SI LI CON BASED SUBSTRATE W TH HAFNI UM CONTAI NI NG BARRI ER LAYER STATEMENT OF
GOVERNNENT | NTEREST The Governnent of the United States of Anmerica nay have
rights in the present invention as a result of Contract No.
NO0014-03-C- 0477 awarded by the United States O fice of Naval Research.
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article conprising a substrate containing silicon and a barrier [ayer
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a barrier |layer which conprises hafniymsilicate and, optionally, zirconium
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silicon and netal alloys containing silicon have been proposed for
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[0002] Ceramic materials containing silicon and metal
alloys containing silicon have been proposed for structures
used in high temperature applications as, for example, gas
turbine engines, heat exchangers, internal combustion engines,
and the like. Si-containing ceramics have attractive physical
and mechanical properties and are particularly useful in gas
turbine engines hot sections which operate at high
temperatures, high pressure and high velocity steam rich
environments. It has been found that these silicon containing
materials are susceptible to attack by steam due to the
formation of volatile Si species, particularly Si(OH)x and SiC
when exposed to high temperature, agueous environments as
encountered in gas turbine applications. The volatilization
of Si-containing species from Si-containing substrates results
in recession of the substrate which is clearly undesirable in
a long~term application. Environmental barrier coatings (EBCs)
have been applied to Si-based ceramics in ‘order to prevent
substrate recession and extend the life of gas turbine
components.

[0003] It is not uncommon fcor the EBC coating tc use one or

more layers on a substrate such as barrier layers, bond



conponents. [0003] It is not uncommon for the EBC coating to use one or nore
| ayers on a substrate such as barrier |ayers, bond | ayers, internediate
| ayers, and the like. One of the inportant criteria in the selection of
barrier lavers/bond |layers/internmediate |layers is the coefficient of thernal

expansi on of the |ayer. ln order 1 nimze t ui }d-, up of thermal
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conprising the silicon confaining substrate and | east one barrier |ayer
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with any other adjacent |ayer(s). e barrier layer of this invention may
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conprises _a substrate and a barrier |ayer which functions as _an
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silicat e-t‘]ilfbﬂ%oéw@' with the present invention, hafniumsilicate is
particularly useful”as a
[0004] Accordingly, it is a principal object of the present

invention to provide an article comprising the silicon
containing substrate and at least one barrier layer wherein
the barrier layer has a coefficient of thermal expansion which
is compatible with the substrate if adjacent to the substrate
and compatible with any other adjacent layer(s). The barrier
layer of this invention may also be used for the thermal and
environmental protection of other ceramic substrates with low
thermal expansion coefficients.

[0005] Further objects and advantages of the present

invention will appear hereinbelow.

SUMMARY OF THE INVENTION
[0006] The article in accordance with the present invention
comprises a substrate and a barrier layer which functions as
an environmental barrier coating, wherein the barrier layer
comprises hafnium silicate. In accordance with the present
invention, hafnium silicate is particularly useful as a
component in the barrier layer as hafnium silicate has a high
melting point, approximately 1750°C, and is stable in steam.
Furthermore, the coefficient of thermal expansion of hafnium

silicate is approximately 4.5 to 4.6 ppm/°C from room



conmponent in the barrier layer as hafniumsilicate has a high nelting point,
approximately 1750'C, and is stable in steam Furthernore, the coefficient
of thermal expansion of hafnium silicate is approximtely 4.5 to 4.6

ppnf (err)C fromroom 2 tenperature to 1200' C which nakes it conpatible with
ceram cs Jgﬂggﬁ§i e i E L1n = 7 . C, .Qnpi ned
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silicon nitride containing substrates. .The substrates may conprise an
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and oxi de-oxi de substrates. Suitable silicon- containing ceram cs 1nclude,
but are rrotstend tledr 10,1519 crbinig range, sidiidagom idarisid e orsid ilor car bi de
COﬁpOSit%&bggﬂi&QQ Wﬁéiéﬁ%s Q%gt%§ é%difﬂﬁa%¥ médﬂé&%ﬁ si licon
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mullite etc and the matrix includes alumna, zirconia and conparabie
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silicate. in a preferred enbodi nent, the barrier |ayer of the present
i nvent i orPXadnprt iskss hath hedminum side catmnighdiatiricoriam st Hioat e2td n
addi tion é&{éggig(gf¥¥%6%Lcégtaining metal alloys include, but are not

limited to, molybdenum silicon alloys, niobium silicon alloys,
iron silicon alloys, cobalt silicon alloys, nickel silicon
alloys, tantalum silicon alloys, refractory metal silicides,
etc. Suitable oxide-oxide substrates include, but are not
limited to, fiber reinforced oxide matrix composites where the
fiber reinforcements include silicon carbide, silicon nitride,
alumina, mullite etc and the matrix includes alumina, zirconia
and comparable refractory oxides.

