MANUFACTURE OF CASTI NG CORES BACKGROUND OF THE | NVENTI ON [ 0001] The
invention relates to investnent casting. More particularly, the invention
relates to refractory netal cores for formng internal features in
superal | oy castings. [00023 Investnent casting is a comonly used technique

for formng netallic congﬁaﬁ%t i gﬁ$gries, especially
hol | ow conponents, and i s US€ P?h t%%Q%egggﬁgﬁﬁ%gﬁ)o superal | oy gas turbine
engi ne conmponents. 100031 Gas turbine engines are wi dely used in aircraft

propul sion, electric power generatlon and shi o uIS|on In gas turbine
engi ne applications, efficPRREGRPINE OF i FRE Inproved gas turbine
engi ne efibo6h PNCHLL AhRG ¢ A aAldied &y tcepeirrﬁ}éh 'Eagmrn atures,
however current operating tenperatures in the tur ine section exceed the

mel ting perthUbarihe Sbpeinveoyioat eelatssusedrefirhutbirgemecaiponeats.

Co | tice,t ' I Co
orovi dea By FPEWLRG FBPETROLI SEbaFoSatn FRBRTPRLOKORPFESOBF ect o of the

engi ne through passages in the turbine conmponents to be cool ed. Such
cooling comes w th an associated cost in engine efficiency. Consequently,

there is o desire to provi de enhanced peC|f| coqling, Jaxim zing
t he am)urg?og% g[g'} “E?é?'fefqa[) SO e fGBHmeP gé?ﬁﬁ(jm Cg+ dHing air.
This mayrhemeh amaeglmyctbemgeﬁeﬁts Bh@@ngpE@ﬁb§§kYgE@ﬁ@E?§esCOO|'ng
passageway sections 00041 devel oped field exists regarding the

|nvestneﬁspecagﬂlMgh@iIQWtepmabnyncsoleddtmsbuﬁedemgunbepéab51sachoas

of superalloy gas turbine engine components.

[0003] Gas turbine engines are widely used in aircraft
propulsion, electric power generation, and ship propulsion. In
gas turbine engine applications, efficiency is a prime
objective. Improved gas turbine engine efficiency can be
obtained by operating at higher temperatures, however current
operating temperatures in the turbine section exceed the
melting points of the superalloy materials used in turbine
components. Consequently, it is a general practice to provide
air cooling. Cooling is provided by flowing relatively cool
air from the compressor section of the engine through passages
in the turbine components to be coocled. Such cocling comes
with an associated cost in engine efficiency. Consegquently,
there is a strong desire to provide enhanced specific cooling,
maximizing the amount of cooling benefit obtained from a given
amount of cooling air. This may be obtained by the use of

fine, precisely located, cooling passageway sections.

[0004] A well developed field exists regarding the investment
casting of internally-cooled turbine engine parts such as
blades and vanes. In an exemplary process, a mold is prepared
having one or more mold cavities, each having a shape

generally corresponding to the part to be cast. An exemplary
1



bl ades and vanes. In an exenplary process, a nold is prepared having one or
nore nold cavities, each having a shape generally corresponding to the part
to be cast. An exenplary 1 process for preparing the nold involves the use

of one or nore wax patterns of the part. The patterns are formed by nol ding

wax over,g CeGPr I o S t 0. I ¥es h ol ing
passagespmf%ﬁQ% %a??%ff%ﬁ gﬂ%h@%%?ngggg%gggsehgaﬁééréﬁ]88éhe% ﬁoggforned
ar ound owexopanbeensuoﬁ phetpans.|ﬂhewpattknnﬁmafasﬁonmedThg mnaXdimy be

renoved such as by nelt in an autfilave The s may be . fired tg

har den t H8¥sREFT . e%ﬁméc g%§%§ 3°hord %nﬁ??%?%@oPaénghEPlPﬂﬁ%Fﬁﬁeﬁnﬁ

nor e paﬁhed@é&ﬁiﬁ% ﬁQgﬁéééQPﬁiﬁhfﬁlﬁﬂe QrﬁgrnlnCQnéﬁémliﬂé perasks,
core(s) defining the cooling passages. lten alloy may theh - be introduced

