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(57) ABSTRACT 

This invention relates to a composition for repairing metallic 
articles Which in its initial state is in the form of an adhesive, 
self-supporting putty, capable of being molded including 
5-15% by Weight of a sacri?cial binder containing at least 
one acrylic resin and volatile solvent. The invention also 
relates to a kit for the composition and methods for repair. 
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WIDE-GAP FILLER MATERIAL 

FIELD OF THE INVENTION 

[0001] This invention relates to the brazing or sintering of 
particulate materials and, more speci?cally, to the materials 
used for Wide-gap joining, repair or surface coating of gas 
turbine components. 

BACKGROUND OF THE INVENTION 

[0002] Gas turbine components, such as superalloy blades 
and vanes, are subjected to high temperatures and stresses 
during engine operation. Under such conditions they Will 
often become physically damaged due to the formation of 
cracks, voids and Worn surfaces; When the damage extends 
beyond certain alloWable limits, a decision must be made to 
either repair or replace the components. Because they are 
expensive to manufacture, there is considerable economic 
incentive to attempt repair of turbine components by meth 
ods such as Welding, braZing or Wide-gap braZing. 

[0003] Wide-gap braZing refers to the repair of defects too 
large to be ?lled or bridged by standard bring techniques 
Wherein the gap ?ller material is draWn into defects by 
capillary forces alone. Therefore, Wide-gap ?ller materials 
must to be physically pre-placed Within joints or defects or 
onto surfaces and, during heat treatment, exhibit sluggish 
?oW Which prevents them from substantially ?oWing out of 
the repair area. Prior art Wide-gap ?ller compositions are 
typically comprised of a mixture of superalloy and braZe 
alloy poWders suspended in some type of temporary organic 
vehicle so as to form a slurry, paste or transfer tape. The 
organic vehicle, or binder, is usually comprised of an organic 
polymer dissolved in a solvent, and sometimes includes a 
plasticiZer and dispersant. The organic polymer provides 
strength to the alloy poWder deposit after the solvent has 
evaporated, bonding the poWder particles to each other, as 
Well as to the substrate article. (The Word “binder” is usually 
used to mean all of the ingredients present in the vehicle. 
including the organic polymer, solvent, plasticiZer, Wetting 
agent, etc. HoWever. in many references, the Word “binder” 
refers speci?cally to the organic polymer constituent of the 
vehicle. When used herein. the Word “binder” shall be used 
in the traditional sense and the phrase “principle binder 
resin” shall be used to refer to the organic polymer compo 
nent.) Subsequent drying and furnace heat treatment opera 
tions decompose and vaporiZe the various binder constitu 
ents, folloWed by braZing or sintering of the poWder. Alloy 
poWders used for Wide-gap ?ller materials are described in 
US. Pat. Nos. 4,073,639 and 4,381,944. Organic binders 
and methods used in the formulation of slurries, pastes and 
transfer tapes have been described in US. Pat. Nos. 2,908, 
072; 3,293,072 and 3,589,952. 

[0004] Historically, Wide-gap repairs Were developed for 
the repair of defects in aero or aero-derivative gas turbine 
components. Relatively speaking, these components and the 
defects in them tend to be small. For example, a typical 
Wide-gap crack in an aero gas turbine component might be 
about 1A inch in length by about 0.030 inches in Width or 
depth. In contrast, heavy frame gas turbines Which are 
designed primarily for industrial poWer generation are much 
larger than aero or aeroderivative gas turbines. Asingle vane 
segment or blade from one of these engines can Weigh 
upWards of 100 lbs. Crack defects in these components are 
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correspondingly much larger, With dimensions often exceed 
ing several inches in length and up to one inch in Width or 
depth. Standard Welding techniques cannot alWays be used 
to successfully repair this type of damage, and it is again 
desirable to be able to use some type of Wide-gap repair 
process for component restoration. 

[0005] While the Wide-gap slurries, pastes and transfer 
tapes of the prior art have been found useful for the repair 
or joining of the smaller areo components, there are many 
situations in Which these materials are unsatisfactory for the 
repair of larger defects in heavy frame gas turbine compo 
nents. For instance, it is often desirable to be able to apply 
the Wide-gap ?ller material to thicknesses of Vs inch or more 
onto surfaces With vertical or inverted orientations. After it 
is applied, the ?ller material should neither ?oW, shrink, nor 
form defects such as voids, tears and the like during subse 
quent handling and heat treatments. Prior art Wide-gap repair 
materials Will either slump or fall off the article during 
drying and/or heat treatment When used in this Way, making 
it necessary to complete the braZing or liquid phase sintering 
operation in a number of steps by varying the orientation of 
the article in the furnace each time. 

[0006] Some additional requirements of a good Wide-gap 
?ller material are that, during its initial application, it should 
be capable of plastic ?oW together With adhesive properties 
Which are similar to those of a modeiling clay. These 
properties would allow the alloy poWder manure to How into 
a desired shape by appiying a moderate force, for example 
by hand, and thereafter keep its shape, While adhering to the 
substrate article in various orientations. Once the external 
force is removed from the Wide-gap ?ller, it should keep its 
shape While the repair article is handled, stored, dried, and 
heat treated. These attributes are not found in the Wide-gap 
slurries, pastes and transfer tapes of the prior art. For 
example, a poWder metallurgy repair material, comprised of 
a mixture of iron-base alloy poWders and a plastic binder, 
has been described in connection With the repair of centrifu 
gal pump impellers (Welding Journal, April 1971, pp. 255 
256). The proprietary materials used in this method Were 
molded by hand, hoWever, back-up supports Were needed on 
the underside of through-going defects to hold the poWder 
mix in place. In other Words, the mixture Was not self 
supporting. 

