METHODS OF FURNACE-LESSBRAZING

FIELD
[0001] The present subject matter relates generally tdvoakst of furnace-less
brazing. More particularly, the present subjectteratlates to a braze material capable

of sustaining an exothermic reaction for brazeifgrand/or repair of a substrate.

BACKGROUND

[0002] Superalloys are used in the manufacture of compgen#rat must
operate at high temperatures, such as blades, aspzzbmbustors, and shrouds of
aerospace or industrial gas turbines. During theraipn of such components under
strenuous high temperature conditions, variousstygfedamage or deterioration can
occur, including oxidation, wear and cracking. Aatingly, improved brazing methods

are required for repairing components of turbingirees.

BRIEF DESCRIPTION

[0003] Aspects and advantages of the invention will befeth in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.

[0004] In one exemplary embodiment of the present suljatter, a method
of furnace-less brazing of a substrate is providdee method includes providing a
substrate having a braze region thereon; dispdsiaze precursor material containing
a nickel powder, an aluminum powder, and a platiguoup metal powder on the braze
region; and initiating an exothermic reaction aof thraze precursor material such that
the exothermic reaction produces a braze matéadlreaches a temperature above the
solidus temperature for the braze material.

[0005] In a further exemplary embodiment of the presehjesit matter, a braze
precursor material is provided. The braze precursderial comprises a nickel powder,
an aluminum powder, and a platinum-group metal powithe braze precursor material
capable of producing a braze material having aebtamperature to propagate and

sustain an exothermic reaction, wherein after kmthermic reaction a solidified braze



material is formed, the solidified braze matenaludes a nickel alloy having at least
5 vol.% gamma (FCC) phase.

[0006] These and other features, aspects and advantagéise opresent
invention will become better understood with refeeto the following description and
appended claims. The accompanying drawings, wihiah incorporated in and
constitute a part of this specification, illustrambodiments of the invention and,
together with the description, serve to explaingheciples of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] A full and enabling disclosure of the present irti@n including the
best mode thereof, directed to one of ordinaryl skilthe art, is set forth in the
specification, which makes reference to the appefideres, in which:

[0008] FIG. 1 provides a schematic cross-section viewroereemplary gas
turbine engine according to various embodimentb®fpresent disclosure;

[0009] FIG. 2 illustrates a portion of a component havandraze region
thereon repaired according to exemplary embodimaitse present disclosure;
[0010] FIG. 3 illustrates a portion of a component ha\arigaze region thereon
repaired according to exemplary embodiments optkeent disclosure;

[0011] FIG. 4 illustrates a portion of a component haarigaze region thereon
repaired according to exemplary embodiments optlesent disclosure;

[0012] FIG. 5 illustrates a portion of a component ha\arigaze region thereon
repaired according to exemplary embodiments optkeent disclosure;

[0013] FIG. 6 illustrates a flowchart of an example methaxtording to
exemplary embodiments of the present disclosure;

[0014] FIG. 7 illustrates a composition range of a Ni-Al-Rernary alloy
composition according exemplary embodiments ofptlesent disclosure;

[0015] FIG. 8 illustrates an SEM microphotograph of a breegion according
to exemplary embodiments of the present disclosure;

[0016] FIG. 9 illustrates an SEM microphotograph of azbreegion according
to exemplary embodiments of the present disclosuré;

[0017] FIG. 10 illustrates an SEM microphotograph of a&bnaegion according
to exemplary embodiments of the present disclosure.



DETAILED DESCRIPTION

[0018] Reference will now be made in detail to present afithents of the
invention, one or more examples of which are ita&d in the accompanying
drawings. The detailed description uses numedodl letter designations to refer to
features in the drawings. Like or similar desigmat in the drawings and description
have been used to refer to like or similar parthefinvention.

[0019] As used herein, the terms “first,” “second,” andifl” may be used
interchangeably to distinguish one component fraomotleer and are not intended to
signify location, order, or importance of the indiwal components.

[0020] The terms “coupled,” “fixed,” “attached to,” andetlike refer to both
direct coupling, fixing, or attaching, as well aslirect coupling, fixing, or attaching
through one or more intermediate components ouffegf unless otherwise specified
herein.

[0021] The singular forms “a,” “an,” and “the” include pél references unless
the context clearly dictates otherwise.

[0022] Approximating language, as used herein throughloatspecification
and claims, is applied to modify any quantitatigpresentation that could permissibly
vary without resulting in a change in the basicction to which it is related.
Accordingly, a value modified by a term or termsgls as “about,” “approximately,”
and “substantially,” are not to be limited to thhe@se value specified. In at least some
instances, the approximating language may correbmotine precision of an instrument
for measuring the value, or the precision of théhmes or machines for constructing
or manufacturing the components and/or systems. ekample, the approximating
language may refer to being within a 10 perceratingd margin.

[0023] As used herein the term "powder"” or the like retersa collection of
particles. The particles may be of any configuratighape or size as long as they are
suitable for the flowability, dispersion and/or qomction thereof. In some
embodiments, a median particle size of the powslisis than about 100 micrometers.
[0024] As used herein the term "median particle size"rsetie median value of
the particle size distribution, also known as d50.

