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NICKEL-BASED BRAZE ALLOY COMPOSITIONS 
AND RELATED PROCESSES AND ARTICLES 

BACKGROUND OF THE INVENTION 

[0001] In a general sense, this invention relates to braZe 
compositions. More speci?cally, it relates to braZe materials 
suitable for repairing nickel-based superalloy articles, or for 
joining different sections of superalloy components. 

[0002] Nickel- and cobalt-based superalloys are very 
important in a number of industrial applications. These 
applications often involve extreme operating conditions, 
Wherein the superalloys may be exposed to high tempera 
tures, e.g., above about 750° C. Moreover, the alloys may be 
subjected to repeated temperature cycling, e.g., exposure to 
high temperatures, folloWed by cooling to room tempera 
ture, and then folloWed by rapid re-heating. Gas turbine 
engines are a prime example of components subjected to 
such an environment. 

[0003] It is frequently necessary to join various superalloy 
components together, and braZing techniques are often pre 
ferred to accomplish this objective. As an example in the 
case of poWer turbines, braZing may be used for a variety of 
critical components, such as turbine seals, ?rst-stage turbine 
noZZle guide vanes, and turbine blades. These types of parts 
are often subjected to high temperatures and high-oxidation 
conditions in service. 

[0004] AWide variety of braZe compositions are commer 
cially available, and can be adjusted to meet the require 
ments for the particular components being joined. As one 
example, US. Pat. No. 6,165,290 (Rabinkin) describes 
braZing materials based on cobalt-chromium-palladium 
type alloys. The materials are said to be useful for braZing 
superalloy components Which operate in a high temperature 
service environment. As another example, US. Pat. No. 
4,414,178 (Smith, Jr. et al) describes nickel-palladium 
chromium-boron braZing alloys. Those materials are useful 
for braZing in the 1800-2000° F. (982-1093° C.) temperature 
range, and exhibit good How and “Wettability” characteris 
tics. 

[0005] In addition to their use in the formation of joints, 
the braZe compositions are often employed as repair mate 
rials. For example, they can be used to ?ll cracks, cavities, 
and other indentations Within the surface of a superalloy 
component. US. Pat. No. 6,530,971 (Cohen et al) describes 
a nickel-based repair composition in the form of tWo poW 
ders. One of the poWders includes, primarily, chromium, 
cobalt, titanium, aluminum, tungsten, and molybdenum, in 
addition to nickel. The other poWder contains some of these 
elements, along With a signi?cant amount of boron, Which 
alloWs it to melt at a much loWer temperature than the ?rst 
poWder. Combination of the tWo poWders results in a braZe 
slurry Which effectively melts and ?lls a crack, but Which 
does not interfere With surrounding features, such as turbine 
cooling holes. 

[0006] Another repair process is described in US. Pat. No. 
6,520,401 (Miglietti). The method involves ?lling a gap or 
crack in a metal component, using a liquid-phase diffusion 
bonding technique. The gap is ?rst ?lled With an alloy 
poWder having a composition similar to that of the compo 
nent, and substantially free of melting point depressants. A 
braZe Which contains a melting point depressant is then 
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applied over the poWder in the gap. A?rst heating treatment 
is then employed to bring the temperature above the liquidus 
of the braZe, but beloW the melting point of the poWder. This 
alloWs the braZe to in?ltrate spaces Within the poWder. In a 
second heating stage, a temperature beloW the liquidus of the 
?ller material is maintained, While diffusion of the melting 
point depressant occurs. 

[0007] It is readily apparent that many different types of 
braZe compositions are available, and are often used in 
repairing or joining superalloy components. While each of 
the commercial compositions may be very suitable for a 
number of applications, most of them still exhibit some 
de?ciencies When they are used in certain situations. In the 
past, the de?ciencies have often been of minimal impor 
tance, in vieW of the overall advantages of the braZe mate 
rials. HoWever, recent trends in various industrial segments 
have served to highlight some of those de?ciencies. 

[0008] In a very general sense, there are tWo primary 
requirements for the braZe materials (Whether used in a 
joining process or a repair process). First, they should be 
capable of being applied effectively to the component(s), 
e.g., With suf?cient How and Wettability characteristics. 
Second, they must be capable of eventually solidifying into 
a joint or ?ll-material With adequate physical properties, 
such as strength, ductility, and oxidation resistance. 

[0009] As technical requirements and other industrial 
needs increase, it is becoming more difficult to satisfy these 
general requirements for braZes. For example, many braZing 
operations for gas turbine components continue to require 
braZe materials With demanding ?oW characteristics. The 
materials must also melt at temperatures loW enough to 
protect the base material or Workpiece from becoming 
overheated or otherWise damaged. It is therefore often 
necessary to incorporate signi?cant amounts of metalloid 
elements such as boron and silicon into the braZe composi 
tions. 

