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(57) ABSTRACT 

An oxidation catalyst is disclosed, which contains Ce and Ga, 
and a Ce—Ga composite oxide containing a solid solution in 
which a part of Ce is substituted with Ga. This oxidation 
catalyst is obtained in Such a manner that pH of a mixed 
Solution obtained by mixing a Ce-containing Solution and a 
Ga-containing Solution together is adjusted, and a precipitate 
obtained by coprecipitating Ce and Ga is dried and baked. 
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OXIDATION CATALYST AND METHOD FOR 
PRODUCING THE OXDATION CATALYST 

TECHNICAL FIELD 

0001. This invention relates to an oxidation catalyst and a 
method for producing the oxidation catalyst, and more spe 
cifically, relates to an oxidation catalyst that decreases an 
oxidation or combustion temperature of particulate matter 
(PM), and to a method for producing the oxidation catalyst. 

BACKGROUND ART 

0002 An oxidation catalyst for promoting combustion of 
PM is proposed. For example, in Japanese Patent Unexam 
ined Publication No. 2007-54713, a diesel particulate filter is 
proposed, in which a decrease of a PM combustion tempera 
ture is attempted. This diesel particulate filter is a filter in 
which a catalyst that Supports a platinum group Such as Ptand 
Rh on an oxygen Supply oxide including at least one of a 
Zirconium-based multiple oxide and a cerium-based multiple 
oxide is coated on a ceramic-made honeycomb having alter 
nately sealed channels. 

DISCLOSURE OF INVENTION 

0003. However, in the conventional diesel particulate fil 
ter, the decrease of the PM combustion temperature is not 
Sufficient though attempted. 
0004. The present invention has been made in consider 
ation of such a problem inherent in the conventional technol 
ogy. It is an object of the present invention to provide an 
oxidation catalyst capable of particularly decreasing a PM 
oxidation temperature in an effective manner, and to provide 
a method for producing the oxidation catalyst. 
0005. An oxidation catalyst according to the present 
invention includes: Ce and Ga; and a Ce—Ga composite 
oxide containing a solid Solution in which a part of Ce is 
substituted with Ga. 
0006. A method for producing an oxidation catalyst 
according to the present invention includes the steps of mix 
ing a Ce-containing Solution and a Ga-containing Solution 
together, thereby obtaining a mixed solution; adding an aque 
ous alkali metal solution or an aqueous ammonia Solution to 
the mixed solution to thereby adjust pH thereof, and copre 
cipitating Ce and Ga to thereby obtain a precipitate; and 
drying and baking the precipitate. 

