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(57) ABSTRACT 

The present invention relates to ceric oxide that has excel 
lent heat resistance and oxygen absorbing and desorbing 
capability useful as a co-catalyst material Suitable for a 
catalyst for purifying exhaust gas, that is capable of main 
taining a large Specific Surface area even in use in a high 
temperature environment, and that is Suitable for use in a 
high temperature environment, yet capable of exhibiting 
high oxygen absorbing and desorbing capability also in a 
lower temperature range, a method for preparing Such ceric 
oxide, and a catalyst for purifying exhaust gas utilizing Such 
ceric oxide. The ceric oxide is an oxide composed essen 
tially of ceric oxide, and has a Specific Surface area of not 
smaller than 30.0 m/g after calcination at 900° C. for 5 
hours. 
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CERC OXDE AND METHOD FOR PRODUCTION 
THEREOF, AND CATALYST FOR EXHAUST GAS 

CLARIFICATION 

FIELD OF ART 

0001. The present invention relates to ceric oxide that has 
excellent heat resistance useful for catalysts, functional 
ceramics, Solid electrolyte for fuel cells, and the like, and 
particularly Suitable for use as a co-catalyst material in 
catalysts for purifying vehicle exhaust gas. The present 
invention also relates to a method for preparing Such ceric 
oxide, and a catalyst for purifying exhaust gas utilizing Such 
ceric oxide. 

BACKGROUND ART 

0002 Catalysts for purifying vehicle exhaust gas are 
composed of a catalytic metal Such as platinum, palladium, 
or rhodium, and a co-catalyst for enhancing the catalytic 
action of Such metal, both Supported on a catalyst Support 
made of, for example, alumina or cordierite. AS Such a 
co-catalyst material are used cerium oxide-containing mate 
rials, which have the properties of absorbing oxygen under 
the oxidizing atmosphere and desorbing oxygen under the 
reducing atmosphere, originated in ceric oxide, i.e., oxygen 
absorbing and desorbing capability. With this oxygen 
absorbing and desorbing capability, the cerium oxide-con 
taining materials purify noxious components in exhaust 
gases Such as hydrocarbons, carbon monoxide, and nitrogen 
oxides at excellent efficiency. AS Such, large quantities of the 
cerium oxide-containing materials are used as a co-catalyst. 
0003. It is most critical for activating the function of Such 
cerium oxide-containing co-catalyst material to keep the 
co-catalyst at a high temperature. Low temperature of the 
exhaust gas, for example at engine Start-up, will result in low 
purifying efficiency. Vehicle manufacturers are presently 
trying to Solve this problem by placing the catalyst System 
close to the engine for introducing hot exhaust gas right after 
its emission from the engine into the catalyst System. There 
is also a demand for co-catalyst materials that are activated 
at lower temperatures. 
0004. In general, efficiency of exhaust gas treatment with 
a catalyst is proportional to the contact area between the 
active phase of the catalyst and the exhaust gas, and to the 
oxygen absorbing and desorbing capability of the co-catalyst 
material, Such as ceric oxide. Thus the co-catalyst material 
is required to have a Sufficiently large Specific Surface area 
and a Sufficiently high oxygen absorbing and desorbing 
capability, as well as high activity at lower temperatures. 
0005 For solving these problems, JP-7-61863-B pro 
poses a method for obtaining a ceric oxide having good heat 
resistance, including precipitating ceric hydroxide in a reac 
tion medium at pH 6 to about pH 10, treating the resulting 
precipitate in an autoclave at 100 to 350° C., and calcining 
at 300 to 1000° C., to thereby obtain ceric oxide. However, 
the heat resistance of the resulting ceric oxide represented by 
the specific surface area after calcination at 900 C. is 15 
m/g, which is not sufficient. 
0006 JP-2001-89143-A, JP-2000-281343-A, 
JP-27893.13-B, and JP-2000-128537-Apropose cerium-con 
taining oxides having improved oxygen Storage capacity 
(OSC). However, all of these oxides are composite oxides 
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containing ceric oxide having one or more other elements 
Solid-Solutioned therein, and are not high-purity ceric 
oxides. 

