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(54) METHOD OF DEPOSITING SILICON CARBIDE ON A PREFORM TO FORM A CERAMIC MATRIX 
COMPOSITE

(57) A method of depositing silicon carbide on a pre-
form (12) to form a ceramic matrix composite comprises
placing the preform into a reaction vessel (14), removing
air from the reaction vessel and backfilling the reaction
vessel with an inert gas to an operating pressure. The
reaction vessel and the preform are heated to an oper-
ating temperature. A carrier gas and precursor materials

are heated to a preheat temperature outside of the reac-
tion vessel. The carrier gas and the precursor materials
are introduced to the reaction vessel in a specified ratio.
Off gasses, the precursor materials that are unspent, and
the carrier gas are removed from the reaction vessel to
maintain the specified ratio of the precursor materials in
the reaction vessel.
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Description

BACKGROUND

[0001] This invention relates to processes to create ce-
ramic matrix composite (CMC) materials and, in partic-
ular, to chemical vapor infiltration (CVI) and chemical va-
por deposition (CVD) processes for densifying preforms
to create silicon carbide CMC materials.
[0002] CVI is performed on porous fiber preforms to
form CMC materials. The porous fiber preform can be
made of carbon fibers, silicon carbide fibers, or any other
suitable fibers. CVD is performed on materials with solid
surfaces. Preforms used in CVD can be made of any
material that can be coated through a CVD process, such
as carbon, silicon carbide, metal oxides, and glass. Dur-
ing a CVI or CVD process, a preform is placed within a
reaction vessel that is then depressurized and heated.
The silicon carbide precursor materials that densify the
preform flow into the reaction vessel, are vaporized inside
of the reaction vessel, and slowly deposit silicon carbide
at an atomic level on the surface of the preform. The
silicon carbide precursor materials coat the exposed sur-
faces of the preform and densify the preform into a CMC
material. Numerous precursor materials can be used dur-
ing CVI and CVD processes to form various CMC mate-
rials.
[0003] Silicon carbide CMC materials are used in ap-
plications where end products are exposed to high-tem-
peratures, such as in brakes or engines. When CVI and
CVD processes are used to create a silicon carbide CMC
material, a yellow or multi-colored surface develops on
the CMC material due to a buildup of excess free silicon
on the surface. This yellow or multi-colored surface neg-
atively affects the performance of finished silicon carbide
CMC materials because it chemically changes the silicon
carbide composition, reducing the mechanical, thermal,
and chemical properties of the CMC material.

SUMMARY

[0004] A method of depositing silicon carbide on a pre-
form to form a ceramic matrix composite comprises plac-
ing the preform into a reaction vessel, removing air from
the reaction vessel and backfilling the reaction vessel
with an inert gas to an operating pressure. The reaction
vessel and the preform are heated to an operating tem-
perature. A carrier gas and precursor materials are heat-
ed to a preheat temperature outside of the reaction ves-
sel. The carrier gas and the precursor materials are in-
troduced to the reaction vessel in a specified ratio. Off
gasses, the precursor materials that are unspent, and
the carrier gas are removed from the reaction vessel to
maintain the specified ratio of the precursor materials in
the reaction vessel.
[0005] A method of depositing silicon carbide on a pre-
form to form a ceramic matrix composite comprises plac-
ing the preform into a reaction vessel and filling the re-

action vessel with an inert gas to reach an operating pres-
sure. The reaction vessel and the preform are heated to
an operating temperature. Hydrogen and methyltrichlo-
rosilane are introduced into the reaction vessel in a spec-
ified ratio. The specified ratio is a volumetric ratio of the
hydrogen to the methyltrichlorosilane and is between 15
parts hydrogen to 1 part methyltrichlorosilane and 65
parts hydrogen to 1 part methyltrichlorosilane.
[0006] A method of depositing silicon carbide on a pre-
form to form a ceramic matrix composite comprises plac-
ing the preform into a reaction vessel and filling the re-
action vessel with an inert gas to reach an operating pres-
sure. The reaction vessel and the preform are heated to
an operating temperature. Precursor materials are intro-
duced into the reaction vessel in a specified ratio for a
first time interval. The flow of the precursor materials to
the reaction vessel is stopped while the precursor mate-
rials that are unspent are removed from the reaction ves-
sel for a second time interval. For a third time interval,
the precursor materials are introduced to the reaction
vessel in the specified ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is a schematic of a system for conducting CVI
or CVD
FIG. 2 is a flow chart showing the steps of a CVI or
CVD process to reduce colorization on the surface
of CMC products.

