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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a method of manufacturing a honeycomb structure that treats exhaust gas.

2. Description of the Related Art

[0002] A large number of techniques have been developed in relation to conversion of automobile exhaust gas. With
an increase in traffic, however, countermeasures taken against exhaust gas have hardly been satisfactory. Not only in
Japan but also globally, is automobile emission control going to be further tightened.
[0003] In order to meet such control of exhaust gas, catalyst supports capable of treating predetermined components
contained in exhaust gas are used in exhaust gas converting systems. Further, a honeycomb structure is known as a
member for such catalyst supports.
[0004] Common honeycomb structures have a honeycomb unit. This honeycomb unit has, for example, multiple cells
(through holes) extending from one end face to another end face of the honeycomb unit along its longitudinal directions,
and these cells are separated from each other by cell walls supporting a catalyst or cell walls formed of a catalyst.
Accordingly, in the case of causing exhaust gas to flow through a honeycomb structure having such a honeycomb unit,
substances contained in the exhaust gas, such as HC, CO, and/or NOx, are converted by the catalyst supported by the
cell walls or the catalyst forming the cell walls, so that these components in the exhaust gas may be treated.
[0005] In particular, in systems called SCR (Selective Catalytic Reduction) systems, it is possible to decompose NOx
in exhaust gas into nitrogen and water using ammonia. For example, Patent Document 1 discloses a honeycomb structure
having a honeycomb unit containing zeolite usable in SCR systems.

[Prior Art Document]
[Patent Document]
[Patent Document 1] International Publication Number WO 09/141897 pamphlet

[0006] A honeycomb unit of the conventional honeycomb structure of Patent Document 1 is formed by manufacturing
a honeycomb molded body by subjecting raw material paste containing inorganic particles, an inorganic binder, an
organic binder, a molding aid, water, etc., to extrusion molding and thereafter firing this honeycomb molded body.
[0007] Here, if the inorganic particles have multiple micropores to be relatively large in specific surface area (for
example, in the case of having a specific surface area of 50 m2/g or more), the phenomenon results that moisture and
the molding aid enter micropores of the inorganic particles during the preparation of the raw material paste. It is difficult,
however, to control the amounts of moisture and the molding aid to enter micropores of the inorganic particles in the
raw material paste, and usually, the amounts of moisture and the molding aid to enter micropores of the inorganic
particles differ from inorganic particle to inorganic particle.
[0008] In the case of performing molding using such raw material paste where the amounts of moisture and the molding
aid contained in micropores of the inorganic particles differ from inorganic particle to inorganic particle, the molded bodies
obtained in respective molding processes are not stable in size. This is because differences in the amounts of moisture
and the molding aid contained in micropores of the inorganic particles in the raw material paste prevent the amounts of
moisture and the molding aid not contained in the micropores of the inorganic particles from being controlled, and the
amounts of moisture and the molding aid not contained in the micropores of the inorganic particles contribute to the
determination of the viscosity of the raw material paste. Particularly, in the case of using raw material paste having poor
dispersibility because of reduced viscosity, it is believed that an uneven material distribution occurs in the honeycomb
structure finally obtained from a honeycomb molded body to prevent the honeycomb structure from having sufficient
strength.

