GAS TURBINE BLADE HAVING A MONOCRYSTALLINE AIRFOIL WITH
A REPAIR SQUEALER TIP, AND REPAIR METHOD This invention
relates to the repair of the tip of the airfoil of a gas turbine blade and,

more particularly, to selection of a nickel-base superalloy for the repair
squealer tip. BACKGROUND OF THE INVENTION In an aircraft gas
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mounted on the same shaft. The flow of combustion gas turns the turbine
by impingement against an airfoil section of the turbine blades and vanes,
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new material to define a repair squealer tip. The repla nt'is desirably
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aerodynamic shape, typically by grinding. The repair squealer tip material
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fan and low pressure turbine are mounted on a separate shaft. The hot exhaust gases

flow from the back of the engine, driving it and the aircraft forward.

After a period of time in service, the tip of the turbine blade (called a “squealer tip”) is
typically eroded, oxidized, and corroded by the impingement of the hot combustion
gases. Because the gas turbine blade is expensive to produce, it is preferable to repair
the damaged gas turbine blade rather than to discard it, if at all possible. The repair of
the gas turbine blade tip is performed by grinding away the damaged material and
replacing it with new material to define a repair squealer tip. The replacement is
desirably performed by welding the repair squealer tip material to the tip of the airfoil,
and then shaping the repair squealer tip material to the desired aerodynamic shape,

typically by grinding.

The repair squealer tip material is preferably a nickel-base superalloy. In most cases
the repair squealer tip material cannot be the same nickel-base superalloy as the airfoil
because most airfoil materials are not readily weldable. Instead, other, more readily
weldable superalloys are chosen. However, in certain cases such as where

monocrystalline airfoils are being repaired, the selected repair squealer tip materials



the repair squealer tip material cannot be the same nickel-base superalloy
as the airfoil because most airfoil materials are not readily weldable.
Instead, other, more readily weldable superalloys are chosen. However,
in certain cases such as where monocrystalline airfoils are being
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nickel-base superalloy is less than about 0.10 weight percent, and even

O USpect of the present invention provides a repaired gas turbine blade comprising a
monocrystalline airfoil made of a first nickel-base superalloy, and a repair squealer tip
welded to a tip of the airfoil. The repair squealer tip is made of a second nickel-base
superalloy different from the first nickel-base superalloy and having less than about
0.15 weight percent total of carbon, boron, silicon, zirconium, and hafnium. More
preferably, the total of carbon, boron, silicon, zirconium, and hafnium in the second
nickel-base superalloy is less than about 0.10 weight percent, and even more

preferably is less than about 0.05 weight percent.

In one preferred form, the second nickel-base superalloy has a nominal composition
in weight percent of about 12.0 percent cobalt, about 6.8 percent chromium, about 1.3
percent molybdenum, about 4.9 percent tungsten, about 2.8 percent rhenium, about
6.35 percent tantalum, about 6.15 percent aluminum, balance nickel, carbon, boron,
silicon, zirconium, hafnium, and impurity elements. .In another preferred form, the
second nickel-base superalloy has a nominal composition in weight percent of about
14.0 percent chromium, about 9.5 percent cobalt, about 4.0 percent molybdenum,
about 4.0 percent tungsten, about 3.0 percent aluminum, about 5.0 percent titanium,
balance nickel, carbon, boron, silicon, zirconium, hafnium, and impurity elements. In

vet another preferred form, the second nickel-base superalloy has a nominal
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preferably is less than about 0.05 weight percent. In one preferred form,
the second nickel-base superalloy has a nominal composition in weight
percent of about 12.0 percent cobalt, about 6.8 percent chromium, about
1.5 percent molybdenum, about 4.9 percent tungsten, about 2.8 percent
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balance nickel, carbon, boron, silicon, zirconium, hafnium, and impurity
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and hafnium; and welding a repair squealer tip to the airfoil tip, wherein the repair

squealer tip is made of the second nickel-base superalioy.



providing a second nickel-base superalloy different from the first
nickel-base superalloy and having less than about 0.15 weight percent
total of carbon, boron, silicon, zirconium, and hafnium; and welding a
repair squealer tip to the airfoil tip, wherein the repair squealer tip is made
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Other features and advantages of the present invention will be apparent from the

following more detailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings, which illustrate, by way of example,
the principles of the invention. The scope of the invention is not, however, limited to

this preferred embodiment.



BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a perspective
view of a gas turbine blade; Figure 2 is a sectional detail of the gas turbine
blade of Figure 1, taken on line 2-2, after service but prior to repair;
Figure 3 is a sectional detail of the gas turbine blade of Figure 1, taken on
line 2-2, after service and after repair; and Figure 4 is a block flow
BRHgFAnESCRAPAIpSdeh TatpiaBticwiNmSembodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION Figure 1 depicts a gas

Figibine blage- 2R whichibas PreferablyiREayigusly been in service. The

previous service is operation in a gas turbine engine in its normal
operating circumstances, The gas turbjne blade 20 has an airfgil 22

Figmastivaicrrtinaehawat Aotoss fuingae inoh g eragdine 2-2,

afBeiaiens kutprsiwaidhaigxtending shank 24, and an attachment in the
form of a dovetail 26 which attaches the gas turbine blade 20 to a gas

turbing disk (nat shown). fﬁl} as turbine ine. A..platfqr 8 extends
PR R T B R HRRE BTG R e 22
afdrand oo\ethdfR6 1eramidil 22 may be hollow so that cooling air may be

forced through the airfoil 22, with the flow of cooling air exiting the airfoil
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_trailing edge 36, and the "lateral sides 38 of the airfoil 2Z. In advanced gas
myeBiengines, the airfoil 22 (and desirably the remainder of the gas
turbine blade 22) is monocrystalline. That is, there are substantially no

Dar@iRTepsieseR inthoNnoroorystalivendation, and the crystallographic
orientation is the same throughout. The term "monocrystalline" means

FE%%%Q’ iituggl}{cttgeaegattisrea?rgiglee’blade 20 which has preferably previously been in
service. The previous service is operation in a gas turbine engine in its normal
operating circumstances. The gas turbine blade 20 has an airfoil 22 against which the
flow of hot combustion gas impinges during service operation, a downwardly
extending shank 24, and an attachment in the form of a dovetail 26 which attaches the
gas turbine blade 20 to a gas turbine disk (not shown) of the gas turbine engine. A
platform 28 extends transversely outwardly at a location between the airfoil 22, and
the shank 24 and dovetail 26. The airfoil 22 may be hollow so that cooling air may be
forced through the airfoil 22, with the flow of cooling air exiting the airfoil 22 through
air-flow holes 30 found on a tip 32, a leading edge 34, a ftrailing edge 36, and the

lateral sides 38 of the airfoil 22.

In advanced gas turbine engines, the airfoil 22 (and desirably the remainder of the gas
turbine blade 22) is monocrystalline. That is, there are substantially no grain
boundaries in the monocrystalline portion, and the crystallographic orientation is the
same throughout. The term “monocrystalline” means that virtually the entire article,
preferably at least 90 percent of its volume, is a single crystal with the same crystal
orientation throughout, although there may be some incidental small regions having
other crystalline orientations present. Even a substantially monocrystalline article

typically has a number of low-angle grain boundaries present, and these are permitted
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preferably at least 90 percent of its volume, is a single crystal with the

same crystal orientation throughout, although there may be some

incidental small regions having other crystalline orientations present.

Even a substantially monocrystalline article typically has a number of

low-angle grain boundaries present, and these are permitted 5 within the
witopehofstip tarfrilitriono Crystallinetallingarfldie anédsinwtaberet polyqrgbtedystal,

ithe 0 rystal or I r I .
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sghédiastivmbine blade 22) is made of a first nickel-base superalloy. As

used herein, "nickel-base" means that the composition has more nickel
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N5, having a nominal composition in weight percent of 7.5 percent cobalt,
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percent hafnium, 0.05 percent carbon, 0.004 percent boron, 0.01 percent
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chromium, 1.4 percent molybdenum, 5.75 percent tungsten, 5.4 percent

chrrmium; 7.2 percent Aty S p_eER altpgiitin, D A fsetcenium, 6.5
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balance nickel and " incidental impurities, Figure 2 illustrates the region
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Rene® N6, having a nominal composition in weight percent of 12.5 percent cobalt, 4.2
percent chromium, [.4 percent molybdenum, 5.75 percent tungsten, 5.4 percent
rhenium, 7.2 percent tantalum, 5.75 percent aluminum, 0.15 percent hafnium, 0.05
percent carbon, 0.004 percent boron, 0.01 percent yttrium, balance nickel and

incidental impurities.

