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Description

[0001] The present invention is concerned with oxygen storage components. In particular, the use of special oxygen
storage components (OSC) as part of oxygen storage materials (OSM) in exhaust catalysis is proposed.
[0002] Exhaust gases from Internal combustion engines operated with a predominantly stoichiometric air/fuel mixture,
like e.g. port-fuel injection (PFI) or gasoline direct Injected (GDI) engines with and without turbocharger, are cleaned
according to conventional methods with the aid of three-way catalytic (TWC) converters. These are capable of converting
the three essentially gaseous pollutants of the engine, specifically hydrocarbons (HC), carbon monoxide (CO), and
nitrogen oxides (NOx), simultaneously to harmless components.
[0003] Optimal use of the TWC is around Lambda = 1 where the air/fuel ratio is equal to 14.56 or simply A = 1. Above
these values, the exhaust gas Is said lean, and CO and HC are catalytically oxidized to carbon dioxide and water. Below
this value, the exhaust gas is said rich and mainly NOx are reduced to nitrogen (N2) using e.g. CO as reducing agent.
However, the upcoming more stringent governmental emission regulations (e.g. EU-6 - table 1, LEV-III) and fuel economy
standards (CO2 regulations) will of course make exhaust aftertreatment even more difficult in the future (table 1).

[0004] Hence, also for gasoline vehicles, which predominantly run under stoichiometric conditions (A/F-ratio = 14.56
or λ = 1), there is still a need to further improve the ability to mitigate noxious pollutants.
[0005] As said, optimal conversion of HC, CO and NOx over a TWC is achieved at λ = 1. However, gasoline engines
are rather operated under oscillating conditions between slightly lean and slightly rich conditions (λ=1 6 0.05 => wobbling).
Under purely rich conditions, the conversion of hydrocarbons drops rapidly. Under lean conditions NOx is converted
less efficiently. In order to broaden the optimal operation range of a TWC, an oxygen storage material, is included in the
formulation of the TWC.
[0006] The oxygen storage materials referred to above are typically based upon mixed oxides of CeO2 / ZrO2
(WO2008113445A1; US7943104BB) and are solid electrolytes known for their oxygen ion conductivity characteristic.
In these oxygen storage materials the CeO2 is employed to buffer the catalyst from local variations in the air/fuel ratio
during typical catalyst operation. They achieve this by ’releasing’ active oxygen from their 3-D structure in a rapid and
reproducible manner under oxygen-depleted transients, ’regenerating’ this lost oxygen by adsorption from the gaseous
phase under oxygen-rich conditions. This activity is attributed to the reducibility and oxidability (reduction - oxidation or
redox activity) of CeO2 via the 2Ce4+ ↔ 2Ce3+ [O2] reaction. The high availability of oxygen is critical for the promotion
of generic oxidation / reduction chemistries e.g. CO / NO chemistry for the gasoline three-way catalyst, or more recently
also for the direct catalytic oxidation of particulate matter (soot) in the EDPF, see e.g. US20050282698 A1, SAE
2008-01-0481.
[0007] Hence, there have been extensive studies on the chemistry, synthesis, modification and optimization of regularly
used Ce-Zr based oxygen storage materials. For example, the use of Ceria-Zirconia doped with lower valent ions for
emission control applications has been extensively studied in e.g. US6468941B1, US6585944B1 and
US20050282698A1. These studies demonstrate that lower valent dopant ions such as rare earth metals e.g. Y, La, Nd,
Pr, etc., transition metals e.g. Fe, Co, Cu etc. or alkaline earth metals e.g. Sr, Ca and Mg can all have a beneficial impact
upon oxygen mobility in the respective mixed-oxide matrix. This Is proposed to arise from the formation of oxygen
vacancies within the cubic lattice of the solid solution which lowers the energy barrier to oxygen ion transport from the
crystal bulk to the surface thereby enhancing the ability of the solid solution to buffer the air fuel transients occurring in
the exhaust stream of a typical gasoline (three-way) catalyst application.
[0008] Finally US6468941B1 and US6585944B1 teach the potential for employing base i.e. non-precious group (Pt,
Pd, Rh, Au etc.) dopant metals into the cubic fluorite lattice of the solid solution as an alternative means to promote the
redox chemistry of Ce, with Fe, Ni, Co, Cu, Ag , Mn, Bi and mixtures of these elements being Identified as of particular

