22 January 2007 TI P CAP HOLE BRAZI NG AND OXI DATI ON RESI STANT ALLOY
THEREFOR  BACKGROUND OF THE | NVENTI ON This invention rel abegnbfdy2087 azi ng
nmet hod for closing holes and, nore particularly, to a brazing method and
alloy for closing high pressure turbine blade tip cap holes to naxim ze
filling of the holes, mnimze porosity, inprove oxidation resistance, and
inprove reliability. Duri re of h| h pressure turbine bl ades
of the type as shown in U'S. A%egﬁgy%g%% 59&”%‘50@5 are forned to

| ocate casting cores. It is |mw1$@mTt&L§ﬁGfﬁ1§d (ﬁ%]ose such hol es because
otherwi se cooling air |eaks out of the tip rather than being directed over

airfoil surfaces. The tip cap holes have a dianeter on the order of 0.04
to 0.05 inc @ﬁ%&n&r . Heretofore such hol es have been
filled by |nrhject|on vvlthhFC E&Vééﬁg@ slurry of a fill alloy consisting of

a relatively  high melting point ("high nelt") conponent” (H ) (about 45
mel t"

W% interm xed Whilk anvehbidyeteldvay wel bi BYPPLH L O ,
conmponent (gﬁ%[(eabo 55 wt £a The conpositi ons gifl& rﬁéuﬁj hdi e é:rjrﬁ’s)llﬁ‘ﬁ/ mel t
conponent s Bydu“t "Pre Seaderdy. ake asbr@iim\metho&a&anaaw 2007

[0) 0
H gh Melt Casp. c(LHls)inbOW;Lly@ brg@gﬁr(auth&bgnf Jiga el% lVF\)/t é)a% 0h gfesrraéovw Yo Cr

13.7-14.3 C 14.8-15.8 Co 9.0-10

maximize f£illing of the holes, mlnlmlze porosity, improve

ox1datlon res1stance and improve rellablllty

During the manufacture of high pressure turbine blades
of the type as shown in U.S. Pat. 5,232,343, tip cap holes
‘are formed to locate casting cores. It is important to
securely close such holes because otherﬁisé éoollng alf
leaks out of the tlp rather than being directed over
airfeil surfaces The tlp cap holes have a dlameter on the
order of 0.04 to 0 05 inch (about 0.1 cm to GO. 13 cm) .
Heretofore such holes have been filled by injection with a
50% dense slurry of a_flll alloy consisting of a relatively
high melting point (*high melt”) componeét (Hl)(about 45
wt%) intermixed with a relatively low melting point (“low
melt”) component (L1) (about 55 wt%). The compositions of
high melt and low melt components employed in prior

practice are as follows:




Ti 4.8-5.2 Ta 3.0-3.8 A 2.8-3.2 Al 3.2-3.7 W3.7-4.3 B2.1-2.5 M
3.7-4.3 N Balance WMo 7.7 min Plus incidental N Bal angeyhi#ybbdt €s
Plus incidental inpurities During brazing the |ow nelt conponent particles
melt to a liquid and, upon solidification, densify and bond the high nelt
conponent particles in the tip cap hole. A disadvantage of this approach
has been that the cqglgf udiy Id h hi gh i nternal porosity | evel which
results in suscepti B\ o in servigd M : k of
fill condition exis Q ni"ddus-type vofd Prif max wk&rmed upon
Irvie ,
2-0d8-8 i s provi ded a @et2al5ftllomaterial in a tip

cooling. BRI'EF SU Y NTION | n accofFHahée8wibh8a first aspect

- of the present invention;
cap hole in a high Tpres&ufeSt-drbine bl ade, theTdi3loanterial conprising a

first alloy conpon@ht aRd8a3s@cond all oy conpohkni.,2+hezfirst alloy
conponent form.ng aWfirs8.-¥rhl3material |ayer cwnsisting substantially
entirely of said fiMet aBl@y4cdnponent and the nsespng,@l | oy conmponent
form ng a second fiWkMoaVe?imlinl ayer distinct fppgsa,d;fl % fill layer
said second fill materwmal B&ByREecoONnsi sting at Ieasgﬂﬁgggkj_gygby wei ght of

said second alloy ebaponeridehbel fimSir iy conponeit having a solidus
tenperature which is relatively higher than a |Iiquidus tenperature of said

second al | oy qg@%%ﬁgﬂgtaéiﬁasgﬁgnfogl%g¥t gomponent particles melt
to a liguid and, upon solidification, densify and bond the
high melt component particles in the tip cap hole. &
Qisadvantage of th%s-approadh has been that the cooled
filling has a high internal porosity level which results in
susceptibility to oxidation in service, and that a lack of
fill condition.exists due to a meniscus-type void that hés"

formed upon cooling.

BRIEF SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention,
there is provided a metal fill material in a tip cap hole in a high
pressure turbine blade, the fill material comprising a first
alloy component and a second alloy component, the first.alloy
component forming a first fill material layer consisting
substantially entirely of said first alloy component and the
second.a;loy component forming_a second fili material layer
distinct from said first fill layer, said second fill material
layer consisting at least about 50% by wéight of said sécond
alloy component, the first alloy component having a solidus
temperature which is relatively higher than é liquidus

temperature of said second alloy component, the second'alloy-
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22 January 2007 conponent conprising from about 3% to about 11% Si by

wei ght. A second aspect of the invention provides a netal22 Jhiary p®drial in
atip cap hole in a high pressure turbine blade, the fill materi al '
conprisiing a first alloy conponent and a second all oy conponent, the first
all oy component formng a first fill material |ayer consisting
substantially entirely of said first alloy conponent and the second all oy
conponent formng a second fill material layer distinct fromsaid first

fill mat dn@on r...sald second fill material |ayer consisting at |east
about 50% S?OWEI gﬁtcoo sard'? s%%%c?%‘??%y?"éo%o%wﬁ‘} the Pirby akligpt.
conponent having a sotidus tenperature which is relatively higher than a

| i qui dus tenger abwoadf agakdrsesend ;al | onent, the, second all oy
conponent_ conpri si ng no.rm?e t han abo}ﬁét %éov% y <%n/\h/ei VRS Ad %%E@gt of
t he i nverfthildn WiesTédes AnNe- bdsedametalefihl anhtighial in a tip cap hole in

a high ppess tyrhine blade,. the fill, material conprising a first, ‘
Ni - basedf)al I ﬁﬁggo#ﬁ%ﬁeﬁ}é)aﬁga%@seggﬁd Lhamageziprdy C%ﬁfgﬁe{?ﬁ , 9t r#é”ﬁtr st
Ni - basedaalPyy coompmeent drot ni ngeaochilr $t11dyi | doriSb @b &) L%erfi%%%Sia%;lio”ﬁ
substan}\{':g%%gngrr}g r !3%' of said first N -based alloy conponent and the
second N-Dased al | 6y "¢Bfpofienfifstni fdld s&@s®rifl | Letesr | alodsiyaring
di stinctstbovanshallfi ket ifddik, et ekl I hd.second fill materi al

| ayer consi sting _at %east abogt 50%%%3&\%%%{1 o?aégyd cgogrpoonnaenq\li 2pdsddpe
al | oy coﬁ%%‘?fé%t aldpy frepongnbadedrEinpy acommeanedt £ihavimg:@r 591 | duSer

L oTper alar e bt sur Shall ¥OLUCMANST (e &, | dus, Lemperatue & saic

Conprigm@fﬁn&gﬁzﬂny&rS@thigting at least about 50% by weight of said
second alloy component, the first alloy component having a
solidus temperature which is relatively higher than a liquidus
temperature of said second alloy component,‘the second alloy

component comprising no more than about 1% B by weight.