DETAILED DESCRIPTION

[0008] FIG. 1 shows a schematic of system 10 for con-
ducting CVI or CVD that can be used to perform the steps
shown in the flow chart of FIG. 2. FIG. 1 includes system
10, preform 12, reaction vessel 14, which includes exit
16 and entrance 18, vacuum pump 20, gas source tanks
22, including first tank 22a, second tank 22b, third tank
22c, and fourth tank 22d. FIG. 1 also includes flow meter
24, and heaters 26, including first heater 26a and second
heater 26b.
[0009] System 10 can be used to efficiently carry out
and control a CVI process or a CVD process. To begin
a CVI process or a CVD process, preform 12 is removably
placed inside reaction vessel 14. For a CVI process, pre-
form 12 is a porous fabric woven from silicon carbide
fibers, carbon fibers, or any other suitable fibers. Preform
12 densifies during the CVI process. For a CVD process,
preform 12 is made of any material that can have a silicon
carbide coating on its surface, such as carbon, silicon
carbide, metals, metal alloys, and glass. Preform 12 has
a roughened solid surface. Roughening the solid surface
of preform 12 increases the porosity of preform 12 and
the surface area that can react during the CVD process.
Reaction vessel 14 is used in both the CVI process and
the CVD process. Reaction vessel 14 is a vessel that can
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maintain the necessary temperature and pressure re-
quirements for the CVI or CVD process. Reaction vessel
14 includes exit 16 and entrance 18 to allow gasses to
flow through reaction vessel 14 during the CVI or CVD
process.
[0010] Exit 16 is connected to vacuum pump 20. After
preform 12 is placed in reaction vessel 14, vacuum pump
20 evacuates reaction vessel 14 by removing air and
other unwanted gasses through exit 16. Reaction vessel
14 is then backfilled through entrance 18 with a backfill
gas from gas source tanks 22. The backfill gas is an inert
gas, such as argon or nitrogen. Reaction vessel 14 is
evacuated and backfilled several times. Evacuating and
backfilling reaction vessel 14 with an inert gas multiple
times reduces the amount of air and other oxidizing
agents in reaction vessel 14 to a negligible amount. Ox-
idizing agents reduce the efficacy of the CVI process or
the CVD process. Vacuum pump 20 also lowers and
maintains the pressure in reaction vessel 14 to an oper-
ating pressure. Throughout the CVI or CVD process, vac-
uum pump 20 removes unspent precursor materials and
spent materials, like off gasses, and excess gas from
reaction vessel 14.
[0011] Reaction gasses, such as the backfill gas, pre-
cursor materials and carrier gas, are stored in gas source
tanks 22. Gas source tanks 22 allow for separate storage
of the backfill gas, the precursor materials, and the carrier
gas. First tank 22a, second tank 22b, third tank 22c, and
fourth tank 22d are connected first to flow meter 24 and
then to entrance 18. The reaction gasses flow through
flow meter 24 and into reaction vessel 14 through en-
trance 18. Flow meter 24 helps control the relative ratio
of the reaction gasses entering reaction vessel 14. Con-
trolling the relative ratio of the reaction gasses with flow
meter 24 also helps control the pressure in reaction ves-
sel 14.
[0012] Heaters 26 are heat sources. First heater 26a
is located near gas source tanks 22 to heat the reaction
gasses to a preheat temperature. Heating the reaction
gasses to the preheat temperature decreases the tem-
perature change the reaction gasses will make as they
enter reaction vessel 14. This keeps the temperature of
reaction vessel 14 more stable. Second heater 26b is
located near reaction vessel 14 to heat reaction vessel
14 and preform 12. Heater 26b heats reaction vessel 14
and preform 12 to an operating temperature necessary
for the CVI process or the CVD process. The CVI process
and the CVD process require very high temperatures to
effectively densify preform 12. First heater 26a and sec-
ond heater 26b can be integrated with gas source tanks
22 and reaction vessel 14, respectively, or can be sep-
arate.
[0013] After reaction vessel 14 is at the operating tem-
perature and the operating pressure, the precursor ma-
terials flow from gas source tanks 22 through flow meter
24 and into reaction vessel 14. The precursor materials
are controlled by flow meter 24 so the precursor materials
are introduced at a specified ratio into reaction vessel