[0025] Here and throughout the specification and claimsge limitations are
combined and interchanged, such ranges are idsht@ind include all the sub-ranges



contained therein unless context or language itebcatherwise. For example, all
ranges disclosed herein are inclusive of the emdpoiand the endpoints are
independently combinable with each other.

[0026] Because the cost of components formed from supggals relatively
high, it is often more desirable to repair thes@gonents than to replace them. For the
same reason, new-make components that require tepgato manufacturing flaws are
also preferably repaired instead of being scrappedturthermore, in some
manufacturing operations that require braze joinings preferable not to subject the
entire part to the brazing temperature, as woulthbease in isothermal furnace, such
as conventional vacuum, brazing.

[0027] Generally, the present subject matter provides thadeof furnace-less
brazing of a substrate, including joining for maaaifiring and repair. The method
includes providing a substrate having a braze retfiereon; disposing braze precursor
material containing a nickel powder, an aluminurwger, and a platinum group metal
powder on the braze region; and initiating an esuthc reaction of the braze precursor
material such that the braze precursor materighesaa temperature above the melting
temperature for the braze precursor material; whexier the exothermic reaction of
the braze precursor material a solidified brazeenmdtis formed. For instance, the
braze precursor material is capable of heatingoup braze temperature at which the
resulting braze alloy is at least partially melted, as to form a metallurgical bond
between the substrate and the solidified brazerrahtBraze precursor materials and
methods for in-situ repair of gas turbine enginenponents are also provided. The
brazing methods and materials disclosed hereirsaitable for brazing components
without the use of a furnace. Thus, the brazindwadt and materials disclosed herein
can be used for a variety of repairs where furtmeaging is not feasible or desired.
[0028] Referring now to the drawings, wherein identicainauals indicate the
same elements throughout the figures, FIG. 1 ishamsatic cross-sectional view of a
gas turbine engine in accordance with an exempdémpodiment of the present
disclosure. More particularly, for the embodimehfIG. 1, the gas turbine engine is
a turbofan jet engine 10. As shown in FIG. 1,ttmbofan engine 10 defines an axial

direction A (extending parallel to a longitudinanterline 12) and a radial direction R.



In general, the turbofan engine 10 includes a &iegn 14 and a core turbine engine
16 disposed downstream from the fan section 14.

[0029] The exemplary core turbine engine 16 depicted gédigeincludes a
substantially tubular outer casing 18 that defeesnnular inlet 20. The outer casing
18 encases, in serial flow relationship, a compmessction including a booster or low
pressure (LP) compressor 22 and a high pressurgdbiRpressor 24; a combustion
section 26; a turbine section including a high pues (HP) turbine 28 and a low
pressure (LP) turbine 30; and a jet exhaust nczzdtion 32. A high pressure (HP)
shaft or spool 34 drivingly connects the HP turt#28eo the HP compressor 24. A low
pressure (LP) shaft or spool 36 drivingly connelsesLP turbine 30 to the fan 38 and
LP compressor 22.

[0030] For the depicted embodiment, fan section 14 indwd&&an 38 having a
plurality of fan blades 40 coupled to a fan diskid2a spaced apart manner. As
depicted, fan blades 40 extend outward from fak did generally along the radial
direction R. The fan blades 40 and fan disk 42 tagether rotatable about the
longitudinal centerline 12 by LP shaft 36. In soembodiments, a power gear box
having a plurality of gears may be included foppiag down the rotational speed of
the LP shaft 36 to a more efficient rotational peed.

[0031] Referring still to the exemplary embodiment of FIG.fan disk 42 is
covered by rotatable front nacelle 48 aerodynaryicaintoured to promote an airflow
through the plurality of fan blades 40. Additidgalthe exemplary fan section 14
includes an annular fan casing or outer nacellth&0circumferentially surrounds the
fan 38 and/or at least a portion of the core twet@ngine 16. It should be appreciated
that fan case (nacelle) 50 may be configured teupported relative to the core turbine
engine 16 by a plurality of circumferentially-spdamutlet guide vanes 52. Moreover,
a downstream section 54 of the fan case 50 map@xieer an outer portion of the core
turbine engine 16 so as to define a bypass ainflassage 56 therebetween.

[0032] During operation of the turbofan engine 10, a vauoh air 58 enters
turbofan engine 10 through an associated inletf@¥eofan case 50. As the volume of
air 58 passes across fan blades 40, a first parfitme air 58 as indicated by arrows 62
is directed or routed into the bypass airflow pgeséb and a second portion of the air
58 as indicated by arrows 64 is directed or routemthe LP compressor 22. The ratio



between the first portion of air indicated by arso®2 and the second portion of air as
indicated by arrows 64 is commonly known as a bypasio. The pressure of the
second portion of air as indicated by arrows Gfhés increased as it is routed through
the high pressure (HP) compressor 24 and into dh@astion section 26, where it is
mixed with fuel and burned to provide combustioresa66.

[0033] The combustion gases 66 are routed through theuHbihe 28 where a
portion of thermal and/or kinetic energy from tlembustion gases 66 is extracted via
sequential stages of HP turbine stator vanes G8&tleacoupled to the outer casing 18
and HP turbine rotor blades 70 that are coupledgdiP shaft or spool 34, thus causing
the HP shaft or spool 34 to rotate, thereby supmpdperation of the HP compressor
24. The combustion gases 66 are then routed thrihwegL P turbine 30 where a second
portion of thermal and kinetic energy is extracbemn the combustion gases 66 via
sequential stages of LP turbine stator vanes A2atieacoupled to the outer casing 18
and LP turbine rotor blades 74 that are coupldébed_P shaft or spool 36, thus causing
the LP shaft or spool 36 to rotate, thereby suppprperation of the LP compressor
22 and/or rotation of the fan 38.

