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(57) ABsTRACT 
An object of the present invention is to provide a manufac 
turing method by Which alumina-silica based ?bers excellent 
in mechanical strength can be readily and securely obtained, 
and the present invention obtains precursor ?bers as a 
material by using an alumina-silica based ?ber spinning 
stock solution for use in an inorganic salt method. Next, the 
precursor ?bers are heated under an environment Which 
makes it dif?cult to carry out an oxidizing reaction on the 
carbon component contained in the precursor ?bers. Thus, 
the precursor ?bers are sintered to obtain alumina-silica 
based ?bers. 
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Fig. 4 
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Fig. 5 

Fig. 6 
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Fig. 9 
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Fig. 10 
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Fig. 12 
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Fig. 14 
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Fig. 16 
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ALUMINA-SILICA-BASED FIBER, CERAMIC 
FIBER, CERAMIC FIBER COMPLEX, RETAINING 

SEAL MATERIAL, PRODUCTION METHOD 
THEREOF, AND ALUMINA FIBER COMPLEX 

PRODUCTION METHOD 

TECHNICAL FIELD 

[0001] The present invention relates to an alumina-silica 
based ?ber, a ceramic ?ber, a ceramic ?ber aggregation, a 
holding seal material and manufacturing methods thereof, as 
Well as a manufacturing method of alumina ?ber aggrega 
tion. 

BACKGROUND ART 

[0002] Recently, there has been a problem that particulates 
contained in exhausted gas discharged from combustion 
engines of vehicles such as buses, trucks, construction 
machines and the like affect the environment and the human 
body. 
[0003] There have been various ceramic ?lters Which 
alloW the exhausted gas to pass through porous ceramic, 
thereby capturing the particulates in the exhausted gas and 
purifying the exhausted gas. 

[0004] As one example of such ceramic ?lters, there is 
used a honeycomb ?lter 30 in Which a plurality of porous 
ceramic members 40 shoWn in FIG. 16 are bound by means 
of an adhesive layer 34 to constitute a column-shaped 
ceramic block 35, and a seal material layer 33 is formed 
around the column-shaped ceramic block 35. Moreover, as 
shoWn in FIG. 17, this porous ceramic member 40 is 
provided With a number of through holes 42 aligned in the 
longitudinal direction so that each partition Wall 43 sepa 
rating the through holes 42 from each other functions as a 
?lter. 

[0005] In other Words, as shoWn in FIG. 17(b) , With 
respect to each of the through holes 42 formed in the porous 
ceramic member 40, either of the ends on the inlet side or 
outlet side of the exhaust gas is sealed by a ?lling material 
41 so that the exhaust gas, ?oWn into a through hole 42, is 
alWays alloWed to How out through another through hole 42 
after having passed through this partition Wall 43 that 
separates through holes 42; thus, When the exhaust gas 
passes through the partition Wall 43, particulates thereof are 
captured by the partition Wall 43 so that the exhaust gas is 
puri?ed. 
[0006] Moreover, a seal material layer 33 is formed on the 
outer circumferential portion so that one portion thereof is 
formed to prevent the exhaust gas from leaking from the 
through holes 42 exposed to the outside of the porous 
ceramic member 40. 

[0007] With respect to a non-oxide-based ceramic material 
constituting the porous ceramic member 40 of this type, 
silicon carbide, Which is excellent in heat resistance, and 
easily subjected to a recovering process and the like, is used 
in various vehicles such as large-siZe vehicles and vehicles 
having diesel engines. 

[0008] Further, in addition to the above-mentioned par 
ticulates, the above-mentioned exhaust gas contains CO, 
NOx, HC, etc., and in order to remove these substances from 
the exhaust gas, an exhaust gas purifying catalyst converter, 
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Which has virtually the same shape as the above-mentioned 
honey comb ?lter 30 With a catalyst such as platinum 
deposited therein, has been proposed. 