0007 JP-3-24.478-B, JP-3-24.411-B, and JP-2537662-B 
propose methods for preparing ceric oxide including reflux 
ing an aqueous Solution of ceric nitrate, Separating the 
resulting hydrolysate by filtering, Washing, drying, and 
calcining, to thereby prepare ceric oxide. The ceric oxide 
thus obtained, however, has low heat resistance represented 
by a specific surface area after calcination at 900 C. for 5 
hours of as low as not higher than 10 m /g. 

DISCLOSURE OF THE INVENTION 

0008. It is therefore an object of the present invention to 
provide ceric oxide that has excellent heat resistance and 
oxygen absorbing and desorbing capability useful as a 
co-catalyst material Suitable for a catalyst for purifying 
exhaust gas, that is capable of maintaining a large specific 
Surface area even in use in a high temperature environment, 
and that is Suitable for use in a high temperature environ 
ment, yet capable of exhibiting high oxygen absorbing and 
deSorbing capability also in a lower temperature range, a 
method for preparing Such ceric oxide, and a catalyst for 
purifying exhaust gas utilizing Such ceric oxide. 

0009. The present inventors have made an intensive 
research for achieving the above objects. First, the inventors 
made a detailed research on the possible effect of crystal 
linity of cerium oxide hydrate, which is a precursor of ceric 
oxide, on the drop in the Specific Surface area observed in 
conventional ceric oxide upon heating to a high temperature, 
irrespective of its large Specific Surface area before heating. 
Through the research, it was confirmed that crystallinity of 
a cerium oxide precursor prepared by a conventional method 
known to produce a highly heat resistant ceric oxide, i.e. by 
drying a cerium Sol, an aqueous Solution of a cerium Salt, or 
a mixture of these, is extremely Sensitive to thermal energy, 
possibly due to its microcrystal. This thermal sensitivity 
causes the conventional ceric oxide to be highly sintered and 
to show remarkable crystal growth in a high temperature 
range, failing to keep a large Specific Surface area. Thus the 
inventors have made intensive efforts to increase the crys 
tallinity of the precursor, and found out a reaction method 
for improving the crystallinity of the precursor at a high 
temperature under an oxidizing atmosphere, to thereby com 
plete the invention. 

0010. According to the present invention, there is pro 
Vided a ceric oxide which is an oxide consisting essentially 
of ceric oxide and has a Specific Surface area of not Smaller 
than 30.0 m /g after calcination at 900° C. for 5 hours. 
0011. According to the present invention, there is also 
provided a method for preparing the above ceric oxide 
comprising the Steps of: 

0012 (a) providing a cerium solution not less than 
90 mol % of which cerium ions are tetravalent, 

0013 (b) holding said cerium solution prepared in 
step (a) at 60 to 220 C. under heating, 

0014) (c) cooling said heated cerium solution, 
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0015 (d) adding a precipitant to said cooled cerium 
Solution to obtain a precipitate, and 

0016 (e) calcining said precipitate. 
0.017. According to the present invention, there is also 
provided a catalyst for purifying exhaust gas comprising a 
co-catalyst, wherein Said co-catalyst comprises the above 
ceric oxide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a graph showing TPR curves drawn in 
Examples 1 and 9 and Comparative Examples 1 and 2. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

0019. The present invention will now be explained in 
detail. 

0020. The ceric oxide according to the present invention 
is an oxide consisting essentially of ceric oxide, and has a 
specific Surface area of not Smaller than 30.0 m/g, prefer 
ably not smaller than 40.0 m/g, more preferably not smaller 
than 50.0 m/g, after calcination at 900° C. for 5 hours. The 
maximum specific surface area after calcination at 900 C. 
for 5 hours is not particularly limited, and may usually be 
about 100 m/g. 
0021. The ceric oxide of the present invention generally 
has a large specific Surface area of not smaller than 180 m/g 
after calcination at 250 C. for 5 hours, not smaller than 160 
m/g after calcination at 300° C. for 5 hours, not smaller than 
40.0 m/g after calcination at 800° C. for 5 hours, not 
smaller than 30.0 m/g after calcination at 900° C. for 5 
hours, and not smaller than 20.0 m/g after calcination at 
1000 C. for 5 hours. No ceric oxide is hitherto known 
having Such a large Specific Surface area after calcination at 
Such high temperatures. In general, when oxide powders are 
heated above a particular temperature range dependent on 
their composition and production process, the degree of 
Sintering and crystal growth of the powders increase remark 
ably to cause drop in the Specific Surface area. It is known 
that ceric oxide remarkably experiences this drop at about 
800° C. or higher, so that catalyst systems for purifying 
exhaust gas are usually designed, taking Such heat resistance 
of the materials into consideration. 