BRIEF DESCRIPTION OF DRAWINGS 

0007 FIG. 1(a) is a schematic perspective view showing a 
crystal structure of CeO FIG.1(b) is a schematic perspective 
view showing a crystal structure of a Ce—Ga composite 
oxide that composes an oxidation catalyst according to an 
embodiment of the present invention. 
0008 FIG. 2(a) is an explanatory diagram showing 
whether or not solid solution occurred. FIG. 2(b) is an 
explanatory diagram in which a portion 2A of FIG. 2(a) is 
enlarged. FIG. 2(c) is a table showing peak positions of FIG. 
2(b). 
0009 FIG.3 is a table showing data obtained in Examples. 
0010 FIG. 4 is a graph showing relationships between Ga 
solid solution amounts and measured values of PM combus 
tion temperatures. 
0011 FIG. 5(a) is a graph showing relationships between 
Mn amount and measured values of PM oxidation starting 
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temperatures. FIG. 5(b) is a graph showing relationships 
between Feamount and measured values of the PM oxidation 
starting temperatures. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0012. A description will be made below of an oxidation 
catalyst according to an embodiment of the present invention 
and a method for producing the oxidation catalyst. 
0013 As the oxidation catalyst according to the embodi 
ment of the present invention, here, mentioned as an example 
thereof is a particulate matter (PM) oxidation catalyst to be 
used for promoting combustion of PM containing, as a main 
component, soot emitted from a diesel engine or for decreas 
ing a combustion temperature of the PM. 
0014. The oxidation catalyst according to the embodiment 
of the present invention contains cerium (Ce) and gallium 
(Ga), and a Ce—Ga composite oxide containing a solid solu 
tion in which a part of Ce is substituted with Ga. A usual 
crystal structure 1 of CeO, is shown in FIG. 1A, and a crystal 
structure 11 of the Ce—Ga composite oxide that composes 
the oxidation catalyst according to the embodiment of the 
present invention is shown in FIG. 1B. As shown in FIG. 1A, 
in the usual crystal structure 1 of CeO, Ce atoms 2 exist at 
positions of vertices and face centers of a cubic lattice, and 
oxygen atoms 3 exist at centers of Small cubes obtained by 
dividing the cubic lattice into eight equal parts in Such a 
manner that each side of the cubic lattice is halved. As 
opposed to this, in the crystal structure 11 of the Ce Ga 
composite oxide, as shown in FIG. 1B, a structure is formed, 
in which the Ce atoms existing at the vertices and face centers 
of the cubic lattice are partially substituted with Ga atoms 14. 
Specifically, this Ce—Ga composite oxide uses the crystal 
structure (fluorite structure) of CeO, as a basic structure, and 
the crystal structure 11 of the Ce Ga composite oxide forms 
a fluorite crystal structure, in which Ce atoms 12 and the Ga 
atoms 14 exist at positions of Vertices and face centers of a 
cubic lattice, and oxygen atoms 13 are located at centers of 
small cubes obtained by dividing the cubic lattice into eight 
equal parts in Such a manner that each side of the cubic lattice 
is halved. As described above, the oxidation catalyst accord 
ing to the embodiment of the present invention contains the 
Ce—Ga composite oxide, and this Ce—Ga composite oxide 
forms a solid solution in which the Ce atoms are partially 
substituted with the Ga atoms. 
(0015. An ion radius of Ce" is approximately 0.097 nm, 
and an ion radius of Ga" is approximately 0.062 nm. In the 
crystal structure of CeO2, the Ce atoms are substituted with 
the Ga atoms by the solid solution of the Ga atoms, and 
electric charges are reduced in response to an amount of the 
substitution. Then, in order to balance the electric charges of 
the entirety of the oxide, oxide ions (O) at lattice positions 
come out so as to correspond to a solid solution amount of the 
Ga atoms, and oxide ion holes are generated. In such away, by 
the Solid solution of the Ga atoms, oxygen holes are gener 
ated, and spaces are generated in a specific direction in the Ce 
cubic lattice, whereby mobility of the oxide ions through the 
holes is enhanced. It is guessed that, by the fact that the 
mobility of the oxide ions is enhanced in Such a way, that is, 
a temperature at which active oxygen is generated decreases, 
the active oxygen can be utilized effectively, and a tempera 
ture at which the PM is oxidized or burned decreases. In such 
away, the oxidation catalyst according to the embodiment of 
the present invention contains the Ce—Ga composite oxide 
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that uses the crystal structure of CeO2, which has the fluorite 
structure, as the basic structure, whereby high oxide ion con 
ductivity develops, and the PM oxidation temperature 
decreases. 

0016. Among a variety of the Ce Ga composite oxides, a 
CeO GaO composite oxide is particularly favorable. 
Moreover, in the Ce Ga composite oxide, it is preferable 
that a molar ratio of Cef Gabe 99.99/0.01 to 70/30. It is more 
preferable that the molar ratio of Ce/Gabe 97/3 to 85/15, and 
it is particularly preferable that the molar ratio of Ce/Gabe 
97/3 to 95/5. If the molar ratio is lower than 70/30, then a 
Substitution amount by the Ga atoms is increased to develop 
a GaO phase besides CeO2, and performance of the oxida 
tion catalyst decreases in some case. Moreover, it becomes 
impossible to maintain the fluorite structure of CeO2, and the 
performance of the oxidation catalyst decreases in some case. 
Note that the PM oxidation temperature becomes the lowest 
temperature in the case where this molar ratio of Ce/Ga is 
equal to 97/3 to 95/5. 
0017 Moreover, in the oxidation catalyst according to the 
present invention, it is more preferable that the Ce Ga com 
posite oxide contain Minor Fe. The PM oxidation temperature 
further decreases in Such a manner that the Ce—Ga compos 
ite oxide contains Minor Fe. The decrease of the PM oxidation 
temperature is assumed to be caused by any of the following 
functions. As a first reason, it is assumed that Minor Fe itself 
becomes new active sites. As a second reason, it is assumed 
that the existence of Minor Fe promotes supply of the active 
oxygen from the Ce—Ga composite oxide. As a third reason, 
it is assumed that the existence of Minor Fe promotes supply 
of the active oxygen from a Ce—Ga—Mncomposite oxide or 
a Ce—Ga—Fe composite oxide. 
0018 With regard to an amount of Mn or Fe, which the 
Ce—Ga composite oxide contains, for example, it is prefer 
able that Mn or Fe be contained by 0.01 to 50 moles with 
respect to 100 moles of Ce and Ga in total, and it is more 
preferable that Mn or Fe be contained by 0.01 to 30 moles 
with respect thereto. If the amount of Minor Fe is 0.01 mole or 
more, then the amount is sufficient for the PM oxidation in 
terms of the active sites, and also in terms of the supply of the 
active oxygen, Sufficient emission of the active oxygen for 
oxidizing the PM is obtained. If the amount of Minor Fe is 50 
moles or less, then such PM oxidation activity can exert an 
effect appropriate to additive amount of Minor Fe, and Mn or 
Fe can be utilized effectively, and does not cause the decrease 
of the activity owing to sintering. Note that, besides Mn and 
Fe, transition metal such as Co and Nialso has a similar effect. 
0019. It is preferable that the oxidation catalyst according 