[0034] The combustion gases 66 are subsequently routedighrthe jet
exhaust nozzle section 32 of the core turbine en@ihto provide propulsive thrust.
Simultaneously, the first portion of air indicatby arrows 62 is routed through the
bypass airflow passage 56 before it is exhausted & fan nozzle exhaust section 76
of the turbofan engine 10, also providing propwdsikirust. The combustion section
26, the HP turbine 28, the LP turbine 30, and ¢hexhaust nozzle section 32 at least
partially define a hot gas path 78 for routing teenbustion gases 66 through the core
turbine engine 16.

[0035] As noted above, certain components of the turbingine can be
fabricated from metallic materials, such as mellalys, including superalloys. After
continued use, one or more components of the erifinaay become damaged. For
example, certain metallic components of the engiag develop one or more cracks or
pits due to oxidation, corrosion, or thermo-mechahstresses.

[0036] Referring now to FIG. 2, a cross section view ofcmponent 100
including a braze region 104 is shown. In FIG.h2, braze region 104 can be a repair
region including a damaged area in need of repairinstance, the damaged area can



include a crack or pit in the substrate 106 of ¢benponent 100. At 200 a braze
precursor material 108 is disposed on or aboutdpair region 104. At 202 the braze
precursor material 108 is ignited such that anlemhic reaction of the braze precursor
material 108 takes place, forming molten braze nat®©nce cooled, the molten braze
material solidifies, creating a solidified brazeteral 109 in braze region 104 of the
substrate 106.

[0037] In other embodiments, as shown in FIG. 3, a haaiceanaterial 110 is
disposed over or around the braze precursor mbi€&a The braze precursor material
108 is disposed on the braze region 104 of thetsaibsl06. For example, at 200a a
heat source material 110 and the braze precurseriadel 08 are disposed on the braze
region 104. At 202a an exothermic reaction is atéd in the braze precursor material
108 and the heat source material 110, such thaixathermic reaction of the braze
precursor material 108 takes place, forming molieaze material. The molten braze
material can infiltrate the braze region 104 angsthepair substrate 106. The heat
source material 110 can provide additional heattferexothermic reaction of the braze
precursor material 108. The heat source materi@l id1capable of exothermically
reacting to facilitate brazing. In some embodimetits heat source material 110 does
not alter the braze composition. In other embodisiedepending on the desired
properties for the solidified braze material 10 heat source material 110 may alloy
with the molten braze material to participate intaargical bonding of the molten
braze material to the substrate 106. Once codhedhé¢at source material 110 forms a
solidified heat source material 111. Furthermoregeocooled, the molten braze
material solidifies, creating a solidified brazeteral 109 in braze region 104 of the
substrate 106.

[0038] As shown in FIG. 4, it may be necessary to join tmetallic
components. Accordingly, a first component 120 arsgtcond component 130 can be
brought together such that a joint gap 140 is farrbetween the first and second
components. At 200b the braze precursor materid @isposed on, in, or around the
joint gap 140. At 202b an exothermic reaction isated in the braze precursor material
108, forming a molten braze material from the bramxursor material 108 that fills

joint gap 140. The molten braze material can redgg] resulting in solidified braze



material 109 in the joint gap 140 between the fominponent 120 and the second
component 130, thus effectively joining the two gaments.

[0039] Similar to example embodiments as shown in FIGn FIG. 5, a heat
source material 110 can be disposed on or arounbrdze precursor material 108 to
facilitate brazing. For example, at 200c the brarecursor material 108 can be
disposed on the joint gap 140 and the heat souaterial 110 can be disposed on or
around the braze precursor material 108. At 202exathermic reaction is initiated in
the braze precursor material 108 and the heatsouaterial 110, forming molten braze
material. The molten braze material can infiltrétte joint gap 140. Once cooled, the
molten braze material solidifies, creating a s@ikdi braze material 109 in the joint gap
140, thus joining the two components together. Tkat source material 110 can
provide additional heat to the braze material fatrfrem the exothermic reaction of
the braze precursor material 108. The heat soumteral 110 can be capable of
exothermically reacting to facilitate brazing ofetimolten braze material and/or
improving the quality of the braze. In some embazhis, the heat source material 110
does not participate in the braze. For exampleh#da source material 110, does not
alloy with the molten braze material to participatebonding of the molten braze
material to component 120 and component 130. Homvemeother embodiments,
depending on the desired properties for the saidiibraze material 109, the heat source
material 110 may mix with the molten braze matet@aparticipate in metallurgical
bonding of the molten braze material to compon&tt &nd component 130. Once
cooled, the heat source material 110 forms a $eledheat source material 111.
[0040] A method 300 as shown in FIG. 6 may be used fazibgacomponents.
At 302 the method includes providing a substrataritpa braze region thereon. The
braze region can include a repair region such af,aa partial crack, a through-
thickness crack, or combinations thereof. In emivadits, the braze region includes a
joint gap between one or more components to Imegbiogether. The substrate can be
a metallic substrate such as a nickel-based atiolyding nickel-based superalloys, an
iron-based alloy, including iron-based superallogs¢obalt-based alloy, including
cobalt-based superalloys, a titanium-based allogombinations thereof. lllustrative
nickel-base alloys include superalloys includindeast about 40 wt % Ni, and at least

