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BRAZE ALLOY COMPOSITIONS

ABSTRACT OF THE DISCLOSURE

A nickel-based high-temperature braze alloy composition includes Cr, Hf, and B.
Furthermore, a cobalt-based high-temperature braze alloy composition includes Cr,
Hf, and B. The braze alloys can be used, for example, as a single homogenous braze.
The braze alloys can also be used, for example, as a component in a wide gap braze
mixture where higher or lower melting point superalloy and/or brazing powder is
used. The braze alloys may permit joining/repairing of superalloy articles with

complex shape and may be used in high temperature applications.
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BRAZE ALLOY COMPOSITIONS

BACKGROUND OF THE INVENTION

This invention generally relates to braze alloy compositions. More specifically, the

invention relates to nickel-based and cobalt-based braze alloy compositions.

In order to function effectively in a high-temperature environment, heavy alloy
components are typically added to strengthen a superalloy. This may result in
difficulties for welding joining/repair of superalloy components used in an extreme
environment, such as a hot-gas-path airfoil in a gas turbine. Brazing is becoming a
more preferred choice for joining/repair of superalloy components as a result of its
reduced cost and cycle time. However, it can be challenging to make the braze
joints/repair to have certain properties — especially ductility — approaching that of the
superalloy substrate material. Generally, a primary obstacle can be the formation of

brittle phases in the brazed joint.

Boron has been used extensively in brazing alloys, but brittle borides typically result
in poor mechanical properties of the braze joint. A process to improve the mechanical
integrity of the braze joint/repaired area generally requires the use of a prolonged
diffusion cycle. This approach may reduce the amount of brittle boride phases by
homogenization with substrate superalloys or braze powder mixture. This process,
however, may require a prolonged cycle time, increasing cost and subjecting the

substrate superalloy to thermal degradation.

Braze alloy compositions — and related processes and articles - are described in U.S.
Patent No. 4,414,178 to Smith et al.; U.S. Patent No. 5,240,491 to Budinger at al.;
U.S. Patent No. 5,735,448 to Draghi et al.; U.S. Patent No. 5,783,318 to Biondo et al.;
U.S. Patent No. 6,503,349 to Pietruska et al.; U.S. Patent No. 6,520,401 to Miglietti;
U.S. Patent No. 6,530,971 to Cohen et al.; U.S. Patent No. 6,165,290 to Rabinkin; and
U.S. Patent App. Pub. No. 20050067061 to Huang et al. Where hafnium is present in
a low-weight percentage, it generally acts as a grain boundary strengthener - not as a

reducer of the braze alloy composition’s melting point.
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BRIEF DESCRIPTION OF THE INVENTION

There are generally two exemplary embodiments of braze alloy compositions within
the scope of the present invention. One exemplary embodiment relates to a
nickel-based high-temperature braze alloy composition comprising chromium (Cr),
hafnium (Hf), and boron (B). Another exemplary embodiment relates to a

cobalt-based high-temperature braze alloy composition comprising Cr, Hf, and B.

In one embodiment, a nickel-based braze alloy composition comprises: 9-25%
chromium by weight, and all subranges therebetween; 5-45% hafnium by weight, and all

subranges therebetween; and 0.05-6% boron by weight, and all subranges therebetween.

In another embodiment, a cobalt-based braze alloy composition comprises: 9-25%
chromium by weight, and all subranges therebetween; 5-56% hafnium by weight, and
all subranges therebetween; and 0.05-6% boron by weight, and all subranges

therebetween.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 illustrates typical microstructures for nickel-based braze alloys; and
FIGURE 2 illustrates typical microstructures for cobalt-based braze alloys.

DETAILED DESCRIPTION OF THE INVENTION

The braze alloy composition may be used as a single homogenous braze.
Alternatively, the braze alloy composition may be used as a component in, for
example, a wide-gap braze mixture where higher or lower melting point superalloy
and/or braze powder 1s used. These braze alloy compositions may permit, for
example, joining or repairing of superalloy articles with complex shapes and high
temperature applications. Furthermore, the braze alloy compositions may provide for

enhanced ductility.