to the embodiment of the present invention contain alkali 
metal. If the alkali metal exists on a surface of the Ce Ga 
composite oxide, then this alkali metal moves to PM particles 
proximate thereto, and activates the PM particles themselves. 
The activated PM particles are broken to a suitable size, and 
are dispersed. As described above, it is conceived that the 
coexistence of the alkali metal promotes the oxidation of the 
PM. 

0020. It is preferable that the alkali metal to be contained 
be sodium (Na), and though no particular limitations are 
imposed on an amount of Na to be contained, it is preferable 
to set the amount of Na to be contained at 0.01 to 10 moles 
with respect to 1 mole of the Ce Ga composite oxide. If the 
amount of Na is less than 0.01 mole, then the effect of 
decreasing the PM oxidation temperature is Small in some 
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case. If the amount of Na exceeds 10 moles, then the effect of 
decreasing the PM oxidation temperature reaches equilib 
rium in some case. 
0021. The oxidation catalyst according to the embodiment 
of the present invention contains the above-described 
Ce—Ga composite oxide as an essential component. Other 
components than the above, for example, noble metal Such as 
platinum, a transition metal oxide Such as Mn oxide, and 
another third component can be solid-solved in the composite 
oxide. 
0022. Moreover, the oxidation catalyst according to the 
embodiment of the present invention is usable by being car 
ried on a monolithically constructed catalyst carrier Such as a 
honeycomb-like monolithic carrier. In particular, in the case 
of taking, as a subject, PM of a lean combustion engine Such 
as the diesel engine, the oxidation catalyst according to the 
embodiment of the present invention can be used for a so 
called checkered honeycomb carrier in which one-side ends 
of cells are alternately sealed. 
0023) Next, a description will be made of a method for 
producing the oxidation catalyst according to the embodi 
ment of the present invention. This production method is a 
method for producing the above-mentioned oxidation cata 
lyst, and is a method of forming the Ce—Ga composite oxide 
in Such a manner that a Ce-containing Solution and a Ga 
containing solution are mixed together to thereby obtain a 
mixed solution, an aqueous alkali metal Solution or an aque 
ous ammonia Solution is added to this mixed solution to 
thereby adjust pH thereof, Ca and Ga are coprecipitated to 
thereby obtain a precipitate, and this precipitate is dried and 
baked. 
0024 First, the Ce-containing solution and the Ga-con 
taining solution are mixed together to thereby obtain the 
mixed solution as a precursor of the Ce—Ga composite 
oxide. The Ce-containing Solution and the Ga-containing 
solution are obtained by dissolving nitrate of Ce and nitrate of 
Ga in a solvent. To this mixed solution, as a source of Mn, 
there can be added Mn nitrate, Mn hydroxide, Mn acid 
hydroxide, Mn carbonate or complexes of these. Moreover, in 
place of the above-described source of Mn, as a source of iron, 
there can also be added Fe nitrate, Fe hydroxide, Fe acid 
hydroxide. Fe carbonate or complexes of these. 
0025 Specifically, a raw material of Mn, such as the Mn 
nitrate, or a raw material of the iron, Such as the Fe nitrate, is 
added to the mixed solution of the Cenitrate and the Ganitrate 
according to needs, and thereafter, an aqueous Sodium 
hydroxide solution or the aqueous ammonia Solution is added 
to an obtained resultant to thereby adjust pH thereof, and a 
mixture of Cehydroxide and Gahydroxide is coprecipitated. 
Thereafter, the mixture of the Ce hydroxide and the Ga 
hydroxide, which is generated by the precipitation, is dried at 
100° C. to 150° C. for 8 hours to 24 hours, and is further baked 
at 500° C. to 700° C. for 5 hours to 8 hours, whereby the 
desired Ce—Ga composite oxide can be obtained. 
0026. Moreover, in the method for producing the oxida 
tion catalyst according to the embodiment of the present 
invention, in the case of using the aqueous alkali metal solu 
tion in order to adjust pH of the obtained resultant, the alkali 
metal remains on the Surface of the obtained Ce Ga com 
posite oxide. In the event of preparing the aqueous alkali 
metal solution, it is preferable to use the alkali metal in the 
form of salt, a hydroxide or an oxide. Moreover, as the salt, a 
carbonate is particularly preferable since the carbonate is 
easy to handle and has high storage stability. In accordance 
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with this production method, the alkali metal can be sup 
ported on the Ce Ga composite oxide from the step where 
the Ce Ga composite oxide is in the form of the precursor. 
As described above, when the alkali metal remains on the 
surface of the Ce Ga composite oxide, the PM oxidation 
temperature decreases. Note that, with regard to the obtained 
oxidation catalyst, even if XRD analysis is performed there 
for, diffraction peaks derived from the alkali metal or the salt, 
hydroxide or oxide of the alkali metal are not observed. How 
ever, when the obtained oxidation catalyst is analyzed by ICP 
mass analysis, peaks derived from the alkali metal, for 
example, such as Na are observed. From this fact, it is con 
ceived that the alkali metal exists in the form of the salt, the 
hydroxide or the oxide on the obtained oxidation catalyst 
though an amount thereof is very Small. 
0027. As described above, in accordance with the method 
for producing the oxidation catalyst according to the embodi 
ment of the present invention, the oxidation catalyst capable 
of decreasing the PM oxidation temperature is obtained. 
0028 Note that, though the PM oxidation catalyst to be 
used for promoting the combustion of the PM containing, as 
a main component, the Soot emitted from the diesel engine or 
for decreasing the combustion temperature of the PM has 
been illustrated as an example of the oxidation catalyst, the 
present invention is not limited to the PM oxidation catalyst, 
and is applicable to other engines for which the oxidation 
catalyst is required. 