A third aspect of the invention provides a Ni-based

metal fill material in a tip cap hole in a

high pressure turbine blade,.the fill material comprising a
f;rst Ni-based alloy component and a second Ni-based alloy
Compongnt, the fifst Ni-based allbyAcomponent'forming a first
£ill material layer consisting substantiallj entirely of said
.first Ni-based alloy component and the second Ni-based alloy
component forming a second fill material layer distinct from
said first fill material layer, said second- fill material
- layer consisting at léast about 50% by weight of said second
Ni-based alloy component, the first Ni-based alloy cdmponent
having a solidus temperature which is relatively higher than a
liquidus temperature of said second Ni-based alloy componenﬁ,
the first Ni-based alloy compbnent comprising from about 5% to
about.7% Al by weighf, from about 1% to aboﬁt 3% Hf by weight,
from_about 2% to about 4% Re by weight, no moﬁe than about
2a '




about 7% Al by weight, fromabout 1% to about 3% H by weight, from about
2% to about 4% Re by weight, no nore than about 2a 22 Japuafyarg96d7 0.5%
Ti by weight, and C, and the second Ni -based alloy conponent ctonpri sing
~fromabout 3% to about 11% Si by weight, no nore than about 1% B by

wei ght, and Cr. A fourth aspect of the invention provides a N -based netal
fill material in atip cap hole in a high pressure turbine blade, the fil

material conprising a first N -based alloy conponent and a second N -based
nent having a saolidus

al 'oy cosponent ,pdhe, g4 Ni_-.bas allo o] [
t enper at ur e mhicﬁb$sgv%ﬁg??vef?gﬁiggér ?%én%§§$i&SFﬁﬁ§' Yirpepaturalbysai d
second RPTBa¥edtaldamp cionponefitomt ABoficr 2 M - hased @i%ogicwwf%ht
conprishggmgggnk%g%ytt?@btaﬁagggi 7%. Al by weight, from about 1%t0 about
3% H by wer ght, From Cdfoutt 290 “SHeht 4%mE &5~ wei ght, no nore than
about 0.5% Ti by weight, and Cr, the first N -based all oy conponent

forming a fifksfofirth meterdtalof ayBRe GORsdStidg ﬁHB%&@%%iﬁlﬂﬁmﬁégéﬁly of
0y

said fir%ge%ﬂhg fd al | oy conponent and the second N -based al
. conponeﬁ%t% ﬁg aNeEEERA L i adiiw i @dpl| hyée dinsti nct from said first
| ayer consisting at |east

fill ma pal _layver. said.second fill material
about 55@?By %%?%%?r%f%§§FHJ§%QB%adeNrJH&%eél&ﬂ|dva%%myﬁheﬁpymuwuaiagn ghe
second Kirbasediabbs¥d GPMMOPERbmbene@teChid L omthe Qrgup % |
consisting of A and B as follows, by meigﬁt 9% g§5 %d%_@%_%& 83 §$¥§9§-4.8
compoqent, the first Ni-based alloy component having a solidus
'temperature which is relatively higher than a ligquidus
temperature of.said second Ni-based alloy component, the first
_Ni~based alloy component comprising from about 5% to about 7%

Al by weight, from about 1% to about 3% Hf by weight, from

| about 2% to about 4% Re by weight, no more than about 0.5%‘Ti
- by weight, and Cr, the first'Ni-baséd ailoy component forming
a first fill material layer consiSting'substantially entirely
of said first Ni-based alloy component and the second Ni-based
a;loy component:forming a second fill material layer distinct
from said first fill material layer, said second fill material
layer consisting at least about 50% by-weight.of.said second
. Ni-based alloy component, wherein the. second Ni-based alloy
component is selected from the group of alloys consisting of A

and B as follows, by weight $%:

A}
C - 0.13-0.19
- Si © 4.,2-4.8
Cr ' 13.7-14.3
- Co SRR 9.0-10.0
T  4.6-5.2
- Al 2.8-3.2
Mo 3.7-4.3.
oW - 3.7-4.3
B 0.5-0.8.
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Cr 13.7-14.3 Co 9.0-10.0 Ti 4.6-5.2 A 2.8-3.2 M 3.7-4.3 W3.7-4.3 B
0.5-0.8 2b } 22 January 2007 N Balance plus incidental iRy bo@s; or

B) C0.01 max Si 9.8-10.3 C 18.5-19.5 B 0.03 max N Bal ance pl us
incidental inpurities Disclosed is atip cap hole |oaded with a first
‘conposition conprising particles of a first alloy having a solidus

t enperature above the brazing 'tenperature. The first conposition can be
covered with a second conposition conprising particles of a second all oy
having a |iquidus tenperature below the brazing tenperature. The second
conposi tion can beyheated topshhedyr da N0 LRIRELALAN €0 FAUSEs particl es of
the second alloy po nelt to forma Fiquid of the second alloy which can
be carried into spgges between the particles of the first alloy by
capillarity. The I+guid -

C 0.01 max
Si 9.8-10.3
Cr 18.5-19.5
B 0.03 max
Ni '~ Balance plus incidental impurities

Disclosed is a tip cap hole loaded with a first
composition comprising particles of a first alloy
having a solidus temperature  above the Dbrazing

" temperature. The first composition can be covered with
a second composition comprising particles of a second
alloy having a liquidus temperature below the‘brazing
temperature. The second composition can be heated to
the brazing temperature to cause particles of the
second alloy to melt to form a liquid of the second
alloy which can be carried into spaces between the
particles of the first alloy by capillarity. The liquid

of the second alloy can be

2¢




of the second alloy can be 2c 22 January 2007 cooled to forma solid
securely bonding the particles of the first alloy. Gherzzf}gg,;d?g@opf t he

present invention will be in part apparent and in part poi nt out
herei nafter. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a schematic cross
section of a tip cap hoIeiIIustratingaprior art method for filling tip

cap holes. Eig h matl ross section of a tip cap hole after
1ed L8 _2o¥i i PTCUG Ly Penpbagt thecpestiskesion of a

filling by the prior art et
tip cap holethelfmmaihgylhe f||||ng met hod of the invention. Fig. 4 is a
schematic cross sectlon of atip cap hole after filling by the method of

the i nvention. hrou h 10 are 50x magnification photom crographs
of cross secti on sa c'l“é'é aft @F dihe oxresgnonitwshtifhgwill aed 2 are

phot om cr ogrgphs @pgﬂ&g idda i taI i nvention. DETAI LED
DESCRI PTI ON OF THE PREFERRED ENB ol r'fela&&%lrtdg‘ﬁc’:’glﬁﬁﬁﬁeffhu s
brazed closed with a two-conponent brazi ng

i nvention, -etllp czr%)[%‘ hol es are
at BRHaMESCHTET IONa OFn FHEe BBBWANGSe at which just one of the two

mat eri al
conponents of. the material nelts. Tip cap holes are injected at | east.