[0010] HoWever, signi?cant levels of boron and silicon 
can be detrimental to the ?nal braZe product. For example, 
these elements tend to form brittle, intermetallic phases in 
the braZe microstructure. The Miglietti patent mentioned 
above alludes to this problem in the case of boron, e.g., 
describing the loss of ductility due to the presence of boride 
phases like Ni3B. 
[0011] Moreover, the Rabinkin patent describes other 
adverse effects caused by the use of boron and silicon 
metalloids. High-temperature components used in turbine 
parts, for example, often obtain their oxidation resistance via 
the formation of a dense alumina or alumina/titania protect 
ing ?lm on the surface of the component. If the components 
are subjected to braZing operations Which contain the met 
alloids, the protecting ?lm in the braZed region can be 
partially or completely damaged. As a result, the braZed 
interface can act as a conduit for oxygen penetration, leading 
to oxidation-attack of the entire part. 

[0012] Continuing developments in industry have made 
the search for improved braZe compositions more problem 
atic. The advent of higher-strength and more highly-alloyed 
superalloy materials has created the need for braZes Which 
are more closely matched With the superalloy. Speci?cally, 
the braZe material often has to have a microstructure that is 
closely matched With the microstructure of the base alloy, 
While still exhibiting the high strength needed for many 
industrial applications. 
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[0013] Moreover, in the case of equipment like gas turbine 
engines, standard operating temperatures continue to be 
increased, to achieve improved fuel ef?ciency. This trend 
increases the propensity for corrosion and oxidative attack 
of the turbine components, i.e., the superalloy materials 
from Which the engines are made. While steps are taken to 
improve the base alloys or otherWise protect them from this 
damage, steps also have to be taken to ensure the integrity 
of any braZed regions Within the turbine engines. 

[0014] It should thus be evident that neW braZe composi 
tions for use With nickel-based superalloys Would be very 
Welcome in the art. The compositions should have a melting 
point loW enough for many current braZing operations (e.g., 
for turbine engines). They should include only restricted 
amounts of elements such as boron and silicon, Which can 
produce secondary phases in the ?nal braZe, or Which can 
otherWise decrease braZe integrity. 

[0015] Moreover, the braZe compositions should have 
How and Wettability characteristics Which facilitate joint 
forming or cavity-?lling processes. The compositions 
should also be generally compatible With the component 
being braZed, e.g., in terms of microstructure. Furthermore, 
after solidifying, the braZe compositions should exhibit the 
necessary characteristics for a given end use application, 
e.g., a desirable level of strength, ductility, and oxidation 
resistance. 

BRIEF DESCRIPTION OF THE INVENTION 

[0016] A nickel-based braZe composition is described 
herein. The composition comprises: 

[0017] 
[0018] about 0.1 atom % to about 5 atom % (total) of 

at least one element selected from the group con 
sisting of boron and silicon; 

about 10 to about 25 atom % palladium; and 

[0019] With the balance comprising nickel. (As used 
in this description, “nickel-based” is meant to 
embrace compositions in Which nickel is the pre 
dominant element. The compositions usually contain 
at least about 40 atom % nickel, along With one or 
more of the other elements described herein.). 

[0020] Palladium is very effective as a melting point 
depressant for the composition, in addition to other advan 
tages described beloW. Moreover, the inventors have dis 
covered that this particular range of boron and/or silicon is 
high enough to enhance the How and Wettability of the braZe, 
but loW enough to prevent or minimize the occurrence of 
brittle secondary phases. In contrast, similar braZe compo 
sitions employed in the past often utiliZed larger amounts of 
boron and silicon—usually greater than about 10 atom % 
(combined), based on the atomic Weight of the entire braZe 
composition. Speci?c levels of boron and silicon for espe 
cially preferred embodiments are also described beloW. 

[0021] The braZe composition usually includes additional 
elements, as described beloW. Examples include tantalum, 
titanium, and Zirconium. Other examples include aluminum, 
chromium, and cobalt. Minor amounts of a variety of other 
elements are also described beloW, as are preferred levels for 
all of these constituents. 

[0022] Another embodiment of the invention is directed to 
a method for joining tWo metal components formed of 
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nickel-based alloys. (Sometimes, the term “substrate” is 
used herein in place of “component”). The method includes 
the folloWing steps: 

[0023] a) placing a joint-forming amount of the braZe 
composition (described herein) betWeen the metal 
components to be joined; 

[0024] b) heating the braZe composition to a braZing 
temperature suf?cient to melt the composition, but 
not the adjacent components; and 

[0025] c) cooling the braZe composition so that it 
re-solidi?es and forms a joint betWeen the compo 
nents. 

[0026] The braZe composition can be used in many forms 
for this process, such as slurry, tape, or foil. The use of the 
particular braZe composition described herein appears to 
enhance the braZing process, e.g., in terms of Wetting and 
?oW. Another desirable result is the formation of a strong 
braZe segment Which exhibits good oxidation- and corro 
sion-resistance. Another process Which bene?ts from these 
compositions is also described herein, i.e., a process for 
?lling a cavity in a superalloy-type component With the 
braZe material. A common example of this process involves 
crack repair in gas turbine components. 

[0027] Articles of manufacture constitute additional 
embodiments of this invention, and are described beloW. In 
brief, one article relates to a superalloy component joined to 
another component With the nickel-based braZe composition 
described herein. Another article is directed to a superalloy 
component Which includes a crack or other type of cavity, 
?lled With the braZe composition. 