[0007] In accordance with the present invention, the
barrier layer comprises hafnium silicate and, optionally,
zirconium silicate. 1In a preferred embodiment, the barrier
layer of the present invention comprises both hafnium silicate
and zirconium silicate. In addition to the foregoing, if
necessary, the barrier layer can further comprise a
coefficient of thermal expansion (CTE) tailoring additive.

The barrier layer of the present invention 1s suitable as a
thermal and environmental barrier coating. The barrier layer
of the present invention may also be used as an intermediate

layer to prevent interaction between adjacent reactive layers



necessary, tie barrier layer can further conprise a coefficient of thermnal
expansion (CTE) tailoring additive. The barrier |ayer of the present
invention is suitable as a thermal and environnental harrier coating. The
barrier layer o-- the oresent invention may al so be used as an internedi ate

| ayer to ] e i nteraction-between adjacent reactive |layers 3 in known
envi ronrrelﬁjf' 2%’11 ar relrhe‘fl I(iloglan%einnncggjls ybs ‘ers f%)raecelxnagrrpﬁ e taemsSi @lﬁ 02" asr@s.hteerﬁ . The
i nventiomsifHidhesyselkaties to a nmethod for producing the barrier coating on a
surface. [0008] In accordance with the present invention, a -preferred

met hod ¢ i TELHr ePari g i 3@ 1A e Dt hat M obxd e RirAYC SHuride of
silicon, coating dhe swface withethe mxture, and thereafter exposing the

coating to elevated tenperature for sufficient time to react the hafnium
oxi de wi t¥0A%e oxildi Agwp=idricomnwitth priodyce serdensevdraf imumsi | i cat e

coating. [0009] Further objects, and advantages of, the present_ jnvention wl|l
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a BSAS coating conpared to a nonolithic hafniumsilicate coating as a
functi on Tofxraiet iarnd wdigina Ttoss rpamirehvilrommsitined 99 elevatiedm at a

temper at u.g, of J3A50G o DEIA LED DESGR BTILON [00A], The, pr esgnt { nvent i on
relates to an article conprising a sUbstTat'e and a baltier ITayer, wher ei n
the barrierh [ayerodinhibide 4ie dot ned iprodfcgas etssspeci esumfsisiddeon from
the substrate when the article is exposed to high tenperature, conbustion
envi ronneftatiMhe i nvention al so

[0009] Further objects and advantages of the present
invention will appear hereinbelow from the following detailed

description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The Figure compares the recession rate of a BSAS
coating compared to a monolithic hafnium silicate coating as a
functicn of relative weight loss in an environment of 90%

steam at a temperature of 1315°C.

DETAILED DESCRIPTIOCN
[0011] The present invention relates to an article
comprising a substrate and a barrier layer, wherein the
parrier layer inhibits the formation of gaseous species of
silicon from the substrate when the article is exposed to high
temperature, combustion environments. The invention also
relates to a method for producing the aforesaid coated
article. 1In addition, it should be appreciated that while the
barrier layer is described as an environmental barrier layer,
the barrier layer also functions as a thermal barrier layer
and thus the present invention broadly encompasses the use of

environmental/thermal barrier layers on silicon containing



relates to a method for producing the aforesaid coated article. In addition,
it should be appreciated that while the barrier |ayer is described as an
environnmental barrier layer, the barrier layer also functions as a thernmal
barrier layer and thus the present invention broadly enconpasses the use of

envi ronneg}@ggimmné)a&{i }?ge@%ﬁe?smqﬁﬁg%%%%%{itn[geéngpbst rates and

on substrates having conpara ficients. [00121
Accor di ngetmartdieoprasentidimrerdi on, the silicon containing substrate may be
asilicongﬁ) ai ning ceram ubhstrate or_a silicon containjng netal alloy.
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nitride, silicon carbon nitride,” alumnosilicate/nullite, silicon
oxyni tri deiboixialed oxi de Sickeramm ccotaind o mpdsit e Ay si | Tton miedhd nean