Figure 2 illustrates the region near the tip 32 of the airfoil 22 (which is also the tip of
the turbine blade 20) in greater detail. The airfoil 22 includes its lateral sides 38 and a
tip cap 40, which together define a hollow volume 42 through which the cooling air

passes to exit at the air-flow hole 30.

A squealer tip 44 defines the tip 32 of the airfoil 22. The squealer tip 44 extends
radially outwardly relative to the gas turbine disk when the gas turbine blade 20 is
mounted to the gas turbine disk. As the gas turbine blade 20 rotates with the gas
turbine disk, the squealer tip 44 contacts and rubs against a seal structure on a
stationary shroud (not shown) to provide a seal against leakage of hot combustion gas
around the gas turbine blades 20. The seal forces the hot combustion gas to flow
through the gas turbine as defined by the airfoils 22 of the gas turbine blades,

imparting energy to the gas turbine and causing it to turn.
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the turbine blade 20) in greater detail. The airfoil 22 includes its lateral

sides 38 and a tip cap 40, which together define a hollow volume 42

through which the cooling air passes to exit at the air-flow hole 30. A

squealer tip 44 defines the tip 32 of the airfoil 22. The squealer tip 44

extends radially outwardly relative to the gas turbine disk when the gas
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'gas to leak around the gas turbine, so that the efficiency of the gas
tinkbiher¢byetigowdied.is therefore conventional practice during
refurbishment of the gas turbine to repair and lengthen the squealer tips of
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MUk rbREe SHRREAOHINBNIRANS ISy 46 has less than 0.10 weight percent total of

carbon, boron, silicon, zirconium, and hafnium, and most preferably less than 0.05
weight percent. The second nickel-base superalloy preferably has a composition that

is different from that of the first nickel-base superalloy, particularly in that it is
weldable.

Some examples of operable second nickel-base superalloys include modified Rene®
142 alloy having a nominal composition in weight percent of 12.0 percent cobalt, 6.8
percent chromium, 1.5 percent molybdenum, 4.9 percent tungsten, 2.8 percent
rhenium, 6.35 percent tantalum, 6.15 percent aluminum, balance nickel, carbon,
boron, silicon, zirconium, hafnium, and impurity elements; modified Rene® 80 having
a nominal composition in weight percent of 14.0 percent chromium, 9.5 percent
cobalt, 4.0 percent molybdenum, 4.0 percent tungsten, 3.0 percent aluminum, 5.0
percent titanium, balance nickel, carbon, boron, silicon, zirconium, hafnium, and
impurity elements; and modified Rene® 195 having a nominal composition in weight
percent of from 7.4 to 7.8 percent chromium, from 5.3 to 5.6 percent tantalum, from
2.9 to 3.3 percent cobalt, from 7.6 to 8.0 percent aluminum, from 3.7 to 4.0 percent

tungsten, from 1.5 to 1.8 percent rhenium, balance nickel, carbon, boron, silicon,



than 0.15 weight percent total of carbon, boron, silicon, zirconium, and

hafnium. More preferably, the repair squealer tip 46 has less than 0.10

weight percent total of carbon, boron, silicon, zirconium, and hafnium,

and most preferably less than 0.05 weight percent. The second

nickel-base superalloy preferably has a composition that is different from
zitcahofith @ dfrstimicked haparsypdealiayts pdrticathrkaie thattidtid ofieldhble boron,

.Some examples of rable.second ni -base, superalloys includ
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silicon, 7 zirconium, hafnium, and impurity elements. In each case the
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of these second nickel-base, superglloys has g subsiantially greater total
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boundary strengthening elements improves weld application of the squealer tip by
reducing the amount of slag that forms at the weld. The slag may unintentionally be
folded into the weld to cause inclusions and porosity, and its reduction reduces the
chances of such defects. Avoiding such inclusions when excess slag is formed
requires a high level of skill in the welder, and reducing the excess slag reduces the
skill requirement and shortens the welding time. Even external slag must be removed
by grinding, thereby increasing the repair costs. Weld sagging is reduced, so that the
need for extra weld passes is avoided. The omission of the grain-boundary
strengtheners also avoids the need to alter the welding procedures to add more heat to
the weld. Weld cracking and segregation problems such as hafnium segregation are

also reduced.