[0007] Still another limitation of prior art Wide-gap ?ller 
materials has been encountered in the repair of holloW gas 
turbine components Which contain through-going defects or 
details. In most cases, drop-through or How of the repair 
?ller material into interior cooling passages or cavities 
cannot be tolerated, since obstruction of these passages 
Would render the component unserviceable and unrepairable 
due to the limited access afforded by the component design. 
It is very dif?cult to control the How of prior art Wide-gap 
pastes and slurries Which makes them unsuited to the repair 
of these types of defects or details. An important advantage 
of the Wide-gap ?ller material of the present invention is that 
the aforementioned limitations related to molding, ?oW, 
slumping and loss of adhesion can be eliminated. This 
advantage is realiZed through the use of the novel sacri?cial 
binder system of the present invention. 

[0008] Finally, Within the general category of materials 
comprised of metal poWder alloys and organic binders there 
exists another class of materials Which are used in the 
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powder injection molding art. Powder injection molding 
(herein. referred to as PIM) is a method for the fabrication 
of ceramic or metallic sintered parts. A solid green body or 
compact comprised of a ceramic or metallic particulate 
material and a sacri?cial binder mixture is molded in a die 
by the application of heat and mechanical pressure in an 
injection molding machine. The binder ingredients are later 
removed from the green body in a series of solvent or 
thermal debinding processes, folloWed by ?ring and sinter 
ing of the compact. The main PIM binder types are ther 
moplastic, thermosetting and gelation systems R. M. Ger 
man. Powder Injection Molding, Metal PoWder industries 
Federation. Princeton, N. J., 1990, pp. 99-124). Thermo 
plastic sacri?cial binders used in the formulation of PIM 
feedstock are rigid and non-adhesive at room temperature 
and must be softened by heating before the mixture Will ?oW 
adequately to alloW mold ?lling. Thermosetting and Water 
based gelation binders develop their strength by cross 
linking of the polymer units at elevated temperatures. Rigid, 
self-supporting compacts can only be produced from these 
materials by heating the die cavity after the feedstock has 
been introduced. The need for substantial temperature and 
pressure variations during the processing of PIM feedstocks 
makes the binders used in these formulations unsuitable for 
use in conjunction With the Wide-gap ?ller materials of the 
present invention. 

SUMMARY OF THE INVENTION 

[0009] One object of the present invention is to provide an 
improved Wide-gap ?ller material, useful for the manufac 
turing, joining or repair of metallic articles Which Will alloW 
the positioning and heat treatment of thick (e.g. Vs inch), 
complex, near-net-shape poWder alloy deposits in horiZon 
tal, vertical or inverted orientations Without the need for 
surrounding back-up dams or support materials. 

[0010] Another object is to provide a Wide-gap ?ller 
material Which, in its initial form, Will remain soft, mold 
able, self-supporting and adhesive (tacky), even after being 
exposed to air at room temperature over a period of several 
hours. 

[0011] Still another object is to provide a Wide-gap ?ller 
material Which Will not slump, shrink, crack or How aWay 
from its initial position during subsequent handling or 
vacuum heat treatment operations, even When it is posi 
tioned in vertical or inverted orientations. 

[0012] A further object is to provide a Wide-gap ?ller 
material Which can be used to ?ll through-going defects in 
holloW components Where there is limited or no access to the 
interior cavity. The improved Wide-gap ?ller material of the 
present invention Will not slump or drop through into the 
interior cavities of the component during application or 
processing. 

[0013] These and other objects and advantages Will be 
more fully understood from the folloWing detailed descrip 
tion of the preferred embodiments, Which are intended to be 
typical of, rather than in any Way limiting on, the scope of 
the present invention. 

[0014] Brie?y, in one form of the present invention there 
is provided an improved sacri?cial binder mixture consisting 
essentially of, by Weight, 31-33% acrylic resin, having a 
glass transition temperature (Tg) less than 20° C., 22-24% 
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phthalate or adipate-type plasticiZer, 42-44% glycol ether or 
glycol ether acetate With a vapor pressure of less than 20 mm 
Hg. at 25° C. and 1-2% nonyl phenol base or octyl phenol 
base nonionic surfactant as a Wetting agent. The binder 
mixture is combined With a ?nely divided alloy poWder or 
blend of poWders to give a composition consisting of, by 
Weight, 5-8% of the binder mixture and 92-95% of the alloy 
poWder or poWders. The resulting ?ller material is in the 
form of an adhesive, self-supporting, moldable putty, 
capable of being forced under manually applied pressure to 
bond With, and take the shape of, a joint or repair cavity in 
any orientation. 

[0015] In another form of the present invention. there is 
provided a tWo-part (Part A and Part B) Wide-gap ?ller 
material comprised of tWo poWdered alloys, provided as 
separate components, each in the form of a moldable, 
adhesive putty. The ?rst component (Part A) putty comprises 
a metal alloy poWder having as its basis metal an element 
selected from the group consisting of nickel, cobalt or iron. 
The ?rst component putty may, in addition, contain a certain 
amount of a non-metallic (e.g. oxide, nitride or carbide) 
particulate material. The second metallic alloy poWder has a 
liquidus temperature loWer than the solidus temperature of 
the ?rst component particulate material(s) and the substrate 
article. The ratio of these tWo putty components, Part A 
(containing the ?rst alloy poWder(s) plus binder mixture): 
Part B (containing the second alloy poWder plus binder 
mixture), is controlled to be in the range from 4:1 to 1:1, 
depending on the properties required in the ?nal repair 
deposit and the processing characteristics of the alloy poW 
ders When they are used to repair or join the metal articles. 

