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the processing of nickel alumnide internetallic materials. Mre
particularly, this invention relates to a process for producing a
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Components within the turbine, combustor and augmentor sections of gas turbine
engines are susceptible to oxidation and hot corrosion attack, in addition to high
temperatures that can decrease their mechanical properties. Consequently, these
components are often protected by an environmental coating alone or in combination
with an outer thermal barrier coating (TBC), which in the latter case is termed a TBC

system.

Diffusion coatings, such as diffusion aluminides and particularly platinum aluminides
(PtAl), and overlay coatings, particularly MCrAIX alloys (where M is iron, cobalt
and/or nickel, and X is an active element such as y'ttrium or another rare earth or
reactive element), are widely used as environmental coatings for gas turbine engine
components. Ceramic materials such as zirconia (ZrQ,) partially or fully stabilized by
yttria (YgOg), magnesia (MgO) or other oxides, are widely used as TBC materials.
Used in combination with TBC, diffusion aluminide and MCrAlIX overlay coatings
serve as a bond coat to adhere the TBC to the underlying substratc. The aluminum
content of these bond coat materials provides for the slow growth of a strong adherent
continuous aluminum oxide layer (alumina scale) at elevated temperatures. This
thermally grown oxide (TGO) protects the bond coat from oxidation and hot
corrosion, and chemically bonds the TBC to the bond coat.




More recently, overlay coatings (i.e., not a diffusion) of
nickel alumnide (3NiA) internetallic have been proposed g?“@ﬁ@&?%nnent al

and bond coat materials. The N Al beta phase exists for nickel-alum num
conpositions of about 30 to about 60 atom c percent alum num the bal ance
of the nickel-alum num conposition being nickel. Notable exanples of

bet a- phase N Al coating materi al s include comonl y- assigned U. S. Patent
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sufficient produce a streamof v at con enses on the conponent
30 - TBC layer, thereby increasing the service life of the TBC system.

Suitable processes for depositing a beta-phase NiAl coating are thermal spraying and
physical vapor deposition processes, the latter of which includes electron beam
physical vapor deposition (EBPVD), magnetron sputtering, cathodic arc, ion plasma,
- and combinations thereof. PVD processes require the presence of a coating source
material made essentially of the coating composition desired, and means for creating a
vapor of the coating source material in the presence of a substrate that will accept the
coating. Figure I schematically represents a portion of an EBPVD coating apparatus
20, inclﬁding a coating chamber 22 in which a component 30 is suspended for
| coéting. A beta-phase NiAl overlay coating 32 is represented as being deposited on
the component 30 by melting and vaporizing an ingot 10 of the beta-phase NiAl with
an electron beam 26 produced by an electron beam gun 28. The intensity of the beam
26 is sufficient to produce a stream of vapor 34 that condenses on the component 30
to form the overlay coating 32. As shown, the vapor 34 evaporates from a pool 14 of

- molten beta-phase NiAl contained within a reservoir formed by crucible 12 that
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to formthe overlay coating 32. As shown, the vapor 34 evap%ﬁt e? (f‘é;rgm a
pool 14 of nolten beta-phase NI Al contained within a reser a4 % d by
crucible 12 that 2 8 May 2006 surrounds the upper end of the ingot 10. .

Wat er or anot her suitable cooling nedium flows through cooling passages 16
defined within the crucible 12 to maintain the «crucible 12 at an
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beta-phase NiAl-based materials particularly complicates the preparation of large
ingots (e.g., diameters of about 2.5 inches (about 6.35 mm), lengths of about 20 to 30
inches (about 50.8 to 78.2 cm)) suitable for EBPVD processes, and machinable stock
material required for cathodic arc processes. Also of concern is an exothermic
reaction that takes place between nickel and aluminum when beta-phase NiAl is
melted. When processing beta-phase NiAl in very small ambunts, this exothermic
reaction does not typically pose a significant problem: However, in the production of
ingots of sufficient size for use in EBPVD processes, the exothermic reaction can be

catastrophic to the processing equipment and therefore hazardous to personnel.

