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KILN TOOL PLATE FOR FIRING CERAMIC
MATERIAL

TECHNICAL FIELD

[0001] The present invention relates to a lightweight setter.
More particularly, it relates to a lightweight setter for a shelf
assembly having a beam structure used to fire a formed hon-
eycomb article.

BACKGROUND ART

[0002] Heretofore, as a ceramic material firing kiln tool
plate used during the firing of an article to be fired such as a
formed honeycomb article, there has been known a ceramic
material firing kiln tool plate which comes in contact with the
article to be fired and which has a plate shape.

[0003] However, when the article to be fired is mounted and
fired on the ceramic material firing kiln tool plate having the
plate shape, a binder gas included in the article to be fired is
not easily discharged, thereby causing a problem that a tem-
perature difference occurs in a product to generate a breakage
defect, or another problem that a binder residue during the
firing hampers sintering to generate the breakage defect.
[0004] Moreover, owing to a large contact area, the binder
gas 1s not easily discharged. In addition, the contact with an
atmospheric gas becomes insufficient during the firing, and
hence the atmosphere is confined, with the result that the
breakage defect is generated. Furthermore, the article is
deformed owing to contraction during the sintering to gener-
ate the breakage defect. The article easily adheres to a setter
owing to the contraction during the sintering, which also
generates a problem such as a crack or breakage defect.
[0005] To solve such problems, Patent Documents 1to 3 are
suggested as follows.

[0006] PatentDocument 1 employs a firing kiln tool plate in
which a ceramic porous material having pore diameters of
about 0.5 to 4 mm is disposed as a supporter, and a surface
layer of a surface-like ceramic porous material having bore
diameters of 0.5 mm or less is formed on one surface of the
supporter. In consequence, a gas permeability to a decom-
posed gas or the like generated from a lightweight half-fin-
ished product is secured, and the thermal strain of the finished
product is prevented. In Patent Document 1, however, the
ratio of the weight of a kiln tool with respect to a product
weight is large, and a large loss takes place from the aspect of
energy saving. Moreover, the binder gas is not sufficiently
discharged during the firing, so that a temperature difference
in the product still easily occurs, and a breakage defect is
easily generated. Moreover, the atmosphere is easily con-
fined, and the contact of the product with the atmospheric gas
becomes insufficient during the firing, and the breakage
defect is further easily generated. Therefore, any concrete
countermeasure is not taken against the above problems.
[0007] Patent Document 2 is characterized in thatakiln tool
plate is constituted of a base plate made of a ceramic material
and a plurality of penetration holding portions provided on
the ceramic base plate to separately hold electronic parts,
respectively, and the shape of each of the penetration holding
portions is tapered so that the sectional area thereof decreases
from the upper surface to the lower surface. Moreover, the
cross section of the penetration holding portion has such a
size that at least the electronic part does not pass there-
through. The ceramic base plate of Patent Document 2
employs such a tapered shape that the sectional area decreases
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from the upper surface to the lower surface, to pass the atmo-
spheric gas through all the holding portions, which is evalu-
ated highly to a certain degree. However, the ratio of the
weight of a kiln tool with respect to a product weight is large,
a large loss is incurred from the aspect of energy saving, and
abinder gas is not sufficiently discharged during firing. More-
over, owing to a large contact area with a product, the product
is easily deformed owing to contraction during sintering, and
might adhere to the ceramic base plate. In addition, the pos-
sibility of the occurrence of a fluctuation during manufactur-
ing, for example, a crack or breakage defect, cannot be
denied.

[0008] In Patent Document 3, a surface mount portion hav-
ing an uneven surface structure is formed on the surface of a
ceramic base member which comes in contact with an article
to be fired, whereby the flow of hot air on a jig can be made
uniform to uniformly fire the article to be fired. When such a
constitution is employed, the flow of the hot air on the jig can
be made uniform to a certain degree. The constitution is
evaluated highly to a certain degree. However, it cannot be
considered that a binder gas is sufficiently discharged during
firing. Moreover, an atmospheric gas is easily confined. In
addition, the ratio of the weight of a kiln tool with respect to
a product weight is large, and a large loss is incurred from the
aspect of energy saving. [t cannot be considered that a coun-
termeasure is sufficiently taken against deformation or the
like due to contraction during sintering.

[0009] As described above, the above problems are not
sufficiently solved at present, and a further improvement is
demanded.

[0010] Patent Document 1: JP-A-5-17261

[0011] Patent Document 2: JP-A-6-45209

[0012] Patent Document 3: JP-A-6-281359

DISCLOSURE OF THE INVENTION

[0013] The present invention has been developed to solve
the above problems, and an object thereof'is to provide a kiln
tool plate for firing a ceramic material in which at least uneven
conformations are imparted to a front surface side with an
article to be fired mounted thereon and a back surface side and
in which opening areas are formed, whereby heat capacity
decrease and cost reduction can be achieved. There is pro-
vided a kiln tool plate for firing a ceramic material in which a
contact area with an article to be fired is decreased to improve
outgassing and in which the atmosphere can be made uniform
to uniformly manufacture the fired article. Above all, there is
provided akiln tool plate for firing a ceramic material having
excellent thermal shock resistance, creep resistance, high
strength at high temperature and oxidation resistance while
enabling weight saving.

[0014] According to the present invention, a kiln tool plate
for firing a ceramic material can be provided as follows.
[0015] [1] A kiln tool plate for firing a ceramic material
which is used during the firing of an article to be fired,
wherein at least uneven conformations are imparted to a front
surface side on which the article to be fired is mounted and a
back surface side, and opening areas are formed.

[0016] [2] Thekiln tool plate for firing the ceramic material
according to [1], wherein the opening areas are formed as first
recess portions in recess portions of the uneven conformation
imparted to the front surface side and formed as second recess
portions in recess portions of the uneven conformation
imparted to the back surface side, and the opening areas of the
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first recess portions are communicated with the opening areas
of the second recess portions, respectively.

[0017] [3] The kiln tool plate for firing the ceramic material
according to [1] or [2], wherein the uneven conformations
formed on the front surface side and the back surface side are
obtained by arranging rod-like portions in parallel with and
away from one another.

[0018] [4] The kiln tool plate for firing the ceramic material
according to [3], wherein the arrangement angle of the rod-
like portions on the front surface side is shifted from that of
the rod-like portions on the back surface side to form the
uneven conformations on the front surface side and the back
surface side in such a manner that the uneven conformations
are shifted from each other.

[0019] [5] The kilntool plate for firing the ceramic material
according to [4], wherein the rod-like portions are formed so
as to be arranged at positions of 30 to 60 degrees with respect
to a long axis of the kiln tool plate for firing the ceramic
material.

[0020] [6] The kiln tool plate for firing the ceramic material
according to any one of [2] to [5], wherein the opening areas
formed in the first recess portions and the second recess
portions, respectively, are formed so as to be shifted from one
another while communicated with one another.

[0021] [7] The kiln tool plate for firing the ceramic material
according to any one of 3] to [ 6], wherein the sectional shape
of each of the rod-like portions is selectable from the group
consisting of a quadrangular shape, a trapezoidal shape, a
curved shape and a triangular shape.

[0022] [8] The kiln tool plate for firing the ceramic material
according to any one of [1] to [7], wherein when a value
obtained by dividing a solid volume by a volume calculated
from a maximum outer diameter dimension is defined as a
solid volume ratio and the area of a communication pore is
defined as a communication opening ratio, the solid volume
ratio is in a range of 5 to 80 mass %, the communication
opening ratio is in a range of 20 to 80%, and the contact area
of one surface which comes in contact with the article to be
fired is in a range of 2 to 80%.

[0023] [9] The kiln tool plate for firing the ceramic material
according to any one of [1] to 8], which contains at least 50
mass % of SiC.

[0024] [10] The kiln tool plate for firing the ceramic mate-
rial according to any one of [1] to [8], which contains at least
90 mass % of SiC and Si;N, in total.

