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(57) Abstract: A ceramic honeycomb catalyst carrier, characterized in that it has a porosity of 20 % or less and has an average surface

) roughness Ra of partition walls of a large value of 0.5 (' m or more; and a method for preparing the ceramic honeycomb catalyst
& carrier which comprises providing a dried ceramic honeycomb by forming a ceramic material followed by drying, exposing the dried
g ceramic honeycomb to a gas stream containing abrasive grains dispersed therein, to thereby render the surface of the partition walls

v Of the dried ceramic honeycomb to be rough, and then firing the dried cera
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SPECIFICATION

CERAMIC HONEYCOMB CATALYST CARRIER
AND METHOD OF PRODUCING THE SAME

TECHNICAL FIELD

The present invention relates to a ceramic honeycomb catalyst
carrier used for purifying an exhaust gas from automobile and so on and a

method of producing the same.

BACKGROUND ART

A ceramic honeycomb catalyst carrier 1s used for fixing a catalyst
for purifying an exhaust gas from automobile and so on. Generally, the
ceramic honeycomb catalyst carrier has a plurality of partition walls each
having a number of pores, on which y-alumina having a high specific surface
area and a catalyst are coated, thereby being used for automobile and so on.
In view of a recent beef-up of exhaust gas regulation, it 1s required to make a
thickness of the partition wall of the ceramic honeycomb catalyst carrier thin
so as to improve a catalyst performance and an engine performance.

However, if the partition wall of the ceramic honeycomb catalyst
carrier is made thin as mentioned above, a mechanical strength of the ceramic
honeycomb catalyst carrier is decreased. In order to eliminate such a
problem, in Japanese Patent Laid-Open Publication No. 10-174885 (JP-A-
10-174885) for example, a technique, wherein a dense cordierite having a
high strength and a porosity of 18% or less is obtained by controlling a raw
material size of talc and an amount of CaQO, is disclosed. However, if a

porosity 1s decreased, a strength can be improved, but there arises a new
problem such that a coatability of y-alumina having a high specific surface

area and catalyst 1s deteriorated.

DISCLOSURE OF INVENTION

An object of the invention 1s to eliminate the drawbacks mentioned
above and to provide a ceramic honeycomb catalyst carrier having a sufficient
strength as a catalyst carrier and excellent catalyst coatability even i1f a

partition wall is thin and a method of producing the same.

21 -
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According to the invention, a ceramic honeycomb catalyst carrier
is characterized in that a porosity is 20% or less and an average surface

roughness (Ra) of a partition wall of the carrier 1s 0.51um or more.

Moreover, according to a first aspect of the invention regarding a
producing method, a method of producing the ceramic honeycomb catalyst
carrier mentioned above, comprises the steps of: forming ceramic raw
materials to obtain a ceramic honeycomb formed body; drying the ceramic
honeycomb formed body to obtain a ceramic honeycomb dried-up body;
roughening a surface of the partition wall of the ceramic honeycomb dried-up
body by exposing the ceramic honeycomb dried-up body in an airflow 1n
which polishing powders are included; and sintering the ceramic honeycomb
dried-up body after a surface treatment.

Further, according to a second aspect of the invention regarding a
producing method, a method of producing the ceramic honeycomb catalyst
carrier mentioned above, comprises the steps of: forming ceramic raw
materials to obtain a ceramic honeycomb formed body; drying and sintering
the ceramic honeycomb formed body to obtain a ceramic honeycomb sintered
body; and roughening a surface of the partition wall of the ceramic
honeycomb sintered body by exposing the ceramic honeycomb sintered body
in an airflow or a water flow in which polishing powders are 1ncluded.

In the present invention, a ceramic honeycomb catalyst carrier, 1n
which a porosity is 20% or less and a partition wall of the carrier is roughened
so as to be an average surface roughness (Ra) of 0.5um or more, can be
obtained by performing a surface treatment with respect to a surface of the
partition wall preferably by means of polishing powders such as alumina and
diamond after forming and drying ceramic raw materials or further after
sintering a formed body. In this manner, 1t was found that 1t 1s possible to

obtain a ceramic honeycomb catalyst carrier having a high strength and

excellent y-alumina or catalyst coatability.