Table 1 - Euro 6 emission limits for passenger cars

compression ignition vehicles spark ignition vehicles

THC mg / km n.a. 100

NMHC mg / km n.a. 68

HC+NOx mg / km 170 n.a.

NOx mg / km 80 60

CO mg / km 500 1000

particle mass mg / km 4.5 4.5

particle number # / km 6.031011 TBD
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interest. Hence, while nor-mal non-promoted OSM typically exhibit a redox maximum, as determined by H2 Temperature
Programmed Reduction (H2-TPR), at ca. 600°C, the inclusion of base metals within the lattice can decrease this tem-
perature by > 200°C at a fraction of the cost Incurred by the use of precious metals.
[0009] US658594481 discloses an OSM comprising besides zirconium, cerium, and a rare earth mental as a stabilizer,
0.01 to 0.25 mol-% of at least one kind of metal selected from a group consisting of iron, copper, cobalt, nickel, silver,
manganese, and bismuth. And, the literature describes that these metals exist as a solid solution In a crystal structure
of the OSM.
[0010] In addition, JP2005125317A discloses an oxygen storage material comprising a carrier containing ceria (CeO2)
and iron oxide as an active species contained in said carrier. The literature describes that the carrier containing CeO2
is preferably a solid solution of CeO2 - ZrO2. Further, it is mentioned that the content of iron oxide is desirably in a range
of 2 to 30 % by weight as Fe2O3 relative to the weight of the OSM, and substantial OSM cannot be obtained when the
content deviates from this range.
[0011] WO 99/34904 and US 2012/0040824 also disclose mixed/composite oxides as OMS.
[0012] It is already known that certain mixed oxides, which do not contain CeO2, can uptake and release oxygen,
whilst being used as catalytic active materials. E.g. V-Nb-mixed oxide systems have been described to be useful in the
oxidation of propane (Catal. Today 118 (2006) 323; J. Solid State. Chem. 182 (2009) 2053; Mater. Res. Bull. 46 (2011)
1955).
[0013] There have been attempts to produce ceria free oxygen storage components (WO10096612A2). For example,
WO2011109676A2 refers to ceria-free oxygen storage components, like e.g. zirconia-praseodymia, zirconia-neodymia,
zirconia-yttria and zirconia-lanthana. Nevertheless, still a need exists for more or alternative and even better oxygen
storage materials not only because the rare earth crisis told that reliance on CeO2 only may lead to shortcomings in
supply of TWC and other catalysts needed in the market.
[0014] Hence, It is an objective of the present invention to propose the usage of certain components that are able to
substitute the CeO2-ZrO2 mixed oxides in oxygen storage materials. It is further an object to present application to
propose said components for, e.g. in TWC application, said components acting at least as efficient in oxygen storage
behavior, preferably even better as usual Ce-based oxides in a respective catalyst. Naturally, these objectives should
be accomplished by less expensive materials.
[0015] These objectives as well as others being easily derived from the prior art by the artisan are achieved by using
an oxygen storage component according to instant claim 1. Preferred aspects of the present invention are depicted in
claims dependent from claim 1.
[0016] Factually, the present invention suggests the use of a binary, ternary or higher mixed oxide of the formula