oxynitride .and canbinations. thereof, In accordance with a particul ar

enbodi ment"o ngJtnﬁeenqcpfr e{s‘heentSli et i OH T HE TS 15 HoR rcetrﬁ ali%i%'ng? T cerdhi ¢

subst r at ecEOIRIT S8p oS € o Contal iNg Mt rdxand tdy, & el o ceBitge such as
fibers, particles, and the |ike and, nore particularly, a silicon based
matrix whithl & flietldq eifforc@d.cPa cultaiide sui t abl e ceranic substrates

oh G 1 Herlog i o br ced. o7 ra rat
i ber ot G GG 11 TCon Sarbi O par L1615 Bia ar1 | on Cnaie 1% & carbon

fiber-reinforce icon car par
fiber-reicdoanciad rsd t 1 iconc a@ards dee matd | 5 Janthra a lsinliroon eaybitdeide and
fiber-reinfaorced silicaon nitride matrix. Particularly useful silicon-netal

al | oys f oo s FtbstiHtet - f o tHE W% OFth 1fe BRESE L3 hventi on
i nclude najpyhdenne St ldcon, Aldays, i iabi Wi sidican pldQyssopndipiher S
contai ning alloys having a coefficient of thermal expansion conpatible with
t he harrierrdrayerswfstiet prezenisewentsionicon containing matrix with
reinforcements such as fibers, particles, and the like and,
more particularly, a silicon based matrix which is fiber-
reinforced. Particularly suitable ceramic substrates are
monolithic silicon nitride, a silicon carbide coated silicon
carpbide fiber-reinforced silicon carbide particle and silicon
matrix, a carbon fiber-reinforced silicon carblde matrix and a
silicon carbide fiber-reinforced silicon nitride matrix.
Particularly useful silicon-metal alloys for use as substrates
for the article of the present invention include molybdenum-
silicon alloys, niobium-silicon alloys, and other S5i
containing alloys having a coefficient of thermal expansion
compatible with the barrier layer of the present invention.
The barrier layer can also provide envircnmental and thermal
protection to oxide-oxide substrates including, but not
limited to, fiber reinforced oxide matrix composites where the
fiber reinforcements include silicon carbide, silicon nitride,
alumina, mullite etc and the matrix includes alumina, zirconia
and comparable refractory oxides.
[0013] A particularly useful barrier layer in accordance
with the present invention comprises hafnium silicate and,

preferably, a combination of hafnium silicate and zirconium



The barrier layer can al so provide environnental and thermal protection to
oxi de- oxi de substrates including, but not |imted to, fiber reinforced oxide
matri x conposites where the fiber reinforcenents include silicon carbide,
silicon nitride, alumna, nullite etc and the matrix includes al um na,
zirconi a nd. conpar.abl e refractor ides. [00131 A .particular]ly useful
barrier Isal;lelrc a&nerr'gc c"‘ghred'lantchee h\)/\‘?1”:[1?11 %’%?a resent i nvent irganf%lo r?lsie c‘—?"nta? ni um
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silicate. When the barrier |ayer conprises hafniumsilicate _wthout
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si1i cate by vol ey B ol g go. U bt T vno compr sas, bel ween. 50 and

100 % hafnium silicate vol une and, I1deally, 60 and 100 % haf ni um
si | i cat e.by Wielhunicheariadr ridral layerocongrn s&b dral ni Min sila Taten i 511l comtd nat i on
with zircgniumsilicate, the total volune r{l)e cent of the hafniumsilicate

and zi rcohiUm 919 i3 95 ot Sle e ™0F L S By ot Ut antf pref er abl y
bet ween 65 m@anthak00% Wit hei r @iefiar red eipadi nend |\« had niwm shd | cat e pnd

zirconiumsilicate are present in a volune ratio of between 1:49 to 49:1,
pr ef er abl §f bdtsvdenfni ug il 1Matle 109 1241r dan gt or daneet v 1 betevgref %l red
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coefficien ermal ‘expansi on or i ng addi nanount

suf fi ci enprd fermeddtaidbLionat | hd 4 yurbed vielern tdheshars i efod Byers 1 Bneh ahy
adj acent | ayer and/or substrate. The CTF tailoring additive is selected from
the groupr®®rdistshg OF Taxlumdcetiogy eiest G Bad o sidH2l Hf 2, Ti 02,