0022 Having a large specific Surface area even after 
calcination at 900 C. for 5 hours as mentioned above, the 
ceric oxide of the present invention may be used as a 
co-catalyst material capable of withstanding expected use at 
a higher temperature of about 900 C. 
0023 The specific Surface area referred to in the present 
Specification is measured according to the BET method 
utilizing absorption of nitrogen gas, which is the most 
Standard method for measuring the Specific Surface area of 
powders. 

0024. The ceric oxide of the present invention may 
preferably has an S1/S2 ratio, that is, a ratio of the area (S1) 
defined by the baseline and the TPR curve in the temperature 
range of 200 to 600° C., to the area (S2) defined by the 
baseline and the TPR curve in the temperature range of 600 
to 1000 C., of usually not lower than 0.120, more preferably 
not lower than 0.150, most preferably not lower than 0.190, 
measured after calcination at 1000 C. for 5 hours. Having 
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the S1/S2 ratio of not lower than 0.120 means that the ceric 
oxide exhibits excellent reducibility in a low temperature 
range of not higher than 600 C., after calcination at as high 
as 1000 C. A higher S1/S2 ratio of a ceric oxide is expected 
to result in a higher oxygen absorbing and desorbing capa 
bility and higher activity to purify exhaust gas at a lower 
temperature. AS used herein, the “baseline” means a line 
segment drawn from the point on the TPR curve correspond 
ing to 200 C. in parallel to the axis representing tempera 
ture, up to 1000° C. 
0025 The TPR is performed using a temperature pro 
grammed desorption analyzer (trade name: TP-5000) manu 
factured by OKURA RIKEN CO.,LTD., with a carrier gas 
containing 90% argon and 10% hydrogen, at a gas flow rate 
of 30 ml/min, at a heating rate of a Sample during measure 
ment of 13.3° C./min, and using 0.5g of a sample. 

0026. The ceric oxide of the present invention preferably 
has, after calcination at 900 C. for 5 hours, OSC of not 
smaller than 0.60 mlO/g/s evaluated at 400° C. The maxi 
mum OSC is not particularly limited, and is usually 2.0 
mlO/g/s. No ceric oxide is hitherto known having Such high 
OSC. For catalysts for purifying vehicle exhaust gas, the 
OSC and the active temperature of a co-catalyst material, 
Such as ceric oxide, are important. Usually, catalysts for 
purifying vehicle exhaust gas do not function until they are 
heated to a particular temperature, and prematurely dis 
charge exhaust gas without purifying the noxious compo 
nents therein. Thus it is critical for the co-catalyst material 
to have excellent OSC shown at as low temperature as 
possible. In this regard, the ceric oxide of the present 
invention may preferably have the excellent OSC as men 
tioned above, and is thus quite useful for catalysts for 
purifying vehicle exhaust gas. 

0027. In the present invention, the OSC is determined by 
holding 30 mg of a sample in the atmosphere at 900 C. for 
5 hours, allowing to cool to an ordinary temperature, heating 
up to 400 C., subjecting to alternate flows of two different 
carrier gases (one contains 95% helium and 5% carbon 
monoxide, and the other contains 97.5% helium and 2.5% 
oxygen) at the flow rate of 200 ml/min at the interval of 1 
Second, measuring the amounts of carbon monoxide and 
oxygen in the carrier gases passed through the Sample by 
means of a mass Spectrograph, and making a calculation in 
accordance with the following formula: 

0028 wherein ACO stands for an amount of CO reduced 
in a unit time, rCO stands for a flow rate of CO gas, and WT 
Stands for weight of the sample. 