(M1)a(M2)b(M3)c...(M7)gOx

wherein 0 ≤ a, b, c, ..., g ≤ 20 with at least a and b > 0; and x adapts a value to compensate the positive charge originating
from the metal cations M1 - M7 being selected from the group consisting of Fe, Mn, V, Nb, Ta, Mo, W, as oxygen storage
component (OSC) in exhaust catalysis.
[0017] These materials are active oxygen storage components being able to store oxygen not much less efficiently
than conventional Ce-based oxygen storage components but for the advantage of a higher relative and absolute oxygen
storage capacity. The components of the invention are able to substitute the Ce-based oxygen storage components in
normal TWC or other catalyst types without further measures to be taken. Hence, it is possible to omit the heavy and
costly Ce-based oxygen storage components completely and produce catalysts with Ce-free oxygen storage materials.
[0018] For an advantageous use the catalytic oxygen storage component of the invention further comprises a cata-
lytically active precious metal selected from the group consisting of Cu, Ag, Au, Pt, Pd, Rh, Ru, Ir and mixtures thereof,
and further a support material, like a high surface area refractory metal oxide support having a surface area of at least
50 m2/g. Altogether this is called to be an oxygen storage material (OSM).
[0019] The catalytically active precious metals serve for the activation of a fast oxygen storage and release. Whereas
the precious metal free binary, ternary or higher mixed oxide components of the invention in H2-TPR only show a
reducibility at elevated temperatures, the catalytically active precious metals activate the oxygen atoms of said mixed
oxide so that respectively doped samples release oxygen at temperatures well below 200°C already.
[0020] Useful oxygen storage materials contain at least one of the active precious metals, like Cu, Ag, Au, Pt, Pd, Rh,
Ru, Ir with platinum, palladium and/or rhodium being preferred. Said catalytic metals are typically used in amounts of
about > 0 to about 14 g/l (400 g/ft3), preferably from 0.1 - 8.8 g/l (3 to 250 g/ft3), most preferred between 0.35 - 7 g/l (10
- 200 g/ft3), depending on the respective metal applied. Amounts of these metals are based on weight divided by carrier
volume, and are typically expressed in grams of material per liter carrier volume. With regard to Pd an amount of from
0.0 - 300 g/l, preferably 0.1 - 100 g/l and most preferred 0.5 - 14 g/l are applied. Pt may be present in an amount of from
0.1 - 50 g/l, preferably, 0.5 - 20 g/l and most preferred 1.0 - 7 g/l. Rh can be comprised from 0.0 - 1.0 g/l, preferably 0.01
- 0.7 g/l and most preferred 0.1 - 0.5 g/l.
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[0021] As will be apparent to those of ordinary skill in the art, the active precious metals, acting as catalytic agents,
can exist in the oxygen storage materials in multiple oxidation states while in use. By way of example, palladium can
exist as palladium metal (0), Pd (II), and Pd (IV) in the catalyst. In a preferred method of preparing the oxygen storage
material, a suitable precious metal compound and/or complex of the active precious metal can be utilized to achieve
dispersion of the metal on the oxygen storage component described in this invention and/or on a support, e.g. activated
alumina support particles (see below). As used herein, the term "precious metal compound" means any precious metal
compound, complex, or the like which, upon calcination or use of the catalyst decomposes or otherwise converts to a
catalytically active precious metal, usually, the precious metal itself or the precious metal oxide. Hence, compounds or
complexes of said precious metals soluble or dispersible in a liquid, preferably water, can be utilized as long as the liquid
used to impregnate or deposit the catalytic metal compounds onto the oxygen storage component and/or onto the support
particles does not adversely react with the catalytic precious metal or its compound or complex or the other components
of the oxygen storage material and is capable of being removed from the catalyst by volatilization or decomposition upon
heating and/or the application of vacuum.
[0022] In some cases, the completion of removal of the liquid may not take place until the catalyst is placed into use
and subjected to the high temperatures encountered during operation. Generally, both from the point of view of economics
and environmental aspects, aqueous solutions of soluble compounds of the active precious metals are preferred. For
example, suitable compounds are chloroplatinic acid, amine solubilized platinum hydroxide, platinum nitrate, palladium
nitrate or palladium chloride, rhodium chloride, rhodium nitrate, hexamine rhodium chloride, and the like. During the
calcination step, or at least during the initial phase of use of the catalyst, such compounds are converted into a catalytically
active form of the active precious metal or a compound thereof.
[0023] The oxygen storage components used according to the invention and the catalytically active precious metals
are usually provided in the exhaust catalyst on a high surface area support material. Useful catalytic supports for the
active precious metal and/or the binary, ternary or higher oxides of this invention include any of the refractory metal
oxides usually taken for this exercise, such as one or more refractory oxides selected from alumina, titania, silica and
zirconla. These oxides include, for example, silica and metal oxides such as alumina, including mixed oxide forms such
as silica-alumina, aluminosilicates which may be amorphous or crystalline, alumina-zirconia, alumina-chromia, alumina-
ceria and the like. Preferably, the support is substantially comprised of alumina which preferably includes the members
of the gamma or activated alumina family, such as gamma, alpha, delta, eta and/or theta aluminas, and, if present, a
minor amount of other refractory oxides, e.g., about up to 20, preferably up to 10 weight percent of support material.
Preferably, the support comprises γ-alumina. The support material is providing a BET specific surface area of about 50
to about 400, preferably 80 to 350 and most preferred 100 to 300 m2/g.
[0024] The use of mixed oxide components according to the invention is directed to certain binary, ternary or higher
mixed oxides which are capable of storing oxygen. It has turned out that said materials are In particular useful for oxidation
and reduction depending on the partial pressure of oxygen in the ambient exhaust, especially In automotive applications.
Comparable to the oxygen storage mechanism as observed in CeO2 based materials (Wilhelm Keim, in Handbook of
Heterogeneous Catalysis, 2nd Edition Chapt 11, Vol 5, page 2295), the activity of the binary or ternary or higher mixed
oxides described in this document is attributed to the reducibility of at least one of the elements used in the mixed oxides
with simultaneous oxygen release under oxygen depleted conditions and the reversibility of this reaction when the
environment is oxygen rich (see also Holleman Wiberg, 101. Edition; Bergner et al. J. Solid State Chem. 182 (2009)
2053; Börrnert et al. Materials Research Bulletin 46 (2011) 1955). The advantage of the elements used herein is their
wealth on oxidation states and hence a large possibility to show redox properties. In the case of Vanadium containing
mixed oxides for example, a stepwise reduction of V(V) to V(II) under release of O2 might be considered.
[0025] In general, the oxygen release reaction can be described as follows:

(M1)a(M2)b(M3)c...(M7)gOx ↔ (M1)a(M2)b(M3)c...(M7)gOx-1 + © O2.

[0026] In the present Invention an oxygen storage component is proposed for exhaust catalysis in which the values
for a are In the molar range of >0 - 20, preferably 1 - 20 and most preferred between 1 - 16. Likewise the values for b
are in the range of from >0 - 20, preferably 1 - 20 and most preferred from 1 - 17. In addition the values for c may be in
the range of 0 - 5, preferably 0 - 2 and most preferred from 0 - 1 and d - g may be in the range of 0 - 5, preferably 0 - 2
and most preferred from 0 - 1. A very preferred oxygen storage component shows values of a - g, wherein a is from 1
- 16, b is from 1 - 17, c is from 0 - 1 and d, e, f, g is from 0 - 1. An extremely preferred oxygen storage component is one
having a = 1 and b = 1, in which M1 and M2 are selected from the group of Fe, V, Mn, and c - g are 0.
[0027] An oxygen storage component used in the present invention can store oxygen to a certain extent under conditions
prevailing in the exhaust, e.g. of an internal combustion engine. The component is able to store the oxygen from the
ambient exhaust gas to an extent of preferably at least 8.000 mg O2 / mmol oxygen storage component (i.e. the absolute
oxygen storage capacity is at least 8.000 mg O2 / mmol oxygen storage component). In a more preferred aspect the
present invention provides for oxygen storage components which are able to store the oxygen at level of at least 10.000,
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most preferred over 12.000 mg O2 / mmol oxygen storage component.
[0028] The relative oxygen storage capacity of the oxygen storage components being part of this Invention preferably
should be at least 33%, more preferred more than 50% and in a most preferred way over 75%.
[0029] Further, an oxygen storage component comprising material (OSM) as depicted in the present invention should
in H2-TPR experiments be able to be oxidized and reduced within a temperature range of from 20° - 650°C, preferably
20° - 350°C and most preferred 20° - 200°C. It is to be noted that a good oxygen storage material is a material having
a peak temperature of reduction within below 300°C, more preferred below 150°C and most preferred below 100°C. It
should also be stressed that the material has a high resistance against aging. Under hydrothermal redox aging [6h;
1000°C; 1min; 1%CO; 1min 1%O2; 10%H2O; balance N2] the material loses less than 67 %, preferably less than 50 %
and most preferably less than 33 % of the oxygen storage capacity (both relative as well as absolute). The OSM is
likewise used in exhaust catalyst as mentioned herein above for the component.
[0030] The oxygen storage capacity of instant components as used according to the present invention is established
through a mixed oxide of above mentioned composition. The transition metals can be selected according to the knowledge
of the skilled worker among the group of metals presented by the group consisting of Fe, Mn, V, Nb, Ta, Mo and W. In
a preferred embodiment only 5 metals (M1 - M5) are taken to build up the oxygen storage component and are selected
from the group consisting of Fe, Mn, V, Nb and W. In a very preferred aspect an oxygen storage component according
to the invention is proposed, wherein M1 - M2 are selected from the group consisting of Fe, Mn, V. It should well be
understood that the oxygen storage component, i.e. the component establishing the oxygen storage capacity, is free of
any ceria or mixed oxides containing ceria. In a most preferred embodiment, however, the oxygen storage material, i.e.
the oxygen storage component plus the catalytically active precious group mentals plus the support material, does not
comprise any ceria or mixed oxides containing ceria.
[0031] The preparation of the oxygen storage components and of the oxygen storage materials based on the oxygen
storage components described in this invention is as known by the skilled worker. Preferably, the oxygen storage
component is prepared by the formation of an aqueous solution containing all precursors of the oxygen storage com-
ponent. E.g., any kind of water soluble precursor of the metals (M1 - M7) might be used in this respect.
