M CROMAVE BRAZI NG PROCESS BACKGROUND OF THE

I NVENTI ON [ 0001] This invention generally relates to
brazi ng met hods, including processes and naterials
for use in the manufacturing, coating, repair, and
buil d- up of superalloy conponents. More
particularly, this invention relates to a nethod of
brazi ng a superalloy, in which mcrowave energy is
enployed to nelt a braze alloy that contains m ninma
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i ron-base superalloys are widely used to form high
tenperature conponents of gas turbine engines. Wile

hi gh- erature superal |l oy conponents can be
BA&%&%@W&Q@ﬁ%&%@H@Mg others are preferably or
required to be fabricated by other processes. As an

exanple, brazing is w deI%/ used to fabricate gas
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brafd é%lMy'"thaﬂ St BNS rﬁﬁlnfﬁ%itdr% méiﬁtﬁ frﬂ'd’e f@isgﬂfé refdtive to the

unf avor abl e phase fornmation t can
* superafjeribaingdmasgd.t he al l oys. In carrying out the
brazing process, an appropriate braze alloy is
pl aced between the interface (faying) surfaces to be
[0092]i ned, Nivkdl, toobalt 2yridnigors-baseseserahioys e Wiiaiausaad toorm
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r esul al ning one or nore nel tlng pol n
are aeqjer@@bramrgqugg@ ko be faluiceteddpiipther progasees.i Asam example,
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encgrrr]ig/as?sr j-o?r%irlagi; %82rations performed at an elevated temperature but
sufficiently below the melting points of the superalloys being joined so as not o
cause grain growth, incipient melting, recrystaiiizatibn, or unfavorable phase
formation that can lead to degradation of the alloys. In carrying out the brazing
process, an appropriate braze alloy is pléced between the interface (faying)
surfaces to be joined, and the faying surfaces and the braze alloy therebetween
are heated in a vacuum to melt the braze alloy. The braze alloy melts at a lower
temperature than the superalloy base materiai as a result of containing one or
more melting point depressants, such as boron and/or silicon in an amount
greater than the superalloy(s) being brazed. For example, whereas superalioys

containing intentional amounts (above impurity levels) of boron and/or silicon



1 typically contain less than 0.1 wei ght percent of
each, braze alloys that contain boron and/or silicon
as nelting point depressants typically contain at

| east 2.0 weight percent boron, or at least 6.0

wei ght percent silicon, or both silicon and boron at
a ratio of about 3:1. On cooling, the braze all oy
solidifies to forma pernmanent netallurgical bond.

[ 0003] During engi ne operation, gas turbine engine
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{0004] While widely employed to fabricate and repair gas turbine engine
components, conventional brazing processes have notable disadvantages. For
example, the entire component must be subjected to a vacuum heat treatment,
which is a very lengthy process in a production environment, unnecessarily
exposes undamaged regions of the component to high temperatures, and can
potentially remelt joints in other sections of the component. Furthermore, though
braze altoys typically have compositions similar to the base metal of the
component being brazed, the presence of boron and/or silicon in a braze alloy as
a melting point suppressant reduces the mechanical and environmental

properties of the resulting brazement as a result of the minimai ductility of the



conponent being brazed, the presence of boron and/or
silicon in a braze alloy as a nelting point
suppressant reduces the nechani cal and environnent al
properties of the resulting brazement as a result of
the mnimal ductility of the 2 borides and silicides
they formby reaction with refractory el enents. Boron
and silicon can also diffuse into the base netal
repaired by the brazenent to adversely affect the
mechani cal and envi ronnental properties of the
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approach has been to use a susceptor (e.g., SiC
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excessively heating the substrate so as not to

degrade the properties of the substrate. The

BRIERVEDIMARY OE Fﬁi{éfwjéﬁﬂn ybeneficial for use in

razing operations e purpose of netallurgically
j oi ni ng superalloys and coating, repairing, and

10088t " S rgsen BERON asbatalls e oaes a8Locss tErsagg 2
bra®d Q§&SSy microwave radiation so that heating of the alloy is selective and
sufficient to cause complete melting of the alloy énd permit metallurgical bonding
to a substrate on which the alloy is melted, but without excessively heatihg the
substrate so as not to degrade the properties of the substrate. The inveniion is
particularly beneficial for use in brazing operations for the purpose of
metaliurgically joining superalloys and coating, repairing, and building up of

superalloy surfaces.