In view of the above, what is needed is a process for preparing, casting and processing
an ingot of a beta-phase NiAl-based material that would be suitable for use in PVD
coating processes, and particularly for creating relatively large cylindrical ingots for
EBPVD .processes and machinable stock material for cathodic arc and sputtering

processes.




coating processes, and particularly for creating relatively Hﬁégz(m
cylindrical ingots for EBPVD processes and machi nabl e stocé Qlal for
cathodic arc and sputtering processes. 3 8 May 2006 BRI EF SUMVARY OF THE

| NVENTI ON Di scl osed herein is a process for preparing, casting and
processi ng a beta-phase N Al - based material, particularly for use in PVD
coating processes. Materials produced by the process are preferably in the
form of ipaatssulgsaneoerdgkivesTiON | density, chem cally honbgeneous,
and capabl e of being machined to dimensional tolerances suitable for use
in a PVD nmachine. In addition, the process may be carried out so as to
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bet a- phasgjA¥i®dmehased material is then solidified to forman ingot, which
I's heated and pressed to close porosity and honogenize the mcrostructure
of the ingot. The process is capable of producing ingots of a variety of
bet a- pha Ni Al, dinternetallic materdal.s, includi.ng.those that .contain
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shifts from Ni3Al to NiAl. However, the aluminum is added at a sufficiently low rate
to avoid a violent exothermic reaction. The addition of aluminum continues until
sufficient aluminum has been added to the melt to yield a beta-phase NiAl-based
material, i.e., containing the NiAl beta-phase. The beta-phase NiAl-based material is
then solidified to form an ingot, which is heated and pressed to close porosity and

homogenize the microstructure of the ingot.

The process is capable of producing ingots of a variety of beta-phase NiAl
intermetallic materials, including those that contain chromium, zirconium and/or
hafnium. Importantly, the process can enable the production of relatively large ingots
for use in EBPVD processes and machinable stock material for use in cathodic arc
and sputt;ering processes, while avoiding the risk of the potentially catastrophic effect
of the exothermic reaction that occurs when beta-phase NiAl is melted. As a result,
ingots produced by the process can be particularly well suited for use in physical
vapor deposition processes used to deposit beta-phase NiAl coatings, such as overlay
environmental coatings and bond coats used in TBC systems to protect components
from thermally hostile environments, including components of the turbine, combustor

and augmentor sections of a gas turbine engine.
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i ngots produced by the process can be particularly well sui hig f;ﬁq{o use in
physi cal vapor deposition processes used to deposit beta-pRas® /é\l
coatings, such as overlay environnental coatings and bond coats used in
TBC systens to protect conponents fromthermally hostile environnents,

i ncl udi ng conponents of the turbine, conbustor and augnentor sections of a
gas turbine engine. 8 May 2006 O her objects and advantages of this

invention w,l| pe better appreciated fromthe fqllow ng detailed °

descri pt i crihehRPEeS BEEAdVRTREN bR foVERUSTY REs ORGTFCAPPIRIRIGA, Fam Bterat | ¢
repr esent abligRiR{deBilR@ttdcPipti@h. an el ectron beam physical vapor deposition
apparatus used to evaporate a beta-phase N Al -based internetallic naterial

produced by the process of this invention. DETAILED DESCRI PTI ON OF THE
| NVENTI ON The EBPVD coting apparatus 20 depicted in Figure 1 and di scussed
above is representative of the type of PVD apparatus that can utilize

Ni Al - based, A rocess of the present invention.
Not abl e e%wﬁ%éﬁggﬁgﬁﬁg@%%@@gggd internetallic materials

di sclosed in the previously-noted U S. Patent Nos. 5,975,852 to Nagaraj et
al ., 6, 15Figis3 1tshoik gnejerpiticdepreséntatm, 60 pértioar ah iekcirameard pAPsic)84 t o
Darolia et al whi.ch contain one or nore Qf chrom unl hafnium titanium

tantal um Y&P9T depASItign EPPATAIUS 215ed: e ARPrataf betinphaps HliAl-based dntermeiallie
yttrium bl Hﬂui:&m%kg%ce%mtﬂi%mﬁﬁo&f this invention is also
gduci ng “ot her

suitable for pr eta-phase N'Al materials. As discussed
above, the Ni Al alloys disclosed by Nagaraj et al., Rigney et al., Darolia
and Darolia et al. are fornulated as environnmental coatings and bond coats
for gas turbine engine applications, represented by the conponent 30 shown

