
THERMAL/ENVIRONMENTAL BARRIER COATING  FOR SILICON-CONTAINING SUBSTRATES
CROSS REFERENCE TO RELATED APPLICATIONS  Not applicable. STATEMENT
REGARDING FEDERALLY SPONSORED RESEARCH  Not applicable. BACKGROUND OF THE
INVENTION  (1) FIELD OF THE INVENTION This invention relates to coating
systems suitable for protecting components  exposed to high-temperature
environments, such as the hot gas flow path  through a gas turbine engine.
More particularly, this invention is directed to a  coating composition
that exhibits improved high temperature stability when  used to protect a
silicon-containing substrate. (2) DESCRIPTION OF THE RELATED ART Higher
operating temperatures for gas turbine engines are continuously  sought in
order to increase their efficiency. However, as operating  temperatures
increase, the high temperature durability of the components of  the engine
must correspondingly increase. Significant advances in high  temperature
capabilities have been achieved through formulation of iron,  nickel and
cobalt-base superalloys. While superalloys have found wide use  for
components throughout gas turbine engines, alternative materials have  been
proposed. For example, composite materials, particularly silicon-based
composites with silicon carbide (SiC) as a matrix and/or as a reinforcing
material, are currently being considered for high temperature applications,
such as combustor liners, vanes, shrouds, airfoils, and other hot section
components of gas turbine engines. In many high temperature applications, a
protective coating is beneficial or  -1 required for a Si-containing
material. For example, protection with a suitable  



thermal-insulating layer reduces the operating temperature and thermal
gradient through the material. Additionally, such coatings should provide
environmental protection by inhibiting the major mechanism for degradation
of  Si-containing materials in a corrosive water-containing environment,
namely,  the formation of volatile silicon monoxide (SiO) and silicon
hydroxide (Si(OH)4)  products. Consequently, besides low thermal
conductivity, stability is a critical  requirement of a thermal barrier
coating system for a Si-containing material in  high temperature
environments containing water vapors. Other important  properties for the
coating material include a coefficient of thermal expansion  (CTE)
compatible with the SiC-containing material, low permeability for
oxidants, and chemical compatibility with the Si-containing material and
silica  scale formed from oxidation. As a result, suitable protective
coatings for gas  turbine engine components formed of Si-containing
materials essentially have  a dual function, serving as a thermal barrier
and simultaneously providing  environmental protection. A coating system
having this dual function may be  termed a thermal/environmental barrier
coating (T/EBC) system. Various single-layer and multilayer T/EBC systems
have been investigated for  use on Si-containing substrates. Coatings of
zirconia partially or fully  stabilized with yttria (YSZ) as a thermal
barrier layer exhibit excellent  environmental resistance. However, YSZ
does not adhere well to Si- containing materials (SiC or silicon) because
of a CTE mismatch (about 10  ppm/EC for YSZ as compared to about 4.9 ppm/EC
for SiC/SiC composites).  Mullite (3AI2O3.2SiO2) has been proposed as a
bond coat for YSZ on Si- containing substrate materials to compensate for
this difference in CTE  (mullite having a CTE of about 5.5 ppm/EC). Barium
strontium aluminosilicate  (BSAS; (Ba1!xSrx)O-Al2O3-SiO2) has also been
proposed as a bond coat for  YSZ in U.S. Patent No. 5,985,470 to Spitsberg
et al., U.S. Patent No.  6,299,988 to Wang et al., and U.S. Patent No.
6,444,335 to Wang et al.,  which are assigned to the assignee of the
present invention. BSAS and other  



alkaline earth aluminosilicates have also been proposed as protective  -2
coatings for Si-containing materials in view of their excellent
environmental  protection properties and low thermal conductivity. For
example, U.S. Patent  Nos. 6,254,935, 6,365,288, 6,387,456, and 6,410,148
to Eaton et al. disclose  the use of BSAS as outer protective barrier
coatings for Si-containing  substrates. U.S. Patent No. 6,410,148 also
discloses barium oxide (BaO) and  barium aluminosilicates (BAS) as suitable
barrier coatings for Si-containing  substrates. Stoichiometric BSAS
(0.75BaO.0.25SrOAI2O3.2SiO2, or an alkaline- earth:aluminosilicate molar
percentage ratio of about 25:75) has been  reported as the preferred
alkaline earth aluminosilicate composition, examples  of which include U.S.
Patent Nos. 6,254,935, 6,365,288, 6,387,456, and  6,410,148.
Non-stoichiometric BSAS compositions have also been proposed.  For example,
U.S. Patent No. 6,352,790 to Eaton et al. discloses a barrier  layer formed
of a mixture of an alkaline earth aluminosilicate (e.g.,  stoichiometric
BSAS) and an additive, disclosed as being alumina (A1203) or a  phase
formed of alumina and either barium oxide or strontia (SrO). The  resulting
barrier layer is referred to as a non-stoichiometric BSAS, BAS or
strontium aluminosilicate (SAS) as a result of an increased alumina content
and a sub-stoichiometric silica (SiO2) content. However, the barrier layer
is  not disclosed as being a homogeneous, single-phase composition, but is
instead an aluminosilicate in which are dispersed phases formed by reaction
of the additive with free silica that deposits or forms in the barrier
coating.  Notwithstanding the above-noted advances in T/EBC materials for
Si- containing substrates, further improvements in coating life would be
desirable.  In particular, longer exposures at temperatures sustained in
the combustion  environment of a gas turbine engine (e.g., high pressure
steam and high gas  velocities) have resulted in the volatilization of
existing BSAS materials,  