[0028] Further details regarding the various features of 
this invention are found in the remainder of the speci?cation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] As mentioned above, the nickel-based braZe com 
position of this invention comprises about 10 to about 25 
atom % palladium. Palladium is very effective as a melting 
point depressant for the composition. Its presence thus 
results in loWer braZe temperatures, Which are highly desir 
able in many instances. Moreover, unlike melting point 
depressants such as boron and silicon, palladium exhibits a 
relatively high solubility in a nickel matrix. The high solu 
bility prevents or minimiZes the formation of brittle second 
ary phases in the nickel matrix. 

[0030] The speci?c amount of palladium used for a par 
ticular braZe composition Will depend on various factors. 
They include: the composition of the Workpiece(s) being 
braZed, the desired melting point for the composition; duc 
tility requirements for the braZed segment, oxidation resis 
tance requirements for the braZed segment; the type of 
braZing technique employed; and the identity of the other 
elements present in the braZe (Which Will affect the solubility 
of the palladium in the nickel phase). Other considerations 
may also be taken into account, e.g., cost and availability. In 
some preferred embodiments, the level of palladium is in the 
range of about 12 atom % to about 20 atom %. In some 
especially preferred embodiments, the level of palladium is 
in the range of about 16 atom % to about 18 atom %. 
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[0031] The braZe composition further comprises limited 
amounts of boron or silicon, or a combination of boron and 
silicon. The total amount of these elements should be at least 
about 0.1 atom %. It is believed that each of these elements 
may sometimes provide a degree of Wettability and How to 
the braZe composition. These characteristics can be very 
helpful for ensuring that the braZe material stays in intimate 
contact With the Workpiece, and can readily ?ll cracks or 
other voids When necessary. Boron and silicon also help to 
reduce the melting point of the braZe, as discussed previ 
ously. 

[0032] HoWever, it is important that the amount of boron 
and silicon be no greater than about 5 atom % (total). This 
limit on their presence substantially eliminates or minimiZes 
the formation of secondary phases Within the nickel micro 
structure, e.g., boride phases. In this manner, problems 
associated With those secondary phases are also eliminated 
or minimiZed, such as reduced ductility. High-temperature 
corrosion resistance and oxidation resistance, e.g., in the 
operating range of about 1800° F.-2100° F. (982° C.-1149° 
C.), can also be maintained. 

[0033] It should be noted that the “5 atom %” ceiling on 
the inclusion of boron and silicon can be equated to a very 
loW Weight-percent ceiling. The folloWing equation charac 
teriZes the approximate correspondence betWeen atom % 
and Weight % limits on boron and silicon: 

[0034] Where CSi is Weight % silicon, and CB is Weight % 
boron. Several, non-limiting illustrations Will be provided 
here, since the exact percentages Will vary With the speci?c 
composition of the braZe. Thus, for a nickel-based braZe 
composition Which also contains 16 atom % palladium, the 
“5 atom % ceiling” described above can be equated to 
approximately 0.9 Weight % boron, When just one of boron 
and silicon is included. In those instances in Which only 
silicon is present (With no boron), the “5 atom % ceiling” can 
be equated to approximately 2.3 Weight % silicon. (These 
values Would vary slightly With the speci?c level of palla 
dium present, or if elements like chromium and aluminum 
are also present). 

[0035] Another general illustration of the ceiling on boron 
and silicon in Weight % can be provided, for a braZe 
composition Which contains equai amounts of the tWo 
elements, in terms of atomic %, e.g., 2.5 atom % B and 2.5 
atom % Si. In that instance (for Ni/Pd/Si/B compositions), 
the “5 atom % ceiling” Would be equated to approximately 
0.42 Weight % boron and 1.09 Weight % silicon. (The 
equation above describing the Weight percent limits results 
in a value of 2.2). An illustration can also be provided for 
that type of composition (2.5 atom % B/2.5 atom % Si), 
containing other elements Within the scope of the present 
invention. For example, if the composition contained 16 
atom % palladium, and also contained 10 atom % aluminum, 
11 atom % chromium, and 5 atom % Zirconium, the ceiling 
Would be equated to approximately 0.44 Weight % boron and 
1.13 Weight % silicon. (The equation above describing the 
Weight percent limits results in a value of 2.3). 

[0036] In some preferred embodiments, the amount of 
boron present is no greater than about 2 atom %, e.g., from 
about 0.1-2 atom %. Moreover, the amount of silicon present 
is often in the range of about 2 atom % to about 5 atom %, 
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as long as the maximum, total limit of boron and silicon, 
mentioned above, is satis?ed. (Thus, compositions Which 
include selected amounts of silicon Without any boron, or 
vice versa, are possible in some embodiments). In terms of 
relative amounts, silicon is sometimes preferred over boron, 
in vieW of the greater solubility of silicon Within the nickel 
alloy. 