' aboul 80% full, prgfenabkyacomBbRbelY cfoss section of a tip cap
hole illustrating a prior art method for £illing tip cap

holes.

Flg 2 is a schematlc cross sectlon of a tlp cap hole

: after filling by the- prior art method

Fig. 3 is a schematic cross section of a tip cap hole

illustrating the filling method of the invention.

' Flg 4 is a schematlc Cross sectlon of a tlp cap hole

after filling by the method of the 1nvent10n

| Figs. 5 through 10 are 50x magnification
photomicrographs of cross sections of samples after an

oxidation test.

Figs 11 and 12 are photomicrographs of the flll

materlal of the 1nvent10n
DETAILED DESCRIPTION OF THE PREFERREED EMBODIMENT

In accordance with this'inventiénr“tip cap holeé are

" brazed closed with a th-component brazing material at a
particular brazing temperature at which 5ust one of the two
components of. the material melts. Tip éap holes are

injected at least about 80% full, préférably completely




22 January 2007 full, with a first conposition which conprises a high
melt. material having a solidus tenperature greater thamtiaguarPpédi N9
tenperature used for subsequent brazing. Injection is acconplished using a
hol | ow needle with air pressure behind it or by other suitable nmeans. A
relatively equal amount of a second conposition conprising |ow nelt
material i sedien i L0 d 8RR 1¢f; JLhe aigh melt .conponent. The |ow
melt material has a |iqui dus tenpera-tlg:rlé) (‘)v\;\léFﬁt HEAPE hESShRabigly melt

t enper at ur e.M3enIwel bhaving tenpel aflus e tnpRiofore. gtdgclpw el t ¢ eteri al
nelts while Jh iQligg er&lﬁletr q;laterial oes not. Figure 3 1s a Ccross section
of a tip cap Hole after A rengS& AopoRuBEeanenhdboazity azimipatiiosh

i | lustrates ist hechahsl féhdeduvihd Bi alb1iRLS conponent and.with the | ow
mel t corrpongnt .applied to the top of the hig ér?é'le? WEbhpBhEnPresFRTeno
conponent s PEPHAY w i ¢ | abker agui sablahnsans. CANtEASEEFit Bqlhg prior
art method klhustraked i h O s whi.ch shows.the high nelt conponent :
initially intern xed vv%%l‘ﬁmtﬁhg'“im&’v]“v’sr%e P SAPBRLFIRG THew Higfit melteraall | ow
mel t conponéat Sheneaphbuedwis htltk fi@s &1 EHOIS ARG ol se.figures.
Ret ur ni ng te ‘I‘fi élé%, ié can he appreciated that duri ngogl?g’?%ﬁg‘arglé%rdi ng
to the inventron - tTH"Fow el CorpeHadus peerpetadairee lowand thhe tigw mel t

conponent rieyesi koW« ddr@UoR rakhe Of, [ .t co nent particles
as.a result_of capillarity and (Sr avit y]fﬁégrﬁ'é&r%‘g"ﬁ%?a&bl(gﬁ'gg?‘?ﬁ??‘i"(f&t ion is
a hol e whi cHR$ s1o€upst inrRaRKr}al0eslts] wbd 1eFithe 4)i@s wOIPaEadLg 2 hol e

filled (Fi ggoed r%}g_er_ the prior approach. Figure 2

Figure 3 is a cross section of a tip cap hole after
filling with powder and before brézing which illustrates
the hole filled with high melt component and with the low
melt component appligd to the -top of the high melt
component, the two compongnts‘forming two distincﬁ‘layers.
This is contrasted with the prior art method illustrated in
Fig. 1 which shows the high melt éomponent initially
intermixed with the low melt component. The high melt and
low melt components are shown with different cross-hatching
in these figures. Returning to Fig.‘ 3, it can be
appreciated that dhring_brazing according to the invention,
the low melt component particles melt and the low melt
-compoenent moires- downward through all of the high melt
gomponent particles as a result of capillarity and
gravity. The result upon solidification is a hole which is
substantially 100% filled (Fig. 4) as compared to a hole
filled (Fig. 2) under the prior approach. Figure 2
illustrates the detrimental meniscus effect which occurs at

the bottom of holes filled by the prior method, which




illustrates the detrimental neni scus effect which occurs at . the bottom of
holes filled by the prior nethod, which 4 22 January 20027213311‘1 ebot S

avoided with the invention as illustrated in Fig. 4. The resulting filled
holes are fuller as a result of the new brazing nethod, and are nore

resistant to oxidation as a result of the new brazing nethod in

conbi nati on Weffecd Ne s I 0 n referred enbodi nent of the

i nvention Wh:'ffh |c§ a \%g,\rgllgt | oﬁ' FLI Frﬁ'?h Yerhier s dddersitretdedbgnerid he | ow
mel t conmponert. apBhéedesolthegt 6p10bat Rgibig! | i's intermxed wth a
portion of high melt conponent. Because thea%% rRr’réfl Bt EFnporeiultapt
greater oxi dat|of Tebreringcnethed, tand |ove rmj:te aeEpelant . cbhis; cfaﬁﬂ%wf“
enhances the a0 daldQt LESigA t the to f the filled tip cap hole.
Furthernore, the high nelt corrpgl(r%g’n?)rﬁazﬁnr%lnges% At ithicesbiwatiopherikaw mel t
particles do th6t newl eldar.do not wick down into the hi gh nelt materi al

below. Thus the interm xed high nelt particles have a build up effect
at I he top of the filled hole during

which mnimzes n t
brazi ng. Accor di ngql% y?ﬁgﬁg ‘%P‘%rnaei WPt hpihet dinyenitibnhivgche] §
conponent and M@e‘naamnxtfm tthe ht&hhﬁﬂpg apdsl.ew.n Ité)%%gponent 1|}}Os

ef dibigo|low

applied on top ﬁf t he h nmelt conponent. Thi's X
conpri ses on i ?‘ﬁ%‘?e aprtdedbsat tg@mbgpmfglﬁheoffltlh@dhltgﬁ I%]
i gh

conponent, nivigepieiRT dlky abQUL-+ out 5 %by wei ght  of the
‘melt conponent, still nore prgferégf{yggbg‘g H 5 Ut SOBPRREN D5 YoRRcamsieght  Of

the high el {he gptlt | pompenent has greater oxidation resistance
than the low  melt component, this aspect enhances the
oxidation re51stance at the top of the filled tip cap hole.

| Furthermore the high melt component partlcles 1nterm1xed'
with the low melt particles do not melt and do not wick
down into the high melt material below. Thus the
intermixed high melt particles have a build up effect which
minimizes meniscus formation at the top of the filled hole
during bra21ng Accordingly, the hole is injected
completely with high melt component and then a mlxture of
.hlgh melt and low melt component is applied on top of the
high melt component. This mixture preferably comprises on
the order of up to about 50% by wélght of the hlgh nelt
~ component, more preferably about 10% to about 50% by WElght
, of the high melt ~Component, stlll more preferably about 10%
to about 25% by welght of the high melt component. "In one
particularly preferred embodiment, this mixture. comprlses
about 15% of the high melt component and about 85% of the
low melt component The weight ratio of low melt to high