EXAMPLES 

0029. A description will be made below of Example 1 to 
Example 42 of the oxidation catalyst according to the 
embodiment of the present invention and Comparative 
example 1 and Comparative example 2 thereof. These 
examples were carried out in order to investigate effective 
ness of the oxidation catalyst according to the present inven 
tion, the respective samples were prepared by treating differ 
ent raw materials under different conditions, and the present 
invention is not limited to the illustrated examples. 

Example 1 
0030 Cerium nitrate and gallium nitrate were weighed out 
so that a molar ratio of Cef Ga could become 97/3, and were 
dissolved into ion exchange water. After a resultant aqueous 
Solution was stirred for 1 hour, an aqueous sodium hydroxide 
solution was dropped thereinto to thereby adjust pH thereof, 
and a precipitate of a Ce Ga hydroxide was obtained. The 
obtained precipitate was dried at 150° C. day and night, and 
was further baked at 500°C., whereby an oxidation catalyst of 
Example 1 was obtained. 

Example 2 
0031 Similar operations to those of Example 1 were 
repeated except that the molar ratio of Ce/Ga was set at 95/5. 
whereby an oxidation catalyst of Example 2 was obtained. 

Example 3 
0032 Similar operations to those of Example 1 were 
repeated except that the molar ratio of Ce/Ga was set at 85/15, 
whereby an oxidation catalyst of Example 3 was obtained. 

Example 4 
0033 Similar operations to those of Example 1 were 
repeated except that the molar ratio of Ce/Ga was set at 68/32, 
whereby an oxidation catalyst of Example 4 was obtained. 

Example 5 
0034 Similar operations to those of Example 1 were 
repeated except that an aqueous ammonia Solution was used 
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in place of the aqueous sodium hydroxide Solution, whereby 
an oxidation catalyst of Example 5 was obtained. 

Example 6 

0035) Similar operations to those of Example 2 were 
repeated except that the aqueous ammonia Solution was used 
in place of the aqueous sodium hydroxide Solution, whereby 
an oxidation catalyst of Example 6 was obtained. 

Example 7 

0036 Similar operations to those of Example 3 were 
repeated except that the aqueous ammonia Solution was used 
in place of the aqueous sodium hydroxide Solution, whereby 
an oxidation catalyst of Example 7 was obtained. 