[0016] The invention in still another form provides a 
method for using the putty containing the improved sacri 
?cial binder of the present invention to manufacture or 
repair a metallic article. After preparation and cleaning of 
the bonding or mating surfaces, a single or tWo-part alloy 
putty is applied to the article and shaped or molded to 
produce a near-net-shape build-up. The sacri?cial binder 
ingredients are then removed in a controlled thermal process 
to prevent ?oW, slumping, or separation of the repair depos 
its from the article. The sacri?cial binder ingredients are 
additionally removed by methods Which alloW vapors and 
gaseous decomposition products to escape from the Wide 
gap ?ller material Without causing internal pressure build 
ups Which could otherWise lead to the formation of defects 
such as voids, blisters, cracks, tears and the like. 

[0017] This application also relates to a kit for the com 
position and method for repair. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0018] In the repair or joining of metallic articles using 
Wide-gap ?ller materials in accordance With the present 
invention, defects Within Worn articles are ?rst removed by 
mechanical means or the surfaces of the joint are brought 
into position With one another. A particulate ?ller alloy is 
blended With a sacri?cial binder to form the Wide-gap ?ller 
and is then placed Within the repair cavity or betWeen the 
joint surfaces. Portions of the sacri?cial binder are removed 
by drying the article in air at temperatures up to 200° C. and 
then the article is placed into a vacuum furnace to be braZed 
or liquid phase sintered. During the overall braZing or liquid 
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phase sintering process, the article is ?rst held at an inter 
mediate temperature Which causes the reminder of the 
sacri?cial binder ingredients to decompose into gaseous 
products and be removed by evaporation. The temperature is 
then raised to a point at Which the Wide-gap material melts, 
re-solidi?es and fuses With the parent metal of the article 
forming a sound, high strength joint. 

[0019] The sacri?cial binder system of the present inven 
tion comprises at least a principle binder resin Which is a 
thermoplastic and has a softening or glass transition tem 
perature (Tg) beloW about 20° C., and a solvent With a loW 
vapor pressure, preferably less than about 20 mm Hg. at 25 
C. Additionally, the sacri?cial binder system of the present 
invention may contain a plasticiser and a Wetting agent. The 
loW glass transition temperature of the principle binder resin 
makes it soft and malleable at room temperature, While the 
loW vaporiZation rate of the solvent contributes to Wet tack, 
adhesion and a useful Working life. When combined With 
alloy poWders, these binder properties result in a Wide-gap 
?ller material With a consistency someWhat like modelling 
clay or adhesive putty. 

[0020] The principle binder resin preferably comprises an 
acrylic polymer or blend of acrylic polymers Which provide 
a balance of cohesive strength or rigidity and softness or 
?exibility. For example. a tough, hard resin Which has good 
strength and a high softening temperature can be plasticiZed 
With a softer. more ?exible resin to give the desired prop 
erties. If the glass transition temperature of the principle 
binder resin is loW enough, it may even have a slight tacky 
feel even before solvents and plasticiZers are added. Acrylic 
resins have-other desirable properties Which make them 
useful as ingredients in the sacri?cial binder system of the 
present invention. For example, acrylic resins remain stable 
above their softening range at temperatures up to 170-230° 
C. This property alloWs the selective removal of the solvent 
portion of the binder to take place by evaporation in air at 
temperatures up to 150° C., prior to vacuum furnace heat 
treatment. At higher temperatures (i.e. above 260° C.), 
acrylics depolymeriZe to volatile monomers, leaving negli 
gible ash or solid residue in the repair deposits. Some 
examples of acrylic resins Which are used in conjunction 
With the present invention are methacrylate, methyl meth 
acrylate, ethyl methacrylate, n-butyl methacrylate, isobutyl 
methacrylate, methyl/n-butyl methacrylate, n-butyl/isobutyl 
methacrylate, methyl/laurel methacrylate polymers and 
copolymers. It is preferred that the principle binder resin 
make up 25-50% by Weight of the sacri?cial binder system 
and most preferably 30-40% of the sacri?cial binder system. 

[0021] The solvent used in conjunction With the sacri?cial 
binder of the present invention must is be active, Which s to 
say that it is capable of dissolving the principle binder resin. 
Initially the solvent contributes to the Wet tackiness, soft 
ness, and moldability of the sacri?cial binder system. After 
the Wide-gap ?ller material has been applied to an article to 
be repaired or joined. the principle binder resin is dried and 
hardened by evaporation of the solvent. Thus, the solvent 
must have a loW volatility at room temperature in order to 
provide a useful Working life (e.g. several hours) once it is 
exposed to the atmosphere, but substantially vaporiZe When 
heated to temperatures up to 200° C. When used in con 
junction With the sacri?cial binder of the present invention, 
it is desirable that the solvent have a vapor pressure beloW 
20 mm Hg. at ambient temperature and most preferable that 
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the vapor pressure be beloW 1 mm Hg. at ambient tempera 
ture. The solvent must vaporiZe completely and cleanly 
during air drying and vacuum furnace burn-out. Addition 
ally, it is desirable that the solvent pose a loW health risk 
during handling and drying. Solvents Which are compatible 
With the sacri?cial binder system of the present invention are 
esters such as isoamyl acetate and isobutyl acetate, hydro 
carbons. such as VM&P naptha and mineral spirits and 
glycol ethers and acetates such as propylene glycol methyl 
ether, dipropylene glycol methyl ether, tripropylene glycol 
methyl ether, propylene giycol methyl ether acetate and 
dipropylene glycol methyl ether-acetate. The glycol ethers 
and acetates and hydrocarbons are most preferred in the 
present invention since they pose the loWest health risks and 
meet the most preferred volatility criteria listed above. It is 
preferred that the solvent make up 25-60% by Weight and 
most preferably 30-45% of the sacri?cial binder system. 