causing coating recession that ultimately leads to degradation of the
environmental protective properties of the coating. Therefore, it would be
desirable if coatings for silicon-containing substrates were available that
exhibit still lower recession rates. -3 BRIEF SUMMARY OF THE INVENTION
Disclosed herein is a coating composition for use in a
thermal/environmental  barrier coating (T/EBC) system particularly suited
for protecting silicon- containing substrates, such as articles exposed to
high temperatures  including the hostile thermal environment of a gas
turbine engine. In a first aspect, there is provided a coating composition
on a gas turbine  engine component, the coating composition containing an
alkaline-earth metal  ceramic composition containing barium oxide,
strontia, alumina, and optionally  silica, wherein barium oxide and
strontia are present in a combined amount of  about 37 to about 50 molar
percent of the coating composition, the balance  essentially alumina and
the optional silica present in the coating composition.  In a second
aspect, there is provided a barrier coating system on a silicon- containing
surface of a gas turbine engine component, the barrier coating  system
comprising an intermediate layer and a coating composition on the
intermediate layer, the intermediate layer comprising a layer formed of a
material chosen from the group consisting of silicon, mullite,
stoichiometric  BSAS, and mixtures of mullite and stoichiometric BSAS, the
coating  composition consisting essentially of at least one alkaline
earth-containing  composition chosen from the group consisting of: barium
strontium aluminate;  by molar percent, about 37% to about 39% barium
oxide, about 9% to about  11 % strontia, about 47% to about 49% alumina,
about 3% to about 5% silica,  and incidental impurities; by molar percent,
about 25% to about 26% barium  oxide, about 15% to about 16% strontia,
about 19% to about 21% alumina,  about 39% to about 40% silica, and
incidental impurities; by molar percent,  



about 20% to about 21% barium oxide, about 14% to about 16% strontia,
about 42% to about 43% alumina, about 21% to about 22% silica, and
incidental impurities; by molar percent, about 22% to about 23% barium
oxide,  about 14% to about 15% strontia, about 32% to about 33% alumina,
about  30% to about 31% silica, and incidental impurities; and by molar
percent,  -4 about 27% to about 28% barium oxide, about 9% to about 10%
strontia, about  31% to about 32% alumina, about 31% to about 32% silica,
and incidental  impurities. In a third aspect, there is provided a barrier
coating system on a surface of a  gas turbine engine component, the barrier
coating system comprising at least  one intermediate layer and a coating
composition on the intermediate layer,  the coating composition consisting
essentially of an alkaline earth aluminate  containing alumina and at least
one of barium oxide and strontia. The coating composition may contain
barium oxide, strontia, alumina and  optionally silica in molar percentage
ratios different than that of stoichiometric  BSAS (18.75:6.25:25:50). More
particularly, if silica is omitted, the coating  composition is not an
alkaline earth aluminosilicate, but an alkaline earth  aluminate. If silica
is present, the AI2O3+SiO2 content in the coating  composition is about 50
to 63 molar percent (compared to about 75 molar  percent for stoichiometric
BSAS), resulting in a BaO+SrO content of about 37  to 50 molar percent
(compared to about 25 molar percent for stoichiometric  BSAS). While not
wishing to be held to any particular theory, it is believed  that the
relatively higher BaO+SrO content and relatively lower Al2O3+SiO2  content
in the coating composition renders the composition more stable over  long
exposures at high temperatures than stoichiometric BSAS. Five particular
phases have been identified whose high temperature stability  has been
concluded to be better than that of stoichiometric BSAS. One such  phase
contains, by molar percent, about 37% to about 39% barium oxide,  