14. The precursor materials diffuse to the surface of pre-
form 12. The precursor materials will then absorb into
preform 12. In the CVI process, the precursor materials
absorb into the pores of preform 12. In the CVD process,
the precursor materials absorb into the roughened sur-
face of preform 12. Absorption is important to ensure the
precursor materials have sufficient contact with preform
12 to react. During the CVI process, the precursor ma-
terials adsorb onto and react with the fibers of preform
12. This densifies preform 12 with silicon carbide to cre-
ate the finished CMC product. During the CVD process,
the precursor materials adsorb onto and react with the
roughened surface of preform 12. This creates a silicon
carbide coating on preform 12. Both the CVI process and
the CVD process require desorption of extraneous gas-
ses such as off gasses, reaction by-products, and un-
spent precursor materials to control the reactions. Vac-
uum pump 20 encourages desorption. Using vacuum
pump 20 to help with desorption of the extraneous gasses
increases the porosity of preform 12. An increased po-
rosity on preform 12 allows for diffusion, absorption, and
reaction to continually occur on preform 12 throughout
the CVI process or the CVD process. Desorption also
keeps the concentrations of the precursor materials in
the specified ration within reaction vessel 14. Controlling
the CVI process helps eliminate deposition of free silicon
on the surface of preform 12. Silicon carbide will deposit
in a ratio of one silicon atom to one carbon atom. This
increases the quality of the finished product during a con-
trolled CVI or CVD reaction.
[0014] FIG. 2 is a flow chart showing the steps of proc-
ess 30 to reduce colorization on the surface of CMC prod-
ucts formed using a CVI process or a CVD process. Proc-
ess 30, shown in FIG. 2, includes step 32, step 34, step
36, step 38, step 40, step 42, and step 44. Process 30
will be explained in relation to system 10 of FIG. 1.
[0015] Step 32 requires placing preform 12 into reac-
tion vessel 14. For a CVI process, preform 12 is a porous
silicon carbide fiber or carbon fiber material. One way to
create preform 12 is by weaving silicon carbide fibers,
carbon fibers, or a combination of the two fibers to create
a fabric. Further, other suitable ceramic fibers can be
used. For a CVD process, preform 12 is made of a ma-
terial that can have a silicon carbide coating such as car-
bon, silicon carbide, metal, metal alloys and glass. Pre-
form 12 will have a rough exterior surface to increase the
surface area that can react during the CVD process. For
either the CVI process or the CVD process, preform 12
is generally shaped like a finished product. For instance,
if the finished product is a brake disk, preform 12 will be
shaped like a brake disk. Reaction vessel 14 is a vessel
suitable for process 30. Reaction vessel 14 must be able
to maintain the temperature and pressure required for
process 30. Reaction vessel 14 must also have exit and
entrance points, such as exit 16 and entrance 18, for
gasses to flow out of and into reaction vessel 14, respec-
tively.
[0016] Step 34 requires removing air from reaction ves-
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sel 14 and backfilling reaction vessel 14 with an inert gas
to an operating pressure. Removing the air from reaction
vessel 14 can be accomplished by vacuum pump 20.
Ambient air enters reaction vessel 14 during step 32. The
air that enters reaction vessel 14 during step 32 includes
oxidizing agents like oxygen, which reduce the effective-
ness of chemical reactions that take place during process
30. Removing air from reaction vessel 14 with vacuum
pump 20 through exit 16 and backfilling reaction vessel
14 with a backfilling gas lowers the concentration of ox-
idizing agents in reaction vessel 14 to negligible levels
and replaces the air with the backfilling gas. The back-
filling gas used in step 34 is an inert gas which will not
react with the silicon carbide of preform 12 or densifying
layers created by process 30. The backfilling gas is cho-
sen from a group of gasses comprising nitrogen and ar-
gon. The backfilling gas can be stored in gas storage
tanks 22. For example, the backfilling gas could be stored
in first tank 22a. To enter reaction vessel 14, the back-
filling gas flows from first tank 22a through flow meter 24.
Flow meter 24 controls the flow rate of the backfilling gas
and the pressure of the backfilling gas entering reaction
vessel 14. From flow meter 24, the inert gas can flow into
entrance 18 of reaction vessel 14. Step 34 creates a req-
uisite operating pressure for process 30 within reaction
vessel 14. Process 30 requires the operating pressure
to be lower than atmospheric pressure. The operating
pressure for process 30 is between 1 torr and 100 torr.
The operating pressure is optimally between 3 torr and
30 torr for process 30.
[0017] Step 34 can be repeated multiple times to re-
move as much of the air as possible from reaction vessel
14. Process 30 needs to be done without oxidizing agents
because oxidizing agents will oxidize the surface of the
fibers of preform 12 and the layers of densified silicon
carbide that build during process 30, reducing the quality
of the finished CMC material. Oxidation on the surface
of preform 12 and the layers of densified silicon carbide
decreases the mechanical, thermal, and chemical prop-
erties of the finished product.
[0018] Step 36 requires heating reaction vessel 14 and
preform 12 to an operating temperature. Process 30 re-
quires an operating temperature between 900°C and
1200°C. Heater 26b heats reaction vessel 14 and pre-
form 12 to the operating temperature. Heating reaction
vessel 14 to the operating temperature prepares preform
12 for the chemical reaction that takes place during proc-
ess 30. Heating reaction vessel 14 also allows for the
precursor materials and the carrier gas to warm to the
operating temperature when entering reaction vessel 14
through entrance 18.
[0019] Step 38 requires heating precursor materials
and a carrier gas to a preheat temperature. The precursor
materials are those that will produce the silicon carbide
layers in and on preform 12 during process 30. The pre-
cursor materials include hydrogen gas and methyltrichlo-
rosilane (MTS). The precursor materials can be stored
in source tanks 22. For example, a first precursor, such

