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ZIRCONA POROUS BODY AND 
MANUFACTURING METHOD THEREOF 

RELATED APPLICATIONS 

0001. This application is a divisional of U.S. application 
Ser. No. 11/188,495, filed Jul. 25, 2005 which claims priority 
to JP Application No. 2004-217757, filed Jul. 26, 2004. 

FIELD OF THE INVENTION 

0002 The present invention relates to a novel zirconia 
porous body and to a manufacturing method thereof. 

DESCRIPTION OF THE RELATED ART 

0003 Conventionally, the specific surface area at 400° C. 
of Zirconia bodies used as catalyst carriers has been at most 
about 100 m/g. Moreover, those with greater specific surface 
areas are generally amorphous, without a specific structure. 
Consequently, stable performance at high temperatures can 
not be obtained with a simple Zirconia body used as a catalyst 
carrier because the specific Surface area is reduced at high 
temperatures of 400°C. or more. As a result, further improve 
ments in heat resistance (thermal stability) need to be made 
for purposes of use as a catalyst carrier. 
0004. In contrast, in general zirconia-ceria compositions 
consisting of Zirconium oxide and cerium oxide are more 
useful in terms of thermal stability than Zirconia as catalysts 
capable of maintaining a relatively large specific Surface area 
even at a high temperature of 1000° C. 
0005. In Japanese Unexamined Patent Publication No. 
2001-170500, it is disclosed that “porous bodies, each being 
characterized in that the center diameter of the pores is in the 
range of a mesopore region, the distribution of the pores is 
sharp, at least a portion of the pores communicates in three 
dimensional reticular form, the communication paths are ran 
dom and have three-dimensional reticular structure and fiber 
like structure is not substantially included.'"porous bodies 
wherein the aforementioned center diameter is in the range of 
2 to 100 nm,”“porous bodies wherein 70% or more of the 
meso-pore volume (volume of pores in the range of 2 to 100 
nm) is within +5 nm of the center diameter of the pores in the 
meso-pore region, and "zirconia porous bodies which are 
porous bodies wherein 40% or more of the mesopore volume 
(volume of pores in the range of 2 to 100 nm) is within +5 nm. 
of the center diameter of the pores in the mesopore region' are 
manufactured by "precipitating at least part of the aluminum 
component from an aqueous aluminum salt solution in the 
range of pH 3 to 4.5, maintaining an aqueous solution con 
taining the precipitate for a fixed time in an atmosphere of 
saturated Steam or approaching saturated Steam to produce a 
precursor and then baking the precursor.” 
0006 Moreover, Japanese Patent No. 3129097 discloses 
that porous tetragonal Zirconium oxide particles for liquid 
chromatography having a average particle size of 0.5 to 300 
microns and a average pore diameter of 20 to 300 angstroms 
(2 to 30 nm) and containing 0.1 to 10% silica by weight” are 
manufactured by “first heating a Zirconium oxide Sol pro 
duced by adding a Zirconium salt and a silicon compound to 
an alkaline aqueous solution for 8 or more hours at 80 to 150° 
C. in an alkaline aqueous solution, and then forming grains 
which are baked at 200 to 1000° C. and how the aforemen 
tioned tetragonal Zirconium oxide particles "have a pore Vol 
ume of 0.17 to 0.42 ml/g.” 
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0007. In Japanese Patent No. 3016865, it is disclosed that 
“a mixed cerium or Zirconium oxide having a total pore 
volume of at least 0.6 cm/g wherein at least 50% of the total 
pore capacity consists of pores having a diameter of 10 to 100 
nm' is manufactured by “in a method for manufacturing a 
mixed cerium or Zirconium oxide, preparing a liquid mixture 
containing a trivalent cerium or Zirconium compound; bring 
ing this mixture into contact with (i) a carbonate orbicarbon 
ate and (ii) a base so that the pH of the reactive medium 
remains neutral or basic between the reactions; collecting a 
precipitate containing a cerium carbonate compound; and 
baking that precipitate.” and how that oxide “has a specific 
surface area of at least 20 m/g after being baked for 6 hours 
at 800° C. 

0008 However, although the specific surface area and 
total pore Volume are not described in Japanese Unexamined 
Patent Publication No. 2001-170500, it would seem from the 
fact that the central pore diameter of 9.5 nm when baked at 
400° C. increases to 20.5 nm upon baking at 600° C. that 
thermal stability at high temperatures (about 1000° C.) is 
unsatisfactory. 

0009. In Japanese Patent No. 3129097, the pore volume of 
0.17 to 0.42 ml/g is small. In this case it would be difficult to 
obtain adequate properties for various uses such as catalysts. 

0010. In Japanese Patent No.3016865, the specific surface 
area upon baking for 6 hours at 900° C. is at most 35 m/g, so 
further improvement is necessary from the standpoint of ther 
mal stability. 

SUMMARY OF THE INVENTION 

0011 Consequently, it is a principle object of the present 
invention to provide a zirconia porous body with excellent 
thermal stability. 

0012. The inventors perfected the present invention when 
they discovered as a result of research in light of the problems 
of related art that the aforementioned object could be 
achieved by means of a porous body obtained by adoption of 
specific steps. 

0013 That is, the present invention relates to the following 
Zirconia porous body and manufacturing method therefor. 

0014) 1. A zirconia porous body having peaks at pore 
diameters of 8 to 20 nm and 30 to 100 nm inapore distribution 
based on the BJH method, with a total pore capacity of 0.4 
cc/g or more. 

00.15 2. A Zirconia porous body according to 1 above, 
wherein the total volume of pores having a diameter of 20 to 
200 nm is 50% or more of the total pore volume. 
0016 3. A zirconia porous body having a peak at a pore 
diameters of 20 to 110 nm in a pore distribution based on the 
BJH method, wherein the total pore volume is 0.4 cc/g or 
O. 