[0037] The braZe composition may also contain at least 
one element selected from the group consisting of tantalum, 
titanium, and Zirconium (“Ta/Ti/Zr”). When used, these 
elements are typically present at a level (total) in the range 
of about 0.1 atom % to about 40 atom %. HoWever, their 
relative amounts are to some degree dependent on the 
Workpiece being braZed. (The desired liquidus temperature 
for the braZe is also an important factor, as described beloW). 
In other Words, the braZe alloy composition is often formu 
lated to be compatible With the composition of the superal 
loy of the Workpiece. As an example, the Workpiece may 
sometimes be a nickel-based superalloy, like Rene 80 or 
GTDTM 111, Which contains relatively high levels of tita 
nium, e.g., 5-6 atom %. In that instance, the braZe compo 
sition might preferably contain about 1-7 atom % titanium. 
In contrast, a Workpiece may be formed from an alloy like 
Rene N5, Which does not contain any titanium, but contains 
about 2 atom % tantalum. In such a case, the braZe compo 
sition might contain about 1-3 atom % tantalum. 

[0038] In some preferred embodiments in Which tantalum, 
titanium, and/or Zirconium may be included in the braZe 
alloy composition, they are present at a level (i.e., their total) 
in the range of about 1 atom % to about 15 atom %. The 
speci?c amounts of each element Which are most appropri 
ate for a given end use can be determined by considering the 
various factors discussed herein. In some especially pre 
ferred embodiments, these three elements are present at a 
level in the range of about 1 atom % to about 10 atom %. 

[0039] In many embodiments, the braZe composition 
includes at least one of aluminum or chromium. In addition 
to other advantages, both of these elements can enhance the 
oxidation resistance of the braZe at high temperatures. When 
employed, the total amount of aluminum and chromium 
present is usually in the range of about 0.5 atom % to about 
30 atom %. 

[0040] As alluded to above, the composition of the sub 
strate is an important factor in determining the appropriate 
amounts of braZe constituents like aluminum and chromium. 
For example, if the substrate has a relatively high amount of 
aluminum, e.g., 12-13 atom %, the braZe composition may 
include similar amounts of aluminum. Conversely, sub 
strates With loWer amounts of aluminum (e.g., 5-6 atom %) 
Will often bene?t from braZe compositions With loWer levels 
of aluminum. 

[0041] Moreover, the braZe composition should not typi 
cally function as a “sink” for aluminum. In other Words, if 
the aluminum level in the braZe is loW (or Zero), as compared 
to relatively large amounts of aluminum in the substrate, 
then aluminum from the substrate Would tend to diffuse into 
the braZe during service. This diffusion could adversely 
affect the properties of both the braZe joint and the substrate. 

[0042] In some preferred embodiments, the level of alu 
minum is in the range of about 2 atom % to about 16 atom 
%. In especially preferred embodiments, the level is about 4 
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atom % to about 15 atom %. In some preferred embodi 
ments, the level of chromium is about 7 atom % to about 15 
atom %. In especially preferred embodiments, the level is 
about 10 atom % to about 12 atom %. 

[0043] Other factors are also involved in determining the 
most appropriate level of aluminum and chromium, as Well 
as Ta/Ti/Zr. The desired liquidus temperature for the braZe is 
very important. The term “liquidus temperature” is knoWn in 
the art, and described, for example, in US. Pat. No. 4,414, 
178, incorporated herein by reference. The “liquidus tem 
perature” is understood to mean the temperature above 
Which all of the metal in the braZe is liquid. 

[0044] Generally, the brazing temperature of an alloy is 
selected to be approximately 50° F. (28° C.) higher than the 
liquidus temperature. It is usually desirable that the braZe be 
fully liquid at a temperature Where the alloy in the Workpiece 
remains fully solid. As an example in the case of superalloy 
components being joined, the desired braZing temperature 
should be beloW the solidus of the component alloys, but 
above the liquidus of the braZe composition. (The siZe of the 
substrate, e.g., the Workpiece being braZed, is also a factor 
here. A greater degree of segregation Will occur in larger 
Workpieces. This Will often necessitate a loWer braZing 
temperature, to avoid melting of the Workpiece). 

[0045] Strong, heavily-alloyed materials like Rene N5 
contain a substantial amount of refractory elements, and thus 
exhibit a relatively high melting point. In that instance, the 
liquidus temperature is also relatively high. Thus, in some 
preferred embodiments, the amount of tantalum, titanium, 
Zirconium, aluminum and chromium (When one or more of 
these elements are used) in the braZe composition is suffi 
cient to achieve a braZe liquidus of no greater than about 
1230° C., e.g., about 1200° C. to about 1230° C. 

[0046] Other types of substrate alloys are designed to have 
less refractory content, With greater amounts of elements 
such as titanium. These types of substrates (e.g., Rene 80 
and GTDTM 111) Would therefore exhibit loWer melting 
points than the Rene N5-type materials. In this instance, the 
amount of tantalum, titanium, Zirconium, aluminum and 
chromium, When used in the braZe composition, is sufficient 
to achieve a braZe liquidus of about 1170° C. to about 1200° 
C. 

[0047] The braZe composition may contain a variety of 
other elements as Well. The selection of particular elements 
Will depend in part on the various factors noted above, such 
as requirements for strength, ductility, and oxidation resis 
tance. Economic considerations (e.g., the cost of braZe 
constituents), as Well as material availability, are also con 
siderations. 