as hydrogen, could be in source tank 22b and a second
precursor material, such as MTS, could be in source tank
22c. The carrier gas is a gas used to maintain the proper
concentrations of precursor materials flowing into vessel
14 and help create the necessary operating pressure
within reaction vessel 14 during process 30. The carrier
gas should be a nonreactive gas, such as nitrogen or
argon. The carrier gas can also be stored in source tanks
22. For example, the carrier gas could be stored in fourth
tank 22d. The carrier gas can also be the same as the
backfilling gas in step 34. Heater 26a heats source tanks
22 to the preheat temperature. The preheat temperature
is a temperature above room temperature but below the
operating temperature, such as 40°C. The preheat tem-
perature needs to be less than the operating temperature
to avoid the precursor materials reacting before entering
reaction vessel 14 and contacting preform 12. Increasing
the temperature of the precursor materials and the carrier
gas to the preheat temperature reduces the change in
temperature undergone as the carrier gas and precursor
materials enter reaction vessel 14. This stabilizes the
temperature of reaction vessel 14 and preform 12
throughout process 30. Step 34, step 36, and step 38
may be performed in any order or at the same time.
[0020] Step 40 requires introducing the carrier gas and
the precursor materials to reaction vessel 14 in a speci-
fied ratio for a first time interval, wherein the precursor
materials are in a specified ratio. The precursor materials
flow from second tank 22b and third tank 22c to flow
meter 24. Flow meter 24 regulates the relative amounts
of the first precursor material (hydrogen) and the second
precursor material (MTS) to mix the precursor materials
in the specified ratio. A carrier gas from fourth tank 22d
can also flow to flow meter 24 with the precursor mate-
rials. The precursor materials in the specified ratio and
the carrier gas will then flow into reaction vessel 14. Once
in reaction vessel 14, the precursor materials diffuse
around and into preform 12. During CVI, the reaction ma-
terials will diffuse between the fibers and around all of
the surfaces of preform 12. During CVD, the reaction
materials will diffuse around all of the surfaces of preform
12. The specified ratio is a volumetric ratio of hydrogen
to MTS that is between 15 parts hydrogen to 1 part MTS
(15:1) and 65 parts hydrogen to 1 part MTS (65:1), where
the flow rate of hydrogen is 15-65 times the flow rate of
MTS. Preferably, the specified ratio should be between
15 parts hydrogen to 1 part MTS (15:1) and 35 parts
hydrogen to 1 part MTS (35:1), where the flow rate of
hydrogen is 15-35 times the flow rate of MTS. More pref-
erably, the specified ratio should be 20 parts hydrogen
to one part MTS (20:1). The specified ratio of hydrogen
to MTS densifies preform 12 by forming a silicon carbide
layer that is stoichiometrically equivalent to the chemistry
of silicon carbide: one atom of silicon is deposited for
every atom of carbon deposited.
[0021] Step 40 lasts a first time interval. The first time
interval is an amount of time that will allow for CVI or CVD
to occur without an extra buildup of hydrogen gas. During

