H GH TEMPERATURE DI RECTI ONALLY SOLI DI FI ED AND SI NGLE CRYSTAL DI E
CASTI NG BACKGROUND [ 0001] The invention relates generally to systens
and nethods for die casting, and nore specifically to apparatus and
nmet hods for high-tenperature directionally solidified and
single-crystal die casting. [0002] Certain nmetals and all oys have
previ ously responded better to die casting while others are better
cast using investnent processes. Lower nelting tenperatures of

al um num based and magnesi um based al | oys, for exanple, as well as
favorabl e solidification pathways permtted the use of tenperature
resistant injection nolds whereby the nolten netal is solidified with
a mi ni mi THMPERAJARE DIRELFION AL LE\EOMDIFTRD gD SINGLE2GRYSTAL
t enperatures such as iron-based,Eﬁbﬁg&éfﬁﬁeased, ni ckel - based, and
cobal t - based al l oys or superalloys have traditionally been investnent
cast in ceramc nolds to attain precise castings with little
interaction of the nolten netal ﬁﬁ&%%%$ |d material.

[ 0003] I nvest ment casting can be A ,-expensi ve, and

time- capaym Ng PrRC@ssbiélal (MRSIE 18R%kidres MONBK® BPdR casting, and more
Hi gh-tenperature die casting isS also ditficult, given the relatively

nar r owseegdichlib [e apnapdrshagh mpgodsafey digngmppatwre dipationgl Lt exlidélrrdyand pegliet
def ect . ge, and waste. In addition, traditional die casting
result%yﬁ%néag%gggsolidification fromthe die surface toward the

cent er [(@02) he caStitangmefl sndgalpgt lhyve prpioudatrespondmdebestpewi dit iczeng ditele

T RN G S LN T -

f or redpided adll neGhbQRAbas@l AIE | BALkAR1E,DR) welBMMABYbIe solidification pathways
permitted the use of temperature resistant injection molds whereby the molten metal is solidified
with a minimum of shrinkage or defects. Alloys with higher melting temperatures such as iron-
based, titanium-based, nickel-based, and cobalt-based alloys or superalloys have traditionally
been investment cast in ceramic molds to attain precise castings with little interaction of the
molten metal with the mold material.
[0003] Investment casting can be a complex, expensive, and time-consuming process full
of waste and is prone to error. High-temperature die casting is also difficult, given the relatively
narrow available superheating range and the resulting tendency toward defects, shrinkage, and
waste. In addition, traditional die casting results in equiax solidification from the die surface
toward the center of the casting. This greatly complicates more specialized die castings
requiring careful temperature control, such as single crystal (SX) castings and castings with

columnar grain orientations formed via directional solidification (DS).

SUMMARY
[0004] A high-temperature die casting die includes a first die plate and a second die plate
with respective first and second recesses defining a main part cavity and gating. The gating
includes a grain selector in fluid communication with the main cavity.
[0005] A high-temperature die casting apparatus comprises a die casting die and a chiller.

The die casting die has a recess for solidifying molten metal into a casting. The recess includes
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[ 0004] A high-tenperature die casting die includes a first die plate
and a second die plate with respective first and second recesses
defining a main part cavity and gating. The gating includes a grain
selector in fluid communication with the main cavity. [0005]A

hi gh-tenperature di e casting apparatus conprises a die casting die
and a chiller. The die casting die has a recess for solidifying
nolten netal (nto a casting..The recess.includ s ating. in fl
comunf¥&Ei ' i Entenaaia vish by {painTRyith; he afi,a@?aézbq i qietionally
direct a;gii@ii loéaiRR i¥erAal %&Ecﬁéﬂt%@l 5 hes spd togirs@&iina%d Bf@@césnfngr st end to
a second end of the cas 06] A net hod of die casting a netal

al l oy H@0fing a rdimedthey @%ﬁpéﬂﬁm&r%mﬁi atloy bawsng 4 30dtine (8 pEra@ye of at least
conpri ol § Y, t. mai n_part
A e e e A
cavi t yeasong diemThecadtehnjoy & sotididied Zretﬂiehﬂﬁﬁi pat cgigdo éo‘ﬁ:n 4 Sasting. a localized
di rectjonall d to he casting. BRI EF DESCRI PTI ON OF THE

DRAW hﬁ%n’[‘%@éafl}éig‘i) & AR i’rﬁ?ﬂﬁi‘?am Shgéi%"ﬁ‘in%t s a cross-section of a gas
t ur bi ne engi ne.

BRIEF DESCRIPTION OF THE DRAWINGS

[06007] FIG. 1 schematically depicts a cross-section of a gas turbine engine.

[0008] FIG. 2 depicts an example die casting of a turbine blade.

[6009] FIG. 3A shows a high-temperature die casting apparatus with a grain selector.
[0010] FIG. 3B is a die plate from FIG. 3A.

[0011] FIG. 4A is a magnified view of the grain selector in FIGS. 3A and 3B.

[0012] FIG. 4B shows an alternative embodiment of the grain selector shown in FIG. 4A.
[0013] FIG. 5A shows an alternative high-temperature die casting apparatus using a seed.
[0014] FIG. 5B shows application of a localized thermal gradient to the

DETAILED DESCRIPTION
[0015] FIG. 1 includes engine 10, fan section 12, low-pressure compressor section 14,
high-pressure compressor section 16, combustor section 18, high-pressure turbine section 20,
low-pressure turbine section 22, bypass 24, low-pressure shaft 26, and high-pressure shaft 28.
FIG. 1 schematically depicts an axial cross-section of example turbofan engine 10. A portion of
atmospheric air pulled in by rotation of fan section 12 is directed toward low-pressure
compressor section 14, while the remainder is directed through bypass section 24. Air entering
low-pressure compressor section 14 is further compressed in high-pressure compressor section
16 before fuel is added and the mixture ignited in combustor section 18. Respective high-
pressure (HP) and low-pressure (LP) turbines 20, 22 capture a portion of the energy from
expanding combustion products to rotate respective shafts 28, 26. Thrust is generated by the
force of the air drawn into fan section 12 (driven by low-pressure shaft 26) and pushed through

bypass section 24, and by the force of exhaust gases exiting low-pressure turbine section 22.



[0008] FIG 2 depicts an exanple die casting of a turbine bl ade.