[0048] As an example, many of the braZe compositions 
may include cobalt. Cobalt is especially desirable When the 
substrate also contains cobalt. (Cobalt is often used to 
improve microstructural stability). As in the case of other 
braZe constituents, the amount of cobalt Which is present 
Will also depend in part on the amount of cobalt in the 
substrate. When used, cobalt is typically present at a level in 
the range of about 1 atom % to about 15 atom %. In preferred 
embodiments, the level is in the range of about 3 atom % to 
about 10 atom %. 

[0049] Other elements Which are sometimes included in 
the braZe composition include carbon, molybdenum, tung 
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sten, rhenium, and/or iron. The factors described previously 
provide guidance as to the inclusion of these elements, and 
their relative amounts. Usually, each element is optionally 
present at a level no greater than about 3 atom %. Exemplary 
ranges for these elements are as folloWs: 

TABLE 1 

Carbon About 0.1 atom % to about 1.0 atom % 

Molybdenum About 0.1 atom % to about 3.0 atom % 

Tungsten About 0.1 atom % to about 2.0 atom % 

Rhenium About 0.1 atom % to about 2.0 atom % 

Iron About 0.1 atom % to about 3.0 atom % 

[0050] Table 2 lists some of the more speci?c composi 
tions Which fall Within the scope of this invention, and are 
preferred in some embodiments. Each composition com 
prises the constituents listed, and all quantities are in atom 
percent, based on 100 atom % for the entire composition: 

TABLE 2 

(I) Palladium about 12% to about 20% 
Boron/Silicon" about 0.1% to about 5% 
Aluminum about 2% to about 16% 
Chromium about 7% to about 15% 
Nickel balance 

(II) Palladium about 12% to about 20% 
Boron/Silicon" about 0.1% to about 5% 
Aluminum about 2% to about 16% 
Chromium about 7% to about 15% 
Titanium about 3% to about 10% 
Nickel balance 

(III) Palladium about 12% to about 20% 
Boron/Silicon" about 0.1% to about 5% 
Aluminum about 2% to about 16% 
Chromium about 7% to about 15% 
Titanium about 3% to about 10% 
Tantalum about 1% to about 3% 
Zirconium about 0.5% to about 3% 
Nickel balance 

(IV) Palladium about 12% to about 20% 
Boron/Silicon" about 0.1% to about 5% 
Aluminum about 2% to about 16% 
Chromium about 7% to about 15% 
Titanium about 3% to about 10% 
Cobalt about 1% to about 15% 
Nickel balance 

(V) Palladium about 12% to about 20% 
Boron about 0.1% to about 2% 
Aluminum about 2% to about 16% 
Chromium about 7% to about 15% 
Titanium about 3% to about 10% 
Tantalum about 1% to about 3% 
Zirconium about 0.5% to about 3% 
Nickel balance 

(VI) Palladium about 12% to about 20% 
Silicon about 2% to about 5% 
Aluminum about 2% to about 16% 
Chromium about 7% to about 15% 
Titanium about 3% to about 10% 
Tantalum about 1% to about 3% 
Zirconium about 0.5% to about 3% 
Nickel balance 

(VII) Palladium about 10% to about 15% 
Silicon about 3% to about 5% 
Titanium about 15% to about 28% 
Zirconium about 10% to about 18% 
Nickel balance 
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TABLE 2-continued 

(VIII) Palladium 
Boron/Silicon" 

about 12% to about 20% 
about 0.1% to about 5% 

Aluminum about 2% to about 16% 
Chromium about 7% to about 15% 
Tantalum about 0.5% to about 2.5% 
Nickel balance 

*At least one of boron and silicon — total level. 

[0051] In some additional embodiments, each of the com 
positions I to VIII may further comprise relatively minor 
amounts of other elements. Most were mentioned above, 
e.g., carbon, molybdenum, tungsten, rhenium, and iron. 
Each of these elements, if included, is usually present in the 
range of about 0.1 atom % to about 3 atom %. 

[0052] As mentioned above, the nickel-based braze com 
position can be used in a variety of techniques for joining 
various components (e.g., turbine engine parts), or for 
repairing sections of a component, e.g., crack repair. In 
general, brazing techniques are well-known in the art. Non 
limiting examples include the Smith patent referenced 
above, as well as US. Pat. Nos. 6,520,401; 6,464,128; 
6,200,690; and 6,165,290, which are also incorporated 
herein by reference. Typical brazing techniques include 
activated diffusion healing (ADH), partitioned alloy com 
ponent healing (PACH), and transient liquid phase bonding 
(TLP). The braze composition is usually in the form of a 
slurry, tape, foil, wire, powder, or putty. Some of these 
brazing forms are discussed in more detail below. Other 
brazing details are also known in the art, e.g., cleaning steps 
to remove oxides or contaminants before brazing. 

