REFRACTORY NMETAL 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 echiREFRACTORYOMETAL OERHE COATIN&ASonent s  havi ng conpl ex
geonetries, especially hollow conponents, and is used in the fabrication of

superal | oy gas turbine engi ne conponents. The present invention will be
described in respect to PLEROND castings, however it
wi |l be understood that t |.Event|on(qumﬁgt scﬂ.llbrﬁ’t ed. (0003] Cores used
in i nves[w&l]tmqnesengmvmmm relates taceatingdtol teadpplied toasfractoymetalmianoal s

whi ch are fragi espeC| ally the advanced cores used. to fabricate small
intri catlé'“(?ﬁ'dg? goxidizing dugng shelllwe endifrom reactien/disselatiomdyringdhbe. These
ceramc prone to war page and fracture during fabrication and
during c‘%%?lf‘gz%ﬂx&n—ﬂ Conventional ceram c cores are produced by a nol ding

process jpd02}dnvestifié Cating! it/ c¥mnivnly wsed htbriduél foi forhiifg RRetdIRE CodipoRiisal i s
most commonly wax al though plastics and organic conpounds, such as urea,

have al s@vmﬂlﬂﬁﬂ gepaetricsjespedially holowicampaneniseand.is luwgl in thefabricationof si | i ca

bi nder to dto her ceram c artl esvx/n .Silic

21t coni SOPEROY BRI coEte Sappohenis,BR Pt ioRuRl be ety BFsREts used
to prod %‘?h@grb&id@ioﬂ%f Qﬁ loyl&ktﬂ%sah(ﬁ&rvémt Wil B¢ ﬁndérﬁo@&thfaplhka%ﬁnmﬁn geramc
core havin he geonetry deSired tor the internal cooling passages is

pl aced motaohmmad di e whose wal Il s surround but are generally spaced away
fromth The die is filled with.a dis able attern.materj | such as
wex. 3%%%%%mmph@s¥%m iflugsiofd PBACAEH oM FEmmiA MAeal pai t or n.
The oute,;, ok Sde! ggfu 9%“ Xate B& #ABi Ng the
pattern |]r'1 ﬁ]c m’c ué] y an t hen Q%fs;?%faﬂgré%r Bﬁ?‘{/lﬂgigér’gﬁlcﬁ particles
to the qiassaggs m‘ﬁkli/mqed gastsbine engineamidwarac Thesegerahiie cofes aegeonenax pattern,

containing the care is then %gl‘l ed an the st yccoi ng process repeated to
provi de WiBagsand feagture ﬁf"\ﬂﬁlaf' dpsiegkeasieg. At this point, the mold is
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i nsi de (ﬁndtama;ﬁaanﬁm 'ﬂusimiein mafeeiahi intbst eodulneﬁlyfwame:dthatxgl’n1:1 lgitics embefgahnr eto

o or T al CopROupfi U kg, Bave also bech employed.. The shell mold 1 fonned using s " ¢
colloidal silica binder to bind together ceramic particles which may be alumina, silica,
zirconia, and aluminum silicates.
[0005] 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 apptlication of high pressure steam which removes much of the wax
from inside 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. | [0006] The result is a ceramc nold containing a ceram c core
which in conbination define a nmold, cavity. It will be understood that the
exterior of the core defines the passageway to be formed in the casting and
the interior of the shell nold defines the external dinensions of the

super al | [@p0]Ele nespit is alveramid enold bentaining aaerhnsib edde whivh il combiwdtion defibd e r

et st o TR TAERY.oimal be WPUETioed Bl b s31rpi0m of e ot deTays hr Bawogeap 9 BS. nmy
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good castI ng. r renova e wax, nolten super material is

pour ed isaperallwecasting to/beimbde) EThe doye arbshel eidy alsol difins ditepfeanassweh by caed
solidified. The nold and core are then renmoved fromthe superalloy casting

