BARRI ER COATI NG SYSTEM FOR REFRACTORY METAL CORE BACKGROUND OF THE

I NVENTION (1) Field of the Invention [0001] The present invention relates to
a barrier coating system for refractory netal cores used in systens for
casting products such as turbine engine conponents. (2) Prior Art [0002]
Thermal m smatch stresses that develop in a baseline coating system

al um na on nol ybdenum may lead to mcrocracking, creating an oxygen
perneabl e barrier coating. Such a coating does not provide a robust enough
oxi dation barri &RRIERNGORMENSt andard Bl REFRZE TORY @IETaIpicoRect t he

nol ybdenum substrate. In addition to the transverse mcro crack, thicker
coatings may suffer fromcrack deflection at the substrate interface

causi ng gross del am nati ng gawicR®EAds oFoTukarkvegr oyt he refractory netal
core casting. Historically, a Sebastian pull test has shown that failure

stresses (¢ eBtetdt panthd. I5Vaiicdy e required for repeatabl e castings. [0003]
Many castyj usi t fr C il us [ X_or
Y casliope®) Ushd o8 hef LAGEALYPLA 1 GO & d & fﬂ{é%’gn%ég,%‘é‘a#ﬁag, Sy8tén

nore cores requiring coating yre e greater coati ng
system f §prareéfaateoy ynetstlalcamrse usshlouhd shavems hEof ot owi my ghosictal

requirenentﬁ:a%1% qgn- reacg{veimﬁth nglten ni ckel alloy; (2) phase stable
at 10-3 torr 2and™1BoYT BT STV From t he nickel alloy after casting

wi t hout debiting the alloy properties; (4) provide oxidation protection

during the shellfire stages of investnent casting;
(2) Prior Art
[0002] Thermal mismatch stresses that develop in a baseline
coating system, alumina on molybdenum, may lead to
microcracking, creating an oxygen permeable barrier coating.
Such a coating does not provide a robust enough oxidation
barrier during the standard shellfire cycle to protect the
molybdenum substrate. In addition to the transverse micro crack,
thicker coatings may suffer from crack deflection at the
substrate interface causing gross delaminating that leads to
failure of the refractory metal core casting. Historically, a
Sebastian pull test has shown that failure stresses greater than
0.75 ksi are required for repeatable castings.
[0003] Many castings using the refractory metal core technology
will use six or more cores requiring coating yield to be greater
than 95%. Thus, a coating system for a refractory metal core
should have the following physical requirements: (1) non-
reactive with molten nickel alloy; (2) phase stable at 107° torr
and 1600°C; (3) removable from the nickel alloy after casting
without debiting the alloy properties; (4) provide oxidation
protection during the shellfire stages of investment casting;
and (5) less than 50 microns thick.
[0004] Mixed oxide deposition by chemical vapor deposition has
been suggested as a longer-term solution and method to match

thermal expansion coefficients and eliminate thermal mismatch
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and (5) less than 50 mi crons thick. [0004] M xed oxi de deposition by

chem cal vapor deposition has been suggested as a |onger-term solution and
met hod to match thernal expansion coefficients and elininate thernal
msmatch 1 stresses. M xed oxide deposition is very difficult to control
due to the catalytic effect that one species usually has on the other. Mny
m xed oxides also run the risk of varying in conposition across the
substrate as a result in different reaction rates. SUMVARY OF THE | NVENTI ON
[ 0005] | staessedan¥éxuit bxitie gempsentiamventvieary, dd fiidndlcoad Eontrdhe

basel i ne stem,| rovided which increases adherence an | owers thernal
nisnatchd%%régthFOgagfi¥ﬁ%Cp?£§%ﬁﬁr%hé%ﬂﬂﬁeoﬁngﬁﬁﬁegsPa?éyr5??a%?o?®enntal
core sysitemrf.oMatgeni Re@askidgs aa P¥OdIGE .thEhe ikef backaryiAgt ah core system
broadly conprises a refractory nmetal core and a |layer of alum numnitride
deposi ted:ogg’otsﬁélpﬁf fOEPDFythetBIPToraEe W éh resayér 16f dAFGRT AL nitri de
acts as agherdopoabrodhe systemmay further conprise a |ayer of al um na
deposited on top of the alumnumnitride |layer. [0007] The present

invention also relates to a nethod for formng a refractory netal core
system for use in a casting