[0007] One aspect of the present invention pfovides_ a brazing process
comprising: selecting a substrate and a mass of metallic powder particles on the
basis of the substrate being sufficiently large to reflect microwave radiation at a

power level and frequency level and at ieast some of the metaliic powder



conprising: selecting a substrate and a nass of

netallic powder particles on the basis of the

substrate being sufficiently large to reflect

m crowave radi ation at a power |evel and frequency

| evel and at | east sonme of the netallic powder 3

particles having a maxi num particle size of |ess than

100 nanometers to cause selective coupling of the

netallic powder particles with the m crowave
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to reflect mcrowave radiation at a power |evel and
frequency |evel and at |east sonme of the netallic
powder particles having a maxi num particle size of
| ess than 100 nanoneters to cause sel ective coupling
of the metallic powder
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particles with the m crowave radi ation at the power
and frequency |levels when the netallic powder
particles and the substrate are sinultaneously
subjected to the mcrowave radiation at the power
and frequency |l evels, wherein the selective coupling
of the netallic powder particles is characterized by
eddy currents inducted in the netallic powder

articles b the magnetic field of the m crowave
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[0009] From the above, it can be appreciated that the process of this
invention can be applied to various processes in which heating of a powdered
material is desired, for example, the forming of coatings including the repair or
build-up of a damaged surface and the metallurgical joining of components by
brazing. Because heating is by microwave radiafion, the heating rate and
melting of the powder particles are influenced by susceptibility to microwave
radiation instead of location relative 1o a heating source or relative to any surface
contacted by the powder mass. This aspect of the invention enables the powder
mass to melt prior to melting of the surface contacted by the mass. As a result,

the powder particles can be formed of an alloy having the same melting
’ 4



[0010] O her objects and advantages of this invention
W ll be better appreciated fromthe foll ow ng

detai |l ed description. BRI EF DESCRI PTI ON OF THE

DRAW NGS [0011] Figure 1 schematically represents a
mass of powder netal particles between a pair of
substrates, in which the powder netal particles are
susceptible to mcrowave heating to enabl e m crowave
brazing in accordance with an enbodi nent of the
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tomRe EBRSYol SVblo; it L) 261G St A IREE Ry the powder
mass.o that of Figure 1 but deposited on a surface of a

substrate containing a defect in accordance with the

i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[001DP013] Giner bbjeert mthadvdntadis sfaRsihRefionivilt beRssishi C

reference to processing of conponents for a gas
appregiataddeore e fdiowingidelaied deselintipnt nhe  fabri cation and

repair of such conmponents with a braze material.

However, the invention has application to a variety
BRIET DESGRIRGHON, OFdiHE DRAVWINGS processes ot her than

t hose di scussed, and such variations are within the

scope of this invention. [0014] Figures 1 and 2
[0014Epi ct Fagdredi s@HEnsatiBllY FeprebeeBimass of SowdérGhetal particles
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betwegR @ Rainel supstalas Ky which de ppwder meta) particles are susceptible
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nmetal lurgical joined by the particles 12, and Figure

2 schematically represents a mass 10 of powder netal
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snmiig(sto&f'ug ddadrepkbyl flenosiied on'a surface of a substrate containing a

defect in accordance with the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0013] The invention will be described with specific reference to
processing of components for a gas turbine engine, and particularly the
fabrication and repair of such components with a braze material. However, the
invention has application to a variety of components, materials, and processes
other than those discussed, and such variations are within the scope of this

invention.

[0014] Figures 1 and 2 depict embodiments of this invention, in which
consistent reference numbers are used to identify functionally similar structures.

Figure 1 schematically represents a mass 10 of powder metal particles 12



i nvention provides a process by which the particles
12 are nelted and resolidified to form brazenents
that join the substrates 14 and 24 of Figure 1 and
repair the surface defect of Figure 2. Though the
mass 10 of particles 12 is shown as being directly
pl aced between the substrates 14 and 24 in Figure 1,
and the nmass 10 of particles 12 is shown as pl aced
directly within the defect in Figure 2, ( it will be
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whose composition or compositions will depend on the particular type of

component and its anticipated operating conditions. As will be noted below,
various other metallic materials are also possibie for the substrates 14 and 24,

and therefore within the scope of the invention.

