Innovation, Sciences et Innovation, Science and CA 2904986 C 2020/07/14

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 904 986
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépot PCT/PCT Filing Date: 2013/06/12 (51) Cl.Int./Int.Cl. C04B 35/626 (2006.01),
L L . B32B 18/00 (2006.01), C04B 35/632 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2014/09/18 CO4B 35/634 (2006.01), CO4B 35/638 (2006.01),
(45) Date de délivrance/lssue Date: 2020/07/14 C04B 35/80 (2006.01)
(85) Entrée phase nationale/National Entry: 2015/09/10 (72) Inventeur/Inventor:
(86) N° demande PCT/PCT Application No.: US 2013/045389 MATSUMOTO, ROGER LEE KEN, US
(87) N° publication PCT/PCT Publication No.: 2014/143117 (73) Propriétaire/Owner:

GENERAL ELECTRIC COMPANY, US

(30) Priorité/Priority: 2013/03/15 (US61/788,751)
(74) Agent: CRAIG WILSON AND COMPANY

(54) Titre : BOUILLIES POUR DES MATIERES COMPOSITES
(54) Title: SLURRIES FOR COMPOSITE MATERIALS

\\x R A Y A A N S I AN
L S o R, 3 N NI o S oSS S IR D o
e Tt e T T T S T St N T e 12
NG SCOSCIT M0 oo S SO N S
A I Y o I i M KK AR K K MM
SN ey B i O, I o i, el

rs

.

e g
o

< I X i 2 N s CE R W a TR S
-~ et e R SN
L L SIS e b L O e IS e ) v A
DS s I S R 12
B N I N S S S S SIS
re e res.  neeevee e 'I!c"ﬁo.c.-”_p’\ Creseees

(57) Abrégé/Abstract:

Slurry and tape compositions include particles of a precursor that converts to a ceramic material when heated to a firing
temperature, at least one binder that is capable of adhering the particles of the ceramic precursor together to form a pliable prepreg
tape, at least one liquid plasticizer, and at least one solvent in which the binder is dissolved. The solvent may be sufficiently volatile
to evaporate from the slurry composition during formation of the tape, yet the tape may also be pliable as a result of the slurry
composition containing a sufficient amount of the liquid plasticizer.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l
50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca al l a a



20147143117 AT I 000 0 00O 000

W

CA 02904986 2015-

09-10

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

—~
é

\\

(43) International Publication Date
18 September 2014 (18.09.2014)

(10) International Publication Number

WO 2014/143117 Al

WIPOIPCT

(51) International Patent Classification:
C04B 35/626 (2006.01) C04B 35/634 (2006.01)
B32B 18/00 (2006.01) C04B 35/638 (2006.01)
C04B 35/632 (2006.01) C04B 35/80 (2006.01)

(21) International Application Number:

PCT/US2013/045389

(22) International Filing Date:

12 June 2013 (12.06.2013)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:

61/788,751 15 March 2013 (15.03.2013) Us

Applicant: GENERAL ELECTRIC COMPANY
[US/US]; 1 River Road, Schenectady, NY 12345 (US).

Inventor: MATSUMOTO, Roger, Lee Ken; 400 Bel-
levue Road, Newark, DE 19713-3432 (US).

Agents: SHANKAM, Vivek, P. et al.; General Electric
Company, Global Patent Operation, 2 Corporate Drive,
Suite 648, Shelton, CT 06484 (US).

1

(72

74

(81) Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: SLURRIES FOR COMPOSITE MATERIALS

16

LGN
..l.
Il...-.
aatatu s te ST
K M)

."Ilﬂ. )

Q‘I‘C

l &« 8 ERCC R R b ) .
Q & ‘.0!000“\ B I -
e e R e R P
.0!'!"" i...l‘.‘i 6"l9’Oﬁp.‘ﬂl.\'O&G‘I'U.C.Q.O.Q,
l - ~ »_8