[0032] Most preferred are iron acetate, iron nitrate, manganese acetate, manganese nitrate, vanadyloxalate, ammo-
niummetavanadate, ammoniumniobiumoxalate, tantalumoxalate, ammoniummolybdate and/or ammoniummetawolfra-
mate. Alternatively the oxides, the oxohydroxides and/or the hydroxides of the metals (M1 - M7) might be used as
precursor for the preparation of the oxygen storage components.
[0033] If present in dissolved form the oxygen storage component might be formed by precipitation out of the solution
containing the mixture of the precursors of the oxygen storage components, or by evaporation of the solvent. Alternatively,
the preferably aqueous solution containing the precursors of the oxygen storage component might be added to the
supporting oxide by pore volume impregnation, i.e. incipient wetness impregnation (see: J.W. Geus in Preparation of
Solid Catalysts Wiley VCH (1999), Chapt. 4 , Page 464) or by adding the solution containing the precursors of the oxygen
storage components or adding the dispersion containing the oxygen storage component on a slurry containing the
supporting oxide. The final oxygen storage component Is obtained as an oxide by thermal treatment of the materials
obtained by the preparation methods above.
[0034] To obtain oxygen storage materials the precious metal precursor is added in a next preparation step to the
already formed oxygen storage component obtained by the methods described above. Again, the addition of the precious
metal precursor is as known by the skilled worker. Preferably, an aqueous solution of the precious metal precursor Is
added to the oxygen storage component or to the mixture of the oxygen storage component and the supporting oxide
by pore volume impregnation or by adding the precious metal containing solution on a slurry containing the oxygen
storage component or on the mixture of the oxygen storage component and the supporting oxide.
[0035] In a very preferred way of preparation, an aqueous solution containing the precursors of the oxygen storage
component is added to the supporting oxide by pore volume impregnation, followed by drying and calcination of the
mixture. In a second step, the precious metal precursor is added by pore volume impregnation on said calcined mixture
of the oxygen storage component and the supporting oxide. The precious metal precursor is converted to the active
precious metal as described above.
[0036] The present invention deals with alternative CeO2-free components and materials having oxygen storage
capacity and their use in exhaust, in particular automotive exhaust catalysis. The materials are characterized by a high
specific surface area, a low temperature activation of reduction, a high relative oxygen storage capacity as well as a
high absolute oxygen storage capacity compared to CeO2 containing reference material.
[0037] To determine the activity of the oxygen storage components and materials based on the oxygen storage
components H2-TPR experiments are carried out, Therefore, a powder sample of the oxygen storage material is heated
under a H2 flow and the uptake of H2 as a function of the temperature is monitored.
[0038] The temperature with the maximum H2 uptake (i.e. the peak temperature) is a measure for the oxygen release
speed. As described above, the materials being part of this invention are characterized by a low peak temperature.
[0039] The relative oxygen storage capacity of the oxygen storage component is defined as the amount H2 actually
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consumed by the oxygen storage component relative to the maximum amount H2 needed for a full reduction of the
oxygen storage component and is given in %. This relative oxygen storage capacity is a measure for the degree of
reducibility of the oxygen storage component.
[0040] As the oxygen storage components described in this invention might show quite different values for their
molecular weight, a comparison of the H2 uptake relative to the molar amount of oxygen storage component makes
sense. This value is defined as the absolute hydrogen uptake capacity and is given in mg H2 / mmol component. Since
the H2 uptake is a measure for the amount of O2 released by the component because of the following chemical reaction

