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;§t,L§ﬁcfﬁ]§d (ﬁiose 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
hi gh nelting point ("high nelt") conponent (H ) (about 45 :

arelativel y’
w9 interm xed Whilk anvehbidweataldwew wel b BQaQ?ifxEtrﬁé&ilﬁoo ﬁ‘%rneéllrjrfﬁ’s)llﬁ‘ﬁ/ 't
me ne

conmponent (gﬁ%[(eabo 55 vvt(ﬁé The _conpositions o
conponent s Bydu“t "Pre Seaderdy. ake asbr@iim\metho&a&anaaw 2007
H gh Melt Casp. c(lHls)in owiMal tHhrea LI 19 Wt % C 0. 05 max: wt % Cr
13.7-14.3 O 14, 8- 15. §ON iR b 1%9‘”(8 oShHEnd Bade 0 Gt el Ot 6 A

2. 8- 3 2 A gaglglqe filling 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:




W3.7-4.3 B2.1-2.5 M 3.7-4.3 N Balance WMo 7.7 min Plus incidental N
Bal ance inpurities Plus incidental inpurities During bragipgudhoebpw nmelt

conponent particles nmelt to a liquid and, upon solidification, densify and
bond the high nelt conponent particles in the tip cap hole. A

di sadvant age of this approach has been that the cooled filling has a high

internal porosity | g I1Gh & lts,4,n susceptibility to oxidation in
service, and that adac P 7 ion exiEﬁ@iﬂﬁéﬁpggaﬁaedkiius-type
void that has forned upcalg go?l'ilgg.w | EF SUMVARY 8F0FHmaxNwERTI ON | n
accordance with a fiyst pect %P the present ifAvVehtidnl5.8here is provided
“a metal fill materi &P ingaofﬂﬁ'@ap hole in a high 9psessube turbine bl ade,
the fill material cdipriéi-Bg5a2first alloy conpanent-ang a second all oy
~conponent, the firs®lall8y8-8edponent formng aafizst-FjF| material |ayer
consisting substan®ially-@ntiBely of said firsg allpoy opnponent and the -
second al |l oy conpon¥at far#tdg3a second fill materdpladayer distinct from
said first fill |ay@efifosaid séaond fill naterialplﬁgyfﬁcg?gﬁkgiing at | east
about 50% by wei ght ofnfaimak#aesd alloy conponent ; the  fi.rstalloy
conponent havi ng a sbhhs$ discidERPLT almh@r-yiLh is rela ivé]yeh|gher than a
i gui dus tenperature of said second alloy conponent, the second alloy 2
i sing fromabout 3%to about 11% Si by

22 January 2008u Egnqgnent coggrli
wei ght. A second aspett™or d he T nvetit "6t protPeRent prxtlclds Imelimterial in -
a tip capcdiad @idquial k@) 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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pressure turbine blade, the fill material conprising a first alloy
conponent and a second alloy conponent, the first alloy 2oquRamedyof orm ng
a first fill material |ayer consisting substantially entirely of said '
first alloy conmponent and the second alloy conponent form ng a second fil
material layer distinct fromsaid first fill material |ayer, said second
fill material |ayer consisting at |east about 50% by wei ght of said
second al |l oy conponent, the first alloy conmponent having a solidus

t enper at W MY is, relatively higher than a liquidus tenperature of said
second al | o%c??r%on%on E?mt%len%e’ééb% %’?‘6’9 3tohporentt cbhprisi hy meimbte than
about 1% B by weight. A third aspect of the invention provides a N -based

metal fill materkakdnd aakpRc¢ap,holg,d n;a high pressure turbine bl ade, the
fill material conprising SR RN éaségl%%r?{)]lycpco r@ﬁ’é?#esana d“%E@gnd
Ni - based i} loyraearbahedn, at tidf iqegt Mbldasrdaahligyn conponent formng a

first fplbsgpleri |.ayer. consi sting substantially entirely, of sai first
Ni-basedpalloy %ogﬁgﬁ%ﬁ%§a%%a€%é é%fb - - Baseqia Id?““ﬂﬁﬁ%ﬁﬁ%n? H%fﬁﬂhg a
second f RitLowatrempainerndy emdli st saconbr @M1 Sal Gofbs:sint | | LnBBtELIA! | ayer,
sai d Secggﬁpgkék na%erial | ayer. . consisting at |east about 50% by melj%ﬁ of
sai d secon "hastd B8y BonbdRsht ; fikd f mademialbadedeal | mypreompanent
havi ng assiobtalsisebperatture whieh ks el atlyvel y-higher than | i qui dus
tenperature of saidnzecond NiﬁgasedbéﬁPOJQ%%ﬁgoﬁé%?g 4?%??%?@% ﬁP8b§§§d

al | oy cOTPOMRht 2ddPpr | SPRBOReEN Lsowtirgds bo sabmd F9AA e aei ght 1 akle@m

shout L8 SR Lo VELODL o QAL St oot Sne )
Egc%?ggam@ﬁ aldypyr compoaenihg CORPLESIsRY HAM ahputy, 3% L P5APOHE 11%0,S
€cond 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 '




