REFRACTORY METAL CORE COATI NGS BACKGROUND OF THE | NVENTI ON [ 0001] The
present invention relates to coatings to be applied to refractory netal
cores to protect the cores fromoxidizing during shellfire and from
reaction/di ssolution during the casting process. [0002] Investnent casting
Is a commonly used t eCchREFRACTORY MERTAU (BRBIJOLTRMMPONeNnt s  havi ng
conpl.ex geonetries, especially hollTow conponents, and is used in the
fabrication of superalloy gas turbine engine conponents. The present

i nvention will be descri L. C ction of superall oy
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core is as follows. A ceram c core having the geonetry desire
i nt er nahotsodiniled. passages i s pI aced in a netal die whose walls surround
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colloidal silica binder to bind together ceramic particles which may be alumina, silica,
zirconia, and aluminum silicates.
[0065] The investment casting process used to produce a turbine blade, using a ceramic core
is as follows. A ceramic core having the geometry desired for the internal cooling passages is
placed in a metal die whose walls surround but are generally spaced away from the core. The
die is filled with a disposable pattern material such as wax. The die is removed leaving the
ceramic core embedded in a wax pattern. The outer shell mold is then formed about the wax
pattern by dipping the pattern in a ceramic slurry and then applying larger, dry ceramic
particles to the slurry. This process is termed stuccoing. The stuccoed wax pattern,
containing the core is then dried and the stuccoing process repeated to provide the desired
shell mold wall thickness. At this point, the mold is thoroughly dried to obtain green strength
and the wax removed by application of high pressure steam which removes much of the wax
from tnside of the ceramic shell. The mold is then fired at high temperature to remove the
remainder of the residual wax and to strengthen the ceramic material for the casting

operation.



operation. 1 [00061 The result is a ceramc nold containing a ceram c core
whi ch in conbination define a nold, cavity. It wll be understood that the
exterior of the core defines the passageway to be forned in the casting
and the interior of the shell nold defines the external dinensions of the
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features such as core supports to stabilize the core or other gating which

acts t o"&%ﬁﬂ%‘ﬂf kvl bej understded that she exdering o€ the. coBodnfines the Ipasmgdetmrbes may

t b f fi bt
good gag?’ﬁ% Flﬁ Qingﬁ’?éﬁ <Pl 3f B Shath @Ol s e SR e aab imeriogs HEiber i a1
I s pour gghe f_(l_)z @\Sb madeeThoste ahy sheMemdAbd défﬁie%ll?c’? @eaﬁﬁé@s&ﬁ%@@cy and

sol i dlfled d and core are then renoved fromthe superalloy casting
by a coRSHpoHS Itlﬁialuhzmghammatheagmr@mhchms toechasnel i@ Sdto At @aspt s have

been made to for I nves nt ca ch have inproved
nmechani E%{PP‘BP%Z?\'/‘%'? g_ﬁﬁ ﬁzﬁ'éﬁcs mpr&flges%gzg,t OE%?%WB@ rastput BHAEE t 0 t her nal
shock, Fir 9BRITRAS ;,E&xp&guﬁgaatures One such attenpt is shown in

publ i shed uU. Pat ent Appl i cati'on No. 2003/0075300, which is incorporated

by ref e [090ZE: Afiler removalisfdbewas. fmolten superadoyhmeteritlis pomzd igo dercavity defiieds Wi t h
enbedde tal ele 09] V\hll I t. has been recogni zed

t hat cog¥ F’Wgc’balg E%@Laeﬁoé%fsée'f'gﬁlaﬁarsﬁ%% eT]i‘feW’ Ang fete arg thep gemove; ¢t or y
met al cabAthe N}Qﬁﬁl{)?%ﬁﬁh@%&'@a RRndtRn ¢ treLRarhAN b HHeitay nfb’aﬁé ul coatings.