0029. The ceric oxide of the present invention preferably 
has a tap density of usually not higher than 1.3 g/ml, more 
preferably not higher than 1.2 g/ml, after calcination at 300 
C. for 10 hours. The minimum tap density is not particularly 
limited, and is usually about 0.80 g/ml. The tap density may 
be measured by taking 10 g of ceric oxide calcined at 300 
C. for 10 hours in a 20 ml cylinder, and tapping the cylinder 
with drop height of 2 cm for 200 strokes. 

0030 The ceric oxide of the present invention preferably 
has a total pore volume of usually not smaller than 0.50 
ml/g, more preferably not Smaller than 0.60 ml/g, after 
calcination at 300° C. for 10 hours. The maximum total pore 
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Volume is not particularly limited, and is usually 1.5 ml/g. 
The total pore Volume may be measured by ordinary mer 
cury porosimeter. 

0031. The ceric oxide of the present invention may 
preferably be prepared by the production method according 
to the present invention to be discussed below, with good 
reproducibility and in an economical manner. 
0032. According to the present method, first a cerium 
Solution not less than 90 mol % of which cerium ions are 
tetravalent is provided in Step (a). 
0033. In step (a), the cerium solution not less than 90 mol 
% of which cerium ions are tetravalent, may preferably be 
a ceric nitrate Solution. A ceric nitrate Solution initially 
contains 250 g per liter of cerium in terms of cerium oxide, 
and has an initial acid concentration of usually 0.1 to 1N. 
The initial acid concentration relates to the acid concentra 
tion in the Subsequent reaction. If the acid concentration is 
too low, the crystallinity of the precipitate to be discussed 
later may not be improved Sufficiently, resulting in low heat 
resistance of the objective ceric oxide. If the acid concen 
tration is too high, exceSS base is required in the neutral 
ization reaction for precipitating cerium, thus being indus 
trially disadvantageous. 

0034. Thus the acid concentration of the cerium solution 
is adjusted to usually 5 to 150 g/L, preferably 10 to 120 g/L, 
more preferably 15 to 100 g/L, in terms of cerium oxide, 
usually with water, preferably with deionized water. 
0035. According to the present method, next the cerium 
solution prepared in step (a) is held at 60 to 220 C. under 
heating to cause reaction of the cerium Solution in Step (b). 
Any reaction vessel may be used in Step (b) without critical 
limitation, and either a Sealed vessel or an open vessel may 
be used. Specifically, an autoclave reactor may preferably be 
used. 

0036) In step (b), the temperature for holding under 
heating is 60 to 220° C., preferably 80 to 180° C., more 
preferably 90 to 160 C., and the duration of holding under 
heating is usually 10 minutes to 48 hours, preferably 30 
minutes to 36 hours, more preferably 1 hour to 24 hours. If 
the cerium Solution is not Sufficiently held under heating, the 
crystallinity of the precipitate to be discussed later may not 
be improved, resulting in insufficient heat resistance of the 
objective ceric oxide. Even if the cerium solution is held 
under heating for a longer time, the heat resistance may be 
affected little, and thus being industrially disadvantageous. 
0037. In the method of the present invention, following 
Step (b), the heated cerium Solution is usually cooled in Step 
(c). 
0038. In step (c), the cerium solution may usually be 
cooled under Stirring. Means for cooling are not critical, and 
may be cooling in an atmosphere or forced cooling with 
cooling tube. The cooling temperature is usually not higher 
than 60° C., preferably not higher than room temperature. 
Through this cooling step (c), a precursor Solution is pre 
pared. 
0039. In the method of the present invention, a precipi 
tant is added to the cooled cerium Solution to prepare a 
precipitate in Step (d). 
0040. The precipitant used in step (d) may be a base such 
as Sodium hydroxide, potassium hydroxide, an aqueous 
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ammonia Solution, ammonia gas, or mixtures thereof, with 
an aqueous ammonia Solution being preferred. 
0041. The precipitant may be added by preparing an 
aqueous Solution of the precipitant at a Suitable concentra 
tion and adding the Solution to the precursor Solution pre 
pared in Step (c) under stirring, or when ammonia gas is 
used, by blowing the gas into the reaction vessel under 
Stirring. The amount of the precipitant may easily be decided 
by tracing the pH change of the Solution. Usually, a Sufficient 
amount is such that the pH of the solution is not lower than 
7, and a preferred amount is such that the pH is 7 to 8. 
0042. Through the precipitation reaction in step (d), a 
product with grown crystals may be precipitated. This 
product is a preferable precursor for obtaining the ceric 
oxide of the present invention, and may be separated, for 
example, by Nutsche method, centrifuging, or filter pressing. 
The precipitate may optionally be washed with water, as 
required. Further, the precipitate may optionally be dried to 
a suitable extent for improving the efficiency in the follow 
ing step (e). 
0043. In order to further improve the heat resistance of 
the objective ceric oxide, the precipitate obtained in step (d) 
may be Subjected to, before step (e), Step (d-1) of dispersing 
the precipitate in a Solvent Such as water, and heat-treating 
the resulting solution at usually 60 to 220 C., preferably 80 
to 180° C., more preferably 90 to 160° C., to obtain a 
reprecipitate. The duration of the heat treatment is usually 10 
minutes to 48 hours, preferably 30 minutes to 36 hours, more 
preferably 1 to 24 hours. 
0044 According to the present method, the precipitate 
thus obtained is calcined in Step (e) to obtain the objective 
ceric oxide. 