[0053] Slurries are frequently used for brazing. Details 
regarding their contents and preparation are also described 
in many sources. Examples are U.S. Pat. No. 4,325,754 and 
US. patent application Ser. No. 10/256,602 Hasz et al, 
?led Sep. 30, 2002), both incorporated herein by reference. 
[0054] In addition to the braze constituents discussed 
above, slurries usually contain at least one binder and a 
solvent (or multiple solvents). The solvents can be either 
aqueous or organic. The binders are often water-based 
materials such as polyethylene oxide and various acrylics; or 
solvent-based materials. The slurry can contain a variety of 
other conventional additives, such as dispersants, wetting 
agents, de?occulants, stabilizers, anti-settling agents, thick 
ening agents, plasticizers, emollients, lubricants, surfactants, 
anti-foam agents, and curing modi?ers. The slurry can be 
deposited on the substrate (or between two substrates being 
joined) by any convenient technique, in one or more layers. 
Prior to being heated to a brazing temperature, the slurry is 
sometimes heat-treated by any suitable means, to remove 
some or all of its volatile components. 

[0055] As mentioned above, the braze composition can 
alternatively be utilized in the form of a tape. For example, 
the slurry described above can be tape-cast, to produce a 
free-standing sheet or tape. Tape-casting methods are known 
in the art. Usually, the slurry is tape-cast onto a removable 
support sheet, e.g., a plastic sheet formed of a material such 
as Mylar®. Substantially all of the volatile material in the 
slurry is then allowed to evaporate. The removable support 
sheet is then detached from the green braze tape. The 
resulting tape usually has a thickness in the range of about 
1 micron to about 500 microns. 
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[0056] The free-standing, green braze tape can then be cut 
to a size appropriate for the particular brazing technique, and 
applied to the location where brazing will take place. Vari 
ous techniques can be used to temporarily hold the tape in 
place, prior to the actual brazing or fusing step. Examples 
include the use of adhesives, spot-welds, or tack-welds. For 
a joining operation, the green braze tape can be sandwiched 
between the two components, and then heat-treated under 
the conditions mentioned below. 

[0057] The use of the braze composition in the form of a 
metal sheet or “foil” is also known in the art. As one 
example, the braze material, in the form of a powder, can be 
?rst combined with a binder and/or with additional metal 
powder which is similar in composition to the substrate. The 
combined material is then deposited onto a support sheet, 
e.g., by a thermal spray technique such as HVOF (high 
velocity oxy-fuel). The support sheet is then removed, 
leaving the desired metal foil. Foils of this type can also be 
prepared by other methods as well, e. g., an amorphous metal 
ribbon technique. A “pre-forming” technique could also be 
used, wherein the previously-described green tape is par 
tially ?red (off the part), to form a metallic sheet. Prior to the 
actual brazing step, the foil can be temporarily held in place 
on the substrate, as described above. 

[0058] Brazing is carried out at a temperature suf?cient to 
melt the braze composition, but not the surrounding metal 
component (or components). Various factors are considered 
in determining the most appropriate brazing temperature; 
some were described previously. They include: the speci?c 
braze constituents; the liquidus and solidus of the braze and 
of the components being joined; the composition and size of 
the components; the form in which the braze is used; and the 
type of heating technique employed. In a typical industrial 
application, e.g., for gas turbine components, brazing tem 
peratures are usually in the range of about 1150° C. to about 
1260° C. 

[0059] When possible, brazing is often carried out in a 
vacuum furnace. The amount of vacuum will depend in part 
on the composition of the braze alloy. Usually, the vacuum 
will be in the range of about 10-1 torr to about 10-8 torr. 
Brazing times for the nickel-based braze compositions will 
depend on many of the factors described previously, but 
usually range from about 10 minutes to about 1 hour. Very 
often, brazing is followed by one or more diffusion steps (at 
the brazing temperature or lower) which function, in part, to 
homogenize the braze microstructure. 

[0060] As mentioned above, the braze composition is 
often used to ?ll a cavity in a superalloy component, e.g., a 
gas turbine engine part. The cavity—often in the form of a 
crack—may be present, for example, in a turbine blade, 
vane, or compressor case. It can occur for a variety of 
reasons, e. g., thermal fatigue, pitting because of corrosion or 
oxidation; and denting from impact with foreign objects. In 
order to prolong the useful life of the component, ?lling of 
the cavity is often necessary. 

[0061] The cavity can ?rst be ?lled with the braze com 
position described herein. Any conventional technique may 
be used to ?ll the cavity, depending in part on the form of 
braze, e.g., slurry, tape, and the like. The braze is then heated 
to a temperature suf?cient to cause it to melt, while not 
melting any surrounding material of the component. The 
liquid-like material can then How and completely ?ll the 
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cavity. When the material cools, it re-solidi?es Within the 
cavity. (It should be understood that “cooling” of the braZe 
composition is meant to include passive cooling, or speci?c 
cooling steps, e.g., vacuum cooling, bloWing With an inert 
gas, and the like). 