of providing a refractory néﬁﬁﬁagg}8ggﬁ%E§%@g§$f$ﬂgd;y|gggPrB?eZ|Lgfn3;$ps

nitride [®0068]a Burdacedhdeheitaf taet prysaet alneaiteionhey mRinod oy for
the baseline system is provided which increases adherence and
lowers thermal mismatch stress.
[0006] The present invention relates to a refractory metal core
system for use in casting a product. The refractory metal core
system broadly comprises a refractory metal core and a layer of
aluminum nitride deposited on the refractory metal core, which
layer of aluminum nitride acts as a bond coat. The system may
further comprise a layer of alumina deposited on top of the
aluminum nitride layer.
[0007] The present invention also relates to a method for
forming a refractory metal core system for use in a casting
system. The method broadly comprises the steps of providing a
refractory metal core and depositing a layer of aluminum nitride
onto a surface of the refractory metal core. The method may
further comprise the step of depositing a layer of alumina on
top of the aluminum nitride layer.
[0008] Still further, the present invention relates to an
article which broadly comprises a refractory metal core and a
layer of aluminum nitride deposited onto a surface of the
refractory metal core. The article may further comprise a layer
of alumina deposited over the layer of aluminum nitride.
[0009] Other details of the barrier coating system for
refractory metal cores in according with the present invention,

as well as other objects and advantages, are set forth in the
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further conprise the step of depositing a |layer of alumna on top of the
alum numnitride layer. [0008] Still further, the present invention relates
to an article which broadly conprises a refractory netal core and a |ayer
of aluminumnitride deposited onto a surface of the refractory netal core.
The article may further conprise a |layer of alum na deposited over the

| ayer of alumnumnitride. [0009] O her details of the barrier coating
systemfor refractory netal cores in according with the present invention,
as wel | ﬁslmbhEmgCﬁéEﬁifedﬂﬁbsnhmyﬂﬂm@eandatﬁeSetcéﬂpéﬂyimgt&mhwihd )l owi ng

detailed escription and the acconpany dra wherein |ike reference.
nurrer al s"BEPFLER i’rlk% TR r’eﬂleér—a Fﬁ’f\,\%\?%ﬁl#ﬂ?mw NGS [0010] The
FIGURE illustrates a refractory: netal core having a coating systemin

accordance with the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED ENMBODI MENT(S) BRGHE |PEREFEATIIRY REWIHE PRRWHIERRE, there is shown

there a_ [6gEpIctaLy sTelal cotg systen | naceardance iin Lae REGSAN!

i nvention e refractory netal core system may be use castin

pr ocessesofhbing os s ngm pir o dut s sucte wsthoehengrpaesagesvemtuQnLzm rfoil
portion of a turbine engi ne conponent such as a turbine engine blade or
vane. [0012] The refractory netal core system 10 conprises a refractory
metal core subspraieLHR, DEsdrRyErICH oof TaEURRARARRADL FMEeD temosid)ed on a

surface of the substrate 12, and a
[0011] Referring now to the FIGURE, there is shown there a
refractory metal core system in accordance with the present
invention. The refractory metal core system may be used in
casting processes for forming products such as cooling passages
in an airfoil portion of a turbine engine component such as a
turbine engine blade or vane.
[0012] The refractory metal core system 10 comprises a
refractory metal core substrate 12, a layer 14 of aluminum
nitride deposited on a surface of the substrate 12, and a
barrier coating layer 16 deposited on the aluminum nitride layer
14. The substrate 12 may be formed from any suitable refractory
metal known in the art including, but not limited to, molybdenum
and molybdenum alloys. As used herein, the term “molybdenum
alloys” refers to alloys having more than 50% by weight of
molybdenum. The substrate 12 may be a rolled foil having a
thickness in the range of from 300 to 500 microns. If the
substrate 12 is formed from molybdenum, the substrate has a
coefficient of thermal expansion of 4.5 ppm/°C and a use
temperature of 350°C. Further, it may be removed using
2H,0*2HNO3*1H,S0;,.
[0013] The aluminum nitride layer 14 has a thickness of less
than 50 microns. Preferably, the aluminum nitride layer 14 has a
thickness in the range of from 3.0 to 5.0 microns. The aluminum

nitride layer 14 may be deposited onto the substrate 12 using
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barrier coating |ayer 16 deposited on the alumnumnitride |ayer 14. The ,
substrate 12 may be forned fromany suitable refractory netal known in the

art i'ncl uding,
used herein, t

but not limted to, nolybdenum and nol ybdenum al |l oys. As
he term "nol ybdenum alloys" refers to alloys having nore than