0017 4. A Zirconia porous body according to 3 above, 
wherein the total volume of pores having a diameter of 10 to 
100 nm is 50% or more of the total pore volume. 
0018 5. A Zirconia porous body according to any of 1 
through 4 above, wherein the primary particle size is 5 to 30 

. 
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0019. 6. A Zirconia porous body according to any of 1 
through 5 above, wherein the specific surface area after 3 
hours of baking at 1000° C. is at least 30 m/g. 
0020 7. A method for manufacturing a zirconia porous 
body, which is a method for manufacturing a Zirconia porous 
body having: 

0021 (1) a first step wherein basic Zirconium sulfate-con 
taining reaction liquid A, which is prepared by mixing a 
sulfating agent at a temperature of at least 80°C. but less than 
95°C. with a zirconium salt solution at a temperature of at 
least 80° C. but less than 95°C., is mixed with basic Zirco 
nium Sulfate-containing reaction liquid B, which is prepared 
by mixing a Sulfating agent at a temperature of at least 65° C. 
but less than 80°C. with a zirconium salt solution at a tem 
perature of at least 65° C. but less than 80° C. 
0022 (2) a second step wherein the reaction liquid 
obtained in the first step is aged at a temperature of 95°C. or 
more, 

0023 (3) a third step wherein zirconium hydroxide is pro 
duced by adding alkali to the mixture obtained in the second 
step to neutralize the aforementioned basic Zirconium Sulfate, 
and 

0024 (4) a fourth step wherein the aforementioned Zirco 
nium hydroxide is heat treated to obtain a Zirconia porous 
body. 
0.025 8. A manufacturing method according to 7 above, 
wherein in the preparation of the aforementioned reaction 
liquid A and/or reaction liquid B the Sulfating agent and 
Zirconium salt Solution are mixed so that the production speed 
with basic Zirconium sulfate converted to Zirconium oxide is 
20 g/min/L or less. 
0026 9. A manufacturing method according to 8 above, 
wherein the proportion of the aforementioned reaction liquid 
A mixed with the aforementioned reaction liquid B is at least 
0.1 but less than 1 as a liquid volume ratio of reaction liquid 
A/(reaction liquid A+reaction liquid B). 
0027 10. A method for manufacturing a zirconia porous 
body, which is a method for manufacturing a Zirconia porous 
body having: 

0028 (1) a first step wherein a basic zirconium sulfate 
containing reaction liquid A is prepared by mixing a Sulfating 
agent at a temperature of at least 80°C. but less than 95°C. 
with a zirconium salt solution at a temperature of at least 80° 
C. but less than 95°C. so that the production speed with basic 
Zirconium Sulfate converted to Zirconium oxide is 20 g/min/L 
or less, 
0029 (2) a second step wherein the reaction liquid 
obtained in the first step is aged at 95°C. or more, 
0030 (3) a third step wherein zirconium hydroxide is pro 
duced by adding alkali to the mixture obtained in the second 
step to neutralize the aforementioned basic Zirconium Sulfate, 
and 

0031 (4) a fourth step wherein the aforementioned Zirco 
nium hydroxide is heat treated to obtain a Zirconia porous 
body. 

0032) 11. A manufacturing method according to any of 7 
through 10 above, wherein the free acid concentration of the 
aforementioned reaction liquid A is 0.1 to 2.0 N. 
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0033 12. A manufacturing method according to any of 7 
through 9 above, wherein the free acid concentration of the 
aforementioned reaction liquid B is 0.1 to 2.0 N. 

0034 13. A manufacturing method according to any of 7 
through 12 above, comprising a step of adding a compound of 
at least one of the rare earth elements, transitional metal 
elements, Ca,Mg,Al, Si and Zn during at least one of the first 
through fourth steps. 

0035) 14. A manufacturing method according to any of 7 
through 12 above, comprising a step of adding a salt of at least 
one of the rare earth elements, transitional metal elements, 
Ca,Mg, Al, Si and Zn to the basic Zirconium sulfate. 

0036) 15. A manufacturing method according to any of 7 
through 12 above, comprising a step of adding an oxide 
and/or hydroxide of at least one of the rare earth elements, 
transitional metal elements, Ca, Mg, Al, Si and Zn to the 
Zirconium hydroxide. 

ADVANTAGES OF THE INVENTION 

0037. In a known method, basic Zirconium sulfate was 
produced by “mixing a Sulfating agent at room temperature 
and a Zirconium salt Solution at room temperature, raising the 
temperature to between 65° C. and less than 80° C. and 
maintaining it for a fixed time (aging) to produce basic 
Zirconium sulfate which was then neutralized with alkali and 
the resulting hydroxide baked to manufacture a zirconia 
porous body. 

0038 However, the main properties of the zirconia porous 
body which is the final product are a) mainly determined at 
the stage of producing the basic Zirconium Sulfate and b) 
difficult to control in the case of well-known co-precipitation 
with alkali. Consequently, as shown in FIG. 1 under “Con 
ventional Method.” in terms of the relationship between pore 
diameter and pore volume exhibits a sharp distribution with a 
peak at about 7 to 10 nm, while the total pore volume is about 
0.2 to 0.4cc/g. This makes it liable to sintering whenbaked at 
high temperatures, so that for example while the specific 
surface area is 80 to 150 m/g upon baking at 400° C. it falls 
to less than 30 m/g upon baking at 1000°C. This does not 
necessarily fulfill the demands for thermal stability of a cata 
lyst material to be used for waste gas treatment in internal 
combustion engines. 

0039. In contrast, the zirconia porous body of the present 
invention can provide excellent effects in terms of thermal 
stability because it has a specific pore structure. That is, even 
when it is heated at high temperatures the decrease in specific 
surface area can be effectively controlled. As a result, it can 
retain a higher specific Surface area than conventional prod 
uctS. 

0040. The zirconia porous body having characteristics 
according to the present invention is useful as a catalyst 
carrier. It can be preferably used as a catalyst material to be 
used for waste gas treatment in internal combustion engines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041 FIG. 1 is a graph showing the pore distributions of 
porous bodies obtained in Example 1 and Example 2 and by 
a conventional method. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

1. Zirconia Porous Body 
0042. The zirconia porous body of the present invention 
features a specific pore structure. More specifically, it fea 
tures the following first porous body and second porous body 
(both of which are generally called “the porous body of the 
present invention'). 
0043. The first porous body has peaks at pore diameters of 
8 to 20 nm and 30 to 100 nm inapore distribution based on the 
BJH method, with a total pore volume of 0.4 cc/g or more. 
The aforementioned pore distribution is measured by the 
equipment and methods shown in Example 1 below, and is 
expressed with “pore volume on the vertical axis and "pore 
diameter on the horizontal axis as shown in FIG.1. Superior 
thermal stability can be achieved by adopting this pore struc 
ture. From this standpoint, it is particularly desirable that the 
aforementioned peaks appear at 10 to 18 nm and 40 to 70 nm. 
0044) Moreover, although the aforementioned total pore 
Volume is usually 0.4cc/g or more, it is particularly desirable 
that it be 0.5 cc/g or more. The upper limit of total pore 
volume is not specified but is normally about 0.7 to 0.9 cc/g. 
0045. It is desirable in the first porous body that the total 
volume of pores having a diameter of 20 to 200 nm (particu 
larly 30 to 180 mm) be 50% or more of the total pore volume. 
0046. The second porous body has a peak at a pore diam 
eter of 20 to 110 nm in a pore distribution obtained by the BJH 
method, with a total pore volume of 0.4cc/g or more. Superior 
thermal stability can be obtained by adopting this pore struc 
ture. From this standpoint, it is particularly desirable that the 
aforementioned peak beat 25 to 90 nm or preferably 30 to 70 

. 