[0062] As alluded to above, some embodiments involve 
the use of tWo poWders Which, When combined, function as 
a braZe admixture or “braZe system”. One of these poWders 
is the braZe composition described above, and may be 
referred to as simply the “braZe” for the sake of clarity. The 
second poWder usually has a composition similar to that of 
the base alloy Which is being joined or repaired, and can be 
referred to as the “metal or alloy poWder” or “metal/alloy 
poWder”. The metal/alloy poWder is often substantially free 
of boron and silicon, and contains less than about 2 atom % 
palladium. The melting point of the metal/alloy poWder is 
often about 50° C. degrees higher than the melting point of 
the braZe. An eXample of a metal/ alloy poWder Which can be 
used With the braZe composition of the present invention is 
one based on the GTDTM 111 alloy, mentioned previously. 
Such a poWder contains, in atom %: 58.9% Ni, 6.4% A1, 
9.3% Co, 15.6% Cr, 0.9% M0, 1.0% Ta, 6% Ti, 1.3% W, and 
0.5% C, along With trace amounts of other elements. 

[0063] The braZe and metal/alloy poWder can be combined 
With a binder and other additives described above, forming 
a viscous paste. The paste can be applied to the substrate, 
e.g., a crack, and then heated as described previously. Use of 
this pre-miXed braZing system has advantages in some 
applications, e.g., in ?lling large cracks or other cavities. 
(The nearby presence of the metal/alloy poWder particles, 
relative to the braZe particles, can often alloW for greater 
diffusion of the boron and/or silicon out of the braZe and into 
the metal/alloy). As another alternative, the paste can be 
used in the form of a tape or foil, prepared, for eXample, by 
one of the techniques mentioned above. 

[0064] The tWo poWders, i.e., the braZe and the metal/alloy 
poWder, can also be applied to the substrate separately, and 
then combined during one or more heating steps. A non 
limiting eXample of such a technique (sometimes referred to 
as “diffusion bonding” or “liquid phase diffusion bonding” 
is provided in US. Pat. No. 6,520,401 (Miglietti), discussed 
above. As an illustration, a crack or other type of cavity is 
?rst ?lled With the metal/alloy poWder. The braZe of this 
invention (containing melting point depressants) is then 
applied over the metal/alloy poWder. In a ?rst heating stage, 
the tWo poWders are heated to a temperature above the 
liquidus of the braZe, and beloW the melting point of the 
metal/alloy poWder. This temperature is maintained for a 
period suf?cient for the braZe to in?ltrate the spaces Within 
the metal poWder. In a subsequent heating stage, a tempera 
ture beloW the liquidus of the combined braZe and poWder 
is maintained While substantial diffusion of the melting point 
depressants (palladium With boron and/or silicon) occurs. In 
this manner, the cavity can be completely and effectively 
?lled With a braZe system having the physical and chemical 
properties described herein. 

[0065] It should be evident from the teachings set forth 
above that another embodiment of this invention is directed 
to various articles of manufacture. As an eXample, one 
article is a superalloy component Which might include a 
crack or other type of cavity. The term “superalloy” is 
intended to embrace complex nickel-based alloys Which 
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include one or more other elements, such as rhenium, 
aluminum, tungsten, molybdenum, titanium, or iron.) Super 
alloys are described in various references, such as US. Pat. 
Nos. 5,399,313 and 4,116,723, both incorporated herein by 
reference. The cavity of the component is ?lled With one of 
the braZe compositions described herein. 

[0066] Another article is directed to a superalloy compo 
nent joined to another component With the nickel-based 
braZe composition described herein. There are many 
eXamples Where braZe joints of this type are used. One 
non-limiting eXample involves the noZZle section (e.g., the 
noZZle cover plate) of a gas turbine engine. Very often, the 
end plates for the noZZle are braZed to the main body of the 
noZZle, forming a cooling passage. Use of the braZe com 
position of this invention is believed to result in a joint 
Which has the characteristics required for strenuous, high 
heat employment of the noZZle section. 

[0067] Having thus described the invention in rather full 
detail, it Will be understood that such detail need not be 
strictly folloWed. Thus, various changes and modi?cations 
may suggest themselves to one skilled in the art. All of these 
changes and modi?cations fall Within the scope of the 
present invention as de?ned by the attached claims. All of 
the patents, articles, and teXts Which are mentioned above 
are incorporated herein by reference. 

What is claimed: 
1. A nickel-based braZe composition, comprising: 

about 10 to about 25 atom % palladium; and 

about 0.1 atom % to about 5 atom % (total) of at least one 
element selected from the group consisting of boron 
and silicon; 

With the balance comprising nickel. 
2. The composition of claim 1, Wherein the level of 

palladium is about 12 atom % to about 20 atom %. 
3. The composition of claim 1, Wherein the level of boron 

is no greater than about 2 atom %. 
4. The composition of claim 1, Wherein the level of silicon 

is in the range of about 2 atom % to about 5 atom %. 
5. The composition of claim 1, further comprising at least 

one element selected from the group consisting of tantalum, 
titanium, and Zirconium. 

6. The composition of claim 5, Wherein the total amount 
of tantalum, titanium and Zirconium present is in the range 
of about 0.1 atom % to about 40 atom %. 

7. The composition of claim 6, Wherein the total amount 
of tantalum, titanium and Zirconium present is in the range 
of about 1 atom % to about 15 atom %. 

8. The composition of claim 1, further comprising at least 
one element selected from the group consisting of aluminum 
and chromium. 

9. The composition of claim 8, Wherein the amount of 
aluminum present is in the range of about 0.5 atom % to 
about 16 atom %. 