[0022] In addition to the principle binder resin and sol 
vent, the sacri?cial binder system of the present invention 
may optionally contain a plasticiZer. The plasticiZer further 
loWers the softening temperature of the principle binder 
resin and provides added ?exibility, softness and adhesion. 
The plasticiZer must be chemically compatible (i.e. form 
solutions) With the principle binder resin and solvent, suf 
?ciently volatile to alloW its removal during the vacuum 
furnace binder burn-out process, but not suf?ciently volatile 
to be substantially removed during mixing, storage, molding 
or air drying. The plasticiZer must further completely 
decompose into gaseous, volatile species at high tempera 
tures Without leaving substantial level of solid residue. 
PlasticiZers Which have been found to be useful in the 
present invention and Which have the above desirable prop 
erties include plthalic and adipic esters. Some examples of 
phthalic esters Which can be used to plasticiZe the acrylic 
principle binder resins are aikyl benZyl phthaiate, butyl 
benZyl phthaiate. butyl octyl phthalate, dibutyl phthalate, 
dicyclohexyl phthalate, diethylphthalate, dihexyl phthalate, 
diisodecyl phthalate. di-2-methoxyethyl phthalate, dimethyl 
phthalate, ditridecyl phthalate, di-2-ethylhexyl phthalate, 
diisooctyl and mixed octyl phthalate, n-octyl n-decyl phtha 
late and isooctyl isodecyl phthalate. Some examples of 
adipic esters Which can be used to plasticiZe acrylic resins 
are dioctyl adipate. diisodecyl adipate, di-2-ethylhexyl adi 
pate. octyl decyl adipate, diisobutyl adipate and diisooctvl 
adipate. It is preferred that the plasticiZer make up 0-30% by 
Weight and most preferably 15-25% of the sacri?cial binder 
system. 

[0023] Finally, the sacri?cial binder resin of the present 
invention may, optionally, contain a Wetting agent. The 
Wetting agent loWers the surface tension of the binder 
system, promoting adhesion to the repair cavity or joint 
surfaces and dispersion of poWder particles. The Wetting 
agent must also be compatible With the other binder ingre 
dients and burn out cleanly from the ?ller material leaving 
negligible ash or solid deposits. Wetting agents Which have 
been found to be useful in conjunction With the binder 
system of the present invention are nonyl or octyl phenol 
base nonionic surfactants. Some examples of nonyt phenol 
based surfactants are nonylphenol polyethylene glycol ether 
and nonylphenoxypolyethoxyethanol noniomic surfactant. 
An example of an octyl phenol base surfactant is octylphe 
noxypolyethoxyethanol nonionic surfactant. It is preferred 
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that the Wetting agent make up 0-5% by Weight of the 
sacri?cial binder system and most preferably 1-2% of the 
sacri?cial binder system. 

[0024] The metallic particulate ?ller alloy used in con 
junction With the sacri?cial binder of the present invention 
can be of any composition or blend of poWders Which may 
be required to produce satisfactory repair joints, as required 
by the application. Spherical or at least regularly-shaped 
particles are preferred since they form smoother, more 
uniform putty mixtures. Irregular or agglomerated poWder 
particles require larger amounts of binder and do not form 
smooth, homogeneous mixtures. In a preferred form of the 
present-invention, the particulate material Will pass through 
a —325 mesh standard sieve. Particles Which are substan 
tially coarser than —325 mesh siZe result in putty mixtures 
Which have a granular texture and do not How as smoothly 
to ?ll repair cavities. A ?ne particle siZe also promotes 
sintering and solid-state bonding of the ?ller poWder to 
adjacent surfaces during removal of the last binder compo 
nents in the vacuum furnace. 

[0025] In preparing the moldable, self-supporting Wide 
gap ?ller materials of the present invention, it is essential 
that the ratio of the sacri?cial binder to the particulate alloy 
be controlled to produce the desired properties. If too little 
of the sacri?cial binder is used, the repair ?ller material Will 
have a granular texture, lacking suf?cient cohesive and 
adhesive strength to be properly shaped and molded. If an 
excess of binder is used, a number of problems may be 
encountered including slumping of the repair deposit during 
handling, drying or heat treatment due to particle settling 
and migration, distortion during binder removal and sinter 
ing, separation of the binder from the particulate constituent, 
leading to nonhomogeneities in the applied ?ller material. 
The most preferred sacri?cial binder/poWder composition of 
the present invention corresponds to that in Which there is 
just enough binder present to ?ll the interstitial spaces 
betWeen the alloy poWder particles. At this composition, 
Which is knoWn as the critical loading point, the alloy 
poWder particles are in an optimal packing arrangement 
Which results in point-to-point contact betWeen adjacent 
particles. This is also the composition at Which the putty 
attains the highest viscosity and resistance to How or defor 
mation. The critical loading composition thus attains the 
greatest gravitational and dimensional stability, thereby pre 
venting shrinkage and slumping of the ?ller material after it 
is applied. The critical loading composition can be estimated 
using theoretical models Which are based on the character 
istics of the particulate material, but can also be identi?ed 
using simple tests derived from paint technology. Essen 
tially, the sacri?cial binder is added incrementally to the 
particulate material and mixed by hand until the mixture 
looses its granular texture and can be spatulated into a stiff, 
but coherent paste. 