in Figure ) ' f ' ngot 10 by the el ectron beam 26
causes m)%%Igﬁﬁﬁsﬁmwoﬁﬁégwbﬁg@&gpor ate, travel upwardly, and
then deposit (condense) on the surface of the conponent 30, all in a
nmanner knqhe EBPVDecalde. appiratde20sdépiesd By RiguRRVD @dodRssssed Botetia- phase
Ni Al ingot 10 preferably 1s at full density (e.g., pore- .
representative of the type of PVD apparatus that can utilize NiAl-based ingots 10
produced with the process of the present invention. Notable examples of beta-phase
NiAl-based intermetallic materials disclosed in the previously-noted U.S. Patent Nos.
5,975,852 to Nagaraj et al., 6,153,313 to Rigney et al., 6,255,001 to Darolia, and
6,291,084 to Darolia et al., which contain one or more of chromium, hafnium,
titanium, tantalum, silicon, gallium, zirconium, calcium, iron, cerium and/or yttrium.
It is believed that the process of this invention is also suitable for producing other

beta-phase NiAl materials.

As discussed above, the NiAl alloys disclosed by Nagaraj et al., Rigney et al., Darolia
and Darolia et al. are formulated.as environmental coatings and bond coats for gas
turbine engine applications, represented by the component 30 shown in Figure 1.
Intense heating of the NiAl ingot 10 by the electron beam 26 causes molecules of the
NiAl material to evaporate, travel upwardly, and then deposit (condense) on the
surface of the component 30, all in a manner known in the art. For deposition by a
PVD proce'ss, the beta-phase NiAl ingot 10 preferably is at full density (e.g., pore-
free) and chemically homogeneous to reduce spitting, which is an ejection of a

particle from the molten pool that causes undesirable macroparticles to be




free) and chem cally honbgeneous to reduce spitting, which iﬁﬂan | ection
of a particle fromthe nolten pool that causes undesi rabl e® E¥%@gfticles
to be 5 8 May 2006 incorporated into the coating 32. In addition, the ingot
- 10 preferably has sufficient nechanical integrity to be machinable for
obt ai ni ng the di nensi ons and di nensional tolerances required for the
particul ar PVD nmachi ne. These and other chall enges are conpounded by the
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const | tUCHERI tHal Beécdldry (bYoRfl ERpAMse NI SipldiabiaftR the: %Bchly tBBud 9f al el .
‘may be nelted in the crucible to reduce or buffer the exothermc reaction.
At about 2@m¢ peicentpdyianm wlativi te the tithe! webtent).s Ima profeedembédimentsel and

the int tal.lic phase.Ni 3A i nal |y, 75 25, at oni t _nickel
bna i un AL HLERRRR T and RRRRLR G Aol Ri Sud by beBrR iRy hor nt o
about  138&ffainih@ 16& han HREpAitteicN2ETS GRIMIE PerceHf Alulifih | dach QsOfpbad 20 -

bet a- phase Ni Al = (having stoichionetric alum numcontent of 50 atomic
per cent ), aobgrbereent alnynimyEelative tolthawnigkeldwatent of thhehmgk), is inalied @l aini num i s

dded i h . tectic point .5 at om ercent
o i nuny PR RcBh AR CPUR AP BE SR et i, O
metal (ni cleege isameltdd. 3Ptior ®OInt@ducid eheathtiall icBirgef revadt UpleRidblgaesasd a shift

in the equilihriumtoward Ni Al, associated with a tremendous
beta-N1Al, NizAl, with or without other alloying constituents), typically in an amount

less than 50 wt.% of the total melt, may be melted in the crucible to reduce or buffer
the exothermic reaction. At about 20 atomic percent aluminum, the melt is a mixture
of nickel and the intermetallic phase NizAl (nominally 75 and 25 atomic percent
nickel and aluminum, respectively), the latter having a eutectic melting point of about
1385°C. To raise the aluminum content sufficiently to obtain beta-phase NiAl
(having stoichiometric aluminum content of 50 atomic percent), elemental aluminum
is slowly added to the melt. When aluminum is added in an amount at and above the
peritectic point (25.5 atomic percent aluminum), an equilibrium is established
between NiAl (solid), liquid metal (nickel) and Ni3Al (solid). The addition of
aluminurr; causes a shift in the equilibrium toward NiAl, associated with a tremendous
release of energy (the exotherm) in the reaction of the molten metal and NizAl to form
NiAl. As a result of this energy release, power to the VIM furnace can be reduced.
Subsequent slow additions of aluminum and adjustments in power to the VIM furnace
are then needed to take the melt -.composition toward the targeted beta-phase NiAl
composition,. at which point essentially all of the nickel and aluminum of the original

nickel-aluminum composition and essentially all of the added aluminum has
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rel ease of energy (the exotherm in the reaction of the nolt 6(fﬁln and

