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Method of Repairing Metallic Alloy 

Articles, Such As Gas Turbine Engine Components 

S Background of the Invention 

1. Technical Field 
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The present invention relates generally to a method of repairing metallic 

alloy articles, and particularly to the repair of wide gap defects in gas turbine 

engine components. 

10 2. Background Information 

Gas turbine engine components, such as blades and vanes, are typically 

manufactured from nickel-base, iron-base or cobalt-base superalloys. Defects, 

such as fme cracks and crevices, may occur during the manufacturing process, 

as well as after extensive engine service. For example, severe engine operating 

IS conditions, such as exposure to high temperatures, high pressures and hot gases 

may cause component surfaces to deteriorate. Exposure to the hot gases causes 

cracking, corrosion, oxidation, and erosion. The high temperature, pressure and 

rotational speeds under which gas turbine engines operate also cause creep 

distortion of turbine blades and vanes. As a result, turbine efficiency is lost and 

20 the vanes and blades must be repaired or replaced. Due to the high cost of these 

engine components, ·it is desirable to repair the components for subsequent use 

rather than replace them. 
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Repair techniques have been attempted in the past. For 8*8mple, 

brazing techniques include the flowing of a molten braze material into a crack 

on a gas turbine engine component. Contamination problems occur, however, 

unless surface oxides are removed prior to filling the crack with braze material. 

S It is also difficult to effectively repair a relatively large defect with molten braze 

material because upon solidification, the braze material often forms brittle 

eutectic phases. In addition, voids often occur as a result of shrinkage. 

Another approach to the repair of gas turbine engine component defects 

is fusion welding. Additional cracks, however, often result because of the weld. 

10 Components repaired by fusion welding also have lower stress tolerances than 

that of a nonwelded component. 

It is also known to use a metallic alloy filler material to repair or weld 

metallic alloy articles. For example, U.S. Patent 4,008,884, entitled, Method of 

Repairing Surface Defects Using Metallic FUler Material, assigned to the 

15 present Assignee and incorporated by reference, describes one such method. 

This patent contemplates the use of a metallic filler material mix comprising a 

blend of particulate matter having an overall composition substantially 

corresponding to that of the articles being repaired. The mix is a blend of at 

least two distinct particulate components selected to provide a transient liquid 

20 phase of at least a portion of the mix and isothermal resolidification at a 

temperature below the melting point of the articles. 
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The process described therein is particularly successful for the repair of 

defects less than or equal to about 0.010 inches (.254 mm) in maximum width. 

However, when wide gap defects, such as defects with a maximum width 

greater than about 0.010 inches (.254 mm) at the surface are to be covered or 

S filled, excess molten material may flow away from the defect during subsequent 

heat treatment and an isothermally solidified repair for this s~ of a defect may 

not result. For clarity, width is herein defined as the measurement denoted by X 

in Fig. 1 which is a top view of an exemplary defect of irregular size and shape. 

Defects greater than about 0.010 inches (.254 mm) in maximum width 

10 may occur during manufacture of a gas turbine engine component or after 

extensive engine service. When such wide gap defects occur, it is difficult, if 

not impossible, to produce an isothennally solidified repair. An isothermally 

solidified repair is desired because it results in the strongest, most ductile and 

oxidation resistant repair. These characteristics are essential for effective gas 

1 S turbine engine operation. 

Accordingly, there exists a need for a method of effectively repairing 

wide gap defe~ts in metallic alloy articles. 

Disclosure of the Invention 

20 The present invention relates to a method of effectively repairing wide 

gap defects in metallic alloy articles, such as gas turbine engine components, by 

achieving isothennal solidification in the repaired area. 

3 THIS Sl•.£T H,·.S BEEN 
RE.PLAC''~.1·• 1.-----· ·-' ---



.. ' '.fhis Sheet Has Been Replaced · 

1111//IUl/ llll Ill Ill! 
·•. 

One aspect of the invention includes a method of repairing a metallic 

alloy article having a defect cavity greater than about 0.010 inches (2.5x 1 O°"m) 

in maximum width. A first metallic filler material is provided in the defect 

cavity such that the first metallic filler material substantially fills the cavity. 

S The composition of the first metallic filler material corresponds substantially to 

that of the metallic alloy article. 

Alternatively, the first metallic filler material may be a blend of at least 

two distinct metallic filler materials. One metallic filler material, present in at 

least 60 wt.%, corresponds substantially to the composition of the metallic alloy 

10 article. The other metallic filler material has the same basis as the composition 

of the metallic alloy article and includes a melting point depressant in an 

amount substantially in excess of that in the article. 

A second metallic filler material is provided over the first metallic filler 

material. The second metallic filler material includes between about 0 wt. % 

15 and about 40 wt. % metallic filler material of a composition corresponding 

substantially to that of the metallic alloy article, and between about 100 wt.% 

and about 60 wt. % metallic filler material having the same basis as the 

composition of the metallic alloy article and including a melting point 

depressant in an amount substantially in excess of that in the article. 

20 The article is thermally processed through a heat treatment to effect an 

, isothermally solidified repair. Specifically, the heat treatment includes heating 

the article to a temperature above the solidus of the second metallic fiUer 
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material, such as between about 2000°F (1093°C) and about 2400°F (1316°C) 

for between about S hours and about 30 hours, to melt the second metallic filler 

material and isothennally solidify the repair. In this process the second metallic 

filler material melts and infiltrates the first metallic filler material to produce a 

5 void free structure. 

Another aspect of the heat treatment of the present invention includes 

heating the article to a temperature (Tl) capable of sintering the first metallic 

filler material, but below the solidus of the second metallic filler material, such 

as between about 2000°F (l093°C) and about 2400°F (1316°C) for about 4 

IO hours; and then holding at a temperature (T2) above the solidus of the of the 

second metallic filler material, such as between about 2000°F (1093°C) and 

about 2400°F (1316°C) for between about S hours and about 30 hours, to melt 

the second metallic filler material and isothennally solidify the repair. 

Accordingly, T2 will never be equivalent to TJ which will always be greater 

15 than T2. 

Yet another aspect of the invention includes the use ofa first and second 

metallic filler paste. The first metallic filler paste includes a binder and a first 

metallic filler material. The composition of the first metallic filler material 

corresponds substantially to that of the metallic alloy article. 

20 Alternatively, the first metallic filler material may be a blend of at least 

two distinct metallic filler materials. One metallic filler material, present in at 

least 60 wt.%, corresponds substantially to that of the metallic alloy article. The 
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other metallic filler material has the same basis as the composition of the 

metallic alloy article and includes a melting point depressant in an amount 

substantially in excess of that in the article. 

A second metallic filler paste is provided over the first metallic filler 

5 paste. The second metallic filler paste includes a binder and a second metallic 

filler material having between about 0 wt. % and about 40 wt. % metallic filler 

material of a composition corresponding substantially to that of the metallic 

alloy article, and between about 100 wt. % and about 60 wt. % metallic filler 

material having the same basis as the composition of the metallic alloy article 

10 and including a melting point depressant in an amount substantially in excess of 

that in the article. 

The article is then thermally processes to first drive off the binder. This 

may be accomplished by heating the article to a low temperature, such as 

between about 1000°F (538°C) and about 1200°F (649°C) and holding at that 

15 temperature until the binder is driven off. Alternatively, a slow heating rate, 

such as about 10°F/min (6°C/min), from about 400°F (204°C) to between about 

1000°F (538°C) and about 1200°F (649°C) may be employed until the binder is 

driven off. Once the binder is effectively removed, the above described heat 

treatments may be employed to produce an isothermally solidified repair. 

20 An advantage of the present invention includes the ability to repair wide 

cracks in metallic alloy articles, such as gas turbine engine components, by 

achieving isothermal solidification and minimal porosity in the repaired area. 
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Another advantage of the present invention is the ability to achieve 

isothennal solidification and minimal porosity in a repair within practical 

thennal cycles without any subsequently applied pressure, such as hot isostatic 

pressing. 

s 

Brief Description of the Drawings 

Fig. 1 depicts a top view of an exemplary defect of irregular size and shape. 

Fig. 2 depicts an aspect of the present invention wherein a first metallic filler 

material substantially fills the defect cavity. 

10 Fig. 3 depicts another aspect of the present invention wherein a second metallic 

filler material is provided over the first metallic filler material. 