about 9% to about 11 % strontia, about 47% to about 49% alumina, and up to
about 5% silica, yielding a molar ratio of barium oxide, strontia, alumina
and  silica of about 0.8:0.2:1:0.1, respectively. Therefore, both the
BaO+SrO  content and the AI2O3+SiO2 content in the composition is about 50
molar  percent. Another phase identified with this invention contains, by
molar  percent, about 27% to about 28% barium oxide, about 9% to about 10%
strontia, about 31% to about 32% alumina, and about 31% to about 32%
silica, yielding a molar ratio of barium oxide, strontia, alumina and
silica of  about 1.3:0.4:1.5:1.5, respectively. Therefore, the BaO+SrO and
Al2O3+SiO2  4a contents in the composition are about 37 and 63 molar
percent, respectively.  Broad compositional ranges for the coating
composition can be, by molar  percent, about 20% to about 40% barium oxide,
about 9% to about 20%  strontia, about 19% to about 50% alumina, and up to
about 40% silica. A coating system incorporating the coating composition
preferably includes a  bond coat between the coating composition and the
silicon-containing  surface, by which the coating composition is adhered to
the surface. Suitable  bond coats may comprise one or more layers of
silicon, mullite, stoichiometric  BSAS, and mixtures of mullite and
stoichiometric BSAS. To increase its  allowable outer surface temperature,
the coating system may further include  an outermost coating on and
contacting the coating composition. Suitable  materials for the outermost
coating include stabilized zirconia or another high- temperature ceramic
material. Compositions for the coating composition are generally
characterized by  aluminum-rich and strontium-rich ceramic phases. These
phases are  believed to contribute to the ability of the coating
composition to exhibit a  lower recession rate in the combustion
environment of a gas turbine engine.  While non-stoichiometric in terms of
alkaline earth aluminosilicate  compositions used in the past, the coating
composition of this invention is  



chemically similar to stoichiometric BSAS. As a result, the coating
composition can be deposited on stoichiometric BSAS, with the expectation
that a strong chemical bond will exist therebetween that promotes the
mechanical integrity of the coating system. Other objects and advantages of
this invention will be better appreciated from  the following detailed
description. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 schematically
represents a T/EBC system in accordance with the  present invention. Figure
2 is a scanned image of a stoichiometric BSAS coating that had  undergone
JET testing conditions at about 2500EF, and which exhibited  -5
aluminum-rich and strontium-rich ceramic phases.  DETAILED DESCRIPTION OF
THE INVENTION The present invention is a coating composition for a T/EBC
system suitable  for protecting silicon-containing components subjected to
high temperatures in  the presence of water (water vapor), including the
high and low pressure  turbine vanes (nozzles) and blades (buckets),
shrouds, combustor liners and  augmentor hardware of gas turbine engines.
Examples of silicon-containing  materials for such applications include
those with a dispersion of silicon  carbide, silicon nitride and/or silicon
reinforcement material in a metallic or  nonmetallic matrix, as well as
those having a silicon carbide, silicon nitride  and/or silicon-containing
matrix, and particularly composite materials that  employ silicon carbide,
silicon nitride and/or silicon as both the reinforcement  and matrix
materials (e.g., SiC/SiC ceramic matrix composites (CMC)). While  the
advantages of this invention will be described with reference to gas
turbine engine components, the teachings of the invention are generally
applicable to any silicon-containing component whose silicon content is
subject to volatilization. 



A multilayer coating system 14 in accordance with an embodiment of this
invention is schematically represented in Figure 1. As shown in Figure 1,
the  surface region 12 of a silicon-containing component 10 is protected by
the  T/EBC system 14, which includes an optional top coat 18, a coating
composition 24 containing an alkaline-earth metal ceramic (alkaline earth)
composition of this invention, and a multilayer bond coat formed of bond
coat  layers 16 and 20. The coating system 14 is intended to provide
environmental protection to the underlying surface region 12, as well as
reduce the operating temperature of the component 10, thereby enabling the
component 10 to survive within higher temperature environments than
otherwise possible. To promote the latter, a particularly suitable material
for  the top coat 18 is stabilized zirconia, preferably yttria-stabilized
zirconia (YSZ),  though it is foreseeable that other high-temperature
ceramic materials could  -6 be used. A suitable thickness range for the top
coat 18 is about 25 to about  750 dim, with a preferred range believed to
be about 50 to about 125 (Dm,  depending on the particular application. The
major mechanism for degradation of silicon and silicon-based compounds
(e.g., silicon carbide) in a corrosive environment is the formation of
volatile  silicon monoxide (SiO) and silicon hydroxide (Si(OH)4) products.
The  diffusivity of oxidants in the top coat 18 is generally very high if
formed of YSZ.  As a preferred aspect of the invention, the alkaline-earth
metal ceramic  composition of the coating composition 24 exhibits low
diffusivity to oxidants,  e.g., oxygen and water vapor, and therefore
inhibits oxidation of the silicon  content within the surface region 12,
while also being sufficiently chemically  and physically compatible with
the surface region 12 to remain adherent to the  region 12 under severe
thermal conditions. Finally, the bond coat layers 16  and 20 serve to
promote the adhesion of the coating composition 24 to the  surface region
12 of the component 10. Suitable materials for the bond coat  