- melt component in this mixture is between about 1:1 and -

about 9:1, preferably between about 3:1 and about 9:1 In




particularly preferred enbodi nent, this m xture. conprises about 15% of

- the high nelt conponent and about 85% of the [|ow melt conpamer)2oihe
weight ratio of lownelt to high nelt conmponent in this mxture is between

about 1:1 and about 9:1, preferably between about 3:1 and about 9:1. In 5

22 January 2007 one particularly preferred enbodinent, this weight ratio

is between ghupapii QEQ el igui dus terrperature of the | ow
melt material i s};’é1 OV\gI’ t Q‘%%l i‘B%ram ng éﬂﬂ'@P Sr uFBis arrightefratdbl §sno
hi gher than bisbueen2eb2Et( ébmuhnaZQBaﬁ); gipre preferably no higher than

about 21752F (about 11902C) I n one pr eferred enbodinent, the |iquidus
is between about 20002F (about 1090X)

tenperature of thg eowl é
and about 22002F {8bsuttt Bﬁ%mpgﬁ‘éEFF?coﬁrE}lérl@d pebb dinaeat 5a hayve
and _about 21652F

I dus te at urtesarf taboubr2 F 304C
i qui dus rri)ew u t r&ZPOn? F eeaih chle r}de B <£RERLYN el ¢

(about 1185 , respectl vely. The solidus terrpel‘atur
%té?lér hey phoe ZBpﬁangab@n’pelmaﬁca andres ppee&LLRR} Y J10 | ess

material is
than about pRQQF @qugb&@ 2 no | ess than about
23752F (about 13002C). In one%gkse re3 n%géﬁ , 3F‘P1e°n%cﬂ'n“€tﬁsasrred
t enper at ur e e¥fbadiandritgh roblet M@idak |t5ex£;9é1vm{fe aggut glch (81%)
s as one

12852C) and out. 214502F about 13452C) . Awater-based
avail abl e undet tlhe Otucta 05 drmbgiutt éco&ﬂr“pu ahdBabbet,

R MR S e
F (about 11302C) and

- about 2165 ¢F (about 118590), respectively. The solidus
temperétﬁre of the high melt material is greater than the

brazlng temperature and is preferably no less than about

23002F (about 12602C), more preferably no less than about

23752F (about 1300%C). In 6ne.preferred embodiment, the

solidus temperaturerof the high melt material is between

. about 2350°F (about 1285°C) and ‘about 2450°F (about
1345=C) . '

A water-based binder such as one available under the

trade name Vitta Gel from Vitta Corp. of Bethel,
Connecticut, is preferably mixed with each of the high ang
.;ow melt materials to help hold them in place prior to
‘brazing. The ratio of binder to metal is on the order of
about 1:7 by weight, -such that the materials are contained
_lw1th1n an approximately 50% dense slurry after ' some

evaporation occurs. The binder volatilizes upon brazing

It has been discovered that inproved ox1datlon
resistance achieved in accordance with this invention is

enhanqed by selection of a low melt materlal which has a




brazing. The ratio of binder to nmetal is on the order of about 1:7 by
wei ght, such that -the materials are contained w thin anjppex,eiely 50%
dense slurry after sone evaporation occurs. The binder volatilizes upon

brazing. It has been discovered that inproved oxidation resistance
achieved in accordance with this invention is enhanced by selection of a

low nelt matsid:ale \@yrpth B nuary Q07 |f| cant content of Si
as a nelting p0| nt. depressar(ff:?lt %fz% tti'é’é’eéw Frispressanonimas

been found teo M- %pécrhhtsydadmmmageouslmcgﬂchagpglabﬁatf ﬁ'ﬂa l%ecq}use it
Accordingly, the low nelt oy. Of

enhances oxi datiqn Al s%ance

i nvention cSRFANEtdY | FRQNLAFRUS 0L  SEpl appdfeatbbys bebneaseaiout 4%
and about 1E%§hce@%x1@b%f1%r%£@%%d@m ns ,bet ween about 3% and
about 5% Si, nore preferably between about Zﬁg%fdaﬁ}?lé’bo e, 189, gelt

Anot her pr ePédpP¥doénisbei ABvencdonaicenttibdinseert aboidr 3%oard3slLo S%EP gore .
oy of

~preferably. o] 8% and about,k 10.3% Si. The low nelt a
t he inventi ggg}@gg hlejkr’egw ar acq:é‘?‘frzeog‘%y angd s@popt | ht%entSional rglnadded B,
and by nai prefarngdtéiﬂaddmneiﬂﬂtoaintﬁﬁz@nl}ﬂ% kel QM6 [ ably
bel ow about ,0.5% nore Er eferabl y bel ow aboute 0. 10/.?1?% ﬁ%lé) gg'ﬁg §§cover ed
that, i nasniith HS¥® RES eHRPLY PPbUgenf pbeus ¢n28xaddt about esi st ance,

M Ni M Zi NG £no GRBANSRSE XAt d B At Afifeaddl GUULLAST, priof | ow el ¢

brazing alloys for use in tip cap hole f I ng ap
signifi Cantléﬂ’m Ne gy prefiedaddst teliouder2%boaft 9.8% and about 10.3%

The low mglt alloy of the invention is Ffurther
characterized by a lack of intentionally added B, and by
maintaining the incidental B cdnteﬁt below about 1%,
preferably below about 0.5%, more preferably below about

‘. Q.l%. It has been discovered that, inasmuch as B has‘
deleterious effects on ox1dation resistance, minimizing B
enhances oxidation resistance. In contrast, ;prior low melt

' b%razing alloys for use in g:ip cap hole filling applications
h_ave had a significant amount (e.g.. at least about 2%) of

B as a melting point depressant.

The low melt component of the invention further
comprises Cr in the range of about 10% to about 25% to

enhance oxidation resistance.

The high melt alloy of the inx}ention contains Cr and
Al for oxidation resistanc'e.. Its preferably contains at
least about 5%, preferably from about 5% to about 7%, more
preferably from about 5.5% to about 6.5% AY, which pfovides

an Al oxide scale which imparts enhanced oxidation




B as a nelting point depressant. The low nelt conponent of the invention
further -conprises O in the range of about 10%to about ﬁ@{ﬁ&&zmﬁﬂance
oxi dation resistance. The high nelt alloy of, the invention contains C and
Al for oxidation resistance. It preferably cont ains at |east about 5%
preferably from about 5% to about 7% nore preferably fromabout 5. 5%to
about 6.5% Al, which provides an Al oxide scale which inparts enhanced
oxi dation 7T ORIy 2007 resistance. It has been discovered that the
performance of the fill material is further enhanced by using a high nelt
further containi ng: Hiadre aby; out, 0.5% nore preferably
about 1% to about 3% ms%égrgfléfg%lef rotr%la © pefformpRce o% lhe to

enhance t he fdHereaker ol oks ddvirther esnisdmedd Aby and 1 Gy O gg 1gcal .etﬁ
fornance is enhanced

has al so be 0 d t hat ch
T Hhonag ?fzgn %’f“‘r‘égaéf a erf%IYpﬁéf deant yabqtdmialﬁ%ut mB%ztO

nelt also contains
about 4% Repte€elrabl{ Ssab&id ecd &5 eébo'i&l i, SQ{)QE' etseragagl f gﬁ{ aBﬂut
e

particul arl é@s because Re does not have as delefef|ous
i &6,

oxi dati on reSi $PaftUss 36t A et | enbahee | bhe sedeagéheses s oﬁﬂﬁ@t?&ll\/b' Ta
and W And kgsmggaﬁgrgfeén@e@g &f&g‘l‘% %s% hat by elimnating intentional
: ‘ent

addi tions of Ti, and by maintaining preferably bel ow about
0.5% the prot ective O and Al oxide scal es adhere better, because Ti has
a tendency to It has also been discovered that such perfoma_nce is

enhanced if the high melt also contains Re, at least about
1%, preferably from about 2% to about 4% Re due to its
. effect as a solid solution st:rengthener, partlcularly
because Re does not have as deleterlous an- effect on
oxidation resistance as other solid solution strengtheners

such as Mo, Ta and W.