Best Mode for Carrying Out the Invention 

The present invention includes a method of repairing a metallic alloy 

15 article, such as a gas turbine engine component. The base metal of the metallic 

alloy article is preferably a nickel-base, cobalt-base or iron-base superalloy. 

The metallic alloy article includes a defect cavity greater than about 

0.010 inches (2.5x10"4m) in maximum width. The present invention is 

particularly suited for defect cavities with a maximum width between about 

20 0.010 inches (2.SxlO .... m) and about 0.030 inches (7.6xl0 .... m), regardless of 

defect length. However, defect cavities of other sizes may also be repaired. 
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The method preferably includes first removing surface oxides from the 

defect cavity. Typical successful procedures involve thermal processing in a 

reducing atmosphere such as hydrogen or hydrogen fluoride. Alternatively, a 

mechanical abrasion technique, such as a grinding operation may be used to 

S remove surface oxides from the defect cavity. A combination of a mechanical 

abrasion technique and gas cleaning may also be used. For example, the smface 

oxides may be removed by first grinding out the surface damage area and then 

cleaning the defect cavity by thermal processing in a reducing atmosphere. 

However, it is not necessary to first grind out the damaged surface area. 

10 Once the defect cavity is free of surface oxides, a first metallic filler 

material 10 is applied to the defect cavity such that the first metallic filler 

material 10 substantially fills the cavity, as shown in Fig. 2. The composition of 

the first metallic filler material 10 corresponds substantially to that of the 

metallic alloy article. 

15 Alternatively, the first metallic filler material 10 may be a blend of at 

least two distinct metallic filler materials. One metallic filler material, present 

in at least 60 wt.%, corresponds substantially to that of the metallic alloy article. 

The other metallic filler material has the same basis as the composition of the 

metallic alloy article and includes a melting point depressant in an amount 

20 substantially in excess of that in the metallic alloy article. By same basis, we 

herein refer to a filler material employing the same base metal as that of the 

substrate alloy. The filler material may have somewhat of a simpler chemistry 
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than that of the substrate alloy composition. For example, the base metal may 

be of a superalloy composition, whereas the filler material may be of an alloy 

composition. 

The amount of melting point depressant employed typicaUy ranges 

S between about 1%, by weight, and about 10%, by weight. Preferably, between 

about 1 %, by weight, and about 3%, by weight, boron is used. Although other 

melting point depressants and combinations thereof may be employed, boron is 

preferred because of its capability of rapid diffusion in superalloys. 

Preferably, the first metallic filler material is powder in form and the 

10 size of the powder particles is about 88 microns (lxl0-6m) and fmer. 

A second metallic filler material 12 is provided over the first metallic 

filler material 10, as shown in Fig. 3, in an amount sufficient to infiltrate the 

first metallic filler material 10. As shown if Fig. 3, preferably the second 

metallic filler material is piled over the first metallic filler material 10 and 

15 around the areas immediately adjacent thereto. An exact amount of second 

filler material 12 over the first metallic filler material 10 is typically not 

required for successful use of the invention. Similarly, determining the weight 

percent ratio of the first metallic filler material 10 to the subsequently applied 

second metallic filler material 12 is not required. This is another significant 

20 advantage of the present invention. 

The second metallic filler material 12 includes between about 0 wt.% .. ·•:• 

and about 40 wt.% metallic filler of a composition corresponding substantially 
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to that of the metallic alloy article, and between about 100 wt. % and about 60 

wt.% metallic filler mat".11al having the same basis as the composition of the 

metallic alloy article and including a melting point depressant in an amount 

substantially in excess of that in the metallic alloy article. The amount of 

S melting point depressant employed typical ranges between about 1 %, by weight, 

and about 10%, by weight. Preferably, between about 1%, by weight, and about 

3%, by weight, boron is used. 

The second metallic filler material 12 is also preferably powder in form. 

Preferably, the size of the powder particles is about 88 microns (lx10-6m) and 

10 finer. 

The metallic alloy article is then themially processed through a heat 

treatment"to effect an isothermal solidified repair. Specifically the heat 

treatment includes heating the article to a temperature above the solidus of the 

second metallic filler material 12, such as between about 2000°F (1093°C) and 

15 about 2400°F (1316°C) for between about S hours and about 30 hours, to melt 

the second metallic filler material 12 and isothennally solidify the repair. In 

this process, the second metallic filler material 12 melts and infiltrates the first 

metallic filler material I 0 to produce a void free structure. 

Alternatively, the heat treatment of the present invention may be 

20 accomplished by heating the article to a temperature (Tl) capable of sintering 

the first metallic filler material 10, but below the solidus of the second metallic 

filler material 12, such as between about 2000°F (1093°C) and about 2400°F 

10 



(1316°C) for about 4 hours; and then holding at a temperature (T2) above the 

solidus of the second metallic filler material 12, such as between about 2000°F 

(1093°C) and about 2400°F (1316°C) for between about S hours and about 30 

hours, to melt the second metallic tiller material 12 and isothermally solidify the 

S repair. Accordingly, T2 will never be equivalent to T3 which will always be 

greater than T2. 

In another embodiment of the inventio~ a first metallic filler paste is 

formed. The first metallic filler paste includes a binder and a first metallic filler 

material 10. 

10 The composition of the first metallic filler material l 0 corresponds 

substantially to that of the metallic alloy article. Alternatively, the first metallic 

filler material 10 may be a blend of at least two distinct metallic filler materials. 

One metallic filler material, present in at least 60 wt.%, corresponds 

substantially to that of the metallic alloy article. The other metallic filler 

15 material has the same basis as the composition of the metallic alloy article and 

includes a substantial amount of a melting point depressant. The amount of 

melting point depressant employed typically ranges between about 1 %, by 

weight, and about 100/0, by weight. Preferably, between about 1 %, by weight, 

and about 3%, by weight, boron is used. 

20 The binder may be any material capable of adhering to the powder such 

that a paste-like substance is formed. The amount of binder required is just 

enough to maintain the powder in suspension and one of ordinary skill in the art 

11 



would be able to determine this amount. The binder must also be capable of 

evaporating at less than about 1200°F (649°C) without leaving any deleterious 

residue. The binder and the first metallic filler material 10 may be combined in 

any conventional manner, such as mixing. 

5 Upon fonnation of the first metallic filler paste, the paste is applied to 

the defect cavity to substantially fill the cavity. The paste may be applied by 

any means suitable to till the cavity. The paste is typically spread into the 

cavity. Excess paste is then removed. 

A second metallic filler paste is provided over the first metallic filler-

10 paste. The second metallic filler paste includes a binder and a second metallic 

filler material 12 having between about 0 wt. % and about 40 wt. % metallic 

filler material of a composition corresponding substantially to that of the 

metallic alloy article, and between about 100 wt. % and about 60 wt. % 

metallic filler material having the same basis as the composition of the metallic 

15 alloy articJe and including a melting point depressant in an amount substantialJy 

in excess of that in the metallic alloy article. The amount of melting point 

depressant typically ranges between about 1 %, by weight, and about 10%, by 

weight. Preferably, between about 1 %, by weight, and about 3%, by weight, 

boron is used. 

20 The binder of the second metallic filler paste may also be any material 

capable of adhering to the powder such that a paste-like substance is fonned; 

and the amount of binder required is just enough to maintain the powder in 
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suspension. The binder must also be capable of evaporating at less than l 200°F 

(649°C) without leaving a deleterious residue. The binder and the second 

metallic filler paste may be combined in any conventional manner, such as 

mixing. The second metallic filler paste is then applied directly over the first 

S metallic filler paste in an amount sufficient to cover the first metallic filler paste 

and in an amount sufficient such that the second metallic filler material 12 can 

infiltrate the first metallic filler material 10. Typically, the second metallic filler 

paste is applied over the first metallic filler paste and to the areas immediately 

adjacent thereto. The flow of the paste during thermal processing is controlled 

10 such that the use of a mechanical dam is not necessary. 

The metallic alloy article is then thennally processed to first drive off 

the binder. This may be accomplished by heating the article to a temperature 

between about 1000°F (538°C) and about 1200°F (649°C) and holding at that 

temperature until the binder is driven off. Alternatively, a slow heating rate, 

15 such as about 10°F/min (6°C/min), from about 400°F (204°C) to a temperature 

between about 1000°F (538°C) and about 1200°F (649°C) may be employed 

until the binder is driven off. Once the binder is effectively removed, the above 

described heat treatments may be employed to produce an isothermally 

solidified repair. 