layers 16 and 20 include silicon, mullite, and mixtures of mullite and
stoichiometric BSAS. For example, the inner bond coat layer 16 may consist
essentially of silicon, while the outer bond coat layer 20 may consist
essentially of mullite or a mixture of mullite and stoichiometric BSAS. An
optional third layer 22 is shown in Figure 1, and if present is preferably
formed  of stoichiometric BSAS as an environmental and/or transition layer
between  the different materials of the coating composition 24 and the bond
coat layers  16 and 20. The use of silicon as the innermost layer 16 of the
coating system 14 is  particularly useful to improve oxidation resistance
of the surface region 12 and  enhance bonding between the surface region 12
and subsequent layers (e.g.,  mullite) if the surface region 12 contains
SiC or silicon nitride (Si3N4). A  suitable thickness for the silicon layer
16 is about 75 to about 125  micrometers. Mullite or a mixture of mullite
and stoichiometric BSAS is useful as the middle  bond coat layer 20 for
adhering a BSAS layer (e.g., layer 22) to the Si- -7 containing surface
region 12, while also preventing interactions between  BSAS and the surface
region 12 at high temperatures. The presence of  BSAS in a mixed layer with
mullite is compatible with the Si-containing surface  region 12 in terms of
having a CTE of about 5.27 ppm/EC, which is closer to  the CTE of SiC/SiC
CMC (about 4.9 ppm/EC) than mullite (about 5.5.  ppm/EC). A suitable
thickness range for a mullite/mullite+BSAS bond coat  layer 20 is about 75
to about 125 Om, depending on the particular application.  The presence of
a separate BSAS layer 22 overlying a mullite/mullite+BSAS  layer 20
provides excellent environmental protection and thermal barrier  properties
due to stoichiometric BSAS having a low thermal conductivity. In
particular, stoichiometric BSAS is able to serve as an environmental
barrier to  an underlying mullite-containing layer (e.g., layer 20), which
can exhibit  



significant silica activity and volatilization if exposed to water vapor at
high  temperatures. As a result, the presence of the BSAS layer 22 is able
to inhibit  the growth of an interfacial silica layer at the surface region
12 when the  component 10 is exposed to the oxidizing environment of a gas
turbine  engine. In addition, BSAS is physically compliant with a
SiC-containing  substrate, such as the surface region 12, and is relatively
compatible with  mullite and the Si-containing surface region 12 in terms
of CTE. A suitable  thickness range for the BSAS layer 22 is about 125 to
about 500 Dm,  depending on the particular application. The alkaline-earth
metal ceramic material of the coating composition 24 is  generally
characterized by aluminum-rich and strontium-rich ceramic phases  that are
believed to contribute to the ability of the layer 24 to exhibit a lower
recession rate than stoichiometric BSAS compositions, such as the BSAS
layer 22 of the coating system 14. To have this advantage, the coating
composition 24 contains, by molar percent, about 20% to about 40% barium
oxide, about 9% to about 20% strontia, about 19% to about 50% alumina, and
up to about 40% silica, wherein the BaO+SrO content in the coating
composition is about 37 to 50 molar percent and the Al2O3+SiO2 content is
8 about 50 to 63 molar percent. Within this compositional range, five
particular  phases have been identified whose high temperature stability is
better than  that of stoichiometric BSAS. These phases, identified as A
through E, are  summarized in Table I below. Table I Molar Percent Molar
Ratio Molar Percent  BaO SrO Ala SO2 BaO SrO AI2O3 SiO2 BaO+SrO AI2O3+SiO2
A 37-39 9-11 47-49 to 5 0.8 0.2 1 0.1 50 50 B 25-26 15-16 19-21 39-40 1.25
0.75 1 2 40 60  C 20-21 14-16 42-43 21-22 1.25 0.75 2 1 37 63  



