wo 2017/189229 A1 | 0000 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
02 November 2017 (02.11.2017)

(10) International Publication Number

WO 2017/189229 A1

WIPO I PCT

(51) International Patent Classification:
B22F 3/105 (2006.01) C22C 1/04 (2006.01)

(21) International Application Number:
PCT/US2017/027092

(22) International Filing Date:
12 April 2017 (12.04.2017)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

15/140,943 28 April 2016 (28.04.2016) US

(71) Applicant: SIEMENS ENERGY, INC. [US/US]; 4400
Alafaya Trail, Orlando, Florida 32826-2399 (US).

(72) Imventors: OZBAYSAL, Kazim; 3711 Surry Ridge Court,
Charlotte, North Carolina 28210 (US). KAMEL, Ahmed;
2439 Guiana Plum Drive, Orlando, Florida 32828 (US).

(74) Agent: CAMPBELL, Michael C.; Siemens Corporation-
Intellectual Property Dept., 3501 Quadrangle Blvd. Ste.

230, Orlando, Florida 32817 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ,LA,LC,LK,LR,LS,LU,LY,MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))

(54) Title: PROCESS AND PRODUCT FOR FORMING GAMMA PRIME PRECIPITATION STRENGTHENED SUPERALLOYS

FIG. 2B

206

(57) Abstract: A process is disclosed comprising heating a pow-
der mixture (212) with an energy beam (304) to melt only a portion
of a first powder (202) of the mixture and to melt all or most of a
second powder (204) ot the mixture, wherein the second powder
includes a gamma prime forming constituent and the first powder
includes elements of a desired precipitation strengthened superal-
loy composition less the gamma prime forming constituent; allow-
ing the melted portions to mix and to cool to form a deposit lay-
er (208) including a beta phase alloy surrounding unmelted first
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PROCESS AND PRODUCT FOR FORMING GAMMA PRIME PRECIPITATION
STRENGTHENED SUPERALLOYS

FIELD OF THE INVENTION

This invention relates to the field of metal processing.

BACKGROUND OF THE INVENTION

Nickel-based and cobali-based superalioy materials are commoniy used 1o
provide high mechanical strength for very high temperature applications, such as for the
hot gas path componentis of a gas turbine engine. The design firing temperatures of
modern gas turbines continue 1o increase in order to improve the efficiency of such
engines, and new superalloy compaositions and processing methods are developed o
accommodate these higher temperatures.

The term "superalloy” is used herein as it is commonly used in the art; L.e., a
highly corrosion and oxidation resistant alloy that exhibits excellent mechanical strength
and resistance {o creep at high temperatures. Superalioys typically include a high nickel
or cobalt content. Examples of superalioys include alloys sold under the frademarks and
brand names Hastelioy, Inconel alloys (e.g. IN 738, IN 782, IN 939}, Rene alloys (e.g.
Rene N5, Rene 80, Rene 142), Haynes alloys, Mar M, CM 247, CM 247 LC, C263, 718,
X-750, ECY 768, 282, X45, PWA 1483 and CM3X (e.g. CMBSX-4} single crystal alloys.

Efforis have been made o use additive manufacturing techniques for
manufacture as well as repair of superalioy components. In additive manufacturing
techniques, a heat source is used to melt a specified amount of metal, which is usually
in the form of a powder or wire, onic a base mailerial. By repeating the process and
conirolling the region of deposition of each layer, layers of melted metallic materials are
arranged upon preceding layers, resulling in the formation of a desired component.
Additive manufacturing (AM) techniques include selective laser melting (SLM), selective
laser sintering (SLS), electron beam melting (EBM), laser metal forming (LMF), laser
engineered net shape (LENS), and direct metal deposition (DMD). In the SLM
technique, a laser beam scans a layer of powder, thereby melting and solidifying the

powder in the areas of contact with the laser beam. Benefits to laser processing are ifs
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speead, flexibility, cost, and lead-time reduction polential for manufaciuring and
reconditioning of components used in today's heavy-duty gas turbines.