Example 8 
0037 Similar operations to those of Example 4 were 
repeated except that the aqueous ammonia Solution was used 
in place of the aqueous sodium hydroxide Solution, whereby 
an oxidation catalyst of Example 8 was obtained. 

Example 9 
0038 Similar operations to those of Example 1 were 
repeated except that manganese nitrate was added to the 
above-mentioned cerium nitrate and gallium nitrate so that a 
molar ratio of Mn/(Ce+Ga) could become 5/100, whereby an 
oxidation catalyst of Example 9 was obtained. 

Example 10 
0039 Similar operations to those of Example 9 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 10/100, whereby an oxidation 
catalyst of Example 10 was obtained. 

Example 11 
0040 Similar operations to those of Example 9 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 20/100, whereby an oxidation 
catalyst of Example 11 was obtained. 

Example 12 

0041. Similar operations to those of Example 9 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 30/100, whereby an oxidation 
catalyst of Example 12 was obtained. 

Example 13 

0042. Similar operations to those of Example 9 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 50/100, whereby an oxidation 
catalyst of Example 13 was obtained. 

Example 14 

0043. Similar operations to those of Example 2 were 
repeated except that the manganese nitrate was added to the 
above-mentioned cerium nitrate and gallium nitrate so that 
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the molar ratio of Mn/(Ce+Ga) could become 5/100, whereby 
an oxidation catalyst of Example 14 was obtained. 

Example 15 

0044 Similar operations to those of Example 14 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 10/100, whereby an oxidation 
catalyst of Example 15 was obtained. 

Example 16 

0045 Similar operations to those of Example 14 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 20/100, whereby an oxidation 
catalyst of Example 16 was obtained. 

Example 17 

0046 Similar operations to those of Example 14 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 30/100, whereby an oxidation 
catalyst of Example 17 was obtained. 

Example 18 

0047 Similar operations to those of Example 14 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 50/100, whereby an oxidation 
catalyst of Example 18 was obtained. 

Example 19 

0048 Similar operations to those of Example 3 were 
repeated except that the manganese nitrate was added to the 
above-mentioned cerium nitrate and gallium nitrate so that 
the molar ratio of Mn/(Ce+Ga) could become 5/100, whereby 
an oxidation catalyst of Example 19 was obtained. 

Example 20 

0049 Similar operations to those of Example 19 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 10/100, whereby an oxidation 
catalyst of Example 20 was obtained. 

Example 21 

0050. Similar operations to those of Example 19 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 20/100, whereby an oxidation 
catalyst of Example 21 was obtained. 

Example 22 

0051 Similar operations to those of Example 19 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
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Mn/(Ce+Ga) could become 30/100, whereby an oxidation 
catalyst of Example 22 was obtained. 

Example 23 

0.052 Similar operations to those of Example 19 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 50/100, whereby an oxidation 
catalyst of Example 23 was obtained. 

Example 24 

0053 Similar operations to those of Example 4 were 
repeated except that the manganese nitrate was added to the 
above-mentioned cerium nitrate and gallium nitrate so that 
the molar ratio of Mn/(Ce+Ga) could become 5/100, whereby 
an oxidation catalyst of Example 24 was obtained. 

Example 25 

0054 Similar operations to those of Example 24 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 10/100, whereby an oxidation 
catalyst of Example 25 was obtained. 

Example 26 

0055 Similar operations to those of Example 24 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 20/100, whereby an oxidation 
catalyst of Example 26 was obtained. 

Example 27 

0056 Similar operations to those of Example 24 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 30/100, whereby an oxidation 
catalyst of Example 27 was obtained. 

Example 28 

0057 Similar operations to those of Example 24 were 
repeated except that the manganese nitrate was added to the 
cerium nitrate and the gallium nitrate so that the molar ratio of 
Mn/(Ce+Ga) could become 50/100, whereby an oxidation 
catalyst of Example 28 was obtained. 

Example 29 

0.058 Similar operations to those of Example 1 were 
repeated except that ferric nitrate was added to the above 
mentioned cerium nitrate and gallium nitrate so that a molar 
ratio of Fe/(Ce+Ga) could become 5/100, whereby an oxida 
tion catalyst of Example 29 was obtained. 

Example 30 

0059 Similar operations to those of Example 29 were 
repeated except that the ferric nitrate was added to the cerium 
nitrate and the gallium nitrate so that the molar ratio of Fe/ 
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(Ce+Ga) could become 10/100, whereby an oxidation cata 
lyst of Example 30 was obtained. 