(M1)a(M2)b(M3)c...(M7)gOx + H2 → (M1)a(M2)b(M3)c...(M7)gOx-1 + H2O

the absolute oxygen storage capacity in mg O2 / mmol component can be calculated from the absolute hydrogen uptake
per mmol component.
[0041] In Figure 1 the H2-TPR measurements for two oxygen storage materials based on the oxygen storage com-
ponents described in this invention are given. For the comparative example a 1w%Pd / 10w% CueO2 on Al2O3 similarly
prepared like the materials of this invention is given. The advantage of claimed components can clearly be seen.
[0042] Due to the presence of the precious metal, a low temperature activation of the reducibility of all materials is
observed, which is shown in a low peak temperature in the H2-TPR measurements. Nevertheless, the materials described
in this invention typically show a peak temperature lower as observed for the comparative example which is a CeO2
containing material. In the case of the FeVO4 system, the peak temperature is observed at 95°C, which is 12°C lower
as the comparative example containing CeO2.
[0043] The relative oxygen storage capacity of the oxygen storage component is much higher for the oxygen storage
component disclosed In this invention as for the CeO2 containing comparative sample. In the case of the VNbO5 system
a relative oxygen storage capacity of 81% is observed for the temperature range from room temperature up to 700°C,
whereas the CeO2 containing comparative example shows a relative oxygen storage capacity of only 31% for the same
temperature range. In addition, other materials that are part of this invention show a higher relative oxygen storage
capacity compared to the comparative example (e.g. the FeVO4 system shows a relative oxygen storage capacity of 68%)
[0044] Similar results are observed for the absolute hydrogen uptake capacity. The oxygen storage components being
part of this invention show a much higher absolute hydrogen uptake capacity in mg H2 / mmol component as the
comparative CeO2 sample. Whereas the absolute hydrogen uptake capacity in mg H2 / mmol for the FeVO4 system is
2048 mg H2 / mmol oxygen storage component for the temperature range from room temperature up to 700°C, the CeO2
sample shows in the same temperature range a H2 uptake of only 306 mg H2 / mmol CeO2.
[0045] As the absolute oxygen storage capacity is calculated from the absolute hydrogen uptake capacity, it is clear
that the oxygen storage components disclosed in this invention show a significantly higher absolute oxygen storage
capacity compared to the reference sample. The FeVO4 sample shows an absolute oxygen storage capacity of 16384
mg O2 / mmol component, which is significantly higher as the comparative example (i.e. 2448 mg O2 / mmol component
for the CeO2 containing comparative example).
[0046] According to the above said the components and materials presented herein are fairly deemed to substitute
ceria and mixed oxides containing ceria in so called oxygen storage components and respective materials. It has hitherto
not been made available to the public that said components and materials may exhibit such superior oxygen storage
capabilities. Hence, it is correct to say that it is rather a surprise that instant components and materials may serve as
advantageous compartments of catalysts, in particular exhaust catalysts, especially in the automotive area.