[0025] [11] The kiln tool plate for firing the ceramic mate-
rial according to any one of [1] to [8], which contains 85 to 90
mass % or more of SiC and 15 to 10 mass % or more of SiO,.
[0026] The present invention produces an excellent effect
that there can be provided the kiln tool plate for firing the
ceramic material in which heat capacity decrease and cost
reduction can be achieved, the contact area with the article to
be fired is decreased to improve outgassing, and the atmo-
sphere can be made uniform to uniformly manufacture the
fired article. Above all, there can be provided the kiln tool
plate for firing the ceramic material having excellent thermal
shock resistance, creep resistance, high strength at high tem-
perature and oxidation resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1is a perspective view schematically showing
a kiln tool plate for firing a ceramic material of the present
embodiment;
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[0028] FIG. 2 is a perspective view schematically showing
the kiln tool plate for firing the ceramic material of the present
embodiment;

[0029] FIG. 3A is a partially enlarged diagram of FIG. 2
and an exemplary diagram showing another example of the
shape of each projecting portion shown in FIG. 2;

[0030] FIG.3Bis apartially enlarged diagram of FIG. 2 and
an exemplary diagram showing still another example of the
shape of the projecting portion shown in FIG. 2;

[0031] FIG. 301isa partially enlarged diagram of FIG. 2 and
an exemplary diagram showing a further example of the shape
of the projecting portion shown in FIG. 2;

[0032] FIG. 3D is a partially enlarged diagram of FIG. 2
and an exemplary diagram showing a further example of the
shape of the projecting portion shown in FIG. 2;

[0033] FIG. 3E is a partially enlarged diagram of FIG. 2 and
an exemplary diagram showing a still further example of the
shape of the projecting portion shown in FIG. 2;

[0034] FIG. 4A is an exemplary diagram of the kiln tool
plate for firing the ceramic material of the present embodi-
ment and a sectional view showing a cross section cut along
the C-C' line of FIG. 2;

[0035] FIG. 4B is an exemplary diagram and a sectional
view showing one example of an uneven conformation shown
in FIG. 4A;

[0036] FIG. 4C is an exemplary diagram and a sectional
view showing another example of the uneven conformation
shown in FIG. 4A;

[0037] FIG. 4D is an exemplary diagram and a sectional
view showing still another example of the uneven conforma-
tion shown in FIG. 4A;

[0038] FIG. 4E is an exemplary diagram and a sectional
view showing a further example of the uneven conformation
shown in FIG. 4A;

[0039] FIG. 5A is an exemplary diagram showing an
arrangement example of rod-like portions arranged on the
back surface side of the kiln tool plate for firing the ceramic
material of the present embodiment;

[0040] FIG. 5B is an exemplary diagram showing another
arrangement example of rod-like portions arranged on the
front surface side of the kiln tool plate for firing the ceramic
material of the present embodiment;

[0041] FIG. 6A is an exemplary diagram showing one
example of an arrangement angle of the rod-like portions
arranged on the front surface side (or the back surface side) of
the kiln tool plate for firing the ceramic material of the present
embodiment;

[0042] FIG. 6B is an exemplary diagram showing another
example of the arrangement angle of the rod-like portions
arranged on the front surface side (or the back surface side) of
the kiln tool plate for firing the ceramic material of the present
embodiment;

[0043] FIG. 7A is an exemplary diagram and a perspective
view showing another embodiment of the kiln tool plate for
firing the ceramic material of the present invention;

[0044] FIG. 7B is an exemplary diagram showing still
another embodiment of the kiln tool plate for firing the
ceramic material of the present invention, and a plan view and
a perspective view showing an arrangement example of the
rod-like portions arranged on the front surface side;

[0045] FIG. 8 is an exemplary diagram showing a further
embodiment of the kiln tool plate for firing the ceramic mate-
rial of the present invention, and a diagram schematically
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showing that opening areas formed on the front surface side
and back surface side are communicated with each other;
[0046] FIG. 9 is an exemplary diagram showing a further
embodiment of the kiln tool plate for firing the ceramic mate-
rial of the present invention, and a diagram schematically
showing that the opening areas formed on the front surface
side and back surface side are communicated with each other;
[0047] FIG.10A is a perspective view schematically show-
ing a shelf assembly in which the kiln tool plate for firing the
ceramic material of the present embodiment is used;

[0048] FIG. 10B is a perspective view schematically show-
ing another configuration of the shelf assembly in which the
kiln tool plate for firing the ceramic material of the present
embodiment is used, and a diagram showing that the kiln tool
plates for firing the ceramic material of the present embodi-
ment are arranged; and

[0049] FIG. 11 is an exemplary diagram showing that the
kiln tool plates for firing the ceramic material of the present
embodiment are mounted on the shelf assembly shown in
FIG. 10A and showing that a fired honeycomb article is
further mounted, and is a partially enlarged diagram.

DESCRIPTION OF REFERENCE NUMERALS

[0050] 1 and 1A: kiln tool plate for firing ceramic mate-
rial, 3: uneven conformation, 4: recess portion, 5, 5a, 5,
5c¢, 5d and Se: projection portion, 7, 7a and 75: opening
area, 9: rod-like portion, 11: frame, 12: shelf assembly,
13: support, 14: mounting base, 15: bridging member,
16: shelf assembly, 17: support, 18: mounting base, 100:
formed honeycomb article, A: front surface side (of kiln
tool plate for firing ceramic material), B: back surface
side (of kiln tool plate for firing ceramic material), H1:
front surface opening ratio, H2: back surface opening
ratio, I: communication opening ratio (of communica-
tion pore), J: reference line, X and X1: short axis (width
direction) of kiln tool plate for firing ceramic material, Y
and Y2: long axis (longitudinal direction) of kiln tool
plate for firing ceramic material, and Z: virtual line.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0051] Hereinafter, the best mode for carrying out a kiln
tool plate for firing ceramic material of the present invention
will specifically be described. However, the present invention
broadly includes the kiln tool plate for firing ceramic material
comprising inventive specific matters thereof, and is not lim-
ited to the following embodiment.

[0052] [1] Constitution of Kiln Tool Plate for firing
Ceramic Material of the Present Invention:

[0053] As shown in FIG. 1, a kiln tool plate for firing a
ceramic material of the present invention is a ceramic mate-
rial firing kiln tool plate 1 used to fire an article to be fired, and
is characterized in that at least uneven conformations 3 are
imparted to a front surface side A on which the article to be
fired is mounted and a back surface side B and that opening
areas 7 are formed.

[0054] It is to be noted that the kiln tool plate for firing the
ceramic material is used as a shelf of a shelf assembly in the
present embodiment, so that an article to be fired such as a
honeycomb structure is mounted on the shelf, and fired by a
kiln or the like and manufactured (see FIGS. 10A and 10B).
However, the present invention is not limited to the use for
such a shelf assembly, and can suitably be used in a case
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where an article to be fired such as the honeycomb structure is
mounted and fired by the kiln or the like. Moreover, the kiln
tool plate for firing the ceramic material can suitably be used
to fire the articles to be fired, for example, the honeycomb
structure, and additionally electroceramic materials such as a
capacitor, a Soft Ferrite and a PTC, a powder metal, and the
like.

[0055] [1-1] Front Surface:

[0056] The front surface of the kiln tool plate for firing the
ceramic material of the present embodiment is the surface of
the kiln tool plate for firing the ceramic material on which an
article to be fired is mounted, and this front surface is formed
so that an uneven conformation is imparted thereto. This is
because during firing, the front surface formed in this manner
does not serve as a so-called bottom 1id of the honeycomb
structure so that the discharge of a gas is not disturbed. That
is, in the present embodiment, the uneven conformation is
imparted, whereby recess portions of the shape can become
so-called gas loopholes (passages) to discharge the gas to the
outside, thereby eliminating such a problem.

[0057] Moreover, when the contact area of the honeycomb
structure or the like with the front surface of the firing kiln tool
plate increases, contracting deformation easily occurs owing
to a temperature variation after the firing. If this contracting
deformation excessively occurs, crack is generated, or adher-
ing to the firing kiln tool plate easily occurs. Furthermore,
obtained honeycomb structures noticeably fluctuate. How-
ever, in the present embodiment, the uneven conformation
can be imparted to decrease the contact area, whereby various
problems due to the contracting deformation can be pre-
vented.

[0058] Here, the imparted uneven conformation is consti-
tuted of a combination of projecting portions and the recess
portions. The projecting portions are constituted as regions
for supporting the article to be fired from the downside, and
the recess portions are constituted as outflow paths of a gas
generated from the above article to be fired and as through
channels where the atmosphere is applied to the article to be
fired. The shapes of such projecting and recess portions are
preferably appropriately selected as follows.

[0059] As shown in, for example, FIGS. 3A to 3E,
examples of the shape of each projecting portion include a
quadrangular sectional shape of a projecting portion 5a, a
trapezoidal sectional shape of a projecting portion 55, a
curved sectional shape of a projecting portion 5S¢, a triangular
sectional shape of a projecting portion 54 and a polygonal
sectional shape of a projecting portion Se. Itis to be noted that
FIGS. 3A to 3E are partially enlarged diagrams of the kiln tool
plate for firing the ceramic material shown in FIG. 2, and are
exemplary diagrams showing the other examples of the shape
of the projecting portion shown in FIG. 2.