Consequently, the total amount of the grain-boundary strengtheners carbon, boron,
silicon, zirconium, and hafnium is reduced to the levels indicated above. Some of the
grain-boundary strengtheners may be present because it is too difficult to refine them
out of the second nickel-base superalloy, but ideally there is as little of these elements

present as possible.



a grain-boundary strengthener, along with other elements to provide good

physical properties in the gamma/gamma-prime strengthened superalloy.

In the present application as a welded repair squealer tip 46 on a

monocrystalline airfoil 22, however, there is no need for grain-boundary

strengthening of the second nickel-base superalloy because the squealer
Fiima#64sinat birehgthagmitedliMontogen, thefpresenobotitheseof a method for

rain-boyndary, strengthenexs interferes.with th plication,of the repair. .
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inclusions when excess slagis formed requires a high level of skill in the
welder, and reducing the excess slag reduces the skill requirement and
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problems such as hafnium segregation are also reduced. Consequently,
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Some of the grain-boundary strengtheners may be present because it is
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The second nickel-base superalloy with the reduced content of grain-boundary
strengthening elements is applied by welding to the airfoil tip 32, step 70. The
welding is preferably accomplished by a technique such as gas tungsten arc welding,
laser welding, or plasma arc welding. In these techniques, the second nickel-base
superalloy is melted and allowed to progressively solidify onto the airfoil tip 32 to
build up a weldment. After an oversize weldment is built up, the excess material is
removed and the weldment is shaped to the required acrodynamic shape, typically by
grinding. Alternatively, a preform of the second nickel-base superalloy may be
prepared and welded to the airfoil tip 32, but this alternative is less preferred because
it is difficult to fully join the preform to the airfoil tip 32 and difficult to achieve the

desired microstructure in the final repair squealer tip 46.

Although a particular embodiment of the invention has been described in detail for
purposes of illustration, various modifications and enhancements may be made
without departing from the spirit and scope of the invention. Accordingly, the

invention is not to be limited except as by the appended claims.



8 Figure 4 is a block diagram illustrating a preferred embodiment of a
method for repairing the gas turbine blade 20. The turbine blade 20 as
described earlier, which has been in service, is furnished, step 60. Any
damaged material is removed from the airfoil tip 32, step 62. The
removing step 60 typically is performed by grinding away damaged
Uhatddial, and usually includes the remaining part of the original squealer
tip 44 and any other damage at the tip 32 of the airfoil 22. The second
wickel-baggpeguperalloy, with a low content of the grain-boundary
strengthening elements carbon, boron, silicon, zirconium, and hafnium as
described above, is provided, step 64. This step may be performed by
1 desigAEPAH ShEre RIRay f’é?e‘f%%%‘ésglﬁ)eralloy. More typically, it is
performed as illustrated in Figure 4, by first identifying a candidate
aseobnu: nidkéd-Dasensy pe ralboy that dbrerwisforheatsathre abquitestemtskidibase
Sthgrgﬂgeaalg tip, step 66, and then preparing a modified composition
ving % féduced total amount of the grain-boundary strengthening
elements carbon, boron, silicon, zirconium, and hafnium at an acceptable
a| T P E8T The weldsHdhickel Watbe stifutallsPenein the reppitsguealer tip is
nfRIVERE of arainshoundan, sreagiipming HamaRS karPird %W%é@gﬂgi-base
a

to the airfoil tip 32, step 70. The welding is preferably accomplishe

y
SHPSHHAY B v g destu Hgstah aire WildHig eha g eealatptl o pradien dieron,
sWeldingrdpnhasetaannigugs, the second nickel-base superalloy is melted

and allowed to progressively solidify onto the airfoil tip 32 to build up a
weldment. After an oversize 1ghdme t is built up, the excess materjal is
2removkRF AFRFFY REIGHRREL sp%ﬁ%%ésrév i ﬁ@&%@hg fdron.
stypigaby-tynighndinghAiamatively seeaieitivrhite sesaatdoyickRlshase: about
Sltgerallogpr%ay be prepared and welded to the airfoil tip 32, but this
OA{EPREVEPRIERS preferred because
3. The repaired gas turbine blade of claim 1, wherein the total of carbon, boron,

silicon, zirconium, and hafnium in the second nickel-base superalloy is less than about

0.05 weight percent.

