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[0001] This invention generally relates to brazing
nmet hods, including processes and materials for use in
t he manufacturing, coating, repair, and build- up of
superal | oy conponents. Mre particularly, this
invention relates to a nethod of brazing a
superal l oy, in which mcrowave energy is enployed to
nelt a. braze alloy that contains mniml or no
mel ting point dUICROYHNVE BRAZING eROCERS superal | oy
bei ng brazed. [0002] N ckel, cobalt, and iron-base
superal l oys are widely used to form high tenperature
conmponents of gas turbine engines. Wile sone high-
BACRBREAUNDDE Ut AlieMTRSIqPonent s can be formed as a
single casting, others are preferably or required to
be fabricated by other processes As an exanple
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opriate braze alloy is placed between
the interface (faying) surfaces to be joined, and the
are

ing syrfaces and the braze all oy therebetween
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encompass joining operations performed at an elevated temperature but
sufficiently below the melting points of the superalloys being joined so as not to
cause grain growth, incipient melting, recrystallization, 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 material 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 superalloys

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




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 permanent netallurgical bond.
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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 alloys 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 minimal ductility of the



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
nmechani cal and environnental properties of the
conponent. [0005] M crowave brazi ng has been

i nvestigated as a potential candidate for elimnating
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The invention is particularly benefici al

supstrate.
thef'Bgmﬁ@a brazespent ng operations for the purpose of
nmetal lurgically joining superalloys and coati ng,
repairing, and building up of superalloy surfaces.
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netallic powder particles having essentially the same
nmetallic conposition, with at |east sone of the
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‘sufficient to cause complete melting of the alloy and permit metallurgical bonding
to a substrate on which the alloy is melted, but without excessively heating the
substrate so as not to degrade the properties of the substrate. The invention is
particularly beneficial for use in brazing operations for the purpose of

' -metallurgically joining superalloys and coating, repairing, and building up of

superalloy surfaces.

[0007] The process generally entails providing metallic powder particles
having essentially the same metallic composition, with at least some of the
metallic powder particles being sufficiently small to be highly susceptible to
microwave radiation. A mass of the metallic powder particles is then applied to a

surface of a substrate, after which the mass is subjected to microwave radiation




surface of a substrate, after which the mass is
subjected to mcrowave radi ation 3 so that the .
netallic powder particles within the nmass couple with
the m crowave radiation and sufficiently nelt to
metallurgically bond to the substrate. The m crowave
radiation is then interrupted and the mass is all owed
to cool, solidify, and forma solid brazement. [0008]
According to a preferred aspect of the invention, the
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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 radiation, the heating rate and
melting of the powder particles are influenced by susceptibility to microwave
radiation instead of location relative to 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




contacted by the powder mass. This aspect of the
i nvention enables the powder nass to nelt prior to
mel ting of the surface contacted by the nass. As a
result, the powder particles can be forned of an
all oy having the sanme nelting 4 tenperature (for
exanple, wthin 150C) as the surface contacted by the
powder rmass. [0010] O her objects and advant ages of
this invention will be better appreciated fromthe
tenfrmiratore (for ebetnaplbewitlinsIBO°0Y b the Slffdde dInBsdtbd By The Bhwder
THE DRAW NGS [0011] Figure 1 schematically represents
Mazsnass 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
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- [0013] The invention will be described with specific

reference to processing of conponents for a gas
[003 1) bi ne Figviie Heschemptisally repubsearity atrhass éfgmvideatretal paticles

, i th b ial . .
oot E0R Lo or SR SOTPANGALS 1l Lo RS noR R S susespie
to mitrova@vpdreating to BRAIE MicEowARCbIBEPGESE B860rdahbe Withha

t hose discussed, .and such variations are within the
em%%cg'ﬁ'gng?ﬁf'ﬁip§es‘?q§\'/§’rﬁnf'8ﬂ: [0014] Figures 1 and 2

depi ct enbodi ments of this invention, in which

consi stent reference nunbers are used to identify
[00%2nct | ohHIUrg 2gichipmatically (epresasnts a nRassuofepalvder metal particles
simgé;fjr“ttsi i tg)g@’liéé}feﬁeﬂftecfé%%ﬁec?og%sssu L0 aps%\‘t\iqs%tenggn%laining 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