0045. In step (e), the calcination temperature may suit 
ably be selected from the range of usually 250 to 900 C. 
The Selection of the temperature may be made as desired, 
depending on the required or guaranteed values of the 
Specific Surface area and bulk density. From a practical point 
of view to prepare a co-catalyst material wherein the Specific 
Surface area is important, the calcination temperature may 
preferably be 250 to 800° C., more preferably 250 to 700° 
C., most preferably 280 to 450° C. The duration of calci 
nation may Suitably be determined depending on the tem 
perature, and may preferably be 1 to 10 hours. 
0046. After step (e), the ceric oxide obtained may usually 
be pulverized. The pulverization may sufficiently be per 
formed in an ordinary pulverizer, Such as a hammer mill, to 
obtain a powder of a desired particle size. 
0047 The ceric oxide obtained by the present method 
may be given a desired particle Size through the above 
mentioned pulverization. For use as a co-catalyst in a 
catalyst for purifying exhaust gas, for example, a preferred 
average particle size of the ceric oxide is 1 to 50 lim. 
0048. The catalyst for purifying exhaust gas according to 
the present invention may be of any type, as long as it has 
a co-catalyst containing the ceric oxide of the present 
invention. The catalyst may be produced, for example, by a 
commonly known method and with commonly known other 
materials. 

0049. The ceric oxide of the present invention has a large 
Specific Surface area, and in particular, is capable of main 
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taining a specific Surface area of at least 30.0 m/g even after 
calcination at 900 C. for 5 hours. Thus the present ceric 
oxide finds particular application in a co-catalyst in catalysts 
for purifying exhaust gas, in place of conventional ceric 
oxide, and is useful in the field of more effective catalysts for 
purifying exhaust gas. 
0050. Further, the method of the present invention allows 
production of the above ceric oxide with good reproducibil 
ity and in an economical manner. 

EXAMPLES 

0051. The present invention will now be explained in 
more detail with reference to Examples and Comparative 
Examples, without being limited to these. 