[ 0009] FIG 3A shows a high-tenperature die casting apparatus with a
grain selector. [O010]FIG 3B is a die plate fromFIG 3A [0011]FI G
4A is a magnified view of the grain selector in FIGS. 3A and 3B.
[0012] FIG 4B shows an alternative enbodi mrent of the grain selector
shown in FIG 4A. [0013]FIG 5A shows an alternative high-tenperature
di e casting appatatus usi ggq a seed. [0014]FIG 5B shows. application .
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conpressor section 14, high-pressure conpressor section 16, conbust or

sect i ol the, illwitghiveraspie satnablingedXie etrranrsp0to tubwwedietsdor BP tubisiesection
sectl 0@ 6LP 18%%%&1%;1 ézosgﬁ)%%? g1 €1 SBafle &8rio P54 inr(l.!u%gé LESRHLE, 2halh
28. FI “-schematrearl y depicts an ‘axi al® cross-secti on®of exanple

t ur bof a6 aghgiane Hock fecpod BB.OWhn adstims phéy ficst dbrmeputdtiag sedtiddy38 may also
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drawn into fan section 12 ri.ven by .lo ressure shaft 26) and .
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exi ti ngIc. o WIKRBUIRning sBbdIBe §EGEIYOMd%econdary crystallographic orientations with the
spanwise dimension of the blade increases resistance to longitudinal stresses characteristic of
centrifugal operation of a turbine rotor in engine 10. By way of example, effects of
crystallographic orientation on single crystal turbine blades are discussed in commonly assigned
United States Patent No. 4,605,452, incorporated herein by reference in its entirety.
[0018] In single crystal form, die casting 30 can also increase creep resistance as
compared to other equiax and columnar grain castings because eliminating grain boundaries
removes a frequent creep mechanism. In addition, grain boundary strengtheners (e.g., carbon,
boron, or silicon) typically used in polycrystalline superalloys can be omitted, effectively raising
the alloy melting point and further improving creep resistance at higher hot section temperatures.
Creep resistance helps the blade withstand the combination of high operational temperatures and
longitudinal stresses which can accelerate failure of traditionally cast or forged turbine blades.
[0019] Single-crystal die casting 30 can be produced according to the high-temperature
die casting processes and apparatus described below. Further, alternative directionally solidified
embodiments of casting 30 have columnar grains and grain boundaries axially aligned generally
in the direction of solidification. Aligning grain boundaries in this manner also anisotropically
improves strength and resilience over traditional equiax die castings. Such castings can be
formed by optionally omitting the grain selector or seed crystal from the die casting apparatus.
[0020] The alloy used for casting 30 can be any high temperature die casting alloy,

including but not limited to alloys designed specifically adapted to high temperature directional
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[0016] FIG 2 shows die casting 30, nmain casting section 32, gating
section 34, grain selector section 36, starter block section 38,
airfoil section 40, tip section 42, and root section 44. In this
illustrative exanple, main casting 32 is a precursor to turbine bl ade
for HP turbine section 20 or LP turbine section 22 shown in FIG 1.
Gating section 34 includes grain selector section 36 and starter

bl ock section 38 \Wen sting 30 i irst fornmed, gati sect.i on 38
a1 ST PG SR | G CONER IS PR rOTPERLHE AR 557 8 Ceparpags
bl ock. prBsesd Tnlidaitidg, RbrAdR, coffbiltiSRSk it ra%€ 6ol AR SArch B EMAE Sleplehfs Rhh be
section 40 di sposed between tip section 42 (proximate gating section
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sectio i {0 i ng: S i o .
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be castrdeotoghtdifli thalyl g eshembirpgitdclchalsd prevdnd camakingtdutpd epld solidification,
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commercially as Inconel 718 Plus ®, the equivalent of which is available from multiple
commercial suppliers. Inconel 718 Plus ® and its equivalents are characterized by a melting
temperature of about 2420° F (about 1330° C), nickel content ranging between about 50.1 wt%
and about 55.0 wt%, chromium content ranging from about 17.0 wt% to about 21.0 wt%, as well
as substantial quantities of molybdenum, titanium, niobium, and iron. With its temperature and
creep resistance, Inconel 718 Plus ® is suitable for use in some of the highest temperature
regions of gas turbines, including critical components of the combustor and the high-pressure

turbine sections. As mentioned above, other alloys and superalloys specifically developed or

modified to take advantage of the high-temperature die casting process may also be used.
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[ 0020] The al l oy used for casting 30 can be any high tenperature die
casting alloy, including but not limted to alloys designed
specifically adapted to high tenperature directional or single
crystal casting. Qher conventional SX alloy conpositions can al so be
utilized in this process. In addition, non-SX conpositions with grain
boundary strengthening el enments can be used to die cast DS all oys
wth c ar grap eci fical j I i.ongl: |.di ti .

21 1 oys 10 oo Balp SR bR ekt alc@urioe B 2 il o Bl el i 30
of gr atan Healiedad ynost geegilyen eirfils (i.cobldéss @nd vamd) fyHRP helP anrbiyies 20, 22, and

chem stry which hel ps prevent crackin uring rapid solidification,
O miw of ey 2T BeRE AR eraL B SRR R bk R Gt b lialso B aBpent
bor on, that EB@Rd WNMAIEES EortdsPEH B cak@ig @XARRARplePHIRA Yo v lichR ABrAARRTSor

can be adjusted by increasing or decreasing the alum num niobium _
t ant al edditicnaly gfanted HhpignanPErabds i pisieils A @fher spslcopponeic pihgiethan turbine

el enmeng s : 1 m g oL | '
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5 ot TR RS oo e hubsFE S ey St ol SRRRSS Brd B e cSibed
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melting tenperatures of at |east about 1500 F (about 815 C). In

cer t ai PRIEMBYGTHE Seingt wefEin Bpny ather noppersPacsyislivi ng a el ting
tenper gigdhe Of afid §aShoR00Mtin2 MGk 48R astABAiS0, pledsut EEHaRBR: &, shot
{ ¥ oy 8
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ni ckel yacatimgbed It .FIGN3B elidvad ifitetibr ddaB @ aidpodiitertsct folige plaedeni nant
elenent is either nickel or cobalt. In sone enbodi nents, the wei