Currentl chem cal “va eposition of al um num oxi de ( mna) is the
basel i n I Sempisdevpbesinthale tp pravidei doyescfuemtmstmvaldaahlg whiyh havt the

S omt 1 BBl oo, PR ot ity s P B A Dot veen
the ref sRrdew gediﬁﬁftﬁédaﬁahlféﬂtﬁi%stbﬁésﬂh%ﬂ@ﬁ?;ﬁlﬁgh%ﬁ %@?Jb%@]'fé?l% SORLERI- Inits

m crocracked condition, the baseline coa entirely oxldation
resi st apppligation glo 2@[&3/1307\‘5@@@ mehich ishiedoirdrated bpunbemy @FeiTHEhess\¢Esifts ON

0010 ,S _a t of .t he ention to vi de coatings for
gef ra!:t%” ﬁ?’%@éﬁ‘ﬁ'ﬁ he‘i'dgé @&‘%H&Eﬁ&f}nﬁaﬁ i croc?ackl ng.
[0011] [mlswnmt unrﬂas%e:p.l&b@@ﬁzequst%mmg%&mesirmsn:t infilovedhP portbrfaneOat | NgS

for refractory core elenents which have inproved oxidation’resistance.

[0012] aktke refraeigay mgtabbpres tthere ramains aineeddo Bofincartéadarlyussfubtoatings.pr esent
| nvent | eﬂrfently, chemical vapor deposition of aluminum oxide (alumina) is the baseline
process/composition primarily due to availability and the excellent compatibility of alumina
with molten nickel superalloys. A significant coefficient of thermal expansion (CTE)
mismatch exists between the refractory metal/alumina that produces a microcracked coating.
In its microcracked condition, the baseline coating is not entirely oxidation resistant during

the investment shellfire.

SUMMARY OF THE INVENTION
[0010] It is an object of the present invention to provide
coatings for refractory core elements which have a reduced tendency for microcracking.
{0011] It is a further object of the present invention to provide coatings for refractory core
elements which have improved oxidation resistance.
[0012] The foregoing objects are attained by the coatings of the present invention.
[0013] In a first embodiment, a refractory metal core for use in a casting system has a coating
for providing oxidation resistance during shell fire and protection against reaction/dissolution
during casting. The coating comprises at least one oxide and/or a silicon containing material

or a stable oxide former.



[0013] In a first enbodinent, a refractory nmetal core for use in a casting
system has a coating for providing oxidation resistance during shell fire
and protection against reaction/dissolution during casting. The coating
conprises at |east one oxide and/or a silicon containing material or a
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car bi dethggbgcted fromthe group consisting of silicon carbide, titanium
carbide, tantalum carbide and m xtures thereof. [0017] In a fifth
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coating and at least one layer between the refractory metal forming the refractory metal core
and said ceramic coating.

[0018] In a sixth embodiment, a refractory metal core for use in a casting system is provided,
which refractory metal core has a coating for providing oxidation resistance during shell fire
and protection against reaction/dissolution during casting. The refractory metal core is
formed from molybdenum and has an etched surface. The etched surface may be formed
using any siitable technique known in the art. The coating comprises alumina which has been
chemically vapor deposited.

[0019] In a seventh embodiment, a refractory metal core for use in a casting system is
provided, which refractory metal core has a base coating for providing oxidation resistance
during shell fire and protection against reaction/dissolution during casting, and further has a
top coat overlaying the base coating.

[0020] In an eighth embodiment, a refractory metal core for use in a casting system is
provided, which refractory metal core has a coating for providing oxidation resistance during

shell fire and protection against reaction/dissolution during casting. The coating comprises



[0019] In a seventh enbodinment, a refractory netal core for use in a
casting systemis provided, which refractory netal core has a base coating
for providing oxidation resistance during shell fire and protection

agai nst reaction/dissolution during casting, and further has a top coat
over | ay aignithig 18as€oCA@MinAGnd h3RAEHa] kle@Bd RbBNhE cRTP BB of i€ fiNRCt O Y
nmetal core for use in a casting systemis prOV|§ed whi ch~refractory netal
core ha?ﬂaidﬁdﬁﬁﬂﬁ}ﬂﬂor providing oxidation resistance during shell fire

d tion/di ssol ut d Th ti
oy L8R B RS bt oF AThactoM el o e e 4 ek 57t SBiscBAPd 1 ot he
group cafanfapédtenlantitferetd) M set TortMNin tﬁ@@olwlﬁg)@étﬁled[d\ékénﬁaoher details of

the refractory netal core coatings, as well as other objects and
advant ages attendant thereto, are set forth in the foll ow ng detailed
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[0024] The choice of the coating composition to be used and application method is
predicated by many factors. Chemical compatibility with both refractory metal and cast alloy
at process conditions is one such factor. For example, while some reaction with the
refractory metal may be desired for good adherence, extensive reaction may embrittle or limit
leachability. Also, active alloy additions require a more inert coating.