[0009] Moreover, in recent years, studies have been con 
ducted on the next generation clean poWer sources Which do 
not use petroleum as the poWer source, and among these, for 
example, fuel cells have been considered to be a very 
prospective poWer source. 

[0010] The fuel cells, Which utiliZe electricity that is 
obtained When hydrogen and oxygen react With each other 
to form Water as a poWer source, have an arrangement in 
Which oxygen is directly taken from the air While methanol, 
gasoline and the like are modi?ed and utiliZed to provide 
hydrogen, and upon modifying these methanol, gasoline and 
the like, an exhaust gas purifying catalyst converter, Which 
has virtually the same shape as the above-mentioned hon 
eycomb ?lter 30 With a copper-based catalyst deposited 
therein, has been utiliZed. 

[0011] Generally, these honeycomb ?lter 30, an exhaust 
gas purifying catalyst converter, a catalyst converter for a 
fuel cell and the like are placed inside a cylinder-shaped 
metal shell, and used, and in this case, there is a gap betWeen 
the honeycomb ?lter 30, the exhaust gas purifying catalyst 
converter or the catalyst converter for a fuel cell and the 
above-mentioned metal shell, and in order to ?ll the gap, a 
holding seal materials 50 shoWn in FIG. 18 is interpolated 
therein. 

[0012] As shoWn in FIG. 18, the holding seal material 50 
is provided With a convex ?tting section 52 placed on one of 
the shorter sides of a base material portion 51 having a 
virtually rectangular shape, and a concave ?tting section 53 
placed on the other shorter side. 

[0013] The convex ?tting section 52 and the concave 
?tting section 53 are just ?tted to each other When the 
holding seal material 50 is Wound around the outer circum 
ference of the honeycomb ?lter 30; thus, it is possible to 
prevent the holding seal material 50 from deviation. 

[0014] Conventionally, the holding seal material of this 
type has been formed through the folloWing ?rst through 
fourth methods. 

[0015] In other Words, in the ?rst method for manufactur 
ing the above-mentioned holding seal material, ?rst, a 
starting material containing an alumina source and a silica 
source is heated to approximately 2000° C., and subjected to 
a spinning process in a fused state, and then quickly cooled 
doWn to obtain ceramic ?bers that has virtually the same 
alumina content and silica content. Then, a material is 
produced by aggregating the above-mentioned ceramic 
?bers into a mat shape. This material is stamped out by using 
a metal mold to manufacture holding seal materials. 

[0016] In the second method for manufacturing the above 
mentioned holding seal material, ?rst, a spinning stock 
solution containing an alumina source and a silica source is 
prepared, and by discharging this solution through a noZZle, 
a precursor ?ber having a true round shape in its cross 
section is continuously obtained. Next, the long ?ber of the 
precursor ?ber obtained through the above-mentioned spin 
ning process is sintered, and the resulting alumina-silica 
based ?ber is then chopped into short ?bers having a 
predetermined length. Next, the short ?bers thus obtained 
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are put into a mold to form a ?ber aggregation having a mat 
shape. This ?ber aggregation is stamped out by using a metal 
mold to manufacture holding seal materials. 

[0017] Moreover, in the third method for manufacturing 
the above-mentioned holding seal material, a spinning stock 
solution, preliminarily prepared for use in an inorganic salt 
method, is supplied to a centrifugal noZZle, and the spinning 
stock solution is bloWn out of the noZZle by a centrifugal 
force exerted on the centrifugal noZZle to form precursor 
?bers. Next, the resulting precursor ?bers are aggregated 
into a mat shape, and this mat-shaped aggregation is 
stamped out by using a metal mold to manufacture holding 
seal materials. 

[0018] In the fourth method for manufacturing the above 
mentioned holding seal material, ?rst, an alumina ?ber stock 
solution (alumina-silica ?ber stock solution) is subjected to 
a spinning process to form a continuous long-?ber precursor, 
and an alumina long ?ber is manufactured by sintering this 
continuous long-?ber precursor. 

