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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.
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gallium, zirconium, calcium, iron and/or ytirium, while Darolia’s beta-phase NiAl

alloy contains zirconium. The beta-phase NiAl alloys of Nagaraj, Darolia et al.,
Rigney et al., and Darolia have been shown to improve the adhesion of a ceramic

- 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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coating. Figure 1 schematically represents a portion of an 5§§VT)§& ting
apparatus 20, including a coating chanber 22 in which a co O0is
suspended for coating. A beta-phase N Al overlay coating 32 is represented
as being deposited on the conmponent 30 by nelting and vaporizing an ingot
10 of the beta-phase NAl with an electron beam 26 produced by an el ectron
beam gun 28. The intensity of the beam 26 is sufficient to produce a
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i ncrenment gfifigcifrd i nto the chanber 22 through an airlock 24. The
preparation of beta-phase NI Al for deposition by PVD typically requires the
use of a vacuuminduction nelting (VIM furnace in order to pronote the
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the particular PVD machi ne used. However, the casting and I ni sh machi ni ng
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prepar atign,of large ingots , dianeters of about 5.5 inches (about

.35 nm), finishgnachigpg 9b Bete- pb@setlglﬁgd)ased compositions are difficult to control as a
result of the high melting point (1640°C), very low room temperature ductility and

Jow ambient fracture toughness (about 6 MPa.m'?) of NiAl. The briitle nature of
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.
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form a melt comprising nickel and NizAl. Aluminum is then added to the melt,

causing an exothermic reaction between nickel and aluminum as the melt equilibrium
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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representation of a portr on of 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 O\ID-E’IeAIE%BVBEgef{![IpﬁCfWB%r’la[&ﬁ?N%%NCHBNCt ed in Figure 1 and di scussed

above is

The EBPVD coting apparatus 20 depicted in Figure 1 and discussed above is
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
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‘mechanical integrity to be machinable for obtalining the dinensions and
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entails initially nelting a conposition of nickel and alum num in which
t he al uni AlgMieperear@lyminum (relative to the nickel content of the charge), is melted in a

vacuum induction melting (VIM) furnace by increasing power to the furnace until the

charge is melted. Prior to introducing the initial charge, revert (previously reacted

beta-NiAl, 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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process of adding

into a suitable crucible for solidification, a hot top or riser is preferably used by which

additional melt is available to fill the porosity as it develops in 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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alum num the nelt within the VIMfurnace is continuously stlrreg
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invention can utilize a relative |ow anount of energy to create a nelt of
Ni Al because the initial nelt is nolten at a tenperature |less than the
nmelting tenperature of NN Al (about 1640C), and subsequent tenperature

i ncreases can be achieved without little or no increase in power to the
furnace b)@aWrmmsivadm&Cﬂ{irtglsImﬁrdat trpnutireseoploses inosolutive withewteneltiog

reaction. ,Jhis b it in addition to t.he basic ed to ntrol the
ot ent e i ey tbRt ity B Do AT e FFCAIED B e
ot her w se tlgAME®iIRb@dser injury and equipnent danmage (e.g., excessive

| iner deterioration, spills, etc.). Following the nelt process, additional

steps may be reqw red to produce a fully dense, crack-free ingot of
bet a- phasdhrifallowiag iwatireeiment schedulehis V@@‘é§@r e dgotution th@cmary into a

sui tabl e r a f bly used
by whi ch PRt e AP pedfRtle’ WShnelng Yollio PR olds Bhol LR Fefic, ) o
in the sokrestifeyi stgps (lsgpﬁ 1-6) Pagforned bletﬂ)recm cﬁa@xdﬁ:tdﬂimbd FHsQﬁasﬂse ¢an be

carried out u5|n known techni ques produce pol ycrystalline,
di rect i on&Pelings q Bf ﬂeéds off @Fﬁ‘é‘ﬁl b@?‘ids ERPPYSHiE: dogsf nqtj gentain Higanipmg | t | ng