(S
LARIOCE 8

|12

PO SR
e e :':':':':%‘- TS
.‘l*'."’.“'.i..‘. . £ N R 3 ) ’...I"..“'* 12
.-Q.‘iﬂ.'.....“Q.ﬂ N "Q.Q.‘ ‘.‘ ..‘ ‘ > .“.ﬂ.' .QQ..‘-' LA ......."...-.‘-..'
BN S e ) e “'-'."- - ‘...Q‘.Q EHED LRS-
AR MR A v ettt A

(57) Abstract: Slurry and tape compositions include particles of a precursor that converts to a ceramic material when heated to a fir-
ing temperature, at least one binder that is capable of adhering the particles of the ceramic precursor together to form a pliable
prepreg tape, at least one liquid plasticizer, and at least one solvent in which the binder is dissolved. The solvent may be sufficiently
O volatile to evaporate from the slurry composition during formation of the tape, yet the tape may also be pliable as a result of the
slurry composition containing a sufficient amount of the liquid plasticizer.
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SLURRIES FOR COMPOSITE MATERIALS

BACKGROUND OF THE INVENTION

[0001] The invention generally relates to composite articles and processes
for their production. More particularly, this invention is directed to slurry and tape
compositions that are suitable for use in the production of ceramic matrix composite

(CMC) articles and are safer to produce, use and transport.

[0002] Higher operating temperatures for gas turbines are continuously
sought in order to increase their efficiency. Though significant advances in high
temperature capabilities have been achieved through formulation of iron, nickel and
cobalt-base superalloys, alternative materials have been investigated. CMC materials
are a notable example because their high temperature capabilities can significantly
reduce cooling air requirements. CMC materials generally comprise a ceramic fiber
reinforcement material embedded in a ceramic matrix material. The reinforcement
material may be discontinuous short fibers dispersed in the matrix material or
continuous fibers or fiber bundles oriented within the matrix material, and serves as
the load-bearing constituent of the CMC in the event of a matrix crack. In turn, the
ceramic matrix protects the reinforcement material, maintains the orientation of its
fibers, and serves to dissipate loads to the reinforcement material. Silicon-based
composites, such as silicon carbide (SiC) as the matrix and/or reinforcement material,
are of particular interest to high-temperature applications, for example, high-
temperature components of gas turbines including aircraft gas turbine engines and

land-based gas turbine engines used in the power-generating industry.

[0003] Examples of CMC materials and particularly SiC/Si-SiC
(fiber/matrix) continuous fiber-reinforced ceramic composites (CFCC) materials and
processes are disclosed in U.S. Patent Nos. 5,015,540, 5,330,854, 5,336,350,
5,628,938, 6,024,898, 6,258,737, 6,403,158, and 6,503,441, and U.S. Patent
Application Publication No. 2004/0067316. Such processes generally entail the
fabrication of CMCs using multiple prepreg layers, each in the form of a “tape”
comprising the desired ceramic fiber reinforcement material, one or more precursors

of the CMC matrix material, and organic resin binders. According to conventional

-1-
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practice, prepreg tapes can be formed by impregnating the reinforcement material
with a slurry that contains the ceramic precursor(s) and binders. The selection of the
precursor will depend on the particular composition desired for the ceramic matrix of
the CMC component. For example, SiC powder and/or one or more carbon-
containing materials if the desired matrix material is SiC. Notable carbon-containing
materials include carbon black, phenolic resins, and furanic resins, including furfuryl
alcohol (C4H3:0CH,;0H). Other typical slurry ingredients include organic binders (for
example, polyvinyl butyral (PVB)) that promote the pliability of prepreg tapes, and
solvents for the binders (for example, toluene and/or methyl isobutyl ketone (MIBK))
that promote the fluidity of the slurry to enable impregnation of the fiber
reinforcement material. The slurry may further contain one or more particulate fillers
intended to be present in the ceramic matrix of the CMC component, for example,

silicon and/or SiC powders in the case of a Si-SiC matrix.

[0004] After allowing the slurry to partially dry and, if appropriate, partially
curing the binders (B-staging), the resulting prepreg tape is laid-up with other tapes,
and then debulked and, if appropriate, cured while subjected to elevated pressures and
temperatures to produce a preform. The preform is then heated (fired) in a vacuum or
inert atmosphere to decompose the binders, remove the solvents, and convert the
precursor to the desired ceramic matrix material. Due to decomposition of the
binders, the result is a porous CMC body that may undergo melt infiltration (MI) to
fill the porosity and yield the CMC component. Specific processing techniques and
parameters for the above process will depend on the particular composition of the

materials.