by a coniypperts torstabilizethe ente enpthergating svhichactsipshannel ootd intathetaslt s have been
made to provi res for _inye nt _gastin | gh. have i nproved nechani cal
properti Mﬁh ﬁgf"%t%t%gﬁ E‘?g"ggé HF’(TB?@%‘(PM? ﬁﬂléged[ st ‘?‘?Mfms hock, and
new geo%mmmmz%ﬁdmguch attenpt is shown in published U S
Pat ent AppliCation No. 03/ 0075300, which is incorporated by reference
her ei n. mg’ﬂeﬁﬁctrfrmwal oif theew e aolteo sppegallayenaterialiis powred o thetcavigyrtiefindd d
refractqr enents. [00Q!] Ll el as en,recogni.zed that, coatings
are des ﬂ?’é‘m%fw‘é@qﬁéﬂ%grﬁﬂwwlﬁ@J oﬂ’etrﬂ @ng F%f’g"r thepzgmoved, o5
there r oggh i ﬁgg.ggéy Eailg by A%oRbidalioh bRk dhat Al Hid GRAfdalfans Our rent 1y,

chem cal vapor sttion of alum num oxi (alumna) 1s the baseline
pr ocess/ [0008]ositempts have een indade doiprovideaozes [farhini estmernd dstingevgic bdvee nt

compatihility of alum.na w.th_nolten nickel superalloys. A significant
oot ciaarotsA TocBariEal Peopsiies: BRATEL HISKRCASES AL o fSiSanch i Rl Sherk,
refract ' Qf)ﬁéd ]+ ﬁlk;ﬁﬁ;' trr R0 nits
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It is an object of the present inventjon to provide c¢oatings for refractory
core el havebecniRipspvide ceramic comsouth embefdad jefrastorymetal elemertsng.  [0011] 1t is

oo o0 S B R SRR A (e ool 2t
f or egoi nef thdfetratioryimetabidres, tixde Rimdilea teedto defineqfartidutarlyr s fub todtimgant i on.
Currently, 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
[0018] 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

st abl e d0EH Ifi arsemmd emnbjodinetit, d mfractoprmetd] b fodiuse it 3 casting §ystern hasja net al
core for use |n a casting systemhas,a. c i_ng f.or providi ng oxidation

resi st arfOaNREIOf B "éﬁ%g Px'af’?‘é‘ '&ﬁatab?‘quisgai b&’aﬂ’ﬂﬂ"“e?‘%ﬂaﬂﬁgy di ssol ution
during GashibRg : > ' : oxi de selected fromthe group

consi sting Io nsg%iﬁggr?gﬁﬁlg‘%%ﬁﬂm%%}@é‘ zirconia, chroma, yttria, silica,
haf ni a, comprisesdnuwxide seleeteddtom HeQOUp consBtihgof agnebiagalomiva, calciapiifeniapr y
nmetal core for use in a casting systemis provided, which refractory netal
core hashpmiaaxtiriag sitics, hafria,iang mix@sasdbareefn resi st ance during shell fire and

Conpr s J00usT iRty EmBRdik AR g idt) bty Bt OPukR b cAlie SJSieiF bistted,
si al on, whitifefratiory inetatlore hisla Bdating T6SprovidRigidatibh PkiStarich darih®shell Tire

enbodi ment, a refractory netal core for use in a casting systemis

pr ovi dedndprotedtionagainstireacsionisissplubion duringcastiog) aThawpating cgmprisediamigndsi dat i on
resi stance during, shell fire and.protection.against reaction/dissolution