to the ndl deramcasshehd parf@smedenﬂun@o®mﬁgoram@rgosudhfyahge@ﬂSthe al | oy,
t he shell d core han cal l nd/or nm.ca renoved fromthe
obded HePl(si0us, ERnP8n JFALADLE ey BRoLRhUEd T8k Kal BIOKELAS
nore staggsan[£Q06¢1d0e. CEhankEeTOr syt Benbely@st uNabeehot ABAsh¥1 1! ding a

m xture of ceram c powder and binder nmaterial_ by injecting the mxture into
har denedTBi 8eledves. a Apped FembYasingobhehehalbshaving gReeArcBPES are

ther”?"%omggée PLASE SSQm#%rEﬁ?Hend LRgcR! ng rt&PH f&%ﬁgaiﬁeabgtSEr%M§c

ceramc oge omafd i ner "€oo ar és” has t axed
core manofacsurdafihenynthaesooIbrgf basshgas uresl vay be1dyfﬁayuthento
nanufacture and/g once nmanufactured, may prove fragile.
be introduced to the mold to cast the part({s). Upon cooling
and solidifying of the alloy, the shell and core may be
mechanically and/or chemically removed from the molded
part (s} . The part{s) can then be machined and treated in one

or more stages.

[0005] The ceramic cores themselves may be formed by molding a
mixture of ceramic powder and binder material by injecting the
mixture into hardened steel dies. After removal from the dies,
the green cores are thermally post-processed to remove the
binder and fired to sinter the ceramic powder together. The
trend toward finer cooling features has taxed core
manufacturing techniques. The fine features may be difficult

to manufacture and/or, once manufactured, may prove fragile.

[0006] Commonly-assigned co-pending U.S. Patent No. €,637,500
of Shah et al. discloses general use of refractory metal cores
in investment casting among other things. Various refractory
metals, however, tend to oxidize at higher temperatures, e.g.,
in the vicinity of the temperatures used to fire the shell and
the temperatures of the molten superalloys. Thus, the shell
firing may substantially degrade the refractory metal cores
and, thereby produce potentially unsatisfactory part internal

features. Use of protective coatings on refractory metal core

2



[ 0006] Conmmonl y-assi gned co-pending U S. Patent No. 6,637,500 of Shah et
al . discloses general use of refractory netal cores in investnent casting
anong ot her things. Various refractory netals, however, tend to oxidize at
hi gher tenperatures, e.g., in the vicinity of the tenperatures used to fire
the shell and the tenperatures of the nolten superall oys. Thu t he shel
1ring. rEYDSERTER PAY| 5° GREFERESFR et PPt EGr yEhE BHDRLFALEBaREON her oby
produce pRigatiahl! ¥yt Unsghi sémptoayupast internal features. Use of
protective coatings on refractory netal core 2 substrates may be necessary
to protect the substrates from oxidation at high tenperatures. SUWARY OF
THE | NVENTI ON (0007] Form ng fine features presents difficulties even with
refractory netal cores. The%@“”@Rg P& THEEULAVENdFENse synergy  of

nanufactgé§0§?c@@ﬁm¥ﬁ§_f%ﬂaﬂ éé%ﬂﬂééIéf@%ﬁhﬂ&“dﬂﬂﬁlédﬁ&ﬂ%s‘%b’ LAJgPUS

techni qu or formngTine features 1n thin refractory netal sheets.

However , rehrabeatyngegahecated. bYhetrases suparnfctbadsativerseatgnardyittle
recast Iafer algng t he cué..EUring subs queg fo ning and/ or handl i ng,
crack ifftPAEFHACTATEhESFRRATYEP ayePeihyL b7 %&ga BSEF atRET AP0 En@™ t hr ough
the baseagphRtagdbhs FBYhAEgULLFbP EBBmPREaKIANG BPlathesf iRCLAQRE branches.
It is desirable to renove the recast to <control such cracking. However,

basi ¢ cheafrattasansewpll gheebad Howevapvethdobeat hegsganedapel by base

B oL Lo R B B L £ RE T G 00t o>
cut. During subsequent forming and/or handling, crack
initiation in the recast layer may propagate cracks into and
through the base metal. This may result in the breaking of the
fine core branches. It is desirable to remove the recast to
control such cracking. However, basic chemical means would
tend to remove about the same depth of base material away from
the cuts as the depth of recast removed along the cuts. This
can compromise dimensional integrity, including adversely
affecting predictability and consistency. Accordingly, it is

degsirable to preferentially remove the recast.