[0005] An example of a CFCC material is schematically depicted in FIG. 1
as comprising multiple laminae 12, each derived from an individual prepreg tape that
comprised unidirectionally-aligned reinforcement material 14 impregnated with a
ceramic matrix precursor. As a result, each lamina 12 contains the reinforcement
material 14 encased in a ceramic matrix 18 formed, wholly or in part, by conversion

of the ceramic matrix precursor during firing and melt infiltration.
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[0006] While processes and materials of the type described above have been
successfully used to produce CMC components for gas turbines and other
applications, slurries and prepreg tapes used in these processes contain significant
amounts of solvents that pose environmental, health and safety issues. In particular,
conventional slurries often require solvents in amounts of about 50 weight percent or
more in order to yield tapes that are workable as a result of containing a sufficient
amount of solvent, for example, about 10 to about 20 weight percent solvent. Typical
solvents, including toluene and MIBK, are toxic, necessitating the processing and
handling of the slurries and tapes in controlled ventilated arcas. These solvents are
also flammable, with the result that the tapes must be treated as hazardous freight
when shipped. In addition, burn-off of the solvents during firing of the preform
results in dimensional changes that interfere with the ability to produce CMC
components of consistent dimensions. Though these disadvantages might be
addressed by reducing the amount of solvent used, the result is excessively rigid tapes

that may be unusable for producing composite components.
BRIEF DESCRIPTION OF THE INVENTION

[0007] The present invention provides compositions and processes for
producing composite articles, and particularly to slurry and prepreg tape compositions
that are safer to process, handle and transport, and also are capable of achieving

greater dimensional consistency during processing to produce composite articles.

[0008] According to a first aspect of the invention, a slurry composition is
provided that contains a powder comprising particles of at least one precursor, at least
one binder capable of adhering the particles of the precursor together to form a tape,
at least one liquid plasticizer, and a solvent in which the binder is dissolved. The
solvent is sufficiently volatile to evaporate from the slurry composition during
forming of the tape so that the tape contains less than ten weight percent of the
solvent, yet the tape is also pliable as a result of the slurry composition containing a

sufficient amount of the liquid plasticizer.
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[0009] A second aspect of the invention is a nonflammable tape that
comprises a fiber reinforcement material and a matrix material, the latter comprising a
powder of precursor particles, one or more binders, one or more liquid plasticizers,
and less than ten weight percent of one or more solvents. The tape is pliable as a

result of containing a sufficient amount of the liquid plasticizer.

[0010] Another aspect of the invention is a process of using a slurry
composition to produce a nonflammable tape. The process includes forming the
slurry composition to contain a powder comprising particles of at least one precursor,
at least one binder, at least one liquid plasticizer, and a solvent in which the binder is
dissolved. A fiber reinforcement material is impregnated with the slurry composition
to produce a slurry-impregnated reinforcement material, and a portion of the solvent
is then evaporated from the slurry-impregnated reinforcement material to form the
tape in which the particles of the precursor are adhered together by a matrix material
formed by the binder. A sufficient amount of the solvent evaporates during forming
of the tape to result in the tape being nonflammable and containing less than ten
weight percent of the solvent, yet the tape is also pliable as a result of the slurry

composition containing a sufficient amount of the liquid plasticizer.

[0011] The tape may then be further used to form a preform, which is then
heated to decompose the binder and the liquid plasticizer, convert the precursor to a
ceramic material and thereby form a ceramic matrix for the ceramic fiber

reinforcement material.