fo 3 (Tor Tmaml s N REDZ T N -7ogs "Nb203) I n accordance w th a. preferred

enbodi nenf0@E4} he prresentordaerd ivoi;h tttee @Gieferred embodiment of the
present invention, the barrier layer may include a coefficient
of the thermal expansion (CTE) tailoring additive in an amount
sufficient to maintain compatibility between the barrier layer
and any adjacent layer and/or substrate. The CTE tailoring
additive is selected from the group consisting of TaOyx, NbO,,
MgO, CaO, Sr0O, BaO, Si0;, HfO;, TiO;, Zr0,, Alz0s;, Y03, Lap0s,
rare earth oxides and mixtures thereof where x = 1 to 3 (for
example NbO, NbO,, Nb;03, Nb;Os}. In accordance with a
preferred embodiment of the present invention, the CTE
tailoring additive is added to a layer material for adjusting
the CTE of the layer so as to make the layer compatible with
the substrate and any other adjacent layers which may be
employed.
[0015] The CTE tailoring additive should be present in the
layer in an amount sufficient to maintain compatibility
between itself and adjacent layers and the substrate. When
HfC, is added, for example to a barrier layer described above,
it should be present in an amount of at least 5% by volume,
preferably between 10 and 50% by volume, ideally between 10

and 40% by volume.



tailoring additive is added to a |layer material for adjusting the CTE of the
| ayer so as to nake the |ayer conpatible with, the substrate and any ot her
adj acent | ayers which may be enployed. [0015] The CTE tailoring additive
shoul d be present in the layer in an amount sufficient to maintain

conpati bi} | between jtself and adjacent |ayers_ .and the substrate. Wen
Hf 02 is a@d%%lb:] forvﬁftitxalrfsplaen tlompao%aarn(riél 2er r]Cauyreer Odtfastck%el e%esa%%%el,nvﬂtjs%noul d be

present ito agimammuim ofmpdtiteasit p%Bdwal wes cqsefaridly betvieemd0 and 50%
by volune, ideally between 10, and 40% by volume. 6 [0016] It is an inportant
feature Of*RHEIREthGIvERtITN T it RS ot i 354 yEibRt W& t he

coef fici enty of - therdmine expansi on of 1he sidjcon, contaldihg. substrate and the

| ayer and/or adjacent |layers. In accordance with the present I1nvention it
has been Ik idratit HeeCleat fdend aytert sthoul @rE bef wiltdi ave 3. Shophd ' C,

preferably + 2.0 ppm. C and jdeal |l m (ery)C, of, the E of e silicon
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and i deald19] ¥retveeh2¥®out 0.1 to about 10 mils. The barrier |ayer of the

present i Wﬁgfpon may,, he, applied by, S%}y%}%]?/d s%o?gg}e fechni Qﬂﬂgsarﬂé‘f% Ker el

pai nting, air plasma spray, air rus rout'es, sol -geT,
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el ectrophoretic deposition, electrostatic deposition, dippin
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ref ract ory, natdse of the.bafniumsidicate andzifpopi i Shhloaie-and their

sl uggi sh sintering rates. coat i ngs
layer of the present invention may be applied by slurry

coating techniques, slurry painting, air plasma spray, air
brushing, sol-gel routes, sol-gel, thermal spraying, chemical
vapor deposition, physical vapor deposition, e€lectrophorétic
deposition, electrostatic deposition, dipping, and sputtering.
Application by slurry coating is challenging due to the
refractory nature of the hafnium silicate and zirconium
silicate and their sluggish sintering rates. If the coatings
are applied by slurry coating, additives such as silica,
alumina, titania, and oxides of sodium, lithium, calcium,
strontium, barium, and magnesium may be used as sintering
aldes, When dip coating, the starting slurry may be prepared
from a combination of Hf(0,, Zr0; and silicon or sgilica. Other
additives may also be used. The combination of hafnium
silicate and zirconium silicate may also be fabricated by a
sol-gel method using hafnium/zirconium oxychloride,
hydrochloric acids and TECS in the presence of complexing
metal ions or other variations of sol-gel processing known in
practice. One of the preferred methods for applying the
hafnium silicate coating {and zirconium silicate i1f desired)
is by plasma spraying. In accordance with the present

invention, the silicates are applied by mixing an oxide of



are applied by slurry coating, additives such as silica, alumna, titania,
and oxi des of sodium Ilithium calcium strontium barium and nmagnesi um nmay
be used as sintering aides. Wen dip coating, the starting slurry may be
prepared froma conbination of HQ2, ZrQ2 and silicon or silica. Oher