[0026] The preferred ratio of the sacri?cial binder to 
particulate material in conjunction With the moldable Wide 
gap ?ller material of the present invention therefore corre 
sponds to that of the critical loading composition. Expressed 
in terms of Weight percentages, the critical loading compo 
sition typically corresponds to 5 to 8% of the binder of the 
present invention. Finally, it is noted that the optimal or 
preferred loading compositions of prior art braZing slurries, 
pastes or feedstocks used for poWder injection molding are 
substantially different than the critical loading composition. 
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The optimal compositions for these latter materials corre 
spond to the case Where binder loading exceeds the critical 
level in order to alloW the poWder particles to settle and 
compact, as in the case of a slurry, extrude through a syringe, 
as in the case of a braZing paste, or How into a die, as in the 
case of poWder injection molding. 

[0027] In preparing the Wide-gap ?ller materials of the 
present invention, it has been found to be. particularly 
advantageous to premix and dissolve the sacri?cial binder 
ingredients, folloWed by the addition and mixing of the 
particulate alloy. Premixing the binder ingredients results in 
rapid and complete dissolution of the principle binder resin, 
solvent, plasticiZer and Wetting agent. The latter process can 
be accomplished using a high speed (4,000 to 10,000 rpm) 
impeller mixer. Mixing and dispersion of the particulate 
material With the sacri?cial binder is preferably accom 
plished at sloWer speeds (25-70 rpm) in a vacuum shear 
mixer. Vacuum mixing is considered to be essential to 
prevent the entrapment of air Within the ?ller material Which 
could lead to voids in the ?nished repair deposits. 

[0028] After the sacri?cial binder and poWder have been 
thoroughly mixed and vacuum degassed, the resulting mold 
able Wide-gap ?ller putty is ready to be discharged, pack 
aged or used directly for repair or joining purposes. Due to 
the high viscosity of the putty it Will not How freely and must 
be removed from the mixing container either by scraping 
With a spatula or by pump. Since manual scraping or 
scooping is laborious, time consuming and presents the risk 
of re-introducing air pockets into the mixture, the preferred 
method of removing or dischargig the putty from the mixer 
is by mechanical pump. For such highly viscous materials, 
a ram/folloWer plate discharge system is required. In this 
process a ?at plate is forced doWnWards into the vessel 
containing the mixed putty compound using a hydraulic 
press. The putty ?oWs out through an opening in top of the 
folloWer plate, from Which it may be directly dispensed into 
holding containers or packages until needed for production 
purposes. Alternatively, the putty being discharged from the 
folloWer plate can be directed to a transfer pump and/or a 
piston metering system in those cases Where repeatable, 
controlled amounts of the material are to be used, or Where 
a controlled ratio of ingredients is required for a speci?c 
purpose. When the material is to be applied in variable 
quantities, as Would be typical of the case Where the repair 
of service-exposed gas turbine components is to be accom 
plished, it is preferred that the putty be provided on ?at 
sheets or trays. Transfer pumps and metering systems are 
more suited to higher volume, production line assembly or 
fabrication operations. 

[0029] In a preferred embodiment of the present invention, 
the moldable Wide-gap ?ller material is provided in the form 
of a tWo-component compound, supplied and packaged as a 
kit With dual beads of putty in a holding tray, or dispensed 
directly from a dual barrel cartridge. The ?rst component 
(Part A) has a composition substantially equivalent to that of 
the basis alloy of the article to be repaired or joined, While 
the second component (Part B) has a liquidus temperature 
beloW the melting range of the ?rst component. Alterna 
tively, the ?rst alloy may have a composition different from 
the basis alloy of the article to be repaired in order to provide 
speci?c engineering qualities (i.e. strength, Wear or abrasion 
resistance). This tWo-component material is intended for use 
in conjunction With the Wide-gap poWder metallurgy repair 
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method of US. Pat. No. 5,156,321. In this process, PartAof 
the Wide-gap ?ller material is positioned Within the repair 
area or joint and Part B is applied onto the surface of the Part 
A putty, followed by heating of the article to remove the 
sacri?cial binder and to effect partial solid state sintering and 
liquid phase sintering of the particulate material. The vol 
ume ratio of the PartA and B components is advantageously 
controlled by simultaneously dispensing side-by-side beads 
of the ?rst and second component putties from a dual 
discharge cartridge With a ?xed discharge ratio. If they are 
not to be used immediately, the dual beads may be stored in 
a temporary holding tray. During application of the repair 
material, this ?xed ratio of A to B is maintained by using 
equal lengths of the tWo putty beads. This method eliminates 
the need to Weigh or measure the volume of each repair 
deposit as it is being applied to the component. 

[0030] The moldable Wide-gap ?ller material of the 
present invention can be manually applied to irregular or 
complex-shapes using hand tools or simply by applying 
?nger pressure and Working the putty into a repair cavity or 
joint. Care is taken to eliminate any voids or areas of 
non-contact betWeen the ?ller and the joint surfaces Which 
could lead to defects in the article after thermal processing. 
The surface of the Wide-gap ?ller material is molded into a 
desirable near-net-shape Which substantially corresponds to 
the original surface contours of the article, thereby reducing 
the amount of time required to blend and ?nish the surface 
of the joint after heat treatment. 

[0031] After it is applied, the Wide-gap ?ller material is 
dried in an air oven in order to remove the solvent compo 
nent of the sacri?cial binder. This process ultimately hardens 
the ?ller deposit and renders it porous so that the remainder 
of the binder system can be removed in a subsequent 
vacuum heat treatment operation Without causing internal 
pressure build-up or defect formation due to entrapped 
vapors. When raising the temperature of the article in an air 
drying oven. it is critical that the, rate of heating and solvent 
removal be controlled to avoid distortion, slumping or. the 
formation of gas porosity Within the putty deposit. An 
exemplary drying cycle of the present invention involves 
raising the temperature of the air drying oven to 75° C. at a 
rate of 5 to 10° C. per minute. After holding at this 
temperature for four hours, the temperature is raised at the 
same rate to 150° C. and held for another four hours. 