The assignee of the present invention produces gas turbine engines utilizing a
variety of materials, including blades formed of cast nickel-based superalioy material
sold by Cannon-Muskegon Corporation under the designation CM-247 LC. CM-247 LC
may have an aluminum content exceeding 5.5%, and is known to have the following
nominal composition, expressed as weight percentages: carbon 0.07%; chrome 8%;
cobalt 9%; molybdenum 0.5%; tungsten 10%; tantalum 3.2%; litanium 0.8%; aluminum
5.6%; boron 0.015%; zirconium 0.01%; hafnium 1.4%; and the balance nickel.

Elermental additions in nickel base superalloys can be broadly characterized as
either gamma formers or gamma prime formers. Gamma formers are for example
elements found in Group V, VI, and Vi, such as Co, Cr, Mo, W, and Fe. The atomic
diameters of these alloys are typically 3-13% different than Ni (the primary matrix
eglement). Gamma prime formers are, for example, slements of Group i, IV, and V such
as Al, Ti, Nb, Ta, Hf. The atomic diameters of these slements typically differ from Ni by
5-18%.

Nickel-based alloys can be either solid solution or precipitation strengthened.
Previously, solid solution strengthened alloys, such as Hastelloy X, were used in
applications requiring only modest strength, while precipitation strengthened alioys have
been required for extreme temperature applications, such as hot sections of a gas
turbine engine.

Laser additive manufacturing of soeme high aluminum and/or titanium nickel base
alloys is limited. The gamma prime phase in a nickel-aluminum alloy is referred {o as
Ni2Al or Nis [Al, Ti]. Modern nickel base gamma prime hardened superalloys
{("precipitation strengthened” superalioys) may have a volume fraction of 70% gamma
prime phase to gamma phase. The gamma (disordered) phase forms a mairix through
which the gamma prime {ordered) phase precipitates. As used herein, the term “gamma
/ gamma prime superalioy” refers to an alloy having a gamma phase matrix in which
gamma prime precipitates are embedded. The ordered gamma prime phase present

within the gamma matrix acts as a barrier to disiocation motion, thereby strengthening
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the material. For this reason, this gamma prime phase, when present in high volume
fractions, drastically increases the sirength of these alioys, and are thus desirabie.

Untortunately, efforts to manufacture workable precipitation strengthened
superalioys using laser additive manufacturing have been limited due to incipient
cracking which occurs when the superalloy is subjected {o laser heating, partial melt,
and subsequent rapid cooling. CM-247 LC powder forms gamma / gamima prime
superalioy upon cooling from laser heating, but the percentage of gamma prime
precipitate that is formed is foo high. This resulis in incipient melling resulling in
cracking during cooling, which renders the formed superalioy unsuitable for exireme
environments and applications.

Previous work by the present inventors {cited in the inventors’ previous United
States Patent Application Publication No. US 2015/0050157 A1), including a detailed
study of factors affecting weldability of Ni base superalloys and their susceptibility to
cracking, has led the present inventors to conclude that a gamma prime phase volume
fraction in an amount generally less than about 20-30 wit% is indicative of weldability
without unaccepiable susceptibilily o cracking. A gamma prime contant greater than
about 60 wt% is generally indicative of nonweldability (that is, susceptibility {o strain age
cracking} while intermediate gamma prime values typically indicate difficult and
expensive welding. Substantially the same conclusions can be drawn for additive or
weld builld-up processes. That is, a gamma prime phase present in an amount less than
about 20-30 wi% is indicative of weid build up without unacceptable susceptibility to
cracking. Gamma prime greater than about 60 wt% is generally indicative of weld build

up having an unacceptable susceptibility to cracking.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained in the following description in view of the drawings that
show:

FIG. 1is a known phase diagram of a nickel-aluminum alloy.

FIG. 2A shows a mixiure of powders for use in a laser additive manufacturing

process, in accordance with an embodiment of the invention.

2
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FIG. 2B shows a deposit layer of metals formed by healing of the mixture of
powders of FIG. 2A with an energy beam and having present both beta and gamma
phases.

FIG. 2C shows a gamma / gamma prime alloy formed by heal trealing the
deposit laver of FIG. 2B.