20 The following examples are provided to further explain the present 

invention and are meant to be exemplary rather than limiting. 

Example 1 
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Repairs were made to an article of nominal composition, by weight, of 

90A. chromium, 10% cobalt, 12.5% tungsten, 1% columbium, 2% titanium, 5% 

aluminum, 2% hafhium, 0.015% boron, balance nickel. The article had a defect 

cavity with a maximum width betWeen about 0.010 inches (2.Sxl 0-4m) and 

S about 0.030 inches (7.6xl0.,.m). Base metal powder, which was about 88 

microns (lx10-6m) and finer, was combined with an aqueous binder, Omni 

KAO, by Omni Technologies Corporation, Exeter, NH, to form a paste which 

was placed inside the defect cavity, essentially filling the volume of the defect 

cavity. 

10 A second paste was formed by combining the above binder and an alloy 

of 10% chromium, 10% cobalt, 5% tungsten, 3% boron, balance nickel, by 

weight. The second paste was placed on top of the first paste in an amount 

sufficient to cover the first paste and the area immediately adjacent the defect 

cavity. The powder of the second paste (second metallic filler material) was 44 

15 microns (4.4xl0"5m) and fmer. 

The article was heated to 1000°F (538°C) at a rate of 10°F/min 

(6°C/min) to drive off the binder. Then the article was heated to 2000°F 

(1093°C) and held at this temperature for 4 hours to sinter the base metal 

powder in the first paste. The temperature remained below the solidus of the 

20 second metallic filler material. The article ~ then heated to about 2200°F 

(1204°C) and held for 30 hours to melt the second metallic filler material and 

isothermally solidify the repair. 
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Upon cooling, the article was metallographically inspected to ensure a 

crack free structure. The article was inspected by cutting through the article and 

examining the microstructure under a microscope. A crack free, isothermally 

solidified repair appeared to have successfully occurred. 

S Eumple2 

Repairs were made to an lnconel 713C cast superalloy having a nominal 

composition, by weight, of, 13.S%Cr, 4.5%Mo, 6%AI, 0.9%Ti, 2.1%Cbffa, 

0.14%C, 0.01%B,0.08o/oZr, balance Ni. The superalloy had a through-wall 

defect cavity with maximum width of0.020 inches (0.051 cm). Base m~..al 

10 powder, which was about 88 microns and finer, was combined with an aqueous 

binder, Amdry® 1290R, by Sulzer Metco (US) Inc. to form a paste which was 

placed inSide the defect cavity to essentially fill the volume of the defect cavity. 

A second paste was formed by combining the above binder with powder 

having a nominal composition, by weight, of 4.5%Si, 3%B, balance Ni. The 

15 particle size of the powder was about 44 microns and finer. This second paste 

was applied over the first paste and around the edges of the defect cavity in an 

amount sufficient to cover the first paste and areas adjacent thereto. 

The article was then heated to 1000°F (538°C) at a rate of 10°F/min 

(6°C/min) to drive off the binder. Then the article was heated to 2050°F 

20 (1121°C) and held at 2050°F (1121°C) for 12 hours. The article was then air 

cooled. 
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As in Example 1, the article was metallographically examined and 

appeared to result in a successful, crack free, isothermally solidified repair. 

Example3 

Repairs were made to a Mar-M509 cast cobalt base superalloy of 

S nominal composition, by weight, of 23.4%Cr, 10%Ni, 7%W, 3.S%Ta, 0.6%C, 

0.2%Ti, O.So/oZr, balance Co.· The superalloy had a 0.030 inch (0.076 cm) 

diameter through hole defect. 

A first paste was placed into the defect cavity to essentially fill the 

volume of the defect cavity. The first paste included a powder alloy mix of the 

10 following: 70 wt.% powder having the same composition as the base metal and 

30 wt.% powder having a nominal composition, by weight, of25%Ni, 23.4%Cr, 

3%B, balance Co. The powder particles were about 88 microns and finer. The 

powder alloy mix was combined with the same binder as in Example 2 to form a 

paste-like consistency. 

15 A second paste was fonned by combining the above binder with a 

powder alloy mix of the follow: 60 wt.% powder having a nominal 

composition, by weight, of 40%Ni, 24.S%Cr, 2.95%B, balance Co and 40 wt.% 

j:>owder having the same composition as the base metal. The particle size of the 

powder was about 44 microns and finer. This second paste was applied to both 

20 sides of the defect cavity, covering the entire defect opening and first paste. 

The article was then heated to 1000°F (538°C) at a rate of 10°F/min 

(6°C/min) to drive off the binder. Then the article was heated to 2100°F 
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(1149°C) and held at 2100°F (1149°C) for 12 hours. The article was then air 

cooled. 

As in the above examples, the article was metallographically examined 

and appeared to result in a successful, crack free, isothermally solidified repair. 

S An advantage of the present invention includes the ability to repair wide 

gap defects in metallic alloy articles by achieving isothennal solidification and 

minimal porosity in the repaired area. 

Another advantage of the present invention is the ability to repair gas 

turbine blade and vane cooling holes by achieving an isothermally solidified 

10 structure with minimal porosity. 

Yet another advantage of the present invention is that it may be 

employed to join metallic articles, as well as repair them. 

The invention is not limited to the particular embodiments shown and 

described herein. Various changes and modifications may be made without 

1 S departing from the spirit and scope of the claimed invention. 

We claim: 
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1. A method of repairing a metallic alloy article having a defect cavity greater 

than about 0.010 inches (2.S4xl O_.m) in maximum width, the method 

comprising the steps of: 

providing a first metallic filler material in the defect cavity such that the 

S metallic filler material substantially fills the cavity, the composition of the first 

metallic filler material corresponding substantially to that of the metallic alloy 

article; 

providing a second metallic filler material over the first metallic filler 

materi~, wherein the second metallic filler material includes between about 0 

10 wt. % and about 40 wt. % metallic filler material of a composition 

corresponding substantially to the metallic alloy article, and between about 100 

wt. % and about 60 wt. % metallic filler material having the same basis as the 

composition of the metallic alloy article and including a melting point 

depressant in an amount substantially in excess of that in the metallic alloy 

15 article; 

effecting isothennal solidification by thennal!y processing the article 

through a heat treatment comprising: 

heating the article to a temperature above the solidus of the second 

metallic :filler material to melt the second metallic :filler material and 

20 isothennally solidify repair of the defect cavity greater than about 0.010 inches 

(2.54xl o""m) in maximum width. 

111111111111111111111111111111 
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2. The method of claim 1 wherein the metallic alloy article is a nickel base 

superalloy article. 

3. The method of c~aim 1 wherein the defect cavity has a maximum width 

S between about 0.010 inches (2.SxlO.,.m) and about 0.030 inches (7.6x10.,.m). 

4. The method of claim 1 wherein smface oxides are removed from the defect 

cavity prior to providing the first metallic filler material in the defect cavity. 

10 5. The method of claim 1 wherein the metallic alloy article comprises a 

composition in weight percent of 9% chromium, 10% cobalt, 12.5% tungsten, 

1% columbium, 2% titanium, 5% aluminum, 2% hafnium, 0.015% boron, 

balance nickel. 

15 6. The method of claim 1 wherein between about 1 % and 3%, boron, by 

weight, is present as the melting point depressant in the second metallic filler 

material. 

7. The method of claim 1 wherein the article is heated to between about 2000°F 

20 (1093°C) and about 2400°F (1316°C) for between about 5 hours and about 30 

hours, whereby the second metallic filler material melts and infiltrates the first 

metallic filler material to produce a void free structure. 
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8. A method of repairing a metallic alloy article having a defect cavity, the 

method comprising the steps of: 

providing a first metallic filler material in the defect cavity such that the 

. 5 metallic filler material substantially fills the cavity, the composition of the first 

metallic filler material corresponding substantially to that of the metallic alloy 

article; 

providing a second metallic filler material over the first metallic filler 

material, wherein the second metallic filler material includes between about O 

10 wt. % and about 40 wt. % metallic filler material of a composition 

corresponding substantially to the metallic alloy article, and between about 100 

wt. % and about 60 wt. % metallic filler material having the same basis as the 

composition of the metallic article and including a melting point depressant in 

an amount substantially in excess of that in the metallic alloy article; 

15 effecting isothermal solidification by thermally processing the article 

through a heat treatment comprising: 

heating the article to a temperature (Tl) capable of sintering the first 

metallic filler material, but below the solidus of the second metallic filler 

material, such as between about 2000°F (1093°C) and about 2400°F (1316°C) 

20 for about 4 hours; and then holding at a temperature (T2) above the solidus of 

"' the second metallic filler material, such as between about 2000°F (1093°C) and 

about 2400°F (1316°C) for between about 5 hours and about 30 hours to melt 
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the second metallic filler material and isothennally solidify the repair, whereby 

T3 is greater than T2. 