[0060] Here, the article to be fired contracts when fired, and
hence the contact of the article with the recess and projecting
portions preferably decreases as much as possible. On the
other hand, if the contact with the recess and projecting por-
tions decreases excessively, a non-contact portion of the
article to be fired might bend owing to its own weight. There-
fore, from the viewpoint of balance between the article and
the portions, the trapezoidal shape of the projecting portion
5b is more preferable as the shape of the recess/projecting
portion.

[0061] Examples of the sectional shape of each recess por-
tion include the sectional shapes of a groove such as a
V-shaped groove or a U-shaped groove having a slope gradi-
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ent formed at an acute angle, an obtuse angle or a right angle,
a groove having a slope provided with a stepped portion and
arecess portion having a horizontally symmetric or horizon-
tally asymmetric slope (gradient).

[0062] In this way, the uneven conformation of the recess
and projecting portions is appropriately selected and
imparted as required, whereby the gas loopholes can be
secured, and the contact area of the honeycomb structure with
the front surface on which the honeycomb structure is
mounted can be decreased. Furthermore, a structure having
excellent thermal shock resistance, creep resistance, high
strength at high temperature and oxidation resistance is
obtained, which additionally enables weight saving.

[0063] Furthermore, opening areas are formed on the front
surface side of the kiln tool plate for firing the ceramic mate-
rial of the present embodiment. By the formed opening areas
together with the recess portions which are the loopholes of
the gas generated during the firing, the gas is easily dis-
charged to the outside of the honeycomb structure, with the
result that the gas is not confined in the honeycomb structure.
Therefore, the rise of a firing temperature can be suppressed,
and damages due to the crack or the deformation can be
prevented. Furthermore, the atmosphere is easily applied to
the article to be fired, and the fluctuation of the obtained
honeycomb structure also decreases.

[0064] More preferably, as shown in FIG. 1, the opening
areas 7 are formed in the inner bottoms of the recess portions.
As compared with opening areas formed in the projecting
portions, in the opening areas formed in the inner bottoms of
the recess portions, a convection phenomenon or the like
which might occur in so-called spaces of the recess portions
during the firing facilitates the discharge of a gas such as a
binder gas to the outside of the honeycomb structure. In
consequence, the gas preferably cannot easily be confined in
the honeycomb structure. Moreover, heat transmission, con-
vective heat conduction, radiant heat conduction and the like
can be performed with a good balance, respectively, and
temperature control such as temperature raising during the
firing or cooling after the firing is advantageously easily
performed.

[0065] Here, the inner bottom of the recess portion is a
portion formed by a member disposed on the front surface
side and a member disposed on the back surface side, and the
portion is depressed from the projecting portion on the front
surface side to the center of the kiln tool plate for firing the
ceramic material. Furthermore, when a boundary portion
between the front surface side and the back surface side of the
kiln tool plate for firing the ceramic material is a reference
line, the recess portion is depressed on a reference side, to
form the through channel of the gas. The opening areas are
provided partially in the inner bottoms of the recess portions.
Therefore, when the opening areas are formed, the gas is
easily discharged, and the effect of the present invention can
be exerted.

[0066] Specifically, as shown in FIG. 1, a recess portion 4
may be formed between projecting portions 5 constituting a
part of the uneven conformation 3.

[0067] More preferably, the opening areas on the front sur-
face side are communicated with the opening areas on the
back surface side. Also when the opening areas formed on the
front surface side and the opening areas formed on the back
surface side are formed independently of one another without
being communicated with one another, a gas such as the
binder gas included in a fired article such as the honeycomb
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structure can be discharged to the outside of the honeycomb
structure. However, when the opening areas formed in the
front surface and the back surface are communicated with one
another, the spaces of the opening areas can be enlarged, the
convective phenomenon during burning easily occurs, and
the generated gas is further easily discharged. Moreover, the
atmosphere can uniformly be applied to the honeycomb
structure, whereby the firing temperature becomes uniform,
and excessive temperature rise can easily be controlled.
Therefore, deformation can be prevented, and the fluctuation
of the obtained honeycomb structure can preferably be
decreased.

[0068] When opening areas 7a on the front surface side are
communicated with opening areas 76 on the back surface side
as shown in, for example, FIG. 4A, the effect of the present
invention can preferably further be exerted.

[0069] Moreover, in the uneven conformation formed on
the front surface side, rod-like portions are preferably
arranged in parallel with and away from one another. When
the rod-like portions are first formed, the uneven conforma-
tion can easily be formed.

[0070] Here, ‘the rod-like portions are arranged in parallel
with and away from one another’ means that the adjacent
projecting portions are arranged away from each other while
arranging the projecting portions in parallel with each other,
and ‘arranged in parallel with’ means that the portions are not
arranged in a vertical direction but are arranged in a horizon-
tal direction. The projecting portions are formed in this man-
ner, because if the projecting portions are not formed (ar-
ranged) away from one another but are attached to one
another, any recess portion is not formed. Even if the recess
portions are formed, the recess portions have insufficient
dimensions for forming the loopholes of the gas, whereby the
gas is confined in the honeycomb structure, and the atmo-
sphere is not applied over the fired article. Furthermore, if the
projecting portions are attached to one another or are not
arranged sufficiently away from one another, the contact
areas of the projecting portions with the fired article mounted
thereon increase, and the fired article is easily deformed. It is
to be noted that a horizontal state is not strictly demanded as
the above horizontal direction, and horizontality may be
required to such an extent that the article to be fired is stably
mounted.

[0071] When the rod-like portions are arranged in parallel
with and away from one another, a distance between the
adjacent rod-like portions is preferably appropriately selected
in accordance with the dimensions of the rod-like portions.
When a shelf has a typical size of a vertical size of 300 to 700
mmxa lateral size of 300 to 700 mmxa thickness of 5 to 10
mm, the rod-like portion is preferably disposed from about 5
to 10 mm (approximately equal to the thickness) away from
the adjacent rod-like portion. It is to be noted that the present
invention is not limited to such a size, and a suitable dimen-
sion can be employed as required.

[0072] Examples of the rod-like portions arranged in par-
allel with and away from one another include arrangement
methods shown in FIGS. 5A and 5B. After laterally arranging
rod-like portions 9 at equal intervals and in parallel with one
another on the back surface side as shown in FIG. 5A, rod-like
portions 9 are vertically arranged on the rod-like portions
shown in FIG. 5A at equal intervals and in parallel with one
another on the front surface side as shown in FIG. 5B, and the
portions are integrally formed by using a mold to obtain a
joined structure, so that the kiln tool plate for firing the



US 2011/0039221 Al

ceramic material can be formed as shown in FIG. 1. Ttis to be
noted that the forming mold may be obtained by dividing a
mold used for typical casting of mud such as gypsum plaster
into two pieces in a plate thickness direction. When higher
accuracy is demanded, a porous plastic material may be used.
[0073] 1t is to be noted that the forming method or the
joining method is not limited to the above method, and the
kiln tool plate for firing the ceramic material may be formed
by casting or the like.

[0074] The sectional shape of this rod-like portion can pref-
erably be selected from the group consisting of a quadrangu-
lar shape, a trapezoidal shape, a curved shape and a triangular
shape. When the sectional shape of the rod-like portion can
appropriately be selected from the group consisting of the
quadrangular shape, the trapezoidal shape, the curved shape
and the triangular shape, the present embodiment can easily
be formed. In addition, the fired article can be obtained in
accordance with the demanded characteristics thereof while
exerting the effect of the present invention.

[0075] Specifically, when the rod-like portion has the above
sectional shape, examples of the shape of the projecting por-
tion constituting a part of the uneven conformation include
projecting shapes shown in FIGS. 3A to 3E. Furthermore,
examples of the sectional shape of the recess portion include
the sectional shapes of a groove such as a V-shaped groove or
a U-shaped groove having a slope gradient formed at an acute
angle or an obtuse angle, a groove having a slope provided
with a stepped portion, a recess portion having an inner bot-
tom provided with opening areas, holes or the like, and a
recess portion having a horizontally symmetric or horizon-
tally asymmetric slope (gradient). When the sectional shape
of the rod-like portion can be selected from the above group,
a desirable uneven conformation can preferably easily be
formed.

[0076] [1-2] Back Surface:

[0077] The back surface in the present embodiment is the
surface formed on a side opposite to the front surface of the
firing kiln tool plate, and is further provided with opening
areas. The weight of the firing kiln tool plate and the weight of
the article to be fired are added to this back surface, and hence
the back surface is required to have the ease of supporting
from the downside and stability, and further to have durability
against the weight or shock and the like. However, this ease of
supporting from the downside or the stability can be supple-
mented by a known fixing tool or fixing method, and hence
the ease of supporting from the downside or the stability is not
strictly demanded.