[0012] A technical effect of the invention is that the slurry composition and
prepreg tapes produced therefrom contain a limited amount of solvent, and yet the
tapes are sufficiently pliable for use in lay-up processes used to produce composite
materials. Suitable solvents are also less toxic than solvents typically used in the
production of prepreg tapes for CMC articles, which allows the slurry and tapes to be
processed and handled without requiring ventilation and allows the tapes to be
shipped as non-regulated freight. Another technical effect is that, due to the limited
amount of solvent in the tapes, a composite component produced from a preform

formed with the tapes will undergo significantly less shrinkage, reducing dimensional

_4.-
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changes that would otherwise interfere with the ability to produce composite
components of consistent dimensions. The slurry composition and pliable prepreg
tapes produced therefrom can be used to produce a wide variety of composite

components, including but not limited to hot gas path components of gas turbines.

[0013] Other aspects and advantages of this invention will be better

appreciated from the following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 schematically represents a fragmentary cross-sectional view

of a CMC article.

[0015] FIG. 2 schematically represents a fragmentary cross-sectional view

of a prepreg tape of a type capable of being used to form the CMC article of FIG. 1.
DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention will be described in terms of processes for
producing CMC articles, including CFCC articles. CMC materials of particular
interest to the invention are those containing silicon, such as CMC’s containing
silicon carbide as the reinforcement and/or matrix material, a particular example of
which is continuous silicon carbide fibers in a matrix of silicon carbide. However,
other composite materials are also within the scope of the invention, including
ceramics such as silicon nitride and silicides (intermetallics) such as niobium silicide
and molybdenum silicide. While various applications are foreseeable, particular
applications for CMC articles of the type that can be produced with the invention
include components of gas turbine engines, such as combustor liners, blades, vanes,

shrouds and other components located within the hot gas path of a gas turbine.

[0017] The following discussion will make reference to FIGS. 1 and 2. FIG.
1 was previously noted as representative of a CFCC component 10, though other
types of CMC materials are also within the scope of the invention. As a CFCC
material, the component 10 may offer light weight, high strength, and high stiffness
for a variety of high temperature load-bearing applications. The CFCC component 10

-5-
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is represented as comprising multiple laminae 12, each derived from an individual
prepreg tape. Each lamina 12 contains a ceramic fiber reinforcement material 14
encased in a ceramic matrix 18 formed, wholly or in part, by conversion of a ceramic

matrix precursor.

[0018] As portrayed in FIGS. 1 and 2, the reinforcement material 14 may be
in the form of unidirectional arrays of tows, ecach containing continuous fibers
(filaments) 16. As an alternative to unidirectional arrays of tows, the reinforcement
material 14 may include fibers 16 arranged to form unidirectional arrays of fibers. In
addition, the reinforcement material 14 may include tows that are woven to form a
two-dimensional fabric or a woven three-dimensional fabric formed by braiding, for

example.

[0019] Suitable fiber materials may depend on the particular application.
Notable but nonlimiting examples of CFCC materials have been developed by the
General Electric Company under the name HiPerComp®, and contain continuous
silicon carbide fibers in a matrix of silicon carbide and elemental silicon or a silicon
alloy. Suitable fiber diameters, tow diameters and center-to-center tow spacings will
depend on the particular application, the thicknesses of the particular lamina 12 and
the tape 20 from which it was formed, and other factors, and therefore are not

represented to scale in FIGS. 1 or 2.

[0020] FIG. 2 schematically represents a prepreg tape 20 of a type from
which each lamina 12 of FIG. 1 can be formed. As such, the tape 20 is represented as
containing reinforcement material 14 in the form of tows of ceramic fibers 16, which
will serve as the reinforcement phase for the component 10. The reinforcement
material 14 is represented in FIG. 2 as being encased within a solid matrix material 22
formed by, among other things, one or more organic binders and one or more ceramic
precursors that will form the ceramic matrix 18 of the component 10. The matrix
material 22 is formed by applying a slurry composition to the reinforcement material
14, and then partially drying the slurry composition to permit handling of the tape 20.

Various techniques can be used to apply the slurry composition to the reinforcement
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material 14, for example, by applying the slurry composition directly to a continuous

strand of tow as the tow is wound onto a drum.