10. The composition of claim 8, Wherein the amount of 
chromium present is in the range of about 0.5 atom % to 
about 15 atom %. 

11. The composition of claim 1, further comprising cobalt. 
12. The composition of claim 11, Wherein cobalt is 

present at a level in the range of about 1 atom % to about 15 
atom %. 
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13. The composition of claim 1, further comprising at 
least one element selected from the group consisting of 
carbon, molybdenum, tungsten, rhenium, and iron. 

14. The composition of claim 13, Wherein each element 
selected from the group consisting of carbon, molybdenum, 
tungsten, iron, and rhenium is optionally present at a level no 
greater than about 3 atom %. 

15. The composition of claim 1, further comprising at 
least one element selected from the group consisting of 
tantalum, titanium, Zirconium, aluminum and chromium. 

16. The composition of claim 15, Wherein tantalum, 
titanium, Zirconium, aluminum and chromium are optionally 
present at levels sufficient to achieve a braZe liquidus of no 
greater than about 1230° C. 

17. A nickel-based braZe composition, comprising: 

about 12 to about 20 atom % palladium; 

about 0.1 atom % to about 5 atom % (total) of at least one 
element selected from the group consisting of boron 
and silicon; 

about 0.1 atom % to about 40 atom % (total) of at least 
one element selected from the group consisting of 
tantalum, titanium and Zirconium; 

With the balance comprising nickel. 
18. A nickel-based braZe composition, comprising: 

about 12 to about 20 atom % palladium; 

about 0.1 atom % to about 5 atom % (total) of at least one 
element selected from the group consisting of boron 
and silicon; 

about 1 atom % to about 15 atom % (total) of at least one 
element selected from the group consisting of tantalum, 
titanium and Zirconium; 

about 0.5 atom % to about 16 atom % of aluminum; 

about 0.5 atom % to about 15 atom % chromium; 

With the balance comprising nickel. 
19. Amethod for joining tWo metal components formed of 

nickel-based alloys, comprising the folloWing steps: 

a) placing a joint-forming amount of a braZe composition 
betWeen the metal components Which have been posi 
tioned in a close-?tting arrangement, Wherein the braZe 
composition comprises: 
about 10 to about 25 atom % palladium; and 

about 0.1 atom % to about 5 atom % (total) of at least 
one element selected from the group consisting of 
boron and silicon; 

With the balance comprising nickel; 

b) heating the braZe composition to a braZing temperature 
suf?cient to melt the composition but not the metal 
components; and 

c) cooling the braZe composition so that it re-solidi?es 
and forms a joint betWeen the components. 

20. The method of claim 19, Wherein the braZe compo 
sition further comprises at least one constituent selected 
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from the group consisting of binders, solvents, dispersants, 
Wetting agents, de?occulants, stabiliZers, anti-settling 
agents, thickening agents, plasticiZers, emollients, lubri 
cants, surfactants, anti-foam agents, and curing modi?ers. 

21. The method of claim 19, Wherein the braZe compo 
sition is in the form of a tape, foil, Wire, poWder, slurry, or 
putty. 

22. The method of claim 19, Wherein step (b) is carried out 
in a vacuum furnace. 

23. The method of claim 19, Wherein the braZe compo 
sition further comprises at least one element selected from 
the group consisting of tantalum, titanium, and Zirconium, 
Wherein the total amount of tantalum, titanium and Zirco 
nium present is in the range of about 0.1 atom % to about 40 
atom %. 

24. The method of claim 19, Wherein the braZe compo 
sition further comprises at least one element selected from 
the group consisting of aluminum and chromium. 

25. A method for ?lling a cavity in a component formed 
of a nickel-based superalloy material, comprising the fol 
loWing steps: 

(I) incorporating a braZe composition into the cavity, 
Wherein the braZe composition is a ?rst metal poWder 
Which comprises: 

about 10 to about 25 atom % palladium; and 

about 0.1 atom % to about 5 atom % (total) of at least 
one element selected from the group consisting of 
boron and silicon; 

With the balance comprising nickel; 

(II) heating the braZe composition to a braZing tempera 
ture suf?cient to melt the composition and to cause it to 
How and completely ?ll the cavity, While not melting 
any surrounding material of the component; and 

(III) cooling the braZe composition so that it re-solidi?es 
Within the cavity. 

26. The method of claim 25, Wherein the cavity is a crack, 
and the braZe composition is in the form of a slurry. 

27. The method of claim 25, Wherein the braZe compo 
sition further comprises at least one element selected from 
the group consisting of tantalum, titanium, and Zirconium, 
Wherein the total amount of tantalum, titanium and Zirco 
nium present is in the range of about 0.1 atom % to about 40 
atom %. 

28. The method of claim 25, Wherein the braZe compo 
sition further comprises at least one element selected from 
the group consisting of aluminum and chromium. 

29. The method of claim 25, Wherein the braZe compo 
sition further comprises a second metal poWder, having a 
melting point different from that of the ?rst metal poWder. 

30. A superalloy component joined to another metal 
component With the nickel-based braZe composition of 
claim 1. 

31. A superalloy article having at least one cavity ?lled 
With the nickel-based braZe composition of claim 1. 