0047 Moreover, although the aforementioned total pore 
Volume is normally 0.4 cc/g or more, it is particularly desir 
able that it be 0.5 cc/g or more. The upper limit of total pore 
volume is not specified but is normally about 0.7 to 0.9 cc/g. 
0.048. It is desirable in the second porous body that the 
total volume of pores having a diameter of 10 to 100 nm 
(particularly 25 to 90 mm) be 50% or more of the total pore 
Volume. 

0049. The porous body of the present invention has a 
structure in which the primary particles normally connect 
three-dimensionally. The primary particle size (average par 
ticle size) as calculated by X-ray analysis is not particularly 
limited in this case but is normally 5 to 30 nm. Better thermal 
stability can be obtained because the porous body is com 
posed of primary particles having this particle size. 
0050. In the porous body of the present invention the spe 
cific surface area (BET method) after 3 hours of baking at 
1000° C. is preferably 30 m/g or more while the specific 
surface area after 3 hours baking at 1050° C. is preferably 25 
m/g or more. The porous body of the present invention is 
thermally very stable, with the decrease in specific surface 
area effectively controlled even with a heat history. As a 
result, it can maintain a higher specific Surface area than 
conventional products under high temperature conditions. 
The aforementioned specific Surface area means a specific 
Surface area of a Zirconia porous body obtained by baking a 
porous body at 1000° C. for 3 hours. The porous body is 
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obtained by heating zirconium hydroxide at 400° C. as in 
Example 1 below for example. 
0051. The porous body of the present invention is substan 

tially composed of zirconium oxide (ZrO2), but when a third 
component have been added as described below the compo 
nent may also be included. When the third component is 
included it becomes a solid solution or mixed oxide compris 
ing these. There are no particular limits on the percentage 
content of the third component(s), which can normally be less 
than 50% by weight or particularly 1 to 49% by weight of the 
porous body of the present invention. Unavoidable impurities 
may also be contained to the extent that they do not interfere 
with the profitable effects of the present invention. 

2. Method for Manufacturing Zirconia Porous Body 
0052 There are no limits on the method for manufacturing 
the porous body of the present invention as long as a porous 
body is obtained having a structure as described above, but in 
particular it can be favorably manufactured by the manufac 
turing method of the present invention. That is, it is preferably 
manufactured by the first method and second method shown 
below. 

0053. The manufacturing method for a zirconia porous 
body of the first method comprises: 
0054 (1) a first step of mixing basic zirconium sulfate 
containing reaction liquid A, which is prepared by mixing a 
sulfating agent at a temperature of at least 80°C. but less than 
95° C. with a zirconium salt solution at a temperature of at 
least 80°C. but less than 95°C., with basic Zirconium sulfate 
containing reaction liquid B, which is prepared by mixing a 
sulfating agent at a temperature of at least 65° C. but less than 
80° C. with a zirconium salt solution at a temperature of at 
least 65° C. but less than 80°C., 
(2) a second step of aging the reaction liquid obtained in the 
first step at a temperature of 95°C. or more, 
(3) a third step of producing Zirconium hydroxide by adding 
alkali to the mixture obtained in the second step to neutralize 
the basic Zirconium sulfate, and 
(4) a fourth step of heat-treating the Zirconium hydroxide to 
obtain a Zirconia porous body. 
0055. The manufacturing method of a zirconia porous 
body of the second method comprises: 
0056 (1) a first step of preparing a basic Zirconium sulfate 
containing reaction liquid A by mixing a sulfating agent at a 
temperature of at least 80° C. but less than 95°C. with a 
zirconium salt solution at a temperature of at least 80° C. but 
less than 95° C. so that the production speed with basic 
Zirconium Sulfate converted to Zirconium oxide is 20 g/min/L 
or less, 
0057 (2) a second step of aging the reaction liquid 
obtained in the first step at 95°C. or more, 
0058 (3) a third step of producing zirconium hydroxide by 
adding alkali to the mixture obtained in the second step to 
neutralize the basic Zirconium sulfate, and 
0059 (4) a fourth step of heat-treating the Zirconium 
hydroxide to obtain a Zirconia porous body. 
0060. The various steps for the first method and second 
method are explained below. Since the second through fourth 
steps are the same for both methods, they are explained 
together. 
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0061 First Step (First Method) 
0062. In the first step of the first method, basic Zirconium 
Sulfate-containing reaction liquid A, which is prepared by 
mixing a sulfating agent at a temperature of at least 80°C. but 
less than 95°C. with a zirconium salt solution at a tempera 
ture of at least 80° C. but less than 95°C., is mixed with basic 
Zirconium sulfate-containing reaction liquid B, which is pre 
pared by mixing a Sulfating agent at a temperature of at least 
65° C. but less than 80°C. with a zirconium salt solution at a 
temperature of at least 65° C. but less than 80°C. 
0063. The sulfating agent used in reaction liquids A and B 
may be any which reacts with Zirconium ions to produce a 
Sulfate (that is, to Sulfate) and examples include Sodium Sul 
fate, ammonium sulfate and the like. The Sulfating agent may 
be in any form such as a powder, solution or the like. Of these, 
a solution (particularly an aqueous solution) is used by pref 
erence. When using it as a solution, the concentration can be 
set as appropriate. 
0064. A solution obtained by dissolving a zirconium salt 
in a solvent can be used as the Zirconium salt Solution used in 
reaction liquids A and B. The Zirconium salt is not limited as 
long as it is one which Supplies Zirconium ions, and for 
example one or two or more of Zirconium oxynitrate, Zirco 
nium oxychloride, Zirconium nitrate and the like can be used. 
Of these, zirconium oxychloride is used by preference from 
the standpoint of Superior productivity on an industrial scale. 
The aforementioned solvent may be selected appropriately 
according to the type of Zirconium salt used and the like, but 
normally water is used by preference. 
0065. There are no particular limits on the concentration 
of the zirconium salt solution, which should normally be 5 to 
200 g or particularly 50 to 100 g of zirconium oxide (ZrO2) 
per 1000 g of solvent. 
0066. A basic Zirconium sulfate-containing reaction liq 
uid is prepared by mixing the Sulfating agent with the Zirco 
nium salt solution. In this case, a sulfating agent and Zirco 
nium salt solution at a temperature of at least 80° C. but less 
than 95°C. are mixed in the case of reaction liquid A. In the 
case of reaction liquid B, a Sulfating agent and Zirconium salt 
solution are mixed at a temperature of at least 65° C. but less 
than 80° C. That is, the sulfating agent and zirconium salt 
solution are heated ahead of time to the aforementioned tem 
perature, and the Sulfating agent and Zirconium salt Solution 
are mixed while maintaining that temperature. In this way, by 
using a reaction liquid which is mixed at the aforementioned 
temperature, it is possible to control the properties (for 
example, pore diameter peak locations, total pore Volume, 
heat resistance of specific Surface area, cohesion of primary 
particles and the like) of the zirconia porous body which is the 
final product to the desired values. 
0067 Mixing of the sulfating agent and zirconium salt 
Solution can be accomplished so that a basic Zirconium Sulfate 
is produced by the reaction of the two. The Sulfating agent and 
zirconium salt are reacted at a temperature of 65° C. or more 
to produce a basic Zirconium Sulfate. 
0068. In preparing reaction liquid A and/or reaction liquid 
B (particularly reaction liquid A), the Sulfating agent and 
Zirconium salt solution can be mixed so that the production 
speed with basic Zirconium sulfate converted to Zirconium 
oxide is 20 g/min/L or less (particularly 15 g/min/L or less or 
preferably 10 g/min/L or less). In this way, the aforemen 
tioned properties of the resulting Zirconia porous body can be 
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controlled. It is particularly effective that the proportion of the 
reaction liquid A mixed with said reaction liquid B be at least 
0.1 but less than 1 (preferably 0.1 to 0.9, more preferably 0.2 
to 0.8) as a liquid volume ratio of reaction liquid A/(reaction 
liquid A+reaction liquid B). There are no limits on the meth 
ods of controlling the reaction speed within the aforemen 
tioned range, and for example a method of dripping one 
reaction liquid into the other reaction liquidata specific speed 
or the like can be employed. 
0069. In the present invention, “with basic Zirconium sul 
fate converted to Zirconium oxide” signifies that basic Zirco 
nium Sulfate is expressed by the general formula 
{ZrO(OH)}.(ZrOSO), (0<x<1), converted to zirconium 
oxide in anticipation of the Zirconium in the basic Zirconium 
Sulfate becoming Zirconium oxide as the final product, since 
molecular weight cannot be determined unequivocally. 
0070 The production speed in the present invention is the 
speed with 16% zirconium oxychloride added to a 25% 
Sodium sulfate solution. 