[0019] Next, after this alumina long ?ber has been cut into 
alumina short ?bers, these alumina short ?bers are collected, 
untied, and laminated, and this is then pressed to form an 
alumina ?ber aggregation having a mat shape. 

[0020] Then, this mat-shaped aggregation is stamped out 
into a predetermined shape to manufacture holding seal 
materials. 

[0021] The holding seal material, thus manufactured, is 
Wound on the outer circumferential face of the above 
mentioned honeycomb ?lter, the exhaust gas purifying cata 
lyst converter or the catalyst converter for a fuel cell, and 
this is then housed in a metal shell; and in such a housed 
state, since the holding seal material is compressed in the 
thickness direction so that a repulsive force (face pressure) 
resisting against the compressing force is exerted in the 
holding seal material. The repulsive force thus exerted 
makes it possible to hold elements, such as the honeycomb 
?lter, the exhaust gas purifying catalyst converter and the 
catalyst converter for a fuel cell, inside the above-mentioned 
metal shell. 

[0022] In the case Where the honeycomb ?lter, the exhaust 
gas purifying catalyst converter, the catalyst converter for a 
fuel cell, etc. are housed inside the above-mentioned metal 
shell through a press-?tting method, a metal cylinder mem 
ber having an O-letter shape in its cross-section is used, and 
When these are housed inside thereof by using a canning 
method, a clam shell, Which is formed by dividing a metal 
cylinder member having an O-letter shape in its cross 
section into a plurality of pieces along the axis-line direction 
thereof, is used. Moreover, in addition to this method, a 
metal shell, Which uses a tightening method in Which 
Welding, bonding and bolt-fastening processes are carried 
out by using a metal cylinder-shaped member having a 
C-letter shape or a U-letter shape in its cross-section, is also 
utiliZed. 

[0023] HoWever, With respect to the holding seal material 
manufactured through the ?rst method, since this member is 
subjected to vibration and high temperatures of such as 
exhaust gas, When it is used, the face pressure is gradually 
loWered as time elapses, resulting in degradation in the 
holding property and sealing property of the catalyst carrier 
in a comparatively early period of time. 

Nov. 25, 2004 

[0024] Moreover, With respect to the holding seal material 
manufactured by the ?rst method, properties for securely 
holding the honeycomb ?lter, the exhaust gas purifying 
catalyst converter, the catalyst converter for a fuel cell, etc. 
for a long period of time are required; hoWever, the con 
ventional ceramic ?bers, manufactured through the above 
mentioned fusing method, has a very loW level of crystal 
liZation rate (mullite rate), that is, less than 1% by Weight, 
in addition to its high level of amorphous components. For 
this reason, When the resulting ?bers are subjected to high 
temperatures for a long time, thermal shrinkage occurs as 
crystalliZation advances, resulting in brittleness in the ?bers. 
Therefore, the holding seal material, manufactured by using 
these ?bers, fails to provide a suf?ciently high initial face 
pressure, and causes high degradation With time in the face 
pressure during the application. 

[0025] In order to solve these problems, a method for 
increasing the crystalliZation rate of the ceramic ?bers to 
approximately 10% by Weight has been proposed; hoWever, 
in this case, hardening of the ?bers causes degradation in the 
elasticity and ?exibility of the holding seal material and the 
subsequent degradation in the sealing property. 

[0026] Moreover, With respect to the holding seal material 
manufactured by the second method, properties for securely 
holding the honeycomb ?lter, the exhaust gas purifying 
catalyst converter, the catalyst converter for a fuel cell, etc. 
for a long period of time are required; hoWever, the alumina 
silica based ?ber having a round shape in its cross-section, 
manufactured in the second method, tends to lose its ?ex 
ibility to become brittle, and is easily broken, When exposed 
to high temperatures for a long time. Therefore, the holding 
seal material manufactured by these ?bers is susceptible to 
degradation With time in the face pressure. 