[0025] Another factor is physical property match. For example, a coating which has a
coefficient of thermal expansion (CTE) close to that of the refractory metal is desirable to
reduce mismatch cracking during processing. Strain compliance or porosity of the coating is
another physical property which may be considered.

[0026] Yet another factor is the need for a thin and uniform coating process to retain cast
features, which favors non-line-of-sight processes. With regard to leachability, it is desirable
that the coating be removable from casting without base metal damage.

[0027] One useful coating to be applied to the refractory metal core is a mixed oxide —
alumina silicate composition wherein the aluminum silicate may be mullite. Such a coating

is advantageous because it better matches the CTE of refractory metals. The coating may
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100251 Another factor is physical property match. For exanple, a coating
which has a coefficient of thermal expansion (CTE) close to that of the
refractory netal is desirable to reduce m snmatch cracking during
processing. Strain conpliance or porosity of the coating is another
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TiC, TiN and Si3N4, nmay be used between a refractory netal/ oxi oati ng
or direbd, TiN, and SisNy, may be used between a refractory metal/oxide coating or directly

between a molybdenum/oxide.

[0031] In yet another embodiment of the coatings of the present invention, the oxidation
resistance of the refractory metal core can be increased by over coating the base coating, The
over coating may be a ceramic, such as multi-layered alumina, chromia, yttria, and mixtures
thereof; metals, such as nickel, chromium, platinum, alloys and mixtures thereof; and/or
intermetallics, such as aluminides, silicides, and mixtures thereof. Over coats can be applied
by plating, chemical vapor deposition, or other coating methods.

[0032)] In still another embodiment, the coatings of the present invention may include
laminate coatings. In these coatings, multiple alternating layers of coatings may be used to
help increase adherence, reduce CTE mismatch, and/or nucleate a more uniform structure.
Examples include TiC, TiN, TiCN/alumina and zirconia/alumina.

[0033]} In yet another embodiment, the coatings of the present invention may be thermally
grown coatings applied for oxidation resistance to form a dissolution barrier during shell fire,

Examples include chromium plate to chromia, aluminide to alumina, and silicide to silica.
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bet ween a nol ybdenum oxi de. [0031] In yet another enbodi nent of the
coatings of the present invention, the oxidation resistance of the
refractory nmetal core can be increased by over coating the base coating.
The over coating may be a ceramc, such as nmulti-layered alum na, chrom a,
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hereinbefore. While the present invention has been described in the context of specific
embodiments thereof, other 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.



shorten the heat up cycle. 100391 It is apparent that there has been
provided in accordance with the present invention refractory netal core
coatings which fully satisfy the objects, nmeans, and advantages set forth
herei nbefore. VWiile the present invention has been described in the context
of specific enbodinents thereof, opheinya ternatives, nodifications, and
variations wll becone apparent to those skilled in the art having read

t he for ™Wet isgcladmedis: pti on. Accordingly, it is intended to enbrace those
alternatives, nodifications, and variations as fall within the broad scope
of the appended clainms. 6 CLAIMS Wat is clained is: 1. A refractory netal
core fof usa@ 4 i ] L o { a

oati ng F or it AR SE U S TR AR i Sl MV 1 on
agai nst  r ecwating férdireeidingtoxatatidn rasisancaduringsheH direl amdprotetiorc agaist Si ng  at

| east one oxi de d/or.a  silicon confaining material. 2. A refractory
metal core ACURTAISQIMIOR dripg castingsaid cogHing ERmPRngatdentt PRROXdnnd/ aras

al um na si |§'ﬁ@61fcon?ﬁiniﬁ%hﬁit{rﬁf.t ory nmetal core in accordance with claim1,
wherein said silicon containing material conprises a |layer formed froma
silicide. 4. Arefractory netal core in accordance with claim1, wherein
said silicon containin mat eri al, conprises zirconiumsilicate. 5. A
refractory ﬁé?ﬁ?“%l‘%ﬂ (FoEcBgeeRIfrnce withirlaimal, whereinsad spingLompoisesde
conprises @lmMa@icak A refractory netal core in accordance with claim1,
wherein said core Is formed froma material selected fromthe group

