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ABSTRACT

When a molded fabric body (X) 1s impregnated with a powder (K) of a
predetermined material, there are performed a first step of dispersing the powder (K) in a
liquid to prepare a slurry, and a second step of burying the molded fabric body (X) made
of fiber bundles in the slurry and vibrating the slurry by use of a predetermined vibrator
(M). Furthermore, in the second step, the vibrator (M) is moved along a surface of the
molded fabric body (X). As a result, it 1s possible to improve the rate of impregnation of

the powder (K)) more than that in the conventional cases, irrespective of the shape of the

molded fabric body (X).
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DESCRIPTION

Title of Invention
POWDER MATERIAL IMPREGNATION METHOD AND METHOD FOR
PRODUCING FIBER-REINFORCED COMPOSITE MATERIAL

Technical Field

10001]

The present invention relates to a powder material impregnation method and a

method for producing a fiber-reinforced composite material.

Background Art

[0002]

Patent Document 1 listed below describes the following procedure as one step mn
the method for producing a ceramic matrix composite. A fabric is buried in a mixture
made of a carbon powder, a silicon powder, and medium, and the fabric buried in the
mixture is contained in a container. Then, the mixture is vibrated from outside by an
ultrasonic vibration exciter, to thereby impregnate the spaces of the fabric with the carbon

powder and the stlicon powder.

Patent Document 2 listed below discloses a method for producing a ceramic

matrix composite member. In the method, a carbon powder and a silicon powder both 1n
a solid phase are mixed and dispersed. A solvent and a dispersant are added thereto into
slurry. A fiber fabric made of SiC fibers is immersed m the slurry to impregnate the

internal portion of the fiber fabric with the carbon powder and the silicon powder. The

fiber fabric is then burnt, to thereby produce a ceramic matrix composite member.

Citation List
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Patent Document

[0003]

Patent Document 1: Japanese Unexamined Patent Application, First Publication

No. 2008-081379

Patent Document 2: Japanese Unexamined Patent Application, First Publication

No. 2001-335378

Summary of Invention

Technical Problem

[0004]

However, the atorementioned conventional techniques are not sufficient in the
rate of impregnation of the powders between the fibers of the fabric. In addition, Patent
Document 1 addresses the low rate of impregnation of Patent Document 2, and adopts a
means of vibrating the mixture, in which the fabric is immersed, by use of the ultrasonic
vibration exciter to further improve the rate of impregnation. However, while a sufficient
rate of impregnation 1s obtained in the case of a fabric formed in a flat plate, a sufficient
rate of impregnation is not obtamed in the case of a fabric with a comparatively large
shape and a fabric formed in a cubic, complicated shape.

(0005]

The present invention has been achieved in view of the aforementioned
circumstances, and has an object to improve the rate of impregnation irrespective of the

shape of the tabric more than that in the conventional cases.

Solution to Problem
[0006]

To achieve the above object, as a first solution according to a powder material
impregnation method, the present invention includes: a first step of dispersing a powder of
a predetermined material in a liquid to prepare a slurry; and a second step of burying a

molded fabric body made of fiber bundles in the slurry and vibrating the slurry by use of a
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predetermined vibrator, in which, in the second step, the vibrator 1s moved along a surtface

of the molded fabric body.
10007}

As a second solution according to the powder material impregnation method, the
present invention includes: a first step of dispersing a powder of a predetermined material
in a liquid to prepare a slurry; and a second step of burying a molded fabric body made of
fiber bundles in the slurry and vibrating the slurry by use of a predetermined vibrator, in
which, in the second step, the slurry and the molded fabric body are contained 1n a

container fitted to an outer shape of the molded fabric body, and the vibrator 1s arranged

on a surface of the container to vibrate the slurry.
[0008]

As a third solution according to the powder material impregnation method, the
present invention includes: a first step of dispersing a powder of a predetermined material
in a liquid to prepare a slurry; and a second step of burying a molded fabric body made ot
fiber bundles in the slurry and vibrating the slurry by use of a predetermined vibrator, in

which, in the second step, a vibration transmission member for transmitting a vibration
oenerated by the vibrator 1s arranged around the molded fabric body.
[0009]

As a fourth solution according to the powder material impregnation method, 1n
the aforementioned third solution, the vibration transmission member includes a plurahty
of solid or hollow metal materials that stand around the molded fabric body.