[0032] Once the ?ller deposits have been dried, the 
remainder of the sacri?cial binder ingredients are removed 
by thermal decomposition and vaporiZation in a vacuum 
braZing or sintering furnace. Complete vaporiZation and 
elimination of the last binder ingredients of the present 
invention usually occurs at temperatures beloW 500° C. 
After this exposure. all solid organic residues are substan 
tially eliminated from the repair joint, leaving only the 
metallic alloy poWder materials Which are then melted and 
fused or sintered by further increases in temperature. 

[0033] The binder of the present invention may also be 
used as an adhesive for the placement and bonding of 
poWder alloy tapes. In many repair or manufacturing appli 
cations, it is a requirement that these tapes be applied in 
vertical and inverted orientations. The braZe paste binders of 
the prior art have been used for this purpose but arm not 
capable of holding thick tape deposits in these orientations. 
The binder of the present invention can be applied by 
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brushing or spray to the bonding surface of the tape or 
substrate article and used as an effective glue to overcome 
these. prior limitations. 

[0034] In another embodiment, the particulate component 
of the Wide-gap ?ller material of the present invention may 
be a blend of alloy poWders comprised of a mixture of 
metallic poWder and hard particles useful for creating hard, 
Wear or abrasion resistant layers. The hard particles may be 
metal nitrides, oxides, carbides, borides, or mixtures thereof. 
Such Wear and abrasion resistant layers (hardfacing) can be 
applied to the surface of cold-Working or hot-Working tools 
to extend their lifetimes in service. There are many appli 
cations for this type of hard coating in the gas turbine ?eld, 
on areas such as airfoil shroud faces, fuel noZZles, seal 
surfaces and the like. 

[0035] The folloWing examples are illustrative of the 
invention. 

EXAMPLE 1 

[0036] The combination of sacri?cal binder ingredients 
shoWn in Table I Were mixed together using a high speed 
impeller mixer for 5 minutes at 5000 rpm. A ?ller alloy 
poWder Was then added to the binder ingredients and mixed 
for an additional 10 minutes at 2500 rpm. The mixture Was 
then transferred to shalloW trays Where the most volatile 
solvents (toluene and methyl ethyl ketone) Were alloWed to 
evaporate for 48 hours. 

TABLE I 

% WGT 

Methacrylate Polymer 2.70 
(Tg = 5° C., supplied as 40% solids in toluene) 
Ethyl Methacrylate Copolymer 1.05 
(Tg = 40° C., supplied as 30% solids in methyl 
ethyl ketone) 
Butyl Benzyl Phthalate 1.02 
Dipropylene Glycol Methyl Ether Acetate 2.16 
Octylphenoxypolyethoxyethanol Nonionic 0.07 
Surfactant 
Repair Filler Alloy Powder (—325 mesh) 93.00 

[0037] The resulting ?ller compound Was in the form of a 
moldable, adhesive and self-supporting putty. This material 
Was bonded to clean metal articles in vertical and inverted 
orientations Without visibly slumping or separating after 
periods of up to 24 hours at room temperature. 

EXAMPLE 2 

[0038] The sacri?cial binder ingredients shoWn in Table II 
Were mixed together using a high speed impeller mixer for 
5 minutes. The ?ller alloy poWder is then added to the binder 
ingredients and the resulting combination is mixed and 
vacuum degassed in a double planetary mixer at 1 Torr 
absolute pressure for an additional 10 minutes. 

TABLE II 

% WGT 

n-Butyl Methacrylate Polymer (Tg = 15° C.) 2.18 
Butyl Benzyl Phthalate 1.56 
Dipropylene Glycol Methyl Ether Acetate 2.92 
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TABLE II-continued 

% WGT 

Octylphenoxypolyethoxyethanol Nonionic Surfactant 0.14 

Filler Alloy Powder (—325 mesh) 93.2 

[0039] The resulting wide-gap putty had properties similar 
to those described above f6r the putty mixture of Example 
1. 

EXAMPLE 3 

[0040] During an engine overhaul, a cobalt-based indus 
trial gas turbine vane segment, with a composition as given 
in Table III, was inspected and found to contain numerous 
large cracks. The defects were of such size and location as 
to prevent them from being welded without the risk of 
creating additional cracks and distortions within the com 
ponent. The cracks were also present in various horizontal, 
vertical and inverted orientations. The defects were ?rst 
mechanically removed by grinding, leaving surface discon 
tinuities to be repaired. The vane segment was cleaned for 
four hours at 1150° C. under a partial pressure of hydrogen. 
A two-part repair ?ller material comprised of two powdered 
alloys was prepared, with each part provided separately in 
the form of a moldable, adhesive putty. The ?rst alloy 
powder (Part A) was a precipitation- strengthened nickel 
base superalloy. The second alloy powder (Part B) was also 
a nickel-based powder with a melting range lower than the 
?rst alloy powder, due to the addition of boron as a melting 
point suppressant. The weight percent contents of the two 
alloy powder constituents are also given in Table III. Each 
of these two powders was mixed separately with the sacri 
?cial binder ingredients to give putty compositions as 
de?ned in Table II. 