addi 1 vesnJay; @l S0 02 4:58%n e conhinatdon pfcal 1l 51 | LRI S A
zirconiumsilicate may al so be fabricated by a sol-gel nethod using
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of conplexing . metal ions or other variations of, sol-gel processing known in
pract i ce, NG gt The Bt et o1t o Mot Hods Tore 4Ft it ¢ ne™® HarTt UM ot ¥ i cat e
coating (@id rddconidimesd ldcad ecdrhpdesiied)of isehye ol asom spragiote, In
accordance with the present invention, the silicates are applied by m xing
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| east 0.5 hours, preferably between 2 to 200 hours, to forma coating
conpri si ntA¥RE Mamas39 it oy LR 7on Ui Si19 R FFLdestt eti}® The barrier

layer may,al 501 be et d ns Stk dyuf i Hoy aperal i om piothe rafticle. Wien the

source of silicais silicon, It is critically inportant that the heat

treat nentchet caakiedinmpriant arhaxidhe i ngg tenvieomment . b¢ 004841 &d f ot hier

met hod for ac?)?l(ﬁ%j%lthe coating of the present invention is by chem cal
vapor depdsitio 9 SFVEFRAYTAY 1 ayers of haf ni um oxi de (and zi rconi um oxi de

if desirpsgiad th an sflieesdr M@@d(ﬁéiimﬁnfim@@oipﬂlﬁwﬂ bye one or
nore reacting annealing steps to react the netal oxide wth silicon to form
the desirrtesent coteenrigh |icare dixticzel viool9jepeopreferred net hod for

prOdUCingaf@gfﬂé%gﬁglié§g§% of hafnium oxide (and zirconium oxide if
desired) with a silicon source (silicon or silica)rfollowed by
one or more reacting annealing steps to react the metal oxide
with silicon to form the desired silicate or silicate mixture.
[0019] A preferred method for producing hafnium silicate
cocatings 1in accordance with the present invention 1s described

hereinbelow.

EXAMPLE

A mixture of HfO; and Si powders were plasma sprayed using the
parameters listed in Table 1. The cocating was subseqguently
heat treated in air at 1315 °C for approximately 100 hours.
The resultant cocating had all the Si converted into HfSiO4.
Although free HfO, remained in the coating, this example shows
that HfSiOs can be formed by this process by the appropriate
choice of HfO; and Si amounts. In order for the complete
production of HfSiO;, a 1:1 molar mixture of HfO; and Si should
be chosen. It should be noted that the substrate temperatures
during deposition can be varied from room temperature to

1100°C.



coatings in accordance with the present
EXAMPLE A m xture of H 02 and S

invention is described
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h vﬁgrof Hf 02 amdoSk2 anpungs: %gloﬁﬁg? ? rWFHéﬁEb te

Qpﬁﬁ1450$ 1 Lar mixture of Hf 3nd_Si qhnuld, hF chosen.
1et,ed that the sisécraty t(&per at ur é‘éet%ri”ﬁg(@éposi tilon can be
hom t enper at ur e | Nezz1£00(err) C. 8 RAVWwarla¥ 02-20 wei ght %S
9sb5|on C@j Gun Metcc 3M (GH Metco 3M (GH Nozzl e)
Prinurv Ar >econdarv Gas _Hydrogen Hydrogen Current 600 nmA
AV 480V Carr Al Ar Stan d§5 | stance 4.'15 4.75

%eienpergtu%g Lg&%r%%%g (O)_Coati %%§% ness 125 125
Current 600 mA 600 mA

Voltage 50V 50V

Carrier Gas Ar Ar

Stand Off

Distance 4,75 4,75

{inches)

Spray

Temperature 1093 1093

(C)

Coating

Thickness 125 125

{microns)

Gun Speed 5 6

{inch/sec)

In order to demonstrate the benefits of the barrier layer of

the present invention compared to state of the art barium

strontium aluminosilicate

(BSAS)

barrier layers,

panels with

BSAS and HfS1i0, compositions were prepared and tested in steam

rich environments: Dense pahels of BSAS (Bag.758r¢.25A1251204)

were processed by hot pressing. Dense panels of Hafnium
Silicate were prepared by cold pressing followed by sintering
at 1600°C. Coupons of the compositions were subsequently heat
treated to 1600°C. The samples were exposed to steam in an
atmospheric steam rig with 90% water vapor and 10% oxygen. The
steam exposures were carried out at 1315°C for over 500 hours.
The recession rate was calculated by measuring the weight loss
of the material per unit area exposed,