[0078] Moreover, the uneven conformation is preferably
imparted to the back surface in the present embodiment. The
uneven conformation imparted (formed) onto the back sur-
face together with the uneven conformation on the front sur-
face side can suppress the ratio of the weight of the kiln tool
with respect to that of a product such as the fired article, and
can decrease losses from the aspect of energy saving. More-
over, the atmosphere is not easily confined, and heat applied
during the firing can sufficiently be conducted to the whole
fired article, for example, the honeycomb structure or the like,
whereby the fluctuation can be suppressed.

[0079] Inthe same manner as in the recess portions formed
on the front surface side, examples of recess portions consti-
tuting this uneven conformation include a groove such as a
V-shaped groove or a U-shaped groove having a slope gradi-
ent formed at an acute angle or an obtuse angle, a groove
having a slope provided with a stepped portion, a recess

Feb. 17,2011

portion having an inner bottom provided with opening areas,
holes or the like, and a recess portion having a horizontally
symmetric or horizontally asymmetric slope (gradient).
Moreover, in the same manner as in the projecting portions
formed on the front surface side, examples of projecting
portions include projecting portions having shapes such as a
triangular shape, a quadrangular shape, a round shape and an
elliptic shape. In this way, the recess portions and projecting
portions are appropriately selected as required to impart the
uneven conformation to the back surface side, whereby the
ratio of the weight of the kiln tool with respect to the product
weight can be suppressed, and losses can be decreased from
the aspect of energy saving. Furthermore, the atmosphere is
not easily confined, and the heat applied during the firing can
sufficiently easily be conducted to the whole fired article, for
example, the honeycomb structure.

[0080] Examples of the shape of the projecting portion of
the uneven conformation include a quadrangular shape, a
trapezoidal shape, a triangular shape, an elliptic shape and a
polygonal shape as shown in FIGS. 3A to 3E.

[0081] Moreover, the opening areas are formed in the back
surface. The opening areas are formed on the back surface
side in the same manner as in the front surface side, whereby
when a gas such as a binder gas is generated during the firing,
new gas loopholes are added to the above loopholes on the
front surface side, and can promote the discharge of the gas
together with the above opening areas on the front surface
side. Furthermore, the atmosphere can sufficiently be applied
to the honeycomb structure.

[0082] The opening areas are more preferably formed inthe
recess portions, and further preferably formed in the inner
bottoms of the recess portions. In a case where the opening
areas are formed in the recess portions, the spaces of the
recess portions can be enlarged during the firing as compared
with a case where the opening areas are formed in the pro-
jecting portions. The gas can easily be discharged to the
outside of the honeycomb structure by a convective phenom-
enon or the like which occurs in the spaces. In addition, heat
transmission, convective heat conduction, radiant heat con-
duction and the like can be performed with a good balance,
respectively, and the effect of the present invention can be
exerted.

[0083] Furthermore, the opening areas formed on the back
surface side are preferably formed to be communicated with
the opening areas formed on the front surface side. That is,
when the opening areas formed on the back surface side are
communicated with the opening areas formed on the front
surface side specifically in the same manner as in the opening
areas 7a and 75 shown in FIG. 4A, the opening areas on the
front surface side and back surface side constitute a so-called
one linked space. For example, convection or the like occurs
from the recess portions on the front surface side to the recess
portions on the back surface side during the burning, and the
convection easily promotes the discharge of the gas to the
outside. Therefore, any gas is not confined in the honeycomb
structure, and temperature can uniformly be controlled. In
addition, the contact area can be decreased to prevent the
deformation. Furthermore, the atmosphere is easily applied to
a fired article such as the honeycomb structure. It is to be
noted that reference numerals 5a shown in FIG. 4A indicate
the projecting portions.

[0084] Itistobe noted that specific examples of the opening
areas formed on the back surface side so as to be comniuni-
cated with the opening areas formed on the front surface side
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additionally include examples shown in FIGS. 4B to 4E.
However, the present invention is not limited to such consti-
tutions. Needless to say, any constitution is included in the
present invention as long as the opening areas formed on the
back surface side are formed to be communicated with the
opening areas formed on the front surface side. It is to be
noted that reference numerals 54, 5¢, 5d and 5e shown in
FIGS. 4B to 4E indicate the projecting portions.

[0085] As shown in, for example, FIG. 4A, when the
uneven conformation including quadrangular shapes (the
uneven conformation including the projecting portions 5a
formed as shown in FIG. 4A) is imparted to the back surface
and the opening areas 75 are formed in the recess portions,
owing to the uneven conformation together with the uneven
conformation including quadrangular shapes formed on the
front surface side (the uneven conformation including the
projecting portions S« formed as shown in FIG. 4A) and the
opening areas 7a, any gas is not confined in the honeycomb
structure, and an excessive temperature rise can be controlled.
Moreover, a cooling effect is also exerted, and hence contract-
ing deformation does not easily occur. Furthermore, weight
saving can be achieved.

[0086] Moreover, in the uneven conformation formed on
the back surface side, rod-like portions are preferably
arranged in parallel with and away from one another. While
the rod-like portions are arranged in parallel with one another,
the portions are further arranged away from one another,
whereby the uneven conformation can easily be formed.
Here, ‘the rod-like portions are arranged in parallel with and
away from one another’ means that the adjacent projecting
portions are arranged away from each other while arranging
the projecting portions in parallel with each other, and
‘arranged in parallel’ means that the portions are not arranged
in a vertical direction but are arranged in a horizontal direc-
tion. The projecting portions are formed in this manner,
because when the projecting portions are not formed (ar-
ranged) away from one another but are attached to one
another, the ratio of the weight of the kiln tool with respect to
thatofa product such as the fired article cannot be suppressed.
Moreover, a large loss is incurred from the aspect of energy
saving. Moreover, the atmosphere is not sufficiently applied
over the whole honeycomb structure, and the temperature
during the firing cannot be kept to be constant. Furthermore,
the synergistic effect with the uneven conformation provided
on the front surface side is not easily exerted. Therefore, to
further exert the effect of the present invention, the rod-like
portions are preferably arranged in parallel with and away
from one another.

[0087] It is to be noted that a horizontal state is not strictly
demanded as the above horizontal direction, and horizontality
may be required to such an extent that the fired article is stably
mounted.

[0088] The sectional shape ofthis rod-like portion can pref-
erably be selected from the group consisting of a quadrangu-
lar shape, a trapezoidal shape, a curved shape and a triangular
shape. When the sectional shape of the rod-like portion can
appropriately be selected from the group consisting of the
quadrangular shape, the trapezoidal shape, the curved shape
and the triangular shape, the present embodiment can easily
be formed. In addition, the desirable uneven conformation
can appropriately be selected.

[0089] When the rod-like portion has the above sectional
shape, examples of the sectional shape of the projecting por-
tion include the projecting shapes shown in FIGS. 3A to 3E.
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Furthermore, examples of the sectional shape of the recess
portion include the sectional shapes of a groove such as a
V-shaped groove or a U-shaped groove having a slope gradi-
ent formed at an acute angle or an obtuse angle, a groove
having a slope provided with a stepped portion, a recess
portion having an inner bottom provided with opening areas,
holes or the like, and a recess portion having a horizontally
symmetric or horizontally asymmetric slope (gradient). Thus,
when a rod-like cross section can selectably be formed in a
desirable shape, a desirable projecting or recess portion can
preferably easily be formed.

[0090] [1-3]Relation between Front Surface and Back Sur-
face:

[0091] The opening areas are formed in first recess portions
having a recess shape formed on the front surface side, and
formed in second recess portions having a recess shape
formed on the back surface side. Moreover, communication
pores are preferably formed so as to connect the first recess
portions to the second recess portions. When the opening
areas of the recess portions on the front surface side are
communicated with those on the back surface side, the gas is
further easily discharged by a convective phenomenon or the
like which occurs in the spaces of the recess portions during
the burning. Moreover, the temperature can be made uniform,
and the contact area can be decreased, thereby preventing the
deformation. Furthermore, the atmosphere is easily applied to
a fired article such as the honeycomb structure, and the cool-
ing effect after the firing can preferably be expected.

[0092] Moreover, the arrangement angle of the rod-like
portions is shifted, whereby the uneven conformation on the
front surface side and the uneven conformation on the back
surface side are preferably shifted from each other. Here, ‘the
arrangement angle of the rod-like portions is shifted” indi-
cates that the rod-like portions arranged on the front surface
side do not correspond to the rod-like portions arranged on the
back surface side in a vertical direction or that the projecting
portions arranged on the front surface side and back surface
side in the vertical direction do not have a so-called back-to-
back state on the front and back surfaces. That is, it is meant
that when a boundary portion between the front surface side
and the back surface side of the kiln tool plate for firing the
ceramic material is a reference line C-C' and the plate is
folded along the reference line C-C', the uneven conformation
formed on the front surface side is not superimposed on the
uneven conformation formed on the back surface side (see
FIG. 4A). Other examples of the relation of the uneven con-
formation between the front surface side and the back surface
side include relations shown in FIGS. 4B to 4D.