G i g REER ronuhe Zein comsng 1608 e P bt BB P AP ERERyr oup
consi stitpgestf silicon carbide, titaniumcarbide, tantalum carbide and

m xtures thereof. [0017] In a fifth enbodinent, a refractory netal core for
use i n 408t th adowilsemmbodiment; o vifckethry metal corerfef wsedn o cystimgtsystemds e has a
coating for. . proyidi ng oxidatipn resistance_during shel] .fire  and, protection
oat not mrovatd, Sk elantiy BrabET RS oebin fo Prodiog AMAAOR BRistRGe SMpR o o ¢
coati ng GRoectitifa ARIMREONIIR dufiht B4Rk Y THEEéink bHipRtesta®
refractospeijﬁgﬁd core a sgfeg cera%B!:&tcogtin%. [1061’8l'{i3|§dg&g:ibx Bes'a
enbodi neathidesseleefeddoim the grovmtonsisting bbsilicoecarbide titasemcgrbédes tantalum provi ded,
whi ch refractory netal core has a coating for providing oxidation resistance
during <SPEp #qd)r/@m‘!{%mﬁ%gect i on agai nst reaction/dissolution during

oSt 4090 5 SRRAMRIEh A ] G570 O SRR B2, o
t echni quehikinrefractory inkeal eort had & eoatimgtforprocidingraxidation resistanze \dhiing shedidirbeen
chem Calalnx p\l{&gc?iron(mti éggion/dissolution during casting. The coating comprises a ceramic

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 suitable 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



[0011] In a seventh enbodiment, a refractory netal core for use in a casting
systemis provided, which refractory netal core has a base coating for
provi di ng oxi dation resistance during shell fire and protection agai nst
reaction/di ssolution during casting, and further has a top coat overlaying
t he basegleafiting tayetsQAiA0iming afd a Alatdiad s@edialfromithe graup orisitinglof TRELEN, cor e
for use in a casting systemis provided, which refractory netal core has a
coating T@ﬂ‘pﬂ@ﬁﬂdﬁﬁg oxi dation resistance during sheII fire and protection

agai nst 0 ion durin astin The ¢ Cc rises 3
al t er nat I gﬂi‘)‘f ‘?ﬁ CIORM taﬁﬁqrgp?&ngg,@ls q%r?ﬁfﬁ@ Bfoup
consi stImaﬂh.%&'aﬁen&mm&q%s&mtmnrtﬁ@funawuég) difed deSiGiptidgt al | s of the
refractory ne core coatings, as as ot her objects PAhd  advant ages

attendant thereto, are set forth in the follow ng detail ed description.
DETAI LED DESCRI PTI ON D Sk +0Q22) Ref ractory netal
cores are a du&ﬂ@ﬁ%l%gﬁﬁﬁml?@ 8 ms},ool I ng
channel sggiph clga?”ﬁggngm

refractory ta S el'ected from d %‘eﬁé}a&%‘%’d@;@&e F&egﬁ%{"ﬂﬂ got?tr#'

tantal u mhannclbimum dowi@atms., The indicate bl euaés aramnieﬁtfﬁmmffabtdrp niegdpouNds
thereof. A preferred material for the refractory netal core is nol ybdenum

and its %lecteddrom thezzoupreansisting pbmplypdennmp dentalum, pigbiimytuggstangallgyst he

20t A Pub A B bR oL R pR RS,

refract %egqﬁﬁywdhgmmllglg]bzg during shellfire and from
reaction/di ssolution durin e casting process. Depending on the all oy

(usual | yI002HK@ne oftbe key gmpmmsdqh;ghamd oﬁﬂmrcﬂrammymm;mm is DRbuZX) , nol t en
t al t th.th f t ta f f t
Amount | GRigATipE. SRS ga o Yarler ching Bed B rpERPEPERLFRFRIIB! coati ngs

may var Yedafifig | the setpito ﬂfe@m fdof\Sxillizing: dunlﬁgssaﬁﬁe BPfbmAUi re a nuch

nor e effectlv refractory taI core dissolution barrier than equi axed).
[ 0024] Tieactiondisselutibn theng tlntaastglg;woqxssl Pepending dndheualw @suhllyppiket basedn

ot r act GRpeRlE) 43 Gonditon GAviageL: BY, SX)aBOLniBsial D A 1t Contch with he ES‘C{‘ord
For exagehgﬂ me exten%«?@ﬁﬁ&mma&hﬂoﬁﬁme(ﬁz( apsffa)slm(% &hxénaym@ esire