9. A method of repairing a metallic alloy article having a defect cavity greater 

S than about 0.010 inches (2.SxlO _.m) in maximum width, the method 

comprising the steps of: 

providing a first metallic filler paste in the defect cavity such that the 

metallic filler paste substantially fills the cavity, the metallic filler paste 

comprising a binder and a first metallic filler material having composition 

10 corresponding substantially to that of the metallic alloy article; 

provjding a second metallic filler paste over the first metallic filler paste, 

wherein the second metallic filler paste comprises a binder and a second 

metallic filler material having between about 0 wt. % and about 40 wt. % 

metallic filler material of a composition corresponding substantially to the 

1 S metallic article, and between about 100 wt. % and about 60 wt. % metallic filler 

material having the same basis as the composition of the metallic alloy article 

and including a melting point depressant in an amount substantially in excess of 

that in the metallic alloy article; 

effecting isothermal solidification by thermally processing the article 

20 through a heat treatment by: 

I If lllll llllll lllll lllll II /11/ 
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heating the article to a temperature between about 1000°F 

(538°C) and about 1200°F (649°C) and holding at that temperature until the 

binder is driven off; 

holding at a temperature capable of sintering the first metallic 

S filler material of the first metallic filler paste, but below solidus of the second 

metallic filler paste, between about l 850°F (1010°C) and about 2200°F 

(1204°C) for about 4 hours; _and 

holding at a third temperature, between about 2000°F (1093°C) 

and about 2400°F (1316°C) for between about 5 hours and about 30 hours, to 

10 melt the second metallic filler paste and thereby isothermally solidify a repair of 

the defect cavity greater than about 0.010 inches (2.Sxl 0 ""m) in maximum 

width. 

10. A method of repairing a metallic alloy article having a defect cavity, the 

15 method comprising the steps of: 

providing a first metallic filler material in the defect cavity such that the 

metallic filler material substantially fills the cavity, wherein the first metallic 

filler material is a blend of at least two distinct metallic filler materials, one 

metallic filler material, present in at least 60 wt.%, corresponds substantially in 

20 composition to that of the metallic alloy article, and another metallic filler 

, material has the same basis as the metallic alloy article and includes a melting 

point depressant in an amount substantially in excess of that in the article; 

1111\1111111\111111 11111111111 
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providing a second metallic filler material over the first metallic filler 

material, wherein the second metallic filler material includes between about 0 

wt. % and about 40 wt. % metallic filler material of a composition 

corresponding substantially to the metallic alloy article, and between about 100 

5 wt.·% and about 60 wt. % metallic filler material having the same basis as the 

metallic alloy article and including a melting point depressant in an amount 

substantially in excess of that in the metallic alloy article; 

effecting isothermal solidification by thermally processing the article 

through a heat treatment comprising: 

10 heating the article to a temperature above the solidus of the second 

metallic filler material to melt the second metallic filler material and 

isothermally solidify the repair. 

15 
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Abstract 

• , 

Method of Repairing Metallic Alloy Articles, Such as 

Gas Turbine Engine Components 

A method of repairing a metallic alloy article having a defect cavity 

greater than about 0.010 inches (2.5x10 4m) in maximum width is disclosed. 

One aspect of the invention includes providing a first metallic filler material 

10 (10) in the defect cavity such that the first metallic filler material (10) 

substantially fills the cavity. The composition of the first metallic filler material 

(10) corresponds substantially to that of the metallic article. A second metallic 

filler material (12) is provided over the first metallic filler material (10). The 

second metallic filler material (12) includes between about 0 wt.% and about 40 

1 S wt. % metallic filler material of a composition corresponding substantially to 

the metallic article, and between about 100 wt. % and about 60 wt. % metallic 

filler material having the same basis as the composition of the metallic alloy 

article and including a melting point depressant in an amount substantially in 

excess of that in the metallic alloy article. The article is thermally processed 

20 through a heat treatment to effect an isothermal solidified repair. 
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Method of Repairing Metallic ~1i:;Y,_ .. -------­

Articles, Such As Gas Turbine Engine Components 

5 Background of the Invention 

1. Technical Field 

The present invention relates generally to a method of repairing metallic 

alloy articles, and particularly to the repair of wide gap defects in gas turbine 

engine components. 

10 2. Background Information 

Gas turbine engine components, such as blades and vanes, are typically 

., manufactured from nickel-base, iron-base or cobalt-base superalloys. Defects, 

such as fine cracks and crevices, may occur during the manufacturing process, 

as well as after extensive engine service. For example, severe engine operating 

15 conditions, such as exposure to high temperatures, high pressures and hot gases 

may cause component surfaces to deteriorate. Exposure to the hot gases causes 

cracking, corrosion, oxidation, and erosion. The high temperature, pressure and 

rotational speeds under which gas turbine engines operate also cause creep 

distortion of turbine blades and vanes. As a result, turbine efficiency is lost and 

20 the vanes and blades must be repaired or replaced. Due to the high cost of these 

engine components, 'it is desirable to repair the components for subsequent use 

rather than replace them. 



brazing techniques include the flowing of a molten braz.e materi ....... in.t,_o_a_c_rac=k..__ ___ ~ 

on a gas turbine engine component. Contamination problems occur, however, 

unless surface oxides are removed prior to filling the crack with braz.e material. 

S It is also difficult to effectively repair a relatively large defect with molten braze 

material because upon solidification, the braze material often forms brittle 

eutectic phases. In addition, voids often occur as a result of shrinkage. 

Another approach to the repair of gas turbine engine component defects 

is fusion welding. Additional cracks, however, often result because of the weld. 

10 Components repaired by fusion welding also have lower stress tolerances than 

that of a nonwelded component. 

It is also known to use a metallic alloy filler material to repair or weld 

metallic alloy articles. For example, U.S. Patent 4,008,884, entitled, Method of 

Repairing Surface Defects Using Metallic FU/er Material, assigned to the 

1 S present Assignee and incorporated by reference, describes one such method. 

This patent contemplates the use of a metallic filler material mix comprising a 

blend of particulate matter having an overall composition substantially 

corresponding to that of the articles being repaired. The mix is a blend of at 

least two distinct particulate components selected to provide a transient liquid 

20 phase of at least a portion of the mix and isothermal resolidification at a 

temperature below the melting point of the articles. 
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The process described therein is particularly successful fo the repair o 

defects less than or equal to about 0.010 inches (.254 mm) in maximum width. 

However, when wide gap defects, such as defects with a maximum width 

greater than about 0.010 inches (.254 mm) at the surface are to be covered or 

5 filled, excess molten material may flow away from the defect during subsequent 

heat treatment and an isothermally solidified repair for this sizt? of a defect may 

not result. For clarity, width is herein defined as the measurement denoted by X 

in Fig. 1 which is a top view of an exemplary defect of irregular size and shape. 

Defects greater than about 0.010 inches (.254 mm) in maximum width 

10 may occur during manufacture of a gas turbine engine component or after 

extensive engine service. When such wide gap defects occur, it is difficult, if 

not impossible, to produce an isothermally solidified repair. An isothermally 

solidified repair is desired because it results in the strongest, most ductile and 

oxidation resistant repair. These characteristics are essential for effective gas 

15 turbine engine operation. 

Accordingly, there exists a need for a method of effectively repairing 

wide gap defects in metallic alloy articles. 

Disclosure of the Invention 

20 The present invention relates to a method of effectively repairing wide 

gap defects in metallic alloy articles, such as gas turbine engine components, by 

achieving isothermal solidification in the repaired area. 
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One aspect of the invention includes a method of re 

alloy article having a defect cavity greater than about 0.010 inches m 

in maximum width. A first metallic filler material is provided in the defect 

cavity such that the first metallic filler material substantially fills the cavity. 