[0008] Accordingly, one aspect of the invention involves a
method for forming an investment casting core comprises
cutting a patterned core precursor from refractory metal-based
sheet. The cutting forms recast along the cuts. An oxide is
grown on non-recast areas. The recast is substantially
chemically removed (e.g., the chemical means are more
responsible than any other means). The removal substantially
leaves the oxide (e.g., a majority, typically in excess of

90%) . The core precursor may then be shaped.

[0009] The details of one or more embodiments of the invention

are set forth in the accompanying drawings and the description



affecting predictability and consistency. Accordingly, it is desirable to
preferentially renove the recast. [0008] Accordingly, one aspect of the
invention involves a nethod for form ng an investnent casting core
conprises cutting a patterned core precursor fromrefractory netal -based
sheet . T9e1Gi! o0t OFLRCLPEES! 0B} 0005 | Nend Uhdvafla QL UGe T el OWN ON
non-recast areas. e recast is substantially chenfcally renoved (e.g., the
chenm cal imeamtsiamn ewidl ebe r@spansnbl Ervhavhange st hipt ieanshd dhewiegsyal
substanti al | | eaves %he oxide (e.g., a mpjority, typically in excess of
90%) . Th%n‘éo’}/’éorﬁr'g%%r% #1May then be shaped. [00091 The details of one or
nore enbodi nents of the invention are set forth in the acconpanying

drawi ngs and the description 3 below Qher features, objects, and
advantages of the invention will be apparent fromthe description and

drawi ngs, and fromt heP T Bl neESEREE PESUR PR N EN®E DRAW NGS [ 0010]

FIG 1 igo616]owahart ofs & BRRRIMAOLIMBNYLRYY tohr Attt e ractory
nmetal core. [0011]] FIG 2 is a photograph of a laser cut aperture i'n a

mol ybdenamd cos en@post rekraatdoy matal chreecast. [0012] FIG 3 is a
phot ograph of a |aser cut aperture in a nolybdenumcore after recast and
oxi dation renoval. [0013] Like reference nunbers and designations in the

various drawings indicate like elenents. 4
[0011] FIG. 2 is a photograph of a laser cut aperture in a

molybdenum core post oxidation and with recast.

[0012] FIG. 3 is a photograph of a laser cut aperture in a

molybdenum core after recast and oxidation removal.

[0013] Like reference numbers and designations in the various

drawings indicate like elements.



DETAI LED DESCRI PTI ON [0014] FIG 1 shows an exenplary process of refractory

nmetal core (RMC) manufacture and use (sinplified for illustration). The
core precursor(s) are forned by a process including |laser cutting. For
exanple, the laser may be used for all cutting (i.e., cutting the precursor

froma |arger sheet and then %%h&b@% B%%ER&g&gggscale and snmal | scale
l y

features). Alternatively, gross Cu ng may bé mechani cal neans such as

die cutti{ogldy ormsheat mafmldxw@dalxqs@ﬁ:omtstsl RE afe firlie-t Siynetetaamal | er
scal e featureg@é core legs formng coollng outletsi. Exenpl ary sheet
mat er i al ©P%e 9}|‘8§“I“§/f%‘a§“érenill“§’/b‘él%ﬁuﬁ?1%%l fedrfent t1hYSEBRRECRECast

mat eri al 7RL 0RGrd NSre St Sor [ 8012} e Ao Pmed b ﬁPbé@EQViHQIEE ?ﬁgfﬁéér an

oxide is grown over non-recast areas. Exenplary oxide Is t y grown
(TGO, atuhbimh. cﬂ@n1caﬁmglgromheokaﬂerlmapob3|@$ed for ekénphatyngxi dation