[0021] Following the winding operation, the slurry composition can be
allowed to partially dry, after which the resulting prepreg tape 20 can be removed
from the drum, laid-up with other tapes, and then debulked at elevated pressures and
temperatures to form a preform. The preform can then be heated in vacuum or in an
inert atmosphere to decompose the binders and convert the ceramic matrix precursor
into the ceramic material of the matrix 18 of the CMC component 10. The component
10 may further undergo melt infiltration to fill porosity created within the matrix 18 as
a result of decomposition of the binder during firing. As a particular example, in the
production of SiC/Si-SiC CMC materials, the binder can be chosen to form a carbon
char as a result of the firing process, which can then be reacted with molten silicon or
a molten silicon alloy during melt infiltration to form additional SiC matrix material.
Specific processing techniques and parameters for the above process will depend on
the particular composition of the materials and are otherwise within the capabilities of

those skilled in the art, and therefore will not be discussed in any detail here.

[0022] Suitable ceramic precursors for the slurry composition will depend
on the composition desired for the ceramic matrix 18 of the component 10. For the
above-noted Si-SiC matrix materials used in gas turbine applications, suitable
precursors include SiC, carbon, and/or one or more other carbon-containing

particulate materials.

[0023] Various other constituents may be included in the slurry composition
according to the invention. For example, the slurry composition may further contain a
filler material, such as silicon carbide particles or other ceramic particulate materials
that are not converted or otherwise reacted during the firing process. The ceramic
precursor and any additional particulate material(s) constitute the solid constituents of
the slurry composition, and may account for about 30 to about 60 weight percent of
the slurry composition, or about 35 to about 50 weight percent of the slurry

composition.
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[0024] The balance of the slurry composition may include liquid
constituents such as at least one organic binder, at least one solvent in which the

binder is dissolved, and at least one plasticizer.

[0025] Suitable binders for use in the slurry composition of the invention
may include, but are not limited to polymeric materials such as polyethylenes,
polycarbonates, polyvinyl acetates, polyvinyl alcohols, polyvinyl butyral (PVB), and
acrylics. The selection of a suitable binder may depend in part on compatibility with

the rest of the slurry components.

[0026] According to the invention, the binder may be present in an amount
from about 5 to about 10 weight percent of the slurry composition, or from about 6 to
about 7 weight percent of the slurry composition. Depending on their molecular
weight, the binders may decompose at temperatures higher than temperatures
necessary to prepare and debulk the prepreg tape 20 and less than temperatures
employed to fire the preform and convert the ceramic precursor to the desired ceramic

material of the matrix 18.

[0027] Suitable solvents for use in the slurry composition of the invention
may include, but are not limited to alcohols, acetates, toluene, acetone, ketones,
glycols and xylene. For example, solvents may include alcohols including but not
limited to ethanol, isopropanol, and butanol. Solvents such as toluene and ketones,
such as MIBK, may pose environmental, safety and health issues as a result of being
toxic, necessitating that such slurry compositions and prepreg tapes 20 formed
therefrom must be handled in controlled environments. Alcohols are effective
solvents for the various suitable binders, and are much less toxic than toluene and
MIBK. In addition, alcohols readily evaporate at temperatures used to prepare and
debulk the prepreg tape 20, with the result that a slurry composition containing about
45 weight percent or more of the solvent can produce a prepreg tape 20 having a
solvent content of less than about 7 weight percent. Furthermore, solvent emissions
during the evaporation of alcohols from the tape 20 are below levels requiring
ventilation, and tapes 20 containing less than about 10 weight percent alcohols can be

shipped as non-regulated freight.
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[0028] In contrast to prior practices in which prepreg tapes often have a
solvent content of 10 weight percent or more, the tape 20 of the invention may have a
solvent content of less than about 10 weight percent, or less than about 7 weight
percent. To compensate for the limited amount of solvent in the tape 20, which is
ordinarily required to produce a pliable prepreg tape, the slurry composition may be
formulated so that the tape 20 produced therefrom will contain a sufficiently greater

amount of the plasticizer capable of conferring the required pliability of the tape 20.