In the present invention, the reason for defining an average surface

roughness as 0.5um or more is that, if it is less than 0.5um, y-alumina and
catalyst are not sufficiently coated thereon. Moreover, the reason for

defining porosity as 20% or less 1s that, 1f 1t 1s larger than 20%, a sufficient

.
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strength can not be obtained. Further, the surface treatment mentioned
above may be performed by circulating a liquid, in which polishing powders
such as alumina and diamond are dispersed, by means of a pump, or, by
exposing a ceramic honeycomb for a definite period of time 1n an atmosphere
in which polishing powders are included in an airflow. Furthermore, as a
material of the ceramic honeycomb catalyst carrier, use may be made of a
popular ceramics such as partia]]y stabilized zirconia, silicon nitride, alumina,

silicon carbide, and zirconium phosphate, other than cordierite.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a flowchart for explaining a method of producing a ceramic
honeycomb catalyst carrier according to a first aspect of the invention; and

Fig. 2 is a flowchart for explaining a method of producing a ceramic
honeycomb catalyst carrier according to a second aspect of the invention.
BEST MODE FOR CARRYING OUT THE INVENTION

Fig. 1 1s a flowchart for explaining a method of producing a
ceramic honeycomb catalyst carrier according to a first aspect of the
invention. Hereinafter, explanations are made with reference to Fag. 1.
At first, ceramic raw materials are formed so as to obtain a ceramic
honeycomb formed body, and the ceramic honeycomb formed body 1s dried so
as to obtain a ceramic honeycomb dried-up body. Then, the ceramic
honeycomb dried-up body is subjected to a surface treatment. The surface
treatment according to a producing method of the second aspect of the
invention is performed by exposing the ceramic honeycomb dried-up body for
a predetermined period of time in an airflow 1n which polishing powders such
as alumina, diamond and so on are included. Then, the ceramic honéycomb
dried-up body after the surface treatment 1s sintered. In this manner, i1t 1s

possible to obtain a ceramic honeycomb catalyst carrier according to the
invention in which porosity 1s 20% or less and an average surface roughness
(Ra) of a partition wall of the carrier 1s 0.5um or more.

Fig. 2 is a flowchart for explaining a method of producing a
ceramic honeycomb catalyst carrier according to a second aspect of the
invention. Hereinafter, explanations are made with reference to Fig. 2.

At first, ceramic raw materials are formed so as to obtain a ceramic
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honeycomb formed body, and the ceramic honeycomb formed body is dried
and sintered so as to obtain a ceramic honeycomb sintered body. Then, the
ceramic honeycomb sintered body 1s subjected to a surface treatment.

The surface treatment according to a producing method of the first aspect of
the invention is performed by circulating a liquid, in which polishing powders
such as alumina and diamond are dispersed, by means of a pump, or, by
exposing a ceramic honeycomb for a definite period of time in an atmosphere
in which polishing powders are included in an airflow. In this manner, it 1s
possible to obtain a ceramic honeycomb catalyst carrier according to the
invention in which porosity 1s 20% or less and an average surface roughness

(Ra) of a partition wall of the carrier 1s 0.5um or more.

It should be noted that use 1s made of all the known methods as a
method for making porosity of the carrier to 20% or less. For example, 1t 1s
possible to use a method for defining a raw material size of talc and an
amount of CaO as disclosed in Japanese Patent LLaid-Open Publication
No. 10-174885 (JP-A-10-174885). Moreover, 1n the thus obtained ceramic
honeycomb catalyst carrier according to the invention, it 1s preferred that a

thickness of the partition wall 1s 60um or less and an opening rate of the

honeycomb body 1s 88% or more. Further, i1t 1s preferred that the ceramic
honeycomb catalyst carrier has ISO strength of 500 KPa or more. Further-
more, if an average surface roughness of the partition wall surface 1s 1.0 um -
or more, it 1s possible to obtain further excellent coatability. Therefore, 1t 1s
also a preferred embodiment.

Hereinafter, actual experiments will be explained.

According to the following methods, a ceramic honeycomb catalyst
carrier was obtained by performing a producing of a honeycomb carrier and a
surface treatment of the honeycomb carrier.  After that, with respect to the
thus obtained ceramic honeycomb catalyst carrier, porosity, flexural strength,
hydrostatic pressure fracture strength, surface roughness, and coating amount
were measured. Results of examples according to the invention and compar-

ative examples without a scope of the invention are shown 1n the following

Table 1.

rvseniane
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Producing of honeycomb carrier:

Raw materials such as talc, alumina, kaolin were blended to obtain
a mixture having a cordierite composition. Then, with respect to the mixture,
a suitable amount of crushed cordierite as a micro pore controlling agent,
water-soluble cellulose derivatives, surface active agent and water were
added so as to obtain a batch. Then, according to the known producing
method, the batch was subjected to kneading, pugging, extrusion molding,
drying and sintering so as to obtain a ceramic honeycomb catalyst carrier
having a cordierite composition and a thickness of the partition wall shown 1n

the following Table 1.
Surface treatment of honeycomb carrier:

A water-resistant fan was arranged in a tube which can perform an
opening and closing motion, and the ceramic honeycomb sintered body was
set in the tube 1in such a manner that through holes defined by the partition
walls were aligned 1n a water flow direction of the fan. Then, a water flow
was passed through the ceramic honeycomb sintered body by means of the
fan. In this case, diamond polishing powders were dispersed between the
fan and the ceramic honeycomb sintered body, thereby etching a surface of
the partition wall of the ceramic honeycomb sintered body. After the
etching process, the ceramic honeycomb sintered body was washed
sufficiently and dried up so as to obtain a ceramic honeycomb catalyst carrier.
The diamond polishing powders were collected so as to recycle them.
Porosity:

According to a mercury injection method, a total micro pore
capacity of the thus obtained ceramic honeycomb catalyst carrier was
measured so as to calculate porosity. A true density of cordierite was

assumed to be 2.52 g/cm®. The measurement was performed by AutoPore

9405 by micromeritics.

Flexural strength:

According to the same producing method as that of the honeycomb
carrier mentioned above, a cordierite flat plate having width of 30 mm,
thickness of 7 mm and length of 150 mm was obtained. In this case, the

surface treatment with respect to the flat plate was performed after sintering
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and machining processes. After finishing all the processes, a four point

flexural strength was measured with respect to five samples on the basis of

JIS R1601.
Hydrostatic pressure fracture strength:

The thus obtained ceramic honeycomb catalyst carrier was inserted
in a flexible tube, and a hydrostatic pressure due to a water pressure was
applied thereto. Then, a pressure (KPa), at which a partial fracture occurred,
was measured. The number of samples was ten respectively.

Surface roughness:

An average surface roughness (Ra) of the partition wall of the thus
obtained ceramic honeycomb catalyst carrier was measured by FTS-S4C
manufactured by Taylor-Hobson Company. A calculation method is referred

to JIS BO601. At a tip measurement portion, use was made of a 2um conical
diamond.
Coating amount:

A coating amount (g/honeycomb cc) showing coatability of the
thus obtained ceramic honeycomb catalyst carrier was measured as follows.
A sample having a size of 100 mmXx100 mmXx100 mm was cut out from the
ceramic honeycomb catalyst carrier. At the same time, 5% of alumina-
nitrate sol and y-alumina were mixed in a rate of 60 : 40 so as to prepare an
alumina slurry. Then, the sample was immersed for a predetermined period

of time in the alumina slurry. After that, the sample coated with the alumina

slurry was dried and aged at 600°C for one hour. The coating amount
(g/honeycomb cc) showing coatability was calculated on the basis of a weight

increase before and after the alumina slurry coating.
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Table 1
i | Exampl'e according to Comparative
the invention example

| 1 2 3 4 1

Surface treatment Yes Yes Yes Yes No No
E:;::;o;x ;an)lll thickness of 50 60 50 50 50 50

F —E— e — -

| Porosity of carrier (%) 18 18 18 20 32 20
Surface roughness (um) 2.0 1.5 0.5 0.7 B 1.9 | 0.3
Flexural strength (MPa) 42 42 43 38 21 40

: factore | — | —— 1

Hydrostatic pressure fracture | 13,4 | 1450 | 1380 | 1180 | 590 | 1200
strength (KPa) | |

'Coatin g amount |

0.20 | 0.17 | 0.10 | 0.13 | 0.25 | 0.05

| (g/honeycomb cc) | _ I

From the results shown in Table 1, the followings were understood.

At first, in the example 1 according to the invention, when the surface

treatment was performed and the surface roughness 1s 2.0um, it 1s possible to
obtain a high coating amount and a low porosity, so that a high strength can
be obtained. When the surface roughness was decreased, the coating amount

was lowered in such a manner that the coating amount was 0.1 g/honeycomb
cc at the surface roughness of 0.5um (the example 3 according to the
invention). When the coating amount was decreased to a level of
0.05 g/honeycomb cc as shown 1n the comparative example 2, 1t was
necessary to repeat the coating process again and again so as to obtain a
sufficient coating amount necessary for a production, and thus 1t 1s not
preferred. As seen from the examples 2 and 4 according to the invention, a
decrease of partition wall thickness and an increase of porosity lead to a
decrease of strength. When the porosity was very high as shown 1n the
comparative example 1, the surface roughness was increased and at the same
time the coating amount became very high. However, the hydrostatic
pressure fracture strength was low.

From the results mentioned above, 1t was found that sufficient
flexural strength, sufficient hydrostatic pressure fracture strength and
sufficient coating amount could be obtained 1n the examples 1-4 according to

the invention in which the porosity of the carrier was 20% or less and the

27 .
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surface roughness was 0.5um or more, and that strengths or coating amount
were not sufficient in the comparative examples 1 or 2 in which either
conditions of the porosity and the surface roughness was not satisfied.