I heat i ' t Heat i d
Cemper at bF £y Bt S8 CLPRaPEEGLF 7T ERoligh MO JRHOROAF bxPB FBHet as o

maskant Gutt M8y BOthNUg§RgaSséQladyel Sehy1 af seste digBASEEBRL tol erances. An
exenplary tine and tenperature are 605 m nutes at 70025F (357-385C). The

parts lpernasiye by, | arosa %@Ehé@ge@aﬁvbﬁ bénteckbapiedl ameansomedht o air

cool . %&rpélfé Yo QXL 6§ yf?%rﬂs?ﬁ‘é g&@%g@%&«?&&‘ {4ad2- %ﬁg%gyé’&g"{fé forms

of nol ybdenuni oxi dé I S process shows a
mol ybdenfitmesny esrﬁeﬁ)lham@gaaelaeetuwé (@pgl | uterad2ledd £XEMPhar ¥o6DLiRgi S
formed from -0.35nm t hi ck , , ;

outlets) . Exemplary sheet material is essentially pure
molybdenum. The laser cutting forms recast material along the
cuts.

[0015] As a prelude to removing the recast, an oxide is grown
over non-recast areas. Exemplary oxide is thermally grown
(TGO) , although chemically grown oxide is possible. An
exemplary oxidation process involves heating in an air
circulating oven. Heating time and temperature may be selected
to form enough molybdenum oxide to act as a maskant but not so
much as to adversely affect dimensional tolerances. An
exemplary time and temperature are 60+5 minutes at 700+25°F
(357-385°C) . The parts may be inserted into a preheated oven
and removed an allowed to air cool. Exemplary oxide yields are

less than 25um {(1-12.5um). Various forms of molybdenum oxide

may be formed during this process

[0016] FIG. 2 shows a molybdenum core 20 having a laser cut
aperture 22. An exemplary core is formed from ~0.35mm thick
sheet stock {e.g., 0.10-0.20 inch (0.25-0.51mm)). Recast 24 is
present along the cut perimeter of the aperture. An oxide
layer 26 is shown along each of the two core faces resulting
in a slight thickness increase (e.g., to ~0.38mm). The recast

24 appears with a brittle laminar structure.



sheet stock (e.g., 0.10-0.20 inch (0.25-0.51mm ). Recast 24 is present
al ong the cut perineter of the aperture. An oxide layer 26 is shown al ong
each of the two core faces resulting in a slight thickness increase (e.g.,
to -0.38mm. The recast 24 appears with a brittle |lam nar structure. 5

L0011 | AbELy PXiale o %;%gi?éea 32 hd SR AU IRpota [ IDRE. Exemplary

renmoval i's c enlc of chemcal I"i'ng such as acﬁalc mlling.
An exenpfemyvedldExsmpIMEYGremaﬂdlniérthéﬁﬂtihrIByaﬁedn€1éfuéﬁeﬁﬁcgl 50%
nitric, 5% sulfurlc and 45% wat er . by vol une). Iarg removal may be at
essent i aMt Y1 iiBi BRER cBRAREFIRS Té%ﬁﬁ%%he??ceﬁ?%g§%F¥ aRgd 48 B5YFLRY

(18- 24C3$ndTH§t£§8P§§ifHFYc'Q&@&VﬁlkﬂﬂFést andsoﬂﬁﬁ999£83|5§9'tat'On An
exenplary imersion time is 455 seconds. Sof ution conposifion and tine may

be vari edul fuviderando4hbevatecaby vehuwal . rﬁqempbaewtsemp@élB@aThbeannunt
of recast, w || aser intensity. enplary.recast thickness is
ARt TS USSR i S T e T e
critical abegd- aseES(lmmﬁbogt)subﬁéaﬂém@béy ®fechi-8uve hemnedsi 8aaghdar eas.
[0019] optionally, after recast renoval, the oxide may be substantially

r enoved. "ERBAPL ARy ASRBIRLONS BRepremPlaby HEBAESien thmai é&l 4REFling such
as a'ka'é@@oﬂ&é"§81u€?8?p86ﬁ882¥F98n éHHEEfSQdﬁS Igﬁa+§%"ﬁe eé%&é?”