Example 1 

0.052 A ceric nitrate solution not less than 90 mol % 
cerium ions of which were tetravalent was taken so that 20 
g of cerium in terms of cerium oxide was contained, and the 
total volume was adjusted to 1 liter with pure water. Here, 
the concentration in terms of cerium oxide was 20 g/L. The 
Solution was placed in an autoclave reactor, heated to 100 
C., held at this temperature for 24 hours, and allowed to cool 
in an atmosphere to room temperature. 
0053. Then an aqueous ammonia Solution was added to 
neutralize to pH 8 to obtain cerium oxide hydrate in the form 
of a slurry. The slurry was then subjected to Solid-liquid 
separation with a Nutsche filter, followed by separation of 
the mother liquor, to obtain a filter cake. The filter cake was 
calcined at 300° C. for 10 hours in a box-type electric 
furnace under air atmosphere to obtain ceric oxide, which 
was then ground in a mortar into ceric oxide powder 
(referred to as powder (A) hereinbelow). The specific Sur 
face area of powder (A) was measured by the BET method. 
Further, the specific Surface areas of powder (A) after 
calcination at 800° C. for 2 hours, at 900 C. for 5 hours, and 
at 1000 C. for 5 hours, respectively, were measured by the 
BET method. The tap density and total pore volume of 
powder (A) were also measured. Further, powder (A) was 
calcined at 900 C. for 5 hours, and then the OSC of the 
resulting ceric oxide powder was measured at 400° C. The 
results of these measurements are shown in Table 1. 

0054 Powder (A) was calcined at 1000° C. for 5 hours, 
and then the TPR measurement was made. The results are 
shown in FIG. 1. Further, from the TPR curve taken after 
calcination at 1000° C. for 5 hours, the ratio of the area (S1) 
defined by the baseline and the TPR curve in the temperature 
range of 200 to 600° C. to the area (S2) defined by the 
baseline and the TPR curve in the temperature range of 600 
to 1000 C., i.e., the S1/S2 ratio, was determined. The results 
are shown in Table 1. 

Example 2 

0.055 Ceric oxide powder was prepared in the same way 
as in Example 1, except that the temperature and duration for 
holding the prepared ceric nitrate Solution under heating 
were changed as shown in Table 1. 

Example 3 

0056. A filter cake was obtained in the same way as in 
Example 1. The filter cake obtained was treated in an 
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autoclave reactor, dispersed in water to reslurry, heated to 
100 C., held at this temperature for 1 hour, and cooled to 
room temperature. The Slurry was then Subjected to Solid 
liquid Separation with a Nutsche filter, to obtain a filter cake. 
The filter cake was calcined at 300° C. for 10 hours in a 
box-type electric furnace under air atmosphere, and ground 
in a mortar, to thereby obtain ceric oxide powder. The 
resulting powder was Subjected to the same measurements 
as in Example 1. The results are shown in Table 1. 

Examples 4 to 11 
0057 Ceric oxide powder was prepared in the same way 
as in Example 3, except that the concentration of the ceric 
nitrate Solution, the temperature and duration for holding the 
ceric nitrate Solution under heating were changed as shown 
in Table 1. The ceric oxide powder obtained was subjected 
to the same measurements as in Example 1. The results are 
shown in Table 1. In Example 9, the ceric oxide powder 
obtained by calcination at 300° C. for 10 hours, followed by 
pulverization in a mortar, was further calcined at 500 C. for 
5 hours, or at 700° C. for 5 hours, and then the tap density 
and total pore Volume were measured, respectively. The 
results of these are also shown in Table 1. Further in 
Example 9, the ceric oxide powder obtained by calcination 
at 300° C. for 10 hours, followed by pulverization in a 
mortar, was further calcined at 1000 C. for 5 hours, and 
then the TPR measurement was made as in Example 1. The 
results are shown in FIG. 1. 

Comparative Example 1 

0058. Following experiment was made in accordance 
with the teaching of Example 9 of JP-7-61863-B. 
0059) 922 ml of a solution of cerous nitrate containing 
150 g/L of CeO and 38 ml of a solution of hydrogen 
peroxide diluted to 200 ml were placed at room temperature 
in an autoclave reactor having a useful volume of 2 liters. 
150 ml of an aqueous 3N ammonia Solution were added, 
while maintaining the temperature at 80 C., until a pH equal 
to 9.5 was obtained. The reaction medium was maintained at 
8 C. for 1 hour to obtain a precipitate. The resulting 
precipitate was separated with a Nutsche filter, and washed 
with water. 