5 The composition of the first metallic filler material corresponds substantially to 

that of the metallic alloy article. 

Alternatively, the first metallic filler material may be a blend of at least 

two distinct metallic filler materials. One metallic filler material, present in at 

least 60 wt.%, corresponds substantially to the composition of the metallic alloy 

I 0 article. The other metallic filler material has the same basis as the composition 

of the metallic alloy article and includes a melting point depressant in an 

amount substantially in excess of that in the article. 

A second metallic filler material is provided over the first metallic filler 

material. The second metallic filler material includes between about 0 wt. % 

15 and about 40 wt. % metallic filler material of a composition corresponding 

substantially to that of the metallic alloy article, and between about 100 wt. % 

and about 60 wt. % metallic filler material having the same basis as the 

composition of the metallic alloy article and including a melting point 

depressant in an amount substantially in excess of that in the article. 

20 The article is thermally processed through a heat treatment to effect an 

isothermally solidified repair. Specifically, the heat treatment includes heating 

the article to a temperature above the solidus of the second metallic filler 
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material and isothermally solidify the repair. In this process the second metallic 

filler material melts and infiltrates the first metallic filler material to produce a 

S void free structure. 

Another aspect of the heat treatment of the present invention includes 

heating the article to a temperature (Tl) capable of sintering the first metallic 

filler material, but below the solidus of the second metallic filler material, such 

as between about 2000°F (1093 °C) and about 2400°F (1316°C) for about 4 

IO hours; and then holding at a temperature (T2) above the solidus of the of the 

second metallic filler material, such as between about 2000°F (1093°C) and 

about 2400°F (1316°C) for between about 5 hours and about 30 hours, to melt 

the second metallic filler material and isothermally solidify the repair. 

Accordingly, n will never be equivalent to T3 which will always be greater 

15 than T2. 

Yet another aspect of the invention includes the use of a first and second 

metallic filler paste. The first metallic filler paste includes a binder and a first 

metallic filler material. The composition of the first metallic filler material 

corresponds substantially to that of the metallic alloy article. 

20 Alternatively, the first metallic filler material may be a blend of at least 

two distinct metallic filler materials. One metallic filler material, present in at 

least 60 wt.%, corresponds substantially to that of the metallic alloy article. The 
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substantially in excess of that in the article. 

A second metallic filler paste is provided over the first metallic filler 

S paste. The second metallic filler paste includes a binder and a second metallic 

tiller material having between about 0 wt. % and about 40 wt. % metallic filler 

material of a composition corresponding substantially to that of the metallic 

alloy article, and between about 100 wt;·% and about 60 wt.% metallic filler 

material having the same basis as the composition of the metallic alloy article 

10 and including a melting point depressant in an amount substantially in excess of 

that in the article. 

The article is then thennally processes to first drive off the binder. This 

may be accomplished by heating the article to a low temperature, such as 

_between about 1000°F (S38°C) and about 1200°F (649°C) and holding at that 

15 temperature until the binder is driven off. Alternatively, a slow heating rate, 

such as about 10°F/min (6°C/min), from about 400°F (204°C) to between about 

1000°F (538°C) and about 1200°F (649°C) may be employed until the binder is 

driven off. Once the binder is effectively removed, the above described heat 

treatments may be employed to produce an isothermally solidified repair. 

20 An ad¥antage of the present invention incl':1des the ability to repair wide 

cracks in metallic alloy articles, such as gas turbine engine components, by 

achieving isothermal solidification and minimal porosity in the repaired area. 
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Another advantage of the present invention is the ability 

isothermal solidification and minimal porosity in a repair within 

thermal cycles without any subsequently applied pressure, such as hot isostatic 

pressing. 

s 

Brief Description of the Drawings 

Fig. 1 depicts a top view of an exemplary defect of irregular size and shape. 

Fig. 2 depicts an aspect of the present invention wherein a first metallic filler 

material substantially fills the defect cavity. 

10 Fig. 3 depicts another aspect of the present invention wherein a second metallic 

filler material is provided over the first metallic filler material. 

Best Mode for Carrying Out the Invention 

The present invention includes a method of repairing a metallic alloy 

15 article, such as a gas turbine engine component. The base metal of the metallic 

alloy article is preferably a nickel-base, cobalt-base or iron-base superalloy. 

The metallic alloy article includes a defect cavity greater than about 

0.010 inches (2.5x10.,.m) in maximum width. The present invention is 

particularly suited for defect cavities with a maximum width between about 

20 0.010 inches (2.5x10.,.m) and about 0.030 inches (7.6x10-4m), regardless of 

defect length. However, defect cavities of other sizes may also be repaired. 
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reducing atmosphere such as hydrogen or hydrogen fluoride. Alternatively, a 

mechanical abrasion technique, such as a grinding operation may be used to 

S remove surface oxides from the defect cavity. A combination of a mechanical 

abrasion technique and gas cleaning may also be used. For example, the surface 

oxides may be removed by first grinding out the surface damage area and then 

cleaning the defect cavity by thermal processing in a reducing atmosphere. 

However, it is not necessary to first grind out the damaged surface area. 

10 Once the defect cavity is free of surface oxides, a first metallic filler 

material 10 is applied to the defect cavity such that the first metallic filler 

material 10 substantially fills the cavity, as shown in Fig. 2. The composition of 

the first metallic filler material 10 corresponds substantially to that of the 

metallic alloy article. 

1 S Alternatively, the first metallic filler material 10 may be a blend of at 

least two distinct metallic filler materials. One metallic filler material, present 

in at least 60 wt.%, corresponds substantially to that of the metallic alloy article. 

The other metallic filler material bas the same basis as the composition of the 

metallic alloy article and includes a melting point depressant in an amount 

20 substantially in excess of that in the metallic alloy article. By same basis, we 

herein refer to a filler material employing the same base metal as that of the 

substrate alloy. The filler material may have somewhat of a simpler chemistry 
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than that of the substrate alloy composition. For example, the 

be of a superalloy composition, whereas the filler material may beu:o~f~an~~-----

composition. 

The amount of melting point depressant employed typically ranges 

S between about 1 %, by weight, and about 10%, by weight. Preferably, between 

about 1 %, by weight, and about 3%, by weight, boron is used. Although other 

melting point depressants and combinations thereof may be employed, boron is 

preferred because of its capability of rapid ·diffusion in superalloys. 

Preferably, the first metallic filler material is powder in form and the 

10 size of the powder particles is about 88 microns (lxlO~m) and finer. 

A second metallic filler material 12 is provided over the first metallic 

filler material 10, as shown in Fig. 3, in an amount sufficient to infiltrate the 

first metallic filler material 10. As shown if Fig. 3, preferably the second 

metallic filler material is piled over the first metallic filler material 10 and 

15 around the areas immediately adjacent thereto. An exact amount of second 

filler material 12 over the first metallic filler material 10 is typically not 

required for successful use of the invention. Similarly, determining the weight 

percent ratio of the first metallic filler material 10 to the subsequently applied 

second metallic filler material 12 is not required. This is another significant 

20 advantage of the present invention. 

The second metallic filler material 12 includes between about 0 wt.% 

and about 40 wt.% metallic filler of a composition corresponding substantially 



metallic alloy article and including a melting point depressant in an amount 

substantially in excess of that in the metallic alloy article. The amount of 

S melting point depressant employed tYJ>ical· ranges between about 1 %, by weight, 

and about 10%, by weight. Preferably, between about 1 %, by weight, and about 

3%, by weight, boron is used. 

The second metallic filler material 12 is also preferably powder in form. 

Preferably, the size of the powder particles is about 88 microns (lx10-6m) and 

10 finer. 

The metallic alloy article is then thermally processed through a heat 

'• treatment"to effect an isothermal solidified repair. Specifically the heat 

treatment includes heating the article to a temperature above the solidus of the 

second metallic filler material 12, such as between about 2000°F (1093°C) and 

15 about 2400°F (1316°C) for between about S hours and about 30 hours, to melt 

the second metallic filler material 12 and isothermally solidify the repair. In 

this process, the second metallic filler material 12 melts and infiltrates the first 

metallic filler material 10 to produce a void free structure. 