5 6 



EP 3 957 770 A1

5

5

10

15

20

25

30

35

40

45

50

55

the first time interval, the pores of preform 12 undergoing
CVI will absorb the precursor materials. The roughened
surface of preform 12 undergoing CVD will absorb the
precursor materials. Absorption is important because it
ensures the precursor materials interact with the fibers
or surfaces of preform 12 to form silicon carbide. The first
time interval is a window that allows time for the precursor
materials to diffuse around, absorb into, and react with
preform 12. The first time interval is likely long because
the reaction between preform 12 and the precursor ma-
terials to form silicon carbide is slow.
[0022] Step 42 requires removing off gasses, the pre-
cursor materials that are unspent, and the carrier gas
from reaction vessel 14 to maintain the specified ratio of
the precursor materials in reaction vessel 14 during the
first time interval. As process 30 occurs, a silicon carbide
layer will be formed on the surfaces of the fibers of pre-
form 12 due to the reaction between preform 12 and the
precursor materials. Off gasses are formed as byprod-
ucts of the reaction. The off gasses need to be removed
from inside the pores of preform 12 and within reaction
vessel 14 to continue the flow of the precursor materials
into reaction vessel 14 and into and around preform 12.
Further, the off gasses, unspent precursor materials, and
excess carrier gas remaining in reaction vessel 14
change the ratio of gasses inside reaction vessel 14 from
the specified ratio. The off gasses, unspent precursor
materials, and excess carrier gas are removed from re-
action vessel 14 through exit 16 by vacuum pump 20.
This removal continues throughout the first time interval.
[0023] Step 44 requires stopping introduction of the
precursor materials while removing excess hydrogen, off
gasses, and unspent precursor materials from the reac-
tion vessel for a second time interval. During process 30,
levels of hydrogen can rise in reaction vessel 14. This
creates conditions in reaction vessel 14 outside of the
specified ratio. Using vacuum pump 20 to remove excess
hydrogen, off gasses, and unspent precursor material,
without introducing the reaction materials, helps maintain
the specified ratio during process 30. Step 44 may not
be necessary for all CVI or CVD processes because the
specified ratio may be maintained for shorter processes.
Longer CVD processes and most CVI processes will like-
ly require step 44. Step 44 helps with desorption and
increases the porosity of preform 12 so the precursor
materials can continue reacting. After the second time
interval, step 40, step 42, and step 44 may be repeated
so process 30 is the appropriate time for the amount of
deposition needed while also maintaining the specified
ratio in reaction vessel 14.
[0024] Process 30 minimizes colorization on the CMC
material end products of silicon carbide CVI and CVD
reactions. Colorization on silicon carbide CMC material
end products is a yellow or multi-colored sheen on the
surfaces of the end products. This yellow or multi-colored
sheen is caused by excess free silicon buildup on fibers
of preform 12 during a CVI reaction. Microscopically, this
excess free silicon buildup creates pearlizations on the

surfaces or fibers of preform 12. The pearlizations are
bumpy, flakey, or fluffy depositions on the surfaces or
fibers of preform 12. The excess free silicon buildup in-
creases the chance of oxidation of the CMC material end
product. This increased oxidation decreases the thermal
shielding properties of the finished CVI or CVD process.
A finished CVI product with pearlizations and excess free
silicon buildup has reduced mechanical properties be-
cause the friction coefficient is lower than it would be
without the excess silicon formations. Process 30 mini-
mizes excess silicon buildup by keeping the precursor
materials in the specified ratio in the localized area
around preform 12 throughout the CVI reaction. Carefully
controlling the specified ratio of the precursor materials
creates densification in preform 12 close to the stoichio-
metric coefficient of silicon carbide where one atom of
silicon is deposited for every atom of carbon. Depositing
in the stoichiometric coefficient ratio of 1:1 carbon to sil-
icon eliminates excess free carbon deposits. Densifying
preform 12 with the correct stoichiometric ratio decreases
pearlizations and the excess free silicon buildup thereby
ridding the end product of colorization.