FIG. 3 shows a process for additive manufacturing using an energy beam, in
accordance with an embodiment of the invention.

FIG. 4 is g prior art chart lllustrating the relative weldability of various superalloys.

DETAILED DESCRIPTION OF THE INVENTION

Gamma prime precipitation-sirengihened nickel-base superalioys with a
combined fraction of Al and Ti of more than about 3-6 wi.%, as illusirated in FIG. 4, are
known to be very difficult to weld because of their sensitivity 1o incipient cracking.
Cracking during welding of those superalloys is atltributed {o the liquation of precipitates
or low-melling eutectics in the heat affected zone (HAZ), ductility dip cracking (DDC) or
strain-age cracking in subsequent heat treatment. It has also been observed that laser
additive manufaciuring processing of such materials also resulls in cracking.

in SLM, the laser beam diameter of the laser is smali, typically in the range of
100-3000 ym, thereby resulting in a very smail melt pool. This leads fo rapid
solidification once the beam moves to ancther point on the layer, and corresponding
solidification cracking in the metal. Because of this, it was not previously possible to
employ standard laser processing methods for producing gamma prime strengthened
superalloys.

As mentioned previcusly, CM-247 LC has an aluminum content of around 5% by
weight. Because of this aluminum content, CM-247 LC was not previously considered a
candidate alloy for standard laser manufaciuring processes. While the gamma / gamma
prime phase could be formed, the metal would suffer incipient cracking during cooling
due to several factors, one of which was the high percent of gamma prime precipitates

that form when the nickel-aluminum alloy is heated with a laser and left to cool.
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Figure 1 is a binary phase diagram of a nickel-aluminum alloy showing various
phases and the conditions under which the various phases exist. The form of nickel-
aluminum alloy that is of most inferest here are those which have both gamma and
gamma prime phases, which are shown on the phase diagram as 104 and 102,
respectively. The beta NiAl phase is shown as 100 in Figure 1. The beta NiAl phase has
an ordered body centered cubic (BCC) struciure. it does not have the strength of
gamma / gamma prime counterparis. The beta form is present at high temperatures
when the atomic percent aluminum is around 50%, or between about 23-35% by
waeight. (it should be nofed that while the nickel-aluminum phase diagram of Figure 1 is
a binary system, the binary Ni-Al phase diagram is used to approximate phases in
nickel-aluminum based alloys having more than two elements, such as CM-247 LC).

The inventors have recognized that phases other than gamma / gamma prime
are less brittle and are less prone to cracking when heated with a laser and left to cool.
An example is the beta NiAl phase. The inventors have further recognized that
processing of nickel-aluminum alloys may be manipulaied so as o exploit the tolerance
of the beta NiAl phase to [aser processing. As disclosed below, the inventors have
discovered methods to induce the formation of a beta NiAl phase using laser additive
manufacturing, and then subsequently heat ireating this phase {o diffuse a
concentration of the gamma prime forming element in order to produce a gamma /
gamma prime superalloy, thereby avoiding the rapid cocling and subsequent cracking
of a gamma prime rich phase. As will be explained further below, advaniages of the
methods disclosed are that they aliow for a gamma / gamma prime superalioy fo
ultimaiely be formed using a laser additive manufacturing process, yet having reduced
or no incipient cracking. These processes are described in more detail below.

Figures 2A — 2C are illustrative of an exampie process for forming a gamma /
gamma prime alloy 210, as well as the compositions used in various stages of the
process. The gamma / gamma prime alloy 210 may be a superalloy such as CM-247
LC in an embodiment. The first step involves selecting and mixing two powders info 3
powder mixiure 212.These powders are shown in Figure 2A and include a first powder

202 (referred to as “Powder A"}, and a second powder 204 (referred to as "Powder B”).
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This mixture of Powder A and Powder B is shown at reference numeral 212, The
particle sizes of Powder A and Powder B differ in that their relative nominal diameters
may vary by a ratio of 3:1 or more. In other words, the particle size of Powder A may be
larger, or at least 3 times larger in some embodiments, than the particle size of Powder
B, for reasons discussed further below.