SUMMARY OF THE INVENTION

[0009] The present invention has been made in view of such a problem, and has an object of providing a method of
manufacturing a honeycomb structure having a honeycomb unit improved in size stability compared with the conventional
ones.
[0010] According to the present invention, a method of manufacturing a honeycomb structure including a honeycomb
unit, the honeycomb unit containing inorganic particles and having a plurality of cells extending from a first end face to
a second end face of the honeycomb unit along a longitudinal direction thereof and separated by a plurality of cell walls,
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is provided that is characterized by the steps of (a) causing the inorganic particles to contain water in advance before
preparation of a raw material paste; (b) preparing raw material paste for the honeycomb unit, the raw material paste
containing at least the inorganic particles containing the water, a molding aid, and water; (c) molding the raw material
paste into a honeycomb molded body; and (d) obtaining the honeycomb unit by firing the honeycomb molded body,
wherein the inorganic particles have a specific surface area of 50 m2/g or more.
[0011] Here, in the method of manufacturing a honeycomb structure according to the present invention, step (a) may
cause the inorganic particles to contain the water of 10 wt% or more.
[0012] Here, in the method of manufacturing a honeycomb structure according to the present invention, step (a) may
cause the inorganic particles to contain the water of a saturation amount.
[0013] Here, in the method of manufacturing a honeycomb structure according to the present invention, step (a) may
be performed by retaining the inorganic particles in a humidistat.
[0014] Here, in the method of manufacturing a honeycomb structure according to the present invention, step (a) may
be performed by retaining the inorganic particles in an environment of a 50% to 90% humidity and a 5 °C to 60 °C
temperature.
[0015] Here, in the method of manufacturing a honeycomb structure according to the present invention, the inorganic
particles may contain zeolite.
[0016] Here, in this case, step (a) may cause the inorganic particles to contain the water by mixing the inorganic
particles with a mixer.
[0017] Here, in the method of manufacturing a honeycomb structure according to the present invention, the honeycomb
unit may have an average pore size of 0.01 mm to 1.0 mm.
[0018] Here, in the method of manufacturing a honeycomb structure according to the present invention, the raw material
paste may further contain at least one of an inorganic binder and an organic binder.
[0019] Here, in the method of manufacturing a honeycomb structure according to the present invention, the honeycomb
structure may be formed by joining a plurality of the honeycomb units by interposing an adhesive layer.
[0020] According to the present invention, it is possible to provide a method of manufacturing a honeycomb structure
improved in size stability compared with the conventional one.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 is a schematic perspective view of a honeycomb structure manufactured according to the present invention;
FIG. 2 is a schematic perspective view of a honeycomb unit of the honeycomb structure of FIG. 1;
FIG. 3 is a flowchart of a method of manufacturing a honeycomb structure according to the present invention;
FIG. 4 is a schematic perspective view of another honeycomb structure manufactured according to the present
invention;
FIG. 5 is a schematic diagram illustrating size measuring positions of a honeycomb molded body; and
FIG. 6 is a graph illustrating the standard deviations of the displacements of side surfaces in an example and a
comparative example in comparison.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0022] A description is given below, based on the drawings, of features of the present invention.
[0023] FIG. 1 schematically illustrates a honeycomb structure manufactured according to the present invention. Further,
FIG. 2 schematically illustrates a honeycomb unit, which is the basic unit of the honeycomb structure illustrated in FIG. 1.
[0024] As illustrated in FIG. 1, a honeycomb structure 100 has two end faces 110 and 115. Further, the honeycomb
structure 100 has an outer peripheral coat layer 120 provided at its outer peripheral surface except for the end faces
110 and 115.
[0025] The honeycomb structure 100 is formed by, for example, joining multiple pillar ceramic honeycomb units 130
illustrated in FIG. 2 (16 units in a four-by-four matrix in the case of FIG. 1) by interposing an adhesive layer 150 and
thereafter cutting the outer peripheral side along a predetermined shape (a cylindrical shape in the case of FIG. 1).
[0026] As illustrated in FIG. 2, the honeycomb unit 130 includes multiple cells (through holes) 121, extending from
one end to another end of the honeycomb unit 130 along its longitudinal directions and open at the end faces, and cell
walls 123 separating the cells 121. In the non-limiting case of FIG. 2, the cross sections of the cells 121 perpendicular
to the longitudinal directions (Z directions) are substantially square.
[0027] In the case of using alumina, silica, titania, ceria, zirconia, mullite, zeolite or the like as the inorganic particles
included in a honeycomb unit, a honeycomb structure having such a honeycomb unit may be used as a catalyst support
for converting CO, HC, and/or NOx. In particular, a catalyst support that uses zeolite as inorganic particles may be used
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for a urea SCR system having a urea tank.
[0028] For example, in such a urea SCR system, when exhaust gas is caused to flow through the system, the urea
contained in the urea tank reacts with water in the exhaust gas to generate ammonia (Eq. (1)):

CO(NH2)2 + H2O → 2NH3 + CO2. (1)

[0029] When this ammonia, together with exhaust gas including NOx, flows into each cell 121 from one of the end
faces 110 and 115 (for example, the end face 110) of the honeycomb structure 100, the reactions of the following Eqs.
(2-1) and (2-2) are caused by the action of the zeolite catalyst included in the cell walls 123:

4NH3 + 4NO + O2 → 4N2 + 6H2O, (2-1)

8NH3 + 6NO2 → 7N2 + 12H2O. (2-2)

[0030] Thereafter, the converted exhaust gas is discharged from another one of the end faces 110 and 115 (for
example, the end face 115) of the honeycomb structure 100. Thus, by causing exhaust gas to flow inside the honeycomb
structure 100, NOx in the exhaust gas can be treated.
[0031] The honeycomb unit 130 is manufactured by, for example, manufacturing a honeycomb molded body by sub-
jecting raw material paste containing inorganic particles, a molding aid, and water as described above to extrusion
molding, and thereafter firing this honeycomb molded body. The raw material paste may additionally contain an inorganic
binder and/or an organic binder.
[0032] As illustrated in detail below, the method of manufacturing a honeycomb structure according to the present
invention has the feature of causing inorganic particles to sufficiently contain water in the micropores of the inorganic
particles in advance before the preparation of raw material paste. In this case, water has entered the micropores of the
inorganic particles before the preparation of raw material paste, so that moisture and a molding aid are prevented from
entering the micropores of the inorganic particles in the step of preparing raw material paste. Therefore, it is possible to
avoid a problem in that moisture and a molding aid enter micropores of inorganic particles at random in the step of
preparing raw material paste. As a result, the moisture and the molding aid fed in the step of preparing raw material
paste are present outside the micropores of the inorganic particles. This makes it possible to control the viscosity of the
raw material paste before molding.
[0033] Therefore, according to the method of manufacturing a honeycomb structure according to the present invention,
it is possible to obtain honeycomb molded bodies with size stability improved among their respective molding processes,
and the honeycomb structure is improved in size stability.

[Configuration of the Honeycomb Structure 100]

[0034] Here, a brief description is given of members of the honeycomb structure 100 illustrated in FIG. 1.