[0020] The Figure shows the comparative results between the
recession rates of the monolithic hafnium silicate as prepared

above when compared to the barium strontium aluminosilicate.
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~rriicrcns) | ~ @n Speed 6 6 ~inch/sec) | In order to denonstrate the
benefits of the barrier layer of the present invent'-on conpared to state of
the art barium strontium alum nosilicaze (BSAS) barrier |ayers, panels with
BSAS and Hf SiO4 conpositions were prepared and tested in steam rich

envi r ONMBNL &, PRNSE RANGl %o:pf: F5AR 830, A 0 LA &5 2oL ver £ processed by
hot pressing. Dense panel s of fnium 'Silicate were prepared by cold

pressi ng ¥addoviedh byirsintlerti gy iat 4600240 <Couponsnaft tutesrtomposatédnso wer e

St rospher T a1 TIF OV St e VARCr Arl S0y Gon CoTRE oGt st
EXPOSUr esg et € gl 'd £k Htt @datli%@%]é;@méw@{at5%é“}w§io4 Theerecession rate
g

was cal cul ated by nmeasuring the wei loss of the material per unit area
exposed. OO0 oaE i yurke shidusl it Heo dopedr i | e sl tlamb et lveeh whieng

recessi oq?ég% eS¢ oifdérpcei nQJ}iH}ince 5af niumsilicate as prepared above when
conpared 10 the bariumstrontiumalunm nosilicate. 9 It can be seen fromthe

Fi gure, theodwef ni ummsild caipmien@atthdteasierds Shdd mesebett@rided airst eam
envi ronment when conpared to BSAS. This inproved steamstability of HHSi O4
as conpardF WIHCBINS} nPl§ L IFRAT OBt HG Iy st etsl 1 Hat RATH Si 04 | ayers as

st eam bafsf{%fél S AL dﬂ%'waﬁﬂm,m&ﬂ% %ﬁéi Thd %%islé%”ﬂaygﬁﬂ%%h

i denti cal ness. 021] It is apparent at there has been provided in
accor danciea it hs athies press ertic | slvprtion reesid | cord babeth taypbstsat efontih haf ni um
barrier layer which fully satisfie ect.s, ,neans,

2nd advantSgea BT ort TR o et OreE N TR by Br ST AT B s boon
describedin ighd heantexds Apspeei & | Gussbot Mentsnd heseofoript er
alternatives, modifications, and variations will become
apparent to those skilled in the art having read the foregoing
description. Accordingly, it is intended to embrace those

alternatives, modifications, and variations as fall within the

broad scope of the appended claims.
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alternatives, nodifications, and variations will become apparent to those
skilled in the art having read the foregoing description. Accordingly, it is
intended to enbrace those alternatives, nodifications, and variations as
fall within the broad scope of the appended clainms. WHAT IS CLAI MED 15: 1.

An articl 1,.SiNg; -~ bstrate conprising silicon; and * barrier |ayer
conpri si n@i@gﬁ% uCQ‘mL Si Echa €. 2. An article according to claim1, wherein the
barrier |ayer conprises at least 50'-. hafniumsilicate by volune. 3. An

article according A0 cA@idnd,coieredihdhe barrier |ayer conprises between 50
and 100% hafniumsilicate by volunme, 4. An article according to claiml1,
wher ei n the bat ri8istahferc E8prs 5es Pkl 601%nd 100% haf ni um silicate by

volume. 5. An argigcl& ,accordi cd gl TR arrier |layer
conpri ses haf n%‘uml(sa%% catcag angg)zr%lér%clonll Lﬁ:%—aﬁ icate llrinl(%ﬁté)hrmunt bet ween 50
and 100% by volunme. 6. An article according to claim1l, wherein the barrier

| ayer conpri ngj hgz{ niumsilicate and zirconiumsjilicate jn an anount between
"V

65 and 100 % T S LR T A iR iy o WIS, P EF h ¢ he

barrier 1ayer &qxg[mriisseess fafnim sidd oal g and Zircondmeilicate, in a ratio
between 1:49 and 49:1 by volune. 8. An article according to claim5, wherein
the barrier Ilayer conprises hafniumsilicate and zirconiumsilicate in

rati o between 1:19 to 19:1 by volume. 9. An article accordi to claim 2,
Wher i n the batti it ARYELE YT HihT ST CrE RO g Rl e
sel ected f4@® ddmprises between 50 and 100% hafnium silicate by

volume.