no nore than about 1% B by weight, and Cr. A fourth aspect of the invention
provides a Ni-based netal fill material in a tip cap hol® JRay Bb@H
pressure turbine blade, the fill material conprising a first - based
- alloy component and a second N -based alloy conponent, the first N -based

al | oy conponent having a solidus tenperature which is relatively higher
than a liquidus tenperature of said second N -based all oy conponent, the
first N -based all oy conponent conprising fromabout 5%to about 7% Al by
wei ght , of se@m @boug., 19 out. 3% Hf by_weight, from about 2%to about 4%
Re by wei ght, no%rrﬁf,)r(éiﬁﬁ{]fhbaF\I'?Lb'abtcE)ltrJIt:E)i 0. %T‘iar\{\gb&%%i SREC EndNEFPaghe fatkey
Ni - base8CRPPHYIEO pmerits irgy nEngn abbutst3yf idd ABE@Ei afsl Qxe%yc%%i@#!‘g

e

subst anj enti_rel f said first N -based alloy conponent an
second TP lééségd%é‘ﬂ S%’Oé%m}o’n@nlbyf Sty a st St fi11 nmaterial |ayer
distinct fromsaid first fill material |layer, said second fill materi al

| ayer consi st nfoartheaspeattoust S0Meby el ot o0 sakd ssecandy; Nz hased

al I oy canponen erein the second N -based alloy conponent™is Selected
. fron1th£%§¥£hp%%%fgmﬁ5§§léénéﬁbﬁﬁrRﬁRﬁcap hadeBias af ol | ows, by wei ght % A)

C0'13'§i§8\§%4'2' S%Ug 13.7-14.3 Co 9.0-10.0 Ti 4.6-5.2 A 2.8-3.2
Vb 3 7. essyre 1ne) Blage, the fill material comprising a
: first Ni-based alloy component and a second Ni-based alloy
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

o .

and B as follows, by weight $%:

A}
C a 0.13-0.19
- 8i  4.2~4.8
Cr ' 13.7-14.3
Co S 9.0-10.0
CTd - 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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} 22 January 2007 N Bal ance plus incidental inpurities; or B) C 0.01
max Si9.8-10.3 O 18.5-19.5 B 0.03 max N Bal ance pl ug jahgirdeoial
inmpurities Disclosed is atip cap hole |oaded with a first conposition
conprising particles of a first alloy having a solidus tenperature above
the brazing 'tenperature. The first conposition can be covered with a
second conposition conprising particles of a second alloy having a

| i qui dus tenperature bel ow the brazing tenperature. The second conposition
can be heated to the brazing tenperature to cause particles of the second
alloy to nelt to fggma |'qU'BQl%fncteh?)l§ECQL%1<fér{1%ﬁ Wi Ghe coNehe carri ed
into spaces betweeg,.the particles of the first alloy by caplllarlty The
liquid of the seﬁgid all oy can be 2c 22 January 2007 cooled to forma
solid securely bo ng the particles of the first alloy. Qher features of
the present inventjon will be in apparent and in part pointed out

her ei nafter. BRI EFDESCRI PTI ON CFOTﬁ 5@&&VNGS Fig. 1 is a schematic cross

section of a tip c%b hol e |IIust§%@|ﬁq9 prior art method for filling tlp
cap B

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
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holes. Fig. 2 is a schematic cross section of a tip cap hole after filling
by the prior art method.. Fig. 3 is a schematic cross segbijafuy2801i p cap
hole illustrating the filling nethod of the invention. Fig. 4 1s a
schematic cross section of a tip cap hole after filling by the nethod of
the invention. Figs. 5 through 10 are 50x magnification photom crographs

of cross secLigRsqof,s es after.an oxidation test. Figs 11 and 12 are
phot oni crogr aphs of E?hggﬁn”% Sn%]tele%%?c‘btfatlﬁeb?%b%i bhe DETALLES: of
DESCRI PTI ON Ghe THE-REFERRED EMBCODI MENT I n accordance with this

invention,-etip cap holes are brazed closed with a two-conponent brazing

brazi ng tenperature at which just one of the two

material at a p éiculfr
components of . t et et PAFUREFt OF TP dapeseiesinventinpeatied ake |gast

about 80% f ubdrt PIRILTeHY YarGOR] 6381ty nyary 2007 _full, with a
first conmposition which conpri se? a hipé)ﬁn%d[]%u%n&t%gﬁlé?ﬁfﬁﬁﬁ ng a solidus
tenperature greater than the brazing tenperature used for subsequent

brazi ng. | njBctifoRPESCRIZIIONDOFs FEE DBAWENGShol | ow needl e with air pressure

behind it or by other suitable means. A relatively equal anount of a

. second conposi ti @3gCoRPELESENG-haW. ekt rial,..is then applied to the top
of the high nelt conponent. The Fowhngg?g%a%%ﬁ:ﬁ?nh% 3 HrySsdus

t enper at ur e 1edfe i lEnahraheng be api hgrt enpanathisd . £A% tIe1 IHPZIRY oa

tenperatureg hhgrefore, the lownelt material nelts while the high nelt
materi al does not.