[Honeycomb Unit 130]

[0035] Here, a description is given in particular of the case where the honeycomb unit 130 is formed of a material
including zeolite as a principal component. It is clear to a person having ordinary skill in the art, however, that at least
part of the subsequent description may also be applied to the case where the honeycomb unit 130 is formed of other
material such as γ-alumina.
[0036] The honeycomb unit 130 contains inorganic particles (zeolite) and an inorganic binder. Further, the honeycomb
unit 130 may contain inorganic particles other than those of zeolite. The honeycomb unit 130 may further contain a
strength reinforcing material such as inorganic fibers.
[0037] Examples of zeolite contained in the honeycomb unit 130 include β-zeolite, zeolite Y, ferrierite, zeolite ZSM-5,
mordenite, faujasite, zeolite A, zeolite L, structural analogs of zeolite and the like. Preferred structural analogs of zeolite
are ALPO (aluminophosphate), SAPO (silico-aluminophosphate) and the like. Further, zeolite may have Fe, Cu, Ni, Co,
Zn, Mn, Ti, Ag, or V introduced therein through ion exchange. Of these elements, Fe or Cu is preferable in particular.
[0038] The inorganic binder contained in the honeycomb unit 130 is desirably a solids content of at least one selected
from the group consisting of alumina sol, silica sol, titania sol, water glass, sepiolite, attapulgite, and boehmite.
[0039] The inorganic particles other than those of zeolite are desirably of alumina, silica, zirconia, titania, ceria, mullite
and the like. These inorganic particles other than those of zeolite may be used alone or in combination.
[0040] Of the amount of the inorganic particles contained in the honeycomb unit 130, which consist of or include zeolite
particles, the lower limit is desirably 30 wt%, more desirably 40 wt%, and still more desirably 50 wt%, while the upper
limit is desirably 90 wt%, more desirably 80 wt%, and still more desirably 75 wt%. If the amount of the inorganic particles
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contained in the honeycomb unit 130 is less than 30 wt%, the amount of zeolite contributing to conversion is relatively
reduced. On the other hand, if the amount of the inorganic particles contained in the honeycomb unit 130 exceeds 90
wt%, the inorganic binder contributing to the strength of the honeycomb unit 130 is relatively reduced in amount, so that
the strength of the honeycomb unit 130 is reduced.
[0041] Further, in the case of adding inorganic fibers to the honeycomb unit 130, alumina, silica, silicon carbide, silica-
alumina, glass, potassium titanate, aluminum borate or the like is desirable as the inorganic fibers. These may be used
alone or in combination. Of the above-described inorganic fibers, alumina is more desirable.
[0042] The cell density of the honeycomb unit 130 is preferably in the range of 15.5-186 cells/cm2 (100-1200 cpsi),
more preferably in the range of 46.5-170 cells/cm2 (300-1100 cpsi), and still more preferably in the range of 62-155
cells/cm2 (400-1000 cpsi).
[0043] The thickness of the cell walls 123 of the honeycomb unit 130 is not limited in particular, but has a desirable
lower limit of 0.1 mm in terms of strength and has a desirable upper limit of 0.4 mm in terms of conversion performance.
[0044] The average pore size of the honeycomb unit 130 is preferably in the range of 0.01 mm to 1.0 mm. If the average
pore size of the honeycomb unit 130 is less than 0.01 mm, exhaust gas is prevented from penetrating sufficiently into
the cell walls 123 so that the conversion performance is reduced. On the other hand, if the average pore size of the
honeycomb unit 130 exceeds 1.0 mm, the contact points of the inorganic binder and the inorganic particles are reduced,
so that the strength of the honeycomb unit 130 is reduced. The porosity of the honeycomb unit 130 is preferably 20%
to 60%.

[Adhesive Layer 150]

[0045] The adhesive layer 150 of the honeycomb structure 100 is formed using adhesive layer paste as a raw material.
[0046] The adhesive layer paste is not limited in particular, and may be a mixture of an inorganic binder and inorganic
particles, a mixture of an inorganic binder and inorganic fibers, a mixture of an inorganic binder, inorganic particles, and
inorganic fibers, etc.
[0047] The adhesive layer paste may further contain an organic binder.
[0048] The organic binder is not limited in particular, and may be polyvinyl alcohol, methylcellulose, ethylcellulose,
carboxymethylcellulose, etc. Two or more of them may be used together. A pore-forming agent such as balloons, which
are minute hollow balls whose component is oxide-based ceramic, spherical acryl particles, or graphite may be added
as required to the adhesive layer paste.
[0049] Next, the adhesive layer paste is applied on the outer peripheral surfaces of honeycomb units 130, and the
honeycomb units 130 are successively bonded. Drying is performed at 120 °C for 60 minutes to solidify the adhesive
layer paste, thereby manufacturing an aggregate of the honeycomb units 130. At this point, the aggregate of the hon-
eycomb units 130 may be cut into a cylindrical shape and ground after its manufacture. The aggregate of the honeycomb
units 130 having a cylindrical shape may be manufactured by bonding honeycomb units 130 whose cross sections
perpendicular to the longitudinal directions of the honeycomb units 130 are fan-shaped, square, etc.
[0050] The adhesive layer 150 is preferably 0.3 mm to 2.0 mm in thickness. If the adhesive layer 150 is less than 0.3
mm in thickness, the joining strength of the honeycomb units 130 is not sufficient. If the adhesive layer 150 exceeds 2.0
mm in thickness, the pressure loss of the honeycomb structure 100 increases. The number of honeycomb units 130 to
be joined is suitably determined in accordance with the size of the honeycomb structure 100.