. ni ckel or ¢ . t he wei ght
per cenl®gel of t hBieRENEAIhaNs remeYRbht maBwed frdtisksiewerrupdic qaﬁn@tl%@hme
of thogg enhodimBBhEer S1E WG }Qﬁl’éd RE L4541 3g€ctaholidiemPLEe msmgﬁ) from shot

el enent equal s or exceeds 50% [0022] One exanpl e ni ckel - base

super akleere 3ds dbik easting digi 3 heatwé pyts3gatiaagoiodecamé b diaatl mpvalde Ejsctonplate
718 Pl (r).,..the equi val,ent of ich.i,s availaple from nmul.tipl .
cormer 871 b FafBe ERands iF de i S e IHR R Y G in
char ackmtfibome phye $6AMmahd kjegiot elpesGR.UMAe ddcesdo tiged? Qefne(1akio wart k3B0y 58.
O, nickel content rangi bet ween about _50.1 wt % and about 55, %
chr oni & %H’E‘%WP&P’&% Wﬁ@?&#ﬁﬁ&ﬁ’?oﬁeﬂtﬁw&?@g&@gﬂpﬁﬁ“@ ‘\ilbf’ 39%3&38"
vel | ap aliRReh 8fitedlin st hb& st HRG MUPEuI kb hATREWRIHY BOInYMR AN
iron. Wth its tenperature and creep resistance, Inconel 718 Plus (r)
i s sui {86k for Ukegdomesorad narfin pire cvifyhdseorteannnds it e deyiredisbine dicagiang
tur bi ngs, J.ncl.udi reticalk

ni‘gh- pr SSLlee! HHIED 28" Ll badcoCRTRESER Pk B SONBUSIAL, A Il dmicndea
super akhapy sofsgatngd 30 abl facitieve kapkicaton, midinkaged ahd dakien dcbnaniicad® ofThe

(me I Ghe STPSr Lo, S231100 PLORESS o 220,06 MSELy e, Fo
appar egkarhflatit &KAabhAeh $@ casting to generally avoid sharp corners and taper angles. Casting 30
can also be processed after solidification into the form of a turbine blade or other final shape via
machining, twisting, or other operations. Thus accommodations can be made to account for
certain issues specific to die casting without departing from the scope and spirit of the invention.
[0027] Die 50 has gating 60 which also includes grain selector cavity 62 and starting

block cavity 64, all of which are in fluid communication for directing molten metal into main
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can be directed nore generally to airfoils (i.e. blades and vanes) in
HP or LP turbines 20, 22, and thus nmay or may not include additional
tip or root features such as seals. It will also be apparent that
casting 30 and their correspondi ng casting dies (exanples shown

bel ow) can alternatively or additionally adapted where applicable to
airfoils or other cast conponents other than turbine sections 20, 22.
Tur bof an..engine 10.can alternativel,y, ha a singl.e spool i_ncl ude
mor ot HAIY oo ClpGalEE e el R o s Rt A PR b W iR e
t ur bi nese@RPnB&r Stiehedso amtioh doisdifitation @dndligh bhdidl iGloGlig cadtidg 3OPIIARertsin
turboshaft. Single-crystal ﬂje casting 30 _and the process_described
bel ow BRPPIHACHEr Pitfets %@a%@ % 8PRIYRE T iRralitedgbenpal i wadipn, Groygh ghermally

proper ¢dnagctle @4 Pt s6AY SEB anar}ﬁlo&eltw?@aiegtriﬂi 1&%@3&%&%%%@1‘7@ lelhifve to
many ot her non-aerospace fields. [0024]FI G 3A shows casting nachi ne

48 wi t #icSBsin engtati of BB epbedisins, dhlderidérang heat spiote 6% anevpecifically adapted to
die pl 56A,. . ej].e i ILn,cavity.58. gati 60,
grain @gﬁceecatggrma?ggﬁt@g tggl'}l%é E{aar%[eg? ggﬁ%lggﬁlczgc\l/ @iélo}éﬁ? mgﬁ]i ﬁg?”éf g512966, heat
sour ce[0838] t her Makvily badécdphizell hHAChéadBoutls 6B106h WaditeRIpOdr séparaté Fiom $B
shows intﬁiﬂor detaiég die 50 mﬁthb ect to. die Elate_56A
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cast i NgAAGMHMiHR mEAESHES sGRMD&icR 4o hiiftAR OBttt lnp@RLA dbove the
inject nolten nmetal (not shown) from shot sleeve 54. Die casting die

50 hassalidificgtien Bontgs giprensedsyin dooionglaSentaly, hillerfd\cabbe ceitgpragrto direct
pl ate . | .S e . [ ! .

ecussE PR UGB BRI EP gL SUPSE I BESL s, SRS s
pl at e 56Bter-bhedrceclestseatsiinges belynde hddigvarad inerpaivelye ahilléryo68in bBiigtegrated

castin chine 48 includes ofher .c onents for mounting an .
stppor B g a5 A AL R Q0 SETHIBRICRE 86 e rSrCBREERb Feulate
el emenggold@fieriRloREM| ChSlats 48k aicm@itm@etd@&ribe&'ﬁmﬂeqﬂecehﬁggﬁhyﬁh. More
geonetry of main part cavity 58 corresponds to the desired shape of

cast i ngempllys Aersading any e sppcturnoheasting eeaching {Fetnvetheylayiut @aitey warby
vari es ight!y £ -he : ) : 0.1f@cidA

ol i ci PonPRE b hB 081N L RAGHENARE ot oF R 08 (st e et DA fow
cast i ngpuB Garanibeswhved vaetiyattd) oa deegraed imanyonpmet stative ® diieeanbiheato as to

ol o SHBbeaKE KSR B etigr focsbedh Forf St dprdghgefon 1o

proces F@ds']af ter meddigbh,] LadmbMution bpdévies kK BhRhcdinbwatInNSd Rhillde: @ also
ot her final shape via machining, twsting, or other operations Thus

accommBrignpioned. cvs peludayin-vity Beweinm off 4f SQeandiar thqrmathe gondyeidyer pashiyays

6 8 WIS DR 09 I GETPR:POU BB Sy

sel ect grove dhd woliddiRattondiratt asing neramic, metal matrix, or ceramic matrix composites, as well
as metals having lower thermal conductivity and higher refractory qualities. In addition, the
thermally conductive pathway may include any suitable material that can withstand the high rate
of heat transfer between chiller 66 and cavity 58, such as silicon carbide, as well as cobalt- or
copper-based materials. Use of these or similar materials can be combined and configured in
casting die 50 to facilitate rapid heat removal and maintain a localized thermal gradient along a
very narrow region of die 50. This further improves die casting of higher temperature alloys,
including those with melting temperatures of at least about 1500° F (815° C).
[0030] Regardless of their exact configuration, chiller 66 and heat source 68 are

configured to lower the temperature in cavity 58 progressively in direction 70, first through in-
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bl ock cavity 64, all of which are in fluid comruni cation for
directing nolten netal into main cavity 58. Die casting apparatus 48
al so includes chillers 66 and heat source(s) 68, which can be used

al one or together to control solidification of nolten netal into die
casting 30. In certain enbodinents, this is achieved by applying a