Fig. 2 is a schematic cross section of a tip cap hole

: gfter filling by-theiprior art method.,

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

illustrating the filling method of the invention.

" Fig. 4 is a schematic cross section of a tip cap Hole

after filling by the method of the invéntion.

| 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 fill

material of the invention.
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 1east about 80% fuli, préférably completely




Figure 3 is a cross section of a tip cap hole after filling with powder
and before brazing which illustrates the hole filled w t)2 jak et
conponent and with the low nelt conponent applied to the top of the high
melt conponent, the two conponents formng two distinct |layers. This is
contrasted with the prior art nmethod illustrated in Fig.. 1 which shows

the hi gh nelguxomenants ifitdald Yond rd xed with the | ow nelt conponent.
The high melt and | ow el t conporll)gr?{tltstqé)rewgﬁsg\éncﬂﬁ“?ﬁlﬂ?ﬁférbmh melt .

cross- hat chitig-eniink hbseinggur esol Rétsr Nidigpea chirg. &reé&efa'ﬁpaﬁ the .
appreci at ed %azt-ngqure n el%r zing according to the invention, e |'ow nelt
conponent particles ekt At ChESEEwEREl Fubgeapent noranims. dowsarida hr ough
all of the. Hisghacedipl LegpnNesingakt iHJ18$HA esult _of capillarity and -
gravity. The result upon solidi f?cat ionis }%oc{lee v%l'éﬁ PdE RISSEREE al |y
100% fi | | ed PERPgY AF ¥ depatieer t sudtsble méahs eda( Fegatd)eupderuhfie prior
approach. FLEHLE:20¢1 4] e .detrimental peniscus effect which :
occurs at theﬁﬁot?on%o%é%%ﬁsé?ﬁrﬁ%églg? FREPHHFHHY M hdee L tumaklerigl 22

January 200%¥s ghéscepbtiedotdechaitdp tde dHw MilgOheas id rated_jn Fig.
4. The resuit&n{gﬁ%i | 1 ed hol ei_‘taare fuller as a 1Plclalgult ofCOh#%éeﬁtéwdrB Az ng
met hod, and af € Rbr &' eT A MRS ¢ JHHARRS nterrera gz towelr then newes br azi ng
met hod in clondzed | ©fpdddturddheapevhal heyy; referred enmbodi nent of
the invention which is a variation from %Jh%djt ecﬁr#c??ré‘r&esgpﬁﬁ%ﬁo%ove, the
low nelt cotpohent Mappl regerdalhmelop ehiflee thil adHGhel i Suadditem xed

W th a portgsd: gfohi-gh nelt conponent. Because the high nmelt conponent has
greater oxidation resistance '

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




than the I ow nelt conponent, this aspect enhances the oxidation resistance
at the top of the filled tip cap hole. Furthernore, the 33 ghudpbbo7

conponent particles intermxed with the low nelt particles do not nelt and
do not wick down into the high melt material below Thus the interm xed

hi gh nelt particles have a build up effect which mnimzes neniscus
during brazing. Accordingly, the

formation at bheadio i

hol e is inj egé ed cgnsgl g%og%a‘:iw Eghpgﬁ ﬁBV?nEb%%cﬂﬁemllam:’abea anhFxg ure of

hi gh nelt an | owThe| tesohpbngnEil $e@PBRbh f the high nmelt™ .

conponent. Thi,s ni xtgﬁ Ereferab gorrprl ggs%%r? %t% “or @& Dfrapilito afbout

50% by wei ght % Q9 PRRGANGePethednmrit e none peefietallyeah 6&5} ({Z"to
pr ef er apry

about 50% by aseigitesuafe foffetﬁlﬂeg'}lél}afb aﬁor}%‘)“em Stl'd}')' oo s on. an
3 [AssiEmat i eh

about 10% to_about 25% by weight o
particul ar | y Yheefieir adlewbodi ment, this ni xt ure. conprises about 15% of

the high nelt corrponent and about 85% of the . low nelt conponent. The
t_conponent in this mxture is between

wei ght ratio of Igylv I
about 1:1 and about 1 %fr bﬁr‘@xbie‘t“i‘ﬁégn ofbdie anlreartdoabouicﬂ ds In5

22 January. ZGOWaronelpar tFrom a-mey peeht this weight ratio
is  between ‘?Qﬂjt 5:-1 and about  6: 1. The&ﬁ?q%@ggg&ge é’t’ﬁreto‘le tdpav | ow
“PURRT R hanPPhiedr &2i i enperafucke @nd 1BGefhably N

melt materia
hi gher t han aboeitniB3204H thahoyh 120072 eferably no hi gher than
‘about 21752F (about 119020). Pnro%ggp?’)effg%géd giﬁbﬁﬂf‘mntt heéBddagusiedus

t enper at ur e h e kel compenent ahakss ghetaween Céa%ttl%goq_zeFﬂ%EbOUt 1090X%)

and about Z;Z}QQIZFtﬁéIle&N ]ngpzc)comso%(:e'nft' c Ereferred enbodime

his 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 braztng 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 welght 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 weight of the high melt component. "In one
_ barticularly 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




| i qui dus tenperatures of about 20652F (about 11.304C) and about 21652F

. (about 11852C), respectively. The solidus tenperature ofggtjlaﬁﬂ;uj,gdmmlt
material is greater than the brazing tenperature and is preferably no | ess

t han about 23002F (about 12602C), nore preferably no | ess than about

23752F (about 13002C). In one. preferred enbodi nent, the solidus -

‘tenperature ghet Ba-REGNIARYY ; i i s befween about 23502F (about
12852C) and abguF 54502Fg?a%0%?é%1%€)1®0 Rgbkr - bhsedveigiieratiohias one
avai | abl e unbetwele abpradeSnanendi abauek.from Vitta Corp. of Bethel,