[0027] Furthermore, With respect to the holding seal mate 
rial manufactured by the third method, When the formation 
of ceramic ?bers is carried out by using the bloWing method, 
the basis Weight (Weight per unit area) of the mat-shaped 
aggregation comes to have a higher positional dependence. 

[0028] In other Words, the degree of aggregation in ?bers 
is not constant With the result that When the position at Which 
the mat-shaped aggregation is stamped out differs, the face 
pressure value of the resulting holding seal material tends to 
differ. Consequently, it has not been possible to obtain a 
holding seal material having excellent stability in quality. 

[0029] Here, in the alumina ?ber aggregation formed by 
the above-mentioned fourth method, alumina short ?bers, 
used for the alumina ?ber aggregation, fail to have suf? 
ciently high mechanical strength, and have comparatively 
great dispersions, With the result that the initial face pressure 
of the alumina ?ber aggregation becomes insuf?cient, and 
the degradation With time in the face pressure of the above 
mentioned alumina ?ber aggregation is comparatively large; 
therefore, there have been demands for improvements. 

[0030] Here, “the initial face pressure” refers to a face 
pressure of an alumina ?ber aggregation in a state Where 
neither load nor heat is applied thereto. 

[0031] The present invention has been devised to solve the 
above-mentioned problems, and an object of a ?rst group of 
the present invention is to provide a holding seal material 
Which has a high initial face pressure, and is less susceptible 
to degradation With time in the face pressure, to provide an 
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alumina-silica based ?ber excellent in mechanical strength 
and suitable for obtaining the above-mentioned holding seal 
material and a manufacturing method thereof, and also to 
provide a manufacturing method of alumina-silica based 
?bers capable of securely obtaining the above-mentioned 
alumina-silica based ?ber excellent in mechanical strength 
easily. 
[0032] Moreover, an object of a second group of the 
present invention is to provide a holding seal material Which 
has a high initial face pressure, and is less susceptible to 
degradation With time in the face pressure, With excellent 
sealing properties, and a catalyst converter, and also to 
provide a manufacturing method of a holding seal material 
Which is suitable for obtaining the above-mentioned holding 
seal material. 

[0033] Furthermore, an object of a third group of the 
present invention is to provide a holding seal material Which 
is less susceptible to degradation With time in the face 
pressure, and also to provide a manufacturing method of 
alumina-silica based ?bers that are used for the above 
mentioned holding seal material. 

[0034] Furthermore, an object of a fourth group of the 
present invention is to provide a holding seal material 
excellent in quality stability, and also to provide a manu 
facturing method of a holding seal material Which is suitable 
for obtaining the above-mentioned holding seal material. 

[0035] Furthermore, an object of a ?fth group of the 
present invention is to provide a holding seal material Which 
is less susceptible to degradation With time in face pressure, 
and also to provide a manufacturing method of a holding 
seal material Which is suitable for the above-mentioned 
holding seal material, a ceramic ?ber aggregation and 
ceramic ?bers thereof. 

[0036] Furthermore, an object of a sixth group of the 
present invention is to provide a manufacturing method of 
an alumina ?ber aggregation Which has alumina short ?bers 
having high strength With small dispersions so that it pro 
vides a suf?ciently high initial face pressure, and is less 
susceptible to degradation With time. 

SUMMARY OF THE INVENTION 

[0037] The present inventors studied hard so as to solve 
the problems for the above-mentioned ?rst group of the 
present invention, and after a number of processes of trial 
and error, fortunately, made it possible to produce alumina 
silica based ?bers excellent in mechanical strength. The 
alumina-silica based ?bers thus produced generally have a 
blackish color, and have characteristics that are clearly 
different from those of White, transparent alumina-silica 
based ?bers that have been generally knoWn. The present 
inventors further studied hard so as to ?nd the cause of 
generation of the color Which is different from the color of 
the generally-knoWn ?bers. As a result, they found that as 
the residual carbon content in the ?bers increased, the ?bers 
came to have a blackish color, and that the presence of the 
residual carbon content improved the mechanical strength. 
Thus, based upon these ?ndings, the present inventors 
further studied hard, and ?nally arrived at the folloWing ?rst 
group of the present invention. 