[0093] In other words, if the uneven conformations on the
front surface side and the back surface side are formed to
correspond to each other in the vertical direction, the thick-
ness of the kiln tool plate for firing the ceramic material
accordingly increases, and the ratio of the weight of the kiln
tool with respect to that of a product such as the fired article is
not easily suppressed. Moreover, a large loss is incurred from
the aspect of energy saving. Furthermore, the atmosphere is
not sufficiently applied and is not easily confined, and the heat
applied during the firing is not sufficiently conducted to the
whole fired article, for example, the honeycomb structure,
whereby the fluctuation of the obtained honeycomb structure
increases. Moreover, the kiln tool plate has poor thermal
shock resistance, creep resistance and strength at high tem-
perature. Therefore, the above constitution is preferably
employed.
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[0094] Ttis to be noted that another preferable configuration
is a kiln tool plate for firing a ceramic material in which the
arrangement angle of rod-like portions is not shifted and, for
example, square members arranged on the front surface side
have a shape, width dimension and length dimension different
from those of square members arranged on the back surface
side. When such a constitution is employed, an uneven con-
formation on the front surface side is different from an uneven
conformation on the back surface side, and opening areas
formed on the respective sides can be shifted. However, form-
ing becomes troublesome. In addition, the number of parts
increases, and a forming cost easily increases. Therefore, it is
preferable for the sake of convenience that the arrangement
angle of the rod-like portions is shifted so as to shift the
uneven conformation on the front surface side from the
uneven conformation on the back surface side.

[0095] More preferably, the rod-like portions are formed so
as to be arranged at positions of 30 to 60 degrees with respect
to the long axis of the kiln tool plate for firing the ceramic
material. When the rod-like portions are arranged at a desir-
able angle with respect to the long axis of the kiln tool plate
for firing the ceramic material, durability does not deteriorate
while achieving weight saving. Furthermore, the kiln tool
plate can be provided with the thermal shock resistance, creep
resistance and high strength at high temperature.

[0096] Here, “the positions of 30 to 60 degrees with respect
to the long axis of the kiln tool plate for firing the ceramic
material’ indicate the positions in a range of 30 to 60 degrees
from a reference axis, in which the reference axis is one long
side of the kiln tool plate for firing the ceramic material in a
longitudinal direction. For example, FIG. 6A is an exemplary
diagram showing that the rod-like portions 9 are arranged in
parallel with one another on the front surface side (or the back
surface side). Character X in FIG. 6A indicates the short axis
(the width direction) of the kiln tool plate for firing the
ceramic material. Moreover, character Y indicates the long
axis (the length direction) of the kiln tool plate for firing the
ceramic material. When the rod-like portions 9 are arranged
in parallel with one another along the short axis X and the
long axis Y as shown in FIG. 6A, the rod-like portions 9 can
be arranged at the positions shown in FIG. 6A.

[0097] On the other hand, when as shown in FIG. 6B, the
rod-like portions are arranged along a long axis Y2 while
regulating a shown angle o to the above desirable angle with
respect to the long axis, the rod-like portions 9 can be
arranged in parallel with one another and in a so-called tilted
state at desirable positions as shown in FIG. 6B, whereby the
effect of the present invention can be exerted.

[0098] It is to be noted that when the rod-like portions are
arranged at the positions of 30 to 60 degrees with respect to
the long axis of the kiln tool plate for firing the ceramic
material, the present invention is not limited to (1) a case
where both the rod-like portions disposed on the front surface
and the back surface, respectively, are arranged to be posi-
tioned at the above desirable angle, and the rod-like portions
may be arranged at the above desirable angle (2) only on the
front surface or (3) only on the back surface.

[0099] Furthermore, when the kiln tool plate is constituted
of rod-like portions 9 each including a frame 11 as shown in
FIG. 7A, an arrangement angle can desirably be regulated as
follows. As shown in, for example, FIG. 7B, a virtual line Z
parallel to a short axis X3 is drawn on the basis of a long axis
Y3, and rod-like portions are arranged (tilted) at a desirable
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angle a2 from the virtual line 7, whereby a ceramic material
firing kiln tool plate 1A is obtained.

[0100] Moreover, opening areas formed in first and second
recess portions, respectively, are more preferably formed so
as to be shifted from one another while being communicated
with one another. When the respective opening areas are
communicated with one another but shifted from one another,
weight saving is achieved, but durability does not deteriorate.
Moreover, heat transmission, convective heat conduction and
radiant heat conduction can be performed with a good bal-
ance, respectively. In addition, temperature control is easily
performed, and the effect of the present invention can univer-
sally be exerted also in thermal shock resistance, creep resis-
tance and high strength at high temperature. Furthermore,
since the cooling effect is also exerted, the contracting defor-
mation does not easily occur.

[0101] Specific examples of opening areas formed in first
and second recess portions, respectively, to be communicated
with each other but shifted from each other include opening
areas shown in FIG. 8. As shown in this diagram, an opening
area 7a formed in the first recess portion on the front surface
side and an opening area 75 formed in the second recess
portion on the back surface side are communicated with each
other, but are not completely matched, and are formed to be
shifted from each other, whereby the effect of the present
invention can be exerted.

[0102] Further, when a value obtained by dividing a solid
volume by a volume calculated from the maximum outer
diameter dimension is defined as a solid volume ratio, and
when the area of a communication pore is defined as a com-
munication opening ratio, it is preferable that the solid vol-
ume ratio is 5 to 80 mass %, the communication opening ratio
18 20 to 80%, and the contact area of one surface which comes
in contact with the article to be fired is 2 to 80%. Specifically,
as shown in FIG. 9, when a value obtained by dividing the
opening area 7a formed on the front surface side by an area of
the front surface side is defined as a front surface opening
ratio H1, a value obtained by dividing the opening area 7o
formed on the back surface side by an area of the back surface
sideis defined as a back surface opening ratio H2, and an area
of a communication pore formed by communication between
the front surface side opening area 7a and the back surface
side opening area 75 is defined as a communication opening
ratio 1, it is preferable that the solid volume ratio obtained by
dividing the solid volume by the volume calculated from the
maximum outer diameter dimension, the front surface open-
ing ratio H1, the back surface opening ratio H2 and the
communication pore I are respectively formed to be within
the above-mentioned desired ranges.

[0103] As methods for adjusting the solid volume ratio, the
opening ratio, the contact area ratio and the angle of a rod-like
portion within the desired values, there are following meth-
ods.

[0104] In setting the solid volume ratio, the opening ratio,
the contact area ratio and the angle of the rod-like portion,
they may be accurately set on the basis of a stress-strain speed
and an oxidation speed of a material used in the present
invention at each of temperatures while considering weight/
size of the article to be fired, a moisture content, an amount of
an organic binder, a degreasing time, the highest temperature
and its retention time necessary for the firing, the thermal area
and the like. As an easy method, values of the solid volume
ratio, the opening ratio, the contact area ratio and the angle of
arod-like portion are preferably set so that a ratio of the stress
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value Y due to a weight of the article to be fired and a self
weight of a kiln tool plate in the present invention to the
fracture strength X in the shape of the kiln tool of the present
invention and at the highest firing temperature is three times
or more (X>3Y). Consequently, it is possible to suppress the
warp of the kiln tool to values within such ranges as shown in
Tables 1 to 3 (e.g., the amounts of creep deformation (warp)
are suppressed to less than 3 mm by thirty firing operations as
shown in Examples 3, 4, 5, 11, 12, 13, 16, 17 and 18 which
will be described later).

[0105] Here, when the value of X is excessively increased,
the warp of the kiln tool decreases, but the weight saving
(porous) which is one of the objects of the present invention is
hampered. As the result of the investigation of the character-
istics of a kiln tool plate material containing SiC in a prede-
termined range, especially a stress-strain speed at each tem-
perature and the shape of the kiln tool plate, when the value
obtained by dividing the volume by the volume calculated
from the maximum outer diameter dimension is defined as the
solid volume ratio and the area of each communication pore is
defined as the communication opening ratio, the solid volume
ratio is in arange of 5 to 80% and the communication opening
ratio is in a range of 20 to 80%. Furthermore, in a case where
there is used the kiln tool plate for firing the ceramic material
having the contact area of one surface which comes in contact
with the fired article in a range of 2 to 80%, it is possible to
design the kiln tool plate which can satisfactorily sinter the
fired article in a range of 20Y>X>3Y.