Discussion of Possible Embodiments

[0025] The following are non-exclusive descriptions of
possible embodiments of the present invention.
[0026] A method of depositing silicon carbide on a pre-
form to form a ceramic matrix composite. The method
includes placing the preform into a reaction vessel, re-
moving air from the reaction vessel and backfilling the
reaction vessel with an inert gas, heating the reaction
vessel and the perform to an operating temperature,
heating the carrier gas and precursor materials to a pre-
heat temperature outside of the reaction vessel. The
method further includes introducing the carrier gas and
the precursor materials to the reaction vessel, wherein
the precursor materials are introduced in a specific ratio
and removing off gasses, the precursor materials that
are unspent, and the carrier gas from the reaction vessel
to maintain the specified ratio of the precursor materials
in the reaction vessel.
[0027] The method of the preceding paragraph can op-
tionally include, additionally and/or alternatively, any one
or more of the following features, configurations and/or
additional components:
The method further includes depositing a layer of silicon
carbide on the preform with a chemical ratio of 1 atom of
silicon to 1 atom of carbon.
[0028] The method further includes stopping the flow
of the precursor materials to the reaction vessel while
removing the precursor materials that are unspent from
the reaction vessel.
[0029] The preform is made of a solid material that can
have a silicon carbide coating selected from the group
consisting of carbon, silicon carbide, metal, metal alloys,
and glass.
[0030] The preform is a fiber preform made of fibers
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selected from the group consisting of silicon carbide fib-
ers, carbon fibers, and combinations thereof.
[0031] The precursor materials comprise hydrogen
and methyltrichlorosilane, and wherein the specified ratio
of the hydrogen to the methyltrichlorosilane is a volumet-
ric ratio between 15 parts hydrogen to 1 part methyl-
trichlorosilane (15:1) and 65 parts hydrogen to 1 part
methyltrichlorosilane (65:1), is preferably between 15
parts hydrogen to 1 part methyltrichlorosilane (15:1) and
35 parts hydrogen to 1 part methyltrichlorosilane (35:1),
and is preferably 20 parts hydrogen to 1 part methyl-
trichlorosilane (20:1).
[0032] The carrier gas and the inert gas are selected
from the group consisting of nitrogen, argon, and com-
binations thereof.
[0033] The preheat temperature is about 40°C.
[0034] The operating temperature is between 900°C
and 1200°C.
[0035] The operating pressure is between 1 torr and
100 torr and is preferably between 3 torr and 30 torr.
[0036] A method of depositing silicon carbide on a pre-
form to form a ceramic matrix composite. The method
includes placing the preform into a reaction vessel, filling
the reaction vessel with an inert gas to reach an operating
pressure, and heating the reaction vessel and the pre-
form to an operating temperature. The method further
includes introducing hydrogen and methyltrichlorosilane
to the reaction vessel in a specified ratio. The specified
ratio of the hydrogen to the methyltrichlorosilane is a vol-
umetric ratio between 15 parts hydrogen to 1 part meth-
yltrichlorosilane (15:1) and 65 parts hydrogen to 1 part
methyltrichlorosilane (65:1).
[0037] The method of the preceding paragraph can op-
tionally include, additionally and/or alternatively, any one
or more of the following features, configurations and/or
additional components:
The method further includes depositing a layer of silicon
carbide on the preform with a chemical ratio of 1 atom of
silicon to 1 atom of carbon.
[0038] The method further includes introducing a car-
rier gas to the reaction vessel with the hydrogen and the
methyltrichlorosilane.
[0039] The method further includes removing off gas-
ses, the hydrogen and the methyltrichlorosilane that are
unspent, and the carrier gas from the reaction vessel to
maintain the specified ratio of the hydrogen to the meth-
yltrichlorosilane in the reaction vessel.
[0040] The method further includes stopping the flow
of the hydrogen and the methyltrichlorosilane to the re-
action vessel while removing the hydrogen and the meth-
yltrichlorosilane that are unspent from the reaction ves-
sel.
[0041] The preform is made of a solid material that can
have a silicon carbide coating selected from the group
consisting of carbon, silicon carbide, metal, metal alloys,
and glass.
[0042] The preform is a fiber preform made of fibers
selected from the group consisting of silicon carbide fib-