Alternatively, the heat treatment of the present invention may be 

20 accomplished by heating the article to a temperature (Tl) capable of sintering 

the first metallic filler material 10, but below the solidus of the second metallic 

filler material 12, such as between about 2000°F (1093°C) and about 2400°F 
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solidus of the second metallic filler material 12, such as between a ut 2000°F 

(1093°C) and about 2400°F (1316°C) for between about 5 hours and about 30 

hours, to melt the second metallic filler material 12 and isothermally solidify the 

S repair. Accordingly, T2 will never be equivalent to T3 which will always be 

greater than T2. 

In another embodiment of the invention, a first metallic filler paste is 

fonned. The first metallic filler paste includes a binder and a first metallic filler 

material 10. 

10 The composition of the first metallic filler material 10 corresponds 

substantially to that of the metallic alloy article. Alternatively, the first metallic 

filler material 10 may be a blend of at least two distinct metallic filler materials. 

One metallic filler material, present in at least 60 wt.%, corresponds 

substantially to that of the metallic alloy article. The other metallic filler 

1 S material has the same basis as the composition of the metallic alloy article and 

includes a substantial amount of a melting point depressant. The amount of 

melting point depressant employed typically ranges between about 1 %, by 

weight, and about 10%, by weight. Preferably, between about 1 %, by weight, 

and about 3%, by weight, boron is used. 

20 The binder may be any material eapable of adhering to the powder such 

that a paste-like substance is formed. The amount of binder required is just 

enough to maintain the powder in suspension and one of ordinary skill in the art 
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would be able to determine this amount. The binder must also 

residue. The binder and the first metallic filler material 10 may be combined in 

any conventional manner, such as mixing. 

5 Upon formation of the first metallic filler paste, the paste is applied to 

the defect cavity to substantially fill the cavity. The paste may be applied by 

any means suitable to fill the cavity. The paste is typically spread into the 

cavity. Excess paste is then removed. 

A second metallic filler paste is provided over the first metallic filler 

10 paste. The second metallic filler paste includes a binder and a second metallic 

filler material 12 having between about 0 wt. % and about 40 wt. % metallic 

filler material of a composition corresponding substantially to that of the 

metallic alloy article, and between about 100 wt. % and about 60 wt. % 

metallic filler material having the same basis as the composition of the metallic 

1 S alloy article and including a melting point depressant in an amount substantially 

in excess of that in the metallic alloy article. The amount of melting point 

depressant typically ranges between about 1 %, by weight, and about 10%, by 

weight. Preferably, between about 1%, by weight, and about 3%, by weight, 

boron is used. 

20 The binder of the second metallic filler paste may also be any material 

capable of adhering to the powder such that a paste-like substance is formed; 

and the amount of binder required is just enough to maintain the powder in 
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metallic tiller paste may be combined in any conventional manner, such as 

mixing. The second metallic filler paste is then applied directly over the first 

S metallic filler paste in an amount sufficient to cover the first metallic filler paste 

and in an amount sufficient such that the second metallic filler material 12 can 

infiltrate the first metallic filler material 10. Typically, the second metallic filler 

paste is applied over the first metallic filler paste and to the areas immediately 

adjacent thereto. The flow of the paste during thermal processing is controlled 

10 such that the use of a mechanical dam is not necessary. 

The metallic alloy article is then thermally processed to first drive off 

the binder. This may be accomplished by heating the article to a temperature 

between about 1000°F (538°C) and about 1200°F (649°C) and holding at that 

temperature until the binder is driven off. Alternatively, a slow heating rate, 

15 such as about 10°F/min (6°C/min), from about 400°F (204°C) to a temperature 

between about 1000°F (538°C) and about 1200°F (649°C) may be employed 

until the binder is driven off. Once the binder is effectively removed, the above 

described heat treatments may be employed to produce an isothermally 

solidified repair. 

20 The following examples are provided to further explain the present 

invention and are meant to be exemplary rather than limiting. 

Example 1 
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Rcpain wae made to an arti~e
1

;~ com~tion, by e~Ei:;;,;;~,;J 
90/o chromium, 10% cobalt, 12.5% tungsten, 1 % colmnbium, 2% ti ........ ~.,._i.;aL-_____ ..J 

aluminum, 2% hafhium, 0.015% boron, balance nickel. The article had a defect 

cavity with a maximum width between about 0.010 inches (2.5x104 m) and 

5 about 0.030 inches (7.6x10 ... m). Base metal powder, which was about 88 

microns (lx10-6m) and finer, was combined with an aqueous binder, Omni 

KAO, by Omni Technologies Corporation, Exeter, NH, to fonn a paste which 

was placed inside the defect cavity, essentially filling. the volume of the defect 

cavity. 

10 A second paste was formed by combining the above binder and an alloy 

of 10% chromium, 10% cobalt, 5% tungsten, 3% boron, balance nickel, by 

weight. The second paste was placed on top of the first paste in an amount 

sufficient to cover the first paste and the area immediately adjacent the defect 

cavity. The powder of the second paste (second metallic filler material) was 44 

15 microns (4.4x10"5m) and finer. 

The article was heated to 1000°F (538°C) at a rate of 10°F/min 

(6°C/min) to drive off the binder. Then the article was heated to 2000°F 

(1093°C) and held at this temperature for 4 hours to sinter the base metal 

powder in the first paste. The temperature remained below the solidus of the 

20 second metallic filler material. The article was then heated to about 2200°F 

{1204°C) and held for 30 hours to melt the second metallic filler material and 

isothermally solidify the repair. 



examining the microstructure under a microscope. A crack free, isothermally 

solidified repair appeared to have successfully occurred. 

S Enmple2 

Repairs were made to an Inconel 713C cast superalloy having a nominal 

composition, by weight, of, 13.S%Cr, 4.5%Mo, 6%Al, 0.9%Ti, 2.1 %Cbffa, 

0.14%C, 0.01 %B, 0.08o/oZr, balance Ni: The superalloy had a through-wall 

defect cavity with maximum width of 0.020 inches (0.051 cm). Base metal 

IO powder, which was about 88 microns and finer, was combined with an aqueous 

binder, Amdry• 1290R, by Sulzer Metco (US) Inc. to fonn a paste which was 

placed inSide the defect cavity to essentially till the volume of the defect cavity. 

A second paste was formed by combining the above binder with powder 

having a nominal composition, by weight, of 4.5%Si, 3%B, balance Ni. The 

15 particle size of the powder was about 44 microns and finer. This second paste 

was applied over the first paste and around the edges of the defect cavity in an 

amount sufficient to cover the first paste and areas adjacent thereto. 

The article was then heated to 1000°F (538°C) at a rate of 10°F/min 

(6°C/min) to drive off the binder. Then the article was heated to 2050°F 

20 (1121°C) and held at 2050°F (1121°C) for 12 hours. The article was then air 

cooled. 
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Example3 

Repairs were made to a Mar-M509 cast cobalt base superalloy of 

S nominal composition, by weight, of 23.4%Cr, 100/oNi, 7o/oW, 3.5%Ta, 0.6%C, 

0.2%Ti, O.So/oZr, balance Co: The superalloy had a 0.030 inch (0.076 cm) 

diameter through hole defect. 

A first paste was placed into the defect cavity to essentially fill the 

volume of the defect cavity. The first paste included a powder alloy mix of the 

10 following: 70 wt. o/o powder having the same composition as the base metal and 

30 wt.% powder having a nominal composition, by weight, of25%Ni, 23.4%Cr, 

3%B, balance Co. The powder particles were about 88 microns and finer. The 

powder alloy mix was combined with the same binder as in Example 2 to form a 

paste-like consistency.· 

15 A second paste was fanned by combining the above binder with a 

powder alloy mix of the follow: 60 wt.% powder having a nominal 

composition, by weight, of 40%Ni, 24.5%Cr, 2.95%B, balance Co and 40 wt.% 

powder having the same composition as the base metal. The particle size of the 

powder was about 44 microns and finer. Th.is second paste was applied to both 

20 sides of the defect cavity, covering the entire defect opening and first paste. 

The article was then heated to 1000°F (538°C) at a rate of 10°F/min 

(6°C/min) to drive off the binder. Then the article was heated to 2100°F 
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(1149°C) and held at 2100°F (l 149°C) for 12 hours. The article 

cooled. 
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As in the above examples, the article was metallographically examined 

and appeared to result in a successful, crack free, isothermally solidified repair. 

S An advantage of the present invention includes the ability to repair wide 

gap defects in metallic alloy articles by achieving isothennal solidification and 

minimal porosity in the repaired area. 