one component from the group consisting of colzdltpmium, aluminum, tungsten,



molybdenum, titanium, and iron. Examples of nickate superalloys are designated
by the trade names Inconel®, Nimonic®, Rene® andméd®, and include
directionally solidified and single crystal supéogk. lllustrative cobalt-base alloys
include superalloys including at least about 304v€Co, and at least one component
from the group consisting of nickel, chromium, aloom, tungsten, molybdenum,
titanium, and iron. Examples of cobalt-base supmyalare designated by the trade
names Haynes®, Nozzaloy®, Stellite® and Ultimet®. the case of turbine
components, the substrate may be in the form afrlainte nozzle, shroud, shroud
hanger, pressure balance seal, blade, case or stanibomponent.

[0041] At 304, the method includes optionally pretreatthg substrate. For
example, the substrate can be pretreated to renmntaminants, such as oxide layers,
dust, or corrosion products, so as to facilitatétivwg of the brazing material to the
substrate 106. For example, the repair region neaghemically cleaned, detergent
washed, or mechanically ground, sanded, grit kdagtedrilled to prepare the surface
for brazing.

[0042] At 306 the method includes disposing a braze psecunaterial on the
braze region of the substrate. The compositiomefiraze precursor material will be
explained in more detail hereinbelow.

[0043] At 308, the method includes optionally disposifgeat source material
on or around the brazing material on the brazeoregihe heat source material can be
an exothermic heat source material capable of ghoyiheat upon reaction so as to
raise the temperature of the braze precursor raatend/or molten braze material, so
as to achieve a desired braze temperature resudtingetallurgical bonding between
the braze material and the substrate. The heateauaterial can be formulated
depending on the composition of the braze precunsaierial and the underlying
substrate. For example, in embodiments the heatsouaterial can include one or
more metal powders, such as at least two metal pav&or example, the heat source
material can include a mixture of aluminum powded aickel powder. In some
embodiments, the heat source material does natipate in the braze. For instance,
elements or components of the heat source matiriabt substantially mix or alloy
with the elements of the braze material along bragens on the substrate. Thus, the
heat source material facilitates brazing but dagssabstantially alter the composition



of the braze. In other embodiments, it may be dasifor certain components of the
heat source material to participate in the brazesuch embodiments, the heat source
material can melt and alloy with the molten brazganal and elements of the molten
heat source material can participate in metallagoonding with the molten braze
material along braze regions on the substrate.

[0044] In addition to providing a source of auxiliary héatthe braze reaction,
the heat source material can help improve the tyuah the resulting braze. For
instance, addition of the heat source material reanlt in a denser solidified braze
material and may facilitate wetting of the brazdemal to the substrate.

[0045] At 310 the method includes initiating an exotherme&ction of the braze
precursor material for brazing the braze regionhef substrate. The braze precursor
material can be ignited with an external heat sewsach as a combustion torch, a laser,
or an electric heater. For example, in certain atithents, a hydrogen-oxygen torch
can be used to ignite the braze precursor matégabrdingly, in certain embodiments
the braze precursor material can be heated direxilyitiate the exothermic reaction.
In other embodiments, the braze precursor matexdgl be indirectly heated to initiate
the exothermic reaction, such as by heating thenyidg substrate.

[0046] Once initiated, the exothermic reaction of the brppecursor material
is capable of rapidly propagating through the vauoh the reacting material and the
heat can raise the temperature sufficiently so asdit the braze precursor material and
provide a metallurgical bond to the substrate. Adicmly, the exothermic reaction of
the braze precursor material produces a molterelbraterial. In embodiments where
the repair region constitutes a pit or a crack,ttedten braze material flows into and
fills the pit or crack. In other embodiments, whtre braze is used to join components,
the molten braze material flows into and fills jbext gap between the components.
For example, the molten braze material can redshze temperature that can partially
melt adjacent surfaces of the substrate such tatntolten substrate material
intermixes with the molten braze material, thusding the molten braze material with
the substrate.

[0047] Upon completion of the exothermic reaction at 3b@, molten braze
material cools, thus re-solidifying to form a brdzeubstrate. The solidified braze
material has suitable ductility and strength, stiGit the repaired substrate or joined
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components can be used in their respective apjplisatFor example, the solidified
braze material can comprise a nickel-based all@ingaat least 5 vol.% gamma (FCC)
phase. The braze material thus provided has sefticuctility and thermochemical
compatibility with metal substrates as comparedther known exothermic materials.
At 312, optional surface treatment of the brazedssate can be performed. For
instance, additional machining, polishing, or othface modification of the substrate
can be performed so as to restore the desired dggraerface finish, and/or surface
chemistry to the brazed substrate.