for goo sI've reaction m eror imt " leachability.
Al so, actype/propeitiey ofickeitingomay varyfor the diffmcm conditibns(@.at, BXOcastings require a

much more effective refractory metal core dissolution barrier than equiaxed).
[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 Jimit
leachability. Also, active alloy additions require a more inert coating.
[0025] Another factor is physical property match. For example, a coating which has a
coefticient of thermal expansion (CTE) close to that of the refractory meta!l 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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[ 0025] 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

physi CaIindndpesnh;zoml‘nblthyam}odeetccthasﬁhka'aedor bed@P sdhedtaice andamalunfimctichr i s the
need for a Ihl n and unifoQ mcoa process. to retain cast features, which
favors rfenior for te’s‘F‘E‘PR‘“EF’(SY:E@ veglioy ﬁdg’é‘&ﬂﬁ iﬁ"qné‘élﬂ sispte;(zigcon) s | s

SSiL;Zb'*’F'BB%?%?e RSP B B RS AMERTE AU RIS

I's a m xfidy beapplied using Aiwide Saridty of spplicativashétheds inbleding bt mot ﬁinuaa.l m,lm
silicate nay be mullite, Such a coating is advantageous because it better

mat ches Ghemicalraper depasition; elegtrophotetis proxess, plssmp sgraynischniques elede a sili con

ich | | t bst for. bet dh d h
ot or i o O AberSeul P i s Srfabhic S ngR (e SRR GriBR R oS pBulY 1 ©
si |'i cat eyl ﬂﬁﬁ)raﬂtﬁmnﬁﬁ}@& DRfeol ARErnativele, tﬁé‘éﬂahﬁﬁé’m@f inehRid: mdﬁdebﬁﬁh%s

conpati bl e o] he m xed oxi de coati ngs led using a w de
vari ety siticonpytirides; siaton, titanfumi pitride Iandimgprebchenmﬁ Shllrfultthni lho;:oatmgemagal

vapor de Sltl ., electro horet C, process, asna s echn ues, etc.
100281 Bt Heh @ c‘?"h@h}&é"‘&@rc&mp éf é%‘é"c‘l’ﬂ% athides ABATIFSIES oxi des
such as [ ter natively, the
coati ngs&néﬁpﬁrﬁglma%ﬁél t méggéga m&%@cﬂﬁ%@@ﬁﬁﬁu@??ﬁﬁfmdeﬁ al on, titanium
ni tride,[0029] Onedechiniguetwisick afay bStusd:d tofimprdverthe ¢daeing appliedge tlﬂmfrattmql ude

car bi des such as sjlicon ggrb tltanl um c rbi de, tantalum carhide, and
m xt ur eSmetphLOFEEVOlvES Kaps digielchirig e 1RGTease JReC il denum

disilicies Qﬁ%%‘?’éﬁ@“ﬁ%ﬁ%&%?@?%'be used to inprove the coating

applied 10 THe refr ves vapor honi ng/acid etching and

anodi c {0030} Qne or horelimedsyerecindei used to heipiticregseddheddnceleixocdrimit cahtingy na on
nol ybdenum [ 0Q30] One,or, nore interlayers can be used to hel p increase
adher enc Well as increasg oxidation resistange, The lyerorlayerschebueemdhe sfragtory mstabt ance.