50% by wei ght of nolybdenum The substrate 12 nay be a rolled foil having a

thickness in t

he range of from 300 to 500 mcrons. |If the substrate 12 is

formed from nol ybdenum the substrate has a coefficient of thermal
expansi oangf sdi Balphen hamiccal usgport erpesatipe vécBbI@ie Fmdwrerin ithemay be

renoved usin

g, 2H2OF 2HNGB*.1 2§§¥' [OOlg#.The Iugian1ni ride layer 14 has a
t hi cknes8T5t 18I dN 55 ong. “BF&f&Fably, Ot ne"at i N HIT Y u€ ™t ayer
14 has as.thpek/Essinidn at heer aBgEchthromB. 1313°ch. PurtBaEONSi t They abaimi num

nitride |ayer

14 may be deposited onto the substrate 12 using 3 any suitable

cheni cal *9&R¥#A deptisd thSh tNHhicgue FRAGWINGat 1fin€0«-art. Al uni num nitride has
a_coeffi ¢ppik) OfThteh%'éE@'hegxeéQw%if?g Plyer £ PRIV ©AMS AUse hgmpgrature of

1375C. Furt her

, 1t may be renoved usi ng KOH "NaCH or 2H20* 2HNO3* 1H2SO4.

[0014] Theibalki¢ enatwatd hgrayerinlheaprbe Poefredalhlom lmy bawiiteabl e

mat eri al kngmn
coa

f or ned fron1é?%ﬁ1 an

in th rt. Prefe |y, the.barrier. coatjing |layer .16 is
Pudbfils SO ok 215 RALELE na S S L L 515,

m crons. thberbags i €f £oai i1 Hays miGromy bDrRedeposiéedost gy amyssuiltcabl e

chem cal vapor

deposjtion technique known in the art. A barrier coating

| ayer f oPAEgPerdfposited using any suitable chemical vapor deposition

technique known in the art. A barrier coating layer formed from

alumina has a coefficient of thermal expansion of 8.5 ppm/°C and

a use temperature of about 1800°C. Further, it may be removed

using KOH or NaOH.

[0015]

Having an intermediate layer of intermediate thermal

expansion and a functionally graded material allows for a much

larger

temperature range for which the coating will be stable.

The alumina barrier coating grown from the vapor phase has some

inherent residual porosity from the competitive growth phase.

This often leads to oxidation and degradation of the substrate.

The aluminum nitride layer forms a stable oxide that matches the

barrier oxide exactly and prevents any further oxidation.

[0016]

Aluminum nitride has the advantage of having a very high

thermal conductivity, making the coating process more efficient.

The material is also known to have some resistance to attack by

molten

alloys providing extra protection for a short period of

time should the alumina barrier coating fail during casting.

[0017]

The aluminum nitride bond coat of the present invention

increases adherence and lowers thermal mismatch stress. Still

further, it provides critical benefits to the refractory metal

core coating such as oxidation resistance. The multi-layer

coating of the present invention allows for the control of

residual thermal stress and dissolution resistance in the molten
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al um na has a coefficient of thermal expansion of 85 ppmiC and a use
tenperature of about 1800C. Further, it may be renoved using KOH or NaCH.

[ 0015] Having an internediate |ayer of internediate thermal expansion and a
functional ly graded material allows for a nmuch larger tenperature range for
which the coating will be stable. The alum na barrier coating grown from

t he vapor phase has sone inherent residual porosity fromthe conpetitive
growm h phase. This often |eads to oxidation and degradation of the

substr at g1 loyherd womudid dfdehkapeestnt nbndest fdi ehaxidde thatl od@hghes t he
barrier oxide exactly and prevents any further oxidation, [0016] Al um num

ni tride RASPEHe vant'ag ik tHar RGTaL6Er y (Al ghtahherdld FrfRasiviidy,

maki ng t hescopindY dU AR dRIa Kf:f 1(Qh eRhterdbgi B bt riSi S known to
have sone resistance to attack by nolten alloys providing extra protection
for a shboherpaliexpafsiqn metsteem ¢gubhérarantnd arrier euuting fa@d (§dring
casting.leggﬁgg o The al um nym it i de QOPQmS?Q% of the present invention

i ncreases adherence and | owers thermal msmatch stress. Still further, it
provides critical benefits to the refractory netal core coating such as

oxi dation resistance. The nmulti-layer coating of the present invention
allows for the control of residual thermal stress and dissolution
resistance in the nolten 4 alloy. The bond coat of the present invention has
the followng properties: (1) oxidation barrier; (2) stable oxide fornmer;
(3) resistance to nolten alloy; (4) intermedi ate coefficient of