[0010}

As a fifth solution according to the powder material impregnation method, in any
one of the aforementioned first to third solutions, the predetermined material includes
carbon (C) and silicon (Si), and the fiber bundle is made of a silicon carbide (Si1C).
|0011]

As a first solution according to a method for producing a tiber-reinforced
composite material, the present invention includes: a molded body producing step of

producing a predetermined-shaped molded fabric body from a fabric fragment that 1s
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woven from fiber bundles; a first impregnation step of impregnating the molded fabric
body with a predetermined material by subjecting the molded fabric body to a vapor phase
treatment; a second impregnation step of impregnating the molded fabric body with a
predetermined material by the powder material impregnation method according to any one
of the first to tourth solutions; and a reaction burning step of subjecting the molded fabric
body obtained through the second impregnation step to a reaction burning treatment.
[0012]

As a second solution according to the method for producing a fiber-reinforced
composite material, the first solution further includes: a closely-packing step ot
impregnating the burned body with a material of a same type as the powder by a PIP

(Polymer Impregnation and Pyrolysis) method, to thereby make the burned body more

closely-packed.

Advantageous Eftects of Invention
[0013]

The powder material impregnation method according to the present invention
includes: a first step ot dispersing the powder 1n a liquid to prepare a slurry; and a second
step of burying a molded fabric body made of fiber bundles 1n the slurry and vibrating the
slurry by use of a predetermined vibrator. In the second step, the vibrator 1s moved along
a surface of the molded fabric body. Therefore, 1t 1s possible to improve the rate of
impregnation ot the powder into the molded tabric body more than that in the

conventional cases, irrespective of the shape of the molded fabric body, namely, even it

the molded fabric body does not have a planar shape but has a cubic shape.
Furthermore, according to the method for producing a fiber-reinforced composite

material based on this powder material impregnation method, it 1s possible to produce a
high-performance fiber-reinforced composite material in which a component derived from

the powder 1s highly closely attached to the spaces in the molded tabric body.

Briet Description of Drawings
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(0014]

FIG. 1 1s a step diagram showing a method for producing a ceramic matrix
composite (fiber-reinforced composite material) according to an embodiment of the
present invention.

FIG. 2A1s a front view of an impregnation container containing a molded fabric
body, showing a powder material impregnation method according to an embodiment of the
present invention.

F1G. 2B 1s a top view of the impregnation container containing the molded fabric
body, showing the powder material impregnation method according to the embodiment of
the present invention.

F1G. 3A 1s a front view of an impregnation container containing the molded fabric
body, showing a powder material impregnation method according to an embodiment of the
present invention.

FIG. 3B 1s a top view of the impregnation container containing the molded fabric
body, showing the powder material impregnation method according to the embodiment of
the present mvention.

FIG. 4 1s a front view of an impregnation container containing the molded tabric
body, showing a powder material impregnation method according to an embodiment of the
present invention.

FIG. SA1s a top view of an impregnation container containing the molded tabric
body, showing a powder material impregnation method according to an embodiment of the
present invention.

FIG. 5B 1s a top view of an impregnation container containing the molded fabric
body, showing a powder material impregnation method according to an embodiment of the
present invention.

FIG. 5C 1s a top view of an impregnation container containing the molded fabric
body, showing a powder material impregnation method according to an embodiment of the
present invention.

FIG. 6 1s a diagram showing a difference in shape between the impregnation
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container according to an example of the present invention and a conventional
impregnation container.
FIG. 7 1s a graph showing an effect which the difference in shape of the

impregnation container shown in FIG. 6 has on the rate of impregnation into a molded

fabric body.