The | 2 Shole bBhemIE WIS, Sl Shh BE AANKATS Rliing 7 Uilh: B5u TR AGE P o0

the ceram’Cc can-be appll atin r(s)

may be flﬁydi‘(sﬂnfaymm&dm sehaﬂtsetécf&amﬂﬂhe giiupURcludiak webken HMiﬁKﬂ ,
pl ati nu rom um silicon, alloys thereof, and nixtures thereof

Al t er natghyesm ilicon,alloys rwéwnﬂmxwrtqufr dMerpatvelye thel layeses) magbeas Ni Al

ssed Eet%%fg 2 ARG b b NP MO, M Cbinkh phq e silas ™ ©°

TiC, TiN, and 813N4, 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. [00311 In yet another enbodi nent of the coatings
of the present invention, the oxidation resistance of the refractory netal
core can be increased by over coating the base coating. The over coating
may be a ceramic, such as nulti-layered alumna, chroma, yttria, and

m xt ur eslmﬂeAemﬁxben@ttcﬁffSr,cnspmbesa@ maychelsed GhApply the)coldifis! 0TWHB prédenoys and
m xtures_ thereof; and/or internetall | cs, such as al um ni des, SI |icides, and

i xt ur esinventionde the@oﬁvm@wan@akfaﬁe%mppmrmsesuyclwmlmg)phewm{W) vapor
depositig or. oth 00321 In i1 oth odi nent ,

F hoC e oat e e af e Binfith TEINR G depdytif pdviied bised cPR T Pt G BR G "1
these cogkdmigsmetal ok idérehetdli€ ! THES isOndralyR of s%fht prRREdsBR ofRYs ﬂh@tnlﬂﬁ@dnt o help
I ncr ease adherence reduce CrE m smatch, and/or nucleate a nore ufniform

st ruct urmmmaw; and laybes. TACEPT piocess CNY alsabd agueawsbased anﬂﬁow/wbum na.

" ARt i 4 e A 9 ™
di ssol ut)h% &aﬁﬂgﬁrm&w+ﬂﬁnstb%&o hé?‘f c&gmfg Rehdide chrom umplate to

chrom a um nide to alum na an eto |ca 5 [0034] A nunber of

di f f er enf00d§}oRIysicalvapoy déposition dnetlsods mpdy)betused. cDirdse ngeshoaks indhedeny wite airay
|nvent|on to.the refractory netal cores. These processes incl ude

el ectro cﬂoé'ﬂlF&:PfPESES)S m«ap@es@-PVDecath%c éqcealﬁwa% FRIAY.cARd Speiterig. of

?ﬁfﬁh&%ﬁ%l STS t?igéldl L{ggprgéﬁe@ggq??agﬁéﬁ'{pgrdg?ml lity

in  chengugh Waluﬁﬁmdﬁnguilﬁmdﬁigﬂcﬂrﬁm&iﬁg aﬂ@c&ﬁﬂnﬂﬁ@ﬁ&ﬁﬁeﬂ&@ﬁgﬁ@a&ﬁreaqUeOUS
based and | ow cost. [00351 Another_ process is dip coating techniques using

a sol - geﬁlemnlprswea&amrym Zircgaivgyg hafgm, gico|agd aghleimejals suchy asplatingmy mpyn DI p

et hods, WapeBoried s Gm B laliBERRRe scolfs. The (peiRber RE} bR BNy "
pr ocessegsniroléd'GXidatidnBo Pofa: ofigé batisc arc, plasma spray, and sputtering.
[0037) Diffusion coating techniques may aI so be used. Diffusion coating

i ncl udesl0B3%cAs oxide coatinig may bxt fomined an the, refsadtoryinaktalcorestduning the-preheating

nmbi nat { h tt
i um (SIS X6t am 4 R 1008 C BFRI< oA 0 p bt msestf o
form betdgften A2 tleMupeyclte scal es. The coating process may be followed by

controll ed oxidation to form oxi de scales. [00301 An oxi de coating nmay be
formed cif03%dt issipparcnbihyt theredias beanawovided ingiccordanse ovituthic peesentfinvenBeh SX ol d
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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. [0031] It is apparent that there has been
provided in accordance with the present invention refractory metal core
coatings which fully satisfy the objects, means, and advantages set forth
herei nbefore. VWiile the present invention has been described in the context
-of specific enbodi.ments thereof, other alternatives, nodifications, and
variations will becone apparent to those skilled in the art having read the
f oregoi ng description. Accordingly, it is intended to enbrace those
alternati velamandi fications, and variations as fall within the broad scope
of the appended clains. 6 CXg+nE 1. A casting systen1inc|uding a.
refractor¥ tal cpre, said g $tory f core havi ng neans