In general terms, the boron and hafnium are coupled to suppress the solidus

temperature, and the chromium, hafnium, and boron are coupled to suppress the
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liquidus temperature. In addition, the added chromium may provide, for example,

oxidation and corrosion resistance of the brazing alloy. A boron-, chromium-, and
hafnium-containing intermetallic compound may be more ductile than chromium-,

tungsten-, and nickel-containing borides.

The braze alloy compositions disclosed and claimed herein may permit brazing at
high temperatures without degrading the superalloy substrate, may reduce the
brittleness of the borides or intermetallic compounds formed during the brazing
process, and may improve the mechanical properties (including, for example,

ductility) of the braze joint.

In accordance with one exemplary embodiment of the invention, a nickel-based braze
alloy composition comprises: 9-25% chromium by weight, and all subranges
therebetween; 5-45% hafnium by weight, and all subranges therebetween; and 0.05-

6% boron by weight, and all subranges therebetween.

In accordance with one exemplary embodiment of the invention, the chromium is
preferably 9-15% by weight. More preferably, the chromium i1s 13% by weight.
Preferably, the hafnium 1s 10-30% by weight. More preferably, the hafnium is 15-
25% by weight. Even more preferably, the hatnium is 15%, 20%, or 25% by weight.
Preferably, the boron 1s 0.05-3.6% by weight. More preferably, the boron is 1% by
weight.

In accordance with another exemplary embodiment of the invention, a portion of the
residual nickel in the nickel-based braze alloy composition is substituted with at least
one element commonly found in superalloys, such as, for example, aluminum,
titanium, molybdenum, tungsten, cobalt, iron, zirconium, niobium, rhenium, carbon,
and silicon. Preferably, up to 60% of the residual nickel is substituted with at least one
element commonly found in superalloys. More preferably, up to 50% of the residual

nickel is substituted with at least one element commonly found in superalloys.

In accordance with another exemplary embodiment of the invention, the nickel-based
braze alloy composition has a solidus temperature less than 2175 °F. More preferably,

the nickel-based braze alloy composition has a solidus temperature less than 2100 °F.
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Even more preferably, the nickel-based alloy composition has a solidus temperature

less than 2025 °F.

In accordance with another exemplary embodiment of the invention, the nickel-based
braze alloy composition consists essentially of 9-25% chromium by weight; 5-45%
hafnium by weight; 0.05-6% boron by weight; and nickel. More preferably, the
nickel-based braze alloy composition consists essentially of 9-25% chromium by

weight; 10-30% hafnium by weight; 0.05-3.6% boron by weight; and nickel.

In accordance with another exemplary embodiment of the invention, a cobalt-based
braze alloy composition comprises: 9-25% chromium by weight, and all subranges
therebetween; 5-56% hafnium by weight, and all subranges therebetween; and 0.05-

6% boron by weight, and all subranges therebetween.

In accordance with another exemplary embodiment of the invention, the chromium is
15-25% by weight. More preferably, the chromium 1s 20% by weight. Preferably, the
hatnium is 10-30% by weight. More preferably, the hafnium is 10-26% by weight.
Even more preterably, the hatnium 1s 15%, 20%, or 25% by weight. Preferably, the
boron 1s 0.05-4% by weight. More preferably, the boron is 1% by weight.

In accordance with another exemplary embodiment of the invention, the cobalt-based
braze alloy composition has a solidus temperature less than 2175 °F. More preferably,
the cobalt-based braze alloy composition has a solidus temperature less than 2100 °F.

Even more preferably, the cobalt-based alloy composition has a solidus temperature

less than 2025 °F.

In accordance with another exemplary embodiment of the invention, the cobalt-based
braze alloy composition consists essentially of 9-25% chromium by weight; 5-56%

hatnium by weight; and 0.05-6% boron by weight; and cobalt. More preferably, the

cobalt-based braze alloy composition consists essentially of 9-25% chromium by

weight; 10-26% hatnium by weight; 0.05-4% boron by weight; and cobalt.