[0029] Suitable plasticizers for use in the slurry composition of the invention
may include, but are not limited to phthalates, such as dibutyl phthalate or butyl
benzyl phthalate, triethyleneglycol bis(2-cthyl hexanoate), adipates, glycols, linseed
oil, and castor oil. Suitable plasticizers according to the invention may be compatible
with the binders, be in liquid form at room temperature, with the result that this
plasticizer may be added as a liquid when preparing the slurry composition under
room temperature conditions. Furthermore, suitable plasticizers may be non-toxic and
decompose at temperatures above 350°C, which is greater than temperatures
necessary to prepare and debulk the prepreg tape 20, but less than temperatures
employed to fire the preform and convert the ceramic precursor to the desired ceramic

material of the matrix 18.

[0030] As noted above, a sufficient amount of plasticizer may be included in
the slurry composition to compensate for the relatively low solvent content of the
prepreg tape 20 to promote the pliability of the tape 20. According to the invention,
the plasticizer may be present in the slurry composition in an amount of about 5 to
about 10 weight percent of the composition, or about 6 to about 7 weight percent of

the composition.

[0031] After a slurry composition is prepared to have the above-noted
constituents and amounts, the composition may be applied to the reinforcement
material 14 by any suitable process. The slurry composition is then allowed to
partially dry through partial evaporation of the solvent, yielding the pliable prepreg
tape 20 comprising the reinforcement material 14 embedded in the matrix material 22,

the latter of which is formed essentially by the ceramic precursor, the binder, the

-9.
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plasticizer, and any particulate filler material, as well as the remaining portion of the
solvent that did not evaporate during formation of the tape 20. As a result of solvent
loss, the matrix material 22 within the tape 20 may contain, by weight, about 60 to
about 70% solid powder constituent (comprising the ceramic precursor and any
additional particulate materials), about 10 to about 18% binder, about 10 to about
14% plasticizer, and less than about 10% solvent. According to an embodiment of the
invention, the solvent content of the matrix material in the tape may be less than about

7% by weight.

[0032] The tape 20 may then be laid-up with other tapes, and the prepreg
tape stack may be debulked at elevated pressures and temperatures to form a preform.
The debulking temperature may be below the decomposition temperature of the
binder and plasticizer. Following debulking, during which additional solvent is
evaporated, each tape 20 may contain less than about 1 weight percent of the solvent,
or less than about 0.1 weight percent solvent. As a result of the additional loss of
solvent, the tape 20 may contain about 25 to about 40 weight percent of the solid
powder constituent formed by the ceramic precursor and any additional particulate
materials, about 4 to about 8 weight percent of the binder, and about 4 to about §
weight percent of the plasticizer, with the balance being the reinforcement material

14.

[0033] The preform may then be heated in a vacuum or inert atmosphere to a
temperature sufficient to decompose the binder and the plasticizer, and then to a firing
temperature sufficient to convert the ceramic precursor within the matrix material 22
into the ceramic material of the matrix 18 of the CMC component 10. As previously
noted, the component 10 may further undergo melt infiltration to fill any porosity

created within the matrix 18 as a result of decomposition of the binder during firing.

[0034] While discussed above in terms of prepreg processing of tapes
including unidirectionally-aligned reinforcement material, the invention may also be
applied to fiber-reinforced composites made using other processes, including
techniques suitable for alternative fiber architectures. For example, alternative fiber

architectures, may include, but are not limited to two-dimensional or three-

-10 -
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dimensional woven fiber architectures.

[0035] According to the invention, after a fiber coating is applied, a preform
including layers of woven fabric may be impregnated with the slurry composition of
this invention in accordance with known slurry impregnation techniques. For
example, the slurry may be impregnated using slurry cast techniques, followed by
partial evaporation of the solvent and melt infiltration. Alternative techniques may
involve external pressure or vacuum-assistance to introduce the slurry followed by

heating to form the ceramic.

[0036] While the invention has been described in terms of specific
embodiments, it is apparent that other forms may be adopted by one skilled in the art.

Therefore, the scope of the invention is to be limited only by the following claims.