4, The repaired gas turbine blade of claim 1, wherein the second nickel-base
superalloy has a nominal composition in weight percent of about 12.0 percent cobalt,
about 6.8 percent chromium, about 1.5 percent molybdenum, about 4.9 percent
tungsten, about 2.8 percent rhenium, about 6.35 percent tantalum, about 6.15 percent
aluminum, balance nickel, carbon, boron, silicon, zirconium, hafnium, and impurity

elements.

5. The repaired gas turbine blade of claim 1, wherein the second nickel-base
superalloy has a nominal composition in weight percent of about 14.0 percent
chromium, about 9.5 percent cobalt, about 4.0 percent molybdenum, about 4.0 percent
tungsten, about 3.0 percent aluminum, about 5.0 percent titanium, balance nickel,

carbon, boron, silicon, zirconium, hafnium, and impurity elements.

10



it is difficult to fully join the preform to the airfoil tip 32 and difficult to
achieve the desired microstructure in the final repair squealer tip 46.
Although a particular embodiment of the invention has been described in
detail for purposes of illustration, various modifications and

6. enhahenrontzethagsobihtdeblath it deartingrowithbs sirvad dsdapdase
sug&%]f‘o%ﬂﬂgé‘éiﬂﬂnﬁ%ﬁf&ﬁglm@& iﬁsfwg\%ﬂgﬁé?c@% 30 AS-AImited $%G6RER%: 7.8

y the’appended claims. 9 CLAIM s claimed i1s: 1. A repaired gas
pergebinehsadeneomprisihg fubbincabiatl S havierat ivoidonystadinalbiol.9 to

abMRGE05a JUit DIGKR!-BRSE SURETRHQY; %ﬁ@é@_%?ék%ﬁ{‘ Qﬁlﬁﬁﬁlﬂﬂl’%%lda@om

a tip of the airfoil , wherein the repair squealer tip Is made of a sécon
frafekébhade supebaidy diffisrepnfromestentildpniokeriiakeé toupeaalldySapeicent

rhAYING 1585 1o ARPUE Q5 WEIGDA PEica totRl of G DR ARl $HER ity

zirconium, and hafnitm. 2. The repaired gas turbine biade of claim 1,
elegraigin the total of carbon, boron, silicon, zirconium, and hathium in the
second nickel-base superalloy is less than about 0.10 weight percent. 3.

7.The repairgshaas bubingHidaplelaim dahereinibeiotalofharogBkel-base
boran, silicon, zirconium, and hafnium in the second nickel-base '

SUBESLRNIGHIS [BeR RaleaBRes Bass vaigis beraeritt 4T Thetehairsirgaiscobalt,
ablliPing biade:pf dritinluiyhensinithesserenchnicksi-basgusuPaIaloys Naseent
mgET Hoou s pereant, Thenuiny ahour 6.5 percent falume, About 62 percent
aluminum, about 0.15 percent hafnium, about 0.05 percent carbon, about 0.004
percent boron, about 0.01 percent yitrium, balance nickel and minor elements or a
nominal composition in weight percent of about 12.5 percent cobalt, about 4.2 percent
chromium, about 1.4 percent molybdenum, about 5.75 percent tungsten, about 5.4
percent rhenium, about 7.2 percent tantalum, about 5.75 percent aluminum, about

.15 percent hafnium, about 0.05 percent carbon, about 0.004 percent boron, about

0.01 percent yttrium, balance nickel and incidental impurities.
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about 6.8 percent chromium, about 1.5 percent molybdenum, about 4.9
percent tungsten, about 2.8 percent rhenium, about 6.35 percent
tantalum, about 6.15 percent aluminum, balance nickel, carbon, boron,
silicon, zirconium, hafnium, and impurity elements. 5. The repaired gas
turbine blade of claim 1, wherein the second nickel-base superalloy has a
8. nominainetmd deitisnamingigiepertent bledbocemgrBiperdenstaisrofifiumishing
a quo%g '%Bﬁéc%ﬁcritcoéﬁlt l%%% uhf" %&9 Cent rgbdeiﬂ Sn%mqpout ﬁlade has a

