 12.5% strong NH 
Solution are simultaneously fed continuously into the reactor. 
These streams are metered such that an ammonia concentra 
tion of 8 g/l and a free sodium hydroxide solution concentra 
tion of 0.5 g/l are established in the stationary operating state. 
Under these conditions, a pH of 12.0 is established. The high 
pH ensures that the metallic components are precipitated as 
hydroxides from the metal-containing Solutions. The addition 
of the various feed solutions results in a solids concentration 
in the reactor of 50 g/l. The temperature in the reactor is 
regulated to 50° C. by means of an external supply of heat. 
The average dwell time of the solid in the reactor is 5 h. 
0.130. The product suspension is fed continuously from the 
precipitating reactor to a second reactor, in which the pH is 
adjusted to 12.0 by means of pH control and metering in of 2.5 
molar NaOH solution and the temperature is adjusted to 50° 
C. by means of an external supply of heat. The average dwell 
time is adjusted to 10 h. Air is introduced into this second 
reactor with a volume flow of 0.5 litre/min. During this pro 
cedure, the Suspension changes its colour from pale brown in 
the first reactor to dark brown to black in the second reactor. 
The Suspension is removed continuously from the second 
reactor, and initially fed to washing on a suction filter. Wash 
ing is necessary in order to separate the Solid from adhering 
impurities. After washing of the product, the solid is dried for 
24h in a vacuum drying cabinet at 100° C. 
I0131. In the compound synthesized, the metals nickel, 
cobalt and manganese have a molar ratio of Ni:Co: Mn=1:1:1. 
The Solid synthesized in this way has an average oxidation 
level over all the metals, determined by experiment, of 2.39. 
The sodium content of the product is 70 ppm. In the XDA 
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spectrum, FIG. 9, only peaks which can be assigned to a 3 
structure are detected. No further phases are to be found in the 
XDA spectrum. 

Comparison Example 2 

(0132 A solution which is in each case 0.7 molar in NiSO, 
CoSO and MnSO is fed continuously to a precipitating 
reactor. A 2.5 molar NaOH solution and a 12.5% strong NH 
Solution are simultaneously fed continuously into the reactor. 
These streams are metered Such that an ammonia concentra 
tion of 8 g/l and a free Sodium hydroxide Solution concentra 
tion of 0.5 g/l are established in the stationary operating state. 
Under these conditions, a pH of 12.0 is established. The high 
pH ensures that the metallic components are precipitated as 
hydroxides from the metal-containing Solutions. The addition 
of the various feed solutions results in a Solids concentration 
in the reactor of 50 g/l. The temperature in the reactor is 
regulated to 50° C. by means of an external supply of heat. 
The average dwell time of the solid in the reactor is 5 h. 
0133. The product suspension is fed continuously from the 
precipitating reactor to a second reactor, in which the pH is 
adjusted to 12.5 by means of pH control and metering in of 2.5 
molar NaOH solution and the temperature is adjusted to 70° 
C. by means of an external supply of heat. The average dwell 
time is adjusted to 15 h. Air is introduced into this second 
reactor with a volume flow of 0.5 litre/min. During this pro 
cedure, the Suspension changes its colour from pale brown in 
the first reactor to dark brown to black in the second reactor. 
The suspension is removed continuously from the second 
reactor, and initially fed to washing on a suction filter. Wash 
ing is necessary in order to separate the Solid from adhering 
impurities. After washing of the product, the solid is dried for 
24h in a vacuum drying cabinet at 100° C. 
0134. In the compound synthesized, the metals nickel, 
cobalt and manganese have a molar ratio of Ni:Co:Mn=1:1:1. 
The Solid synthesized in this way has an average oxidation 
level over all the metals, determined by experiment, of 2.83. 
The sodium content of the product is 3,000 ppm. In the XDA 
spectrum, FIG.10, contents of a gamma phase are detected, in 
addition to the peaks, which can be assigned to a beta struc 
ture. 

0135 Further examples of the partial oxidation of the 
mixed metal compounds in Suspension are shown in the fol 
lowing Table 18: 

TABLE 18 

Temperature Dwell Oxidizing Degree of 
pH — o C. timeh agent oxidation — 

11.5 50 8 air 2.33 
12.0 50 8 air 2.37 
12.0 60 8 air 2.61 
12.5 60 8 air 2.69 
12.5 60 5 air 2.43 
12.8 60 8 air 2.67 
12.5 60 5 OXygen 2.47 
12 50 2 H2O2 2.36 
12 60 2 H2O2 2.54 

1. Chemical compound of the formula 
NiM1M2O),(OH), 

wherein 
M1 denotes at least one element from the group consisting 

of Fe, Co, Mg., Zn, Cu and mixtures thereof, 
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M2 denotes at least one element from the group consisting 
of Mn, Al, B, Ca, Cr and mixtures thereof, 

bis0.8 
cs:0.5 
dis0.5, and 
X is a number between 0.1 and 0.8, 
y is a number between 1.2 and 1.9, and x+y=2. 
2. Chemical compound according to claim 1, wherein 
0.3sbs.O.6 
0.1 scs.O.4 
0.1sds0.4. 
3. Chemical compound according to claim 1, wherein 
X is a number between 0.2 and 0.7 and 
y is a number between 1.3 and 1.8 and x+y=2. 
4. Chemical compound according to claim 1, wherein 
X is a number between 0.3 and 0.6 and 
y is a number between 1.4 and 1.7. 
5. Chemical compound according to claim 1, characterized 

in that it contains no gamma-oxyhydroxide structures. 
6. Chemical compound according to claim 1, characterized 

in that it contains no alpha-hydroxide structures. 
7. Chemical compound according to claim 1, characterized 

in that the content of sodium is less than 2,000 ppm. 
8. Chemical compound according to claim 1, characterized 

in that the content of sodium is less than 1,000 ppm. 
9. Powder comprising the chemical compound according 

to claim 1. 
10. Powder accordingtoclaim 1, characterized in that it has 

a tap density, measured in accordance with ASTM B 527, of 
greater than 1.7 g/cm. 