Ni 3Al to form N A . As aresult of this energy rel ease, po aj?g e VIM
furnace can be reduced. Subsequent slow additions of alum num and :
adjustnments in power to the VIMfurnace are then needed to take the nelt
conposition toward the targeted beta-phase Ni Al  conposition, at which
point essentially all of the nickel and alum num of the original

ni ckel - al um num conposition and essentially all of the added al uni num has 8
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process can be carried out using known techniques to  produce

pol ycrystal line, directionally-solidified or single-crystal ingots of N Al.
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necessary iito aisojpbdy eutibl: foesdiplifiaitionta kptadp bi iier fpréfomblyngetl byavtdélor to put
into solutign any secondary phases that are present in addition to the
Ni Al = bet aaﬂﬁgg@l é%e?ta"s @@%‘E?bi/e ‘foﬁf He PRaPHTY RS thAeviglomsin the solidifying ingot.

The solidification (casting) process can be carried out using known techniques to

produce polycrystalline, directionally-solidified or single-crystal ingots of NiAl. The

resulting ingot undergoes hot isostatic pressing (HIPping) to further close porosity

and other defects, and to homogenize the microstructure of the ingot. Prior to a high

temperature heat treatment, HIPping may also be necessary to improve the

evaporative qualities of the ingot, and/or to put into solutidn any secondary phases

that are present in addition to the NiAl beta-phase as a result of the particular NiAl-

based composition. For example, if the NiAl-based composition is alloyed to contain

titanium, zirconium and/or hafnium, beta prime (37) Heusler phases (Ni;AlX where X

may be Ti, Hf, Zr, Ta, Nb and/or V) will be present, namely Ni;AlZr and/or NiAIHf.

Other Heusler phases are possible, depending on the composition of the melt. If

chromium is present in the melt (e.g., the desired composition is NiAl+CrZr), alpha

chromium (V-Cr) secondary phases may also be present. If these additional phases

are not solutionized, the ingot will likely be very brittle, with the result that

subsequent machining (c.g., centerless griﬁding to obtain a uniform diameter) may
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based conposition. For exanple, if the N Al -based conpositi N %i S (?deélroyed to
contain titanium' zirconium and/or hafnium beta prinme (3i) § phases
(Ni 2AI X where X may be Ti, Hf, Zr, Ta, Nb and/or V) will be present, :
nanmely N 2Al Zr and/or N 2A1Hf. O her Heusl er phases are possi bl e,

dependi ng on the conposition of the nelt. If chromumis present in the
nelt (e.g., the desired conposition is N A +CrZr), alpha chromum (V-Cr)
secondary phases may al so be present. If these additional phases are not
sol uti oni zeese edtansivagoackind. | I pidet o pat theseyplmses tnl slutivint withdng melsiugt t hat

subsequent, machi nj n centerless gri.nding to optain a uniform
ol ortor) elB el Ead o § SN iRy e ungentn s B Bl Pt pese
phases i n{soHIFpipbrdkdshout nmelting them it is believed that very slow

tenperature increases nust be perforned prior to the H Pping process. The
foll owi ng heat treatnment schedule is devised for the dissolution of

sgcondar KThS Halewingrhegt tregimsat sehedilegistdesised Bpr the ?ﬁﬁ@h&i@nd}ﬁ sepgndaay ed
, . - | Ppi
e on t 1 oared Hlor btlERe BiCPIeiR) WEfph) REAULHOGRE IR MLl .50 °"