- percent tungsten, about percentaur’mnum abou ercent
lllﬁr@nmﬁwlbatani@:@ﬁi@%ét apaabyém] @mmqtisrkv&ammmb@muﬁmﬂhafm afd first

' I f
111 Lgégle l%ﬂs]eco i mrgl? #@%r at?l?r%rg ?ﬁee aoi ‘%g)ﬁowdmg a

erein t se s per Has a nominal com
sem@mlp@bémmﬁﬂm&mmlﬁfwmaﬁm 7118 pevcentichiomiumuplaitoy and
9to ahout 3.3
e e A o T P TR AR B, TR g,
anﬁdmfabmn g t@eabngltw eppgrsemamgmm frornidbdutil. Svicabothd 8pair
SR O o e blacle
hafnium, and impurity elements. 7 alre gas turbine blade of
claim 1, wherein the first nickel-base superalloy has a nominal
composition in weight percent of about 7.5 percent cobalt, about 7.0
percent chromium, about 1.5 percent molybdenum, about 5 percent
tungsten, about 3 percent rhenium, about 6.5 percent tantalum, about 6.2
percent aluminum, about 0.15 percent hafnium, about 0.05 percent
carbon, about 0.004 percent boron, about 0.01 percent yttrium, balance
nickel and minor elements or a nominal composition in weight percent of
about 12.5 percent cobalt, about 4.2 percent
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chromium, about 1.4 perCent molybdenum, about 5.75 percent tungsten,
about 5.4 percent rhenium, about 7.2 percent tantalum, about 5.75
percent aluminum, about 0.15 percent hafnium, about 0.05 percent

9. Carb%eaﬁ%’&{o(&%‘%40&%99@\9859&119&8%6:%% 5‘?69%? _tm&ﬁ%é%aéﬁ‘é‘%‘?eg of

nickel and incidental impurities. 11 8. A’ me or repairing a gas turbin

profadiegcbmprising eickstdpscosinemtiondasing bitettliadsattarhasisseniiion,
zil%.%ﬁﬂﬁﬁ; %&%P[&Q%@ﬁ%ﬂﬁéfo W%{%%‘Eg%%ﬁwe airfoil with an

airfoll tip, an erein the airfoil Is made of aTirst nickel-base superalloy;
removing damaged material from the airfoil tip; providing a second

ick oy differ iekel-
i oL Tt Eho 0 16 Weighl erech ot o SR ESIE PRk o

prowichiguthe saardamitlinhhand wertilpx hepais sqlaslief wprizthdetivpiltison.
ORI 19 FeRAl, SOHRAISHIR 1B MAd9 PlhsReRond;nickel-base

superalloy. 12 9. The method of claim 8, wherein the step of providing
includes the step of providing the second nickel-base superalloy having a

1 1total of,carhan, Parog, fllaON, ZIFEAN MM <ARd P&%ﬁiﬂé'%%&&ﬁ@é‘t??%‘t‘ép of

0.10 weight percent. 10. The method of claim 8, Wherein'the step of _
prgvéﬂim@l@rﬁﬂmmé@tépsgﬁtm@‘aﬂcﬂwghﬂven&@mmmkemgélgu@emamgght
peHID G 2.Iie 95 FAHBARA DR UERN s BRRIUR ANTIAIIUBLE 8D rcent

than about 0.05 weight percent. 11. The method of claim 8, wherein th

m@lﬁ‘pd@nmbvﬂﬂm ifeluniesent Btegssn.prboiding Sheesesnd enkal-rbsst 6.35
pertRRT RN RAYINg, 8 RO RALCOBROSIHAR WG RErGE Rt 9f ABAMEL 21 o,

_percent cobalt, about 6.8 percent chromium, about 1.5 percent
siliseRytydenumirabeitiug peddenutingeiencaiout 2.8 percent rhenium,

about 6.35
12. The method of claim 8, wherein the step of providing includes the step of
preparing the second nickel-base superalloy having a nominal composition in weight
percent of about 14.0 percent chromium, about 9.5 percent cobalt, about 4.0 percent
molybdenum, about 4.0 percent tungsten, about 3.0 percent aluminum, about 5.0
percent titanium, balance nickel, carbon, boron, silicon, zirconium, hafnium, and

impurity elements.