Another advantage of the present invention is the ability to repair gas 

turbine blade and vane cooling holes by achieving an isothermally solidified 

10 structure with minimal porosity. 

Yet another advantage of the present invention is that it may be 

employed to join metallic articles, as well as repair them. 

The invention is not limited to the particular embodiments shown and 

described herein. Various changes and modifications may be made without 

15 departing from the spirit and scope of the claimed invention. 
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CLAIMS: 

1. A method of repairing a metallic alloy article having a defect cavity greater 

than about 0.010 inches (2.S4xlff4m) in maximum width, the method 

comprising the steps of: 

providing a first metallic filler material in the defect cavity such that the 

S metallic filler material substantially fills the cavity, the composition of the first 

metallic filler material corresponding substantially to that of the metallic alloy 

article; 

providing a second metallic filler material over the first metallic filler 

materi~, wherein the second metallic filler material includes between about 0 

10 \\tt. % and about 40 wt. % metallic filler material of a composition 

corresponding substantially to the metallic alloy article, and between about 100 

wt. % and about 60 wt. % metallic filler material having the same basis as the 

composition of the metallic alloy article and including a melting point 

depressant in an amount substantially in excess of that in the metallic alloy 

15 article; 

. .effecting isothermal solidification by thennal!y processing the article 

through a heat treatment comprising: 

heating the article to a temperature above the solidus of the second 

metallic filler material to melt the second metallic filler material and 

20 isothermally solidify repair of the defect cavity greater than about 0.010 inches 

(2.S4xl0"4m) in maximum width. 
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2. The method of claim 1 wherein the metallic alloy article is a 

superalloy article. 

3. The method of claim 1 wherein the defect cavity has a maximum width 

S between about 0.010 inches (2.SxlO ... m) and about 0.030 inches (7.6x10 ... m). 

4. The method of claim 1 wherein surface oxides are removed from the defect 

cavity prior to providing the first metallic filler material in the defect cavity. 

10 S. The method of claim 1 wherein the metallic alloy article comprises a 

composition in weight percent of 9% chromium, 10% cobalt, 12.5% tungsten, 

1% columbium, 2% titanium, 5% aluminum, 2% hafnium, 0.015% boron, 

balance nickel. 

1 S 6. The method of claim 1 wherein between about 1 % and 3%, boron, by 

weight, is present as the melting point depressant in the second metallic filler 

material. 

7. The method of claim 1 wherein the article is heated to between about 2000°F 

20 (1093°C) and about 2400°F (1316°C) for between about S hours and about 30 

hours, whereby the second metallic filler material melts and infiltrates the first 

metallic filler material to produce a void free structure. 

TFns SHT::;FT H ·\=-;·;~~~] "' ... , .• -, •J. !._:,. ~j",J 
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8. A method of repairing a metallic alloy article having a efect cavity, the 

method comprising the steps of: 

providing a first metallic filler material in the defect cavity such that the 

5 metallic filler material substantially fills the cavity, the composition of the first 

metallic filler material corresponding substantially to that of the metallic alloy 

article; 

providing a second metallic filler material over the first metallic filler 

material, wherein the second metallic filler material includes between about O 

10 wt. % and about 40 wt. % metallic filler material of a composition 

corresponding substantially to the metallic alloy article, and between about 100 

wt. % and about 60 wt. % metallic filler material having the same basis as the 

composition of the metallic article and including a melting point depressant in 

an amount substantially in excess of that in the metallic alloy article; 

1 S effecting isothermal solidification by thermally processing the article 

through a heat treatment comprising: 

heating the article to a temperature (Tl) capable of sintering the first 

metallic filler material, but below the solidus of the second metallic filler 

material, such as between about 2000°F (1093°C) and about 2400°F (1316°C) 

20 for about 4 hours; and then holding at a temperature (T2) above the solidus of 

the second metallic filler material, such as between about 2000°F (1093°C) and 

about 2400°F (1316°C) for between about S hours and about 30 hours to melt 

~ S I7°i,~;T H L\·;~-·-r;;:~l<'i~7'""l 
'-~ '- · J .• _ .. r.... I • . I • ~ '-' •. ~ ,, 

i~EPLACE'; . 
·-=~·····-----·-·"'""-"·.·~ ....... ,.,,~ 



1111111111111111111 ·11111111111 
* C L M S * REPL1\CEMENT SHEET 

- 21 -

the second metallic filler material and isothermally solidify the 

n is greater than T2. 

9. A method of repairing a metallic alloy article having a defect cavity greater 

S than about 0.010 inches (2.SxlO _.m) in maximum width, the method 

comprising the steps of: 

providing a first metallic filler paste in the defect cavity such that the 

metallic filler paste substantially fills the cavity, the metallic filler paste 

comprising a binder and a first metallic filler material having composition 

10 corresponding substantially to that of the metallic alloy article; 

providing a second metallic filler paste over the first metallic filler paste, 

wherein the second metallic filler paste comprises a binder and a second 

metallic filler material having between about 0 wt. % and about 40 wt. % 

metallic filler material of a composition corresponding substantially to the 

1 S metallic article, and between about 100 wt. % and about 60 wt. % metallic filler 

material having the same basis as the composition of the metallic alloy article 

and including a melting point depressant in an amount substantially in excess of 

that in the metallic alloy article; 

effecting isothermal solidification by thermally processing the article 

20 through a heat treatment by: 

ll .l"HIS SL''Cr:;1· LI•,<;: tJC',:~N J \ .. t l L~t:.. ! A.1"' •. ,~ • .... -·~· 
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binder is driven off; 

holding at a temperature capable of sintering the first metallic 

S filler material of the first metallic tiller paste, but below solidus of the second 

metallic filler paste, between about 1850°F (1010°C) and about 2200°F 

(1204°C) for about 4 hours; and 

holding at a third temperature, between about 2000°F (1093°C) 

and about 2400°F (13 l 6°C) for between about S hours and about 30 hours, to 

10 melt the second metallic filler paste and thereby isothermally solidify a repair of 

the defect cavity greater than about 0'.010 inches (2.Sxl 0 °"m) in maximum 

width. 

10. A method of repairing a metallic alloy article having a defect cavity, the 

15 method comprising the steps of: 

providing a first metallic filler material in the defect cavity such that the 

metallic filler material substantially fills the cavity, wherein the first metallic 

filler material is a blend of at least two distinct metallic filler materials, one 

metallic filler material, present in at least 60 wt.%, corresponds substantially in 

20 composition to that of the metallic alloy article, and another metallic filler 

material has the same basis as the metallic alloy article and includes a melting 

point depressant in an amount substantially in excess of that in the article; 

·r---
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providing a second metallic filler material over the 

·.-.._ ....... "" ... - ...... --....... ___ --,i 
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wt. % and about 40 wt. % metallic filler material of a composition 

corresponding substantially to the metallic alloy article, and between about 100 

S wt. % and about 60 wt. % metallic tiller material having the same basis as the 

metallic alloy article and including a melting point depressant in an amount 

substantially in excess of that in the metallic alloy article; 

effecting isothermal solidification by thermally processing the article 

through a heat treatment comprising: 

10 heating the article to a temperature above the solidus of the second 

metallic filler material to melt the second metallic tiller material and 

isothermally solidify the repair. 

15 
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Method of Repairing Metallic Alloy Articles, Such as 

Gu Turbine Engine Components 

A method of repairing a metallic alloy article having a defect cavity 

greater than about 0.010 inches (2.SxlO· .... m) in maximum width is disclosed. 

One aspect of the invention includes providing a first metallic filler material 

10 (10) in the defect cavity such that the first metallic ·filler material (10) 

substantially fills the cavity. The composition of the first metallic filler material 

( 10) corresponds substantially to that of the metallic article. A second metallic 

filler material (12) is provided over the first metallic filler material (10). The 

second metallic filler material (12) includes between about 0 wt. % and about 40 

1 S wt. % metallic filler material of a composition corresponding substantially to 

the metallic article, and between about 100 wt. % and about 60 wt. % metallic 

filler material having the same basis as the composition of the metallic alloy 

article and including a melting point depressant in an amount substantially in 

excess of that in the metallic alloy article. The article is thermally processed 

20 through a heat treatment to effect an isothermal solidified repair. 