4. An article according to claim 1, wherein the barrier
layer comprises between 60 and 100% hafnium silicate by

volume.

5. An article according to claim 1, wherein the barrier
layer comprises hafnium silicate and zirconium silicate in an

amount between 50 and 100% by volume,

6. An article according to claim 1, wherein the barrier
layer comprises hafnium silicate and zirconium silicate in an

amount between 65 and 100 % by volume.

7. An article according to claim 5, wherein the barrier
layer comprises hafnium silicate and zirconium silicate in a

ratio between 1:49 and 49:1 by volume.

8. An article according to claim 5, wherein the barrier
layer comprises hafnium silicate and zirconium silicate in

ratio between 1:19 to 19:1 by volume.

9. An article according to claim 2, wherein the barrier

layer further comprises a CTE tailoring additive selected from
11



the group consisting of TaQ,, NoOx, MO, CaO SrO BaO S O2, H 2, Ti02,
Zr02, A1203, Y203, La203, rare earth oxides and m xtures thereof where x = 1|
to 3. 10. An article according to claim9, wherein the CTE tailorina
additive is present in an anount up to 50 % by volune. 11. An article

accor di ng- {0 £l aign nher &l dherLJE whal | aiddg @ddi tive, i sapresent, in an

anount of between 10 and 50 by vol une. 12, An article according to claim9,
wher ei n tHEOLTELCai FoPingr laddi t Yy@s,i d.apPesertre reant lanounde of ahét ween 10 and
40 % by volume, 13. An article accordin oclaiml, further including an

i nter m&*di%Jﬁ:ahfraeysefAE ee]iev\%?fenmfeh%e sﬁﬁb‘stfa%% %‘nd the barrier layer. 14. An
article according to claim1, wherein the barrier |layer further conprises a
CTE tailoring additive wherein the |ayer has a CTF- within + 3.0 ppni(err)C
of the substrat® amtf #rtigteraeered &g dyerclabn dn whereie %%o@”aﬁ?ng to

addi U1 ve Wer o e Tyt i A e (&) & of e

substrat evahndi®r internediate layer. 16. An article according to claim1,
wherein the barrier |layer further conprises a CTE tailoring additive wherein
the layer has a CTE within + 1 ppnmi'C, of the CTF- of the substrate and/or

intermediate layer.ad2 didic A0 dddrn@ceordinnte, ohiadm 13, tnbespin the
internediate |ayer is selected fromthe group consisting of bariumstrontium

al umi nositd Eheeinstadnt e al urdroseht cht ean gneuituesibdécaten bl dide,
silicon r’% %Y %Mn%’n oxi de and

12. An article according to claim 9, wherein the CTE-
tailoring additive is present in an amount of between 10 and

40 % by volume.

13. An article according to claim 1, further including
an intermediate layer between the substrate and the barrier

layer.

14. An article according to claim 1, wherein the barrier
layer further comprises a CTE tailoring additive wherein the
layer has a CTE within + 3.0 ppm/’C of the substrate and/or

intermediate layer.

15. &An article according to claim 1, wherein the barrier
layer further comprises a CTE tailoring additive wherein the
layer has a CTE within + 2.0 ppm/°C of the substrate and/or

intermediate layer.

16. An article according to claim 1, wherein the barrier
layer further comprises a CTE tailoring additive wherein the
layer has a CTE within + 1 ppm/°C, of the CTE of the substrate

and/or intermediate layer.

12



m xtures thereof, 18. An article according to claim1, wherein the barrier
| ayer is an internediate layer in an environnental harrier coating (EBC)
system between two reactive layers of FBC system 19. An article according
to claim 18, where the reactive layers are silicon nmetal or silicon oxide

and haf ni um angdf or ,ziJ,conium oxide;. fégr rfrbla% ihcle av?k?@f@iﬂ"lg?ﬁ@ claim1l

where the substrate has CTE+3pp the hatniumsilicate
cont ai ni ngnlcoatedigte 2]:1ayeﬂm oy ticl ectapt ofimg it ct@im c;?cﬁhsMieiIecj; nof he