Exenpl ary 1 mer Si on pressur é an y €elreva
t enper at uo em&xenptayst seembirab, régqutre@snt enperature paraneters are a pH of
10-12, for -10 seconds, at 14010F (54-66C). An exenpl ary al kal i ne
[0018] The amount of recast will vary with laser intensity.
Exemplary recast thickness is 2.5-12.5um. Exemplary removal

removes at least 90% of the recast at critical bend areas

without substantially effecting the non-recast areas.

[0019] Optionally, after recast removal, the oxide may be
substantially removed. Exemplary removal is chemical, by means
of chemical milling such as alkaline milling. The part may be
immersed in an alkaline sclution. Exemplary immersion is at
ambient pressure and slightly elevated temperature Exemplay
solution, time, and temperature parameters are a pH of 10-12,
for ~10 seconds, at 140:+10°F (54-66°C). An exemplary alkaline
golution is available from Enthone, Inc. of West Haven,

Connecticut under the trade mark ENPREP 35,

[0020] Exemplary removal removes at least 90% of the oxide and
preferably essentially all. The amount of overall base
material lost will depend upon the amount of oxide present.
The oxide is converted base material and will result in that
much stock loss. Exemplary values are ~5-15um. Material loss
at the laser cut features (e.g., holes and the like) may be

essentially equal to the recast thickness (e.g., 2.5-12.5um).



solution is available fromEnthone, Inc. of Wst Haven, Connecticut under
the trade mark ENPREP 35. [0020] Exenplary renoval renpves at | east 90% of
the oxide and preferably essentially all. The anount of overall base

material |lost will depend upon the anount of oxide present. The oxide is

converte as I al ] r f 0t t gk S, npl ar
val ues a€£@15?fggﬁgéhgt%€?%lg#%EEUngﬁéﬂgg?a%géeﬁgyg€%gt8§e££§§.8hf%ﬁoles Y
and t he th&eyeramyt bieas esseatanatiyl eguaten ocideredcast thi ckness (e.qg.

2.5-12.5pm). 6 FIG 3 shows a core aperture having a perinmeter 30 from which
the recast has substantially been cleared. [0021] The cut core precursor may

be shapegffoieenee dit e BRAIASLL Galy B 810 JH Rl V(L NV0lL4t ed

shape for casting the desired features. "Optionally, after or beforé
shapi ng/ berding) o ppvoetdeva roddthychnycoevappteddshspaefoexeapt dny
coatings_ar

e netal%i .. Exenpl ary, deposjtion_process be a physical or

phem’calt %p%%?}?% %?%E%E%g'Eééﬁb?g?giyph§£$%ﬁl?ﬁgB%g$¥?on processes are
i On vaposh&epes) tbamifd VO pRote 66l de SPbalidePas) t benapExeaal asymé VD and
cold spray deposition techniques are shown in U S Mlitary Standard
M | - C- 838B8MRIJFY pEPat MYs agpse Urstaphi ent Exgnpbagy2dengs ot 10A REPEBYSet al .,
respecti %y hem cal e  J q? tr % | ating.
The depoé% e%eF§$§$§ﬁ%§a¥h§n %e mgégfegéﬁé%%#?§gl §°§§$§rz§ ¥&E§39 | ary
oxi dati ophysivah depesichbnpppoessssschrasianodapongdepasdtdoati(nynfa famly
of high vgltagg anodi zi_n grocesses%, and mcro-arc oxidation.

and co spray dego ition. Exemplary IVD and cold spray

deposition techniques are shown in U.S. Military Standard

Mil-C-83488 (for pure Al) and U.S. Patent No. 5,302,414 of

Alkhimov et al., respectively. Exemplary chemical processes

include electrolytic plating. The deposited layer may then be

at least partially oxidized. Exemplary oxidation is via

chemical process such as anodizing, hard coating (a family of

high voltage anodizing processes), and micro-arc oxidation.

Exemplary micro-arc processes are shown in U.S. Patent Nos.

6,365,028, 6,197,178, and 5,616,229. Other exemplary coatings

are ceramic.