Example 31 

0060 Similar operations to those of Example 29 were 
repeated except that the ferric nitrate was added to the cerium 
nitrate and the gallium nitrate so that the molar ratio of Fe/ 
(Ce+Ga) could become 20/100, whereby an oxidation cata 
lyst of Example 31 was obtained. 

Example 32 

0061 Similar operations to those of Example 29 were 
repeated except that the ferric nitrate was added to the cerium 
nitrate and the gallium nitrate so that the molar ratio of Fe/ 
(Ce+Ga) could become 25/100, whereby an oxidation cata 
lyst of Example 32 was obtained. 

Example 33 

0062 Similar operations to those of Example 29 were 
repeated except that the ferric nitrate was added to the cerium 
nitrate and the gallium nitrate so that the molar ratio of Fe/ 
(Ce+Ga) could become 30/100, whereby an oxidation cata 
lyst of Example 33 was obtained. 

Example 34 

0063 Similar operations to those of Example 29 were 
repeated except that the ferric nitrate was added to the cerium 
nitrate and the gallium nitrate so that the molar ratio of Fe/ 
(Ce+Ga) could become 35/100, whereby an oxidation cata 
lyst of Example 34 was obtained. 

Example 35 

0064. Similar operations to those of Example 29 were 
repeated except that the ferric nitrate was added to the cerium 
nitrate and the gallium nitrate so that the molar ratio of Fe/ 
(Ce+Ga) could become 50/100, whereby an oxidation cata 
lyst of Example 35 was obtained. 

Example 36 

0065. Similar operations to those of Example 2 were 
repeated except that the ferric nitrate was added to the above 
mentioned cerium nitrate and gallium nitrate so that the molar 
ratio of Fe/(Ce+Ga) could become 5/100, whereby an oxida 
tion catalyst of Example 36 was obtained. 

Example 37 

0066 Similar operations to those of Example 36 were 
repeated except that the ferric nitrate was added to the cerium 
nitrate and the gallium nitrate so that the molar ratio of Fe/ 
(Ce+Ga) could become 10/100, whereby an oxidation cata 
lyst of Example 37 was obtained. 

Example 38 

0067 Similar operations to those of Example 36 were 
repeated except that the ferric nitrate was added to the cerium 
nitrate and the gallium nitrate so that the molar ratio of Fe/ 
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(Ce+Ga) could become 20/100, whereby an oxidation cata 
lyst of Example 38 was obtained. 

Example 39 
0068. Similar operations to those of Example 36 were 
repeated except that the ferric nitrate was added to the cerium 
nitrate and the gallium nitrate so that the molar ratio of Fe/ 
(Ce+Ga) could become 25/100, whereby an oxidation cata 
lyst of Example 39 was obtained. 

Example 40 
0069. Similar operations to those of Example 36 were 
repeated except that the ferric nitrate was added to the cerium 
nitrate and the gallium nitrate so that the molar ratio of Fe/ 
(Ce+Ga) could become 30/100, whereby an oxidation cata 
lyst of Example 40 was obtained. 

Example 41 
0070 Similar operations to those of Example 36 were 
repeated except that the ferric nitrate was added to the cerium 
nitrate and the gallium nitrate so that the molar ratio of Fe/ 
(Ce+Ga) could become 35/100, whereby an oxidation cata 
lyst of Example 41 was obtained. 

Example 42 
0071 Similar operations to those of Example 36 were 
repeated except that the ferric nitrate was added to the cerium 
nitrate and the gallium nitrate so that the molar ratio of Fe/ 
(Ce+Ga) could become 50/100, whereby an oxidation cata 
lyst of Example 42 was obtained. 

Comparative Example 1 

0072 Similar operations to those of Example 1 were 
repeated except that only the cerium nitrate was used without 
using the gallium nitrate, whereby an oxidation catalyst of 
Comparative example 1 was obtained. 

Comparative Example 2 

0073. Similar operations to those of Comparative example 
1 were repeated except that the aqueous ammonia Solution 
was used in place of the aqueous sodium hydroxide solution, 
whereby an oxidation catalyst of Comparative example 2 was 
obtained. 