[0048] The braze material described herein includes onemore metal
powders. For example, the braze material can iecloitkel powder, aluminum
powder, platinum-group metal powder, or combinaiotmereof. For example,
“platinum-group metal powder” as used herein refermetal powders including one
or more of the platinum-group metals including iplain, palladium, rhodium,
ruthenium, osmium, and iridium. In some embodimetite powder included in the
braze precursor material may be made of any mégesiach as, nickel, chromium, iron,
niobium, tantalum, molybdenum, titanium, aluminupalladium, titanium, cobalt,
carbon, manganese, silicon, boron, copper, or aamgbination thereof. In some
embodiments, the powders included in the brazeupsec material may be partially
pre-alloyed. As used herein “metal powder” is notited to only elemental metal
powders. For example, a powder containing pre-atlopickel-palladium powder
would be considered both a nickel powder and aagalm powder, given that both
metal elements are present in the powder. Simjlagabwder mixtures containing
multiple metal elements can be used as suitabledpmvaccording to example
embodiments provided herein. For example, the bpegeursor material can include a
pre-alloyed nickel-palladium powder, a pre-alloygckel-cobalt powder, a pre-alloyed
nickel-chromium powder, and any combination therdafrthermore, the powders
utilized can be pretreated according to suitabbegsses prior to being introduced into
the braze precursor material. For example, the poswchn be partially or fully oxidized
prior to their incorporation into the braze precunaterial.

[0049] As shown in FIG. 7, in one embodiment, the brazeymsor material
can include a ternary alloy composition contairgegain atomic percentages of nickel,
aluminum, and palladium as indicated by area 2b8nmbodiments, the braze precursor
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material can include an atomic ratio of palladiwmickel of from about 0.43 to 2.33,
such as 0.54 to 1.67. In other embodiments, theelppeecursor material can include an
atomic ratio of aluminum to a sum of palladium amckel of from about 0.15 to 0.67,
such as from about 0.16 to 0.47. In some embodsném¢ atomic ratio of aluminum
to a sum of palladium and nickel is from about Gd.about 0.4. In some embodiments,
the braze precursor material comprises less thagoal to 50 atomic % nickel. In
embodiments, the braze precursor material is rokeéd, wherein nickel is the single
greatest element of the braze material by atomighwe

[0050] Indeed, the specific amounts of metal powders usethe braze
precursor material can be tailored depending omthierial of the underlying substrate
but also on the desired braze temperature , dyctdind/or strength of the braze
material. The braze precursor material providedcapable, upon ignition, of
propagating and sustaining an exothermic reactimuyring a braze temperature
above the solidus temperature of the braze maté&alinstance, once ignited, metal
powders in the braze precursor material begin tib, ieeming a molten braze material
including elements of the metal powders in the &gazcursor material.

[0051] Advantageously, since the braze precursor matpralided herein is
capable of exothermically generating a braze teaipex above the solidus temperature
for the resulting braze material, no furnace isinegl for repair. Furthermore, because
the brazing process occurs very rapidly, and ofteabout 10 to about 100 seconds,
brazing can be accomplished without the use of waicar reducing atmosphere, such
as in ambient atmosphere.

[0052] Optionally, the braze material can include one aranelements for
lowering the melting temperature of the braze ni@tso as to ensure that the braze
precursor material melts fully during the brazimggess. Melting point suppressants
for brazes of interest can include silicon, borpalladium, titanium, phosphorus, or
combinations thereof.

[0053] The braze precursor material can also include ongooe flux materials
for promoting de-oxidation and subsequent wettihtpe substrate.

[0054] The braze precursor material may contain a vaoétyrther alloying
additions, such as for enhancing strength, dugtilind oxidation resistance of the

braze. The cost of braze constituents, as wellasnml availability and compatibility
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to the substrate, are also considerations. Additiprthe braze precursor material may
include one or more metal oxides so as to incréssadiabatic reaction temperature,
delay the initiation temperature of the reactiomd/ar modify the final braze
composition. For example, the braze precursor madtean include up to about 15
atomic % of nickel oxide and/or cobalt oxide.
[0055] As noted, the braze precursor material includes @nenore metal
powders, for example, nickel powder, cobalt pow@uminum powder, palladium
powder, platinum powder, or combinations thereofsuch embodiments, the particle
size and packing density of the powders selectedbeacritical for propagating and
sustaining the exothermic reaction such that thereld braze temperature can be
reached and maintained for a desired period of.tloe example, including metal
powders having median particle sizes that aredwodr too high can result in a braze
material that does not reach the desired braze denype or can reach braze
temperature too quickly and cool before the brapigess is completed. Indeed, if the
exothermic reaction cannot produce enough heat surfficient period of time to fully
melt the braze precursor material, achieving a goethllurgical repair is impossible.
Accordingly, in embodiments, the nickel powderhie braze precursor material has a
median particle size of from about 50 um to abdup®n, and the aluminum powder
has a median particle size of from about 3 um asslthan 75 um, such as about 5 um
to about 35um, such as from about 10 um to aboytr80The desired ratio of the
median particle size of the nickel powder to theliae particle size of the aluminum
powder is from about 7:1 to about 2:1.
[0056] The braze precursor material can be disposed insaitgble form,
including a preform pellet. For example, in embaoeints, the braze precursor material
includes one or more metal powders compacted ipref@rm pellet having density in
the range 40-85% of theoretical. The theoreticakdg can be calculated according to
any suitable method. For instance, the theoretieakity of a cylindrical pellet can be
calculated by measuring the bulk pellet volumg,