11. Powder accordingtoclaim 1, characterized in that it has 
a tap density, measured in accordance with ASTM B 527, of 
greater than 1.9 g/cm. 

12. Powder accordingtoclaim 1, characterized in that it has 
an average particle size, measured in accordance with ASTM 
B 822, of 2-30 um. 

13. Powder accordingtoclaim 1, characterized in that it has 
an average particle size, measured in accordance with ASTM 
B 822, of 3-15 um. 

14. Powder according to claim 1, characterized in that the 
powder particles have a spherical shape. 

15. Powder according to claim 1, characterized in that the 
powder particles have a shape factor of greater than 0.7. 

16. Powder according to claim 1, characterized in that the 
powder particles have a shape factor of greater than 0.9. 

17. Powder according toclaim 1, wherein the standardized 
width of the particle size distribution, defined according to 
formula (1), is less than 1.8 

D50 (1) 

wherein D denotes the diameter of the powder particles. 
18. Powder according to claim 1, wherein the standardized 

width of the particle size distribution, defined according to 
formula (1), is less than 1.2 

D50 (1) 

wherein D denotes the diameter of the powder particles. 
19. Process for the preparation of the chemical compound 

according to claim 1, comprising the following steps: 
a. co-precipitation of spherical mixed metal hydroxides 

from corresponding metal salt solutions, 
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b. partial oxidation of the precipitation products (mixed 
metal hydroxides) using an oxidizing agent, 

c. separating off of the co-precipitated partly oxidized 
mixed metal hydroxide from the Suspension, 

d. Washing and drying of the partly oxidized mixed metal 
hydroxide. 

20. Process according to claim 19, wherein the chemical 
compound is a partly oxidized mixed metal hydroxide. 

21. Process according to claim 19, characterized in that the 
partial oxidation is carried out in a Suspension. 

22. Process according to claim 19, characterized in that the 
oxidizing agent is an oxidizing agent from the group consist 
ing of air, oxygen, hydrogen peroxide, Sodium peroxydisul 
fate, potassium peroxydisulfate and/or mixtures thereof. 

23. Process according to claim 19, characterized in that the 
reaction temperature of the Suspension during the partial oxi 
dation is 25-65 C. 

24. Process according to claim 19, characterized in that the 
reaction temperature of the Suspension during the partial oxi 
dation is 30-60° C. 

25. Process according to claim 19, wherein the pH of the 
Suspension is 7-13. 

26. Process according to claim 19, wherein the pH of the 
Suspension is 8-12. 

27. Process according to claim 19, characterized in that the 
partial oxidation of the co-precipitated mixed hydroxide lasts 
1 to 10 hours. 

28. Process according to claim 19, characterized in that the 
partial oxidation of the co-precipitated mixed hydroxide lasts 
2 to 8 hours. 

29. Process according to claim 19, characterized in that the 
partial oxidation of the co-precipitated mixed hydroxide lasts 
4 to 6 hours. 

30. Process for the preparation of active materials for posi 
tive electrodes of secondary batteries, comprising the follow 
ing steps: 

mixing of a chemical compound according to claim 1 with 
a lithium-containing component, 

calcining and sieving of the mixture. 

11 
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31. Process for the preparation of active materials for posi 
tive electrodes of secondary batteries according to claim 29, 
comprising the steps: 

provision of a powder of the chemical compound, 
conversion of the powder into a chemical compound 
LiNiM1M2(O), wherein M1 denotes at least one 
element chosen from the group consisting of Fe, Co, Mg, 
Zn, Cu and mixtures thereof, and/or M2 denotes at least 
one element chosen from the group consisting of Mn, Al, 
B, Ca, Crand mixtures thereof, characterized in that the 
conversion takes place with retention of the shape of the 
secondary particles and/or particle size distribution. 

32. Process for the preparation of active materials for posi 
tive electrodes of secondary batteries according to claim 29, 
comprising the following steps: 

mixing of a chemical compound with a lithium-containing 
component, 

calcining and sieving of the mixture. 
33. Process according to claim 29, wherein the lithium 

containing component is lithium carbonate, lithium hydrox 
ide, lithium nitrate and/or mixtures thereof. 

34. Process according to claim 29, wherein the calcining 
temperature is greater than 600° C. 

35. Process according to claim 29, wherein the calcining 
temperature is greater than 700° C. 

36. Process for the preparation of the chemical compound 
according to claim 1, comprising the following steps: 

a. co-precipitation of spherical mixed metal hydroxides 
from corresponding metal salt solutions, 

b. separating off of the co-precipitated mixed metal 
hydroxide from the Suspension, 

c. washing of the mixed metal hydroxide, 
d. drying and simultaneous partial oxidation of the mixed 

metal hydroxide under an oxygen-containing atmo 
sphere at a temperature of greater than 80°C. for at least 
3 hours. 

37. Use of the chemical compound according to claim 1 as 
a precursor in the preparation of cathode material for lithium 
secondary batteries. 