Description of Embodiments

[0015]

Hereunder 1s a description of an embodiment of the present invention with
reference to the drawings.

A method for producing a ceramic matrix composite (CMC) according to the
present embodiment includes: a molded fabric body producing step: a C-CVD step; a CVI
matrixing step; an SPI matrixing step; a PIP matrixing step; a machining step; and a
surface coating step, as shown in FIG. 1.

10016]

The steps will be described below one by one.  The SPI matrixing step includes
a powder material impregnation method according to the present embodiment, which 1s
the most characteristic producing step in the method for producing a ceramic matrix
composite (fiber-reinforced composite material). Furthermore, the ceramic matrix
composite produced in the present producing method is used as heat-resistant parts such as
stator vanes and shrouds used for aircraft gas turbines (engines), and as CMC chambers,

combustion gas pipes, valves, and so on that are used 1n rocket engines.

[0017]
[Molded fabric body producing step]

In the molded fabric body producing step, fiber bundles each made of
approximately hundreds of stlicon carbide (S1C) fibers with a diameter of approximately
10 um are woven lengthwise and crosswise to form a fabric fragment. Several tabric
fragments are then combined to produce a molded fabric body X with a 3-dimensional

shape (cubic shape). Note that the molded fabric body X may not be a combnation of
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several fabric fragments but may be produced from a single fabric.  For example, in the
case of a molded fabric body X with an "H shape" in its front view and cross-sectional
view as shown m FIG. 2A to FIG. 5C, two portions that face in parallel with each other are
made of two fabric fragments with the same shape, and the two fabric fragments are

couple to each other at their central portions with another fabric fragment.

[0018]
|C-CVD step]

The C-CVD step is a treatment step of coating carbon (C) on a surface of the
molded fabric body X based on the CVD (Chemical Vapor Deposition) method. Namely,
in the C-CVD step, the molded fabric body X is contained in a chamber 1.  Then, a CH,
gas (methane gas) is supplied ito the chamber 1, and at the same time, the chamber 1 is
heated, to thereby form an interface layer made of carbon (C) on the surface of each
silicon carbide fiber in the molded fabric body X.  With this C-CVD step, it is possible to
weaken the adhesiveness of the matrix to the surface of the silicon carbide fiber. As a
result, even 1f the matrix 1s cracked, it 1s possible to prevent the fabric from being cracked.

As a means of similarly weakening the adhesiveness of the matrix, not carbon (C)

but a boron mtride (BN) may be coated on the surfaces of the silicon carbide fibers by the

CVD method.
10019]

|C VI matrixing step]

T'he CVI matrixing step is a treatment step based on the CVI (Chemical Vapor
Infiltration) method. In the CVI matrixing step, a molded fabric body X1 obtained
through the C-CVD step is contained in the chamber 2.  In addition, a SiClsCHj3 gas is
supplied into the chamber 2, and the chamber 2 is heated, to thereby attach a silicon
carbide (51C) on the surfaces of the silicon carbide fibers in the molded fabric body X1.
According to this CVI matrixing step, the silicon carbide (SiC) as a film form is
impregnated into and attached to the spaces between the silicon carbide fibers that

constitute the fiber bundles of the molded fabric body X, X1.

(0020
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This CVI matrixing step 1s a chemical treatment in a vapor phase. Therefore, 1t
1s possible to impregnate and attach silicon carbide (S1C) into and to the spaces between
the stlicon carbide fibers that constitute the fiber bundles of the molded fabric body X, X1,

namely, in and to the spaces smaller than those between the fiber bundles that constitute

the molded fabric body X, X1.
10021}

|SPI matrixing step|

The SPI matrixing step 1s made of an SPI impregnation step as an initial step, and
a reaction burning step as a subsequent step, as shown in FIG. 1.
A: SPI impregnation step

The SPI impregnation step corresponds to the powder material impregnation
method 1n the present embodiment. It 1s a step of liquid-phase treating a molded fabric
body X2 attached with the silicon carbide (S1C), which 1s obtained through the CVI
matrixing step, to thereby impregnate the spaces of the fiber bundles in the molded fabric
body X2 with the powder of carbon (C) and silicon (S1).
[0022]