| ocal i zed t her nmal gradient t hr ough thernally conductive die plates
56A, 56 adi.ent in.|ongi,tudi directi 7
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enhance insul ati on and illing can also be e alliiéed Thi s i ncludes

i n-si t teriaps grhedisgniss hmheteemelaﬁw ke tc#ﬁémaenan yoec gic facildatpd thiyweppdying a
bet wee |

oo arasin fiepe 8. AR Ko piliydeok ot BIRYfeh P JodBY 7PEan be placed
ceram o ﬂurétcainmmtctaﬁon wah nwn aammy JBatvhick i dwpcsealt«:bsﬁf eAberbeyl Use @ a manual

nmet al s ha | ower t erna ivit nd. hi gher .refractor ;
Toar s P it SIS BRenifi R ThG wattindR ot s PR B koo devindine
any subh @t ﬁld}’ﬁ&cﬁtﬁpo@i‘uoh hﬂt%rrﬂ‘faﬂrgrwlédﬁSérﬁin%hﬁﬁﬁaﬂlﬂﬁob&h@s of tReqkting, but is
transfer between chiller 66 and cavit such as silicon carbide,

as wel fregiendypa the-ordsr of abye f Xphmarde rﬁ%g%@trrwte abqué éo%mnt HeEeA#MY i | ar
mat eri Fd()% 2[can b Odgpﬁﬂ]gegjieéigt?i &P B H&Héc?&vlaﬁl ﬁ redﬁé?nig:ntr and can be

facilitate rapl eat renoval and maintain a zed therma
gr adi entadfaﬁongtharmaékyycomdmmw masgriabmlilof thdlreetslo ceﬁﬂmcs aﬁcil ntehed matiep nateeisls

di e casting of h| tu | g Wi t .
mel ti né abgmj arS]c fg? CT‘IE’ 1&1@ (tioot%tuf:Xs%g%ap U]g 1nvestn'1t=:nr| casting is a
100301laeg1ardtde35stdxtteﬁdﬂtel plcexactvhaentacgUéea;tmlencasﬁﬁg Icheld 1Gstalg ifedtually
source 68 are configured to |ower the tenperature in cavi

58
progr eE’:é)Fi‘r}“ecldyalPWdcﬁ Y&k PR, -,b@th ok ngph fa)ferdyﬁtgcpyefiﬁn making each 1n¥hv1dua1 casting.

This adds time, cost, and opportunity for error into each casting run. High temperature die
casting apparatus 48 also allows for repeatable production of high quality castings, which
reduces or eliminates the need for specialized casting molds and post-casting processing to
remove defects, shrinkage, and porosity. During solidification, carbides, oxides, and other
impurities precipitate out of molten metal. And in investment casting, ceramic pieces can also

become dislodged from the inner die surface and become suspended in the casting. Excess
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gate 60 then, as appropriate for either a single crystal or columar
grain casting, through starter block 64, grain selector 62, and nmain
cavity 58. In certain enbodinents, the thernmal gradi ent neasures at
| east about 145 F (about 70 C). hi certain of those enbodi nents, the
gradi ent measures at | east about 200 F (about 110 C). Due in part to
high nelting tenperatures of certain alloys, the solidification range

Chan abgur 0B AR sHRF S ol PR AL RRI L St Lo SR uhfhe - A8

cryst ainbpezaidn dnolikdifled inathe eadtindl Tastitol temperhtnres @epprabdhigndodiceaditigs], 500hB

range X ess than about 1 about 70 C), In certain of those
enbodi Bhnt ?? 4%&?@4@@&@6@566@% FRatPB AR FovBb! 5% Gobh (s gompaed to
(about 1o3@r fempahiait di#2adengs. Thus, a traditional die casting apparatus
usi ng hi gh-tenperature alloys often results in very conpressed
sol i di Wﬂéﬁtu on thiawevgr andednungtientwidhseichy lepalised termessgieecontrol such as
te”pert?;}&ﬁr fi tﬁ@?&r SRS 66 Fh& hEASHHAY 6§pﬁ1|%r Hoaude nfd s%h?%,rcat?d?l ront can

assocl at e castl ng processes enabl e re y consli sten or ma

of hi gﬂ&ﬂiaﬁfmimvatlw’*ﬁ"y $bivgd engicysiral ecnaogtagiol wsiar zgicatiinigdg eloagahd llgﬁd of
[ 0031] Hi gher nelting and, castin nper at ur es often result in nore
vapor st a%l%fﬂiﬂﬁloﬂfe el%“d?‘ﬁﬁ?‘i‘ %ﬂ%ldbﬁcagsm ﬁ@%t iffigk SmreiAty g digscagnaappedits ¢ édrd
castinge QEsuthF‘ersdtﬁﬁ@&fn%é{ésethéhéé?i%r oS infueief Eﬁér&g%ﬂ@?&h&%[‘&y%tems as

hi gh tenﬁ)era ure die casting can be further facilitated by applyin
vacuunvell as msmnswg cevan@la:m %m sorﬁglmqscusa@lels inveplatent bastingi cMamammmigweat

oo bR LS ] A SO GAL R I Gt o o
vacuunehiiddry 66)0tausdiithdt peetivh. ofTﬂiten ma@usn ﬂsu;d eerfdintahen elppdtédednpaGtidenuntil just
vari es dependi on th allo Siti o t her mal gr adi ent nd .

sol i di Pi¥aPi wgﬁ%wrt 55 il %éa ‘%ﬁf‘St‘Pg #Orgala%mlvn@ ipprities

or der Bica@Rekty tkedndMofdandGn e cé’ﬁc@hnét&i ﬁ%é'fen?hﬁ@ngmif& dliy40 atm .