D 22-23 14-15 32-33 30-31 1.25 0.75 1.5 1.5 37 63  E 27-28 9-10 31-32 31-32
1.3 0.4 1.5 1.5 37 63  Each of the above compositions for the coating
composition 24 differs from  stoichiometric BSAS
(0.75BaO0.25SrOAI2032SiO2). Phase A, if silica-free,  is a
near-stoichiometric alkaline earth aluminate having the approximate
composition of (BaOSrO)AI2O3. Phase A containing silica (e.g., about 3 to 5
molar percent) and the remaining ceramic phase compositions can be
referred to as non-stoichiometric alkaline earth aluminosilicates. In each
case, the BaO+SrO and AI2O3+SiO2 contents in the coating composition 24
are relatively higher and lower, respectively, than stoichiometric BSAS. In
an investigation leading to this invention, a stoichiometric BSAS coating
(0.75BaO0.25SrOAI2O32SiO2) on a SiC/SiC CMC was subjected to a flame  test
in which surface temperatures of about 2500EF (about 1370EC) were
sustained for about fifty hours with a five-minute temperature cycle. The
test  combined the presence of water vapor (from the combustion of a
propane and  oxygen mixture used as the flame source) and a gas velocity
comparable to  Mach 0.5 from the impinging jet stream. Examination of the
coating samples  after the completion of the test revealed that local
volatilization of the BSAS  coating had occurred, resulting in the
formation of porosity in the coating as  -9 shown in Figure 2. On further
analysis, it was determined that the pores were  the result of a portion of
the silica component of the BSAS coating being  volatilized, and that the
composition of the material surrounding the pores  contained aluminum-rich
(alumina) and strontium-rich (strontia) phases which  did not exhibit any
signs of volatilization. While aluminum-rich and strontium- rich phases are
present in much smaller amounts in stoichiometric BSAS  coatings in the
as-deposited condition, the greater amounts of these phases  coincided with
depletion of silica from the BSAS coating in the investigation,  resulting
in a non-stoichiometric BSAS material characterized by relatively  



high levels of alumina and strontia, and significantly lower levels of
silica. The non-volatilized ceramic phases observed in the BSAS coating
were  determined by microprobe to have the following approximate
compositions,  which are the basis for the ceramic phase compositions
identified in Table I. Table II  Molar Percent Phase BaO SrO AI2O3 SiO2  Al
38.9 9.97 47.68 3.65  A2 37.5 10.85 47.38 4.23  BI 25.4 15.31 20.04 39.2
C1 20.8 15.1 42.7 21.5  DI 22.5 14.46 32.88 30.16  El 27.8 9.4 31.59 31.16
Accordingly, all of the ceramic phases were generally aluminosilicates, but
with a molar ratio for BaO:SrO:Al203:SiO2 significantly different than the
original stoichiometric BSAS coating. As evident from Table II, the non-
volatilized aluminosilicate phases were relatively rich in barium oxide and
strontia, and depleted of Si02, in comparison to stoichiometric BSAS (by
molar percent, 18.75% barium oxide, 6.25% strontia, 25% alumina and 50%
-10 silica). All but one of the ceramic phases were also rich in alumina.
Each of  the phases shared the characteristic of having a higher BaO+SrO
molar  content (about 37 to 50 molar percent) and a lower AI2O3+SiO2 molar
content  (about 50 to 63 molar percent) than the corresponding 25:75 molar
ratio found  in stoichiometric BSAS. From the above, it was concluded that
the combination of a higher alkaline  earth content, a higher alumina
content, and lower silicon content in an  alkaline-earth aluminosilicate
should have the effect of reducing the  volatilization rate under severe
conditions within a gas turbine engine. As  



such, a coating (e.g., coating composition 24 in Figure 1) formed
predominantly or entirely of one or more of the ceramic phases identified
in  Table I should exhibit significantly lower recession rate than
stoichiometric  BSAS. Because the ceramic phases identified in Table I are
chemically  similar to stoichiometric BSAS, it was also concluded that the
coating  composition 24 formed of any one or more of these phases would
form a  strong chemical bond with BSAS, such as the BSAS layer 22 of the
coating  system 14 in Figure 1, thereby promoting the mechanical integrity
of the  coating system 14 on the Si-containing surface region 12 of a
SiC/SiC CMC.  The silica content of the ceramic phases is believed to be of
particular  interest. It was concluded that a silica-free coating, i.e.,
the phase A  composition of Table I modified to be free of silica to yield
an alkaline earth  aluminate, could potentially offer the best resistance
to recession. An  example is a molar ratio of about 0.8BaO0.2SrOAI2O3,
though other barium  strontium aluminate compositions are also believed to
be resistant to  recession as a result of the substantial absence of
silica. However, with its  relatively high AI2O3 content, the CTE of a
silica-free phase A coating may be  sufficiently higher than BSAS to lead
to spallation from thermal cycling.  Therefore, it may be preferable to use
a silica-free coating as an outermost  layer if appropriate intermediate
layers are present, such as one or more of  the layers 16 and 20 discussed
above and represented in Figure 1. On the  other hand, it was concluded
that the phase B, C, D and E compositions,  -11 which contain silica levels
intermediate a silica-free phase A composition and  stoichiometric BSAS,
are also desirable compositions that exhibit resistance  to recession. Such
intermediate compositions should be useful as an  outermost layer or as an
environmental coating protected by an outermost  layer, such as the top
coat 18 discussed above and represented in Figure 1. In view of the above,
several coating systems are envisioned, depending on  