consi sting of nolybdenum tantalum niobium tungsten, alloys thereof, and

internefal lic conpounds thereof. 7. A refractory netal core in accordance
with clZim é,mmrmﬂémf 1aareprdance ithctpim b whicgin said siligos contaipingef r act or y

metal core ﬁn%ﬁh!ls&nirﬁn‘is@s&%Z&xifﬂﬂnéd’ﬁ&’ﬁ@sili%ed refractory netal core having a
coating for providing oxidation resistance during shell fire and protection
agai nst reaction/dissolution during casting, said coating conprising an

oxi de selected fromth . . . P
f. }R refractory metaﬁ core in accordance with claim 1, wherein said silicon containing

material comprises zirconium silicate.

5. Arefractory metal core in accordance with claim 1, wherein said oxide comprises

alumina.

6. A refractory metal core in accordance with claim 1, wherein said core is formed from a
matenial selected from the group consisting of molybdenum, tantalum, niobium,

tungsten, alloys thereof, and intermetallic compounds thereof.

7. Arefractory metal core in accordance with claim 1, wherein said core is formed from

molybdenum.

8. A refractory metal core for use in a casting system, said refractory metal core having a
coating for providing oxidation resistance during shell fire and protection against
reaction/dissolution during casting, said coating comprising an oxide selected from the
group consisting of calcia, magnesia, alumina, zirconia, chromia, yttria, silica, hafnia,

and mixtures thereof,



group consisting of calcia, magnesia, alumna, zirconia, chroma, yttria,
silica, hafnia, and m xtures thereof. 7 9. Arefractory netal core
according to claim8, wherein said coating contains chroma and further
conprises a chrom um coating applied to formsaid chroma. 10. A refractory
nmetal core acefhébriyinétal Cor@hdoflingdRIBIS, Salethif 024 bMingQBB@lr{g.%hﬁHiaca and
further conprises a silicide coating applied to formsdid silica. 11. A
refractory aed firtheosompirises aichyoindum coatingi apglisd/otferm saidichromsi.r act ory net al
core having a coating for providing oxidation resistance during shell fire
and protection against reaction/dissolution during casting, said coating
conpri siyng A mirhdthYinGHl @Fd KofdiP ol Em FWHIRIF QRS Lok inS sl
nitride, sialon, tl?t aniumnitride, and rrflgxt urés tﬁg%edg .%ql%l.n%&mrcg??%ct ory
met al cor e fwtheugmprnsesa siliside wgatmgsipplivd sform satisdichory netal core having a
coating for providing oxidation resistance during shell fire and protection
agai nst reaction/dissolution during casting, said coating conprising a
car bi depel RGLstiéry MRhNSre B B4PinGAASrd dyeQnP baid irdd Il habinp@ni um
car bi de, tantal uml?ar bi dereand m >I<]t ur es@t tyﬁlgr érs)?l.a réfgagﬂﬁy ?@Wé:g‘t%é‘ray“ %t al
core for useoating forqaeviding oxidatiemyesstinde dwrfimgeshied fiye amd protectivieadainst ng a
coating for_ providi ng oxidation resistance during shell fire and protection
agai nst E?PWWEEWPG‘PPB%C%F&F'Bﬁgldc%?&%@?me%‘i"és ¢ BsEdesleckddramiheg a
ceran ¢ coaglohg camistik of bifiesd nitiR, bid %rtiagfuﬁ?ﬁm&ehsnmm@reg fleeof™! al
formng the refractory netal core and sai cerani ¢ coatl ng. 2" A
refractory nmetal core according to claim 13, wherein said at |east one

| ayer is,formed froma netal selected fromthe group consisting of nickel,
pl at i nui&- cfr ‘Eﬁﬁ‘%ﬁ‘ﬁice%@'"%waﬁsttw%m saidh fmc%rmsgal cprehagng a1 A
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of N A, Moeagtion/dissSlubiongnung pasungirseis] cohtngofmpristog Acarbide agleaed fromtthé cor e
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13. A refractory metal core for use in a casting system, said refractory metal core having a
coating for providing oxidation resistance during shell fire and protection against
reaction/dissolution during casting, said coating comprising a ceramic coating and at
least one layer between the refractory metal forming the refractory metal core and said

ceramic coating.