Figure 1 
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CLAIMS: 

1. A method of repairing a metallic alloy article having a defect cavity ~r 

than about 0.010 inches (2.54x I O""m) in maximum width. the method 

comprising the steps of: 

providing a first metallic filler material in the defect cavity such that the 

5 metallic filler material substantially fills the cavity, the composition of the first 

metallic filler material corresponding substantially to that of the metallic alloy 

article; 

providing a second metallic filler material over the first metallic filler 

materi~, wherein the second metallic filler material includes between about 0 

I 0 wt. % and about 40 wt. % metallic filler material of a composition 

corresponding substantially to the metallic alloy article, and between about 100 

wt. % and about 60 wt. % metallic filler material having the same basis as the 

composition of the metallic alloy article and including a melting point 

depressant in an amount substantially in excess of that in the metallic alloy 

15 anicle; 

--effecting isothermal solidification by thennall:y processing the article 

through a heat treatment comprising: 

beating the article to a temperature above the solidus of the Se"'...ODd 

metallic filler material to melt the second metallic filler material and 

20 isothermally solidify repair of the defect cavity greater than about 0.010 inches 

(2.54x 1 o""m) in maximum width. 
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2. The method of claim 1 wherein the metallic alloy article is a nic el base 
l,__~~~~~~~-

superalloy article. 

3. ":fhc method of claim 1 wherein the defect cavity has a maximum width 

S between about 0.010 inches (2.SxlO°"m) and about 0.030 inches (7.6xlO°"m). 

4. The method of claim 1 wherein surface oxides are removed from the defect 

cavity prior to providing the first metallic filler material in the defect cavity. 

10 S. The method of claim 1 wherein the metallic alloy article comprises a 

composition in weight percent of 9% chromium, 10% cobalt, 12.5% tungsten, 

1%columbi~2% titanium, 5% aluminum, 2% hafnium, 0.015% boron, 

balance nickel. 

15 6. The method of claim 1 wherein between about 1% and 3%, boron, by. 

weight, is present as the melting point depressant in the second metallic filler 

material. 

7. The method of claim 1 wherein the article is heated to between about 2000°F 

20 (1093 °C) and about 2400°F (13 l 6°C) for between about 5 hours and about 30 

hours, whereby the second metallic filler material melts and infiltrates the first 

metallic filler material to produce a void free structure. 
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8. A method of repairing a metallic alloy article having a defect cavity, the 

method comprising the steps of: 

providing a first metallic filler material in the defect cavity such that the 

S metallic filler material substaIItially fills the cavity, the composition of the first 

metallic filler material corresponding substantially to that of the metallic alloy 

article; 

providing a second metallic filler material over the first metallic filler 

material, wherein the second metallic filler material includes between about 0 

10 wt. % and about 40 wt. % metallic filler material of a composition 

corresponding substantially to the metallic alloy article, and between about 100 

wt. % and about 60 wt. % metallic filler material having the same basis as the 

composition of the metallic articJe and including a melting point depressant in 

an amount substantially in excess of that in the metallic alloy article; 

1 S effecting isothennal solidification by thennally processing the article 

through a heat treatment comprising: 

heating the article to a temperature (Tl) capable of sintering the first 

metallic filler material, but below the solidus of the second metallic filler 

material, such as between about 2000°F (1093°C) and about 2400°F (13 l6°C) 

20 for about 4 hours; and then holding at a temperature (T2) above the solidus of 

the second metallic filler material, such as between about 2000°F (1093°C) and 

aboui 2400°F (1316°C) for between about S hours and about 30 hours to melt 
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the second metallic filler material and isothermally solidify 

T2 is higher than Tl. 

9. A method of repairing a metallic alloy article having a defect cavity greater 

S than about 0.010 inches (2.SxlO ... m) in maximum wid~ the method 

comprising the steps of: 

providing a first metallic filler paste in the defect cavity such that the 

metallic filler paste substantially fills the cavity, the metallic filler paste 

comprising a binder and a first metallic filler material having~ composition 

10 corresponding substantially to that of the metallic alloy article; 

providing a second metallic filler paste over the first metallic filler paste, 

wherein the second metallic filler paste comprises a binder and a second 

metallic filler mate:ial having between about 0 wt. % and about 40 wt % 

metallic filler material of a composition corresponding substantially to the 

l 5 metallic article, and between about 100 wt. % and about 60 wt. % metallic filler 

material having the same basis as the composition of the metallic alloy article 

and including a melting point depressant in an amount substantially in excess of 

that in the metallic alloy article; 

effecting isothermal solidification by thermally processing the article 

20 through a beat treatment by: 
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(538°C) and about 1200°F (649°C) and holding at that temperature until the 

binder is driven off; 

holding at a temperature capable of sintcring the first metallic 

5 filler material of the first metallic filler paste, but below solidus of the second 

metallic filler paste, between about 1850°F (1O10°C) and about 2200°F 

(1204°C) for about 4 hours; and 

holding at a third temperature, between about 2000°F (1093 °C) 

and about2400°F (1316°C) for between about 5 hours and about 30 hours, to 

10 melt the second metallic filler paste and thereby isothermally solidify a repair of 

the defect cavity greater than about 0'.010 inches (2.SxlO -'m) in maximum 

width. 

10. A method of repairing a metallic alloy article having a defect cavity, the 

15 method e-0mprising the steps of: 

providing a first metallic filler material in the defect cavity such that the 

metallic filler material substantially fills the cavity, wherein the first metallic 

filler material is a bJend of at least two distinct metallic filler materials, one 

metallic filler material, present in at least 60 wt.%, corresponds substantially in 

20 composition to that of the metallic alloy article, and another metallic filler 

material bas the same basis as the metallic alloy article and includes a melting 

·point depressant in an amount substantially in excess of that in the article; 

; .•. :· 
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material, wherein the second metallic filler material includes between about 0 

wt. % and about 40 wt. % metaUic filler material of a composition 

corresponding substantially to the metallic alloy article, and between about I 00 

S wt. % and about 60 wt. % metallic filler material having the same basis as the 

metallic alloy article and including a melting point depressant in an amount 

substantially in excess of that in the metallic alloy article; 

effecting isothermal solidification by thermally processing_ the article 

through a beat treatment comprising: 

10 heating the article to a temperature above the solidus of the second 

metallic tiller material to melt the second metallic filler material and 

isothermally solidify the repair. 

11. The method of claim 1, wherein.said first metallic filler material comprises 

powder particles of about 8 8 microns ( 1 x 10 -6 m) ~r· finer in size. 

15 12. The method of claim 8, wherein said .first metallic filler material comprises 

powder particles of about 88 microns (1 x l 0 "6 m) or finer in size. 

13. The method of claim 9, wherein said first metallic filler paste comprises 

. . - -6 
1powder particles of about 88 microns (lx 10 m) or finer in size. 

14. The method of claim 10, wherein said first metallic filler paste comprises 

powder particles of about 88 microns ( 1 x l 0 "6 m) or finer in sfae. 
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to that of the metallic alloy article, and between about 100 wt. % and about 60 

wt.% metallic filler material having the same basis as the composition of the 

metallic alloy article and including a melting point depressant in an amount 

substantially in excess of that in the metallic alloy article. The amount of 

5 melting point depressant employed fy'pical ranges between about l %, by weight, 

and about 10%, by weight. Preferably, between about l %, by weight, and about 

3%, by weight, boron is used . 
../ 

'-.,...- The second metallic filler material 12 is also preferably powder in fonn. 

Preferably, the size of the powder particles is about 88 microns (lxlO~m) and 

10 finer. 

The metallic alloy article is then thermally processed through a heat 

treatment"to effect an isothermal solidified repair. Specifically the heat 

treatment includes heating the article to a temperature above the solidus of the 

second metallic filler material 12, such as between about 2000°F (1093°C) and 

15 about 2400°F (1316°C) for between about S hours and about 30 hours, to melt 
_,. 

.....__,. .. 
. the second metallic filler material 12 and isothermally solidify the repair. In 

this process, the second metallic filler material 12 melts and infiltrates the first 

metallic filler material 10 to produce a void free structure. 

Alternatively, the heat treatment of the present invention may be 

20 accomplished by heating the article to a temperature (Tl) capable of sintering 

the first metallic filler material 10, but below the solidus of the second ·metallic 

filler material 12, such as between about l,850°F (1010°C) and about 2200°F 

(1204°C) or, alternatively. between about 2000°F (1093°C) and about 2400°F 