[0106] Moreover, the material of the kiln tool plate for
firing the ceramic material preferably contains at least 50
mass % of SiC, and more preferably contains 75 mass % or
more of SiC. Thekiln tool plate for firing the ceramic material
is requested to be made of a material such as a refractory
material having a high compressive strength and a high heat
resistance, and SiC is a material having high infrared emit-
tance, excellent oxidation resistance, excellent creep resis-
tance and high strength at high temperature, so that the effect
of the present invention can be exerted.

[0107] Furthermore, as another material, 85 to 90 mass %
of SiC and 15 to 10 mass % of SiO, are preferably contained,
and 80 to 90 mass % of SiC and 5 to 20 mass % of Si0O, are
more preferably contained. Since SiC is the material having
the high infrared emittance, excellent oxidation resistance,
excellent creep resistance and high strength at high tempera-
ture, it can be considered that the material is suitable as the
kiln tool material used at the high temperature. Furthermore,
SiC synthesized by supplying a large current through the
powder of SiO, and C at 2000° C. or a higher temperature is
a material which noticeably generates CO, and which incurs
a large power consumption, and the amount of the material to
be used is preferably small from the viewpoint of energy
saving. Therefore, such a desirable material can preferably be
used to decrease the amount of SiC to be used.

[0108] Moreover, as another material, preferably at least 90
mass %, more preferably 95 mass % or more of SiC and SizN,
in total is contained. According to such a constitution, the kiln
tool plate can bear the weight of the fired article or the like,
and can resist the firing at the high temperature in a firing
furnace. The kiln tool plate for firing the ceramic material is
requested to be constituted of a material such as the refractory
material having high compressive strength and high heat
resistance, and SiC is the material having the high infrared
emittance, excellent oxidation resistance, excellent creep
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resistance and high strength at high temperature, so that the
effect of the present invention can be exerted.

[0109] It is to be noted that examples of this forming
method include a method of first kneading and casting the
predetermined amounts of SiC powder, Si powder, binder and
water or organic solvent to obtain a formed article having a
desirable shape; drying this formed article at 90° C.; and
firing the article in the atmosphere of nitrogen to generate
Si;N, by a reaction between Si and nitrogen, thereby manu-
facturing a composite material of silicon carbide and silicon
nitride.

[0110] [1-4] Constitution of another Kiln Tool Plate for
Firing Ceramic Material:

[0111] There is not any special restriction on the size of the
kiln tool plate for firing the ceramic material. A suitable size
is preferably selected in accordance with the weight of the
honeycomb structure to be mounted or the like as required.
For example, a kiln tool plate having a typical shelf size of a
vertical size of 300 to 700 mmxa lateral size of 300 to 700
mmxa thickness of 5 to 10 mm can suitably be used, but the
present invention is not limited to such a size, and a suitable
dimension can be employed as required.

[0112] [2] Use Method:

[0113] Thekiln tool plate for firing the ceramic material in
the present embodiment is used as a part of a shelf assembly
as shown in FIGS. 10A and 10B. However, the present inven-
tion is not limited to such a shelf assembly, and a known shelf
assembly may be used as long as the shelf assembly has a
structure in which the kiln tool plate for firing the ceramic
material in the present embodiment is easily supported from
the downside.

[0114] When, for example, the shelf assembly shown in
FIG. 10A is used, a shelf assembly 12 includes supports 13,
and bridging members 15 as required, and the kiln tool plate
for firing the ceramic material of the present embodiment is
mounted and used on a mounting base 14 (see FIG. 11)
formed on the supports. It is to be noted that FIG. 10A is an
exemplary diagram showing a state before the kiln tool plate
for firing the ceramic material is attached. Moreover, when,
for example, the shelf assembly shown in FIG. 10B is used. a
shelf assembly 16 includes supports 13, and mounting bases
18 disposed on the supports as required, and the ceramic
material firing kiln tool plates 1 of the present embodiment
are mounted and used on the mounting bases. It is to be noted
that in the shelf assemblies shown in FIGS. 10A and 10B, the
ceramic material firing kiln tool plates of the present embodi-
ment and the supports may alternately be stacked to constitute
the shelf assembly. Furthermore, when a known fixing tool, a
known fixing method or the like is used as required, the kiln
tool plates can preferably stably be mounted.

[0115] An article to be fired such as a formed honeycomb
article is mounted and fired on the kiln tool plate for firing the
ceramic material. Specifically, as shown in FIG. 11, a formed
honeycomb article 100 is mounted and fired. Here, the kiln
tool plate for firing the ceramic material of the present
embodiment is provided with the uneven conformation and
acquires gas permeability. Therefore, when the formed hon-
eycomb article 100 is mounted and fired on the kiln tool plate
for firing the ceramic material, gases G generated from the
formed honeycomb article are not confined, but are dis-
charged to the outside of the honeycomb article. Moreover,
the contact area of the formed honeycomb article with the
bottom surface of the ceramic material firing kiln tool plate 1
decreases. When the formed honeycomb article contracts
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during the firing, frictional resistance can be decreased,
thereby minimizing the dimensional deformation of the
formed honeycomb article. Furthermore, the packing effi-
ciency of the article to be fired can be improved.

[0116] [3] Forming Method:

[0117] When the kiln tool plate for firing the ceramic mate-
rial is formed of one plate-like member, the desirable uneven
conformation is formed on the front surface side, and the
desirable uneven conformation may be imparted (formed)
onto the back surface side to form the plate. Furthermore, the
opening areas on the front surface side and back surface side
may be formed through the plate by use of a tool such as a drill
$0 as to be communicated with one another.

[0118] Moreover, when the kiln tool plate for firing the
ceramic material is formed by combining two members in
total, i.e., one plate member on the front surface side and one
plate member on the back surface side, the desirable uneven
conformation is imparted to the front surface side. Moreover,
after imparting the desirable uneven conformation to the back
surface side, the plate member on the front surface side and
the plate member on the back surface side are attached to each
other so that the above opening areas are communicated with
one another, to form the kiln tool plate for firing the ceramic
material. When the plate is formed in this mannet, an opening
area shape can be formed so that the heat transmission, con-
vective heat conduction and radiant heat conduction can be
performed with a good balance, respectively. [n consequence,
the effect of the present invention can further be exerted. It is
to be noted that when the opening areas to be provided on the
front surface side and back surface side are beforehand
formed, the opening areas are preferably positioned in desir-
able portions so as to be communicated with one another.
[0119] Furthermore, when the kiln tool plate for firing the
ceramic material is formed by combining two members in
total, i.e., one plate member on the front surface side and one
plate member on the back surface side, the uneven conforma-
tions are imparted to the front surface side and back surface
side. After attaching the members to each other, the opening
areas may be formed. When the kiln tool plate is formed in
this manner, the opening areas on the front surface side can
easily be communicated with the opening areas on the back
surface side, whereby forming processes can preferably be
simplified, and fluctuations can preferably be decreased.
[0120] It is to be noted that the constitution of the kiln tool
plate for firing the ceramic material is not limited to the
constitution of two members in total, i.e., one plate member
on the front surface side and one plate member on the back
surface side. As long as the effect of the present invention is
exerted, in addition to the one plate member on the front
surface side and the one plate member on the back surface
side, another member may be interposed as an intermediate
layer between the front surface side and the back surface side.
[0121] As a method for forming the uneven conformations
on the front surface and back surface of the kiln tool plate for
firing the ceramic material, a formed article having a desir-
able shape can be obtained by casting. In the case of the
casting, the front surface and the back surface can constitute
a three-dimensional structure.

[0122] By use of a casting mold characterized in that a
removal face of a flat plate removal portion in a thickness
direction has one or two tilts from the surface of the plate to
the center thereof, a shape suitable for a releasable mold is
easily obtained, and the strength of a cast material can be
increased.
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[0123] Moreover, when the front surface side and the back
surface side have the same constitution, either surface can be
used as the front surface or the back surface. The honeycomb
structure can be mounted on the surface, whether the surface
is the front surface or the back surface. In consequence,
convenience preferably improves.

EXAMPLES

[0124] Hereinafter, the present invention will further spe-
cifically be described with respect to examples, but the
present invention is not limited to the examples. It is to be
noted that hereinafter, ‘%’ in the examples and comparative
examples indicates mass %, unless otherwise specified.
Moreover, various evaluations and measurements in the
examples were performed by methods described hereinafter.
[0125] [1-1] Bulk Specific Gravity:

[0126] As to a bulk specific gravity, after drying a material
inadrying chamber at 80° C. for 12 hours, a dry mass W1 was
measured. Afterward, the material was boiled in water at 100°
C. for one hour, and cooled down to ordinary temperature in
the water. Subsequently, after measuring an in-water mass
W2 and wiping the whole material with lightly squeezed
gauze, a water-containing weight W3 was measured. The
bulk specific gravity was calculated from these values W1,
W2 and W3.