Connecticut, is preferably mxed with each of the high and |ow nelt
rior to brazing. The ratio of binder

materials to hel pphol git heglui n gl ace g _
to metal is on the or d&E 57 S aboUPSI27UEg A€i bhe, Llavchel hamatéeiantagi al s
are cont ai netlowsatt ihmman cappriggd 7Bt e! ¥ «a0%4e slurry after some -
evaporation occurs. The binder volatili z%s upg%gbr aazr-lu%gprfatfeﬁﬁ I¥eaw

di scovered tPFRSTAE RROUEIZROBAF (abpet aha) amhi meed bReBssdange With
' whi ch has a

this inventi i ﬁ{'ﬁ}?r}?@f‘cq: Lction of ow nelt material
6 22 Januar ng%%%r signifl caé;%éI??nl‘:%gr{fa%8P%Silil3bgg) mel 17 nep arrrfedupdessant
in a N- orerdmpdiased matthiex. 18ihidos hesmpheenfUNA £t oLhe fte ecially
advant ageou%}gitr}ar%uclh a %i cationg because it enhances oxidation
resistance. Accor |ngll£, THEGTLRIRNG 2809°F, Gbotre 1090eni andcapbains at

5, s, e, nsuupishooh ) Sonsts, B B SHR AL 1

pref erabl y B SaloiPatyrand afbaitour. 820@82F Qassdeer 1085 66 1 &5

enbodi mant_ et rﬁéﬁﬁ?&&?@”h%%é??’ respectively. The solidus
temperétﬁre of the high melt material is greater than the
braz;ng 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

~ within an approximately 50% dense slurry after ' some

evaporation occurs. The binder volatilizes upon brazing

It has been discovered that improved oxidation
reslistance achieved in accordance with this inwvention is‘

enhanqed by selection of a low melt matérial which has a

6




11% Si, nore preferably between about 9.8% and about 10.3% Si. The |ow
melt alloy of the-invention is further characterized by 5 j 8h07
intentionally added B, and by naintaining the incidental B content bel ow
about 1% preferably bel ow about 0.5% nore preferably bel ow about 0.1%

It has been discovered that, inasnmuch as B has deleterious effects on -
rglhsances oxi datiQn resistance. In

oxi dation r e idCEn MJIYIOZL] NS _

contrast, pri ogri{ll ow nelt r%z?%ngasﬁ oys 3 48 G ROEPh daprawsant ini ng

appl i cati onga Niaveohat@oabaisgdi fiataritc . anDENL 1£8nJhasdbebfath,AROYL, %0% of B
n

as a neltin %i nt ]%%ore sant. The |qw nmelt conponent of the inven
further co%ﬁ% §es | T HEE LR ot napeieh 19l dcabbens 2b%rhaseerqance
oxi dati on r eahsihaeee oxid thicah Yalils cal of invention contains Cr and
Al for oxidation resistance. It preferably con %fdnlsflg  Fegstiohaed t50q
preferabl y PldpvaBéuthsosinyeattdon t¥ntmines i aferablapolitonyakout (5,5% to.
- about 6.5%@&, @’ghﬁi‘ prgv%degn aarl?éAl oxjde scale which inparts enﬁanced

oxi dati on 55 anuary 2007 " r ST ™{anc®  1AnhasbpeEn Wscdier ed Ohat the
per f or mancepoéféheed fedbodibiedtd @lonits ihd Haet80h3H ing a _high nelt
further congaini ng H, %eferablé at | east abgut 0.%@? 3?rworagl%l Sgg%rg%l y
about 1% t 0°abolitt 8ok TRberapt¥r Behyeent rbruabdus 2961t abalbout . @04, to
enhance t hearghigs£Nsee Al 4 4R md BSI . and Cr oxide scales. It
has al so been di scovered that suchmperfocférrlg{r}c}cleﬁg‘l PECHRRANRRAF £9% Hndhi gh
nelt al so cbkt afns "Ree ardfsasblabdsttween about 9.8% and about 10.3%

Si.