t hermal expansi on between substrate and barrier coating; and (5) |eachable
with a nmethod for core renoval. 5 WHAT IS CLAIMED IS: 1. Arefractory netal
core systemfor use in casting a product, said refractory nmetal core system
conprising a refractory netal core and a |layer of alum numnitride
deposited on the refractory mnmetal core. 2. The refractory netal :core
system according to claiml, wherein said layer of alumnumnitride has a

t hi ckness less than 50 mcrons and said refractory netal core is forned
froma WHREriL&l CERIMEDeUSfromthe group consisting of nol ybdenum and a

nol ybdenum al l oy. 3. The refractory netal core system according to claim1,
wherein said refractory netal core is fornmed fromrolled nolybdenum foil

4. The refracteryaseba) oLl sysiemaaeal dorgube chabMdingfargh®duct,
conprising a |ayer of alum na deposited over said layer of alumnumnitride
and sai dSatAntRGARATPFY dBe hal/i GRE S SYSTERY COMBRESHNIt AeF prhF aekpansidilgr eat er

than the coef hhgi gni.pfr &peL ijﬁﬁpqgﬁhqgeohehggﬁ£§ﬁrgﬁtgﬁg P@#fﬁeé%%&e and

| ess than the coeffitcient of thermal expansio e alumna Tayer. 5. The
refract omgtadt abreore systemaccording to claim4, wherein said alum num
nitride |layer has a thickness in the range of from3.0 to 5.0 mcrons and
the alum na | ayer has a thickness in the range of from 15 to 25 mcrons.

2. The refractory metal core system according to claim 1,

wherein said layer of aluminum nitride has a thickness less than
50 microns and said refractory metal core is formed from a
material selected from the group consisting of molybdenum and a

molybdenum alloy.

3. The refractory metal core system according to claim 1,
wherein said refractory metal core is formed from rolled

molybdenum foil.

4. The refractory metal‘core system according to claim 1,
further comprising a la?er of alumina deposited over said layer
of aluminum nitride and said aluminum nitride having a
coefficient of thermal expansion greater than the coefficient of
thermal expansion of the refractory metal core and less than the

coefficient of thermal expansion of the alumina layer.

5. The refractory metal core system according to claim 4,
wherein said aluminum nitride layer has a thickness in the range
of from 3.0 to 5.0 microns and the alumina layer has a thickness

in the range of from 15 to 25 microns.

6. A method for forming a refractory metal core system for use

in a casting system, said method comprising the steps of



6. Anethod for formng a refractory nmetal core systemfor use in a casting
system said nethod conprising the steps of 6 providing a refractory netal
qore‘and depositing a layer of alumnumnitride onto a surface of the
refractory netal core. 7. The nethod according ;to claim®6, wherein the
refractory nmetal core providing step conprises providing a substrate forned
from a netal selected fromthe. group of nolybdenum and nol ybdenum all oys.
8. The nmethod according Ito claim®6, wherein the refractory netal core
provi di ngrsvepiconprrsisapraw diaig la cookl eddf depobdtimed aflayemodfybdenum 9.

The net hod according 1o claim®, rein_the deppsitjing ste conpri ses
deposi t i ﬁgmﬁlfl]é'ﬁ}e?l%flcg%i%ata? Ui STt Pifdégﬁai?gﬁﬁaﬁjcog%iIE?(Tgae]sscq 's than 50
m crons. 10. The nmethod according to claim®6, wherein the depositing step
conpri ses degosi ting a layer of said alumnumnitride having a thickness in
the rangé-ofP8. BEEROS. LRI EHE Lo ElatRe metRBYS AR BRI FREFIC I | Mg al

further egpRrbebPgalhg iédrﬁﬂri%elsa%‘?c'bv@miﬁgbgrEﬁﬁg‘ff%if‘&rrﬁieefﬂ.cﬁrl over

said alumnumnitride. 1Z. The: nethod according to clalm 11, rein said
barrier acwatahgsebteredlftayarhadeposipt ofignet ghbdeonpr &seésnokbpodirtutng a

| ayer of 2 gm’sna over said alumnumnitride. 13. The nethod according to
claim 122wherain said al unina | ayer depositing step conprises depositing an
al um na | ayer having a

8. The method accordingito claim 6, wherein the refractory metal
core providing step comprises providing a rolled foil formed

from molybdenum.

9. The method according to claim 6, wherein the depositing step
comprises depositing a layer of said aluminum nitride having a

thickness less than 50 ﬁicrons.

10. The method according to claim 6, wherein the depositing step
comprises depositing a layer of said aluminum nitride having a

thickness in the range of 3.0 to 5.0 microns.