<Performance Evaluation> 

(1) Whether or Not Solid Solution Occurred 
0074 The oxidation catalysts of Example 1 and Example 
3 were subjected to X-ray diffraction analysis, and it was 
determined whether or not the solid solution of Ga occurred 
therein. As an analyzer, an X-ray diffraction apparatus (XRD: 
MXP18VAHF) made by MAC Science Co., Ltd. was used. 
Measurement of the X-ray diffraction was performed under 
conditions where a radiation source was a CukO. ray, a Volt 
age was 40 kV, and a current was 300 mA. 
0075 Results thus obtained are shown in FIG. 2. As shown 
in FIG. 2, it was able to be observed that, in the oxidation 
catalysts of Example 1 and Example 3, the respective diffrac 
tion peaks were shifted from peak positions of CeO. For 
example, in Example 3 where Ce was substituted with Gaby 
15 moles, a value of 20 at a peak position 2B1 on a (331) 
diffraction plane is 77°, which is larger than 76.77 as a value 
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of 29 at a peak position 2B3 on a (331) diffraction plane of 
Example 1 where Ce was substituted with Gaby 3 moles. A 
value of 29 at a peak position on a (331) diffraction plane of 
CeO, that was not substituted with Ga is 76.70°, and it is 
understood that the value of 20 at the peak position on the 
(331) diffraction plane is shifted more largely as the solid 
Solution amount of Ga becomes larger. In a similar way, in 
Example 3 where Ce was substituted with Gaby 15 moles, a 
value of 20 at a peak position 2B2 on a (420) diffraction plane 
is 79.37, which is larger than 70.15° as a value of 20 at a peak 
position 2B4 on a (420) diffraction plane of Example 1 where 
Ce was substituted with Gaby 3 moles, and it is understood 
that the value of 20 at the peak position on the (420) diffrac 
tion plane is shifted more largely as the Solid solution amount 
of Gabecomes larger. As described above, from the results of 
the X-ray diffraction analysis for Example 1 and Example 3, 
it has been understood that solid solutions in each of which a 
considerable amount of Ga is solid-solved are generated. 
0076 Moreover, Mn contained in the oxidation catalyst of 
each of Examples 9 to 28 was not detected as an oxide phase 
in the X-ray diffraction analysis, and was not able to be 
observed as particles even by means of a TEM. In a similar 
way, Fe contained in the oxidation catalyst of each of 
Examples 29 to 42 was not detected as an oxide phase in the 
X-ray diffraction analysis, and was notable to be observed as 
particles even by means of the TEM. Hence, it is conceived 
that these Mn and Fe are highly dispersed, or are solid-solved 
into the composite oxide. 

(2) PM Oxidation Performance 
0077. The oxidation catalyst powder in each of the 
examples and soot (PM) collected from an automotive engine 
were mixed together in a mortar, whereby a sample was 
prepared. Each sample was used as a catalyst bed, and a 
temperature thereof was changed while introducing a mixed 
gas flow of 5 vol% of O gas and He gas (in a balance amount) 
thereinto. Temperatures at which carbon monoxide (CO) and 
carbon dioxide (CO) were generated were measured by 
using a mass spectrometer, and measured values thus 
obtained were defined as PM oxidation starting temperatures. 
Obtained results are shown in FIG. 3 to FIG. 5. 

(3) ICP Mass Spectrometry 

0078. The oxidation catalyst obtained in each of the 
examples was analyzed by the inductively coupled plasma 
atomic emission spectrometry (ICP-AES) by using an induc 
tively coupled plasma atomic emission spectrometer SPS 
1700HVR made by SII Nano Technology Inc. 
0079. In accordance with each result obtained in Example 
1 to Example 8. Example 11, Example 16, Example 21 and 
Example 26, the PM oxidation starting temperature was 
decreased when Ga was solid-solved. Moreover, it has been 
understood that, when NaOH is used as an alkaline solution, 
the obtained oxidation catalyst contains several mass percents 
of Na, and the PM oxidation starting temperature is 
decreased. Furthermore, it has been understood that the PM 
oxidation starting temperature is further decreased in the case 
where the oxidation catalyst contains Mn. 
0080 Moreover, in accordance with results in Example 1, 
Example 2 and Example 9 to Example 18, it has been under 
stood that the PM oxidation starting temperature is decreased 
as a content of Mn in the oxidation catalyst becomes larger. 
The PM oxidation starting temperature was rather decreased 
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in the case where the solid solution amount of Ga was 5 
moles, and was decreased most when the additive amount of 
Mn were 30 mol%. It is conceived that the PM oxidation 
starting temperature is increased since a GaO phase devel 
ops besides CeO when the additive amount of Mn are 
increased up to 50 mol%. 
I0081. In a similar way, in accordance with results of 
Example 1, Example 2 and Example 29 to Example 42, it has 
been understood that the PM oxidation starting temperature is 
decreased as the oxidation catalyst contains a larger amount 
of Fe. The PM oxidation starting temperature was rather 
decreased in the case where the solid solution amount of Ga 
was 5 moles, and was decreased most when the additive 
amount of Fe were 30 mol%. It is conceived that the PM 
oxidation starting temperature is increased since the GaO. 
phase develops besides CeO, when the additive amount of 
Mn are increased up to 50 mol%. 
0082. As described above, it has been understood that, in 
each of the samples obtained in Example 1 to Example 42, the 
Ce—Ga composite oxide containing the Solid solution in 
which a part of Ce was substituted with Ga was formed, and 
accordingly, the oxidation catalyst capable of effectively 
decreasing the PM combustion temperature was obtained. 
I0083. The description has been made above of the embodi 
ment of the present invention; however, it should not be 
understood that the description and the drawings, which form 
a part of the disclosure of the above-mentioned embodiment, 
limit this invention. From this disclosure, a variety of alter 
native embodiments, examples and operation technologies 
will be apparent for those skilled in the art. 
I0084. The entire contents of Japanese Patent Application 
No. 2007-210798 (filed on: Aug. 13, 2007), Japanese Patent 
Application No. 2008-036949 (filed on: Feb. 19, 2008) and 
Japanese Patent Application No. 2008-168404 (filed on: Jun. 
27, 2008) are incorporated herein by reference. 