5 between and contacting opposing surfaces of two
substrates 14 and 24 to be netallurgical joined by
the particles 12, and Figure 2 schematically
represents a mass 10 of powder netal particles 12
deposited on a surface of a substrate 14 for the

pur pose of repairing a defect in the surface. As

di scussed below, the invention provides a process by
which the particles 12 are nelted and resolidified to
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component and its anticipated operating conditions. As will be noted below,
various other metallic materials are also possible 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 particies 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




only by the requirement that the particles 12 have a
conmposition that is capable of being heated by
m crowave radiation 26 and is conpatible with the
materials of the substrates 14 and 24 while at the
maxi mum heating tenperature i nduced 6 by m crowave
radi ati on 26. Materials capable of being heated when
subjected to mcrowave radiation include
non- conduct ors and conductors under appropriate
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partlcles 12 to have a composition that contains lower amounts of boron and/or

silicon than typicaily added as a melting point depressant, for example, less than
one weight percent of boron and/or less 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 later 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 alloy whose




one wei ght percent of boron and/or |ess than three

wei ght percent of silicon. As such, it is possible
for the particles 12 to contain one or nore nelting
poi nt  suppressants, though not at |evels that would

| ead to an unacceptable [ oss 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 later during the life
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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 particular 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 less 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.




nanoneters for conventional m crowave 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.
Consequent |y, suitable and preferred naxinum sizes
for the particles 12 will depend on the particul ar
application, tenperatures, and materials involved.
Generally speaking, it is believed that a maxi num
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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 915 MHz, with the former believed to be
preferred. However, it should be understood that other frequencies are
technically capable of use. A benefit of using a lower frequency is the greater

associated wavelength, which may be better suited for higher power transmission




a multi-node cavity, which as known in the art
provides for a mcrowave field that does not
establish a standing wave, but instead provides a
uni form anplitude of both its magnetic and el ectric
conponents. Alternatively, a single-node cavity can
be used, in which case a standing or traveling wave is
propagat ed, enabling inposition, to a certain extent,
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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 |limted only by the
following clainms. 10 CLAIMS: 1. A brazing process
conprising: applying a mass (10) of netallic powder
particles (12) to a surface of a substrate (14), at
| east some of the netallic powder particles (12) being
sufficiently small to be sufficiently susceptible to

CLAIMS:owave radiation (26) to be nelted thereby;
subjecting the mass (10) to m crowave radi ation (26)
so that the netallic powder particles (12) within the

LLf.the m crowave radiation (26)

- gﬁ%@??‘é@%ﬁ%@"ﬁ% “to netallurgically bond to the

subst r atepiying) a massol( 1) e metemcrpm\tdemg)arﬁwemtm)dwajrface

Latl 6 d, al | th 0) t I )
of 4 38b88"4f ok B Fout Phths d5eRliizbonderimitigh8azs being
suﬁaﬁmwmal t® bel suffigidnthyCOMRBLIBIE téerﬁldré\nlé\f@?adi‘éﬂorp{)%t) h§ be

@)I |ic powder particles (12) wthin the mass

ef¢Ry: same netal lic conposition. 3. The process

accor di %ﬂbj"e?tul‘i}ﬁe %“Maé}! gﬂ) etgahmfc? %Syée i&@ﬂa}h 35@ s Mfat the

mass ai ns
metlaﬁlgquwmr particleei (R} V\pthntthﬁ masis (UO) cnuplecwmh‘i thessicrowave

a5 o 5 SR T Sl WSl o 1 e PSS (1
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boron and siljicon as  inpurities onli/ﬁ) 5. The process
accor di H§eTarting, theanigfowavg; ragdiatiom{2f)gand;, a]lowmg the mass

(10) to cool, solidify, and form a solid brazement.

mel

2. The process according to claim 1, characterized in that all of the
metallic powder particles (12) within the mass (10) have the same metallic
composition.

3. The process according to claim 1 or 2, characterized in that the
mass (10) of metallic powder particles (12) contains less than one weight percent
of boron and/or less than three weight percent of silicon.

4. The process according to claim 1 or 2, characterized in that the
mass (10) of metallic powder particles (12) contains boron and silicon as
impurities only.

5. The process according to any one of claims 1 through 4,
characterized in that each of the metallic powder particles (12) has a nickel-base
superalloy composition.
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characterized in that each of the netallic powder
particles (12) has a nickel -base superall oy
conposition. 11 6. The process according to any one of
claims 1 through 5, characterized in that the
substrate (14) is formed of a nickel -base superall oy.
7. The process according to any one of clains 1
through 6, characterized in that the netallic powder
particles (12) are formed of the nickel- base
superal l oy of the substrate (14). 8. The process

one of clains 1 through 7,
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particle size of about 100 micrometers.

9. The process according to any one of claims 1 through 8,
characterized in that the brazement metallurgically bonds to the substrate (14) to
form a repair region on the substrate (14) as a result of the melting of the metallic
powder particles (12) and cooling of the mass {10) to form the brazement.

10. The process according to any one of claims 1 through 8,
characterized in that the brazement metallurgically bonds the substrate {(14) to a
second substrate (24) as a result of the melting of the metallic powder particles
(12) and cooling of the mass (10) to form the brazement.
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