D b d

provi di ng d%??%%ngrﬁg?g?%ntﬁc 108 3Pt #FTREY AT D o?%f?ro?al%galnst

reaCt'0”/9é§§§%t6f§”hg@£l”SoﬁésﬁhﬂgngSﬁéﬂnﬁxfgﬁtpﬁﬁw1aﬁﬁg3éﬁﬂ§§tﬁ@ﬂ
protection means being a coating consisting of alumnumsilicate. 2. A

casting syssbﬁtamc¢u@ungna Sbelbcfbxq and aprebeetieni dgarvskact ory netal
core havip ans oyiding oxidatio resist u shell fire and
protectioﬁg%gg %%{d+%%§i?5ﬁ?ﬂlggB%ﬁgiﬁﬂsﬁh?ghgsﬁé t?ﬁbga£g$g oxi dat i on
reSIstancge@ﬂﬂ&@ﬁ@ée&ﬁaOﬁreﬁéeﬁlgﬁlﬁgaﬁscg@ih@ga0@@§t§ﬁ%n@on@ist1h@conlum
silicate. 3. A casting sXsten1|n accordance with claim wherein said core

i s fornedofrahvmimemesibicabected fromthe group consisting of tantal um
ni obi um tungsten, alloys thereof, and internetallic conpounds thereof. 4.
A casting systemin accordance with claim1, wherein said core is forned

from nol ybdenusasbind §ﬁ§tem91ﬁu5u@ﬂhgnsl vef pgctorefmaeadr yopel akatgre, said
refractory. metal core having nmeans for providing oxidation  resistance
duri ng sh€$$r¢¢F%r&ﬂaeba%te@rﬁohaagaGn@@ans for providing oxidation

resistance during shell fire and protection against
reaction/dissolution during casting, said oxidation
resistance and protection means being a coating consisting

of zirconium silicate.

3. A casting system in accordance with clzim 1, wherein
sald core is formed from a material selected from the group
consisting of tantalum, niobium, tungsten, alloys thereof,

and intermetallic compounds thereof.

4. A casting system in accordance with claim 1, wherein

sald core is formed from molybdenum.

5. A casting system including a refractory metal core, said-
refractory metal core having means for providing oxidation
resistance during shell fire and protection against '
reaction/dissoclution during casting, said oxidation
resistance and protection means comprising a c¢oating
contacting said refractory metal core, said coating
comprising a nitride selected from the group consisting of

silicon nitride, sialon, and mixtures thereof.



reaction/ di ssolution during casting, said oxidation resistance and
protection neans conprising a coating contacting said refractory netal
core, said coating conprising a nitride selected fromthe group consisting
of silicon nitride, sialon, and m xtures thereof. 7 6. A casting system
including a refractory netal core, said refractory netal core having neans
for providing oxidation resistance during shell fire and protection against
reaction/di ssolution during casting, said oxidation resistance and
protection means conprising a coating adjacent said core, said coating
conpri sing, aaces bt deg SeseshethéT@dlidea 0f OFPa €ONBY Sheglotost ] | €014 car bi de,
titaniumcarbide, and mxtures thereof. 7. A casting systemincluding a
refract oryehezatoeyprectahi @ore dizatR@ryeant afCE PEOWEHIRG ABAABLIR