13. The method of claim 8, wherein the step of providing includes the step of
preparing the second nickel-base superalioy having a nominal composition in weight
percent of from about 7.4 to about 7.8 percent chromium, from about 5.3 to about 5.6
percent tantalum, from about 2.9 to about 3.3 percent cobalt, from about 7.6 to about
8.0 percent aluminum, from about from about 3.7 to about 4.0 percent tungsten, from
about 1.5 to about 1.8 percent rhenium, balance nickel, carbon, boron, silicon,

zirconium, hafnium, and impurity elements.

14, The method of claim 8, wherein the step of furnishing includes the step of
furnishing the first nickel-base superalloy having a nominal composition in weight
percent of about 7.5 percent cobalt, about 7.0 percent chromium, about 1.5 percent

molybdenum, about 5 percent tungsten, about 3 percent rhenium, about 6.5 percent
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percent tantalum., about 6.15 percent aluminum, balance nickel, carbon,
boron, silicon, zirconium, hafnium, and impurity elements. 12. The
method of claim 8, wherein the step of providing includes the step of
preparing the second nickel-base superalloy having a nominal
composition in weight percent of about 14.0 percent chromium, about 9.5
tagdehgantaboivalh abpetcand phreentnmolpbuedlhd, aboenid Dapeiroentabout 0.05
S b : nym Q ftani .
P B e e L WBlance ke
angd|arnentsenBnTe mathudabioraipn8isvhiersini ghe mtagufqdraging2.S percent
colfglLde iha siop. Al RreRAling he Aesend. kel hess suRRIAlley Naying 275
nominal composition In weight percent of fro about 7.4 to abolit 7.8
peprsitenehiomiheliffompsbeut 318101ab oS5 Bapementantilimm. fehout 5.75
peRROYLA R IR FROYE G ?ﬁ@%%&é%ﬁ%é{ aBRUL7 B9 ﬁ?&%ﬁ@c&@é et
aluminum, from about from about 3.7 to about 4.0 percent tungsten, from
0.@fbutercsio ayout Boperedit preptain ybailemecbaloket, odeken abdrongidental
ir@'ﬂﬁ%@& zirconium, hafnium, and impurity elements. 14. The method of
claim 8, wherein the step of furnishing includes the step of furnishing the
first nickel-base superalloy having a nominal composition in weight
percent of about 7.5 percent cobalt, about 7.0 percent chromium, about
1.5 percent molybdenum, about 5 percent tungsten, about 3 percent
rhenium, about 6.5 percent 12a tantalum, about 6.2 percent aluminum,
about 0.15 percent hafnium, about 0.05 percent carbon, about 0.004
percent boron, about 0.01 percent yttrium, balance nickel and minor
elements or a nominal composition in weight percent of about 12.5
percent cobalt, about 4.2 percent chromium, about 1.4 percent
molybdenum, about 5.75
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percent tungsten, about 5.4 percent rhenium, about 7.2 percent tantalum,
about 5.75 percent aluminum, about 0.15 percent hafnium, about 0.05
percent carbon, about 0.004 percent boron, about 0.01 percent yttrium,
balance nickel and incidental impurities. 12b GAS TURBINE BLADE
HAVING A MONOCRYSTALLINE AIRFOIL WITH A REPAIR

SQUEAS ERRIRINANAD AP KIRMNET AOEO NRS RRACHIGENIAEIR FOIL
DISCLOSURE A repaired gas turbine blade has a monocrystalline airfoll

made of g/fjngt nickelpharesounesalioy, apd ANePRIFEgUeAg tiRyelded to
a tip of the airfoil. The repair squealer tip is made of a second nickel-base

Il %Hl ??ﬂ ickel-base superalloy and having less
%Jméﬁ . %[%rgﬁ%é c% Fﬁf?tal of carbon, boron, silicon, zirconium,
and hafnium. FIGURE 4
A repaired gas turbine blade has a monocrystalline airfoil made of a first nickel-base

superalloy, and a repair squealer tip welded to a tip of the airfoil. The repair squealer
tip is made of a second nickel-base superalloy different from the first nickel-base
superalloy and having less than about 0.15 weight percent total of carbon, boron,

silicon, zirconium, and hafnium.

FIGURE 4
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