In an embodiment, Powder A is composed of the elements of a given superalloy
absent all or some of the elemeni(s) known o be gamma prime forming constituents,
such as aluminum. The gamma prime forming constituents may be compleiely abseni,
or they may be in a lower concentration than that of the given superalloy, or they may
exist in only low or tfrace quantities. In embodiments, Powder A may be composed of
the elements of a given superalloy in the gamma phase with less than 1.0 wi% gamma
prime forming constituents. In an embodiment, Powder A is a nickel base alloy in the
gamma phase and Powder B is aluminum powder, {which may contain insubstantial
and unavoidable trace elements). If the desired superalloy to be formed is CM-247 LC,
the composition of Powder A includes elements found in CM-247 LC, less aluminum.

in the next step of the process, the powder mixiure 212 is heated with an energy
beam 304, which may be a laser beam. The parameters of the laser are such that the
larger Powder A particles are only partially melied (al their surface), while the smaller
Powder B pariicles are fully melted, or are subsiantiaily or at least pariially melied.
Having a particle size ratio 3:1 of Powder A {o Powder B facilitates the preferential
melting of Powder B. in embodiments where Powder B is aluminum, the relatively
lower melting femperature of Powder B compared o Powder A also facilitates the
preferential melting of Powder B.

Upon laser heating, a small amount of Powder A melis and mixes with the
melied Powder B to form a gamma plus beta alioy. Alloy 214 is a combination of (1)
aluminum formed from the melied Powder B 204 and (2) a small amount of elemenis
which melted from Powder A, in embodiments, alloy 214 has between 25-45 wi.%
aluminum. In other embodiments, alloy 214 has between 25-35 wt % Al at room
temperature. In embodiments, alloy 214 is a beta phase nickel aluminum base alloy.

When referring 1o the “beta” phase of alloy 214, reference is made to a range of

6



WO 2017/189229 PCT/US2017/027092

compositions which are subsiantially free of other phase constituents {(i.e. minor
amounts such as less than 5 volume % of other phases may occur in the
microstruciure).

Advantages of forming alloy 214 is that the beta phase does not form a low
melting point eutectic with gamma {(as gamma prime does) and therefore is more
resistant to cracking when the laser moves away from the melt pool, leaving it to rapidly
cool. Therefore, the present methods improve over laser additive manufaciuring using
CM-247 LC powdaer itself. If powder of CM-247 LC alioy were laid alop a substrate and
subjected to a laser additive manufacturing process, the CM-247 LC would melt and
quickly resolidify, forming a gamma-gamma prime eutectic and resulting in inciplent
cracking. In conirast, alloy 214 is much less prone fo solidification and grain boundary
liquation cracking during rapid cooling.

Together, alloy 214 and the remaining Powder A 206 form the deposit layer of
mixiure 208. Mixture 208 has (1) solid Powder A particles 208 which never melted and
therefore remain in gamma phase, and (2) alloy 214 (which is predominanily beta
phase NiAl in embodiments). Note that the Powder A particles 206 of FIG. 2B have the
same composition as Powder A particles 202 of FIG 24, however, they are shown with
different reference numerals to account for the smalier size of Powder A particies 208,
due to loss of mass following their partial meliing.

While the laser passes over the powders, mixture 208 will be a mixiure of {1}
molten aluminum comingled with a small amount of molten metal of Powder A and (2},
the portions of Powder A particles which remain solid. Because cooling occurs rapidly,
once the laser moves away from the mell pool, the melted portions will solidify. The
molten aluminum comingled with the small amount of molten metal of Powder A will
solidify into the beta alloy 214. Embedded in the beta ailoy 214 matrix are the portions
206 of Particle A which remained solid.