In the SPI impregnation step, a mixed powder K 1n which a carbon (C) powder
and a silicon (S1) powder are uniformly mixed 1s introduced, together with alcohol L
(hhquid dispersion medium) for a predetermined amount, into a box-shaped impregnation
container 3 to prepare a slurry (first step). Then, as shown in FIG. 2A and FIG: 2B, the
molded fabric body X2 (to which the silicon carbide (S1C) 1s attached) obtained in the CVI
matrixing step 1s buried i the mixed powder K which 1s being immersed in the alcohol L.
In this state, an ultrasonic vibrator M (vibrator) for vibrating the mixed powder K 1s
inserted into the mixed powder K, and 1s then moved along a surtace of the molded tabric
body X2. Note that the impregnation container 3 1s immersed i water that 1s contained

In a water tank 4 as shown in the figures.
[0023]

In the vibration method of Patent Document 1 described as a conventional

technique, vibration i1s produced by use of an ultrasonic vibration exciter provided outside
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the container.  On the other hand, m the vibration method for the mixed powder K in the
SPI impregnation step, the ultrasonic vibrator M 1s inserted into the mixed powder K, and
1S also moved along the surface of the molded fabric body X2. Therefore, according to
this vibration method, the vibration (ultrasonic waves) generated by the ultrasonic vibrator
M efttectively acts on the mixed powder K around the molded fabric body X2. Asa
result, the rate of impregnation of the mixed powder K into the spaces in the molded fabric

body X2 significantly improves more than that of the conventional cases.

(0024]

In FIG. 2A, only a single ultrasonic vibrator M 1s tllustrated. However, a
plurality of ultrasonic vibrators M may be provided in the mixed powder K, and each
ultrasonic vibrator M may be moved along the surface of the molded fabric body X2.
Furthermore, in addition to providing the ultrasonic vibrator M in the mixed powder K,
ultrasontc vibrator(s) M may be provided also around the impregnation container 3 to
vibrate the mixed powder K.

10023]

Furthermore, in FIG. 2A, the single ultrasonic vibrator M 1s moved along the
surface of the molded fabric body X2. In this method, 1t takes time for the ultrasonic
vibrator M to move over the whole surface of the molded tabric body X2. To efficiently
move the ultrasonic vibrator M over the whole surface of the molded tabric body X2, a
method as follows can be conceived. For example, a plurality of ultrasonic vibrators M
are provided at predetermined intervals in a frame body the shape of which 1s analogous to
and slightly larger than a horizontal cross-sectional shape of the molded tabric body X2
(an H shape 1n the illustration shown in FIG 3B and so on). The frame body 1s moved in
the vertical direction, to thereby move the ultrasonic vibrators M along the side surfaces ot
the molded fabric body X2.

10026]

Furthermore, as the vibration method for the mixed powder K, a method as

shown in FIG. 3A and FIG 3B can be conceived. FIG. 3A 1s a front view ot an

impregnation container containing a molded fabric body, and FIG. 3B 1s a top view of the
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impregnation container containing the molded fabric body. Namely, as shown in FIG.
3B, the aforementioned slurry and molded fabric body X2 are contained in an
impregnation container 3A the shape of which is analogous to and slightly larger than a
horizontal cross-sectional shape (H shape) of the molded fabric body X2, and the mixed
powder K 1s vibrated by ultrasonic vibrators M1 provided underneath the impregnation

container 3A.

[0027]

According to this vibration method, it is possible to make the total amount of the
mixed powder K smaller than that by the method shown in FIG. 2A and FIG. 2B. In
addition, the impregnation container 3A is made smaller and lighter than the impregnation
container 3 shown in FIG. 2A and FIG. 2B. Therefore, the mixed powder K is more
likely to be vibrated than in the impregnation container 3 shown in FIG. 2A and FIG. 2B.
Hence, even if the ultrasonic vibrators M are not directly put into the mixed powder K as
by the method shown in FIG. 2A and FIG. 2B, it is possible to effectively vibrate the
mixed powder K.