Examples:

Example1: 1w% Pd / 10w% CeO2 on Al2O3 (comparative sample)

[0047] The catalyst material was prepared by pore volume impregnation of a Al2O3 powder with a mixture of an
aqueous solution of Pd(NO3)2 and (NH4)2Ce(NO3)6. After drying, the sample was calcined in static air for 4h at 700°C.

Example2: 1w% Pd / 10w% VNbO5 on Al2O3

[0048] The catalyst material was prepared by pore volume impregnation of a Al2O3 powder with a mixture of an
aqueous solution of Pd(NO3)2, Vanadyloxalate and Ammonium Niobium oxalate. After drying, the sample was calcined
in static air for 4h at 700°C.

Example3: 1w% Pd / 10w% FeVO4 supported on Al2O3

[0049] The catalyst material was prepared by pore volume impregnation of a Al2O3 powder with a mixture of an
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aqueous solution of Pd(NO3)2, Vanadyloxalate and Iron nitrate. After drying, the sample was calcined in static air for 4h
at 700°C.
[0050] Referring to Figure 1 and Table 1 the redox activity characteristics are compared for the samples 1w% Pd /
10w% CeO2 on Al2O3 (comparative example), 1w% Pd / 10w% VNbO5 on Al2O3 and 1w% Pd / 10w% FeVO4 supported
on Al2O3. It is seen that the oxygen storage materials based on the oxygen storage components described in this patent
show enhanced properties compared to the CeO2 containing comparative example. This is further demonstrated in
Table 1, where the maxima in reduction temperatures are recorded as well as the relative oxygen storage capacity (in
%), the absolute hydrogen uptake capacity (in mg H2 / mmol oxygen storage component), and the absolute oxygen
storage capacity (in mg O2/mmol oxygen storage component) of the oxygen storage components.

Claims

1. Use of a binary, ternary or higher mixed oxide of the formula

(M1)a(M2)b(M3)c...(M7)gOx

wherein
0 ≤ a,b,c,...,g ≤ 20 with at least a and b > 0;
and x adapts a value to compensate the positive charge originating from the metal cations M1 - M7 being selected
from the group consisting of Fe, Mn, V, Nb, Ta, Mo, W as oxygen storage component in exhaust catalysis.

2. Use according to claim 1,
the oxygen storage component further comprising catalytically active precious metals selected from the group
consisting of Cu, Ag, Au, Pt, Pd, Rh, Ru, Ir and mixtures thereof.

3. Use according to claim 1 and/or 2,
wherein the mixed oxide is supported on a high surface area refractory metal oxide support having a surface area
of at least 50 m2/g

4. Use according to one or more of claims 1 - 3,
wherein only M1 - M5 are present and selected from the group consisting of Fe, Mn, V, Nb and W.

5. Use according to one or more of claims 1 - 4
wherein the absolute oxygen storage capacity of the material is at least 8000 mg O2/mmol oxygen storage component.