[0041] Part A ?ller putty was manually positioned and 
shaped to ?ll each repair cavity. Part B putty was applied on 
top of the Part Aputty deposit. The vane segment was dried 
in air for four hours at 75° C. and then for an additional four 
hours at 150° C. The article was transferred to a vacuum heat 

treating furnace which was evacuated to an absolute pres 
sure of less than 1><10_4Torr. The temperature was initially 
raised to 250° C. over a period of about 30 minutes. Over the 

next 3 hours, the temperature of the furnace was raised to 
450° C. while outgassing of the remaining binder ingredi 
ents occurred. Over the next 5 hours the temperature of the 
furnace was raised to 1204° C. and held for 2 hours which 
resulted in liquid phase sintering of the repair ?ller material. 
The article was then cooled to room temperature to yield the 
?nal repaired part. The sintered repair ?ller material was 
completely. bonded to the metal article and did not show 
signs of shrinkage, separation or ?ow, even in areas where 
the deposits were in inverted and vertical orientations. The 
small amount of positive material on the surface of the 
defects was then manually blended away to restore the 
original surface contour of each repair area. 
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TABLE III 

Part A Part B 
Cobalt-Based Filler Alloy Braze Alloy 

Element Vane Alloy (—325 Mesh) (—325 Mesh) 

Ni 10.5 Balance Balance 
Cr 25.5 16.0 14.0 
Co Balance 8.5 10.0 
A1 3.5 3.5 
T1 3.5 
W 7.5 2.6 
Mo 1.75 
Ta 1.75 2.5 
Nb 0.85 
C 0.25 0.10 
B 0.01 0.01 2.7 
Zr 0.06 
Y 0.06 

EXAMPLE 4 

[0042] The combination of sacri?cial binder ingredients 
shown in Table IV are mixed together using a high speed 
impeller mixer for 5 minutes at 5000 rpm. A ?ller alloy 
powder is then added to the binder ingredients and mixed for 
an additional 10 minutes at 2500 rpm. The mixture is then 
transferred to shallow trays where the most volatile solvents 
(toluene and methyl ethyl ketone) are allowed to evaporate 
for 48 hours. 

TABLE IV 

% WGT 

Methacrylate Polymer 3.25 
(Tg = 5° C., supplied as 40% solids in toluene) 
Ethyl Methacrylate Copolymer 1.05 
(Tg = 40° C., supplied as 30% solids in methyl 
ethyl ketone) 
Dipropylene Glycol Methyl Ether Acetate 2.16 
Repair Filler Alloy Powder (-325 mesh) 93.59 

[0043] The resulting ?ller compound is in the form of a 
moldable, adhesive and self-supporting putty. This example 
demonstrates a sacri?cial binder composition which 
excludes plasticiZer and wetting agent. The low glass tran 
sition temperature of the Methacrylate Polymer (which, 
together with the Ethyl Methacrylate Copolymer, constitutes 
the principle binder resin) provides suf?cient plasticity to 
make a moldable putty. 

EXAMPLE 5 

[0044] For comparison with the wide-gap ?ller material of 
the present invention, two wide-gap ?ller compositions were 
prepared which were comprised of alloy powders mixed 
with commercially available braZe paste binders. The two 
commercial binders used for this purpose are well known 
and widely used by those skilled in the braZing art. They are 
considered to be typical of the two general classes of braZe 
paste binders currently in use: water-based gel binders 
containing polymers derived from natural cellulose and (ii) 
solvent-based binders containing synthetic organic polymers 
(thermoplastics). In the ?rst comparative wide-gap ?ller, a 
nickel-based alloy powder, with a composition equivalent to 
that of the Part A Filler Powder in Table III, was mixed with 
a commercial braZe paste binder known as “KAO” (Omni 



US 2004/0238596 A1 

Technologies Corporation, Exeter,. This binder is a 
Water-based gel containing cellulose ether (approximately 
3%) as the principle binder resin and thickener. The KAO 
binder Was added to the alloy poWder incrementally to the 
point at Which the mixture Was no longer granular, but 
formed a stiff, cohesive paste; the total amount of KAO 
being in the range of 4-6 Weight percent. 

[0045] A second comparative Wide gap ?ller material Was 
prepared using the same alloy poWder and another commer 
cial braZe paste binder knoWn as NicrobraZ 500 Cement 
(Wall Colmonoy Corporation, Madison Heights, Mich.). 
This binder is comprised of a plastic (approximately 6 
Weight percent) dissolved in an organic solvent (1-1-1 
Trichloroethane). A Wide-gap ?ller putty containing this 
binder Was prepared in the same Way as for the KAO binder, 
using approximately 4-6% Weight percent of the NicrobraZ 
500 Cement. 

[0046] For each of these tWo commercial braZe paste 
binders, it is to be noted that the amounts of the principle 
binder resins, cellulose ether and plastic, are much loWer (3 
and 6 Weight percent, respectively) than in the sacri?cial 
binder of the present invention (25-50 Weight percent), but 
as stated above, they are typical of those currently used in 
the art. In addition, the organic solvent used in the NicrobraZ 
500 cement, 1-1-1 trichloroethane, has a much higher 
vapour pressure (approximately 125 mm Hg. at 25° C.) than 
the solvents preferred for use in the sacri?cial binder of the 
present invention. 

[0047] These tWo comparative Wide-gap ?ller materials 
Were found to be inferior to the Wide-gap ?ller material of 
the present invention for the folloWing reasons: 

[0048] 1. They Were both Weak and did not have 
enough ?rmness or “body” to be easily molded by 
hand into free standing shapes. On the contrary, they 
each had a Wet consistency and tended to pull appart 
easily during handling. It Was suspected that this Was 
due to the loW levels of principle binder resin and 
high solvent levels in each of the commercial bind 
ers. This Weakness also made each of the compara 
tive Wide-gap ?llers prone to slumping and distortion 
during handling. 