[0032] Di e castl ng dies 50 can be reused several tines bef ore bei ng
retire®03Hd can lbavilidbes be sepgteadntipl gastios dirc 69 wen pddidenadlysor| dliemativey

met al, ﬁﬁ@g}l% &%q01§%&ﬂlre§§{i ro'fﬁallr';FESMyagSStodc% ﬁﬁé F&Plsgﬂ%\/@e 1&?151&?63 and

cheni & ylne e casting a In conras
cast i nguinRag ﬁcahdre-usaﬁudpmusmsofrm@mtw@(pr&@mmhecmmmh other ﬁi‘mmles 1n

casting nold nust he indivij d I I duced around. a att

of wihi GV AT BA GHVIRARE e AR R P i aBERHoRsY Hh g R inrplestts dde
tine, gesds &NG Apder tddnkd $0f<@ﬁy,e§hilﬂka%enhﬁd QRF0tsCiASEdsiigy BON. THE %ultmg
tenperature die casting apparatus 48 so allows for repeatable

pr oductacBhcial cHit ghHugies| @Yt skost) nggd, beiscyhled ewifle dhe gating metanial e Suitable

need for ﬁﬂg ﬁﬁg o6
renove 3e ec'tH sf(gJﬂJLsl ri ﬁg‘g@%{ﬁgdgﬁ%g‘?gééﬁ%ﬁ?@%??%& E‘@P’H‘ﬁéf. c:@w%ﬁ rature
carbi dés, ewsinglesy dmditstihor compuniyt inedzprletipi pate aylicaformwbda@naumber

et b SRR, 571 O B  eRT  ee PE SR

casti npo3gxcess OfhBPstFictur@SaléNthadlbeSscledédlin dhid borBmGRABatioBSKIt] miath cavity
defects and rejection during non-destructive inspection if solidified

into the E@}s%&aﬁaﬂe diseastes ﬁ@n%?e?a&t%%oe%e Bigpsd cHthrg vy seuctwet s 2s5pon
F (815 (vl @6t Q{o%ﬁ kﬁ{edd@& kEBRGRd BOwi GHHE ReYe ﬁ{}gct%ﬁ HEThd YenRindeDE8Be

pr obl em; as conpared | owel tenperature die castings
[ 0033] $4stimy by pravidizon Jdamctt sobdifigptidn weal bétuieeli dedise eﬁtheemsievzgaandrthe upper

control_.s S thro h th of chi | e S 66. our ce

Che! oS ediet. PARY B P RhddSBo B, i S bR s SRR GRS fRa figs0 0
sol VUScetpﬁﬁ‘BQrﬁpﬂiﬁtfe@ steinkais! agl 6Qel BefBdts uﬁamﬁdiﬁeﬁﬁdm ngha'sk aﬂ@ oﬂi&d erhead
of the thernual Sl ent. i nduced solidification front. H g

t enper én%l@fﬁ‘:ta fqt‘h@‘eéﬁﬁ%f‘ Hragaer suniy o gl glestor ﬁ% a‘&ﬂ %ar!?@ blogk &4

elimnates the need for conplex inpurity filtering and renoval
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i ncl ude an upper sacrificial region of main cavity 58 to capture and
isolate the inmpurities and shrinkage fromthe useful portions of die
casting 30. Supplenental cavities or other structures in

comuni cation with main cavity 58 can al so be used in conjunction
with grain selector 62 and chillers 66 to further reduce porosity,
shrinkage, and defects in casting 30. The resulting sacrifici aI cast
struct (not ) I tin ri

Sui tab@gganpl elilag%s h%ﬁ%t%?%%ss 8%& %ﬂt\,,‘# hdS tal#m (r%)l(%ggdr4ég‘5l i ?1% aé‘ef}ggf{ s}egs
and shiéaKage 744, mmlag@ugmgreat?wm@ 6’6casits|pm e gaie $0 shdadin FIGS. 3A
commnle)%i g@s nedl U. S. awient t| on ial nunmber 13/173, 602,
filed e gelesigh 52 % Sect SoHepaps 1 E)‘BF%‘P%‘B“W Vih arEngRty 8
i ts eniid Sy sledRGASIHA S Qraifit %élkkﬁémzeﬁclﬁh&%tﬁ%y bRRK isAGhadask 77 wHid é%n be
comuni cation with main cavity 58. For exanple, die casting ‘dire

can al d¥cneedmsgyidedimgnsiona®igiely’. st ruct ures such as grain j urrpers
(not s i nt d h $

r emai nﬂf(a ?ﬁ%f th:ﬁggs %‘ﬁ‘g%% ga\?%g(fg %}%B\é ti(ill'leé e@fﬁ‘%gf %’”%l%@a pga‘?sh%A
bet weefoB, i (htherebafvedrheA aasbéerny garink hdpin inpypeter Hietabth.eds fﬂ&aalbuarlﬂsd thnfal

as descri,bed abo e here be sa i.cial uilt. into
o EopieEem PRSI tielics TEYneRpRRELG T e ST EShueeE Pesng gl each
sol i di fegc;aw qnB, Ti@se@ldm@ HN@hine lcBABAL SInGPHNID Bnk RGRLIROHH sbmlﬁcﬂioﬁ
50 in a manner simlar to grain selector 62 and starter bl ock )

[oosalmg@nlml%ﬁ@wscag’ﬂauﬁ sbegsctidy: BB, wWitth 74P aandeangiss ddKR. @ﬁB ﬁé@.qan be
anglaE@cl | ! ﬁge?i {$Anducd8 ral W%rav]tﬂD scgfbg%ra{sgﬁ(]éfs%gbg 1§ Sthd Otec %9 ]i)nmaly

760 As part of 1T n-gate b grain se
62 andcrystall¢geaphid mméntzﬁzﬂma:r@r tmthfelsuhdiﬁcmmmﬁnm ateacdrmg/\mhim quRitn 58 ashotmyl in
58 and sl 54. Here, grain selector 62 i ncl udes starter bl ock
64 andFﬁ%O%%a?g%\éﬁhi ch can be described as a "two-di nensi onal

pi gt ai [0038] 0037] Hex @B sheks Atefrative ghltBdcd@tor b2 SekhRarterbieek 164 AHiiN@MWbrm
sharp 90 rlght angl es 76A, 768, 76C therebetween. A nunber of grains

begi n {fF-st ?@@ivetﬂrﬁéweleator he2 viilezes gckppaed 78n&t ﬁ%tlagfrtaé:ae@mn it BE& s

di
cach | e 127 EROT e g AR ek OFL 8) B0 o0 s RERGAC

r emai nt pvingle gtain yul theh fap@atagfom sty omtivaigl dsnt appmckm\mmly cBBy ﬂSe{gtmwn in

t7 gAI ngglcl:%e éFAb‘aalmd3 0\%J ﬂ] &e%g)é/g% Blggagf%q%tﬁ%glq%?% t@e‘?aggf’fe g‘ﬁ’g"ﬁ‘if& 15

cryst aklffigespiol tenmhhteni aﬁm&n " doipetiivd Bim0bridhdting ahi K 1@Ntwhich then
reachi ng mai n cavi t¥ (shown in FIGS. 3A and 3B)._ [0038]FlI G 4B
shows S hapelfe aéut‘?\ %réa wcngvorgpl i rerde dha wlidiicaion fFent raprhing main