INDUSTRIAL APPLICABILITY 

I0085. In accordance with the present invention, the 
Ce—Ga composite oxide containing the Solid solution in 
which a part of Ce is substituted with Ga is formed, and 
accordingly, the oxidation catalyst capable of effectively 
decreasing the PM combustion temperature and the method 
for producing the oxidation catalyst can be provided. 

1-10. (canceled) 
11. An oxidation catalyst that decreases a PM oxidation or 

combustion temperature, comprising: 
Ce and Ga.; and 
a Ce—Ga composite oxide containing a Solid solution in 

which a part of Ce is substituted with Ga. 
12. The oxidation catalyst that decreases the PM oxidation 

or combustion temperature according to claim 11, wherein 
the Ce—Ga composite oxide has a fluorite crystal structure. 

13. The oxidation catalyst that decreases the PM oxidation 
or combustion temperature according to claim 11, wherein a 
molar ratio of Ce/Gain the Ce Ga composite oxide is 99.99/ 
O.O1 to 70/30. 

14. The oxidation catalyst that decreases the PM oxidation 
or combustion temperature according to claim 11, wherein a 
molar ratio of Ce/Ga in the Ce Ga composite oxide is 97/3 
to 85/15. 

15. The oxidation catalyst that decreases the PM oxidation 
or combustion temperature according to claim 11, wherein 
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the Ce—Ga composite oxide further contains Mn, and a 
molar ratio of Mn/(Ce+Ga) in the Ce Ga composite oxide is 
O.O1/100 to 50/100. 

16. The oxidation catalyst that decreases the PM oxidation 
or combustion temperature according to claim 11, wherein 
the Ce—Ga composite oxide further contains Mn, and a 
molar ratio of Mn/(Ce+Ga) in the Ce Ga composite oxide is 
0.01/100 to 30/100. 

17. The oxidation catalyst that decreases the PM oxidation 
or combustion temperature according to claim 11, wherein 
the Ce—Ga composite oxide further contains Fe, and a molar 
ratio of Fe/(Ce+Ga) in the Ce Ga composite oxide is 0.01/ 
100 to 50/100. 

18. The oxidation catalyst that decreases the PM oxidation 
or combustion temperature according to claim 11, wherein 
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the Ce—Ga composite oxide further contains Fe, and a molar 
ratio of Fe/(Ce+Ga) in the Ce Ga composite oxide is 0.01/ 
100 to 30/100. 

19. The oxidation catalyst that decreases the PM oxidation 
or combustion temperature according to claim 11, further 
comprising: alkali metal. 

20. A method for producing an oxidation catalyst that 
decreases a PM oxidation or combustion temperature, com 
prising: 

mixing a Ce-containing Solution and a Ga-containing solu 
tion together, thereby obtaining a mixed solution; 

adding an aqueous alkali metal Solution or an aqueous 
ammonia Solution to the mixed solution to thereby 
adjust pH thereof, and coprecipitating Ce and Ga to 
thereby obtain a precipitate; and 

drying and baking the precipitate. 
c c c c c 