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 haé
deleterious effects on oxidétion resistance, minimizing B
enhances oxidation resistance. In contrast, brior low melt

' b?azing alloys for'use in ;ip cap hole filling applications
have 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 inﬁention contains Cr and
Al for oxidation resistanée.. Itﬂpreferably contéins at
least about 5%, preferably from‘aboﬁt 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

7




1% preferably fromabout 2% to about 4% Re due to its effect as a solid

sol ution strengthener, particularly because Re does not shays 252007

del eterious an effect on oxidation resistance as other solid solution
strengtheners such as Mo, Ta and W And it has further been discovered
that by elimnating intentional additions of Ti, and by maintaining Ti
content. preferably bel ow about 0.5% the protective & and Al oxide

scal es adhe'r’ée%’e?'f%}‘fe‘because Ti has a tendency to interfere with such
adherence. Exenplary high nelt and Iow nelt conpositions in accordance

with this inventigh £ BSefOld; . anuary 2007  Hi gh Melt Conp. HA
Low Mel t Conmp LA Low Mel té%%nﬁﬁvéé’"&%&%‘fo%%it% oPErfoxmmance gofit ¥he 0. 01
max H 1. 3- EAAlgimaterinly & Fugthers efeardedt 36§ Qsihd- s 1%%?0%%@. 5-19.5
Cr. . 6.6-7.0 r%h%iclgootBilg‘ 03d£gax Ta_6.2-6.5 Ti 4.6-5"2 N anc Al
5.94-6.3 Al 2. 8-3 2 plud Y 4t Wetrmsbdvvetaleadt Sabopurd thtes mobb
1.3-1.7 W 3ptefedabdy ldbdii 12 % BHour- Q28 JbsD. x Ni. Bal ance plus Ni

Bal ance pl ui incidental inpurities inci (?éniﬁgfgi[%‘f)éﬁ?ﬁal%é’sy &% 3PPYGi ng
exanpl es furthéP APOYSt 23t dlfi-hebq norirrnon. theExadbbeedc&ysEi 6x0h AL ON

tests were ¢eBduehad £PNPALi¢g 0}§f‘(§@|§<§a£ésl led with the high. melt/low melt
mxtures_of t he _ : T

It has also been disco?ere& that such performance is
enhanced if the high melt also contains Re, at leasé.about '

- 1%, preferably from about 2% to about 4% Re due to its

~effect as a solid solution strengthener, partiéularly

because Re does not have as ﬁeleterioﬁs an- effect on

oxidation resistance as other solid solutioﬁ strengtheners

such as Mo, Ta and W.

' And it has further been discovered that by eliminating
intentional additions of Ti, and by maintaining Ti céntent
"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:




i nvention. (HA LA and HA/LB) to sanples filled with the prior high nmelt/|ow
nelt mxtures (HL/L1l). Cyclic oxidation tests were conduyotygslia) 2007 to

20002F with a five- mnute hold time for up to 2400 cycles. Conparison of -

the photom crographs of Figs. 5 through 10 reveals that the fill materi al
5 and 6) and HA/LB (Figs. -7 and 8) suffered substantially

HA/ LA (Fi.gs.
| ess oxi dativ%ﬁ}%i%% fIL|| al HL/ L1 fFI gs. 9 and 10). After
m?%&g—?ﬂﬂ%——l‘% LB

1800 cycl es €
virtually no oXidat.iieGatitdackeahi l@ theiHY Ub (feeg. 9) swag 0riearl y
£§ nd HA/ LB

conpl etel y oxiuif zad 3auay. After 2400 g£ycleg the HALA QF g

(Fig. 8) mxtuwes slkored only m rHiml3 qmﬂa Ive surfag,e ?g ile the
§ ¥ e act ual

ng%st ed

HI/L1 (Fig. 1@r mixtyre was nearly, %0 Il%tg y oxidize
maxi num t enper@f ures .. @t whi ch eacl};0 22 Januar
- m xtures sho qbagc gt e | evel s qf a were recotdeBRiprcare
present ed |nw%p Ie 1 I\/axh{rru rature (P B*u%c-‘é@,ibt@bl e
M xture Cycl e%f v,? At t ack f{_g, of 50) 1800 1500LmpUWIGNie2400 1600
HA/ LA-( 50/ 50) 80% géo 2400 1908 ¥B%1800 2000 2400 1700 - 1800

t

Exanpl e 2 Tengl l e gt hlPests Rer&-pePi®rned according to the
L2 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




procedures of ASTM E8 and E21 to conpare sanples prepared according to the
[ ?b@7results

invention with sanples prepared according to the prior

are presented in Table 2. Table 2 19002F Tensile Test # Nhterra UTS %L
T36 H1/L1 19900 1.70 T37 H1/L1 19700 1.40 T3 HA/LB** 18300 1.20 T4
HA/ LB** 16600 1.50 T15 HA/LA** 36500 0.70 T16 HA/ LA** 36200 0.90 T25

HA/ LA* 1360G et mifdfutité Lohowd§7 QR Q%b%%og%ﬁfﬁégua#%§22§;E %%gggFl 00
[

Tensile Test ‘# Material UTS WEL T38 H1

T5 HA/ LB** 5509THesh andls apjsy presensed 2n50abla7iHA/ LA** 19400 1.00 Ti18
HA/ LA** 19300 0.70 T27 HA/LA* 7400 1.00 T28 HA/LA* 7300 0.80 .*Blended
m xtures **HA Filled joints w braze on top It can be seen fromthese data

that the HA/ LA conbinations perforneBalpbstl and that the tests perforned
~on sanpl es prepared according to the brazing nethod of the invention
(braze on top) perforned better than tests Maximum Temperature (F)
of Acceptable