[0015] According to the invention, the mass 10 of particles is melted as a
result of being subjected to microwave radiation 26, as discussed in more detail
below. The powder particles 12 can be formed of a variety of materials, limited
only by the requirement that the particles 12 have a composition that is capable
of being heated by microwave radiation 26 and is compatible with the materials

of the substrates 14 and 24 while at the maximum heating temperature induced



by m crowave radiation 26. Materials capable of being
heat ed when subjected to mcrowave radiation include
non- conduct ors and conductors under appropriate
conditions. Mcrowave radi ati on has varying electric
and magnetic fields that are believed to cause
direct electric heating and heating through magnetic
effects, respectively. For conpatibility with the
nmetallic substrates 14 and 24, the particles 12
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and émcg‘h gbf(yglgpg@plée*r qypera oys Another alternative is to form the
particles 12 to have a composition that contains lower amounts of boron and/or
silicon than typically added as a melting point depressant, for example, less than
one weight percent of boron and/or iess than three weight percent of silicon. As
such, it is possible for the particles 12 to contain one or more melting point
suppressants, though not at levels that would lead to an unacceptable loss of
properties in the substrates 14 and 24 as a result of diffusion of the suppressant
into the substrates 14 and 24 during heating of the particles 12 and ater during
the life of the substrates 14 and 24. Furthermore, the particles 12 can be formed

of a superalloy such as of the type used in turbine applications, or an alioy whose



properties in the substrates 14 and 24 as a result of
di ffusion of the suppressant into the substrates 14
and 24 during heating of the particles 12 and | ater
during the life of the substrates 14 and 24.
Furthernore, the particles 12 can be forned of a
superal l oy such as of the type used in turbine
applications, or an all oy whose 7 base conposition is
simlar to that of the substrates 14 and 24 but
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nangmm!aéersn c}r c%?nl}glktiona? microwave conditions (about 2.45 GHz and about 1
to about 10 kW power). Particle sizes above or below that size will not couple as
well with the microwave radiation. Consequently, suitable and preferred
maximum sizes for the particles 12 will depend on the pariicular application,
temperatures, and materials involved. Generally speaking, it is believed that a
maximum particle size is-on the order of about 150 mesh (about 100
micrometers), more preferably iess than 325 mesh (about 44 micrometers).
Minimum particle sizes can be as little as nanoscale, e.g., less than 100

nanometers such as on the order of about 10 nanometers.



well with the mcrowave radiation. Consequently,

sui table and preferred maxi num sizes for the
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application, tenperatures, and materials involved.
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does not establish a standing wave, but instead provides a uniform amplitude of
both its magnetic and electric components. Alternatively, a singie—mode cavity
can be used, in which case a standing or traveling wave is propagated, enabling
imposition, 1o a certain extent, the relative amplitudes of the electric and
magnetic components of the microwave field. A wide range of microwave
frequencies could be used with the present invention, though regulations
generally encourage or limit implementation of the invention to typically available
frequencies, e.g., 2.45 GHz and 815 MHz, with the former believed to be
preferred. However, it should be understood that other frequencies are
technically capabie of use. A benefit of using a lower frequency is the greater

associated wavelength, which may be better suited for higher power transmission
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enbodi nents, it is apparent that other forns could be

adopted by one skilled in the art. Accordingly, the

scope of the invention is to be |imted only by the

following clainms. ( 10 CLAIMS: 1. A brazing process

conprising: selecting a substrate and a nass of

netallic powder particles on the basis of the

substrate being sufficiently large to reflect

nmi crowave radi ation at a power |evel and frequency
CLAIMPgyel and at |east sonme of the netallic powder

particles having a maxi num particle size of |ess

than 100 nanoneters to cause sel ective coupling of

t he nletAbrazingpoondes comrisingl es with the ni crowave

radi at.j QF . f ]

ot a FIoE oy Pt L s RAHE RN o B MR i€ of the
substrats being hifficiendy Mregeub patedicrovdvie eadiatgmaiva peweddva andfrequency

t the power_ and frequepcy .levels, wherein the .
fevel aniia 59T s B opalis POTSCPHAHES Gevii bR paffcle ize of Less
than 106 SAR&leRb alRaABIctIN cofiplRfl dfakemeR iRl pivaer pditclfBSish BE
netallic powder particles to a surface of the

microwaygiradiptiameat thesuebies and figAueney npals whep the enafllis priedrs particles and
the substﬁ%%'agé %&ﬂl@ﬂeoﬁﬁ? ]sl]ﬁ)gé[@éd B I RAMRR Yk RS e g%%ef Qﬂtfrequency

ubstrate re cts the mcrowave radi ati on and
levels, wieecindteahdthltic powder partcied letve s highehinelting éempraaarecioanghe