And it has further been discovered that by ellmlnatlng
1ntent10na1 additions of Ti, and by maintaining Ti content
"preferably below about 0.5%, the protective Cr and Al oxide
scales adhere better, because Ti has a tendency to

interfere with such adherence.

Exemplary high melt and low melt compositions in

accordance with this invention are as follows:




interfere wth such adherence. Exenplary high nelt and | ow nelt
conpositions in accordance with this invention are as fobl@Ngry 8o@2
January 2007 H gh Melt Conp. HA Low Melt Conp LA Low Melt Conp LB C
0.10-0.14 wt% C 0.13-0.19 % C 0.01 nax Hf 1.3-1.7 Si 4.2-4.8 Si 9.8-10.3
Re-2.6-3.0 C 13.7-14.3 O 18.5-19.5 & 6.6-7.0 Co 9.0-10.0 B 0.03 nax Ta

6.2-6.5 Ti 4.8; i nc Al .59 3.A 2.8-3.2 plus incid. W
4.750l\/b3§l %Ilrtr:pﬁ?’l s —ﬁ?——sﬁ?&—%%‘l-?—% EowLMelt. Comps BB
0.5-0.8 Ti O. ZCrraxJ Ni0-Ballanee- gl usc Nip Bad-2nq® Rigds i ncide ta[L urities
incidental inpufiti.esilhe fol | ow ng exapl gs further | Iut ag}%
invention. Bxanpleesl3Qpclic oxi daiyd gny tegls were condact gg g E‘g ring
samples fill egm t6h5Lbe0h| gh nel t/dow rajellt0 |a1xtures of g |o|n

hi Pt w el t

(HA/ LA and HA/4B) 4 t les fill h-tBe prior
P W% '3 re conduct ?:I %? e 0 20002F -

- mixtures (HL/ Lpg). F 3 OXIdatlgﬂ t2e
wth a five- nuehggtlmefor up = 82 0 cycl es. Co?r%)‘&‘h-‘stwd}f-the
g veal s that the LHpuiitseseri al

phot om crogra s F!Lg 5 throu
HA/ LA (Fi gs. § %( ag e (B 77%ahd 8) suffered substantially
éc f:h 5“0-8

| ess oxi dati ve at O%he
max Ni Balance plus -

Nl Balance plus incidental impurities
incidental impurities '

The following examples further illustrate the invention.

Examgle-l
Cyclic oxidation tests wére conducted comparing
samples filled with the hlgh melt/low melt mixtures of the
_invention (HA/LA and HA/LB) to samples filled with the
. prior high melt/low melt mixtures (Hi/Ll}Q Cyclic
oxidation tests were conducted at up to 2000°F with a five-
minute hold time for up to 2400 cycles.. Comparison of the
gmﬂtomic;ograbhs of Figs. 5 through 10 reveals that'the.
fill material HA/LA (Figs. 5 and 6} and HA/LB {(Figs. 7 and
8) suffered substantially less oxidative attack than the
- £i11 material H1/L1 (Figs. 9 and 10). After 1800 cycles
the HA/LA (Fig. 5) and HA/LEB (.Fig. 7} mixtures  showed
virtually no oxidative attack while the H1/L1 {Fig. 9) was
nearly completely oxidized away. After 2400 cycles the
HA/LA (Fig. 6) and HA/LB (Fig. 8} mixtures éhowed only
minimal oxidative surface attack while the H1/IL1 (Fig. 10)

mlxture was nearly completely oxidized awvay .-

The actual maximum temperatures at which each of thé




fill material HL/L1 (Figs. 9 and 10). After 1800 cycles the HAN LA (Fig. 5)
and HAVLB (Fig. 7) mxtures showed virtually no oxidative ghigckoyhile the
H1/L1 (Fig. 9) was nearly conpletely oxidized away. After 2400 cycles the
HA/ LA (Fig. 6) and HN LB (Fig. 8) m xtures showed only m ninmal oxidative
surface attack while the H1/L1 (Fig. 10) mxture was nearly conpletely

oxi di zed avaypstBie abttiatesBEhBWEn! ARSLALYIES Al, Wi ch.each of the 9 22
January 2007 tested mixtures showed accept gf%l e vee\\llff; bt aktpgkK Wrare

recor ded ande5P&dsesbrk éds preapnsed. iffaiphbla Maxi num Tenperature (F)  of
Acceptable M xture Cycles Oxidative Attack HL/Li (50/50) 1800 1500 - 1600
2400 1600 HA/LA (50/50) 1800 2000 2400 1900 HA/ LB 1800 2000 2400 1700 -
1800 Exanple 2 Tensile strength testBabkeel perfornmed according to the

- procedures of ASTM E8 and E21 to conpare sanples prepared according to the
invention with sanples prepared according tMustieundricipatRiched (Fhe results
are presented in Table 2. Table 2 19002F Tensidf acceptable

Mixture Cycles ' Oxidative Attack
H1/L1 {(50/50) 1800 1500 - 1600
2400 _ 1600
HA/LA (50/50) 1800 ' 2000
- _ 2400 1500
HA/LB 1800 2000
2400 1700 - 1800
Example 2

Tensile strength tests were performed according to the.
procedures of ASTM E8 and E21 to compare samples prepared
according to the invention with samples prepared according

to the prior method. The results are presented in Table 2.