0060. The entire mass of the thus obtained precipitate 
was Suspended in 150 ml of an aqueous 1N ammonia 
Solution, placed in an autoclave, and treated therein at 160 
C. for 4 hours. At the end of this heat treatment, the 
precipitate was recovered with a Nutsche filter. The obtained 
ceric oxide powder was Subjected to the measurements as in 
Example 1. The results are shown in Table 2. Further, 
similarly to Example 9, the ceric oxide powder was further 
calcined at 500 C. for 5 hours, or at 700° C. for 5 hours, and 
then the tap density and total pore Volume were measured, 
respectively. The results of these are shown in Table 2. Still 
further, as in Example 1, the ceric oxide powder obtained by 
calcining at 300° C. for 10 hours, followed by pulverization 
in a mortar, was further calcined at 1000 C. for 5 hours, and 
then the TPR measurement was made. The results are shown 
in FIG. 1. 

Comparative Example 2 

0061 A ceric nitrate solution not less than 90 mol % 
cerium ions of which were tetravalent was taken so that 20 
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g of cerium in terms of cerium oxide was contained, and the 
total volume was adjusted to 1 liter with pure water. Here, 
the concentration in terms of cerium oxide was 20 g/L. The 
resulting Solution was immediately neutralized with an 
aqueous ammonia Solution to pH 8 without the heat treat 
ment in an autoclave reactor, to thereby obtain cerium oxide 
hydrate in the form of a slurry. The slurry was then subjected 
to solid-liquid separation with a Nutsche filter, followed by 
Separation of the mother liquor, to obtain a filter cake. The 
filter cake was calcined at 300° C. for 10 hours in a box-type 
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of the powder in Tap density (1) further calcined at 700° C. 
for 5 hours. The tap density is shown in g/ml. Total pore 
volume (1) is the total pore volume of the ceric oxide 
powder obtained by calcining at 300° C. for 10 hours, 
followed by pulverization in a mortar; Total pore volume (2) 
is the total pore volume of the powder in Total pore volume 
(1) further calcined at 500° C. for 5 hours; and Total pore 
volume (3) is the total pore volume of the powder in Total 
pore volume (1) further calcined at 700° C. for 5 hours. The 
total pore Volume is shown in ml/g. 

TABLE 1. 

1. 2 3 4 5 6 7 8 9 1O 11 

REO Concentration (g/L) 20 2O 2O 15 25 40 60 2O 2O 1O 3O 
Temperature ( C.) 1OO 130 1OO 1OO 1OO 1OO 1OO 1OO 12O 12O 12O 
Duration (h) 24 1. 24 24 24 24 24 6 6 6 6 
BET (1) 175.4 155.1 197.4 236.6 2.13.4 166.O 172.O 241.4 217.1 215.3 22O.O 
BET (2) 73.3 75.5 85.6 8O.O 80.1 68.3 72.5 78.6 88.6 81.6 84.4 
BET (3) 33.6 36.6 47.7 44.6 42.3 31.1 30.8 40.7 48.O 53.2 50.3 
BET (4) 21.6 22.4 23.7 222 21.6 21.1 22.3 21.O 242 23.7 23.0 
Tap density (1) 1.1 1.1 1.1 1.1 1.1 1.2 1.2 1.1 1.1 1.1 1.1 
Tap density (2) 1.1 
Tap density (3) 1.1 
Total Pore volume (1) O.65 0.63 O.71 O.68 O.65 0.66 0.66 0.63 O.74 O.72 O.75 
Total Pore volume (2) O.76 
Total Pore volume (3) O.83 
OSC (mlO/g/s) O.63 0.65 1.05 1.O1 O.98 0.61 0.61 O.94 1.08 1.27 120 
S1(S2 ratio O.189 O.191 O.211 O.208 O.2O2 O.188 O.185 O.195 O.214 O.225 O.217 

electric furnace under air atmosphere, and ground in a 0.064 
mortar into ceric oxide powder. The obtained powder was 
Subjected to the same measurements as in Example 1. The TABLE 2 
results are shown in Table 2. Further, as in Example 1, the 
ceric oxide powder obtained by calcining at 300° C. for 10 
hours, followed by pulverization in a mortar, was further 
calcined at 1000 C. for 5 hours, and then the TPR mea 
Surement was made. The results are shown in FIG. 1. 