[Outer Peripheral Coat Layer 120]

[0051] The outer peripheral coat layer 120 of the honeycomb structure 100 is formed using outer peripheral coat layer
paste as a raw material. The peripheral coat layer paste is not limited in particular, and may be a mixture of an inorganic
binder and inorganic particles, a mixture of an inorganic binder and inorganic fibers, a mixture of an inorganic binder,
inorganic particles, and inorganic fibers, etc.
[0052] The peripheral coat layer paste may further contain an organic binder.
[0053] The organic binder is not limited in particular, and may be polyvinyl alcohol, methylcellulose, ethylcellulose,
carboxymethylcellulose, etc., two or more of which may be used together.
[0054] Next, the outer peripheral coat layer paste is applied on the outer peripheral surface of the aggregate of the
honeycomb units 130 cut into a predetermined shape (a cylindrical shape in the case of FIG. 1). Drying is performed at
120°C for 60 minutes to solidify the outer peripheral coat layer paste. Thereafter, the adhesive layer paste and the outer
peripheral coat layer paste are degreased and solidified, so that the honeycomb structure 100 is manufactured.
[0055] The material of the outer peripheral coat layer 120 may be the same as or different from the material of the
adhesive layer 150.
[0056] The final thickness of the outer peripheral coat layer 120 is preferably 0.1 mm to 2.0 mm. If the outer peripheral
coat layer 120 is less than 0.1 mm in thickness, the strength of the outer peripheral coat layer 120 is not sufficient.
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Further, if the outer peripheral coat layer 120 exceeds 2.0 mm in thickness, the pressure loss of the honeycomb structure
100 increases.

[Method of Manufacturing a Honeycomb Structure according to the Present Invention]

[0057] A description is given in detail below of a method of manufacturing a honeycomb structure according to the
present invention.
[0058] FIG. 3 illustrates a flowchart of a method of manufacturing a honeycomb structure according to the present
invention. As illustrated in FIG. 3, the method of manufacturing a honeycomb structure according to the present invention
includes:

(a) the process of causing inorganic particles to contain water (step S110);
(b) the process of preparing raw material paste for honeycomb units containing at least the above-described inorganic
particles containing water, a molding aid, and water (step S120);
(c) the process of forming a honeycomb molded body by molding the raw material paste (step S130); and
(d) the process of forming a honeycomb unit by firing the honeycomb molded body (step S140).

[0059] A description is given below of each of the processes.

[Step S110]

[0060] First, the process of causing inorganic particles to contain water in advance (hereinafter referred to as "water
containing process") is performed.
[0061] The inorganic particles are not limited to but may be those of alumina, silica, titania, ceria, zirconia, mullite,
zeolite or the like as described above.
[0062] The specific surface area of the inorganic particles is desirably 50 m2/g or more, and more desirably, 100 m2/g
or more. While a larger specific surface area is more preferable, the upper limit of the specific surface area of the inorganic
particles is, for example, 600 m2/g. If the specific surface area of the inorganic particles is more than 600 m2/g, the
amounts of moisture and a molding aid to enter micropores of the inorganic particles increase to make it impossible to
control the viscosity of raw material paste.
[0063] The water containing process may be executed in any manner as long as it is possible to cause water to be
adsorbed on the inside of the micropores of the inorganic particles. For example, the water containing process may be
executed by retaining the inorganic particles in a humidistat (constant temperature chamber) in which humidity and
temperature are controlled.
[0064] In this case, the humidity (relative humidity) is preferably 50% to 90%, more preferably 60% to 85%, and still
more preferably 70% to 80%. If the humidity (relative humidity) is less than 50%, water is adsorbed on the inside of the
micropores of the inorganic particles at lower rates, so that it takes a longer time before a sufficient amount of water is
adsorbed on the inside of the micropores of the inorganic particles. On the other hand, if the humidity (relative humidity)
exceeds 90%, dew condensation occurs inside the humidistat and moisture is adsorbed on the surfaces of the inorganic
particles, thus making it impossible to control the viscosity of raw material paste. Further, the temperature is preferably
5 °C to 60 °C, more preferably 10 °C to 40 °C, and still more preferably 15 °C to 30 °C. If the temperature is less than
5 °C, part of the moisture inside the humidistat is solidified to prevent water from being adsorbed on the inside the
micropores of the inorganic particles. On the other hand, if the temperature exceeds 60 °C, in the case of inorganic
particles of zeolite, for example, the bonds of Si atoms and Al atoms forming zeolite are partially broken during 40 hours
necessary for causing a sufficient amount of water to be adsorbed to the inside of the micropores of zeolite, so that the
conversion performance is prevented from being sufficient.
[0065] Further, in the case of employing zeolite as inorganic particles, for example, it is possible to cause zeolite
particles to contain sufficient moisture by merely mixing the zeolite particles with a mixer or the like because zeolite is
hygroscopic. The mixer is not limited to a particular type, and may be, for example, a ball mill, an impeller mixer, a blade
mixer, a rotor mixer, etc.
[0066] The amount of water caused to be adsorbed on (contained in) the inorganic particles is, for example, preferably
more than or equal to 10 wt% relative to the weight of the inorganic particles, and more preferably a saturation amount.
[0067] Here, the "saturation amount" means the water content at the time when the micropores of the inorganic particles
are substantially completely filled with water. The ratio of the saturation amount to the weight of the inorganic particles
is defined as a saturation water percentage.
[0068] The saturation water percentage is determined by the following manner. After being placed in a drier at 120
°C for 2 hours, 2 kg of inorganic particles are placed in a humidistat at a temperature of 25 °C and a humidity of 80%,
so that the inorganic particles are caused to contain moisture inside the humidistat. The weight of the inorganic particles
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containing water is measured at intervals of 1 hour, and the ratio of the contained water to the inorganic particles at the
time when the rate of change of the weight of the water-containing inorganic particles is determined to be less than or
equal to 0.3% per hour is determined as the saturation water percentage.