Vg = h*mr?
where h is the pellet height and r is the pelldius. The theoretical pellet volunig;,
can be obtained by summing the mass of each povedstituentn;, divided by the

powder’s corresponding elemental density,
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Vr = Zi%
Once the theoretical pellet volume is obtainedytétcal densityp;, can be calculated
as follows:

prl%] = Vr/Vg x 100
[0057] In other embodiments, the metal particles formimg lbraze precursor
material can be formulated in a suitable bindevisaol matrix to make a paste, slurry,
or putty that can be easily applied to repair regiof the substrate. The solvents can
be either aqueous or organic. The binders are oft@er-based materials such as
polyethylene oxide and various acrylics; or solMeased materials. The slurry can
contain a variety of other conventional additivesch as dispersants, wetting agents,
deflocculants, stabilizers, anti-settling agent$jckiening agents, plasticizers,
emollients, lubricants, surfactants, anti-foam agieand curing modifiers. The slurry
can be deposited on the substrate (or between tlstrates being joined) by any
convenient technique, in one or more layers, sgdbyaextrusion from a syringe. Prior
to being heated to a brazing temperature, theystam be heat-treated by any suitable
means, so as to remove some or all of its volatilaponents.
[0058] Optionally, the braze precursor material can bpadied in the form of
a tape preform. For example, the slurry descrilimx@ can be tape-cast to produce a
free-standing sheet or tape. Tape-casting methad&reown in the art. Usually, the
slurry is tape-cast onto a removable support sheegt, a plastic sheet formed of a
material such as Mylar®. Substantially all of tr@atile material in the slurry is then
allowed to evaporate. The removable support sisetten detached from the green
braze precursor tape. The resulting tape usuabyahthickness in the range of about
100 microns to about 2000 microns. The free-stapdineen braze precursor tape can
then be cut to a size appropriate for the partrdotazing technique and applied to the
location where brazing will take place. Varioushieiques can be used to temporarily
hold the tape in place, prior to the actual braztep, including adhesives and tack-
welds.
[0059] The use of the braze material in the form of a hedteet or “foil” is also
known in the art. As one example, the braze precunsterial, in the form of a powder,

can first be combined with a binder and/or with iiddal metal powder which is
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similar in composition to the substrate. The coredimaterial is then deposited onto a
support sheet, e.g., by a cold spray technique. Stipport sheet is then removed,
leaving the desired metal foil. Foils of this tygen also be prepared by other methods
as well, e.g., an amorphous metal ribbon technigugre-forming” technique could
also be used, wherein the previously-describedhgiagee can be treated to remove any
binder, to form a metallic sheet. Prior to the attbrazing step, the foil can be
temporarily held in place on the substrate, asrds=tt above.

[0060] The braze precursor material can be disposed osuibstrate via cold
spray, where particles are accelerated using arsume carrier gas at a sufficiently
low temperature to prevent melting or interdiffusaf the particles, resulting in a dense
deposit on the substrate surface.

[0061] Methods for in-situ repair of a gas turbine engoenponent are also
provided. The method includes providing a substha@eéng a repair region thereon;
disposing a braze precursor material comprisinigkehpowder, an aluminum powder,
and a platinum group metal powder on the brazeoregind initiating an exothermic
reaction of the braze precursor material to affieare repair of the substrate.

[0062] Accordingly, the present subject matter is directeda method of
furnace-less brazing, such as repair of a substnajeining of components. More
particularly, the present subject matter providésaze precursor material capable of
sustaining an exothermic reaction such that the fieen the exothermic reaction
facilitates brazing of a substrate. Advantagequbly methods provided herein allow
for the local, ambient-atmosphere repair of metahgonents, including components
in the hot gas path of a gas turbine engine. Thiaods also allow for in-module, in-
case, and on-wing repairs, as well as repairs iye Istructures, without the need for
disassembly and controlled-atmosphere furnace fiyadihe methods reduce cycle
time, cost, and labor of repairs.

[0063] The following examples are presented in order tovide a more
complete understanding of the repair method. ThexiBp techniques, conditions,
materials and reported data set forth as illusingtiare exemplary and should not be
construed as limiting the scope of the inventivigjstt matter.

[0064] In an example, a substrate of Nimonic®-263 nickeddadl superalloy
was provided. The braze precursor material comghras&@0mm diameter cold-pressed
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pellet containing an elemental powder mixture o® &omic % aluminum and 50
atomic% nickel. The density of the pellet of brazecursor material was about 75%.
The nickel particles have a D50 of 70 um and tbenalum particles have a D50 of 20
pm. The braze precursor material was placed orNthenic®-263 substrate. The
braze precursor material was heated with a torchitiate an exothermic reaction. As
shown in FIG. 8, the elemental powder constitueftthe braze precursor material
alloyed with the substrate surface, resultingtimareaction zone between the substrate
and the braze.

[0065] In yet another example, a substrate of GTD-222atiblased superalloy
was provided. The braze precursor material comgrise cold-pressed pellet
approximately 12.5 mm in diameter and containingeeemental powder mixture of
37.5 atomic% palladium, 37.5 atomic % aluminumahaé nickel. The density of the
pellet of braze precursor material was about 78B& fiickel particles have a D50 of
70 um and the aluminum particles have a D50 of 20 The braze precursor material
was placed over a cavity in the GTD-222 substrateleated with a torch to initiate
an exothermic reaction. As shown in FIG. 9, thengletal powders making up the braze
precursor material fully reacted and partially reélthe substrate surface, resulting in
a thin reaction zone between the substrate anortze.