I NChwog ik %2 (Sww@rnnﬂt}sv@,q%alﬂa)se}a@&&aect&%ﬁahlth@seo% UsBg Wrﬁnib}g%hmh

In contrast to helix 4A, 1 nchworm 172 tapers quick
i nwar dﬂ‘aﬂ]aﬂlﬁéﬁtdl@‘tvalth }@rgetgl@nkanﬂadlatwﬁlmfn%‘kdlyldmaﬂsr ow solidification to

a singl@sgrain n al.n it _approache
main c VI 58 ?Igﬁlgmglwﬁ%glﬁ)gg%h%%mm %%) X%/\%ﬁu cer a?onhagFlad ye CPWEFGX
i niti aB-Dshdicpl geapetry mgeattet o dagdated Sﬁm,ciﬁmr’nhohgﬁ mo$e 8ififidultCto dtm tRide
termnate a.n gber of conpetitiv rains originating ip block 164,

e
whi ch £458R8 578 Meresi oy %}Plysﬂﬁlgﬁgf SEHFN 1 PO HERROFFHCE FhepofhsF sipler

the So%éo@leftﬂxé%ashbl@ Bs tHoR@tn FRAC A GndTBR rfamyb&%m%ﬂ&sabﬁa% e ﬂ&é prifiary
and 3B Grain selector 162 can thus be used with a

nor nal $aystalopriiatipnain this exagelay 2edih selegier 6?ep1at162/e¢ryroisew1bw wdmﬂlfesraphlc

orientation of the single crystal into main cavity 58. However, grain selectors 62, 162 may not
provide sufficient control of secondary crystal orientations for certain applications.

[0040] FIG. 5A includes alternative die casting apparatus 248, die casting die 250,
pressure chamber 252, shot sleeve 254, cover die plate 2564, ejector die plate 256B, main cavity
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[0039] 1t will be recognized that grain selector 62 or 162 can al so
have a nore conplex 3-D helical geonetry integrated into die plates
56A, 56B. Though nore difficult to forminside casting die 50, a nore
conplex grain selector geonetry is sonetinmes needed when ot her

si npl er geonetries such as those in FIGS. 4A and 4B fail to

consi stently achieve the desired primary crystal orientation. In this
exanpl | e t r r.ol r i
ol t%j[&I g&ﬁl(%‘zs% Eeee‘& ag%gﬁ’,y hgi?e[% %tsmheﬁéslﬁ%ﬁé ‘28@ tt{e@@}’ﬁﬁg enPc% e%ﬁgr% g?oﬁ
sel ect afdsved@ym o2 may Ftltit v Bvanddtesnsfifre emsbncﬁlmﬁnbfr bilgh @émﬁe@ﬁ@ﬂ’@dﬁé Yasting

crystal orien at ons certain applications, [0040]FI.G 5A .includ
al %/er 3RPAFES A8 f&%@t é‘i?p@?‘atrﬁ§ngzp§%°°n@‘?f¥ ety L“ﬁg"f&@“?%soo i casting 23
chanbefshe@pin El@tZ) et@eé/am%%ﬂed CON& eRh@nBliRHR oaaf;».g afﬁhlﬁﬁlg 0hg HeailAt R
256B, main cavity 258, atln% 260, seed crystal 26 chillers 266,
heat sientiel Boparamsrdteshomnaaifsas. i aaé BBopkcepas daseribed dalow. pdred czwtal
FIG 5 r

uz'sl§ 3@'& V\Eréat?\re%ﬁg ﬁgtgg?&%c{@ b c8£ﬁ%1 L@t c% &l !?ottﬁjétgl%jgﬁlyean(a%égoﬁlﬁfgry

appar a reb e prinmary and secondary cr
or i ent atstalirspr: a:ljhlcdmeemns rrga Bih( smpumtur ) sikple. crid)al cincdséng ot rhid exethple,

Most el enent s die c ratus 248 re 5|rn ar.or identical
o appitraeisieh a5 Honara et Ce SRR i Saiie affbbgedied Hnbros o Mot Gt
Seed cpysshd al2hdd iss adfo @l’drﬂitélc’tlﬁd &alr%@ﬂﬁbafonwfadrymaqegle\sﬂt% Bdn cavzty 258,
configured to control both Erlnar and secondary crystall ographic

or i ent ARYSHES2R Be sechi YR coRsLPed akes tae ntjpem?;ewtsatecter 62 e%ttm#g Jblqcl 64 as
this e & 105 PRI, 05%%@' d BefBreS Mllden ThA@l £ &%gh%t Ofi etﬁ% and_the
cast| ng oy di sSpose at t ase of main cavit SO

as to jpcdied ehetrm& gteénente@phed éuigitedindly iordisttdn @?va\an cavnta|2t’58 Ga‘fﬂpbljpd

P L R R O

bef or ebe soRkbRE RipplicitoniofcBUERR6H aﬁdahest.t soudbis)anel the | ocalized

t her mal gradlent applied Iongltudlnall¥ in direction 270. Main cavity
258 i slW3Pered up¥aramplesbers atva prowpily eopadaserahod Wil respers fqforming die
ori ent gishonsd Wy oL Ql& sﬁl@l hqjtb ﬁ'ﬁ%l ¥, GR the'MBk 2?9%%?“ &tcfi%blo?geeqyc:lystal

application of chi ers at source 0041] The

exanpl &2, atﬁ@vmg had/éxrmlpmilﬂ dpylybf@the thegloze tthsaimal gltidlmesqaéwtlnqitanmarhlmgle
die ca t| S n r nat.i Lve bsen nce. of

o or BB ARl Bl Eha Blontly 58 PR Mol obf RaRER G tie
apply|agnﬁ@@ﬂkﬂﬁakmnedhghegﬂﬁﬂb@ﬁﬂdmﬁnt to the nolten netal in the
diere uh&s in direghé&g solidification in cavity 58, causing

for mat I8t a ddfu Y d1ereaging %:%ét%@aseeg\ﬁffﬂtwné% giting 34 glg’lﬁwlector

grain houpear hiesk 3, Qt@t@c%] §ofon 28 tﬁ}rk‘ég‘ﬁ"’ondﬂe &R $L188 430chiMRiGh, é}ﬂ%htr%urce
section 32, gating 3 grain sel ector 36, starter block 38, airfoil

sect i of8. 4d’le\tlptp; @@@tnlqsnhm been glesasibed ivdiereda cagshig) 30 wag Gyitialid stikfied via
sour Cedv?e%tl Fglﬁfvalgﬁﬁ?fx eﬁ(ﬁ)nﬁ 78 tl‘%l ndl g gcﬁ@nt g?e ;3/1% aea&?tg die ﬁr e'onmb? aeﬁ 01n ﬁgegwn