11. The method according to claim 6, further comprising
depositing a layer of a barrier coating material over said

aluminum nitride.

12. The method according to claim 11, wherein said barrier
coating material layer depositing step comprises depositing a

layer of alumina over said aluminum nitride.

13. The method according to claim 12,wherein said alumina layer
depositing step comprises depositing an alumina layer having a

thickness in the range of from 15 to 25 microns.



thickness in the range of from15 to 25 mcrons. 7 14. An article which
conprises a refractory netal core and a |ayer of alumnumnitride deposited
onto‘a surface of the refractory netal core. 15. The article according to
¢laim 14, wherein said.refractory metal core is forned froma netal

sel ected fromthe group consisting of nol ybdenum and nol ybdenum al | oys. 16.
The article according to claim214, wherein said refractory netal core is
formed fromrolled nol ybdenum foil. 17. The article according to claim 14,
wher ei n 34j daraldddiiE whiitchi dembay eeshasrar tddekneseetaf1 |ess than 250

m crons._18. The article according to claim17, erein said thickness is

in the radge oif Flominum tndt&ldien]g@P@ﬁé’?e@g?nché‘ AHifae &fcdt@ing to claim
14, furthef, LOBYY Sidi@iacdarrier coating material layer deposited onto said
alumnum nitride layer. 20. The article according to claim 19, wherein said
barrier coating material |ayer: conprises a |ayer of alumina. 21. The

article caydi t.0.-.cl ai m 20,. wherein_said, al ur na _|ayer h a.thickness
in the rg%'ggﬂb rt&ﬁlﬁ%tc?ofg{lrrﬁgc?(?ng?a1152f4 ’“I'h‘bejn%rretjinclse laccroe?f(sfiar%otrg claim
14, wher em@t shidbrefiradtoamed febal acoeeabasebedtddkness tine t@upange of from

300 to 500 icrons. 23.. A systemfor use. in casting an article conprising:
8 cons{gting of molybdé%um and molybdenum alloys. P g

16. The article accordidg to claim 14, wherein said refractory

metal core is formed from rolled molybdenum foil.

17. The article according to claim 14, wherein said aluminum

nitride layer has a thickness of less than 50 microns.

18. The article according to claim 17, wherein said thickness is

in the range of from 3.0 to 5.0 microns.

19. The article according to claim 14, further comprising a
barrier coating material layer deposited onto said aluminum

nitride layer.

20. The article according to claim 19, wherein said barrier

coating material layer comprises a layer of alumina.

21. The article according to claim 20, wherein said alumina

layer has a thickness in the range of from 15 to 25 microns.

22. The article according to claim 14,wherein said refractory
metal core has a thickness in the range of from 300 to 500

microns.

23. A system for use in casting an article comprising:
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a refractory netal core having a first coefficient of thernmal expansion; a
first layer of al material having a second coefficient of thermal expansion
greater than said first coefficient of thermal expansion deposited on a
surface of the refractory netal core; and a second |ayer of a material
having a third coefficient of thermal expansion greater than said second
coefficient of thermal expansion deposited over said first layer. 24. The
system of claim 23, wherein said refractory nmetal core is forned froma
nmetal selected fromthe group consisting of nolybdenum and a nol ybdenum

alloy, said first_layer is formed fromalumpumnitride, and said second
| ayer is forn%dr?ﬁEﬁ#%?ﬁXuﬁﬁﬁil SEICTREVENE b?SEI%?%ggﬂfl%ﬁﬁH9§ n said

refract otMerRinl e gMesidiais a t hi ckness in the range of from 300 to 500
mcrons, the first layer has a thickness in the range of from3.0 to 5.0
m crons, and the second | ayer has a thickness in the range of from15 to 25

mcrons. 9 5 rirst layer of a material having a second coefficient of

thermal expansion greater than said first coefficient of thermal

expansion deposited on d surface of the refractory metal core;

and

a second layer of a material having a third coefficient of
thermal expansion greater than said second coefficient of

thermal expansion deposited over said first layer.

24. The system of claim 23, wherein said refractory metal core
is formed from a metal selected from the group consisting of
molybdenum and a molybdenum alloy, said first layer is formed
from aluminum nitride, and said second layer is formed from

alumina.

25. The system of claim‘24, wherein said refractory metal core
has a thickness in the range of from 300 to 500 microns, the
first layer has a thickness in the range of from 3.0 to 5.0
microns, and the second layer has a thickness in the range of

from 15 to 25 microns.