[0038] That is, the invention of claim 1 according to the 
?rst group of the present invention summariZes an alumina 
silica based ?ber Which presents a blackish color. 
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[0039] The invention of claim 2 according to the ?rst 
group of the present invention summariZes an alumina-silica 
based ?ber Which presents a blackish color derived from a 
carbon component. 

[0040] The invention of claim 3 according to the ?rst 
group of the present invention summariZes an alumina-silica 
based ?ber Which has a residual carbon content of 1% by 
Weight or more, presents a blackish color derived from its 
residual carbon component, and has a ?ber tensile strength 
of 1.2 GPa or more, a ?ber bending strength of 1.0 GPa or 
more and a fracture toughness of 0.8 MN/m3/2 or more. 

[0041] The invention of claim 4 according to the ?rst 
group of the present invention summariZes a manufacturing 
method of alumina-silica based ?bers, including: a spinning 
step of obtaining precursor ?bers by using a spinning stock 
solution of the alumina-silica based ?bers for an inorganic 
salt method as a material; and a ?ring step of heating the 
above-mentioned precursor ?bers under an environment 
Which makes it dif?cult to carry out an oxidiZing reaction on 
the carbon component contained in the above-mentioned 
precursor ?bers, thereby sintering the above-mentioned pre 
cursor ?bers. 

[0042] The invention of claim 5 according to the ?rst 
group of the present invention summariZes the invention of 
claim 4, Wherein the above-mentioned precursor ?ber is 
heated at a temperature of 1000 to 1300° C. under a nitrogen 
atmosphere. 
[0043] The invention of claim 6 according to the ?rst 
group of the present invention summariZes the invention of 
claim 4 or claim 5, Wherein the carbon component contained 
in the above-mentioned precursor ?ber is derived from an 
organic polymer added to the above-mentioned spinning 
stock solution of the alumina-silica based ?ber as a ?ber 
draWing property applying agent. 

[0044] The invention of claim 7 according to the ?rst 
group of the present invention summariZes a holding seal 
material Which has alumina-silica based ?bers, according to 
any of claims 1 to 3, aggregated into a mat shape as a 
constituent element, and is placed in a gap betWeen a 
ceramic body capable of alloWing a ?uid to How through the 
inside thereof and a metal shell covering the outer circum 
ference of the ceramic body. 

[0045] The invention of claim 8 according to the ?rst 
group of the present invention summariZes the invention of 
claim 7, Wherein the above-mentioned ceramic body 
includes a catalyst carrier, and the above-mentioned holding 
seal material is used as a holding seal material for a catalyst 
converter. 

[0046] In order to solve the problem for the second group 
of the present invention, the invention of claim 9 according 
to the second group of the present invention summariZes a 
holding seal material Which has a ?ber aggregation of 
alumina-silica based ?bers aggregated into a mat shape as a 
constituent element, and is placed in a gap betWeen a 
ceramic body capable of alloWing a ?uid to How through the 
inside thereof and a metal shell covering the outer circum 
ference of the ceramic body, Wherein a crystalliZation rate in 
a portion on a ?rst face side is different from that in a portion 
on a second face side. 

[0047] The invention of claim 10 according to the second 
group of the present invention summariZes a holding seal 
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material Which has a ?ber aggregation of alumina-silica 
based ?bers aggregated into a mat shape as a constituent 
element, and is placed in a gap betWeen a ceramic body 
capable of alloWing a ?uid to How through the inside thereof 
and a metal shell covering the outer circumference of the 
ceramic body, Wherein a crystallization rate is gradually 
increased from a ?rst face side toWard a second face side. 

[0048] The invention of claim 11 according to the second 
group of the present invention summarizes the invention of 
claim 10, including a sheet of ?ber aggregation, Wherein the 
crystalliZation rate of the ?ber aggregation is gradually 
increased from the ?rst face side toWard the second face 
side. 