In the examples 1-4 according to the inventioﬁ, the surface
treatment was performed for the ceramic honeycomb sintered body to obtain
the ceramic honeycomb catalyst carrier, but 1t 1s possible to obtain the same
results for the ceramic honeycomb catalyst carrier produced 1n such a manner
that the surface treatment was performed for the ceramic honeycomb drnied
body.

INDUSTRIAL APPLICABILITY

As clearly understood from the above explanations, according to
the invention, a ceramic honeycomb catalyst carrier, in which a porosity 1s
20% or less and a partition wall of the carrier 1s roughened so as to be an

average surface roughness (Ra) of 0.5um or more, can be obtained by
performing a surface treatment with respect to a surface of the partition wall
preferably by means of polishing powders such as alumina and diamond after
forming and drying ceramic raw materials or further after sintering a formed

body. Therefore, 1t 1s possible to obtain a ceramic honeycomb catalyst

carrier having a high strength and excellent y-alumina or catalyst coatability.

- o — ——
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CLAIMS

1. A ceramic honeycomb catalyst carrier characterized 1n that a
porosity is 20% or less and an average surface roughness (Ra) of a partition

wall of the carrier 1s 0.5Uum or more.

2.  The ceramic honeycomb catalyst carrier according to claim 1,
wherein a thickness of the partition wall 1s 60um or less.

3.  The ceramic hoheycomb catalyst carrier according to claim 1,
wherein the carrier includes a cordierite composition as a main ingredient.

4. The ceramic honeycomb catalyst carrier according to claim 1,
wherein an average surface roughness (Ra) of the partition wall of the carrier
1s 1.0um or more.

5. A method of producing the ceramic honeycomb catalyst carrier set
forth in claim 1, comprising the steps of: forming ceramic raw materials to
obtain a ceramic honeycomb formed body; drying the ceramic honeycomb
formed body to obtain a ceramic honeycomb dried-up body; roughening a
surface of the partition wall of the ceramic honeycomb dried-up body by
exposing the ceramic honeycomb dried-up body 1n an airflow 1n which
polishing powders are included; and sintering the ceramic honeycomb dried-
up body after a surface treatment.

6. A method of producing the ceramic honeycomb catalyst carrier set
forth in claim 1, comprising the steps of: forming ceramic raw materials to
obtain a ceramic honeycomb formed body; drying and sintering the ceramic
honeycomb formed body to obtain a ceramic honeycomb sintered body; and
roughening a surface of the partition wall of the ceramic honeycomb sintered
body by exposing the ceramic honeycomb sintered body 1n an airflow or a
water flow 1in which polishing powders are included.

Smart & Biggar

Ottawa, Canada
Patent Agents
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7 . The ceramic honeycomb catalyst carrier according
to claim 3 or 4, wherein the partition wall has a thickness

of 60 um or less.

8 . The ceramic honeycomb catalyst carrier according
to any one of claims 1 to 4 or claim 7, which has an opening

rate of 88% or more.

9. The ceramic honeycomb catalyst carrier according
to any one of claims 1 to 4 or claim 7 or 8, which has an

ISO strength of 500 KPa or more.

10. A ceramlic honeycomb catalyst carrier which has a
plurality of partition walls each having a number of pores
and on which y-alumina and a catalyst are to be coated,

wherelin:

the ceramic honeycomb catalyst carrier 1s formed
essentially of cordierite and has a porosity of 18-20% and a

hydrostatic pressure fracture strength of 1180-1450 KPa; and

the partition wall has a thickness of 50-60 um and

an average surface roughness (Ra) of 0.5-2.0 um.

11. The ceramic honeycomb catalyst carrier according
to claim 10, wherein the average surface roughness of the

partition wall 18 1.0-2.0 um.

12. The ceramic honeycomb catalyst carrier according

to claim 10 or 11, which has an opening rate of 88% or more.
13. A ceramic honeycomb catalyst, which comprises:

the carrier as defined 1n any one of claims 1 to 4

or any one of claims 7 to 12, and

10
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vy-alumina and a catalyst coated on the carrier in

a coating amount of 0.10-0.20 g/cc of the honeycomb
catalyst.

14 . The method according to claim 5 or 6, wherein the

)

5 polishing powders are of alumina or diamond.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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Forming and drying of ceramic
raw materials

Surface treatment of ceramic honeycomb
dried-up body (airflow including polishing

powders )
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Ceramic honeycomb catalyst

carrier

FIG. 2

fForming, drying and sintering of

ceramic raw materials

Surface treatment of ceramic honeycomb
sintered body ( airflow or water flow

including polishing powders )

Ceramic honeycomb catalyst carrier
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