Mixture Cvcles - Oxidative Attack
H1/L1 {(50/50) 1800 1500 - 1600
2400 . 1600
HA/LA (50/50) 1800 ' 2000
: | 2400 1900
HA/LB 1800 2000
2400 1700 - 1800
Example 2

Ten31le strength tests were performed according to the
procedures of ASTM E8 and E21 to compare samples prepared
according to the 1nvent10n 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
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"perfornmed on sanpl es prepared using bl ended m xtures. Exanple 3
‘Conpar ati ve 20002F stress rupture tests were conducted 2009heHPgodP the
procedure of ASTM E139 and the results presented in Table 3. 11 22 January
2007 Table 3 Test # Material KSI Life DEL T40 H1/L1 1 1141.3 7.2 T41
H1/L1 1 1106.4 T7 HALB** 1 685.3 T8 HA/LB** 1 211 T19 HA/LA** 1 414.5
A 154.2 210 T30 HAVLA* 1 35 1.80 T42

T20 FHA/ LA** 1 37%&5&291.#% %
H /LI 2 15.3 2.5 14.9 1.90 T9 HALB** 2 5.3 T10 HA/LB** 2
2 27.9 2.20 T22 HA/LA** 2 19.7 1.80 T31

8.70 1.1 5.40 LA* *
HA/ LA* 2 29.3 2. %&_&;@Z 79550 *Bl endedkEl xt ures **HA Fil | ed
joints w braze org St top The &t a revééggghat at 1 kisiod oad all sanples

T5 HA/LB** 5500 i‘gg “

T6 HA/LB** 4500 2.50

T17 HA/LA** ' 19400 1.00

T18 HA/LA** 19300 0.70

T27 HA/LA* 7460 - 1.00

T28 HA/LA* 7300 0 80

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

‘ It can -be seen from these data ﬁhat the HA/LA
comblnatlons performed best, and that the tests performed
on samples prepared accorxrding to the ‘brazing methéd 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




| oad the HAN LA sanpl es prepared

perfornmed adequately and that at 2 ksi
using the brazing nmethod of the invention performed besty jExappbso7t

Conparative nil strength tests were conducted as a neasure of the highest
use tenperature and the results are presented in Table 4. These tests
i nvol ved hanging a- 300 psi dead weight |oad froma flat sheet sanple. The

sanple is hung within a clamshell furnace and the tenperature is
3 the tenperature at which the

nonitored. The tenperature is increas
bar .breaks is L.ecor ed. 12 22 January 2007 Table 4 Test # Material Load
Hidker2alzog 2103K8IT-2 HA/LBFE 300 2096.53y, T- 12

(psi) Tenp ( —T-1
HA/ LA** 300 21 T-23 HAFLAR1300 2104.7 1T-24 HALLA% 300 2086.9 ,T-3' 4
H /L1 300 2033"%' T-35 HIHLALB00 2045.6 1Bl endedimogtyres **HA Filled

joints wbraze'on top The¥&/HAtA reveal that the agggage nil strength
pd nethod of the

t emper at ure ofT&peci mens ipaépated using the all oys,a
i nvention was 2807. 49F asixampared to 2089. 52F foh@pgci nmens prepared
using the pridroal | oy andiayeghod In view of the fof ggi ng exanples it is

gg?sei ther of the new

evident that T2ise brazi ngiawtidwd of the ijnvention W
a noreZolk@dation

material conbmations tesfeqd 4HA LA and HALB) pr 0vJ

resistant progyet wth aggegtjabl e mechaniycal 1s 3° 1.80
2 14.9 . 1.90

T3 HA/LB** 2 5.3 8 7
T10 HA/LB** 9 1.1 5. 0
T21 HA/LA** 2 27 g 2-40
. T22 HA/LA* * 2 19"7 . 1-20
T31 HA/LA* 2 29.3 2'33

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

performed best.

Example 4

Comparative nil strength tests were conducted as
& measure of the highest use temperature and the resulté
are presented in Table 4. These-tests infolﬁed hanging a
300 psi dead weight load from a flét sheet sample. The
-samp;e 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.
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properties as conpared to the prior nethod. Wile in sone instances the

nmechani cal strength appears to be Iess with the new net hodaangdy saéerial s,
in all instances the nechanical strength is acceptable for tip cap hole
fill applications. The material nust have sufficient strength to hold

| oadi ng during service, but

itself against centrifugal force and thernal
it bears no further significant load. The nore inportant characteristic.