was i ni Vi a i onal °ocalzé
t her makndyrond irefirting prot:dﬂxs Tt rengdted mealsmgte cﬁg:mﬁldﬁedlumlar guafn diatchsing aalﬁhg

zone r f|n ng. process., . This resul Ln a.sin Ie cryst or col.u
grain Hiraog 43ide 48 e Ayt P f%déBt FRtRg & IS Apg ?Ivé*reycaStlreg P&
5B, cagéfbft-gae%% a@ntoeatpyadatteam g@;uEﬁ@tEdi &0t & mrelBicBlichaPigiations of a
additionally or alternatively subjected to one or nmore directional

appl i cb@pﬁl@mé gordient Vigehillereep @'tdalmﬂewm@ dhiong examge casinghidas fiss doroed
68. In.ape. Wl %fimg ao"?tzl gﬂlgl%omly If 'tl‘[l}&ﬁglhf Qgengfj tﬁé,m aI?Z%hUtﬂa%{ai %fdlé}ﬁ as

or a S|ngle cryst throu Use of ocal Iz ent
descri &ﬁdnb}ddmbeve Cta&tmg@o BQhdrsretbesl frenmoiet a‘rudcarmdnﬁ sEt(bfa;hr]lleas Sand |helat

set of chil and eat urce 68, n this ex | e be
espocti G & SRS FafBie bR b edish A A sab S ace Gany
sui t abb@eciiable %btn@fhau@r[ ard hen ubsed doftrSIoME HhmhingadiBRrdimRbi P ochsery 30.
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Alternatively, casting 30 is equiaxially solidified apparatus 48 (in
FIGS. 3A and 3B) without first directionally applying chillers 66 and
heat source 68. The equiax casting is then renoved and subsequently
subj ected one or nore directional applications of a |ocalized thermnal
gradient. Both cases result in zone refining of casting 30 at each
pass, finally resulting in casting 30 being either a columar grain

or single crystal ructure. . This.zaone refining. ess, he

er f or ARG RE ] & b priErE e A TalRS 3R gpd BB Ao s
r educegir@tioflydppBiRScHillés 66 edd 11195& sBtlle 68 MIMe eg@ER ceXinp qS tireh d&hoWE and
defect treatnents such as hot isostatic processing (H P). [0043] To.
sunmar $ubsequRRibp Feectid ArRAT monpEiattione MPECHions oA dlizied dheymaf geadient.
fol | ovgpg SLLRSuRER z@& n@ﬁﬁﬁng ?@éitm%@o BOLBn Eé%”ﬂﬁﬂ? éml R ABhLahol 3%1110
injected via an in-gate intdo a maih cavity o erature

cast i ngther ey collainphr gmunh&nmsgblmWﬁdednbywapmesngnaztﬁmngahogmadwbmhm
to the_d is.localized to

ot opStiined dughE mf Spadififacions P sr oS s Tt et RS TR etk for

of theotleremé@ cdipR& toainaking degdct gedivedith uchas hbiigositiclpeodesbidd @RI N
cavity with a first grain orientatjon such as columar grains. \Wen

the di W083kting t emimerzgssamaley phhighdenestiare dis catiag Prcyses the fofewing
local i Etgéjs éah%e%foﬂﬁ&fj' ﬁpﬁotﬁgﬁar}ﬂﬁeé ‘ﬂﬂﬂﬂeﬁ %tﬂ% kl‘%{&d@éﬁp‘lflh %ﬂ Ifl'oﬁt'étmto a main
t hrough the starter block and then the grain selector

t her matavgy adi @ highi tsmpéretwragpl ¢aedng dreemthuczhnal thgn Bﬁrcbﬂ!ghby hppldme fathgngal
the main,cavit orti an st.al . ¢ ,
A or npe R e B8 Op e BreS RO ERL KRR AR S s bSUBERY e cndy

sol i di fhlrmbhzﬂljf dpehed .'ilblliyonel’ﬂlﬁiﬁns&ﬁw‘bfahe drab Idﬂ@ctioﬂall;hﬁbhdlf? thel d’astﬁigt\hlﬁle in
case, after initial lidification, the die is opened_and the casting
ej ect ethe ‘ﬁ%’éc?‘%’a‘?’ﬁﬂ% TSt GEHRATICNRUOM YA aealumIaL graRs. | &t thegharasyng dic

appl i edicRid8s ArerdRIsElebibBS sé’édo&gstﬁl fhel 1BE41288 (RAMbANadieR éh?i‘"'@er 1o9ERidhally
or single c%ystal casting. 44] The exanpl es above have been

desEr : ttm:dlleg e tlaohgh (e tstariee ek:tmd e i@@amtsehdqﬁie!f ?Winpe ther thernizd gesdient is
poi nt st 10 L EPRUMTY BT8R 2 AERFE pRBER: G oofch, DRt e

that t isafdihednallehmaviedyt £dpenal gxéienaistiondiratdonyldy hpied during solidification
magnesi um based, alunlnun}bas d,..an er-based allo n al so be,
die caéﬂﬁ‘ﬁlﬁc g { @1 £ABIGR Cﬁﬁ‘ﬁ’ne‘r“st e it | g’ ﬂg{%Pf%“ﬁi giaf"l ‘91*’6‘L é‘ﬁldilﬁgFaPH’é g die is
sect i ogpkd andae castfngl ]&@tean TihB ocafis@Nh&ant bRERNCAR RAVIR HE88odally applied
aer ospace or ot her ds wi thout the need for majntaining separa?

di e castd yigney @Wﬁé’ﬁ'ﬂg thﬁw‘éﬂlﬁbﬁtcﬁt?d evmerd @i ain.ox singly chstaddatined to die
castin hlgh r

smgleg}c(r;I1 tals I%f@%% i%%% |ca %%hgg 084%&6%1%%m%ﬁéyﬁﬂgkﬁgp on ﬁa@ghm
been desgriraned iwintlasede fndrkehbased, otitamumiendsl, any cohidotasad rallogs) havidg wielting

race. aRtRGGH YA Eh ey ber SELT 1L G o IEP KGR A BRL BRI G

depart tdﬁq;efd%&%ﬁé‘ﬂi‘ﬂ%%H@)thke(}ﬁag&lgﬁmhmé@dﬂt blRMinunib@dd] 4nd @BppddBAkd alloys can
nodi fications nma de to adgﬁﬁ a particular situation or naterial

t o t healseheficrsay %fhetah@vq pyses; GRhilg rom Sipicadle peadiin g ot spefipmel a gas turbine
essent £ ol o
o e g EEAS g BOLLTRGEE! 0o oobBl AR E, pEpl AR
the i nv@tatait&)dﬁewhétingiaquipmtet alhe mathod icare nddtidrally bngdajit¢chiondit hastisg opbigh
of t hete%pp%ended

rature alloys COIqSBIStlng of columnar grains or single crystals for any application.