100238]

Furthermore, as the vibration method for the mixed powder K, methods as shown
in FI1G. 4 and FIG. 5A to FIG. 5C can be conceived. Namely, as shown in FIG. 4 and FIG
SA, vibration transmission members 5 for transmitting the vibration that is generated by
the ultrasonic vibrators M1 provided beneath the impregnation container 3 may be
arranged around the molded fabric body X2 in the impregnation container 3.  As shown
in F1G. 5A, the vibration transmission members 5 are a plate-like, solid metal material (for
example, stainless steel or aluminum) that fill the sides of the molded fabric body X2
without a gap.

10029]

With the provision of these vibration transmission members 3, the vibration
generated by the ultrasonic vibrators M1 provided beneath the impregnation container 3 is
transmitted via the vibration transmission members 5 to the mixed powder K positioned at

the side portions ot the molded fabric body X2. Therefore, according to this vibration
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method, 1t 1s possible to umiformly vibrate the mixed powder K as a whole around the
molded tabric body X2. As aresult, it 1s possible to uniformly impregnate the entire
region of the spaces inside the molded fabric body X2 with the mixed powder K.
[0030]

Instead of the vibration transmisston members 5 as shown in FIG 4 and FIG. 5A,
vibration transmission members 5A or vibration transmission members 5B as shown in
FI1G. 5B or FIG 5C may be used. Namely, the vibration transmission members 5A shown
in FIG. 3B are a square-rod-like, solid metal material, and are arranged around the molded
tabric body X2 in a manner slightly spaced from each other.

(0031]

On the other hand, the vibration transmission members 5B shown 1n FIG 5C are
round-rod-like, hollow metal pipes, and are arranged around the molded fabric body X2 in
a manner slightly spaced from each other.  According to this vibration method, both of
the vibration transmission members SA and the vibration transmission member 5B
ettectively transmit the vibration generated by the ultrasonic vibrators M1. Therefore, it

1S possible to uniformly impregnate the entire region of the spaces inside the molded
tabric body X2 with the mixed powder K.
[0032]

B: reaction buming step

In the reaction burning step, a molded tabric body X3 obtained through the SPI
matrixing step is dried, and is then contained in a burning furnace. Subsequently, the
molded fabric body X3 1s heated to, for example, a temperature (approximately 1420°C)
slightly above a melting point of sitlicon (S1) (1414°C), to thereby cause the reaction of the
carbon (C) and silicon (St1) attached to the spaces inside the molded fabric body X to occur
to form a silicon carbide (SiC). According to this reaction burning step, it 1s possible to
form a closelv-packed silicon carbide (S1C) in the spaces mside the molded tabric body X
because the carbon (C) and the silicon (S1) have been umiformiy and closely dispersed in
and attached to the spaces inside the molded fabric body X in the SPI matrixing step.

Furthermore, in the present embodiment, the silicon carbide (51C) 1s attached to
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the spaces inside the molded fabric body X through the C-CVD step, the CVI matrixing
step, and the SPI matrixing step. Theretore, it is possible to uniformly disperse and

closely attach the silicon carbide (SiC) in and to the spaces inside the molded fabric body

X.
[0033]

| PIP matrixing step]

The PIP matrixing step is a closely-packing step based on the PIP (Polymer
Impregnation and Pyrolysis) method. In the method, a treatment of immersing a burned
body X4 obtained through the reaction burning step in a polycarbosilane solution and a
heat treatment of the burned body X4 after the immersion are repeated one or more cycles,
to thereby further closely impregnate/form a silicon carbide (material), which is identical
to (the same in type as) the silicon carbide formed on the surface of the molded fabric
body X 1n the reaction burning step, into/in the spaces inside the burned body X4.