_conposi t i avatdrasstesy (sepHit &) metfoimed before HIPpapidanbe dinitdi, L @n thé har
el enent s t%{jt woul d produce secondary phases _requirin di ssol ution. (1)
Heat treafPRHE &fe Qfﬁ@ﬁp%r‘eftt@?é‘he?fl'b&&dzﬁo@mpw dessurot 1et) thyHuA, dur at i on

of about twel ﬁmg : Heal /

10C/ hour)zt(yo&%%g’ut @505%%0ut en?%'ggtc‘g‘&gﬁc??id&% gg%tg%ﬁ%? ﬂ%&% fécﬁl%g about
twent y- f odissdistions. (3) Heat at a rate of about 20F/ hour (about 10C/ hour) to
“about 2425F (about 1330C) and hold for a duration of about twenty-four

hours. (4 at at _a rate of about .20F/ (about our) to about 2500F
(about 1800SR gReimikal &  SRPIGE S Aot AOGESaroR N0 TS) foich BBBar o ) Cool
at a rat eglfut ARME hol9 to about 150F/ m nute (about 55 to about 85C/ m nute)
to a tenperature of |less than 1800F (about 980C). (6) Cool at any suitable

rate to roomtenperature (about 25C).
(2) Heat at a rate of about 20°F/hour (about 10°C/hour) to about 2375°F (about

1300°C) and hold for a duration of about twenty-four hours.

(3) Heat at a rate of about 20°F/hour (about 10°C/hour) to about 2425°F (about
1330°C) and hold for a duration of about twenty-four hours.

(4) Heat at a rate of about 20°F/hour (about 10°C/hour) to about 2500°F (about
1370°C) and hold for a duration of about thirty-two hours. '

(5) Cool at a rate of about 100 to about 150°F/minute (about 55 to about 85°C/minute)
to a temperature of less than 1800°F (about 980°C).

(6) Cool at any suitable rate to room temperature (about 25°C).

(7) After heating at any suitable rate, HIP at about 2200°F (about 1200°C) up to near
the melting tempefature for a duration of about six hours at a pressure of about 15 to

30 ksi (about 100 to 200 MPa), preferably about 20 ksi (about 140 MPa);

(8) Cool at a rate of about 100 to about 150°F minute (about 55 to about
85°C/minute) to less than 1800°F (about 980°C). o




(7) After heating at any suitable rate, H P at about 2200F ggﬂﬁou? &iOOC) up
to near the nelting tenperature for a duration of about si 84 2 t a
pressure of about 15 to 30 ksi (about 100 to 200 MPa), preferably about 20
ksi (about 140 MPa); (8) Cool at a rate of about 100 to about 150F m nute
(about 55 to about 85C/minute) to | ess than 1800F (about 980C). 8 May 2006
(9) Cool at any suitable rate to roomtenperature (about 25C). Al of the
above steps are perforpmed in an inert atnosphere, such as argon. Foll ow ng
H Ppi ng, t@ Gondatanyesyutale e i eem temperatura abowts?i°Chd di mensi on, such as
by centerless grinding (for a cylindrical bar), wth the renoval rate being

e e of fHeb6ve hsdiré Borféimelin SR arlodplfratilon s6blBHOS! | VE, TRED | TN

t echni ques 1 nc ctro m cal nachi ning and ctro-di scharge
machi ning (EDM under |ow power and adequate coolant flow If required to
produce a Ihdlowang HiRyfing ¢hd ingosimay bhenachingdtto a dimabdesirbé direaision, pathighed in a.

solution qf about 15,volu ercent and. about 85 vo] une. percent H3P04
for about Pj é‘PelLrJISSSt gﬁ“l‘i?%g @Bgf’%‘é’l%@%ﬁﬂg‘r%d?@o‘fﬁl ratg heing aﬂﬂgtqd(iOlSOF
(about 50 h@REW! stBEE) s kioRhaf the Git. tft!?erﬁé%g%%wh%ﬁ%gcggi&ﬁéﬁﬂﬁl gve been

shown to enable the production of N Al-based ingots ze and quality
sui t abl e felactraehemical EBRYDINY GEBdrasl dertfoedischargeandchininn@DMYy andehdakivt | onal