I ngot undg% d%]% rCeIéﬁlie%?ssfh bl %%dﬁg% séc%{l&érfg&JggeF #cﬁﬁﬁn orosity

and ot her onogeni ze e mcrostruc e'rn Prior
to a hi ghdlsscéuqlmrature heat treat ment H Pping may al so be necessary to
“inprove the evaporative qualities of the ingot, and/or to put into

sol ution ny secondar hases tha e ent i tion to . the N Al

bet o phasCaEes iagtiny a5y Eriperagat OF b 2oRg R oo 428 Lo Mrcefurmis heor
exanpl e, aﬁou&h@em durdased conposition is alloyed to contain

titanium' zirconium and/ or hafnium beta prime (3i) Heusl er phases (N 2Al X

where X may be Ti, , Zr, Ta, Nb and/or V) will be present, nanely

Ni 2Al Zr &&d/ H@atMtZBA!Lq*ﬁ of abphie? 0K e(ﬂbmlﬁalé)eg/h&wé tpo@@ubﬂéﬁ"lfe(?énnh ng on
t he corrp(i%é %@th%{ﬁ%gﬁ%boﬂ{ grn%ourh(present inthe nelt (e.g., the

desi red conposition is

(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




chromum (V-Cr) secondary phases may al so be present. If th%gﬁ?a?%éi onal
phases are not solutionized, the ingot will |ikely be very ¥ , With
the result that subsequent nmachining (e.g., centerless grinding to obtain
a uniformdianmeter) nmay 8 May 2006 cause extensive cracking. In order to
put these phases in solution without nelting them it is believed that
very slow tenperature increases nust be perfornmed prior to the H Pping
process. The follow ng, heat treatnment schedule is devised for the

di ssol ut i o) d#ood ataydaitgble pre taeopy Pwperatirp@bpa 33°6Y t he HI Ppi ng operati on.
As noted above, those heat treatnent steps (steps 1-6) perforned before
Hl Pping c ) : | r ep 8, if the

Ni Al - base?lq%g?rpﬂ%rsglo %{I/egﬂep g%%ﬁ %(E}%rhiégrﬁ% %?%epi%t%glrﬁp li}rgﬁe’ &}flﬁra g%‘ﬁ%hm haf ni um or

ot her elenments that woul d produce secondary phases requiring dissolution.
(1) Heat tFadlswimntiiRiing themget maybe nodchimbd wih a FBADFes{radh dithenkdmOGichiar a
duration qf about twel.ve hours. (2), Heat at _a rate of about 20F/ hour
(about 10%yh993%fféfsogr§5%‘ﬂﬂ ﬁg‘é‘?ﬁ%"@%ﬁ&har)ﬁ fﬁg{)@? refeval sitg beine adiustRddei on of
about t wenh¥uckbty ARNes -as (BdwhiaAkth@hrt @ @Qc?.m i t
10C/ hour) to about 2425F (about 1330C)Algénr§atﬁfgl ormé%zur H|€So§1rﬁ£){¥agabout

t went y- f owgleckochemicql Machizang @CM) anak edeatfo-dibahatge2tdehhtag (RRAMD uhdet0&hhour ) to

bout 250QF 70C hol.d f dur at i f about thiyty-t ‘

hoors 2L opoush it haeghEREbISAM Ao T sdsiee§ S Bt B opksrnee Filshube st o

about 85C/fgdddiuehe clictnidallyepmRhed B £shtidreSFabbhiars JS08E géﬁ@&m%if%@- (6)
er

Cool at an%/) suitable rate to roomtenperature (about 25C). (7)
heating atbaiy85svalump percent diP(y for abouttfisiet to2DOGFN{maies At all20PSkwe of 0 near

;Bgu{rellgi ?goﬁtqgg% %d“"??aﬁo?l'isatod ro%%%)pf about six hours at a pressure of

In practice, the above processing steps have been shown 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.