[Step S120]

[0069] Next, raw material paste for molding honeycomb units is prepared by mixing the inorganic particles subjected
to the water containing process in step S110, a molding aid, and water. The raw material paste may additionally contain
an inorganic binder and/or an organic binder.
[0070] The molding aid is not limited in particular, and may be, for example, ethylene glycol, dextrin, a fatty acid, fatty
acid soap, polyalcohol, etc., of which two or more may be mixed. Of these, a fatty acid is desirable. Further, the fatty
acid is preferably an unsaturated fatty acid, and more preferably a higher fatty acid. The higher fatty acid preferably has
a carbon number more than or equal to 15 and less than 65.
[0071] The inorganic binder is not limited in particular, and is, for example, alumina sol, silica sol, titania sol, water
glass, clay, kaolin, montmonrillonite, sepiolite, attapulgite, boehmite, etc. These may be used alone or in combination.
[0072] Of these, at least one selected from the group consisting of alumina sol, silica sol, titania sol, water glass,
sepiolite, attapulgite, and boehmite is desirable.
[0073] The organic binder is not limited in particular, and is, for example, one or more organic binders selected from
methylcellulose, carboxymethylcellulose, hydroxyethylcellulose, polyethylene glycol, phenolic resin, epoxy resin, etc.
The amount of the organic binder blended is preferably 1 to 10 parts by weight to the total of 100 parts by weight of the
inorganic particles and the inorganic binder.
[0074] The raw material paste is not limited to this, and is preferably subjected to mixing and kneading. For example,
the raw material paste may be mixed using a mixer, an attritor, etc., and may be well kneaded with a kneader, etc.

[Step S130]

[0075] Next, honeycomb molded bodies are formed by molding the raw material paste. The molding of the raw material
paste is not limited to a particular method, and is preferably performed by extrusion molding, etc., for example.
[0076] As described above, the inorganic particles contained in the raw material paste are subjected in advance to
the water containing process before the preparation of the raw material paste. Therefore, the water containing conditions
of the individual inorganic particles are kept substantially constant before the preparation of the raw material paste. As
a result, in the raw material paste containing such inorganic particles, properties such as viscosity are constantly kept
in substantially constant conditions. Accordingly, the honeycomb molded bodies formed using such raw material paste
are always equal in size accuracy. This improves the size stability of a honeycomb structure to be finally obtained.

[Step S140]

[0077] Next, the honeycomb molded bodies obtained in the previous process are fired, so that honeycomb units are
manufactured.
[0078] The conditions for firing differ depending on the kind of the inorganic particles contained in the molded bodies.
The firing temperature is preferably in the range of, for example, 600 °C to 1200 °C.
[0079] If the firing temperature is less than 600 °C, condensation polymerization through the inorganic binder is pre-
vented from progressing so that the strength of the honeycomb units is reduced. On the other hand, if the firing temperature
exceeds 1200 °C, the sintering of zeolite excessively progresses to reduce the reaction sites of zeolite.
[0080] In the case of manufacturing such a honeycomb structure as illustrated in FIG. 1, the multiple honeycomb units
manufactured in the above-described process are joined by interposing adhesive layer paste.
[0081] The adhesive layer paste is not limited in particular, and may be a mixture of inorganic particles and an inorganic
binder, a mixture of an inorganic binder and inorganic fibers, a mixture of inorganic particles, an inorganic binder, and
inorganic fibers, etc. An organic binder may be further added to this.
[0082] The organic binder is not limited in particular, and may be one or more selected from polyvinyl alcohol, meth-
ylcellulose, ethylcellulose, carboxymethylcellulose, etc. Among organic binders, carboxymethylcellulose is desirable.
[0083] A necessary number of honeycomb units are joined into an assembly by interposing the adhesive layer paste.
Thereafter, the outer peripheral surface of the assembly is cut, for example, cylindrically using a diamond cutter or the
like as required. As a result, a honeycomb structure of a desired shape is manufactured.
[0084] The honeycomb structure may have an outer peripheral coat layer provided at its outer peripheral surface if
necessary.
[0085] By the above-described processes, it is possible to manufacture a honeycomb structure having such a config-
uration as illustrated in FIG. 1.
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[0086] In the above description, features of the present invention are described taking the honeycomb structure 100
formed by joining multiple honeycomb units 130 by interposing the adhesive layer 150 as an example.
[0087] The present invention, however, may also be applied to a honeycomb structure of a so-called "monolithic
structure", which is formed of a single honeycomb unit.
[0088] FIG. 4 schematically illustrates another honeycomb structure manufactured according to the present invention.
[0089] FIG. 4 illustrates a honeycomb structure 200 of such a "monolithic structure." In FIG. 4, the same members as
those of FIG. 1 are given the same reference numerals as in FIG. 1.
[0090] The honeycomb structure 200 has the two end faces 110 and 115. Further, usually, the honeycomb structure
200 has the outer peripheral coat layer 120 provided at its outer peripheral surface except for the end faces 110 and 115.
[0091] Here, unlike the above-described honeycomb structure 100, the honeycomb structure 200 is formed of a single
honeycomb unit 230.
[0092] The honeycomb unit 230 includes the multiple cells 121, extending from one end to another end of the honey-
comb unit 230 along its longitudinal directions and open at the end faces, and the cell walls 123 separating the cells
121. In the non-limiting case of FIG. 4, the cross sections of the cells 121 perpendicular to the longitudinal directions (Z
directions) are substantially square.
[0093] It is clear to a person having ordinary skill in the art that in the honeycomb structure 200 thus constructed as
well, the effects of the present invention are produced by applying the above-described method of manufacturing a
honeycomb structure according to the present invention.