the particular application for the coating system. For CMC articles in
which  the temperature at the CMC/coating interface may reach about 2400EF
(about  1315EC) and surface temperatures may reach about 2600EF (about
1425EC),  a four-layer T/EBC coating system may be used, in which the
innermost layer  is silicon (e.g., layer 16 in Figure 1), the outermost
layer (e.g., layer 24 in  Figure 1 wherein the top coat 18 is omitted) is
formed of one or more of the  ceramic phase compositions of this invention,
and two intermediate layers  (e.g., layers 20 and 22 in Figure 1) are
present: the inner layer (e.g., layer 20)  of which is formed of either a
crack-free mullite or a mixture of mullite and.  stoichiometric BSAS; the
outer layer (e.g., layer 22) of which is formed of  stoichiometric BSAS. In
such a coating system, the BSAS layer 22 would  contribute as an
environmental barrier coating. Alternatively, the BSAS layer  22 could be
omitted, such that the coating composition 24 of this invention  would
serve as the primary environmental barrier coating. For applications in
which the CMC/coating interface and coating surface are  expected to
sustain temperatures of up to about 2400EF (about 1315EC) and  about 3100EF
(about 1700EC), respectively, an outer coating composition  (e.g., top coat
18 in Figure 1) is desirable. A transition layer formed of one or  more of
the ceramic phase compositions of this invention can serve as a  transition
layer between a stoichiometric BSAS layer (e.g., layer 22) and a top  coat
18 formed of YSZ or another high-temperature ceramic material, or can  be
used instead of a BSAS layer. For example, a five-layer T/EBC coating
system may be used, in which the i4nermost layer is silicon (e.g., layer 16
in  Figure 1), the outermost layer (e.g., layer 18 in Figure 1) is YSZ or
another  -12 high-temperature ceramic material, and the three intermediate
layers include  an inner intermediate layer (e.g., layer 20) of either a
crack-free mullite or a  mixture of mullite and stoichiometric BSAS, a
middle intermediate layer (e.g.,  layer 22) of stoichiometric BSAS, and an
outer intermediate layer (e.g., 24) of  



one or more of the ceramic phase compositions of this invention. Again, the
BSAS layer 22 could be omitted in either of these coating systems, such
that  the coating composition _ 24 of this invention serves as the primary
environmental barrier coating as well as a transition layer that is
chemically  stable with YSZ and has a CTE intermediate that of YSZ and both
BSAS and  mullite. The ceramic phase compositions of this invention can be
formed by various  methods. For example, a powder of the desired
composition can be  deposited by spraying, such as air plasma spraying
(APS) or low pressure  plasma spraying (LPPS), though it is foreseeable
that deposition could be  performed by other known techniques, such as
chemical vapor deposition  (CVD) and high velocity oxy-fuel (HVOF).
Alternatively, a desired composition  can be formed in-situ by codepositing
two or more powders in ratios that will  yield the composition. For
example, powders of the individual oxides could be  co-deposited at
appropriate ratios for the desired composition, followed by a  heat
treatment. Because the desired ceramic phases of this invention were
observed to form during prolonged testing at temperatures of about 1200EC,
generally up to about 1370EC, it is expected that the desired ceramic
phases  should form during a heat treatment at temperatures of about 1300EC
over a  duration of about twenty-five hours. While the invention has been
described in terms of a preferred embodiment, it  is apparent that other
forms could be adopted by one skilled in the art.  Therefore, the scope of
the invention is to be limited only by the following  claims. -13 CLAIMS:
1. A coating composition on a gas turbine engine component, the coating
composition containing an alkaline-earth metal ceramic composition
containing barium oxide, strontia, alumina, and optionally silica, wherein