Table 2

19002F Tengile

Test # Material uUTg SEL
T36 H1/L1 19900 1.70
T37 . H1/L1 19700 ' 1.40
T3 HA/LB** 18300 1.20
T4 HA/LB** 16600 1.50
T1S HA/LA** . 36500 0.70
T16 HA/LA** 36200 0.90
T25 HA/LA* = 13600 0.70

726 - HA/LA¥* 16700 0.60

10




Test # Material UTS %EL T36 H1/L1 19900 1.70 T37 H1/L1 19700 1.40 T3
07 T16

HA/ LB** 18300 1.20 T4 HA/LB** 16600 1.50 T15 HA/ LA** Q@@Q&u@yi 7
, 16700 0.60 10 22

HA/ LA** 36200 0.90 T25 HA/LA* 13600 0.70 -T26 HA/LA*
January 2007- 20002F Tensile Test # Material UTS WEL T38 H1/L1 11200 1.00

T39 H1/Li 7600 1.00 T5 HA/LB** 5500 1.90 T6 HA/LB** 4500 2.50 T17

HA/ LA** 19400 1. Oflyodshs M#** 19300 0.70 T27 HA/LA* 7400 1.00 T28

HA/ LA* 7300 0. 80 tures **HA Filled joints w braze on top It

can be seen fromg g]sq_se# da that the HA/ LA conbinations perforned best,

and that the tes amP&s prepared a&@Iording to the brazing
&te on tépROPerforned betager than tests

‘met hod of the i %ntlon
' perfornmed on safples prepdréd using BFBAded mi xt urieso Exanpl e 3

Conpar ative 20002P stressHPdpBlre t esbS00ere 1.90
' T6 HA/LB** 4500 2.50
T17 'HA/LA** ' 19400 1.00

T18 HA/LA** 19300 0.70

T27 HA/LA* 7400 1.00

T28 HA/LA* 7300 0 80

_*Blended mixtures **Ha Fllled joints w/braze on top

o It cen -be seen from these data ﬁhat the HA/LA
combinations performed best, and that the tests performed
on samples prepared accorxrding to the ‘brazing methed of the
inventiqn (braze on top) performed better than tests

.performed on samples prepared using blended mixtures

Example 3

Comparatlve 20002F stress rupture tests were
conducted accordlng to the procedure of ASTM E139 and the

' results presented in Table 3.

W




results

conducted according to the procedure of ASTM E139 and the
presented in Table 3. 11 22 January 2007 Table 3 Test #zngﬁﬁggtmﬁﬁl Life
.3 T8

DEL T40 H1/L1 1 1141.3 7.2 T41 H1/L1 1 1106.4 T7 HALB** 1 6
1 371.8 T29 HA/LA* 1 54.2

HA/ LB** 1 211 T19 HA/ LA** 1 414.5 T20 FHA/ LA**
2 15.3 2.50 T43 H1/L1 2 14.9 1.90

2.10 T30 HALA* 1.35 1.80 T42 Hi /LI
1.1 5.40 T21 HALA** 2 27.9 2.20 T22

T9 HA/LB** 2 5.3 T10 HA/LB** 2 8.70
HA/ LA** 2 19.7 1.80 T31 HA/LA* 2 29.3tabla 3 732 HA/LA* 2 6.7 1.50
ints w braze on top These data_reveal that

*Bl ended m xtugres, **HA Filled,jo
%%ffgs%. daterialr ned adeB8ately antifbat at 2 ksigfd oad the
" - K$ED

at ‘1 ksi |oad npl
A LA _ H1/L1 1141.3 7.2
T41 H1/L1 1 1106.4
™7 HA/LB** 1 685.3
T8 HA/LB** 1 211
719 HA/LA** 1 414.5
T20 HA/LA** 1 " 371.8
T29 HA/LA* 1 54.2 . 2.10
T30 HA/LA* 1 35 1.80
g2 . H1/L1 .2 15.3° 3.
| _ . 2.50
T43 . H1/L1 . 2 14.9 : 1.90
T9 HA/LB** 2 5.3 8‘70
T10 HA/LB** 2 1.1 5.40
™21 HA/LA** 2 27.9 2'2
. T22 HA/LA** 2 19.7 ' 1.83
T31 HA/LA* 2 29.3 2.70
T32 HA/LA* 2 6.7 1.50

*Blended mixtures **HA Filled joints w/braze on top

These data reveal that at 1 ksi load all samples
performed adequately and that at 2 ksi load the HA/LA

samples prepared using the brazing method of the invention

pexrformed best.

Example 4

Comparative nil strength tests were conducted as
& measure of the highest use temperature and the results

are presented in Table 4. These tests involved hanging a

300 psi dead weight load from a flét sheet sample. The

sample

‘ is hung within a clam-shell furnace and the
temperature is monitored. The temperature is increased and

the temperature at which the bar breaks is recorded.

12




sanpl es prepared using the brazing nethod of the invention perfornmed best.
Exampl e 4 Conparative nil strength tests were conducted ag jaq,47686u € of

t he hi ghest use tenperature and the results are presented in Table 4.
These tests involved hanging a 300 psi dead weight |oad froma flat sheet

sanple. The sanple is hung within a clamshell furnace and the

tenperature is nonitored. The tenperature is increased and the tenperature

“at which the bar breaks is recorded. 1¥aBdeidnuary 2007 Table 4 Test #
T-1 HA/LB**\ 300 2103.8 T-2 HA/LB** 300

Material Lo ( s#l)_ Tenp_ (Dec .r.
2096.3 T-1 *x 300M2ESEial o3 Ha Load3gnsplod. 7 TeadpHihidy 300
2086.9 T-3'% /L1 300 HB4EBA*T-35 H1BDQ 300 2045.6 *Bhesdgd mi Xtures

**HA Filled & nts w bral8/BR*top These3data reveal thatyhbg gverage nil
strength t rature of H3peaffrens prepaoed using the al bpys and nethod of
the inventi dhradas 2107. 48&/Bs*conpared 3@ 2039. 52F for gpggiqrens prepared
using the pm-@d al l oy arda/mzthod I n vigygof the foregoi @kéirrpl esit is
evi dent thatr-3#he brazi mgn et hod of theyggivention with ef?ﬁe‘r‘l of the new
materi al combBsations testech (HV LA andyddV LB) provi des 2’;104-5'6

- *Blended mixtures **HA Filled joints w/braze on top

These data reveal that the average nil strength
temperature of specimens bprepared using the alloys and
method of the invention was 2107?49F' as compared to
2039.52F for specimens prepared using the prior alloy and
method. . | |
| In view of the foregoing examples it is evident that
the brazing method of the invention with either of the new
material combinations tested (HA/LA and HA/LB) provides a
more oxidation resistant product with acceptable mechanical
properties as compared to the prior method. While in some
instances the mechanical strength appears to be less with
the new method and materials, in all .instanceés the
‘mechanical strength 1is acceptable for tip cap hole fill
applications. The material must have sufficient strength to
hold itself against centrifggal force and thermal loading
during service, but it bears no further significant load.l
The more important characteristic for this application is
oxidation resistance. The mechanical strength and oxidation
resistance.are attributed in large part to the relatively
low amount of void space in the fill material, as shown in

Figs. 11 and 12.

13




nore oxi dation resistant pr odubt W th acceptabl e nechani cal properties as
conpared to the prior method. Wiile in sone instances the prehanosal
strength appears to be less with the new nmethod and materials, in all

i nstances the mechanical strength is acceptable for tip cap hole fill
applications. The material nust have sufficient strength to hold itself
agai nst centri fugzi;l. for cgalgng thermal |oading during service, but it bears
no further signific&ta sShoyReanbpdei fpdledntsthar kb enbhog 4 reddli s
application iisventidal WaRn faksi-a0¢Cua T echanj cal strength and oxidation
resi stance ar e attributed in Iar geip%?‘t E?%gﬁﬁgr@’a@?@&l |reictanEuRts of |
void space i FAYHB:f iBilg -ndiZerdtalws as BADANEE N1 & g§in&1tﬁgdsé12n. 13 g\%d :

January 2007, Fi.gu h ole filled using the netho of Mk
i nvention wi ?ﬁgbra#ér%ﬁéiaimﬁ%¥%‘ﬁe%yb%@%5/ 15 mixture of LA/HA Fig. 12

shows a hole filled using the sane method wth material HA foll owed by LB.