30 ksi (about 100 to 200 MPa), preferably about 20 ksi (abo%t 149 éy)Pa); (8)
"Cool at a rate of about 100 to about 150F m nute (about 55 toMg%o%

85C/ mnute) to |l ess than 1800F (about 980C). 8 May 2006 (9) Cool at any
suitable rate to roomtenperature (about 25C). Al of the above steps are
perfornmed in an inert atnosphere, such as argon. Follow ng H Pping, the

i ngot may be nmachined to a final desired dinension, such as by centerless
grinding ¢f.amg: cylindrical bar), with the renoval rate being adjusted to

i nduce | ow stresses as known in the art. Alternative nachining techniques
include electrochenical machining (ECM and el ectro-di scharge nmachi ni ng
(EDM) undbr folVocgsswier redicitse iy dngotcebabrta-phisw, NiAl-baseflimaderialothsr oduce a

better S%E%gfaﬁﬁﬁgwmﬁpﬁﬂggm can be chemcally polished in a solution
vol'u p

of about ercen and about 85 volunme percent H3P04 for
about five to thirty mnutes at a tenperature of about 125 to 150F (about
50 to abamtlti6g @ nidkal-gdnadtuint epmiphsitied hagingr ac absningms tapent Hseler btkan shown

to enable the pr.oduction of N Al-ba ingots aof a size and qual ity
o Lol ¢ TRIrbash NoBRMSH; deeREsS A ok S st gy B R i onal

benefits ipgidsle difigl HENRAL ower initial nelt tenperatures, |ower power
input levels tothe nelt furnace, and inproved lives for the nelting

furnace liner and crucibles by avoi ding excessive heating during the
exot her i addingaghumdrnnnite thenmalt toscapret e dxotiyimie regrsion heswednonickielsandeen

modi 11 catt BREELIT S et RAPEE ATROHAT AL Mot R RBRFRNROARY, ) 11e

scope of iblvetol Aol ividlentSexbthehgicl refbtioad sieffitiénOdyuinieint dkingwidded ¢d eiens. 8 May
2006 CLAIMS: 1. A process for producing an ingot of a beta-phase N Al-based
mat er i al ,Melkto yield a beta-phase NiAl-based material;

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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process conprising the steps of: nelting a nickel-al um num ggﬁggo?@sé on
havi ng an al um num content below that required for stoichi

bet a- phase NNAl internmetallic so as to forma nelt conprising nickel and

Ni 3Al; adding alumnumto the nelt to cause an exotherm c reaction between
ni ckel and alumnumas the nelt equilibriumshifts fromN 3Al to N A, but
at arate sufficiently lowto avoid a violent exotherm c reaction,

suffici erﬁeaﬁ{rbﬁﬂd@%ﬂ% hebnat efdednke dhdor Bﬁ%ﬁoﬂs‘%u&‘ﬁ&éﬂ 16 dR6819e RiNasE

Ni Al -based material; solidifying the beta-phase N Al -based material to form
an ingot ; malmagtsm)ndarmhmg peasentpn deshatayphase NiAbbased snat¢rod én pdsliteeyi oy and
honogeni Z%I. hlg ml\ﬁ gstructure of the ingot. 2. The process according to
claim1l, P ‘ﬁ al um num content of the nickel- alum num conposition
is not greater than 25.5 atom c percent. 3. The process according to claim
1, wherei@ tTiee plotdss nucordingtie rlaimf 7, twikrdih alesecondaririphases doutpiesdrdel @n i s
about 20 atom c percent. 4. The process according to claims 1, 2 or 3,
wher ei n 88| |}E|“F19rﬁ13|335(ﬁndtalliﬂ“n"1%€%@1“ mseSa| uni num of the ni ckel - al umi num
conposition and essentially all of the added al um num exot herm cal |y
reacts toyforyg ?%c@sspa@c%?dlhwo cfalmThewme&mﬁe e Ai0g ,igxessﬁi%als

wherei n the beta-phase N Al “based material further conta ns a Ieast one
of chr om emprisey g ndostatic aredsihatheiinget aba teTiiperaimmod ebowtd260°€ ergmens. cl ai m 1,
wherein the beta-phase N Al -based nmaterial consists essenti aIIy of ni ckel,

laim 1 Uherl RS Hedr g ahitaRb LMD ol bt BT H-IRH5006 °

heat - treaddm}gls&dmelgt@gp@f at tenperatures and for duratlons SUffICI ent to
di ssol ve wi t hout