provi di ng_ 0xi ion ,resistance. during shell fire. and_pr tion agai nst
reaction/ﬁ?%ﬁ%ﬁ%??%ndﬂmf?%gg%%g%i b?es%ﬁ% é&?%éﬁf%ﬁw ?gggéggnce-and
prot ecti opeABRNSH LOIPESBLFDoR @RI hM0casel fly, CcoORld NgxLQEPLbRI Ng a ceram ¢
coating and a |ayer between the refractory netal formng the refractory
met al cor&e@htanres da@férm%e%wm M aRk P @NPE 581 0F | ayep2hbi¥s said
refractor apd. eonsj sts a S fro : gLoup consisting
of nickel¥d€$%§$%u%$1§h$%%§Un%££?I?%%%?ﬁgaﬁﬁﬁg#f%ﬁé&t%L%gg?+§%. A casting
syst em i ne¢Lelttgd af r&ih reicd ofyonpt ebnsvseingadfl sikicant oaybbeeal core having
means for provjding oxidation resjstance during shell fire and protection
agai nst reRERPUNI dFRERIdR oBRARIRELERS BTSRRI d oxi dation resistance and
protection means conprising a coating, said coating conprising a ceramc
coating and a | ayer between . _ '

7. A casting system including a refractory metal core, said

refractory metal core having means for providing oxidation
résistance during shell fire aﬁd protection against
reaction/dissolution during casting, said oxidation
resistance and prbtection means comprising a coating, said-
coating comprising a ceramic coating and & layer between
the refractory metal forming the refractory metal core and
sald ceramic coating, wherein said layer abuts said
refractory metal and consists of a metal selected from the
group consisting of nickel, platinum, chromium, silicon,

and alloys thereof.

8. A casting system including a refractory metal.core, said
refractory metal core having means for providing oxidation
resiStanqe during shell fire and protection against
reaction/dissolution during casting, said oxidation |
resistance and protection means comprising a coating, said
coating_comprising a ceramic coating and a 1ayer between
the refractory metal forming the refractory metal core and
said ceramic coating, wherein said layer abuts said

refractory metal and is formed from NiAl.



the refractory netal formng the refractory netal core and said ceramc
coating, wherein said |ayer abuts said refractory netal and is fornmed from
Ni Al. 9. A casting systemincluding a refractory netal core, said
refractory netal core having neans for providing oxidation resistance
during shell fire and protection against reaction/dissolution during
casting, said oxidation resistance and protection neans conprising a

coating, Pl caRNG LA IS LEANE CRAINY ARG dpest dlaween  the
refractory nmetal formng the refractory netal core and said ceramc
coat i ng, neferaaitroryainetady evories Heorimen nfasova of o mat ey ial L rep lceditdad: farom t he

group consisting of TiC_and .Si3N4, 10.. A casting systemin accordance with
clai m 7, Wafersdigncss §uring é%%id%%&%m%%t% A Staterial . 11. A

casting %@dﬁﬂdm@@i&%‘ﬂ%ﬁd&?f&\ﬁcﬂn@ dRLMg CYLd Saldhdi®fd actory netal
core having neans for providing oxidation Tesistance during shell fire and
prot ect i ores iagainTst aneh tricd@ati isgo metanen ctung migs ioeptd rapatsiaigl sagfd act ory
nmetal core q§%gg f ormed .from nol ybdenum and h%éin an etched surface and
o3 d oxi GRATHY COTBIRTI G C RGO AR 1 Rts RV SYi ng sai d

et ched SWHeAGR rraRd YT S INF AnBQRT i 158 h QAR M GONHoid NhOf

alternating |ayers of "alumna and a material selected from the group

consi sti it CRrERiandostrigwni atherein said layer is formed from a
material selected from the group consisting of TiC, and

SiaNg ]

10. A casting system in accordance with claim 7, wherein

said ceramic coating comprises an oxide material.

11, A casting system including a'refractory metal core,
said refractory metal core having means for providing
oxidation resistance during shell fire and protection
against reaction/dissolution during castirg, said
refractory metal core being formed from melybdenum and
having an etched surface and said oxidation resistance and
.protection providing means overlaying said etched surface
and comprising a coating, said ceoating consisting of
alterhating layers of alumina and a material selected from

the group consisting of TiCN and zirconia.