[0127] [1-2] Bending Strength:

[0128] A breaking weight was measured by a three-point
bending test (a crosshead speed of 0.5 mm/minute) with a
span of 380 mm in conformity with JIS R1601, thereby mea-
suring the bending strength of a ceramic material firing kiln
tool plate after firing.

[0129] [1-3] Fired Product Strength:

[0130] The fired product strength of a formed honeycomb
article was measured. Specifically, a predetermined shape
(0.3x4x40 mm) was cut out of the fired honeycomb article,
and the strength thereof was measured by the three-point
bending test in conformity with JIS R1601.

[0131] [1-4] Firing Yield:

[0132] The firing yield of the formed honeycomb article
was measured. Specifically, it was checked visually or with a
loupe or the like whether or not the crack of the formed
honeycomb article was generated, and a frequency with
which any crack was not found was obtained as the yield.
[0133] [1-5] Firing Situation of Kiln Tool Plate for Firing
Ceramic Material:

[0134] Furthermore, the firing situation of the kiln tool
plate for firing the ceramic material was checked. Moreover,
the firing was repeated 30 times, and a creep deformation
ratio was measured. Specifically, the diagonal bending
amount of the kiln tool plate for firing the ceramic material
was measured with a thickness gauge.

[0135] [2-1] Preparation of Ceramic Material Firing Kiln
Tool Plates of Examples 1 to 20:

[0136] There were beforehand prepared (1) ceramic mate-
rial firing kiln tool plates of Examples 1 to 10 containing 75
mass % of SiC, 24 mass % of Si;N, and 1 mass % of SiO,,
having a bulk specific gravity of 2.8 g/cc, a bending strength
0200 MPa and a size of a length of 400 mm in a longitudinal
direction, a length of 100 mm in a short direction and a
thickness of 8 mm, and having a solid volume ratio, an open-
ing ratio, a contact area ratio, a rod-like portion sectional
shape and a rod-like portion angle shown in Tables 1 and 2; (2)
ceramic material firing kiln tool plates of Examples 11 to 15
containing 90 to 85 mass % of SiC and 10 to 15 mass % Si0,,
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having a bulk specific gravity of 2.8 to 2.75 g/cc, a bending
strength of 150 to 50 MPa and a size of a length of 400 mm in
a longitudinal direction, a length of 100 mm in a short direc-
tion and a thickness of 8 mm, and having a solid volume ratio,
an opening ratio, a contact area ratio, a rod-like portion sec-
tional shape and a rod-like portion angle shown in Table 2;
and (3) ceramic material firing kiln tool plates of Examples 16
to 20 containing 95 to 80 mass % of SiC and 5 to 20 mass %
of Si, having a bulk specific gravity of 3 g/cc, a bending
strength of 250 MPa and a size of a length of 400 mm in a
longitudinal direction, a length of 100 mm in a short direction
and a thickness of 8 mm, and having a solid volume ratio, an
opening ratio, a contact area ratio, a rod-like portion sectional
shape and a rod-like portion angle shown in Table 3, respec-
tively.

[0137] [2-2] Preparation of Ceramic Material Firing Kiln
Tool Plates of Comparative Examples 1 to 4:

[0138] There were beforehand prepared ceramic material
firing kiln tool plates of Comparative Examples 1 to 4 con-
taining 75 mass % of SiC, 24 mass % of Si;N, and 1 mass %
of Si0,, having a bulk specific gravity of 2.8 g/cc, a bending
strength of 200 MPa and a size of a length of 400 mm in a
longitudinal direction, a length of 100 mm in a short direction
and a thickness of 8 mm, and having a solid volume ratio, an
opening ratio, a contact area ratio, a rod-like portion sectional
shape and a rod-like portion angle shown in Table 3, respec-
tively.

[0139] [3] Preparation of Shelf assembly:

[0140] There were beforehand prepared supports contain-
ing 75% of silicon carbide and 25% of silicon nitride and
having a bulk specific gravity of 2.5 to 3.0 g/cc and a size of
a vertical size of 60xa lateral size of 40 (80)xa total length of
1800 mm (with the proviso that the above numeric value
within parentheses is a dimension including a mount base on
which a first bridging member was mounted (a projecting
portion of the support on which the first bridging member was
mounted)); square-post-like first bridging members contain-
ing 75% of silicon carbide and 25% of silicon nitride and
having a bulk specific gravity of 2.5 to 3.0 g/cc and a size of
a vertical size of 40xa lateral size of 40 mmxa total length of
1300; and square-post-like second bridging members having
a size of a vertical size of 40xa lateral size of 40 mmxa total
length of 1700 mm, respectively. Furthermore, one square
post having a size of 1300 mm was disposed on the left side,
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and another square post having a size of 1300 mm was dis-
posed in parallel with the left post on the right side. Next, six
square posts having a size of 1700 mm were arranged in a
vertical direction on the left and right square posts having the
size of 1300 mm, as if they had been arranged in double
crosses. Here, to arrange the firing kiln tool plates of the
examples and comparative examples having a size of 400
mmx100 mm, the positional relation of the six square posts
having the size of 1700 mm (a sectional size of 40x40 mm)
was the square post (1) 40 mm+interval (1) 200 mm+square
post (2) 40 mm+interval (2) 20 mm+square post (3) 40
mm+interval (3) 200 mm+square post (4) 40 mm+interval (4)
20 mm+square post (5) 40 mm+interval (6) 200 mm+square
post (6) 40 mm. Moreover, a shelf assembly was prepared so
that the end of each of the left and right 1300 mm square posts
had an allowance of 10 mm.

[0141] Tt is to be noted that examples of a method for
manufacturing these supports include a method of kneading
and casting the predetermined amounts of SiC powder, Si
powder, binder and water or organic solvent to obtain a
formed article having a desirable shape: drying this formed
article at 90° C.; and firing the article in the atmosphere of
nitrogen to generate Si;N, by a reaction between Si and
nitrogen, thereby manufacturing a composite material of sili-
con carbide and silicon nitride.

[0142] [4] Preparation of Formed Honeycomb Article
Before Fired (a Green Honeycomb Structure):

[0143] As amaterial, a cordierite forming material contain-
ing talc, kaolin and alumina as main components was blended
with water and a binder, dispersed, mixed and kneaded to
obtain a forming material. The material was extruded into a
columnar shape by a clay kneader, followed by extrusion
forming by an extrusion forming machine, to obtain a green
honeycomb structure (the formed honeycomb article) having
a size of 0320 mmx300 mL and including a large number of
cells arranged in an axial direction.

[0144] After drying the above green formed honeycomb
articles, the green honeycomb structures were fired by using
the ceramic material firing kiln tool plates of Examples 1 to 20
and Comparative Examples 1 to 4, to obtain the fired honey-
comb articles. The results are shown in Tables 1 to 3. It is to be
noted that as to the measurement results of ‘the creep defor-
mation amount of the setter after 30 firing times’ shown in
Tables 1 to 3, when the amount is less than 3 mm, ‘-’ is only
shown, and the amount is not actually measured.

TABLE 1
Unit Example |  Example 2  Example3  Example4  Example 5 Example 6 Example 7
Setter Compo- SiC mass % 75 75 75 75 75 75 75
sition  Si3N, mass % 24 24 24 24 24 24 24
Si mass % — — — — — — —
8i0, mass % 1 1 1 1 1 1 1
Charac- Bulk specific gravity — 2.8 2. 2.8 2.8 2.8 2.8 2.8
teristics Bending strength MPa 200 200 200 200 200 200 200
Shape  Solid volume ratio % 5 20 50 50 50 70 80
Communication % 20 40 50 50 50 30 20
opening ratio
Contact area ratio % 20 25 50 50 50 65 80

Rod-like portion —
sectional shape

SN /N /N /N /N /N N
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TABLE 1-continued

Unit

Example 1

Example 2

Example3  Example4  ExampleS  Example 6  Example7

Rod-like portion
arrangement angle
(with respect to long
axis of setter)

Fired product strength
Firing yield

Situation

MPa
%

Firing Fired

state article

Setter  Creep deformation
amount after 30 firing

times

mm

60

abnormality

60

21

100

No
abnormality

60 45 30 60 60

20
100
No
abnormality
1.5

21

100

No
abnormality

20
100
No
abnormality
0.02

20
100
No
abnormality
0.8

abnormality

TABLE 2

Unit Example 8

Example 9

Example 10

Example
15

Example 11  Example 12 Example 13  Example 14 3

Sic
SizNy

Si

Si0,
Bulk
specific
gravity
Bending
strength
Solid
volume
ratio
Commu-
nication
opening
ratio
Contact
area
ratio

mass % 75
mass %
mass %

mass %

Setter Compo-
sition

[

o= | R

Charac-
teristics

MPa 200

Shape %

% 60

%

Rod-
like
portion
sectional
shape

Rod-
like
portion
arrange-
ment
angle
(with
respect
to long
axis of
setter)
Fired
product
strength
Firing
yield
Situation

60

Firing Fired MPa

state article
100

No
abnormality
Setter  Creep mm
defor-
mation
amount
after
30 firing
times

~

5
4

[}

o |

60

60

100

No
abnormality

75

60

60

21

100

No
abnormality

90

90

85

10
2.75

15
2.8

10
2.