In accordance with another exemplary embodiment of the invention, a portion of the

residual cobalt in the cobalt-based braze alloy composition is substituted with at least
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one element commonly found in superalloys, such as, for example, aluminum,

titanium, molybdenum, tungsten, nickel, iron, zirconium, niobium, rhenium, carbon,
and silicon. Preferably, up to 60% of the residual cobalt is substituted with at least
one element commonly found in superalloys. More preferably, up to 50% of the

residual cobalt is substituted with at least one element commonly found in superalloys.

A person of ordinary skill in the art should understand and recognize that all disclosed

and claimed percentages are approximate.

Fig. 1 depicts four nickel-based braze alloy compositions. Fig. 2 depicts four

cobalt-based braze alloy compositions.

The following table (Table 1) shows hardness measurements for different phases in

certain braze alloy compositions:

Micro Hardness (HV)

Eutectic Boride

Braze Alloy Ave. . Ave.

Ni-13Cr-15Hf-1B

Ni-13Cr-15H1t

Ni-13Cr-20H{t

Ni-13Cr-25H¢t

Ni-13Cr-25Hf-1B

Co-20Cr-15Ht-1B

Co-20Cr-15H{t

Co-20Cr-20H{t

Co-20Cr-25Hft

Co-20Cr-25Ht-1B
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Table 1: Micro-Hardness Results of Hafnium-Containing Braze Alloys

Table 1 exemplifies that boride is typically harder than a hafnium-bearing compound.

The following table (Table 2) shows melting point temperature measurements of

certain braze alloy compositions:

Braze Alloy Solidus (°F) Liquidus (°F)

Ni1-13Cr-15H{-1B

Ni-13Cr-15Hf

Ni-13Cr-20Hf

Ni-13Cr-25Hf

Ni-13Cr-25H{-1B

Co-20Cr-15Ht-1B

| Co-20Cr-15Hf

Co-20Cr-20H{t

Co-20Cr-25Hf

Co-20Cr-25Hf-1B | 2012

Table 2: DSC Results of Hafnium-Containing Braze Alloys

The temperatures in Table 2 are based on differential scanning calorimetry (DSC)
heating curve analysis. Table 2 exemplifies that hatnium-containing braze alloys with

boron may have beneficial properties.

While the invention has been described in connection with what is presently
considered to be the most practical and preferred embodiment, it is to be understood
that the invention i1s not to be limited to the disclosed embodiment, but on the
contrary, is intended to cover various modifications and equivalent arrangements

included within the spirit and scope of the appended claims.
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WHAT IS CLAIMED IS:
1. A nickel based braze alloy composition comprising:

9-25% chromium by weight;
5-45% hafnium by weight; and
0.05-6% boron by weight.

2. The nickel based braze alloy composition of claim 1 comprising 9-

15% chromium by weight.

3. The nickel based braze alloy composition of claim 1 comprising 10-

30% hafnium by weight.

4. The nickel based braze alloy composition of claim 1 comprising

0.05-3.6% boron by weight.

. The nickel based braze alloy composition of claim 1, wherein up to
60% of a residual nickel content is substituted by at least one element selected from
the group consisting of aluminum, titanium, molybdenum, tungsten, cobalt, iron,

zirconium, niobium, rhenium, carbon, and silicon.

6. A cobalt based braze alloy composition comprising:
9-25% chromium by weight;

5-56% hatnium by weight; and

0.05-6% boron by weight.

7. The cobalt based braze alloy composition of claim 6 comprising 15-

25% chromium by weight.

8. The cobalt based braze alloy composition ot claim 6 comprising 10-

26% hafnium by weight.

9. The cobalt based braze alloy composition of claim 6 comprising

0.05-4% boron by weight.
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10.  The cobalt based braze alloy composition of claim 6, wherein up to
60% of a residual nickel content is substituted by at least one element selected from
the group consisting of aluminum, titanium, molybdenum, tungsten, nickel, iron,

zirconium, niobium, rhenium, carbon, and silicon.
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