Table 2 Compilation of the data obtained from H2 TPR

Material H2 TPR 
Peak 
position, 
°C

relative 
oxygen 
storage 
capacity (%); 
RT - 700°C

absolute hydrogen uptake 
capacity (mg H2 / mmol 
oxygen storage 
component); RT-700°C

absolute oxygen storage 
capacity (mg O2 / mmol 
oxygen storage 
component); RT - 700°C

Redox 
reaction

Example1 
(comparative 
example)

107 31 306 2448 CeO2 →  
Ce2O3 +IV 
→  +III

Example2 109 81 1617 12936 VNbO5 →  
VNbO3 

+V/+V →  
+III/+III

Example3 95 68 2048 16384 FeVO4 →  
Fe2V2O5 
+III/+V →  

+II/+III
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Patentansprüche

1. Verwendung eines binären, ternären oder höheren Mischoxids der Formel

(M1)a(M2)b(M3)c...(M7)gOx

worin
0 ≤ a,b,c,...,g ≤ 20, wobei mindestens a und b > 0;
und x einen Wert annimmt, um die von den Metallkationen M1 - M7, die ausgewählt sind aus der Gruppe bestehend
aus Fe, Mn, V, Nb Ta, Mo, W, herrührende positive Ladung auszugleichen, als Sauerstoffspeicherkomponente bei
der Abgaskatalyse.

2. Verwendung nach Anspruch 1,
wobei die Sauerstoffspeicherkomponente ferner katalytisch aktive Edelmetalle, ausgewählt aus der Gruppe beste-
hend aus Cu, Ag, Au, Pt, Pd, Rh, Ru, Ir und Gemische davon, umfasst.

3. Verwendung nach Anspruch 1 und/oder 2,
wobei das Mischoxid auf einem feuerfesten Metalloxidträger mit hoher spezifischer Oberfläche mit einer Oberfläche
von mindestens 50 m2/g gelagert ist.

4. Verwendung nach einem oder mehreren der Ansprüche 1-3,
wobei nur M1 - M5 vorliegen und ausgewählt sind aus der Gruppe bestehend aus Fe, Mn, V, Nb und W.

5. Verwendung nach einem oder mehreren der Ansprüche 1-4,
wobei die absolute Sauerstoffspeicherkapazität des Materials mindestens 8000 mg O2/mmol Sauerstoffspeicher-
komponente beträgt.

Revendications

1. Utilisation d’un oxyde mixte binaire, ternaire ou d’ordre supérieur de formule

(M1)a(M2)b(M3)c...(M7)gOx

dans laquelle
O ≤ a,b,c,....,g ≤ 20 avec au moins a et b > 0 ;
et x adopte une valeur pour compenser la charge positive provenant des cations métalliques M1 - M7 choisis dans
le groupe constitué par Fe, Mn, V, Nb, Ta, Mo, W en tant que composant de stockage de l’oxygène dans la catalyse
d’échappement.

2. Utilisation selon la revendication 1,
le composant de stockage d’oxygène comprenant en outre des métaux précieux catalytiquement actifs choisis dans
le groupe constitué par Cu, Ag, Au, Pt, Pd, Rh, Ru, Ir et leurs mélanges.

3. Utilisation selon la revendication 1 et/ou 2,
dans laquelle l’oxyde mixte est supporté sur un support d’oxyde métallique réfractaire d’aire spécifique élevée ayant
une aire spécifique d’au moins 50 m2/g

4. Utilisation selon l’une ou plusieurs des revendications 1 à 3,
dans laquelle seuls M1 - M5 sont présents et sont choisis dans le groupe constitué par Fe, Mn, V, Nb et W.

5. Utilisation selon l’une ou plusieurs des revendications 1 à 4,
dans laquelle la capacité absolue de stockage d’oxygène du matériau est d’au moins 8000 mg d’O2/mmol de com-
posant de stockage d’oxygène.
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