As shown in FIG. 2B, mixture 208, once solidified as a deposit laver, is a product
which may subssguently be heat treated at a temperaiure below its incipient melting
point fo diffuse the gamma prime forming element (e.g. aluminum) to form a gamma /

gamma prime superalioy 210 as shown in FIG. 2C. Mixture 208 may be formed as a
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layer upon a surface of a product being repaired, or it may be formed as an end product
iiself to be used in a subsequent manufacturing or repair process. Mixture 208 may be
formed info a desired shape by known manufacturing processes, such as machining or
grinding, efc. Mixiure 208 may be transformed into a homogeneous precipitation
strengthened superalioy 214 of FIG. 3C by a heat treatment conducted solely for that
purpose, or by use of the material in a high temperature environment over time.

it is upon cooling from the solid state heat treatment that a gamma / gamma
prime superailoy is formed. The significance of the mixture 208 is that it is has both
gamma and beta phases of nickel based alloys. This is advaniageous because mixture
208 can be subjected to solid stale heai freaiment {o form a gamma / gamma prime
superalioy, such as CM-247 LC, however without incipient cracking problems
mentioned previously. This is a departure from and an advaniage over previous ari, as
typically high strength materials are cold worked or sirain hardened to reach a high
degree of hardness, whereas strengthening by solid state heat treatments were
previously reserved for materials where only modest strength was needed.

As previously mentioned, incipient cracking is atiributed fo the liquation of
precipitates or low-melling eutectics. The present process is advantageous because a
beta / gamma / liquid phase eutectic does not exist. By subjecting the mixed beta/
gamma phase siarting material (mixture 208} to solid state heat treatment, the resulting
gamma / gamma prime alloy 210 forms below the suteclic temperature. Because of
this, cracking issues are avoided. Likewise, the remaining solid Powder A {206} does
not undergo solidification cracking, because it never melied in the first place
{selidification cracking occurs when a liguid phase solidifies). During solid stale heai
treatment, atoms of the remaining Powder A 206 diffuse and mix with alloy 214 to result
in alloy 210.

if the desired alioy is superalloy is CM-247-LC, then Powder A may be powder of
an alloy having the elements present in CM-247 LC, less aluminum (a gamma prime
former) and Powder B may be substantially aluminum. In embodiments, Powder A may

also include elements other than aluminum, as powdered aluminum is explosive.
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Solid solution heat treatment of the gamma / bela mixture 208 is kept below the
incipient melting point and is adjusied to diffuse aluminum completely within the
remaining Powder A, and allow for the formation of gamma prime precipitates. if the
gamma / gamma prime superalloy desired is CM-247 LC, Powder A may include
elementis of CM-247 LC, absent all but trace aluminum, or having less than 0.1 wi.%
aluminum for sxample. Altematively, Powder A includes elements of CM-247 LC, but
with no more than 1.0 wi.% of gamma prime forming constifuents, as above this weight
percent cracking is more likely 1o occur. The solution heat freatrment of mixture 208 then
operates to diffuse aluminum into Powder A, s0 as o result in a homogenous overall
composition of CM-247 LC. In embodiments, conditions are chosen so as to produce
equilibriurn amount of gamma prime formation following the heat treatment. In other
embodimenis, the superalioy formed has a volume fraction of gamma prime phase to
gamma phase of less than 30 wi%.

The process may be used o repair, reshape, and clad superalioy components. In
embodimenis, the process is a laser additive manufacturing process. For example, 3
base alloy substraie may need o be repaired by adding an exira deposit layer of a
certain alloy on its surface. In this instance, Powder A and Powder B are placed on the
surface of the substrate, healed with a laser {o form a deposit layer (the gamma / beta
mixture 208} on the surface of the base alloy, and solution treated {o transform mixiure
208 into a gamma / gamma prime layer of the desired precipitation strengthened
superalioy compaosition..

Figure 3 shows a process whereby Powder A 202 and Powder B 204
{collectively the powder mixture 212) are placed on a substrate 300. The powder
mixture 212 may be pre placed or deposited just in front of an energy beam 304 {(or
other directed energy such as plasma, laser, electron beam, etc.), moving along the
direction 302 with velocity V. The beam power may be adjusted so that a relatively
small amount of dilution with the base metal occurs when Powder B is melted and
Powder A is partially melted. This is so as to produce a smaller heat affected zone
(HAZ) and reduce HAZ cracking that can occur when the laser interacts with a base

material. Preplacing the powder mixiure 212 may help {o mitigate the fully intense laser
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beam 304 from interacling with the substrate 300 base metal and causing a large HAZ
Another advaniage is that the presence of Powder B, when interaciing with the laser
and the substrate, may form gamma phases at the surface of the substrate, thus
reducing the chances of cracking of the substrate as well. The powder mixtureg 212 may
be mixed in a number of ways and is noi necessarily a homogenous mixture of Powder
A and Powder B. Moreover, the powder mixiure or the individual powders may be pre-
heated.