substr at rlses i.s, sel tedf m t he group consi st jlicon
contal i 1 TP G At ST by oL Ot ot Ty C R | SO 5L PR ol e
accordin ﬁ@rmrﬁlmﬁibaﬁmerr@unlitm §iﬂb§édrﬁtr@e@ﬂn}3réﬁﬁﬁc§rﬁ|é>@9ﬂb catrdi de,
silicon n|tr| de, silicon oxynitri de silicon alum numoxynitride, nullite,
al um nosWP&@%fe%S e and conbi nations thereof. An article according to
claim?20 where the 2 " 3. substrate is an oxi de/ oxide ceramic matrix
conposite. 24. An article according to claim1, further including a bond

| ayer on the subst rat earcoindlad naaxgpsddncorn i3 i2b.1 Awlesté ol etlaccloa el grt o

claim1, wherel n the barrier ., layer has a thickness of between 0,1 and 300
mls. 26.13Farts @ Ja%fc%?ﬁﬁ‘?’ﬂga B A Shetal I AHEE bR i R T T %Y er has a

t hi ckness.oft heg weest 0. dy anch 10 d sy 273 - Ab@fdd ¢ & acsopdimgeto claimi,

wherein the coating 1is produced by a process selected fromthe group
consi sti ngyofemt hermal spraying, chem cal vapor deposition, physical vapor
deposition, electrophoretic deposition, electrostatic

19. An article according to claim 18, where the reactive
layers are silicon metal or silicon oxide and hafnium and/or

zirconium oxide.

20. An article according to claim 1 where the substrate

has CTE + 3 ppm/°C of the hafnium silicate containing coating.

21. An article according to claim 20, wherein the
substrate comprises is selected from the group consisting of
silicon containing ceramics and metal alloys containing

silicon.

22, An article according to claim 20, wherein the
substrate comprises silicon carbide, silicon nitride, silicon
oxynitride, silicon aluminum oxynitride, mullite,

aluminosilicates, alumina and combinations thereof.

23. An article according to claim 20 where the

substrate is an oxide/oxide ceramic matrix composite.

24, An article according to claim 1, further including a

bond layer on the substrate containing silicon.
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deposition, sol-gel, slurry coating, dipping, air-brushing, sputtering and
slurry oainting. 28. A nethod for producing a coating conprising hafnium
silicate conprising: preparing a m xture conprising hafni um oxi de and a
source of silicon; plasm spraying the m xture to forma coating; and heat

treating the c%%tln%ba%rqlcﬁgp% t%e veen 98% %&% §§p f%raﬁrngihod

| east 0.5 hours'to rma coati S|ng ha nlunlslllcate

accor di ng Itageal aiam 25t hihenheiss kHEthQabentmeat@aﬂt3m® ati 1& .t enperature of

bet ween 1200 and 1485 'C for durations of tine between 2 and 200 hours. 30.
A nmethod for producing a coating conprising at |east one of hafniun1si|icate

and Z'rCO”'U”‘%%"C%%ea%QE%ﬁkﬁh%%ordﬁh%p%H %Ea%ﬁm@t'dﬁgﬁgin(¥ﬁf
| east one O H Q2 and Zr02 and a | ayer of a silicon source; heat treatlng

the mul ti layer deat ianghdtckaesenpdr dtedreecof 0.Betawnelerd 0980 land 16500C for at
| east 0.5 hours to forma coating conprising at |east one of hafnium
silicate and zifconiumsilicate. 14

27. An article according to claim 1, wherein the cocating
is produced by a process selected from the group consisting of
thermal spraying, chemical vapor deposition, physical vapor
deposition, electrophoretic deposition, electrostatic
deposition, sol-gel, slurry ccating, dipping, air-brushing,

sputtering and slurry painting,

28. A method for producing a coating comprising hafnium
silicate comprising:

preparing a mixture comprising hafnium oxide and a socurce
of silicon;

plasma spraying the mixture to form a coating; and

heat treating the coating at a temperature of between
980 and 1650 °C for at least 0.5 hours to form a coating

comprising hafnium silicate.

29. A method according to claim 25, wherein the heat
treatment is at a temperature of between 1200 and 1485 °C for

durations of time between 2 and 200 hours.

30. A method for producing a coating comprising at least
one of hafnium silicate and zirconium silicate comprising:

preparing a multilayer cocating of at least one of HfO; and
Z2rQ0, and a layer of a silicon source; and

heat treating the multilayer coating at a temperature of
between 980 and 1650°C for at least 0.5 hours to form a
coating comprising at least one of hafnium silicate and

zirconium silicate.
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