[0049] The invention of claim 12 according to the second 
group of the present invention summariZes the invention of 
any of claims 9 to 11, Wherein the difference betWeen the 
crystalliZation rates in the portion on the ?rst face side and 
that in the portion on the second face side is 3% by Weight 
or more. 

[0050] The invention of claim 13 according to the second 
group of the present invention summariZes the invention of 
any of claims 9 to 11, Wherein the crystalliZation rate in the 
portion on the ?rst face side is 0 to 1% by Weight, and the 
crystalliZation rate in the portion on the second face side is 
1 to 10% by Weight. 

[0051] The invention of claim 14 according to the second 
group of the present invention summariZes the invention of 
any of claims 9 to 13, Wherein the above-mentioned ceramic 
body includes a catalyst carrier, and the above-mentioned 
holding seal material is used as a holding seal material for 
a catalyst converter. 

[0052] The invention of claim 15 according to the second 
group of the present invention summariZes a holding seal 
material Which has alumina-silica based ?bers aggregated 
into a mat shape as a constituent element, and is placed in 
a gap betWeen a ceramic body capable of alloWing a ?uid to 
How through the inside thereof and a metal shell covering 
the outer circumference of the ceramic body, Wherein a 
crystalliZation rate is made different depending on portions. 

[0053] The invention of claim 16 according to the second 
group of the present invention summariZes the invention of 
claim 15, Wherein the above-mentioned ceramic body 
includes a catalyst carrier, and the above-mentioned holding 
seal material is used as a holding seal material for a catalyst 
converter. 

[0054] The invention of claim 17 according to the second 
group of the present invention summariZes a manufacturing 
method of a holding seal material of any of claims 9 to 14, 
including: a spinning step of obtaining precursor ?bers by 
using a spinning stock solution of ceramic ?bers as material; 
a laminating step of laminating the above-mentioned pre 
cursor ?bers to form a mat-shaped ?ber aggregation; and a 
?ring step of sintering the above-mentioned ?ber aggrega 
tion so as to provide a difference betWeen a ?ring tempera 
ture on a ?rst face side and that on a second face side. 

[0055] The invention of claim 18 according to the second 
group of the present invention summariZes the invention of 
claim 17, Wherein the difference betWeen the above-men 
tioned ?ring temperatures is set to 100° C. or more. 
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[0056] The invention of claim 19 according to the second 
group of the present invention summariZes the invention of 
claim 17, Wherein the ?ring temperature on the ?rst face side 
is set to 800 to 1100° C., and the ?ring temperature on the 
second face side is set to 1100 to 1400° C. 

[0057] The invention of claim 20 according to the second 
group of the present invention summariZes a catalyst con 
verter comprising: a catalyst carrier; a cylinder-shaped metal 
shell covering the outer circumference of the catalyst carrier; 
and a holding seal material placed in a gap betWeen these 
elements, and having alumina-silica based ?bers aggregated 
into a mat shape as a constituent element, Wherein the 
above-mentioned holding seal material is placed in the 
above-mentioned gap in such a state that a ?rst face side 
having a relatively small crystalliZation rate is made in 
contact With the above-mentioned metal shell, and a second 
face side having a relatively large crystalliZation rate is made 
in contact With the above-mentioned catalyst carrier. 

[0058] In order to solve the problem for the third group of 
the present invention, the invention of claim 21 according to 
the third group of the present invention summariZes a 
holding seal material Which has alumina-silica based ?bers 
aggregated into a mat shape as a constituent element, and is 
placed in a gap betWeen a ceramic body capable of alloWing 
a ?uid to How through the inside thereof and a metal shell 
covering the outer circumference of the ceramic body, 
Wherein the above-mentioned alumina-silica based ?ber has 
a non-circular shape in its cross-section. 