14. A refractory metal core according to claim 13, wherein said at least one layer is formed
from a metal selected from the group consisting of nickel, platinum, chromium, silicon,

alloys thereof, and mixtures thereof.

15. A refractory metal core according to claim 13, wherein said at least one layer is formed
from an intermetallic selected from the group consisting of NiAl, MCrAlY, MoSi;, and

mixtures thereof.

16. A refractory metal core according to claim 13, wherein said at least one layer is formed
from a material selected from the group consisting of TiC, TiN, Si3N,4, and mixtures

thereof.



17. A refractory nmetal core according to claim 13, wherein said ceramc
coating conprises an oxide material. 18. A refractory netal core for use
in a casting system said refractory netal core having a coating for
provi di ng oxi dation resistance during shell fire and protection agai nst
reaction/dissolution during casting, said refractory netal core being
formed from nolybdenum and having an etched surface and said coating
conpri silhg Al refracterywhétahcorhacsoblmgitocham 5o wWhyreimgmid calapizsiobsit cobSprisés
refractory netal, core.for use in a casting system said refractory netal
core havi ng?hOXeEREIRL i ng for providing oxidation resistance during shell
fire and protection against reaction/dissolution during casting, and
further having a top coat overlaying the base coating. 20. A refractory
met al cdBe Acebadonygnétal arafomudin axasting systeai, dail ogfractay niesal overmadingraom at

| east one of a ceramc materjal, a netallic material, and an internetallic
mat eri al . Zﬁqat'ﬂg?@fﬂrﬁﬁ‘fi%f"fdﬁlﬁ? “’tﬂﬁaé’c%lé’(':ré)‘#&ﬁhﬁé fireand pIoteCYUon agafst ei n sai d

top coat i speh@ididtsdoiiPnFuniBeiling! : | sting of
al um na, chrreorri a, ytt rilyg, ugﬁg %ﬁlx?’uﬁaggeﬁ?ﬁgge%ét.g%gﬁﬂgé g‘#ﬁ‘ﬁ@? %?'%/ nmet al
core accor dmolybdenuh andrhidGng ahetcledrsusfacecanidopidaoating confprisiipchlémin@vehich
material se]jected fromthe group consisting of nickel, chromum platinum
al | oys the*’”é en m'ﬁliﬁwg’sg"cpﬁéﬁmé]of. 23. Arefractory netal core
according to claim 20, wherein said top coat is formed froma nmaterial
selected fromthe group consisting of an alumnide, a silicide, and
m xt ur e$9. t AeefeatoryadetalAorecfior askt inraycastirigalyseny; gaid esfradiey imatah corahhaving asyst em
said refractory net core._having. a c¢oating for providing oxidation
resi stance WF?@-‘@%JET proyiding ‘Hﬁ‘fg“q‘ﬁflé?%%i']cﬁﬁ'“‘é@%? tfire apd protestippagaiptut i on
during cast jeddionffiisdhfiRadunfe & S natl f I na and
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coating.

20. A refractory metal core according to claim 19, wherein said top coat is formed from at

least one of a ceramic material, a metallic material, and an intermetallic material.

21. A refractory metal core according to claim 20, wherein said top coat is formed from a
material selected from the group consisting of alumina, chromia, yttria, and mixtures
thereof.

22. A refractory metal core according to claim 20, wherein said top coat is formed from a
material selected from the group consisting of nickel, chromium, platinum, alloys

thereof, and mixtures thereof.

23. A refractory metal core according to claim 20, wherein said top coat is formed from a
material selected from the group consisting of an aluminide, a silicide, and mixtures

thereof.

24. A refractory metal core for use in a casting system, said refractory metal core having a
coating for providing oxidation resistance during shell fire and protection against
reaction/dissolution during casting, said coating comprising alternating layers of
alumina and a material selected from the group consisting of TiCN and zirconia.
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