10034]
|Machining step]

The machining step 1s a step of subjecting a ceramic matrix composite X5
obtained through the PIP matrixing step to machining such as polishing. Through this
machining step, an outer shape as a final part is completed.

[0035]
| Surface coating step]

The surtace coating step 1s a step of depositing a coating tfor enhancing the
mechanical characteristics onto a ceramic matrix composite X6 obtained through the
machining step. This surface coating step i1s performed when the mechanical

characteristics of the ceramic matrix composite X6 fall short of the performance

specifications of the final product.

[0036]

The present invention 1s not limited to the above embodiment, and moditications

as follows can be conceived.

(1) While production of a ceramic matrix composite has been described in the above
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embodiment, the present invention is not limited to this. Namely, the material of the
fibers constituting the molded fabric body and the material of the powder that is
impregnated into the spaces inside the molded fabric body are not limited to a silicon
carbide (S1C).

[0037]

Matenals for fibers are grouped into non-oxide inorganic materials, oxide
inorganic materials, and carbon (C). As non-oxide inorganic materials other than the
atorementioned silicon carbide (S1C), a silicon nitride (S13N4) and the like can be
conceived.  As oxide inorganic materials, alumina (Al;Os), mullite (3A1,03-2S10,),
zirconia (Zr0O»), stlica (S10,), glass, and the like can be conceived. Furthermore, fibers
made of a material in which these materials are mixed may be used.

[0038]

On the other hand, materials of the powder are grouped into non-oxide morganic
materials, oxide morganic materials, metal compounds, metals, and carbon (C).  As
non-oxide inorganic materials other than the atorementioned silicon carbide (S1C), a
mixed powder of silicon (S1) and carbon; a silicon nitride (Si13Ny); a zirconium carbide
(Z1C); a z7ircomium nitride (ZrN); an aluminum nitride (AIN); a titanium carbide (T1C); a

boron nitride (BN); a boron carbide (B4C); or other various carbides and nitrides can be

concerved.
0039}

As oxide mnorganic materials, various ytterbium compounds (Yb,Os, YbyS10:s.
Yb,S1,07); a mixed powder of ytterbium oxide (Yb,O3) and silicon oxide (510;); various
yttrium compounds (Y03, Y:S10s, Y;S1:07); a mixed powder of a yttrium oxide (Y,0s3)
and a silicon oxide (S10,); an aluminum oxide (Al.O3); mullite (3A1,03-25103); a
zirconium oxide (ZrO,); a hatnium oxide (HfO,); glass; or the like can be conceived.
10040]

As metal compounds, a molybdenum disilicide (MoSt1;); a mixed powder ot
molybdenum (Mo) and silicon (S1); a ntobtum silicide (NbS1;); a mixed powder of

niobium (Nb) and silicon (S1); or the like can be conceived.  As metals, molybdenum
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(Mo), niobium (Nb), tungsten (W), or the like, which is known to have a high melting
point, can be conceived. Note that a mixed powder of the non-oxide inorganic material,
oxide inorganic material, metal compound, metal, and carbon (C) as illustrate above may
be used as a material for the matrix.
10041]
(2) In the above embodiment, the alcohol L is used as a liquid dispersion medium for
preparing the slurry of the mixed powder K. However, the present invention is not
limited to this.  So long as it 1s a liquid that effectively disperses the mixed powder K, a
liquid other than the alcohol L may be used.
10042 ]
(3) In the above embodiment, the impregnation container 3, 3A 1s provided in the water
tank 4, to thereby put the surrounding of the impregnation container 3, 3A in a water
(liqmd) atmosphere. However, the present invention is not limited to this. With the
surrounding of the impregnation container 3, 3A being put in a liquid atmosphere, the
vibration generated by the ultrasonic vibrators M1 is effectively transmitted and is then
caused to act on the side surfaces of the impregnation container 3, 3A, to thereby make it
possible to effectively vibrate the mixed powder K positioned at the sides of the molded
fabric body X2. However, as required, the impregnation container 3, 3A may be put in a
gas atmosphere such as in air.  In this case, 1t i1s preferable that ultrasonic vibrators M1 be
provided also at the sides of the impregnation container 3, 3A to thereby vibrate the mixed
powder K positioned at the sides of the molded tabric body X2.
Example
(0043]

An example 1s shown below to describe an advantageous effect of the present
invention.