[Example]

[0094] A description is given in detail of the present invention based on an example.

[Example]

[0095] Multiple honeycomb molded bodies were manufactured by the following process, and the variation in size of
the honeycomb molded bodies was evaluated.
[0096] First, multiple plastic trays having respective bottom surfaces of 390 mm 3 550 mm were filled with β -zeolite
powder (with secondary particles having an average particle size of 5 mm) even in level. These plastic trays were kept
in a humidistat for 100 hours or more. The temperature and the humidity (relative humidity) inside the humidistat were
25 °C and 80%, respectively.
[0097] Next, raw material paste for honeycomb molded bodies was made. The raw material paste was prepared by
mixing 3450 g of the above-described β-zeolite powder kept in the humidistat and subjected to a water containing
process, 650 g of alumina fibers (6 mm in average fiber diameter and 100 mm in average fiber length), 840 g of boehmite
as an inorganic binder, 330 g of methylcellulose as an organic binder, 330 g of a fatty acid as a molding aid, and 1580
g of ion-exchanged water.
[0098] Next, the obtained raw material paste was subjected to extrusion molding using a screw molding machine,
thereby manufacturing 40 raw honeycomb molded bodies of 35 mm 3 35 mm 3 150 mm in size. The cell walls of the
raw honeycomb molded bodies were 0.275 mm in thickness, and the cell density of the raw honeycomb molded bodies
was 400 cpsi.

[Size Measurement]

[0099] The size of each of the obtained raw honeycomb molded bodies was measured. The size measurement was
performed using a displacement sensor manufactured by KEYENCE CORPORATION as follows.
[0100] FIG. 5 schematically illustrates size measuring positions of a honeycomb molded body.
[0101] First, as illustrated in FIG. 5, a honeycomb molded body 300 is placed on a table with a side surface 322C
facing downward. Next, the absolute height of the honeycomb molded body 300 is measured at its corner part indicated
by arrow 340 and its center part indicated by arrow 345 near an end face 310 on an upper side surface 322A of the
honeycomb molded body 300. The positions of arrow 340 and arrow 345 are at 10 mm (indicated by a dotted line in
FIG. 5) from the end face 310 of the honeycomb molded body 300. Further, the size measurement was performed
immediately after (within 10 minutes from) the extrusion molding of the honeycomb molded body 300.
[0102] A "displacement is defined by Eq. (3) as follows:

Displacement (mm) = the absolute height (mm) of the corner part - the absolute height (mm) of the center part. (3)

[0103] The displacement may be either a positive value or a negative value. The displacement is a positive value if
the absolute height of the corner part is more than the absolute height of the center part, and is a negative value in the
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opposite case.
[0104] The orientation of the placement of the honeycomb molded body 300 is changed, and the same measurement
is performed with respect to a side surface 322B, the side surface 322C, and a side surface 322D.
[0105] Such a measurement was performed with respect to all of the 40 honeycomb molded bodies. The number of
measurements is 160.
[0106] As a result of the measurements, the minimum value of displacement was -0.10 mm, and the maximum value
of displacement was +0.20 mm. Thus, the variation of displacement is 0.30 mm, which shows that the variation in size
of the obtained honeycomb molded bodies is limited.
[0107] The standard deviation (σ) of the displacement was determined with respect to each of the side surfaces 322A
through 322D of the honeycomb molded bodies (the number of measurements is 40 each). As a result, the standard
deviation of the displacement is in the range of 0.048 mm to 0.063 mm with respect to each of the side surfaces 322A
through 322D, thus showing that the standard deviation is limited.
[0108] The results obtained in the example are collectively illustrated in Table 1.
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[Comparative Example]