for this application is oxidation rest The nechani cal strength and
| ow

oxi dation resistance are attributed in large part to the relatively
anmount  of véﬁ%ﬂéﬂgce in Ma&eripl npteri hbadasoshbwn in Ebﬁé;iéégrﬂﬂ%12 13
22 January 2007 Figure H&/BRB3¥s a hol e3PPI 1 ed using thezmeghgd of the
i nvention WXt material BA/EBFFowed by 30085/ 15 mixture ghogld/ HA; Fig. 12
shows a hol &+ | ed usinAfha*sane nethado with material 54y fol | owed by LB.
As various ¢Gh@dges coul dibéLatde in thes@bpove constructi 9@@ Wi t hout . :
departing frme@dt he. scopeafrahe. inventign, it.is |ntend§ t all matter
contai ned i m-8Bde above wmlesELi ption or Ffwwn in the accafipany) ng dr awi ngs

shall be inwegpreted as uifuistrative angygrot in a limti A 3%nse 14 22
January 2007 dainms 1. A netal fill material in atip é%gfh e in a high

Dressur e ! urBioRabhodlSxchesl| | LR ALY R COMPLISING.A TS L2 LYt orming

conponent and a second al | oy conponent
ca first fill material layer consisting
These data reveal that the average nil strength
temperature of specimens bprepared using the alloys and
method of the invention was 2107l49F' as compared to
2039.52F for specimens prepared u51ng 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.
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substantially entirely of sai d' first alloy conmponent and the second all oy
conponent formng a second fill material l|ayer distinct for@ausgabdofirst
~fill layer, said second fill material |ayer consisting at |east about 50%
by wei ght of said second 10 all oy conponent, the first alloy conponent
having a solidus tenperature which is relatively higher than a |iquidus

t enper at ur e .of saigd secoqﬂoal | oy conponent, the second alloy ‘conponent
conpri sing from abd#" $slto SBRYEt 21b0dsi £h)ledi ghing2thdhBefhdd @t%é al of
claim 1 wher @nfrehlt ot @aR8 AhkQY¥4154&0 ent .is a Ni-based all oy 1ch
conprises O and no nore than at%iut ‘V?E?gs}wﬁﬂilgﬁt?naﬁ‘ﬂ/%eﬂeﬁmndﬂ@ﬂi rst
al oy conpoh@rtidiis FoN Wasdbued leoyhawhé chi Lo 18854 CLnand .at, :f“%%?t about

5% Al by wei gk t.leas out . 1% Re by weight, at ~|east "abou Hf by
wei ght, and ﬂge%?‘%t?ﬁaﬁ&a@gufobf%‘%@i by Bphy weight. 3. The fill material

of claim1l wherein said second fill material |ayer consists of from about
50% to about 90%by weridis ofcitigbsecpa fl | onent and from about
10%to about 50%@/ wei%ht of said first all (}):%ycgl%pﬁgneﬁp. . °B8 s2bavie £l |
material of TT&Y WHRei ishrutsdeopmireing fumter the |ayge hag atp{%i ght
‘ratio of -saixhwaooivh alioys GATRAREAE sai.d first alloy conponent from
about 3:1 to_ about 9:1. 5. A et gl%&f it%l%tnﬁtlgr Fafter ‘éo’flgﬁl holthé n a
high 30 pré&Rae feserietinmder tshowkhi |in maher ia@c&@m&iﬁlignghaﬁ first 15
22 January 200413 ?J«:.J %t@ggggggt and f second al | oy conponént, RS st
all oy conponent form ng FrSt 2P tHinaEeRtdyve| andrneonii st iligi ting
substanti al lsgnemt.irely of said first alloy conponent and the second all oy
conponent formng a second fill material |ayer '

i4




5 distinct fromsaid first fill material |ayer, said second fill rmaterial
llayer consisting at |east about 50% by weight of said seoogg,al by
conponent, the first alloy conponent having a solidus tenperature which is
relatively higher than a |iquidus tenperature of said second all oy
conponent, the second alloy 10 conponent conprising no nore than about 1%
B by weight. 6. The fill material of claim5 wherein the second all oy
conmponent is a N -based alloy which conprises Cr and from about 3%to
about’ 11% Si by weight, and wherein the first alloy conmponent is a

Ni - based @ diqys which conprises Cr and at 15 | east about 5% Al by weight, at
| east about 1% Re by weight, at |east about 0.5% H by weight, and no nore
t han about 0.5% & mefradei §hil MmatFr#l | innet etipl wfp chale Simher éiingtsai d

second fi ery e nsi sts of.from_about .50% to abput 90%.b 20
wei ght ofégseﬁégﬁtaﬁ I%‘?f]!%ior?r%o%%% eén}}fer o%nlja OHLF%JE.6%8“E“O HHRE B9 By Weight
of said fallsty atdngyoreanponedt a Secthe falloyad@igeierdf, ckabmeE ralrergim sai d
second fill materi | ayer has a weight ratio of said second alloy
conmponent“¥HEEY  iHoHIRd o cdipitenttidfl f Pekeadadt Javawn. co2sistdumg
9:1. 9. AdN«hased)! i magerial: 4 n L p ha ' hi

pressure turbine bl %%?%%E%%¥l I‘D%ntagijr;lidal f?:%érr%r iag?%a aécg'?éc?}ééf@ntf\ll !-aggsé:éle

al | oy cofssivarst ahtorn soopedeNt- bbswdimy| ey secompdndntll thetéirisl Naykased