[0045] While the invention has been described with reference to an exemplary
embodiment(s), it will be understood by those skilled in the art that various changes may be

made and equivalents may be substituted for elements thereof without departing from the scope
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CLAIMS: 1. A high-tenperature die casting die conprising: a first die
plate with a first recess; and a second die plate wth a second
recess, the first and second recesses defining a main part cavity and
gating; and a grain selector in fluid communication with the main
cavity. 2. The high-tenperature die casting die of claim1, further
conprising a chiIIer adapted to directionally apply a localized

t her mal . gr adi ent t he ai n,.sel .ector art cavit
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selector is configured as a see crysta di sposed 1n"the nmain cavit
6. A hampesdedmremat ure di e casting apparatus conpri sing:
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a die casting die having a recess for solidifying a casting, the
recess including gating in fluid communication with a main cavity;
and a chiller adaptable to directionally apply a |ocalized thernal
gradient froma first end to a second end of the casting. 7. The

hi gh-tenperature di e casting apparatus of claim®6, further conprising
a heat source adaptable to cooperate with the chiller to

directional ly apply the localized thermal gradient. 8. The apparatus
of clapﬁﬁ ,Smherein the chiller and heat source are di sposed adjacent
the die to directionally apply the localized thermal gradient to the
casting through the die. 9. The apparatus of claim7, wherein the
chi | | ef- andAhegirteniparatee diesading gisseoenpaidingcent the casting after

ej ection fron1tq§ﬁg{&egﬁﬁgggﬁgﬁhggﬁ%%%?ﬁgply the localized thermal

gradient to the castin nperature die casting
appar at us of cl a sacbnd deatiae withhesegatd regedshihk fdgsind sgeoatl iecedee defitiing a
11. The hi gh-tenperatur.e die castin%.die pparatus of claim6,

wherein a grain sel ecPOPPESAMYWYIPEHE G eed crystal is disposed in

the main part cayvibseledidr in¥uiBEORAuRTattnSyi@RGE nheh @Bt al al | oy
having a nelting tenperature of at |east 1500 F (815 C), the nethod

conprising the steps of: injecting nolten alloy into gating and a

main Part Cod bk mfeth® AESIHRY IR & iff 1 Fubdi B bGAIRIHAR Bld:B 1o
in the main part cavity to forma casting; 'an irectional I'y applyl ng
a | ocallire¢idnallyepphl a Igcdided ik gradéenc alshg thg .grain selector and the main part cavity.

3. The high-temperature die casting die of claim 2, further comprising a heat source

disposed adjacent an exterior surface of the die casting die.

4, The high-temperature die casting die of claim 1, wherein the grain selector is configured

as a part of the gating.

5. The high-temperature die casting die of claim 1, wherein the grain selector is configured

as a seed crystal disposed in the main cavity.

6. A high-temperature die casting apparatus comprising;
a die casting die having a recess for solidifying a casting, the recess including
gating in fluid communication with a main cavity; and
a chiller adaptable to directionally apply a localized thermal gradient from a first

end to a second end of the casting.

7. The high-temperature die casting apparatus of claim 6, further comprising a heat source

adaptable to cooperate with the chiller to directionally apply the localized thermal gradient.

8. The apparatus of claim 7, wherein the chiller and heat source are disposed adjacent the

die to directionally apply the localized thermal gradient to the casting through the die.
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13. The method of claim 12, wherein the solidifying step conprises
performng the directional applying step on the nolten alloy injected
into the die casting die to solidify the nolten alloy directly into
the casting having a first grain orientation. 14. The nethod of
claim 13, wherein a grain selector is disposed in the nmain part
cavity or as part of the gating, and wherein the directional applying
step conprises first directionally applying the |ocalized thernmal
gradi ent through a portion of nolten alloy proximte the grain

sel ector, amgt sdpanndstrQuam 2 wikheh REehilRl ashh QestBbhRD add §iostPadjacent the
solidify the nolten alloy directly into a 5|ngle crystal. 15. The

net hodeasting phigmgiacionfiamg filke diegapsliiestiongtly ppplyrthe tpcelined dheraet gmdignt to the
appl yi pgy;sé ep, renmoving the casting fromthe die casting die; wherein
the directional applying step results in zone refining of the
casting. 16. The method of claim 12, wherein the |ocalized thermnal

gradie i s.directionall plied at |east. in rt. by. novi ng a. heat
Sour celting St hiEfapbT it et G feeriiet gl &7 s Re el sfidles o
cl ai m din sshefogi n the all oy has a predom nant el enent selected from

the group: iron, nickel, cobalt, and titanium 18. The nethod of
claim17, wherein the alloy has a predom nant el enent of nickel. 19.

A highjte e.4di ' i difii i i €, i i
nenoel PSR gsl] ORIl G o Bl B Lognin sl
si ngl ecaniigstedlas diseedagtdl ngdismded mdbomdinpgrttcavitthe net hod of cl ai m 14.

12. A method of die casting a metal alloy having a melting temperature of at least 1500° F
(815° C), the method comprising the steps of:
injecting molten alloy into gating and a main part cavity of a die casting die;
solidifying the molten alloy in the main part cavity to form a casting; and

directionally applying a localized thermal gradient to the casting.

13, The method of claim 12, wherein the solidifying step comprises performing the
directional applying step on the molten alloy injected into the die casting die to solidify the

molten alloy directly into the casting having a first grain orientation.

14.  The method of claim 13, wherein a grain selector is disposed in the main part cavity or as
part of the gating, and wherein the directional applying step comprises first directionally
applying the localized thermal gradient through a portion of molten alloy proximate the grain
selector, and then through a remainder of the molten alloy to solidify the molten alloy directly

nto a single crystal.
15.  The method of claim 14, further comprising:

prior to the directional applying step, removing the casting from the die casting die;

wherein the directional applying step results in zone refining of the casting.
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16.  The method of claim 12, wherein the localized thermal gradient is directionally applied at

least in part by moving a heat source and a chiller relative to the casting.

17.  The method of claim 12, wherein the alloy has a predominant element selected from the

group: iron, nickel, cobalt, and titanium.

18.  The method of claim 17, wherein the alloy has a predominant element of nickel.

19. A high-temperature directionally solidified die casting made according to the method of

claim 13.

20. A high-temperature single-crystal die casting made according to the method of claim 14.
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