[0059] The invention of claim 22 according to the third 
group of the present invention summariZes a holding seal 
material Which has alumina-silica based ?bers aggregated 
into a mat shape as a constituent element, and is placed in 
a gap betWeen a ceramic body capable of alloWing a ?uid to 
f loW through the inside thereof and a metal shell covering 
the outer circumference of the ceramic body, Wherein the 
above-mentioned alumina-silica based ?ber has a deformed 
shape in its cross-section. 

[0060] The invention of claim 23 according to the third 
group of the present invention summariZes a holding seal 
material Which has alumina-silica based ?bers aggregated 
into a mat shape as a constituent element, and is placed in 
a gap betWeen a ceramic body capable of alloWing a ?uid to 
How through the inside thereof and a metal shell covering 
the outer circumference of the ceramic body, Wherein the 
above-mentioned alumina-silica based ?ber has a ?at shape 
in its cross-section. 

[0061] The invention of claim 24 according to the third 
group of the present invention summariZes the invention of 
any of claims 21 to 23, Wherein the above-mentioned 
alumina-silica based ?ber has a substantially elliptical or 
cocoon shape in its cross-section. 

[0062] The invention of claim 25 according to the third 
group of the present invention, summariZes the invention of 
claim 21 or 22, Wherein the above-mentioned alumina-silica 
based ?ber is a holloW ?ber. 

[0063] The invention of claim 26 according to the third 
group of the present invention, summariZes the invention of 
any of claims 21 to 25, Wherein the above-mentioned 
ceramic body includes a catalyst carrier, and the above 
mentioned holding seal material is used as a holding seal 
material for a catalyst converter. 
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[0064] The invention of claim 27 according to the third 
group of the present invention summarizes a manufacturing 
method of alumina-silica based ?bers used in a holding seal 
material of any of claims 21 to 26, including: a spinning step 
of obtaining precursor ?bers by discharging a spinning stock 
solution containing a solution of aluminum salt Water, silica 
sol and an organic polymer through a noZZle; and a ?ring 
step of heating and sintering the above-mentioned precursor 
?bers, Wherein dried hot air is bloWn to the above-mentioned 
precursor ?bers immediately after having been discharged 
from the discharging section of the above-mentioned noZZle 
having a non-circular shape in its cross-section. 

[0065] The invention of claim 28 according to the third 
group of the present invention summariZes the invention of 
claim 27, Wherein the above-mentioned dried hot air is 
bloWn in a forWard direction With respect to the discharging 
direction of the above-mentioned precursor ?ber. 

[0066] The invention of claim 29 according to the third 
group of the present invention summariZes the invention of 
claim 27 or claim 28, Wherein a Water-soluble plasticiZer is 
preliminarily added to the above-mentioned spinning stock 
solution. 

[0067] Moreover, in order to solve the problem for the 
fourth group of the present invention, the invention of claim 
30 according to the fourth group of the present invention 
summariZes a holding seal material Which has alumina-silica 
based ?bers aggregated into a mat shape as a constituent 
element, and is placed in a gap betWeen a ceramic body 
capable of alloWing a ?uid to How through the inside thereof 
and a metal shell covering the outer circumference of the 
ceramic body, Wherein the dispersion of ?ber diameter in the 
above-mentioned alumina-silica based ?ber is Within :3 pm. 

[0068] The invention of claim 31 according to the fourth 
group of the present invention summariZes a holding seal 
material Which has alumina-silica based ?bers aggregated 
into a mat shape as a constituent element, and is placed in 
a gap betWeen a ceramic body capable of alloWing a ?uid to 
How through the inside thereof and a metal shell covering 
the outer circumference of the ceramic body, Wherein the 
dispersion of ?ber length in the above-mentioned alumina 
silica based ?ber is Within :4 mm. 