8

150 150 150 50

50 50

60 60 60 60

50 50

SN /N N SN

45 60 60

20 20

100 100 100 100 100

No
abnormality

No
abnormality

No
abnor-
mality

No
abnormality

No
abnormality

Y
Z

0.25 0.95 3




US 2011/0039221 Al

12

Feb. 17,2011

Example Example
Unit 16 17 18

Example

Com- Com- Com- Com-
parative  parative  parative  parative
Example 1 Example 2 Example 3 Example 4

Example  Example
19 20

o

o

95

v
b

Set- Com- SiC
ter po-  SipNy
si- Si mass
tion  SiO, mass %
Cha- Bulk —
rac-  specific
te- gravity
ris-  Bending
tics  strength
Shape Solid % 50 50 50
volume
ratio
Commu- % 60 60 60
nication
opening
ratio
Contact % 50 50 50
area
ratio

mass
mass %

O

9
5

)
=

5

o
vl g

V%)
o5}
W

MPa 250 250 250

Rod- — / \
like

portion

sectional

shape

Rod- ° 60 45 30
like
portion
arrange-
ment
angle
(with
respect to
long axis
of setter)
TFired
ring red  product
state ar- strength
ticle  Firing % 100 100 100
yield
Situation No No No
abnor- abnor- abnor-
mality mality mality
Set- Creep mm 0.03 0.75 1.4
ter defor-
mation
amount
after 30
firing

times

MPa 20 20 20

/NN N [

75 75

90 80 75
24 24 24

10 20

5
4

[

1 2 3 4
3 3 2.8 2.8 2.8 2.8

250 250 200 200 200 200

50 50 4 85 50 100

60 60 18 15 0 0
50 50 1 82 50 100

None

60 60 60 60 60 60

20 19 20 10 3 15

100 100 50 73 72 70

No No
abnor- abnor-
mality mality

Breakage No No No
abnor- abnor- abnor-
mality mality mality

[0145]

[0146] As shown in Tables 1 to 3, the ceramic material
firing kiln tool plates of Examples 1 to 20 and the fired articles
obtained by using the plates exhibited satisfactory results.
Specifically, as to the fired product strength, the fired articles
obtained by using the ceramic material firing kiln tool plates
of Examples 1 to 20 had the strength in a range of 19 to 22
MPa, and the firing yield was 100%. The situations of the
ceramic material firing kiln tool plates of Examples 1 to 20
after the firing were checked, but any abnormality was not
found in Examples 1 to 20. Furthermore, the ceramic material
firing kiln tool plates of Examples 1 to 20 were fired 30 times,
and then the creep deformation amounts were measured. In
Examples 1, 2, 6 to 10, 14, 15, 19 and 20, any creep defor-
mation was not found. Moreover, in Examples 3to 5, 11 to 13

(Consideration)

and 16 to 18, the deformation could be confirmed, but the
deformation amounts were in a range of 0.02 to 2.3 mm, and
the characteristics of the ceramic material firing kiln tool
plates were not impaired.

[0147] On the other hand, it was eventually demonstrated
that as to the ceramic material firing kiln tool plates of Com-
parative Examples 1 to 4 and the fired articles obtained by
using the plates, the characteristics of the formed honeycomb
article were noticeably impaired and could not bear continued
use. Specifically, in Comparative Examples 2 to 4, as to the
fired product strength, the fired articles could not bear the use.
Furthermore, in Comparative Examples 1 to 4, the yield was
very poor. Moreover, the situation of the ceramic material
firing kiln tool plate of Comparative Example 1 was observed,
and the occurrence of breakage was found.
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INDUSTRIAL APPLICABILITY

[0148] A kiln tool plate for firing ceramic material of the
present invention produces an excellent effect that there can
be provided a kiln tool plate for firing a ceramic material
which is used during the firing of an article to be fired. In the
kiln tool plate for firing the ceramic material, at least uneven
conformations are imparted to a front surface side on which
the article to be fired is mounted and a back surface side, and
opening areas are formed, whereby heat capacity decrease
and cost reduction can be achieved. A contact area with the
fired article is decreased to improve outgassing. Furthermore,
the atmosphere can be made uniform to uniformly manufac-
ture the fired article. Above all, the ceramic material firing
kiln tool plate having excellent thermal shock resistance,
creep resistance, high strength at high temperature and oxi-
dation resistance can suitably be used.

1-11. (canceled)

12. A kiln tool plate for firing a ceramic material which is
used during the firing of an article to be fired,

wherein at least uneven conformations are imparted to a

front surface side on which the article to be fired is
mounted and a back surface side, and opening areas are
formed.

13. The kiln tool plate for firing the ceramic material
according to claim 12, wherein the opening areas are formed
as first recess portions in recess portions of the uneven con-
formation imparted to the front surface side and formed as
second recess portions in recess portions of the uneven con-
formation imparted to the back surface side, and the opening
areas of the first recess portions are communicated with the
opening areas of the second recess portions, respectively.

14. The kiln tool plate for firing the ceramic material
according to claim 12, wherein the uneven conformations
formed on the front surface side and the back surface side are
obtained by arranging rod-like portions in parallel with and
away from one another.

15. The kiln tool plate for firing the ceramic material
according to claim 13, wherein the uneven conformations
formed on the front surface side and the back surface side are
obtained by arranging rod-like portions in parallel with and
away from one another.

16. The kiln tool plate for firing the ceramic material
according to claim 14, wherein the arrangement angle of the
rod-like portions on the front surface side is shifted from that
of the rod-like portions on the back surface side to form the
uneven conformations on the front surface side and the back
surface side so that the uneven conformations are shifted from
each other.

17. The kiln tool plate for firing the ceramic material
according to claim 15, wherein the arrangement angle of the
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rod-like portions on the front surface side is shifted from that
of the rod-like portions on the back surface side to form the
uneven conformations on the front surface side and the back
surface side so that the uneven conformations are shifted from
each other.

18. The kiln tool plate for firing the ceramic material
according to claim 16, wherein the rod-like portions are
formed so as to be arranged at positions of 30 to 60 degrees
with respect to a long axis of the kiln tool plate for firing the
ceramic material.

19. The kiln tool plate for firing the ceramic material
according to claim 17, wherein the rod-like portions are
formed so as to be arranged at positions of 30 to 60 degrees
with respect to a long axis of the kiln tool plate for firing the
ceramic material.

20. The kiln tool plate for firing the ceramic material
according to claim 13, wherein the opening areas formed in
the first recess portions and the second recess portions,
respectively, are formed so as to be shifted from one another
while communicated with one another.

21. The kiln tool plate for firing the ceramic material
according to claim 14, wherein the sectional shape of each of
the rod-like portions is selectable from the group consisting of
aquadrangular shape, a trapezoidal shape, a curved shape and
a triangular shape.

22. The kiln tool plate for firing the ceramic material
according to claim 15, wherein the sectional shape of each of
the rod-like portions is selectable from the group consisting of
a quadrangular shape, a trapezoidal shape, a curved shape and
a triangular shape.

23. The kiln tool plate for firing the ceramic material
according to claim 12, wherein when a value obtained by
dividing a solid volume by a volume calculated from a maxi-
mum outer diameter dimension is defined as a solid volume
ratio and the area of a communication pore is defined as a
communication opening ratio, the solid volume ratio is in a
range of 5 to 80%, the communication opening ratio is in a
range of 20 to 80%, and the contact area of one surface which
comes in contact with the article to be fired is in a range of 2
0 80%.

24. The kiln tool plate for firing the ceramic material
according to claim 12, which contains at least 50 mass % of
SiC.

25. The kiln tool plate for firing the ceramic material
according to claim 12, which contains at least 90 mass % of
SiC and Siz;N,, in total.

26. The kiln tool plate for firing the ceramic material
according to claim 12, which contains 85 to 90 mass % of SiC
and 15 to 10 mass % of SiO,.

® ook ok ok %



	Bibliography
	Claims
	Drawings
	Description
	Abstract