[0066] In yet another example, a substrate of Nimonic®-&6&8 provided. The
braze precursor material comprised a cold-press#idt @pproximately 12.5 mm in
diameter and containing an elemental powder mixtifiré0 atomic% palladium, 12
atomic % aluminum, balance nickel. The density lod pellet of braze precursor
material was about 68%. The nickel particles haldb@ of 70 um and the aluminum
particles have a D50 of 20 um. The braze precursderial was placed over a cavity
in the Nimonic®-263 substrate and heated with @haio initiate an exothermic
reaction. The elemental powders making up the hpegeursor material fully reacted
and partially melted the substrate surface. As showFIG. 10, the resultant braze
contains greater than 5 volume % of gamma-FCC pt&zecifically, gamma phase
(FCC-(Ni,Pd)) appears dark in the microphotograplergas Pghl with some gamma
phase (FCC-(Ni,Pd)) appears brighter in the micobgdraph.

[0067] While exemplary aspects provided herein are dicettegas turbine
engines, the disclosure is not so limited. For gdamt is conceivable that the braze
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material described herein can be used to repaimagtgllic or ceramic component,
especially where the use of a braze furnace ipraatical.

[0068] Further aspects of the invention are provided bystibject matter of the
following clauses:

[0069] 1. A method of furnace-less brazing of a substrabenprising:
providing a substrate having a braze region thergisposing braze precursor material
containing a nickel powder, an aluminum powder, ampdatinum group metal powder
on the braze region; and initiating an exothernd@action of the braze precursor
material such that the exothermic reaction producésaze material that reaches a
temperature above the solidus temperature fordmeelmaterial.

[0070] 2. The method of any preceding clause wherein theebmaterial
cools to form a solidified braze material comprisia nickel alloy having at least 5
vol.% gamma face-centered-cubic (FCC) phase.

[0071] 3. The method of any preceding clause wherein itaeebprecursor
material comprises an atomic ratio of palladiummittkel of from about 0.43 to 2.33,
wherein the braze precursor material comprised@nia ratio of aluminum to a sum
of palladium and nickel of from about 0.15 to 0.&#ther wherein the braze precursor
material comprises less than or equal to 50 atonaitréckel.

[0072] 4, The method of any preceding clause whereinithegprecursor
material comprises an atomic ratio of palladiummittkel of from about 0.54 to 1.67,
wherein the braze precursor material comprisesaniaratio of aluminum to the sum
of palladium and nickel of from about 0.16 to O0.ftfther wherein the braze precursor
material comprises less than or equal to 50 atonmickel.

[0073] 5. The method of any preceding clause wherein thegprecursor
material further comprises boron, cobalt, titanigtaginum, one or more metal oxides,
or combinations thereof.

[0074] 6. The method of any preceding clause whereinia oha median
particle size of the nickel powder to a medianipkrtsize of the aluminum powder is
from about 7:1 to about 2:1.

[0075] 7. The method of any preceding clause whereinia odfa median
particle size of the platinum-group metal powdeatmedian size of the aluminum
powder is from about 7:1 to about 2:1.
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[0076] 8. The method of any preceding clause wherein aangghrticle
size of the aluminum powder is between about 8quaibut 50 pm, such as from about
10 pum to about 30pum.

[0077] 9. The method of any preceding clause wherein aangghrticle
size of the nickel powder is from about 50 pum tow®0 pum.

[0078] 10. The method of any preceding clause wherein li&ze
temperature is above a liquidus temperature obthee material.

[0079] 11. The method of any preceding clause wherein lih&ze
temperature is capable of partially melting an eeljs surface of the metal substrate to
enhance bonding between the braze material arsltystrate.

[0080] 12. The method of any preceding clause whereirbtage region
comprises a repair region comprising a pit, padiatk, or through-thickness crack in
the substrate.

[0081] 13. The method of any preceding clause whereirbthee region
comprises a joint gap between two metallic subsdrad be joined.

[0082] 14. The method of any preceding clause whereisubstrate is part
of a component for a gas turbine engine.

[0083] 15. The method of any preceding clause comprisingr po
initiating an exothermic reaction of the braze prsor material, disposing a heat source
material on the braze precursor material on theeoragion.

[0084] 16. A braze precursor material, comprising: a Higk@wvder, an
aluminum powder, and a platinum-group metal powttes,braze precursor material
capable of producing a braze material via an exotltereaction, wherein after the
exothermic reaction a solidified braze materidbisned, the solidified braze material
comprising a nickel alloy having at least 5 vol.ggrgna (FCC) phase.

[0085] 17.  The braze precursor material of any precediagse wherein
the braze precursor material comprises an atortiw o& palladium to nickel of from
about 0.43 to 2.33, wherein the braze precursoemaatcomprise an atomic ratio of
aluminum to the sum of palladium and nickel of fraout 0.15 to 0.67, further
wherein the braze precursor material comprisegdessor equal to 50 atomic% nickel.
[0086] 18.  The braze precursor material of any precediagse wherein

the braze precursor material comprises an atortiw o& palladium to nickel of from
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about 0.54 to 1.67, wherein the braze precursoemahicomprises an atomic ratio of
aluminum to the sum of palladium and nickel of frabout 0.16 to 0.47.