[0109] Multiple honeycomb molded bodies were manufactured in the same manner as in the example, and the variation
in size of the honeycomb molded bodies was evaluated.
[0110] In this comparative example, however, β-zeolite powder was subjected to no water containing process. The
paste for molded bodies was prepared by mixing 3000 g of β -zeolite powder, 650 g of alumina fibers (6 mm in average
fiber diameter and 100 mm in average fiber length), 840 g of boehmite as an inorganic binder, 330 g of methylcellulose
as an organic binder, 330 g of a fatty acid as a molding aid, and 2200 g of ion-exchanged water. The other preparation
conditions are the same as in the example.
[0111] The size measurement was performed in the above-described process with respect to 40 raw honeycomb
molded bodies obtained. The obtained results are illustrated in Table 1.
[0112] According to these results, in the comparative example, the minimum value of displacement was -0.30 mm
and the maximum value of displacement was +0.15 mm. Further, the variation of the displacement is 0.45 mm, which
shows that the variation in size of the obtained molded bodies is greater in the comparative example. Further, the
standard deviation (σ) of the displacement is more than or equal to 0.057 mm, which is the smallest, thus showing that
the standard deviation is greater.
[0113] FIG. 6 illustrates a graph comparing the standard deviations of the displacements of the respective side surfaces
322A through 322D in the example and the comparative example.
[0114] Table 1 and FIG. 6 show that the standard deviation of the displacement is significantly smaller in the honeycomb
molded bodies in the example than in the honeycomb molded bodies in the comparative example with respect to any
of the side surfaces 322A through 322D of the raw honeycomb molded body 300.
[0115] Thus, it is found that the honeycomb molded bodies manufactured in the manner according to the example are
significantly reduced in displacement variation compared with the honeycomb molded bodies manufactured in the manner
according to the comparative example. This result shows that a honeycomb unit and a honeycomb structure manufactured
by the method of manufacturing a honeycomb structure according to the present invention are improved in size stability
compared with the conventional ones.

Claims

1. A method of manufacturing a honeycomb structure (100, 200) including a honeycomb unit (130, 230), the honeycomb
unit containing inorganic particles and having a plurality of cells (121) extending from a first end face (110) to a
second end face (115) of the honeycomb unit along a longitudinal direction thereof and separated by a plurality of
cell walls (123), the method characterized by the steps of:

(a) causing the inorganic particles to contain water in advance before preparation of a raw material paste (S110);
(b) preparing raw material paste for the honeycomb unit, the raw material paste containing at least the inorganic
particles containing the water, a molding aid, and water (S120);
(c) molding the raw material paste into a honeycomb molded body (S130); and
(d) obtaining the honeycomb unit by firing the honeycomb molded body (S140),

wherein the inorganic particles have a specific surface area of 50 m2/g or more.

2. The method of manufacturing a honeycomb structure as claimed in claim 1, characterized in that said step (a)
causes the inorganic particles to contain the water of 10 wt% or more.

3. The method of manufacturing a honeycomb structure as claimed in Claim 2, characterized in that said step (a)
causes the inorganic particles to contain the water of a saturation amount.

4. The method of manufacturing a honeycomb structure as claimed in any of claims 1 to 3, characterized in that said
step (a) is performed by retaining the inorganic particles in a humidistat.

5. The method of manufacturing a honeycomb structure as claimed in any of claims 1 to 4, characterized in that said
step (a) is performed by retaining the inorganic particles in an environment of a 50% to 90% humidity and a 5°C to
60°C temperature.

6. The method of manufacturing a honeycomb structure as claimed in any of claims 1 to 5, characterized in that the
inorganic particles contain zeolite.
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7. The method of manufacturing a honeycomb structure as claimed in claim 6, characterized in that said step (a)
causes the inorganic particles to contain the water by mixing the inorganic particles with a mixer.

8. The method of manufacturing a honeycomb structure as claimed in any of claims 1 to 7, characterized in that the
honeycomb unit has an average pore size of 0.01 mm to 1.0 mm.

9. The method of manufacturing a honeycomb structure as claimed in any of claims 1 to 8, characterized in that the
raw material paste further contains at least one of an inorganic binder and an organic binder.

10. The method of manufacturing a honeycomb structure (100) as claimed in any of claims 1 to 9, characterized in
that the honeycomb structure is formed by joining a plurality of the honeycomb units (130) by interposing an adhesive
layer (150).

Patentansprüche

1. Herstellungsverfahren für eine Wabenstruktur (100, 200) mit einer Wabeneinheit (130, 230), wobei die Wabeneinheit
anorganische Partikel enthält und mehrere Zellen (121) aufweist, die sich von einer ersten Endfläche (110) zu einer
zweiten Endfläche (115) der Wabeneinheit entlang einer Längsrichtung davon erstrecken, und durch mehrere Zell-
wände (123) getrennt sind, wobei das Verfahren durch die folgenden Schritte gekennzeichnet ist:

(a) Veranlassen der anorganischen Partikel dazu, dass sie im Voraus, vor Herstellung einer Rohmaterialpaste,
Wasser enthalten (S110);
(b) Herstellen von Rohmaterialpaste für die Wabeneinheit, wobei die Rohmaterialpaste zumindest die anorga-
nischen Partikel, welche das Wasser enthalten, ein Ausformhilfsmittel und Wasser enthält (S120);
(c) Ausformen der Rohmaterialpaste in einen Wabenformkörper (S130); und
(d) Erlangen der Wabeneinheit, indem der Wabenformkörper gebrannt wird (S140),

wobei die anorganischen Partikel eine spezifische Oberfläche von 50 m2/g oder mehr aufweisen.

2. Herstellungsverfahren für eine Wabenstruktur nach Anspruch 1, dadurch gekennzeichnet, dass der Schritt (a)
die anorganischen Partikel dazu veranlasst, 10 Gewichts-% oder mehr des Wasser zu enthalten.

3. Herstellungsverfahren für eine Wabenstruktur nach Anspruch 2, dadurch gekennzeichnet, dass der Schritt (a)
die anorganischen Partikel dazu veranlasst, eine Sättigungsmenge des Wasser zu enthalten.