b with the mcrowave radiation and sufficiently nelt to
suosttatipet al | urgical |y bond to the substrate; and then

| Nt erdppRhind@e tdass & méaNR pewiadiattidedno anefak bothicRgbdae;
mass to cool, solidify, and orma solid brazement.
2. Thubiseorashe mastiorths MiFrewaveIragdiation at fifarsier ang freqyency levels

so that t%lg SutTBkB rddeis RroWelrhfibih an\gﬁtlﬁé_;_[hgtaﬁilrag)o%éspaﬁ?c\f& within the

e sane netallic conposition. 3. process
mass coapleoyith thgmiooehw rauditiomirerseifivieritly madiste nuftalnegiedllyi hond to the

0] I
substratg; a\{r\ﬁ%xen
interrupting the microwave radiation and aliowing the mass to cool, solidify, and

form a solid brazement.

2. The process according to claim 1, wherein all of the metallic powder particles

within the mass have the same metallic composition.

3. The process according to claim 2, wherein the mass of metallic powder
particles contains less than one weight percent of boron and/or less than three weight percent of

silicon.

4. The process according to claim 2, wherein the mass of metallic powder

particles contains boron and silicon as impurities only.

5. The process according to claim 1, wherein the substrate and the mass of
11



particles contains | ess than one wei ght percent of
boron and/or |ess than three wei ght percent of
silicon. 4. The process according to claim?2, wherein
the mass of netallic powder particles contains boron
and silicon as inpurities only. 5. The process
according to claiml1, wherein the substrate and the
mass of 11 netallic powder particles have
. Substantially the sa [ting tenperature. 6. The
metallic oY@EURICE R AP AP AT RLPE RIS UDS  r at ¢
is formed of a nickel- base superalloy. 7. The
process according to claim1, wherein all of the )
net al ¢ i Eheguorsey agsardingcioetpimH aplerginths suhsingtp &y formedeof a nickel-
' of about 100 mcroneters. 8. The process
uﬁes“%%%@ﬁding to claiml1l, wherein the netallic powder
particles have a nmaxi numparticle size of about 44
m cr ers. 9. The.process .accordi clajm 1 .
wher o nEHEOSFAFEHEIE RETATI uFgrEm APt eal g opfigr paricles
have a rSaxBSlmPaRiclOsiFbMIbaut 1@P FikrofiRGrON on the substrate as
a result of the nelting of the netallic powder
particles and cooling of the nass to formthe
braz . c | ' :
whor oS RS e R T R KRB e pertiles have
maximgupsticlasiee voamusétondoseost rate as a result of the
melting of the nmetallic powder particles and cooling
of the mass to formthe brazenent. 11. A brazing

pr oc s STHe G ro@ sg @S otdiidioRaiR g ivhereRahp bagdthent metallurgically
ising: sel ecting. at |east one nickel -base
0

conpr .
bonds testhys spbptipisyo Syt Hearie gt A thasbsetic Avt msvit ef thp siitiie of the
metallichRAVECHRACIAMINofin b AREmalB oL BRRERAT @ T han

strate, the Substrate and the netallic powder
particles being selected on the basis of the

oDt 2B AL GOt 5SS R S byt
bonds theeBbtraf@ sakcdrdiatbstiln®d oksulihe themelihg of thp avddlic powder

- particl.es ving a mmaximym particle size of |ess than
particles st W&H&%r%‘?tg? o oS e QBB 6

11. A brazing process for a gas turbine engine component comprising:

selecting at least one nickel-base superalloy substrate and a mass of metallic
powder particles having a higher melting temperature than the substrate, the substrate and the
metallic powder particles being selected on the basis of the substrate being suffictently large to
reflect microwave radiation at a power level and frequency level and at least some of the metallic
povs;der particles having a maximum particle size of less than 100 nanometers to cause selective
coupling of the metallic powder particles with the microwave radiation at the power and
frequency levels when the metallic powder particles and the substrate are simultaneously
subjected to the microwave radiation at the power and frequency levels, wherein the selective
coupling of the metallic powder particles is characterized by eddy currents inducted in the

metallic powder particles by the magnetic field of the microwave radiation ;
12



coupling of the netallic powder particles with the

m crowave radi ation at the power and frequency

| evel s when the netallic powder particles and the
substrate are simultaneously subjected to the

m crowave radiation at the power and frequency

| evel s, wherein the selective coupling of the

netallic powder particles is characterized by eddy
currents . inducted in the netallic powder particles