0071 Moreover, the aforementioned “production speed 
in the present invention is the production speed per 1 Lliquid 
Volume after completion of mixing. That is, the production 
speed signifies the value obtained by dividing the total pro 
duction volume by the time (in minutes) from initiation till 
completion of mixing, and dividing the result by the liquid 
Volume (L) after completion of mixing. 
0072 Moreover, in the present invention reaction liquid A 
and/or reaction liquid B can be used as two or more reaction 
liquids with different temperatures within the aforemen 
tioned temperature range. For example, when reaction liquid 
A consists of two liquids, a reaction liquid A-1 obtained by 
mixing a sulfating agent at a temperature of at least 80°C. but 
less than 85°C. with a zirconium salt solution at a tempera 
ture of at least 80°C. but less than 85°C. and a reaction liquid 
A-2 obtained by mixing a sulfating agent at a temperature of 
at least 85° C. but less than 95° C. with a zirconium salt 
solutionata temperature of at least 85°C. but less than 95°C. 
can be used as reaction liquid A. Moreover, for example when 
reaction liquid B consists of two liquids, a reaction liquid B-1 
obtained by mixing a Sulfating agent at a temperature of at 
least 65° C. but less than 70° C. with a zirconium salt solution 
at a temperature of at least 65° C. but less than 70° C. and a 
reaction liquid B-2 obtained by mixing a Sulfating agent at a 
temperature of at least 70° C. but less than 80° C. with a 
zirconium salt solution at a temperature of at least 70° C. but 
less than 80°C. can be used as reaction liquid B. By thus using 
liquids at different temperatures it is possible to more pre 
cisely control the pore structure of the Zirconia porous body. 
0073. In the present invention, the free acid concentration 
ofreaction liquid A and/or B is preferably 0.1 to 2.0 N. Setting 
the free acid concentration within the aforementioned range 
allows the agglomerate which makes up the porous body of 
the present invention to be more accurately controlled. The 
free acid concentration can be adjusted using hydrochloric 
acid, sulfuric acid or the like for example. In the present 
invention it is particularly desirable to use hydrochloric acid. 
0074 Next, reaction liquid A is mixed with reaction liquid 
B. There are no particular limits on the mixing method, mix 
ing order and the like. The mixed proportions of the two can 
be determined appropriately according to the use, desired 
properties and the like of the porous body within the range of 
generally reaction liquid A.reaction liquid B=1:0.1-9 in Zir 
conium oxide conversion. 
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0075) First Step (Second Method) 
0076. In the first step of the second method, basic Zirco 
nium Sulfate-containing reaction liquid A is prepared by mix 
ing a sulfating agent at a temperature of at least 80°C. but less 
than 95°C. with a zirconium salt solution at a temperature of 
at least 80°C. but less than 95°C. so that the production speed 
with basic Zirconium sulfate converted to Zirconium oxide is 
20 g/min/L or less. 
0077. The sulfating agent and zirconium salt solution can 
be the same as those used in the first step of the first method 
above. 

0078. In mixing the sulfating agent and zirconium salt 
Solution the production speed with basic Zirconium Sulfate 
converted to Zirconium oxide is normally 20 g/min/L or less, 
but 15 g/min/L or less is preferable and 10 g/min/L or less is 
more preferable. 
0079) Second Step (First and Second Methods) 
0080. In the second step, the reaction liquid obtained in the 

first step is aged at 95°C. or more (without being cooled first). 
Through the second step it is possible to ensure a highyield by 
means of complete production of basic Zirconium sulfate. The 
upper limit of the aging temperature can be set so that the 
reaction liquid does not boil. The aging time can be set appro 
priately according to the aforementioned temperature and the 
like, but is normally 0.5 hours or more or especially 1 hour or 
O. 