While various embodiments of the present invention have been shown and
describad herein, it will be obvious that such embodiments are provided by way of
example only. Numerous variations, changes and substitutions may be made without
depariing from the invention herein. Accordingly, it is intended that the invention be

limited only by the spirit and scope of the appended claims.
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CLAIMS

The invention claimed is:

1. A process comprising:

heating a powder mixture (212) {o melt only a portion of a first powder (282) of
the mixture and {o melt all or at least a portion of a second powder (284) of the mixiure;

whaerein the second powder comprises a gamma prime forming constituent and
the first powder comprises elements of a desired precipitation strengthened superalioy
composition less the gamma prime forming constitusnt; and

allowing the melted portion of the first powder and the melied portion of the
second powder to mix and cool fo form a deposit layer comprising a bela phase alioy

encasing an unmelted portion of the first powder of the mixture.
2. The process of claim 1, further comprising heat freating the deposil laver
to transform it into a gamma plus gamma prime layer (210) of the desired precipitation

strengthened supesralloy composition.

3. The process of claim 2, wherein the precipitation strengthened superalioy

composition has an aluminum content greater than 3 wi.%.

4, The process of claim 2, wherein the precipifation strengthened superalioy

composition has an aluminum content greater than 5 wt.%.

5, The process of claim 1, wherein the superalioy composition is CM-247 LC.

8. The process of claim 1, wherein the first powder and second powder have

a powder particle size ratio of at least 3:1.
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7. The process of claim 1, where the powder mixture is heated with an

energy beam (304).

8. The process of claim 7, wherein the energy beam is a laser beam.

S. A process comprising:

mixing a first powder comprising a gamima phase alioy having less than 0.1
wi. % Al with a second powder comprising aluminum;

heating the first powder and second powder such that only a portion of the first
powder melts and mixes with the second powder which melis completely; and

allowing the mixed melted materials 1o cool and to solidify to form a deposit layer
comprising a beta phase mairix material surrounding unmeited first powder gamma

phase alloy.

10. A deposit layer material formed by the process of claim 9.

11.  The process of claim 8, further comprising solution heat treating the
deposit laver to diffuse the beta phase matrix material into the gamma phase alloy o

form a gamma plus gamma prime precipitation strengthened superalioy.

12.  The process of claim 9, wherein a nominal diameter of particles of the first

powder is at least three times a nominal diameter of particles of the second powder.

13. A process comprising melting only a portion of a powder mixiure with an
energy beam such that, upon cooling and solidification, a deposit layer is formed
comprising a matrix of beta phase material surrounding particles of a gamma phase

material.

14.  The process of claim 13, further comprising heat treating the deposit layer

to fransform i info @ homogeneous gamma plus gamma prime superalioy composition.

17
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15.  The process of claim 13, wherein the powder mixiure comprises a first
powder and a second powder, and wherein the second powder comprises a gamma

prime forming constituent that is fully melied in the melting step.

16.  The process of claim 15, wherein the first powder and second powder

have a powder particle size ratio of at least 3:1.

17.  The process of claim 14 wherein the powder mixture comprises:
a first powder comprising elements of the homogeneous gamma plus gamma
prime superalloy composition but having less than 0.1 wi.% aluminum,; and

a second powder comprising aluminum.

18.  The process of claim 17, wherein the homogeneous gamma plus gamma
prime superailoy compaosition is alloy CM-247 LC, and the first powder comprises

elements of CM-247 LC absent all but trace aluminum.

19. The process of claim 14 wherein the powder mixture comprises:

a first powder comprising elements of the homogeneous gamma plus gamma
prime superalloy composition but having no more than 1.0 wt.% of gamma prime
forming constituents; and

a second powder comprising gamma prime forming constituents.

20. A deposit layer material formed by the process of claim 13.
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