ers, carbon fibers, and combinations thereof.
[0043] The specified ratio of the hydrogen to the meth-
yltrichlorosilane is a volumetric ratio between 15 parts
hydrogen to 1 part methyltrichlorosilane (15:1) and 65
parts hydrogen to 1 part methyltrichlorosilane (65:1), and
is preferably 20 parts hydrogen to 1 part methyltrichlo-
rosilane (20:1).
[0044] The carrier gas and the inert gas are selected
from the group consisting of nitrogen, argon, and com-
binations thereof.
[0045] The preheat temperature is about 40°C.
[0046] The operating temperature is between 900°C
and 1200°C.
[0047] The operating pressure is between 1 torr and
100 torr and is preferably between 3 torr and 30 torr.
[0048] A method of depositing silicon carbide on a pre-
form to form a ceramic matrix composite. The method
includes placing the preform into a reaction vessel and
then removing air from the reaction vessel and backfilling
the reaction vessel with an inert gas to reach an operating
pressure. Precursor materials are introduced to the re-
action vessel in a specified ratio for a first time interval.
The flow of the precursor materials to the reaction vessel
is stopped while the precursor materials that are unspent
are removed from the reaction vessel for a second time
interval. The precursor materials are introduced to the
reaction vessel for a third time interval.
[0049] The method of the preceding paragraph can op-
tionally include, additionally and/or alternatively, any one
or more of the following features, configurations and/or
additional components:
The method further includes depositing a layer of silicon
carbide on the preform with a chemical ratio of 1 atom of
silicon to 1 atom of carbon.
[0050] The method further includes introducing a car-
rier gas to the reaction vessel with the precursor materi-
als.
[0051] The method further includes removing off gas-
ses, the precursor materials that are unspent, and the
carrier gas from the reaction vessel to maintain the spec-
ified ratio of the precursor materials in the reaction vessel
during the first time interval.
[0052] The method further includes removing off gas-
ses, the precursor materials that are unspent, and the
carrier gas from the reaction vessel to maintain the spec-
ified ratio of the precursor materials in the reaction vessel
during the third time interval.
[0053] The preform is made of a solid material that can
have a silicon carbide coating selected from the group
consisting of carbon, silicon carbide, metal, metal alloys,
and glass.
[0054] The preform is a fiber preform made of fibers
selected from the group consisting of silicon carbide fib-
ers, carbon fibers, and combinations thereof.
[0055] The precursor materials comprise hydrogen
and methyltrichlorosilane, and wherein the specified ratio
of the hydrogen to the methyltrichlorosilane is a volumet-
ric ratio between 15 parts hydrogen to 1 part methyl-
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trichlorosilane (15:1) and 65 parts hydrogen to 1 part
methyltrichlorosilane (65:1), is preferably between 15
parts hydrogen to 1 part methyltrichlorosilane (15:1) and
35 parts hydrogen to 1 part methyltrichlorosilane (35:1),
and is preferably 20 parts hydrogen to 1 part methyl-
trichlorosilane (20:1).
[0056] The carrier gas and the inert gas are selected
from the group consisting of nitrogen, argon, and com-
binations thereof.
[0057] The preheat temperature is about 40°C.
[0058] The operating temperature is between 900°C
and 1200°C.
[0059] The operating pressure is between 1 torr and
100 torr and is preferably between 3 torr and 30 torr.
[0060] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention
not be limited to the particular embodiment(s) disclosed,
but that the invention will include all embodiments falling
within the scope of the appended claims.

Claims

1. A method of depositing silicon carbide on a preform
to form a ceramic matrix composite, the method com-
prising:

placing the preform /12) into a reaction vessel
(14);
removing air from the reaction vessel and back-
filling the reaction vessel with an inert gas to an
operating pressure;
heating the reaction vessel and the preform to
an operating temperature;
heating a carrier gas and precursor materials to
a preheat temperature outside of the reaction
vessel;
introducing the carrier gas and the precursor
materials to the reaction vessel, wherein the pre-
cursor materials are introduced in a specified
ratio; and
removing off gasses, the precursor materials
that are unspent, and the carrier gas from the
reaction vessel to maintain the specified ratio of
the precursor materials in the reaction vessel.