[0087] 19.  The braze precursor material of any precediagse wherein
the braze precursor material has a density of ftbout 40% to about 85% theoretical.
[0088] 20.  The braze precursor material of any precediagse wherein a
median particle size of the aluminum powder is leetwvabout 8 um to about 50 pum,
such as from about 10 um to about 30 um, and wherenedian particle size of the
nickel powder is from about 50 pm to about 90 pum.

[0089] This written description uses examples to discltse invention,
including the best mode, and also to enable argopeskilled in the art to practice the
invention, including making and using any devicessgstems and performing any
incorporated methods. The patentable scope ahtlemtion is defined by the claims
and may include other examples that occur to ttsédéed in the art. Such other
examples are intended to be within the scope otkaens if they include structural
elements that do not differ from the literal langeaf the claims or if they include
equivalent structural elements with insubstantiiecences from the literal language

of the claims.
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WHAT IS CLAIMED IS:

1. A method of furnace-less brazing of a substratmmesing:

providing a substrate having a braze region thereon

disposing braze precursor material containing ketipowder, an aluminum
powder, and a platinum group metal powder on thedregion; and

initiating an exothermic reaction of the braze prsor material such that the
exothermic reaction produces a braze materialrdzathes a temperature above the
solidus temperature for the braze material.

2. The method of claim 1, wherein the braze mdtedals to form a
solidified braze material comprising a nickel allegving at least 5 vol.% gamma
face-centered-cubic (FCC) phase.

3. The method of claim 1, wherein the braze prexursaterial comprises
an atomic ratio of palladium to nickel of from albb@u43 to 2.33, wherein the braze
precursor material comprises an atomic ratio afnahum to a sum of palladium and
nickel of from about 0.15 to 0.67, further wherthe braze precursor material
comprises less than or equal to 50 atomic% of hicke

4, The method of claim 1, wherein the braze prexursaterial comprises
an atomic ratio of palladium to nickel of from alb@.54 to 1.67, wherein the braze
precursor material comprises an atomic ratio afnaum to the sum of palladium
and nickel of from about 0.16 to 0.47, further wéierthe braze precursor material
comprises less than or equal to 50 atomic% nickel.

5. The method of claim 1, wherein the braze prexurgaterial further
comprises at least one of boron, cobalt, titaniplakjinum, or one or more metal
oxides.

6. The method of claim 1, wherein a ratio of a rmegbarticle size of the
nickel powder to a median particle size of the ahum powder is from about 7:1 to
about 2:1.

7. The method of claim 1, wherein a ratio of a madiarticle size of the
platinum-group metal powder to a median size ofalbeninum powder is from about
7:1to about 2:1.
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8. The method of claim 1, wherein a median parscte of the
aluminum powder is between about 8 um to aboutrpuch as from about 10 um
to about 30 pm.

9. The method of claim 1, wherein a median parsdce of the nickel
powder is from about 50 pm to about 90 pum.

10.  The method of claim 1, wherein the braze teatpes is above a
liquidus temperature of the braze material.

11. The method of claim 1, wherein the braze teatpee is capable of
partially melting an adjacent surface of the mstddstrate to enhance bonding
between the braze material and the substrate.

12.  The method of claim 1, wherein the braze regmmprises a repair
region comprising a pit, partial crack, or throupkckness crack in the substrate.

13. The method of claim 1, wherein the braze megmmprises a joint gap
between two metallic substrates to be joined.

14. The method of claim 1, wherein the substrapars of a component
for a gas turbine engine.

15.  The method of claim 1, comprising disposinggatisource material on
the braze precursor material on the braze region.

16. A braze precursor material, comprising:

a nickel powder, an aluminum powder, and a plathguoup metal powder,
the braze precursor material capable of producibigae material by an exothermic
reaction,

wherein after the exothermic reaction a solidifiedze material is formed, the
solidified braze material comprising a nickel allegving at least 5 vol.% gamma
(FCC) phase.

17.  The braze precursor material of claim 16, winettee braze precursor
material comprises an atomic ratio of palladiumittkel of from about 0.43 to 2.33,
wherein the braze precursor material comprise @miatratio of aluminum to the
sum of palladium and nickel of from about 0.15 1670 further wherein the braze
precursor material comprises less than or equal tatomic% nickel.

18.  The braze precursor material of claim 16, winetiee braze precursor
material comprises an atomic ratio of palladiumittkel of from about 0.54 to 1.67,
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wherein the braze precursor material comprised@nia ratio of aluminum to the
sum of palladium and nickel of from about 0.16 #70) further wherein the braze
precursor material comprises less than or equal tatomic% nickel.

19.  The braze precursor material of claim 16, winetliee braze precursor
material has a density of from about 40% to ab&3b 8heoretical.

20.  The braze precursor material of claim 16, winememedian particle
size of the aluminum powder is between about 8 puabbut 50 um, such as from
about 10 um to about 30um, and wherein a mediditigasize of the nickel powder

is from about 50 um to about 90 pum.
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