4. Herstellungsverfahren für eine Wabenstruktur nach einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass
der Schritt (a) dadurch ausgeführt wird, dass die anorganischen Partikel in einem Hygrostat gehalten werden.

5. Herstellungsverfahren für eine Wabenstruktur nach einem der Ansprüche 1 bis 4, dadurch gekennzeichnet, dass
der Schritt (a) dadurch ausgeführt wird, dass die anorganischen Partikel in einer Umgebung mit einer Feuchtigkeit
von 50% bis 90% und einer Temperatur von 5°C bis 60°C gehalten werden.

6. Herstellungsverfahren für eine Wabenstruktur nach einem der Ansprüche 1 bis 5, dadurch gekennzeichnet, dass
die anorganischen Partikel Zeolite enthalten.

7. Herstellungsverfahren für eine Wabenstruktur nach Anspruch 6, dadurch gekennzeichnet, dass der Schritt (a)
die anorganischen Partikel durch Mischen der anorganischen Partikel mit einem Mischer dazu veranlasst, das
Wasser zu enthalten.

8. Herstellungsverfahren für eine Wabenstruktur nach einem der Ansprüche 1 bis 7, dadurch gekennzeichnet, dass
die Wabeneinheit eine durchschnittliche Porengröße von 0,01 mm bis 1,0 mm aufweist.

9. Herstellungsverfahren für eine Wabenstruktur nach einem der Ansprüche 1 bis 8, dadurch gekennzeichnet, dass
die Rohmaterialpaste ferner ein anorganisches Bindemittel und/oder ein organisches Bindemittel enthält.

10. Herstellungsverfahren für eine Wabenstruktur (100) nach einem der Ansprüche 1 bis 9, dadurch gekennzeichnet,
dass die Wabenstruktur dadurch ausgebildet wird, dass mehrere der Wabeneinheiten (130) durch Einfügen einer
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Haftschicht (150) verbunden werden.

Revendications

1. Procédé de fabrication d’une structure en nid d’abeilles (100, 200) comportant une unité en nid d’abeilles (130, 230),
l’unité en nid d’abeilles contenant des particules inorganiques et ayant une pluralité de cellules (121) s’étendant
depuis une première face d’extrémité (110) à une deuxième face d’extrémité (115) de l’unité en nid d’abeilles le
long de sa direction longitudinale et séparées par une pluralité de parois cellulaires (123), le procédé étant carac-
térisé par les étapes qui consistent :

(a) à amener les particules inorganiques à contenir de l’eau à l’avance avant la préparation d’une pâte servant
de matière première (S110) ;
(b) à préparer une pâte servant de matière première pour l’unité en nid d’abeilles, la pâte servant de matière
première contenant au moins les particules inorganiques contenant de l’eau, un auxiliaire de moulage, et de
l’eau (S120) ;
(c) à mouler la pâte servant de matière première dans un corps moulé en nid d’abeilles (S130) ; et
(d) à obtenir l’unité en nid d’abeilles par cuisson du corps moulé en nid d’abeilles (S140),

dans lequel les particules inorganiques ont une surface spécifique supérieure ou égale à 50 m2/g.

2. Procédé de fabrication d’une structure en nid d’abeilles tel que revendiqué dans la revendication 1, caractérisé en
ce que ladite étape (a) amène les particules inorganiques à contenir une teneur en eau supérieure ou égale à 10%
en poids.

3. Procédé de fabrication d’une structure en nid d’abeilles tel que revendiqué dans la revendication 2, caractérisé en
ce que ladite étape (a) amène les particules inorganiques à contenir de l’eau en une quantité de saturation.

4. Procédé de fabrication d’une structure en nid d’abeilles tel que revendiqué dans l’une des revendications 1 à 3,
caractérisé en ce que ladite étape (a) est effectuée en retenant les particules inorganiques dans un hygrostat.

5. Procédé de fabrication d’une structure en nid d’abeilles tel que revendiqué dans l’une des revendications 1 à 4,
caractérisé en ce que ladite étape (a) est effectuée en retenant les particules inorganiques dans un environnement
dont l’humidité est de 50% à 90% et la température est de 5°C à 60°C.

6. Procédé de fabrication d’une structure en nid d’abeilles tel que revendiqué dans l’une des revendications 1 à 5,
caractérisé en ce que les particules inorganiques contiennent une zéolite.

7. Procédé de fabrication d’une structure en nid d’abeilles tel que revendiqué dans la revendication 6, caractérisé en
ce que ladite étape (a) amène les particules inorganiques à contenir de l’eau en mélangeant les particules inorga-
niques avec un mélangeur.

8. Procédé de fabrication d’une structure en nid d’abeilles tel que revendiqué dans l’une des revendications 1 à 7,
caractérisé en ce que l’unité en nid d’abeilles a une taille moyenne de pores allant de 0,01 mm à 1,0 mm.

9. Procédé de fabrication d’une structure en nid d’abeilles tel que revendiqué dans l’une des revendications 1 à 8,
caractérisé en ce que la pâte servant de matière première contient en outre au moins un liant parmi un liant
inorganique et un liant organique.

10. Procédé de fabrication d’une structure en nid d’abeilles (100) tel que revendiqué dans l’une des revendications 1
à 9, caractérisé en ce que la structure en nid d’abeilles est formée en reliant une pluralité d’unités en nid d’abeilles
(130) par interposition d’une couche adhésive (150).
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