0081. Third Step (First and Second Methods) 
0082 In the third step, alkali is added to the reaction liquid 
obtained in the second step to neutralize the aforementioned 
basic Zirconium sulfate, producing Zirconium hydroxide. 
0083. There are no particular limits on the alkali, and for 
example ammonium hydroxide, ammonium bicarbonate, 
Sodium hydroxide, potassium hydroxide and the like can be 
used. The amount of alkali added can be any capable of 
producing a precipitate from the aforementioned reaction 
liquid, and the pH of the reaction liquid should normally be 9 
or more or preferably 10 or more. The alkali can be added in 
its original form or in the form of a solution obtained by 
dissolving it in an appropriate solvent (Such as water). 
0084. The resulting precipitate may be collected by a 
known solid-liquid separation method Such as filtration, cen 
trifugation, decantation or the like. After collection, it can be 
water washed as necessary. A drying process can also be 
applied as necessary. The drying process can be either natural 
drying, heat drying or the like. Moreover, a pulverization 
process, classification process or the like can also be applied 
after drying. 
0085 Fourth Step (First and Second Methods) 
0086. In the fourth step, the zirconium hydroxide is heat 
treated to obtain a Zirconia porous body. 
0087. The heat treatment temperature can normally be in 
the range of 400 to 1100° C. The heat treatment time can be 
set appropriately according to the heat treatment temperature 
and the like, but normally about 1 to 5 hours is desirable. 
There are no particular limits on the heat treatment atmo 
sphere, but atmospheric air (ambient air) or an oxidizing 
atmosphere is used. 
0088. In the manufacturing method of the present inven 
tion, a compound (generally called a “third component”) of at 
least one of the rare earth elements, transitional metal ele 
ments, Ca,Mg,Al, Si and Zn (preferably a rare earth element) 
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can be added during at least one of the first through fourth 
steps. In this way it is possible to impart the desired material 
properties to the resulting Zirconia porous body. 
0089 Examples of rare earth elements include Sc, Y. La, 
Ce, Pr, Nd and other lanthanoid elements for example. 
Examples of transitional metal elements include Ti, Cr, Mn, 
Fe, Co, Ni, Cu, Mo, W and the like. The third component 
compound can be in any form Such as a metal salt (nitrate, 
Sulfate, chloride, carbonate or other inorganic acid salt or 
oxalate, acetate or other organic acid salt) or a hydroxide, 
oxide or the like. These can be determined appropriately 
according to the stage of addition and the like. For example, 
when addition is to the basic Zirconium sulfate it is desirable 
to add at least one salt of a rare earth element, transitional 
metal element, Ca, Mg, Al, Si or Zn. When addition is to the 
zirconium hydroxide, it is desirable to add at least one oxide 
and/or hydroxide of a rare earth element, transitional metal 
salt, Ca, Mg, Al, Si and Zn. When using an oxide and/or 
hydroxide, it is desirable to apply a pre-treatment such as 
baking at 1100° C. or more for example so as not to adversely 
affect the properties of the target Zirconia porous body. 
0090 The third component can be added in its original 
form, but is preferably added in the form of an ion of the third 
component in particular. The ion concentration in this case 
can be set appropriately according to the type of third com 
ponent and the like. 
0091. The amount of third component added can be set 
appropriately according to the type of element added, the 
desired material properties and the like, but normally less 
than 50% or specifically 1 to 49% by weight of the zirconia 
porous body is desirable. When a third component is used, the 
finally obtained Zirconia porous body becomes a solid solu 
tion or composite oxide comprising this components. 

EXAMPLES 

0092. The features of the present invention are explained 
in more detail below using examples. However, the scope of 
the present invention is not limited to the scope of these 
examples. 

0093. The material properties in the examples are mea 
sured by the following methods. Moreover, the materials 
obtained in the various examples and comparative examples 
each contain 1 to 2% by weight hafnium oxide as an unavoid 
able impurity. 
0094) (1) Specific Surface Area 
0095 Measured by the BET method using a surface area 
analyzer (Flowsorb II, Micromeritics). 
0096) (2) Pore Volume and Pore Diameter 
0097. Measured by the BJH method using the measure 
ment device Autosorb-1' (Quantachrome, Model No. 
AS1KR). 
0.098 (3) Oxygen Storage Capacity (OSC) 
0099 Measured by the oxygen pulse method at 600° C. 
using the measurement device “Multitask TPD (TPD-1-AT, 
BEL Japan). 
0100 (4) Primary Particle Size 
0101 Calculated using the following Scherrer equation 
from the half-value width of the X-ray analysis peak: 
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0102 where k is the constant 0.9, v is the X-ray wave 
length (A), B is the analytical line width of the sample minus 
the analytic line width (radian) of a standard sample, and 0 is 
the analysis angle. 

Example 1 

0103 1) 94 g of a 25% sodium sulfate solution was heated 
to 65° C. 250 g of a 16% (by ZrO conversion) zirconium 
oxychloride solution which had been previously heated to 75° 
C. was added thereto, hydrochloric acid was added to achieve 
a free acid concentration of 1.5 N and this was maintained for 
0.5 hours to produce basic Zirconium sulfate (low-tempera 
ture reaction liquid). 

0104 2) 141 g of a 25% sodium sulfate solution was 
heated to 85°C., 375g of a 16% (by ZrO conversion) zirco 
nium oxychloride solution which had been previously heated 
to 85°C. was added thereto, hydrochloric acid was added to 
achieve a free acid concentration of 1.5 N and this was main 
tained for 0.5 hours to produce basic Zirconium sulfate (high 
temperature reaction liquid). 

0105 3) The aforementioned low-temperature reaction 
liquid and high-temperature reaction liquid were mixed, 
heated to 95°C. and maintained for 0.5 hours to age them. 

0106 4) Next, the aged solution was cooled to room tem 
perature and 125g of a 20% (CeO conversion) cerium sulfate 
Solution was added to and mixed uniformly. 

0107 5).25% sodium hydroxide was added to the resulting 
mixed solution, neutralizing it to a pH of 13 or more and 
producing a hydroxide precipitate. 

0108 6) The resulting hydroxide precipitate was filtered 
and thoroughly water washed. 

0109) 7) After being water washed the hydroxide was 
dried for 24 hours at 105° C. 

0110) 8) The dried hydroxide was baked for 5 hours at 
400° C. in an atmospheric air to obtain a zirconium oxide 
containing Zirconium porous body. 

0111 9) The aforementioned porous body was further 
baked for 3 hours in an atmospheric air at 900 to 1100°C. to 
obtain a baked product. 

0112 10) The aforementioned baked product was sub 
jected to X-ray analysis and the specific Surface area, pore 
diameter, oxygen storage capacity (OSC) and the like were 
measured. The composition of the resulting baked product 
(weight %) is shown in Table 1, while its material property 
values are shown in Tables 2 and 3. The pore distribution of a 
baked product obtained by baking at 1000° C. in 9) above is 
shown in FIG. 1 (“Present Invention 1). 