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
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mel ti ng secondary phases present in the beta-phase N Al -basegwg}&sélﬁl in
addition to beta-phase NNAI. 8. The process according to cl X erein
‘the secondary phases include one or nore of Heusler phases and al pha
chrom um phases. 9. The process according to claim1, wherein the heating
and pressing step conprises hot isostatic pressing the ingot at a
tenperature of about 1200C or nore. 10. The process according to claiml,
wherei n thgRgALd igo@BAbRI@S8ENg step conprises the steps of:
heat-treating"the rngot 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

t enper at utk Bhe ppwgss ageoding Hatclaim 1hethgrdinprigr dartheinelting stapogevert
twenty-four hours: -heatin he .-ngat .at. & rat out. 10 0 a
tenper at (e 187 biyg B bRENAG aha iy, 8o o LPRHGPIL IR dle

twent y- f omkltingustep iBesdriodfied,hthel Rl Bt maltédt sdotheabihist nitRéldhainuino a
tenperature of about 1370C that is held for a duration of about thirty-two
hours: cosimpasitionds pddedito the ceniaifiee of about 55 to about 85C/ minute to a
tenperature of |less than 980C, cooling the ingot to about 25C, hot

i sostaticypr | i : ERRE : : e for a
dur ati on })%) g%%t@gg%szfc ﬁ%@?@ttgtaél %ﬂlpir’essuérgédgéﬁl ég{oguﬁg%(l’)% (%Ifgrg g{)&é@{g% MPa;
cool i ng tingot afpothedteating aitdepredsingmtapt 55 t o about 85C/minute to a
tenperature of less than 980C, and then 11 8 May 2006 cooling the ingot to

about 25C13. 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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11. The process according to claim1l, wherein prior to the gﬁhhyage§tep,
revert conprising at |east one of beta-Ni Al and Ni3Al is added"to a
container in which the nelting step is perfornmed, the revert is nelted, -
and then the nickel-alum num conposition is added to the container. 12.
The process according to claim11, further conprising the step of machining
the ingot after the heating and pressing step. 13. The process according
to clai m aghuphlegr conprising the step of evaporating the ingot after the
heati ng and pressing step to deposit a coating of the beta-phase N Al -
based material. 12 8 May 2006 ABSTRACT PROCESSI NG OF NI CKEL ALUM NI DE
MATERI AL A process for casting and preparing an ingot (10) of a beta-phase
Ni Al - based material, particularly for use in PVD coating processes. The
met hod entai|s el t ipROEESKINEOF NMICREINATUMINIDS MATERIAY) Ng an al uni num
content below that required for stoichionetric beta-phase N Al
internetallic so as to forma nelt conprising nickel and N 3A . Al um num
is then added to the nelt, causing an exotherm c reaction between nickel

and al um t ilibriumshifts fro i 3Al. N Al . . However,
fha 2 e Mg cdihd affitbbdti fulléolté{n(bl‘); i e Sttt
exot her m @attizabitiycfor ufehie RMI0i oty PloceksesTi Thiemod ichtads meid 2 slekél ci ent

al umi num has, been added to the nelt tq yield a beta-phase N Al -based
materi al . DR £OBRaYHON NaXIE, 28 c alupinwR; gntend beley deati erapired ©06 f or m an

oot OSSR A 8 ) i e
and NizAl.  Aluminum is then added to the melt, causing an exothermic reaction

between nickel and aluminum as the melt equilibrium shifts from NizAl to NiAl

‘However, the aluminum is added at a rate sufficiently low 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. The beta-phase

NiAl-based material is then solidified to form an ingot (10), which is then heated and

- pressed to close porosity and homogenize the microstructure of the ingot (10).

Figure 1

13