[0049] 2. The comparative Wide-gap ?ller materials 
Would not adhere to vertical and inverted surfaces. 
Once again, the loW levels of principle binder resin 
Were thought to be responsible for the poor perfor 
mance. 

[0050] 3. The comparative Wide-gap ?ller materials 
each dried out too quickly. Their surfaces became 
hard and brittle after 10 to 15 minutes of exposure to 
air, making them prone to tearing and cracking When 
attempts Were made to mold them into free-standing 
shapes after this period of time had elapsed. This 
de?ciency Was caused by the comparatively high 
vapour pressures and fast evaporation rates of the 
solvents used in the commercial braZe paste binders. 

EXAMPLE 6 

[0051] A tWo-part, high-temperature hardfacing com 
pound is formulated as folloWs using the sacri?cial binder 
ingredients of Example 2 and nickel chromium-chromium 
carbide composite poWders Whose mesh siZes are both —325 
mesh. 
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TABLE V 

% WGT 

Part A n-Butyl Methacrylate Polymer (Tg = 15° C.) 4.91 
Butyl Benzyl Phthalate 3.51 
Dipropylene Glycol Methyl Ether Acetate 6.56 
Octylphenoxypolyethoxyethanol Nonionic Surfactant 0.32 
Metco 83 VF-NS Composite Powder, —325 Mesh 84.7 
(50% chromium carbide clad With 50% 
nickel-chromium alloy) 

Part B n-Butyl Methacrylate Polymer (Tg = 15° C.) 2.18 
Butyl Benzyl Phthalate 1.56 
Dipropylene Glycol Methyl Ether Acetate 2.92 
Octylphenoxypolyethoxyethanol Nonionic Surfactant 0.14 
Amdry XPT 476 Alloy Powder, —325 Mesh 93.2 

[0052] Each Part is in the form of a moldable, adhesive 
and self-supporting putty. The Part A putty is applied to the 
Z-notch (contact surface) of a shrouded industrial turbine 
blade. The Part B putty is applied to the surface of the Part 
Aputty to give an approximate Weight ratio of 60:40, Part 
A:Part B. 

[0053] The composite poWder deposits are dried in air for 
four hours at 75° C. and then for an additional four hours at 
150° C. The blade is transferred to a vacuum heat treating 
furnace Which is evacuated to an absolute pressure of less 
than 1><10_4 Torr. The temperature is initially raised to 250° 
C. over a period of about 30 minutes. Over the next 3 hours, 
the temperature of the furnace is raised to 450° C. While 
outgassing of the remaining binder ingredients occurred. 
Over the next 5 hours the temperature of the furnace is raised 
to 1176° C. and held for 30 minutes Which results in liquid 
phase sintering of the composite Wide-gap ?ller material. 
The article is then cooled to room temperature to yield the 
?nal repaired part. The bonded composite poWder provides 
the interlocking Z-notch contact surfaces With enhanced 
Wear resistance While the blades are operating in a gas 
turbine engine. 

[0054] The present invention has been described in con 
nection With speci?c examples and embodiments. HoWever, 
it Will be understood by those skilled in the art that the 
invention is capable of other variations and modi?cations 
Without departing from its scope as represented by the 
appended claims. The above references are hereby incorpo 
rated by reference. 

1-34. (Canceled) 
35. A binder composition consisting essentially of by 

Weight: 

a) 25-50% thermoplastic resin With a glass transition 
temperature beloW 20° C.; 

b) 25-60% solvent for the thermoplastic resin Which 
substantially vaporiZes up to 200° C.; 

c) 0-30% plasticiZer; and 

d) 0-5% Wetting agent. 
36. A method for braZing or liquid-phase sintering com 

prising: 

1) drying a metallic or alloy substrate With a composition 
comprising by Weight: 
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a) 85-90% of a metal or alloy powder; 

b) 5-15% of binder consisting essentially of: 

1) 25-50% by Weight of a thermoplastic resin With a 
glass transition temperature beloW 20° C.; 

2) 25-60% by Weight of a solvent for the thermo 
plastic resin Which substantially vaporiZes up to 
200° C.; 

3) 0-30% by Weight of a plasticiZer; and 

4) 0-5% by Weight of a Wetting agent; in air at 
temperatures up to 200° C.; 

2) maintaining said substrate at an intermediate tempera 
ture to decompose remaining binder into gaseous prod 
ucts; 

3) evaporating the gaseous products; 

4) heating the substrate to melt the metal or alloy poWder; 

5) re-solidifying the metal or alloy poWder and fusing that 
poWder to the substrate; 

6) controlling rate of heating and solvent removal to 
substantially avoid distortion of, slumping of or poros 
ity in the composition. 

37. A method for repairing or joining of metallic or alloy 
articles comprising: 

mechanically cleaning the repair or joint area to remove 
oxides and defects, applying to the repair or joint area 
a composition comprising by Weight: 
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a) 85-90% of a metal or alloy poWder; 

b) 5-15% of binder consisting essentially of: 

1) 25-50% by Weight of a thermoplastic resin With a 
glass transition temperature beloW 20° C.; 

2) 25-60% by Weight of a solvent for the thermo 
plastic resin Which substantially vaporiZes up to 
200° C.; 

3) 0-30% by Weight of a plasticiZer; and 

4) 0-5% by Weight of a Wetting agent; 

drying the repair or joint area With the composition in air 
at temperatures up to 200° C.; 

maintaining said area at an intermediate temperature to 
decompose remaining binder into gaseous products; 

evaporating the gaseous products; 

heating said area to melt the metal or alloy poWder; 

resolidifying the metal or alloy poWder and fusing that 
poWder to said area; 

controlling rate of heating and solvent removal to sub 
stantially avoid distortion of, slumping of or porosity in 
the composition. 