Example 1 
Example 2 
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TABLE 1 

Composition 

ZrO2. CeO2 TiO2 Fe2O. Al-O La O. Nd2O. 
Example 1 8O 2O 
Example 2 8O 2O 
Comparative 8O 2O 
Example 1 
Example 3 70 30 
Example 4 70 30 
Comparative 70 30 
Example 2 
Example 5 95 5 
Example 6 95 5 
Comp. 95 5 
Example 3 
Example 7 99 1 
Example 8 99 1 
Comparative 99 1 
Example 4 
Example 9 72 21 1.7 5.3 
Example 10 72 21 1.7 5.3 
Comp. 72 21 1.7 5.3 
Example 5 

0113) 

TABLE 2 

Material property values 

Primary 
Total pore particle 

Pore diameter peaks volume size 

Peak 1 (nm) Peak 2 (nm) (cc/g) (nm) 

Example 1 5 50 O.S 2 
Example 2 52 O.6 2 
Comparative O O.3 2 
Example 1 
Example 3 4 45 O.6 1 
Example 4 52 0.7 1 
Comparative 9 0.4 1 
Example 2 
Example 5 2 40 O.6 1 
Example 6 43 0.7 1 
Comparative 2 O.S O 
Example 3 
Example 7 2 48 O.6 O 
Example 8 50 0.7 O 
Comparative 9 0.4 1 
Example 4 
Example 9 2 52 O.S 1 
Example 10 45 0.7 1 
Comparative O O.3 1 
Example 5 

0114 

TABLE 3 

Material property values 

OSC 

Specific surface area m'g (Imol 

400° C. 900° C. 950° C. 1000° C. 1050° C. 1100° C. O?g) 

120 55 50 30 25 15 140 
120 55 50 35 25 15 140 
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TABLE 3-continued 

Material property values 
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OSC 
Specific surface area (m/g (Imol 

400° C. 900° C. 950° C. 1000° C. 1050° C. 1100° C. O?g) 

Comp. Ex. 1 100 40 35 2O 12 8 120 
Example 9 130 65 65 48 43 2O 190 
Example 10 130 65 65 55 48 22 185 
Comp. Ex. 5 125 40 37 25 15 8 160 

0115) A distribution clearly different from that of “Con 
ventional Method’ is shown in FIG.1. That is, there are two 
pore diameter peaks, and the total pore Volume is shown to be 
about 0.5 cc/g. This Zirconia porous body has a primary 
particle size in the range of 5 to 30 nm, the specific surface 
area after 3 hours of baking at 1000°C. is at least 30 m/g, and 
the specific surface area after 3 hours of baking at 1050° C. is 
at least 25 m/g, indicating a zirconia porous body with an 
excellent thermal stability of specific Surface area and a large 
total pore Volume. 

Example 2 

011 6 1) 237 g of a 25% sodium sulfate solution was 
heated to 85°C. and 625 g of a 16% (by ZrO conversion) 
Zirconium oxychloride solution which had been previously 
heated to 85°C. was added thereto. The addition speed of the 
aforementioned Zirconium oxychloride solution here was 
adjusted so that the production speed of basic Zirconium 
sulfate as converted to Zirconium oxide would be about 12 
g/minute/L, or about/s the normal speed. Next, hydrochloric 
acid was added to achieved a free acid concentration of 1.5 N, 
and this was maintained for 0.5 hours to produce basic Zirco 
nium sulfate. 

0117 2) The aforementioned reaction liquid was first 
heated to 95°C. and then maintained for 0.5 hours to age it. 
0118 3) Next, the aged solution was cooled to room tem 
perature and 125 g of a 20% (CeO conversion) cerium nitrate 
Solution was added to and mixed uniformly. 
0119) 4)25% sodium hydroxide was added to the resulting 
mixed solution to adjust to pH to 13 or more and produce a 
hydroxide precipitate. 
0120 5) The resulting hydroxide precipitate was filtered 
and thoroughly water washed. 
0121 6) After being water washed the hydroxide was 
dried for 24 hours at 105° C. 

0122 7). The dried hydroxide was baked for 5 hours at 
400° C. in an atmospheric air to obtain a zirconium oxide 
containing Zirconium porous body. 
0123. 8) The aforementioned porous body was further 
baked for 3 hours in an atmospheric air at 900 to 1100°C. to 
obtain a baked product. 
0124 9) The aforementioned baked product was subjected 
to X-ray analysis and the specific Surface area, pore diameter, 
oxygen storage capacity (OSC) and the like were measured. 
The composition of the resulting baked product (weight%) is 
shown in Table 1, while its material property values are shown 

in Tables 2 and 3. The pore distribution of a baked product 
obtained by baking at 1000°C. in 8) above is shown in FIG. 
1 (“Present Invention 2'). 
0.125. The porous body of the “Conventional Method” in 
FIG. 1 has a sharp distribution of pore diameters, with the 
result that it is liable to sintering whenbaked at high tempera 
tures, and the thermal stability of specific Surface area was not 
necessarily satisfactory. That is, it seems that because in a 
zirconia porous body manufactured by the “conventional 
method”“fine particles are densely packed, there is a large 
area of contact between particles which makes it liable to 
sintering at high temperatures. In contrast, by reducing the 
production speed with basic Zirconium Sulfate converted to 
zirconium oxide to /3 or less (preferably /s or less) that of the 
“conventional method’ as in Example 2, a zirconia porous 
body is obtained with the pore diameter distribution and pore 
Volume shown under "Present Invention 2 in FIG. 1 which 
has excellent thermal stability. 

Comparative Example 1 

Coprecipitation 

0.126 1) 625 g of a 16% (ZrO conversion) zirconium 
oxychloride solution at room temperature was added to 237g 
of a 25% sodium sulfate solution. After addition of hydro 
chloric acid to achieve a free acid concentration of 1.5 N, this 
was heated to 75° C. and maintained for 1 hour to age while 
producing basic Zirconium sulfate. 
0.127 2) Next, the aged solution was cooled to room tem 
perature and 125 g of a 20% (CeO conversion) cerium sulfate 
Solution was added to and mixed uniformly. 
0.128 3)25% sodium hydroxide was added to the resulting 
mixed solution, neutralizing it to a pH of 13 or more and 
producing a hydroxide precipitate. 
0.129 4) The resulting hydroxide precipitate was filtered 
and thoroughly water washed. 
0.130) 5) After being water washed the hydroxide was 
dried for 24 hours at 105° C. 