[0069] The invention of claim 32 according to the fourth 
group of the present invention summariZes a holding seal 
material Which has alumina-silica based ?bers aggregated 
into a mat shape as a constituent element, and is placed in 
a gap betWeen a ceramic body capable of alloWing a ?uid to 
How through the inside thereof and a metal shell covering 
the outer circumference of the ceramic body, Wherein the 
dispersion of ?ber diameter in the above-mentioned alu 
mina-silica based ?ber is Within :3 pm, and the dispersion 
of ?ber length in the above-mentioned alumina-silica based 
?ber is Within :4 mm. 

[0070] The invention of claim 33 according to the fourth 
group of the present invention summariZes the invention of 
any of claims 30 to 32, Wherein the content of shots is 3% 
by Weight or less. 

[0071] The invention of claim 34 according to the fourth 
group of the present invention summariZes a holding seal 
material Which has alumina-silica based ?bers aggregated 
into a mat shape as a constituent element, and is placed in 
a gap betWeen a ceramic body capable of alloWing a ?uid to 
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How through the inside thereof and a metal shell covering 
the outer circumference of the ceramic body, Wherein the 
average ?ber diameter of the above-mentioned alumina 
silica based ?ber is 5 to 15 pm, the dispersion of ?ber 
diameter therein is Within :3 pm, the average ?ber length 
thereof is 5 to 20 mm, the dispersion of ?ber length therein 
is Within :4 mm, and no shots are contained therein. 

[0072] The invention of claim 35 according to the fourth 
group of the present invention summariZes the invention of 
any of claims 30 to 34, Wherein the above-mentioned 
ceramic body includes a catalyst carrier, and the above 
mentioned holding seal material is used as a holding seal 
material for a catalyst converter. 

[0073] The invention of claim 36 according to the fourth 
group of the present invention summariZes a manufacturing 
method of a holding seal material of any of claims 30 to 35, 
including: a spinning step of obtaining long precursor ?bers 
by continuously discharging a spinning stock solution con 
taining a solution of aluminum salt Water, silica sol and an 
organic polymer through a noZZle; a cutting step of chopping 
the above-mentioned long ?bers into a predetermined length 
to obtain short ?bers; a molding step of alloWing the 
above-mentioned short ?bers to aggregate three-dimension 
ally, thereby forming into a mat-shaped ?ber aggregation; 
and a ?ring step of heating and sintering the above-men 
tioned mat-shaped ?ber aggregation. 

[0074] Moreover, the inventors of the present invention 
studied hard to solve problems for the ?fth group of the 
present invention. 

[0075] As a result, it has been found that When an eXternal 
load is applied for a long time in a manner so as to compress 
the ?ber aggregation, the ceramic ?bers constituting the 
?ber aggregation tend to slide on one another to cause 
dispersions, resulting in degradation in the face pressure of 
the ?ber aggregation. Therefore, the inventors of the present 
application have attempted to solve the problems of sliding 
and dispersions among the ?bers by applying any means to 
obtain better results, and take portions at Which ?bers are 
adjacent to each other With overlapped parts into consider 
ation. Thus, they have further studied energetically to 
improve such portions, and ?nally have reached the folloW 
ing ?fth group of the present invention. 

[0076] The invention of claim 37 according to the ?fth 
group of the present invention summariZes a holding seal 
material Which has ceramic ?bers aggregated into a mat 
shape as a constituent element, and is placed in a gap 
betWeen a ceramic body capable of alloWing a ?uid to How 
through the inside thereof and a metal shell covering the 
outer circumference of the ceramic body, Wherein the 
ceramic ?bers are partially bonded to each other by a 
ceramic adhesive. 

[0077] The invention of claim 38 according to the ?fth 
group of the present invention summariZes the invention of 
claim 37, Wherein the above-mentioned ceramic comprises 
a substance Which constitutes the above-mentioned ceramic 
?ber. 

[0078] The invention of claim 39 according to the ?fth 
group of the present invention summariZes to the invention 
of claim 37, Wherein the above-mentioned ceramic ?bers are 
alumina-silica based ?bers, and the above-mentioned 
ceramic adhesive has alumina as a main component. 




















































