2. The method of claim 1, wherein the method further
comprises:
stopping the flow of the precursor materials to the
reaction vessel while removing the precursor mate-
rials that are unspent from the reaction vessel.

3. The method of claim 1 or 2, wherein the preform is
made of a solid material that can have a silicon car-
bide coating selected from the group consisting of
carbon, silicon carbide, metal, metal alloys, and
glass.

4. The method of claim 1, 2 or 3 wherein the carrier gas
and the inert gas are selected from the group con-
sisting of nitrogen, argon, and combinations thereof.

5. The method of any preceding claim, wherein the pre-
heat temperature is about 40°C.

6. The method of any preceding claim, wherein the op-
erating temperature is between 900°C and 1200°C.

7. A method of depositing silicon carbide on a preform
to form a ceramic matrix composite, the method com-
prising:

placing the preform (12) into a reaction vessel
(14);
removing air from the reaction vessel and back-
filling the reaction vessel with an inert gas to
reach an operating pressure;
heating the reaction vessel and the preform to
an operating temperature;
introducing precursor materials to the reaction
vessel in a specified ratio for a first time interval;
stopping the flow of the precursor materials to
the reaction vessel while removing the precursor
materials that are unspent from the reaction ves-
sel for a second time interval; and
introducing the precursor materials to the reac-
tion vessel in the specified ratio for a third time
interval.

8. The method of claim 7, wherein a carrier gas is in-
troduced into the reaction vessel during the first time
interval, the second time interval, and the third time
interval.

9. The method of any preceding claim, wherein the pre-
cursor materials comprise hydrogen and methyl-
trichlorosilane, and wherein the specified ratio is a
volumetric ratio of the hydrogen to the methyltrichlo-
rosilane, and is between 15 parts hydrogen to 1 part
methyltrichlorosilane and 65 parts hydrogen to 1 part
methyltrichlorosilane, wherein the specified ratio is
preferably between 15 parts hydrogen to 1 part meth-
yltrichlorosilane and 35 parts hydrogen to 1 part
methyltrichlorosilane, and is preferably 20 parts hy-
drogen to 1 part methyltrichlorosilane.

10. The method of any preceding claim 16, wherein the
operating pressure is between 1 torr and 100 torr
and is preferably between 3 torr and 30 torr.
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11. A method of depositing silicon carbide on a preform
to form a ceramic matrix composite, the method com-
prising:

placing the preform (12) into a reaction vessel
(14);
filling the reaction vessel with an inert gas to
reach an operating pressure;
heating the reaction vessel and the preform to
an operating temperature; and
introducing hydrogen and methyltrichlorosilane
to the reaction vessel in a specified ratio, where-
in the specified ratio of the hydrogen to the meth-
yltrichlorosilane is a volumetric ratio between 15
parts hydrogen to 1 part methyltrichlorosilane
and 65 parts hydrogen to 1 part methyltrichlo-
rosilane.

12. The method of claim 11, wherein the method further
comprises:

introducing a carrier gas to the reaction vessel
with the hydrogen and methyltrichlorosilane;
removing off gasses, the hydrogen and the
methyltrichlorosilane that are unspent, and the
carrier gas from the reaction vessel to maintain
the specified ratio of the hydrogen to the meth-
yltrichlorosilane in the reaction vessel; and
stopping the flow of the hydrogen and the meth-
yltrichlorosilane to the reaction vessel while re-
moving the hydrogen and the methyltrichlorosi-
lane that are unspent from the reaction vessel.

13. The method of claim 11, wherein the preform is a
fiber preform and the fibers are selected from the
group consisting of silicon carbide fibers, carbon fib-
ers, and combinations thereof.

14. The method of claim 11, wherein the specified ratio
of the hydrogen to the methyltrichlorosilane is a vol-
umetric ratio between 15 parts hydrogen to 1 part
methyltrichlorosilane and 35 parts hydrogen to 1 part
methyltrichlorosilane and is preferably 20 parts hy-
drogen to 1 part methyltrichlorosilane.

15. The method of any preceding claim, and further com-
prising:
depositing a layer of silicon carbide on the preform
with a chemical ratio of 1 atom of silicon to 1 atom
of carbon.
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