-11 -
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WHAT IS CLAIMED IS:

1. A slurry composition comprising:

a powder comprising particles of at least one precursor, the precursor
comprising SiC, carbon and/or one or more other carbon-containing particulate
materials;

at least one binder for adhering the particles of the precursor together to form
a pliable tape (20) comprising a fiber reinforcement material (14) and a matrix material
(22) that will form a Si-SiC ceramic matrix (18);

at least one liquid plasticizer; and

a solvent in which the binder is dissolved, the solvent being sufficiently
volatile to evaporate from the slurry composition during forming of the tape (20) so that
the tape (20) contains less than 10 weight percent of the solvent, yet the tape (20) is also
pliable as a result of the slurry composition containing a sufficient amount of the liquid
plasticizer, wherein the slurry composition contains:

30 to 60 weight percent of the powder;
5 to 10 weight percent of the binder;
5 to 10 weight percent of the liquid plasticizer; and

the balance being the solvent.

2. A pliable nonflammable tape (20) comprising:
a fiber reinforcement material (14); and
a matrix material (22) that will form a Si-SiC ceramic matrix (18)
comprising:
a powder comprising precursor particles, the precursor comprising
SiC, carbon and/or one or more other carbon-containing particulate materials;
one or more binders;
one or more liquid plasticizers; and
one or more solvents;
wherein the tape (20) contains less than 10 weight percent of the one or more
solvents yet is pliable as a result of containing a sufficient amount of the one or more

liquid plasticizers, and

-12-
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wherein the matrix material contains, by weight, 60 to 70% powder, 10 to

18% binder, 10 to 14% plasticizer, and less than 10% solvent.

3. The pliable nonflammable (20) tape of claim 2, wherein the solvent
is selected from the group consisting of ethanol, isopropanol, butanol, acetates, toluene,

acetone, ketones, glycols and xylene.

4. The pliable nonflammable (20) tape of claim 2, wherein the liquid
plasticizer is selected from the group consisting of dibutyl phthalate, butyl benzyl
phthalate, triethyleneglycol bis(2-ethyl hexanoate), adipates, glycols, linseed oil, and

castor oil.

5. The pliable nonflammable (20) tape of claim 2, wherein the tape

contains less than 7 weight percent of the one or more solvents.

6. A process of using a slurry composition to produce a pliable
nonflammable tape (20) according to claim 2, the process comprising:

forming the slurry composition to contain a powder comprising particles of
at least one precursor, at least one binder, at least one liquid plasticizer, and a solvent
in which the binder is dissolved;

impregnating a fiber reinforcement material (14) with the slurry composition
to produce a slurry-impregnated reinforcement material; and

evaporating at least a portion of the solvent from the slurry-impregnated
reinforcement material to form the tape (20) in which the particles of the precursor are
adhered together by a matrix material formed by the binder;

wherein a sufficient amount of the solvent evaporates to result in the tape
(20) being nonflammable and containing less than 10 weight percent of the solvent, yet
the tape is also pliable as a result of containing a sufficient amount of the liquid

plasticizer.

7. The process according to claim 6, wherein the binder is selected from
the group consisting of polyethylenes, polycarbonates, polyvinyl acetates, polyviny!

alcohols, polyvinyl butyral (PVB), and acrylics.
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8. The process according to claim 6, wherein the solvent is selected from
the group consisting of ethanol, isopropanol, butanol, acetates, toluene, acetone,

ketones, glycols and xylenc.

9. The process according to claim 6, wherein the solvent constitutes less

than 7 weight percent of the tape (20).

10.  The process according to claim 6, wherein the liquid plasticizer is
selected from the group consisting of dibutyl phthalate, butyl benzyl phthalate,

triethyleneglycol bis(2-ethyl hexanoate), adipates, glycols, linseed oil, and castor oil.

11.  The process according to claim 6, wherein the liquid plasticizer

constitutes 4 to 8 weight percent of the tape.

12. The process according to claim 6, wherein the matrix material
contains:

60 to 70 weight percent of the powder;

10 to 18 weight percent of the binder;

10 to 14 weight percent of the liquid plasticizer; and

less than 7 weight percent of the solvent.

13.  The process according to claim 6, further comprising:

using the tape (20) to form a preform;

heating the preform to decompose the binder and the liquid plasticizer; and
then

further heating the preform to convert the precursor to a ceramic material,

the ceramic material forming a ceramic matrix for the fiber reinforcement material.
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