o) TSRS 909 A e AL TR B Y, B,
conponentlagrd tdunhssieadnd; Nit basadtalduayat compopent,efighm ngr asgeqonrd Linld
mate{' al Igyer distinct from said first fill material |ayer, said second
Fill té#IQW' 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 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 ﬁoré than about 0.5% T:i
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




| ayer consisting at |east about 50% by wei ght of said second 5 Ni -based
~alloy component, the first N -based all oy conponent haviﬂgaﬁléfhb@ps
tenperature which is relatively higher than a |I|iquidus tenperature of said
second N -based all oy conponent, the first N -based all oy conponent
conprising fromabout 5%to about 7% A by weight, fromabout 1% to about
3% Hf by weight, 10 from about 2% to about 4% Re by weight, no nore than
about 0.5%Ti by weight, and Cr, and the second N -based alloy conponent
conprising fromabout 3%to about 11% Si by weight, no nore than about 1%

B by wei ghii and 40« The N - fi terial of clgim9. wherein said
15 second fi(ljfl n%t%?inal Iayerlﬂco%g?(g[?% %;Lh??gﬁ%gk%ue 0%1{3}70e ag%)ﬂ ¢ @gg;'ookfy
wei ght of cempengecontioNnihased afioytcofipbhennhaasdifionl agbout c30% ke;iagout

50% by weight. of. sajd first N.-based alloy . conponent. 11. The NI -based

PN ot erPar et EPh Y SR RReF eIt sardt S0 Sec Gmu P | FORRCSRRA Ty oFhhas
a vei ght setdmd ohlgaiyd sefeasen HRasAhAl & 0% LUMOENENT 1t Ggald fii rgg er

Ni -based alloy conponent of fromabout 3:1 to about 9:1. 12. A N -based
met al f i | $LHedRGE of TPR BaidpTféapthdidli mageriagh Inwssursatdr beoend| atle]
the fill. i I SLRG; & - pr Ni - hase 0y, conponent and_a
second 'Niﬁ,géaffeidﬂal o@%o%lg%:é%?,lg?hélcf ;i%‘ngtNia%B)élgce?daﬂ |bo\§/ Vg%%e‘ﬁ Faving
a sol i dussecemperdtiove ebmpbnéesty eltdtd veliyshi ghetoyharorpdridid dusving a
tenperature of . said second Ni -ﬁfsed,al | oy conponent, the first N -based

al | oy conponent® corprTs? nytF rétahodf B3ees a6t Moshsy Ahagy awelfweides om

about 1%teanmhoiturdd% & By iwei ghiond @M ol7 22kanuary 2007 &
about 4% Re by wei ght, no nore thaI}l abou?%O.S%HJl'i byyweﬁghts,e‘?:l(;l%(r?llgit C%l,&h?e

firstON -RRRNeAY GPTRgHpoehing glaReg-han about 1% B by weight.

6. The fill material of claim 5 wherein the second alloy
component is a WNi-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




a first fill material |ayer consisting substantially entirely of said

first N -based alloy conponent and the second N -based 5 2aly ofgponent
formng a second fill material |ayer distinct fromsaid first Till
material |ayer, said second fill material |ayer consisting at |east about

50% by wei ght of said second N -based alloy conponent, wherein the second
Ni - based all oy conponent is selected fromthe group of alloys consisting

of A 10 and B as follows, by wight %. A) CO0.13-0.19 S 4.2-4.8 15 O
13.7-14.3 Co 9.0-10.0 Ti 4.6-5.2 A 2.8-3.2 M 3.7-4.3 20 W3.7-4.3 B

0.5-0.8 hEiE@taMQ%HQQ@aiéEi@@”b@hprﬁHHtdﬁﬁitheo%egbpd2§hpﬁ%§gdn@%lo?
9.8-10.3- O 18.5-19.5 B 0.03 max 30 Ni_ Bal ance plus incidental inpurities
18 Tl P €APPPREEL BRAZIMNGIAND EXFPATI AN IREShSTANT2 AL LayeTHERERGRIct  from

said first £ill material layer, said second fill material
layer consisting at least about 50% by weight of said second
5 Ni-based alloy component, the first Ni-based alloy component
having a solidus temperature 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% Al by weight, from about 1% to aboﬁt 3% Hf 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
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ABSTRACT OF THE DI SCLOSURE A tip cap hole is |loaded with a first
conposition conprising particles of a first alloy havi nggasoki dbtss

t enperature above the brazing tenperature. The first conposition is
covered with a second conposition conprising particles of a second all oy
having a |iquidus tenperature below the brazing tenperature. The second
conposition is heated to the brazing tenperature to cause 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
liquid ofpbhe secend Alday 14 sr€opledeat @ntor Mo nRld %%ug}%ut bgnging; t he
particles of the first alloy. By weight, fhe second alloy has. no nore

t han 1% Bvam&ithém Slwitcﬁm,l%@ﬁ fimetf Nttstba@IeIwaJl”ﬂasy Crompodent feastingbout

5@6Al, aL Eﬁ%%% %%95? g@la %yg%r%oﬁg¥% f%é”@&%stanglafly entirely
of said.first Ni-based alloy component and the second Ni-based

5 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
- T4 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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