Pt 1 ovePget 354 haSREoplpl BT, 1k Rlsfn i Chitiurs § BB Gl B g

furnace |iingr canbe ammwl;ﬁsoﬁm@moa SHIMEbrENCHS S VLvIIRRAL B ANTNTY ahfie
exothermc reaction when NNAl is nelted. While the i nvention hasS been

descri bed 2bpntt& yluise parogpicHaQedr ahtss divestotthiriyt mimstteszgp patemptraturaof
nodi fi cat iaﬁ&ﬁ.ﬁ?% ?5(99 (Q&Q{P%@ﬁo 8%61198? killed in the art. Accordingly, the
obelimte

scope of the invention's “only by the following clains. 8 May
2006 CLAIMS: 1. A process for producing an ingot of a beta-phase N Al-based
mat eri al , It peactipy, tleesivyve praressshg gepigavettiRps skdvwn to enable the production of

NiAl-based ingots of a size and quality suitable for use in EBPVD processes to form
overlay coatings.  Additional benefits include the use of lower initial melt
temperatures, lower power input levels to the melt furnace, and improved lives for the
melting furnace liner and crucibles by avoiding excessive heating during the

exothermic reaction when NiAl is melted.

While the invention has been described in terms of a preferred embodiment, it is
apparent that modifications could be adopted by one skilled in the art. Accordingly,

the scope of the invention is to be limited only by the following claims.




mel ting a nickel -al um num conposition having an al um num cogt@nt Q&lf ow t hat
‘required for stoichionetric beta-phase NNA internetallic s gg orma
melt conprising nickel and Ni 3Al; adding alumnumto the nelt to cause an
exot herm c reaction between nickel and alumnumas the nmelt equilibrium
shifts fromN 3Al to NiAl, but at a rate sufficiently lowto avoid a

vi ol ent exotherm c reaction, sufficient alum num being added to the nelt
to yield giLheig- phase Ni Al -based material; solidifying the beta-phase

Ni Al -based material to forman ingot; and then heating and pressing the
ingot to close porosity and_honogeni ze the mcrostructure of the ingot. 2.
The procebs AcPOeess nigr trsoduciignan  mgpteplednbettrphaseuNiAchpsed materialother he

ni ckel - irgggsg%ﬁlggﬁggﬁ%t%ﬁ%goks not greater than 25.5 atom c percent. 3.

The process accordi aim 1, wherein the alum num content of the
ni ckel - al um num conposition is about 20 atom c percent. 4. The process
accor di ngmelting | ainngkeltalu@imom Ipmphdtion rhagipeat iahdvhipjuml Lorvént t edowi thitel and

al um num of the .nickel -al uni num co ition and_essentially all of the
on o R SR (APt AT PR SS s B o 2 gelirne
process a&hritidpthiti®l GhdNal, wherein the beta-phase N Al -based materi al
further contains at | east one of chromum zirconium and hafnium 6. The

process according to claim-1, wherein the beta-phase N Al -based materi al
consi st s akieneloainum ¢¢ the siel to cvssriam expthermis rieaptoaetw eancviskel nandr

haf nium 7. Th r rding. | al;m, rein.th I: and

pr casi ng SveBiLRRE TR GEREl MbTROKAEAT o P Bheha gy

t enper at Up@stoadvdid 8 vidlettadxbtefnisutidtivheRiffitendalamdluse beingwdded taveet | ng
secondary phases present in_the beta-phase N Al -based material in addition
to bet a-Belhtnyigidg betagphape Nipl-based at@idbr ding to claim 7, wherein the
secondary phases include one or nore of Heusler phases and al pha chrom um

- phases. solidifying the beta-phase NiAl-based material to form an ingot; and then

heating and pressing the ingot to close porosity and homogenize the microstructure of

the ingot.

2. The process according to claim 1, wherein the aluminum content of the nickel-

aluminum composition is not greater than 25.5 atomic percent.

3. The process according to claim 1, wherein the aluminum content of the nickel-

aluminum composition is about 20 atomic percent.

4. The process according to claims 1, 2 or 3, wherein essentially all of the nickel and
aluminum of the nickel-aluminum composition and essentially all of the added

- aluminum exothermically reacts to form beta-phase NiAl.

5. The process according to claim 1, wherein the beta-phase NiAl-based material

further contains at least one of chromium, zirconium, and hafhium.

6. The process according to claim 1, wherein the beta-phasé NiAl-based material

consists essentially of nickel, aluminum, chromium and zirconium or hafnium.