As various changesscouhrides mtdtirdged heqboye pLconstructi ons. wit hout.

departing fr((:)m ttt_le scope of ,the invention, it sg%ﬁ;{faenaéld thst abevemtter

contai ned i n"the = DoV Ye¥dhguFordeparhbmm ifivarhethscommsBy i Bg d,gl%\!vi ngs
4

~shal | be i ntiarpsedsh asid lilushirabiwg apd not,in a limting sense. 22
January 2007 Clains 1. A netal %lel I matgé:r i:“;fl Fatier; gortpimed ein rtiee hi gh
, above description or shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting
sense.

14 .




pressure turbine blade, the fill material conprising a first alloy
conponent and a second al | oy conponent, the first alloy S)cappepess7 form ng

a first fill material |ayer consisting substantially entirely of said
first alloy conmponent and the second alloy conponent form ng a second fill
material layer distinct fromsaid first fill layer, said second fill
material |ayer consisting at |east about 50% by wei ght of said second 10

al | oy conponent, the first alloy component having a solidus tenperature
which is relatively higher than a |iquidus tenperature of said second

all oy comxuyesd, the second alloy conponent conprising fromabout 3%to
about 11% Si by weight. 2. The fill material of claim1 wherein the second

alloy 15 conponeft Mefad NFibidsawtaidi;yl whicla cbipricsgs Gplandimoantrigsh

t han abo 0% vvhrent first ,al.lo pnent i
Ni - based%aﬁ]so%&véi c%ll]rr%)r nggeo ecan:JI S%Tﬁ eﬁ‘lftt%réﬁ&utg%%’ﬂ@’o?g Wei thr Stat
| east abcajtloilg%d?ﬁnpmmmﬁl ghiicl at selceast bt brigdeddnby meg&tl,rs@nc&ﬂwmre

t han gbout 0. 5%T|méf12o by weight. 3. The fill material of claim1 wheréin
sai d 2ecdiFPHant éﬂl&g | &y erfigstsi fbd lof “ﬁt@rﬁléﬁoutla@@%t(?%tﬁtlg@% by

s Ir a1l d © Ob
wei ght ofsgaittnea6and aldoy-copparent QPngfg%E’.gB&I s ?ng&ﬁ% y

wei ght of said first "all oy conmponent.. 2 mat'eri a claim 3
wher ei n $&Ec®secahtoy i Iclomp@alteelrtl aforrayr@g lrass @coved glfti 1lat hatefisai dagegond

o, RIS AR el L Lot LA shet, Bk 0 el
t ur bi ne Hlagde, ddnsﬂsﬂﬂngmﬁer&ébs@omwddﬁrED@-Byr&bigﬁi of said second
10 alloy component, the first alloy component having a solidus
temperature which 1is relatively higher than a liquidus
temperature of said second alloy component, the second alloy

component chprising from about 3% to about 11% Si by weight.
2. The fill material of claim 1 wherein the second alloy
i5 component is a Ni-based alloy which comprises Cr and no more
than about 1% B by weight, and wherein the first alloy
component is a Ni-based alloy which comprises Cr -and at least
about 5% Al by weight, at least about - 1% Re by weight, at
least about 0.5% Hf by weight, and no more than about 0.5% Ti

20 by weight.

| 3. The fill material of claim 1 wherein said second
fill material layer consists of from about 50% to about 90% by

weight of said second alloy component and from about 10% to

about 50% by weight of said first alloy component.
25 4. The Fill material of claim 3 wherein said second fill
material layer has a weight ratio of said second alloy
- component to said first alloy component from about 3:1 to
about 9:1. .
5. A nmtal £ill Hmterial in a tip cap hole in a high

30 pressure turbiﬁe blade, the fill material comprising a first

15




22 January 2007 alloy conponent and a second alloy conponent, the first

~alloy conponent formng a first fill material |ayer consbShhggy 2007
substantially entirely of said first alloy conponent and the second all oy
conponent formng a second fill material layer 5 distinct fromsaid first
fill' material |layer, said second fill material |ayer consisting at |east

about 50% by wei ght of said second-alloy conponent, the first alloy "
conponent having a solidus tenperature which is relatively higher than a
| i qui dus tenperature of said second alloy conponent, the second alloy 10

conponent , €94Pr |8ihR9LA0+ MG than, t g ight. 6., The. fill
material of olaimb wherein the sé%gﬁ %%%% %éﬁgéﬁggﬁ'fif%a |¥%%33518Vloy
whi ch conpengesetr afdrhiom abofii r8% t 6iAbouina td ¥ Si. byayekghbonémgtin%}
wherein the first. | o onpgnent .is a N -based all oy which conprises

and at |16 TRasT TR SHeRE Ty e tnealdr Siadt AbbRY. PAPREMSFOWGht thea
| east abositcOndYaifioy vehgbhen@nd e MRy €at RATLAROUE; P31 S%acHr iy Wel :
7. The fill material of claim5 mhereiﬁkga?d second f%ll ﬁhté??§1m?%g§%

consi sts SFSHIRAG abbRm Sadeit 61abbul 1389aey erde el ghtr of sahd dsaddmy £ill
ComponentmatEL O AHoL S04, AROUL S DS OO0 T A oL LY

conponent. 8. The materi a aim7 wherein sai

mat eri al $eg@rd had laywetcghponantp dfhesaifd rsecoadlal/l ayongaiganenbvtiagsaid '
25 about 9:1. 9. A N -based

LISt L SRPR oL LLamAbayt 3 LU AR 8 L 8 AN e
the fill t@ai@nialueonpri $ind deddidt aMiohasetdd v corpaneniad & ssgond
Nl-b%aedcgghg%ent comprising no more than about 1% B by weight.

6. The fill material of claim 5 wherein the second alloy
component 1is a Ni~based alloy which comprises' Cr and from
about 3% to about 11% Si by weight, and wherein the first
alloy component is a Ni-based alloy which comprises Cr and at

15 least about 5% Al by weight, at least about 1% Re by weight,
at least about 0.5% Hf by weight, and no more than about 0.5%
Ti by weight. | ,

7. The fill material of claim 5 wherein said.second fill

material layer consists of from about 50% to about 90% by
20 _weight of said alloy component and from about 10% to about 50%
by weight of said first alloy component. |

8. The fill material of claim 7 wherein said second fill
material layer has a weight ratio of said second allby
component to said first alloy component of from about 3:1 to

25 about 9:1. |

9. A Ni-based metal fill material in a tip cap hole in a
high pressure turbine blade;.the fill material comprising a
first Ni-based alloy component and a second Ni—baSed. alloy
component, the first Ni-based alloy component forming a first

30 fill material laye; consisting substantially entirely of said

16




conponent, the first Ni-based alloy conponent formng a first 30 fil
material |ayer consisting substantially entirely of saidzzygmggYQ@nuary
2007 first N -based alloy conponent and the second N -based

conponent formng a second fill material |ayer distinct from Sald first
fill material |ayer, said second fill material |ayer consisting at |east
about 50% by wei ght of said second 5 N -based all oy conponent, the first