barium oxide and strontia are present in a combined amount of about 37 to
about 50 molar percent of the coating composition, the balance essentially
alumina and the optional silica present in the coating composition. 2. A
coating composition according to claim 1, wherein the alkaline-earth  metal
ceramic composition is a substantially silica-free barium strontium
aluminate. 3. A coating composition according to claim 2, wherein the
alkaline-earth  metal ceramic composition consists of barium oxide,
strontia and alumina in a  molar ratio of about 0.8:0.2:1, respectively,
and incidental impurities. 4. A coating composition according to claim 1,
wherein the alkaline-earth  metal ceramic composition consists of barium
oxide, strontia, alumina, and  silica in a molar ratio of about
0.8:0.2:1:0.1, respectively, and incidental  impurities. 5. A coating
composition according to claim 4, wherein the alkaline-earth  metal ceramic
composition contains, by molar percent, about 37% to about  39% barium
oxide, about 9% to about 11 % strontia, about 47% to about 49%  alumina,
about 3% to about 5% silica, and incidental impurities. 6. A coating
composition according to claim 1, wherein the alkaline-earth  metal ceramic
composition consists of barium oxide, strontia, alumina, and  silica in a
molar ratio of about 1.25:0.75:1:2, respectively, and incidental
impurities. 7. A coating composition according to claim 6, wherein the
alkaline-earth  metal ceramic composition contains, by molar percent, about
25% to about  26% barium oxide, about 15% to about 16% strontia, about 19%
to about 21 %  alumina, about 39% to about 40% silica, and incidental
impurities. 14 8. A coating composition according to claim 1, wherein the
alkaline-earth  metal ceramic composition consists of barium oxide,
strontia, alumina, and  silica in a molar ratio of about 1.25:0.75:2:1,
respectively, and incidental  



impurities. 9. A coating composition according to claim 8, wherein the
alkaline-earth  metal ceramic composition contains, by molar percent, about
20% to about  21% barium oxide, about 14% to about 16% strontia, about 42%
to about 43%  alumina, about 21 % to about 22% silica, and incidental
impurities. 10. A coating composition according to claim 1, wherein the
alkaline-earth  metal ceramic composition consists of barium oxide,
strontia, alumina, and  silica in a molar ratio of about 1.25:0.75:1.5:1.5,
respectively, and incidental  impurities. 11. A coating composition
according to claim 10, wherein the alkaline-earth  metal ceramic
composition contains, by molar percent, about 22% to about  23% barium
oxide, about 14% to about 15% strontia, about 32% to about 33%  alumina,
about 30% to about 31 % silica, and incidental impurities. 12. A coating
composition according to claim 1, wherein the alkaline-earth  metal ceramic
composition consists of barium oxide, strontia, alumina, and  silica in a
molar ratio of about 1.3:0.4:1.5:1.5, respectively, and incidental
impurities. 13. A coating composition according to claim 12, wherein the
alkaline-earth  metal ceramic composition contains, by molar percent, about
27% to about  28% barium oxide, about 9% to about 10% strontia, about 31%
to about 32%  alumina, about 31 % to about 32% silica, and incidental
impurities. 14. A coating composition according to claim 1, wherein the
coating  composition consists of the alkaline-earth metal ceramic
composition, and the  alkaline-earth metal ceramic composition contains, by
molar percent, about  20% to about 40% barium oxide, about 9% to about 20%
strontia, about 19%  to about 50% alumina, and up to about 40% silica. 15.
A coating composition according to claim 1, wherein the coating  15 ----
----- -- ---- - -- - ---------  



composition is part of a barrier coating system on a silicon-containing
surface  of a component, the barrier coating system further comprising at
least one  intermediate layer between the coating composition and the
silicon-containing  surface, the at least one intermediate layer being
formed of a material chosen  from the group consisting of silicon, mullite,
BSAS, and mixtures of mullite and  BSAS. 16. A coating composition
according to claim 15, further comprising an  outermost coating on and
contacting the coating composition, the outermost  coating comprising
stabilized zirconia. 17. A barrier coating system on a silicon-containing
surface of a gas turbine  engine component, the barrier coating system
comprising an intermediate  layer and a coating composition on the
intermediate layer, the intermediate  layer comprising a layer formed of a
material chosen from the group  consisting of silicon, mullite,
stoichiometric BSAS, and mixtures of mullite and  stoichiometric BSAS, the
coating composition consisting essentially of at least  one alkaline
earth-containing composition chosen from the group consisting  of: barium
strontium aluminate; by molar percent, about 37% to about 39% barium oxide,
about 9% to about  11% strontia, about 47% to about 49% alumina, about 3%
to about 5% silica,  and incidental impurities; by molar percent, about 25%
to about 26% barium oxide, about 15% to about  16% strontia, about 19% to
about 21% alumina, about 39% to about 40%  silica, and incidental
impurities; by molar percent, about 20% to about 21 % barium oxide, about
14% to about  16% strontia, about 42% to about 43% alumina, about 21% to
about 22%  silica, and incidental impurities; by molar percent, about 22%
to about 23% barium oxide, about 14% to about  15% strontia, about 32% to
about 33% alumina, about 30% to about 31%  