As shown 1n FIG. 6, two types of impregnation container, namely, impregnation
containers 31, 32 are prepared. The aforementioned slurry made of the mixed powder
and alcohol, and the aforementioned molded fabric body X2 are contained in each of the

impregnation containers 31, 32.  Then, each of the impregnation containers 31, 32 1s
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immersed in water contained in the water tank 4. The mixed powder 1n each of the
impregnation containers 31, 32 is vibrated by an ultrasonic vibrator provided beneath the

water tank 4.

Here, the impregnation container 31 1s a comparative example for describing the
advantageous ettect of the present invention, and 1s a cube shaped container which is
capable of containing the molded fabric body X2. On the other hand, the impregnation
container 32 1s an example of the present invention, and has a shape analogous to and
slightly larger than the outer shape of the molded fabric body X2.

10044]

The relationship between the rate of impregnation of the mixed powder and the
distance from the vibration surface has been researched in the molded fabric body X2
contained in each of the impregnation containers 31, 32, and the results as shown in FIG. 7
ar¢ obtained.

As 1s clear from FIG. 7, the rate of impregnation by use of the impregnation
container 32 of the present invention s higher than that by use of the impregnation
container 31 of the comparative example. In addition, 1n the case where the
impregnation container 32 of the present invention is used, a high rate of impregnation 1s
maintained even though the distance from the vibration surface is long. On the other
hand, in the case where the impregnation container 31 of the comparative example 1s used.,
the rate of impregnation decreases as the distance from the vibration surtace is longer.

Namely, it is found that, by use of the impregnation container 32 ot the present
invention, the mixed powder is effectively vibrated, to thereby obtain a high rate of

impregnation.

Industrial Applicability
(0045]

According to the present invention, when the molded tabric body 1s impregnated
with a powder of a predetermined material, 1t 1s possible to improve the rate of

impregnation of the powder more than that in the conventional cases, irrespectively of the
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shape of the fabric.

Reference Signs List

10046]
X, X1 to X3: molded fabric body
X4: burned body
X5, X6: ceramic matrix composite (fiber-reinforced composite material)
K: mixed powder
L: alcohol (liquid dispersion medium)
M, M1 ultrasonic vibrator (vibrator)
1, 2: chamber
3. 3A: impregnation container
4: water tank

5. 5A, 5B: vibration transmission member
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A powder material impregnation method comprising:

a first step of dispersing a powder of a predetermined material in a liquid to

prepare a slurry; and
a second step of burying a molded fabric body made of fiber bundies in the
slurry and vibrating the slurry by use of a predetermined vibrator,

wherein, in the second step, the vibrator is inserted into the slurry of the

powder and is moved along a whole surface of the molded fabric body.

2. The powder material impregnation method according to claim 1, wherein:
the predetermined material comprises carbon (C) and silicon (St); and

the fiber bundie 1s made of a silicon carbide (S1C).

3. A method for producing a fiber-reinforced composite material, comprising:
a molded body producing step of producing a predetermined-shaped molded
fabric body from a fabric fragment that 1s woven from fiber bundles;
a first impregnation step of impregnating the molded fabric body with a
predetermined material by subjecting the molded fabric body to a vapor phase
treatment;

a second 1impregnation step of impregnating the molded fabric body with a

predetermined material by a powder material impregnation method as defined in

claim 1; and
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a reaction burning step of subjecting the molded fabric body obtained

through the second impregnation step to a reaction burning treatment.

4. The method for producing a fiber-reinforced composite material according to

claim 3, further comprising:
a closely-packing step of impregnating the burned body with a material of a

same type as the powder by a Polymer Impregnation and Pyrolysis (PIP) method, to

thereby make the burned body closely-packed.
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FIG. 5A
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