by t @meg? s otgemstal icRoWAFE Pl el oA frine Supstrate
appl yéuB_&cﬁﬁ?hgﬁfﬁs fthd REcrRER] rhdigi ROMWIRIpRRF bhEfr8fich) levels
a surface of the substrate; subjecting the nmass to

so that th¢subsirete esfleets thearticaewadis radiatidyeang dhoametalh pf)w_équemcyres within the
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substraté;fuad themss couple with the mcrowave radi ati on and

sufficient] 't to netal l.urgi |y bond to the . .
subs t PLEFEPITEHC THERWANE r@?&ﬂﬂm %@%ﬁéﬁ%ﬁge FiRigeool, solidify, and
form a JoBdhalbghiand all ow ng the mass to cool, solidify,
and forma solid brazenent. 12. The process
according to claim11l, wherein the netallic
CONMposj t4 (W . LGl s
cont o he ey LordlB! Bl | MG BREHLEIE Somposiion of the
metallicl ppssiet peaticledwonainsdedsgivn rervesgitt peicergiolfl baron and/8r leddwhan three
. rocess .according to claim1l, wherein the netallic
weight ﬁﬁ%gf?‘%ﬁ'of the netallic powder particles
contains boron and silicon as inpurities only. 14.
The process according to claim1l, wherein all of the
net al 13- cThsawrrsps acsendingdp kim 4 ewherern sharetalhigcpmppstion of the
. _ g e s T ocess
metallicHofBetarBARConf O KT ATRERLR as e RE0RLOT!
netallurgically bonds to the substrate to forma
repaif, region on the.substrate as a resul.t of t.he
ol 1 Ho BF ke v e 2l TP LR e S Brvig
particle®havichen %@ smiparifcly id dTabbitane mEtlomekes. The process
- according to claim1l, wherein the brazenent
nmetal lurgically bonds the substrate to a second

;gazte {ﬁtﬁleﬁo&ssr £3Wdingdb cttf 1TehAdBE 1 brineMBERlalinGically

bonds to the substrate to form a repair region on the substrate as a result of the melting of the

metallic powder particles and cooling of the mass to form the brazement.

16. The process according to claim 11, wherein the brazement metallurgically
bonds the substrate to a second substrate as a result of the melting of the metallic powder

particles and cooling of the mass to form the brazement.



particles and cooling of the nass to formthe
brazement. 13 ABSTRACT OF THE DI SCLOSURE M crowave
Brazi ng Process A process for heating a braze all oy
by m crowave radi ation (26) so that heating of the
alloy is selective and sufficient to cause conplete
nmelting of the alloy and permt netallurgica

bonding to a substrate (14) on which the alloy is
mel ted, but wi thout excessively heating the substrate
(14) so as not to degrade the properties of the
substrate (14). The process entails providing

metal 1o powdesspaRETCHETHE BlshavsiRessential | y

the sane netallic conposition, wth at |east sone of
the particles (12) being sufficiently small to be

hi ghly suscepti bl vV ation (26). A

mass (10) of the l@g qw%\{”ge@a%ﬁ%igroc%g%en applied to a

surface of a substrate (14), after whi ch the nass

(10) is subjected to m crowave |at|on 26

that thé W&P?%?Oégle@i@g apieRe oK erﬁ%o"(?’l‘g‘f) 3@&1&90426) 80
-thatvnefdfﬂmykﬁ thal |69W@\é8|ebﬁ&’é ahl Qe té%u%éfcfohﬁt@te%&ltmg of

0 mat lgilca gbondtothe substrate (14
the They aid rp@mﬁenm irgidabhondiey tpa stksirate (B rampwaishahe alloy

is mghtggmﬁ%l @}glﬁ& ssﬂhhg ﬁ?ﬁe{rr??th%%q}bstﬁfél (i'i gﬁ gg as %%gtJ Qéépade

the properties of the substrate (14). The process entails providing metallic
powder particles (12) havihg esse'ntial‘ly the same metallic composition, with at
least some of the particles (12) being sufficiently small to be highly susceptible to
microwave radiation (26). A mass (10} of the particles (12) is then applied to a
surface of a substrate (14), after which the mass (10) is subjected tc microwave
radiation {26) so that the particies (12) within the mass (10) couple with the
microwave radiation (26) and sufficiently meit to metaliurgically bond to the
substrate (14). The microwave radiation (26) is then interrupted and the mass

(10} is allowed to cool, solidify, and form a solid brazement.

Figure 1. .

i4