Ni - based al |l oy conponent having a solidus tenperature which is relatively
hi gher than a |iquidus tenperature of said second Ni -based all oy

conponent £irghe Nfll—-ﬂ:ﬁtseN abhp¥nearPoRNt t KOMBEL-3hAY - ahpul ) Pt o
about 7% Al by weight, fromabout 1%to about 3% H by weight, 10 from

about 2% %m}a%ﬁ{lu%om@lw viei §REONHO fdrle mﬁbﬁra@buﬂay@rmrﬁtwmmm

and Cr, %ggpn i1- b Loy i.Sin om.a out %
to about 11%)S| wei 1#’ ﬁ%ggﬁ%%é tha abod%gﬁ ‘”V%.%ﬁ?l and-¢r -2 i
The Ni - bab@‘_defl bbnlsmsellngl aaf bdas waMuer 0% skaydweiﬁhse@xfndsafidl | spBHRAI al

| ayer ts of frqom about 50% to about_,L 90% b ght of said second
N baSed TS Eomponan ST ablgt o005 § oNAEbRe SO0t Saer GRECRFNSai d

first Ni 'Wﬁ@g%' QMlléggpQBﬁPfera%@lreT%lwh' based fidilvdm} afi e Of+ l?ér"f"

10 wherein said 20 second fi materiral | ayer has a weight ratio of sald
second Mi%ﬁ&ﬁﬁﬁaﬁﬁﬁyeééﬁﬁéﬁemft%ﬁ%@lQeﬁpnétNNrbbégédaﬂMQM/C@mmgmﬂeht of

from aboun: e 0. sheutadid 1oy Mhebingd TR, TS Alaln 8118
25 first dbodvased allbby weﬂghﬁenﬁramda&oﬁecaﬁdtw drased 3 10§ by weight,
10 from about 2% to about 4% Re by weight, no more than about
0.5% Ti by weight, and Cr, and the second Ni-based alloy
component comprising from about 3% to about 11% Si by weight,
- no more than about 1% B by weight, and Cr.
10. The Ni-based fill material of claim 9 wherein said
15 second fill material iayer consists of from about 50% to about
90% by weight of said second Ni—based-alloy component and from
about 10% to about.SO% by weight of said first Ni-based alloy
component .,
11. The NI-based f£ill material of claim 10 wherein said
20 second fill material layer has a weight ratio of said second
| Ni-based alloy component to said first Ni-based ailoy
component of from about 3:1 to about 9:1. |
' .i2. A Ni-based metal fill material in a tip cap hole in a
high pressure turbine blade, the fill n@terial Comprising a
25 first Ni-based alloy component and a second Ni-based alloy
component, the first Ni-based alloy component having a solidus
tempeiature which is relatively higher than a ° liquidus
temperature of said second Ni-based alloy component, the first
-Ni-based alloy component comprising from about 5% to about 7%

30 Al by welght, from about 1% to about 3% Hf by weight, from

17




conponent, the first N -based alloy conponent having a solidus tenperature
which is relatively higher than a |iquidus tenperature ob jaaldy sqeond

Ni - based al |l oy conponent, the first N -based alloy conmponent conprising
from about 5% to about 7% 30 Al by weight, fromabout 1% to about 3% Hf by
wei ght, from 17 22 January 2007 about 2% to about 4% Re by wei ght, no
nore than about 0.5% Ti by weight, and C, the first Ni-based all oy
conmponent formng a first fill material |ayer consisting substantially
entirely of said first N -based all oy conponent and the second N -based 5
al | oy cogpgnentsf oA secord b 'lﬂe'if?h%“ Al kAwer st i Bsbut fpomysaid
first fill material |ayer, said second material |ayer consisting at

| east abbbit W0y WEKbhlrofthelél§§¢OMd H&Sd@aiddiarI@Qmponpoheﬁbrmmhgreln

the second N - 2?s]g_allo cofponent i s sel cted fromthe. gr E goys
con5|st|%gf§ S j? %a¥p?93w§ By et dﬁFJQEUb§5an%9%i€§ §rgre
4.2-4.8 35 €ridi3firid. Ri-Cas2d0-=a0Q.4% éﬂmﬁbﬂéﬁiZéndMtﬁessécandwﬁl3bgséd3 20
W 3. 7 4, 3 B 0.5-0.8 Ni Bal ance plus incidental inpurities; or
alloy component forming a second fill material layer distinct
from said first fill material layer, said second fill material
layer consisting at least about 50% by weight of said second
Ni-based alloy component, wherein the second Ni-based alloy
component is selected from the group of alloys consisting of A

Q

10 and B as follows, by weight %:

A)
C 0.13-0.19
Si 4,2-4.8
15 - Cr ' 0 13.7-14.3
' Co ‘ 9.0-10.0
- Ti 4,.6-5.2
Al 2.8-3.2
Mo 3.7-4.3
20 W 3.7-4.3
B 0.5-0.8
Ni Balance plus incidental lmpurltles,.
or
B)
25 .
' C 0.01 max
Si 9.8-10.3
Cr 18.5-19.5
B 0.03 max
- 30 Ni ' Balance plus incidental 1mpur1t1es
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B) 25 CO0.01l max Si 9.8-10.3 C 18.5-19.5 B 0.03 max 30 N Bal ance pl us
incidental inpurities 18 TIP CAP HOLE BRAZI NG AND OXI DAThAMRERISTANT

ALLOY THEREFOR ABSTRACT OF THE DI SCLOSURE A tip cap hole is |oaded with a
first conposition conprising particles of a first alloy having a solidus

tenperature above the brazing tenperature. The first conposition is

covered with a second corig QAR HUIEBRATITNG Aﬂﬁb&‘ibﬁ%l@k a second al | oy
having a |iquidus tenperature_ bel ow the brazing tenperature. The second

conposition is heated to the WrdSTAYT: dkpEXaTHEBEFORCause particles of the
second alloy to nelt to forma liquid of the second alloy which is carried

into spaces between the particles' of the first alloy by capillarity. The
nto sp par ti | oy by cap Ly
liquid of thABSIRAGT &IF AWE DIscookedrsto forma solid securely bonding the
particles of the first alloy. By weight, the second alloy has. no nore
than 1% B and frog 3% to_11% Sil. The first alloy has & and at |east about
5% Al, at |east about'*d. S HC o Ibr k0age@nwd tb%aTi £iFsy. cBmposition

comprising particles of a Ffirst alloy having a solidus

temperature above the brazing temperature. The first

composition is covered with a second composition comprising

particles of a second alloy having a liquidus temperature

lbelow‘the brazing temperature. The second composition ig

heated to the brazing temperature to cause particles of the

gecond alloy to melt to form a liquid of the second alloy

which is carried into spaces between the particles of the

first alloy by capillarity. The liquid of the second alloy

is cooled to form a solid securely bonding the pafticle; of

the first alloy. By weight, the second alloy has. no more

than 1% B and from 3% to 11% Si. The first alloy has Cr

and at least about 5% Al, at least about 0.5% Hf, no more

than 0.5% Ti.

Fig. ‘3
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