-16 silica, and incidental impurities; and by molar percent, about 27% to
about 28% barium oxide, about 9% to about  10% strontia, about 31% to about
32% alumina, about 31% to about 32%  silica, and incidental impurities. 18.
A barrier coating system according to claim 17, wherein the alkaline
earth-containing composition consists of barium oxide, strontia and alumina
in  a molar ratio of about 0.8:0.2:1, respectively, and incidental
impurities. 19. A barrier coating system according to claim 17, wherein the
alkaline  earth-containing composition consists of, by molar percent, about
37% to  about 39% barium oxide, about 9% to about 11 % strontia, about 47%
to about  49% alumina, about 3% to about 5% silica, and incidental
impurities. 20. A barrier coating system according to claim 17, wherein the
alkaline  earth-containing composition consists of, by molar percent, about
25% to  about 26% barium oxide, about 15% to about 16% strontia, about 19%
to  about 21 % alumina, about 39% to about 40% silica, and incidental
impurities.  21. A barrier coating system according to claim 17, wherein
the alkaline  earth-containing composition consists of, by molar percent,
about 20% to  about 21% barium oxide, about 14% to about 16% strontia,
about 42% to  about 43% alumina, about 21 % to about 22% silica, and
incidental impurities.  22. A barrier coating system according to claim 17,
wherein the alkaline  earth-containing composition consists of, by molar
percent, about 22% to  about 23% barium oxide, about 14% to about 15%
strontia, about 32% to  about 33% alumina, about 30% to about 31 % silica,
and incidental impurities.  23. A barrier coating system according to claim
17, wherein the alkaline  earth-containing composition consists of, by
molar percent, about 27% to  about 28% barium oxide, about 9% to about 10%
strontia, about 31 % to about  32% alumina, about 31 % to about 32% silica,
and incidental impurities. 24. A barrier coating system according to claim
17, further comprising an  



outermost coating on and contacting the coating composition, the  -17
outermost coating comprising stabilized zirconia. 25. A barrier coating
system according to claim 17, wherein the intermediate  layer is one of
multiple intermediate layers comprising an inner layer of silicon,  an
intermediate layer containing mullite and stoichiometric BSAS, and an
outer layer of stoichiometric BSAS. 26. A barrier coating system according
to claim 17, wherein the intermediate  layer is one of multiple
intermediate layers comprising an inner layer of silicon,  an intermediate
layer of mullite, and an outer layer of stoichiometric BSAS. 27. A barrier
coating system according to claim 17, wherein the intermediate  layer is
one of multiple intermediate layers comprising an inner layer of silicon
and an outer layer containing mullite and stoichiometric BSAS. 28. A
barrier coating system according to claim 17, wherein the intermediate
layer is one of multiple intermediate layers comprising an inner layer of
silicon  and an outer layer of mullite. 29. A barrier coating system on a
surface of a gas turbine engine component,  the barrier coating system
comprising at least one intermediate layer and a  coating composition on
the intermediate layer, the coating composition  consisting essentially of
an alkaline earth aluminate containing alumina and at  least one of barium
oxide and strontia. 30. A barrier coating system according to claim 29,
wherein the alkaline earth  aluminate is barium strontium aluminate. 31. A
barrier coating system according to claim 29, wherein the alkaline earth
aluminate consists of barium oxide, strontia and alumina in a molar ratio
of  about 0.8:0.2:1, respectively, and incidental impurities. 32. A barrier
coating system according to claim 29, wherein the intermediate  layer is
formed of a material chosen from the group -18 



consisting of silicon, mullite, stoichiometric BSAS, and mixtures of
mullite and  stoichiometric BSAS. 33. A barrier coating system according to
claim 29, wherein the surface of the  component is defined by a
silicon-based composite material. -19 THERMAL/ENVIRONMENTAL BARRIER COATING
FOR SILICON-CONTAINING SUBSTRATES  ABSTRACT OF THE DISCLOSURE A coating
composition (24) for a thermal/environmental barrier coating  (T/EBC)
system (14) particularly suited for protecting silicon-containing
substrates (12), such as articles exposed to high temperatures including
the  hostile thermal environment of a gas turbine engine. The coating
composition  (24) is an alkaline earth aluminate or an alkaline earth
aluminosilicate  containing, by molar percent, about 20% to about 40%
barium oxide, about  9% to about 20% strontia, about 19% to about 50%
alumina, and optionally up  to about 40% silica, wherein barium oxide and
strontia are present in a  combined amount of about 37 to about 50 molar
percent of the coating  composition (24). The T/EBC system (14) may include
one or more  intermediate layers (16,20,22) that adhere the coating
composition (24) to the  silicon-containing surface (12). The T/EBC system
(14) may further include  an outermost coating (18) of stabilized zirconia
or another high-temperature  ceramic material. Figure 1 -20 