Comparative Example 3 

0.062. A filter cake was obtained in the same way as in 
Comparative Example 2. The obtained filter cake was sub 
jected to the heat treatment and calcination in the same way 
as in Example 3, to obtain ceric oxide powder. The powder 
was Subjected to the same measurements as in Example 1. 
The results are shown in Table 2. 

0.063. In Tables 1 and 2, REO concentration is the con 
centration of cerium in the ceric nitrate Solution in terms of 
cerium oxide. BET(1) is the specific Surface area of the ceric 
oxide powder obtained by calcining at 300° C. for 10 hours, 
followed by pulverization in a mortar; BET(2) is the specific 
surface area of the powder in BET(1) further calcined at 
800° C. for 2 hours; BET(3) is the specific surface area of 
the powder in BET(1) further calcined at 900° C. for 5 hours; 
and BET(4) is the specific surface area of the powder in 
BET(1) further calcined at 1000° C. for 5 hours, all mea 
sured by the BET method. The specific surface area is shown 
in m/g. Tap density (1) is the tap density of the ceric oxide 
powder obtained by calcining at 300° C. for 10 hours, 
followed by pulverization in a mortar; Tap density (2) is the 
tap density of the powder in Tap density (1) further calcined 
at 500° C. for 5 hours; and Tap density (3) is the tap density 

Comparative Example 

1. 2 3 

BET (1) 140.8 100.5 105.6 
BET (2) 21.0 15.6 16.O 
BET (3) 16.0 9.40 9.20 
BET (4) 7.40 3.2O 3.40 
Tap density (1) 1.8 1.9 18 
Tap density (2) 1.7 
Tap density (3) 1.8 
Total pore volume (1) O.35 O.33 O.34 
Total pore volume (2) O.38 
Total pore volume (3) O.49 
OSC (mlO/g/s) O.40 O.29 O.30 
S1/S2 ratio O.108 0.077 O.O71 

What is claimed is: 
1. A ceric oxide which is an oxide consisting essentially 

of ceric oxide, and has a specific Surface area of not Smaller 
than 30.0 m /g after calcination at 900° C. for 5 hours. 

2. The ceric oxide of claim 1, wherein Said ceric oxide has 
an S1/S2 ratio of not lower than 0.120 taken after calcination 
at 1000 C. for 5 hours, said S1/S2 ratio is a ratio of an area 
(S1) defined by a baseline and a TPR curve in a temperature 
range of 200 to 600° C. to an area (S2) defined by said 
baseline and said TPR curve in a temperature range of 600 
to 1000 C. 

3. The ceric oxide of claim 1, wherein Said ceric oxide has 
OSC of not smaller than 0.60 mlO/g/s at 400 C., after 
calcination at 900 C. for 5 hours. 
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4. The ceric oxide of claim 1, wherein Said ceric oxide has 
a tap density of not higher than 1.3 g/ml, after calcination at 
300° C. for 10 hours. 

5. The ceric oxide of claim 1, wherein said ceric oxide has 
a total pore volume of not smaller than 0.50 ml/g, after 
calcination at 300° C. for 10 hours. 

6. A method for preparing a ceric oxide of claim 1, 
comprising the Steps of: 

(a) providing a cerium solution not less than 90 mol % of 
which cerium ions are tetravalent; 

(b) holding said cerium Solution prepared in Step (a) at 60 
to 220 C. under heating; 

(c) cooling said heated cerium Solution; 
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(d) adding a precipitant to Said cooled cerium Solution to 
obtain a precipitate; and 

(e) calcining Said precipitate. 
7. The method of claim 6, wherein said cerium Solution in 

Step (a) has a cerium concentration of 5 to 150 g/L in terms 
of cerium oxide, and wherein said calcining in Step (e) is 
carried out at 250 to 900 C. 

8. The method of claim 6, further comprising, after step 
(d) and before step (e), step (d1) of heat-treating said 
precipitate obtained in step (d) in a solvent at 60 to 220 C. 
to obtain a precipitate. 

9. A catalyst for purifying exhaust gas comprising a 
co-catalyst, wherein Said co-catalyst comprises ceric oxide 
of claim 1. 