7. 'The process according to claim 1, wherein the heating and pressing step comprises
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9. The process according to claim1l, wherein the heating an%ﬁreg@' g step
conprises hot isostatic pressing the ingot at a tenperature 24 1200C
or nore. 10. The process according to claim1l, wherein the heating and
pressing step conprises the steps of: heat-treating the ingot at a
tenperature of about 1260C for a duration of about twelve hours; heating
the ingot at a rate of about 10C/ hour to a tenperature of about 1300C that
is  hel d fqQf-uatfisrial {120t Af teABUturds RN AREARAM I vic196 188 vE Bahbigot at a
rate of about 10C/ hour to a tenperature of about 1330C that is held for a
dur at i on wélting serondany physes prasentdn the beteephdsa Yidhbased guaterial imaddifien iof about
10C/ hour te ature of about 1370C that is held for a duration of
about thﬁ#@/&‘%gﬁ% rs; cooling the ingot at a rate of about 55 to about
85C/ mnute to a tenperature of less than 980C, cooling the ingot to about
25C, hot §.sOBleaproCespraesiding tb baimyotheddin ahd spadaay phesed indhitzldnelat00C or
nore for a duration of about six hours . at a pressure of about 100 to about
200 MPa; et hlpuslserhaseiandalphe cheqraiugy phastsut 55 to about 85C/ minute to a
tenperature of less than 980C, and then 11 8 May 2006 cooling the ingot to
about 25Q Ijye Fhfefy Qg&i‘éin?%%ﬁhﬂgl} Qe The heli§y Sl prelie tspl he
nmelting step, revert conprising at l'east one of beta-N Al and Ni 3Al is
‘added t o eompiseslotasosiatic wheissihg thedngotal & iempesatens of ebeuriPO0Ykor, motee revert is
melted, and then the nickel-alum num conposition is added to the

cont ai ner, . The proces ccording,to,claiml, further c risjng the
ctep of sl RiFCeRe S60KTaE Gr PRI e St M et 288, SR 3eBY5! "The
process apa@rdedwict@pedi m 1, further conprising the step of evaporating

t he

heat-treating the ingot at a temperature of about 1260°C for a duration of about twelve

hours;

heating the ingot at a rate of about 10°C/hour to a temperature of about 1300°C that is

' held for a duration of about twenty-four hours;

heating the ingot at a rate of about 10°C/hour to a temperature of about 1330°C that is

held for a duration of about twenty-four hours;

heating the ingot at a rate of about 10°C/hour to a temperature of about 1370°C that is

held for a duration of about thirty-two hours;

cooling the ingot at a rate of about 55 to about 85°C/minute to a temperature of less
than 980°C;

cooling the ingot to about 25°C;

hot isostatic pressing the ingot at a temperature of about 1200°C or more for a

duration of about six hours at a pressure of about 100 to about 200 MPa;

cooling the ingot at a rate of about 55 to about 85°C/minute to a temperature of less
“than 980°C; and then

11




ingot after the heating and pressing step to deposit a coati 0 e
bet a- phase N Al - based material. 12 8 May 2006 ABSTRACT PRC&%%Y%@%:

NI CKEL ALUM NI DE MATERI AL A process for casting and preparing an ingot (10)
of a beta-phase N Al-based material, particularly for use in PVD coating

processes. The nethod entails nelting a nickel- alum num conposition having
an al um num content below that required for stoichionetric beta-phase N Al

i nt er met abdqline U @it abitPsec el t conprising nickel and N 3Al. Al um num
is then added™to the nelt, causing an exotherm c reaction between nickel

and alum num as the nelt equilibriumshifts fromN 3A to N A. However,
t he al um hunThe paehgesd agqording 4o eclajor fli evherain yrios\iot the aueliing stap, ot

oL SRS el B BESHALALRh RS S SPRL) BT g o

al um num t oyl - phase based
mat eri al . méh@gbatm-iphasormbli,Alhebased Wamelted | ands tHepetheSpickélidiiauino f or m an

ingot (10), which is_ then heated and pressed to close porosity and
honpgeni zemeppsitipngs added e thereeninethe i ngot (10). Figure 1 13
12. The process according to claim 1, further comprising the step of machining the

ingot after the heating and pressing step.

13. The process according to claim 1, further comprising the step of evaporating the
ingot after the heating and pressing step to deposit a coating of the beta-phase NiAl-

based material.
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