[0022] The RMC may then be assembled with other cores (e.g.,
other RMCs and/or ceramic feed core{s)) Exemplary ceramic feed
cores may be formed separately (e.g., by molding from
silicon-based material) or formed as part of the assembling
(e.g., by molding the feed core partially over the RMCs). The
assembling may also occur in the assembling of a die for
overmolding the core assembly with wax or wax-like material to
at least partially embed the core(s). The overmolding forms a
pattern which is then shelled (e.g., via a multi-stage
stuccoing process forming a silica-based shell). The wax
material is removed (e.g., via steam autoclave). After any

additional mold preparation (e.g., trimming, firing,



Exenmplary m cro-arc processes are shown in U S Patent Nos. 6, 365, 028,
6,197,178, and 5,616, 229. O her exenplary coatings are ceramc. (0022] The
RMC nmay then be assenbled with other cores (e.g., other RMCs and/or ceramc
feed core(s)) Exenplary ceramic feed cores may be fornmed separately (e.qg.
by nolding from silicon-based material) or fornmed as part of the assenbling
(e.9., byspoht NGyt hes fegd: £05epPaELsdl | Y SVQEc L HERMS) - mdDE m@Bsenbl i ng
may al so occur in the assembling of a die for overnolding the core assenbly
wi t h waxmetalwxand kel hewerfathtwetats| eassobhidifnl | Thenbkell hescohefs). The
overnol ding fo a_ pattern ich is then shelled (e.g., via,a multi-stage
ot uccoi PR etee far bt vl TrEhe sl bR En bl e Trefe oo thbil B 1
removed {Ref. rerbdedt ¢y apt OCh aviemiAdl efeay) . atige t A@nahsBoLdspiggar ation
(e.g., trimmng, firing, 7 assenbling), a casting process introduces one or
nore nol P&y ther are ‘&?\%‘“hﬂleﬁ%mngu%‘ﬁbh%@él%ot%u@é‘ll?’@iHf@lqﬂetEﬁ%F‘Fle‘{lg t hen

removed fe.g., Whanameban! ealohansy, L. ooreaanogrbl yohsybhen removed

(e.g., via neans e as-cast casfting nay théen be nachi ned and
subj ect toedtmétes, famndshost eadymendatienigs) . nechani cal treatnments, heat
treatnments, chemcal treatnments, and coating treatnents). [0023] One or
nore enbodi nents of the present invention have been described.

Neverthe{g§23] | ond ldr RRANARIIAREARALE Vi PR filfAldtanh X e mde
wi t hout departing fromthe spirit and scope of the invention. For exanple,
the princéphedescribed. Nevertheless, it will be understood that

various modifications may be made without departing from the

spirit and scope of the invention. For example, the principles

may be applied as modifications of various existing or

yet-developed core manufacture processes. Accordingly, other

embodiments are within the scope of the following claims.



may be applied as nodifications of various existing or yet-developed core
manuf act ure processes. Accordingly, other enbodinments are wthin the scope
of the following clains. 8 CLAIMS What is clainmed is: 1. A nethod for
form ng an investnent casting core conprising: cutting a patterned core
precursor fromrefractory netal-basegdaghget, the cutting formng recast

al ong cuts; grow ng oxide on non a recast areas; substantially chemcally
renoving the recast but substantially |eaving the oxide; and shaping the
core precursor. 2. The nethod of claim1l wherein: the cutting conprises

| aser culbfhgisclaheedeifod of claim 1 wherein: the precursor conprises in
maj or wei ght part nolybdenum 4. The nethod of claim1l wherein: the grow ng
conprises thernmally growing. 5. The nethod of claim1l wherein: the grow ng

compri seg, heak i g h8aakLy aboasent Lal Ly ol posPhesLe pyessyLe. 6. The method

of claim1l wherein: the substant y chem y renoving the recast
conpri sesowpeinstagty mlling for 25-45 seconds. 7. The nethod of claim1l

wher ei n: ,
cutting a patterned core precursor from refractory
metal-based sheet, the cutting forming recast along cuts;
growing oxide on non ®" recast areas;
substantially chemically removing the recast but
substantially leaving the oxide; and

shaping the core precursor.