0131 6) The dried hydroxide was baked for 5 hours at 
400°C. in atmosphere to obtain a Zirconium oxide-containing 
Zirconium porous body. 
0.132 7). The aforementioned porous body was further 
baked for 3 hours in an atmospheric air at 900 to 1100°C. to 
obtain a baked product. 
0.133 8) The aforementioned baked product was subjected 
to X-ray analysis and the specific Surface area, pore diameter, 
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oxygen storage capacity (OSC) and the like were measured. 
The composition of the resulting baked product (weight%) is 
shown in Table 1, while its material property values are shown 
in Tables 2 and 3. The pore distribution of a baked product 
obtained by baking at 1000°C. in 7) above is shown in FIG. 
1 (“Conventional Method”). 

Example 3 

0134 Abaked product was manufactured as in Example 1 
except that step 4) in Example 1 was replaced by the follow 
ing. The aged solution was cooled to room temperature, and a 
15% titanium tetrachloride solution was added so as to 
achieve a titanium oxide (TiO) content of 30% by weight of 
the final product (baked product), and mixed uniformly. 
0135 The material properties of the resulting baked prod 
uct were measured as in Example 1. The results are shown in 
Table 1. The composition (% by weight) of the resulting 
baked product is shown in Table 1, and the material property 
values in Tables 2 and 3. The pore distribution of a product 
baked at 1000° C. was measured with roughly the same 
results as those shown under "Present Invention 1 in FIG.1. 

Example 4 

0136. Abaked product was manufactured as in Example 2 
except that step 3) in Example 2 was replaced by the follow 
ing. The aged solution was cooled to room temperature, and a 
15% titanium tetrachloride solution was added so as to 
achieve a titanium oxide (TiO) content of 30% by weight of 
the final product (baked product), and mixed uniformly. 
0137 The material properties of the resulting baked prod 
uct were measured as in Example 1. The composition (% by 
weight) of the resulting baked product is shown in Table 1, 
and the material property values in Tables 2 and 3. The pore 
distribution of a product baked at 1000°C. was measured with 
roughly the same results as those shown under “Present 
Invention 2 in FIG. 1. 

Comparative Example 2 

0138 A baked product was manufactured as in Compara 
tive Example 1 except that step 2) in Comparative Example 1 
was replaced by the following. The aged solution was cooled 
to room temperature, and a 15% titanium tetrachloride solu 
tion was added so as to achieve a titanium oxide (TiO) 
content of 30% by weight of the final product (baked prod 
uct), and mixed uniformly. 
0.139. The material properties of the resulting baked prod 
uct were measured as in Example 1. The composition (% by 
weight) of the resulting baked product is shown in Table 1, 
and the material property values in Tables 2 and 3. The pore 
distribution of a product baked at 1000°C. was measured with 
roughly the same results as those shown under “Conventional 
Method in FIG. 1. 

Example 5 

0140 Abaked product was manufactured as in Example 1 
except that step 4) in Example 1 was replaced by the follow 
ing. The aged solution was cooled to room temperature, and a 
15% iron chloride (III) solution was added so as to achieve a 
ferric oxide (FeO) content of 5% by weight of the final 
product (baked product), and mixed uniformly. 
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0.141. The material properties of the resulting baked prod 
uct were measured as in Example 1. The composition (% by 
weight) of the resulting baked product is shown in Table 1, 
and the material property values in Tables 2 and 3. The pore 
distribution of a product baked at 1000°C. was measured with 
roughly the same results as those shown under “Present 
Invention 1 in FIG. 1. 

Example 6 

0.142 Abaked product was manufactured as in Example 2 
except that step 3) in Example 2 was replaced by the follow 
ing. The aged solution was cooled to room temperature, and a 
15% iron chloride (III) solution was added so as to achieve a 
ferric oxide (FeO) content of 5% by weight of the final 
product (baked product), and mixed uniformly. 
0.143. The material properties of the resulting baked prod 
uct were measured as in Example 1. The composition (% by 
weight) of the resulting baked product is shown in Table 1, 
and the material property values in Tables 2 and 3. The pore 
distribution of a product baked at 1000°C. was measured with 
roughly the same results as those shown under “Present 
Invention 2 in FIG. 1. 

Comparative Example 3 

0144. A baked product was manufactured as in Compara 
tive Example 1 except that step 2) in Comparative Example 1 
was replaced by the following. The aged solution was cooled 
to room temperature, and a 15% iron chloride (III) solution 
was added so as to achieve a ferric oxide (Fe2O) content of 
5% by weight of the final product (baked product), and mixed 
uniformly. 
0145 The material properties of the resulting baked prod 
uct were measured as in Example 1. The composition (% by 
weight) of the resulting baked product is shown in Table 1, 
and the material property values in Tables 2 and 3. The pore 
distribution of a product baked at 1000°C. was measured with 
roughly the same results as those shown under"Conventional 
Method in FIG. 1. 

Example 7 

0146 Abaked product was manufactured as in Example 1 
except that step 4) in Example 1 was replaced by the follow 
ing. The aged solution was cooled to room temperature, and a 
15% aluminum chloride solution was added so as to achieve 
an aluminum oxide (Al2O) content of 1% by weight of the 
final product (baked product), and mixed uniformly. 
0147 The material properties of the resulting baked prod 
uct were measured as in Example 1. The composition (% by 
weight) of the resulting baked product is shown in Table 1, 
and the material property values in Tables 2 and 3. The pore 
distribution of a product baked at 1000°C. was measured with 
roughly the same results as those shown under “Present 
Invention 1 in FIG. 1. 

Example 8 

0.148 Abaked product was manufactured as in Example 2 
except that step 3) in Example 2 was replaced by the follow 
ing. The aged solution was cooled to room temperature, and a 
15% aluminum chloride solution was added so as to achieve 
an aluminum oxide (Al2O) content of 1% by weight of the 
final product (baked product), and mixed uniformly. 
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014.9 The material properties of the resulting baked prod 
uct were measured as in Example 1. The composition (% by 
weight) of the resulting baked product is shown in Table 1, 
and the material property values in Tables 2 and 3. The pore 
distribution of a product baked at 1000°C. was measured with 
roughly the same results as those shown under “Present 
Invention 2 in FIG. 1. 

Comparative Example 4 
0150. A baked product was manufactured as in Compara 
tive Example 1 except that step 2) in Comparative Example 1 
was replaced by the following. The aged solution was cooled 
to room temperature, and a 15% aluminum chloride Solution 
was added so as to achieve an aluminum oxide (AlO) con 
tent of 1% by weight of the final product (baked product), and 
mixed uniformly. 
0151. The material properties of the resulting baked prod 
uct were measured as in Example 1. The composition (% by 
weight) of the resulting baked product is shown in Table 1, 
and the material property values in Tables 2 and 3. The pore 
distribution of a product baked at 1000°C. was measured with 
roughly the same results as those shown under “Conventional 
Method in FIG. 1. 