2. The method ¢f claim 1 wherein:

the cutting comprises laser cutting.

3. The method of claim 1 wherein:

the precursor comprises in major weight part molybdenum.

4. The method of claim 1 wherein:

the growing comprises thermally growing.

5. The method of claim 1 wherein:
the growing comprises heating in air at essentially

atmospheric pressure.

6. The method of c¢laim 1 wherein:
the substantially chemically removing the recast

comprigses chemically milling for 25-45 seconds.

7. The method of claim 1 wherein:
the substantially chemically removing the recast

comprises chemically milling for 20-60 seconds.



the substantially chemcally renoving the recast conprises chemcally
mlling for 20-60 seconds. 9 8. The nethod of claim 1 wherein: the
substantially chemcally renoving the recast conprises chemcally mlling
for 20-30 seconds. 9. The nethod of claim1 further conprising: chemcally
renovi ng,the oxide. 10, The nethod of claim9 wherein: the chemcally
rennvingsthe gé%d%e%%%%r?ge%f%f%agiﬂgeﬁ?f%' an al kali ne cl eani ng sol ution.
11. The met hothefsebat andidVI{hehe@OORI1Ei AOnoCRRY I PHearsbgkel - or
cobal t - based superall oy over the . core; and chemi cally renoving the core
from t he®SUPEFEFF oRendcahy Wit hdagofoE| 2P n?d FEFPR8P - conprising: using the
core to sacrificially formcooling passageways in a turbine airfoil. 13. A
nmet hod for form ng an investnment casting core conprising: cutting a

pat t er nedl. cor€hpreetihcdrofrobnimf i aftorenetahprsheey; the cutting formng

recast along cuts: W ng oxide on non, .recast areas; and renoving the
recast areas 5ﬁ?m§%%£f§n¥$g?v§n$e5€?nﬁxfﬂ%' oxi de. 14. The nethod of claim
13 further conprising: using the core to sacrificially form cooling
passagemags .
10. The method of claim 9 wherein:

the chemically removing the oxide comprises cleaning with

an alkaline cleaning solution.

11. The method of claim 1 further comprising:
casting a nickel- or cobalt-based superalloy over the

core; and

chemically removing the core from the superalloy.

12. The method of c¢laim 1 further comprising:
using the core to sacrificially form cooling passageways

in a turbine airfoil.

13. A method for forming an investment casting core
comprising:

cutting a patterned core precursor from refractory metal
sheet, the cutting forming recast along cuts;

growing oxide on non * recast areas; and

removing the recast areas but substantially leaving the
oxide.
14. The method of claim 13 further comprising:

using the core to sacrificially form cooling passageways

in a turbine airfoil.

15. A method comprising:

10



in aturbine airfoil. 15. A nmethod conprising: 10 cutting a patterned core
precursor fromrefractory netal sheet, the cutting form ng recast al ong
cuts; grow ng oxide on non a recast areas; a step for renoving the recast
areas but substantially |eaving the oxide; and shaping the core precursor.

16. The met hod,of ; ﬁ% @4‘5?%.*’%%5%” {rééhPQor fré&‘epeffeéc{es&rgmag ihe

oxi de. 17. The net nprisin

cobal t - bahedtsupbeattbylngeforMEngcneeasandlohgntuabby renovi ng the core
fromthe superalloy. 18. A nethod for form ng an investnment casting core
conpri si ng: cO¥PYHEIaChateePRetiCROrE e AEHSfromrefractory netal - based

material  the,cylLing foraing:hecent SLONG: cUlsss BLE' SLRUERALLYEGMOVI N

t he recast and"s prng COre precursor
leaving the oxide; and

shaping the core precursor.

16. The method of claim 15 further comprising:

a step for removing the oxide.

17. The method of claim 15 further comprising:
casting a nickel- or cobalt-based superalloy over the
core; and

chemically removing the core from the superalloy.

18. A method for forming an investment casting core
comprising:
cutting a patterned core precursor from refractory
metal-based material, the cutting forming recast along cuts;
preferentially removing the recast; and

ghaping the core precursor.
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