Example 9 
0152 Abaked product was manufactured as in Example 1 
except that step 4) in Example 1 was replaced by the follow 
ing. The aged solution was cooled to room temperature, and a 
15% cerium nitrate solution was added so as to achieve a 
cerium oxide (CeO) content of 20% of the final product 
(baked product), together with a 15% lanthanum nitrate solu 
tion added so as to achieve a lanthanum oxide (LaO) con 
tent of 1.7% of the final product (baked product) and a 15% 
neodymium nitrate Solution added so as to achieve a neody 
mium oxide (NdO) content of 5.3% of the final product 
(baked product), and mixed uniformly. 
0153. The material properties of the resulting baked prod 
uct were measured as in Example 1. The composition (% by 
weight) of the resulting baked product is shown in Table 1, 
and the material property values in Tables 2 and 3. The pore 
distribution of a product baked at 1000°C. was measured with 
roughly the same results as those shown under “Present 
Invention 1 in FIG. 1. 

Example 10 
0154 Abaked product was manufactured as in Example 2 
except that step 3) in Example 2 was replaced by the follow 
ing. The aged solution was cooled to room temperature, and a 
15% cerium nitrate solution was added so as to achieve a 
cerium oxide (CeO) content of 20% of the final product 
(baked product), together with a 15% lanthanum nitrate solu 
tion added so as to achieve a lanthanum oxide (LaO) con 
tent of 1.7% of the final product (baked product) and a 15% 
neodymium nitrate Solution added so as to achieve a neody 
mium oxide (NdO) content of 5.3% of the final product 
(baked product), and mixed uniformly. 
0155 The material properties of the resulting baked prod 
uct were measured as in Example 1. The composition (% by 
weight) of the resulting baked product is shown in Table 1, 
and the material property values in Tables 2 and 3. The pore 
distribution of a product baked at 1000°C. was measured with 
roughly the same results as those shown under “Present 
Invention 2 in FIG. 1. 
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Comparative Example 5 
0.156. A baked product was manufactured as in Compara 
tive Example 1 except that step 2) in Comparative Example 1 
was replaced by the following. The aged solution was cooled 
to room temperature, and a 15% cerium nitrate solution was 
added so as to achieve a cerium oxide (CeO) content of 20% 
of the final product (baked product), together with a 15% 
lanthanum nitrate solution added so as to achieve a lanthanum 
oxide (LaO) content of 1.7% of the final product (baked 
product) and a 15% neodymium nitrate solution added so as 
to achieve a neodymium oxide (NdO) content of 5.3% of 
the final product (baked product), and mixed uniformly. 
0157 The material properties of the resulting baked prod 
uct were measured as in Example 1. The composition (% by 
weight) of the resulting baked product is shown in Table 1, 
and the material property values in Tables 2 and 3. The pore 
distribution of a product baked at 1000°C. was measured with 
roughly the same results as those shown under"Conventional 
Method in FIG. 1. 

What is claimed is: 
1. A Zirconia porous body having (1) peaks at pore diam 

eters of 8 to 20 nm and 30 to 100 nm in a pore distribution 
based on the BJH method and (2) a total pore volume of 0.4 
cc/g or more, 

the porous body being formed Substantially composed of 
Zirconium oxide, or a solid solution or mixed oxide 
comprising Zirconium oxide and third component, 

the amount of the third component being 1 to 49% by 
weight of the porous body, 

the third component being at least one of the rare earth 
elements, transitional metal elements, Ca,Mg,Al, Si and 
Zn. 

2. The Zirconia porous body according to claim 1, wherein 
the volume of pores having a diameter of 20 to 200 nm is 50% 
or more of the total pore volume. 

3. The Zirconia porous body according to claim 1, wherein 
the primary particle size of the particles contained in the 
porous body is 5 to 30 nm. 

4. The Zirconia porous body according to claim 1, wherein 
the specific surface area after 3 hours of baking at 1000°C. is 
at least 30 m/g. 

5. A method for manufacturing a Zirconia porous body 
according to claim 1, the method comprising: 

(1) a first step of mixing basic Zirconium sulfate-containing 
reaction liquid A, which is prepared by mixing a Sulfat 
ing agent at a temperature of at least 80°C. but less than 
95°C. with a zirconium salt solution at a temperature of 
at least 80°C. but less than 95°C., with basic Zirconium 
Sulfate-containing reaction liquid B, which is prepared 
by mixing a Sulfating agent at a temperature of at least 
65° C. but less than 80°C. with a zirconium salt solution 
at a temperature of at least 65° C. but less than 80°C., 

(2) a second step of aging the reaction liquid obtained in the 
first step at a temperature of 95°C. or more, 

(3) a third step of producing zirconium hydroxide by add 
ing alkali to the mixture obtained in the second step to 
neutralize the basic Zirconium sulfate, and 
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(4) a fourth step of heat-treating the zirconiumhydroxide to 
obtain a Zirconia porous body. 

6. The manufacturing method according to claim 5. 
wherein, in the preparation of the reaction liquid A and/or the 
reaction liquid B, the Sulfating agent and the Zirconium salt 
Solution are mixed so that the production speed with basic 
Zirconium Sulfate converted to Zirconium oxide is 20 g/min/L 
or less. 

7. The manufacturing method according to claim 6. 
wherein the proportion of the reaction liquid A mixed with the 
reaction liquid B is at least 0.1 but less than 1 as a liquid 
Volume ratio of reaction liquid A/(reaction liquid A+reaction 
liquid B). 

8. The manufacturing method according to claim 5, 
wherein the free acid concentration of the reaction liquid A is 
O.1 to 2.ON. 
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9. The manufacturing method according to claim 5, 
wherein the free acid concentration of the reaction liquid B is 
O.1 to 2.ON. 

10. The manufacturing method according to claim 5, com 
prising a step of adding a compound of at least one of the rare 
earth elements, transitional metal elements, Ca, Mg, Al, Si 
and Zn during at least one of the first through fourth steps. 

11. The manufacturing method according to claim 5, com 
prising a step of adding a salt of at least one of the rare earth 
elements, transitional metal elements, Ca, Mg, Al, Si and Zn 
to the basic Zirconium sulfate. 

12. The manufacturing method according to claim 5, com 
prising a step of adding an oxide and/or hydroxide of at least 
one of the rare earth elements, transitional metal elements, 
Ca,Mg, Al, Si and Zn to the zirconium hydroxide. 

c c c c c 


