; €3e[ h5X00142(2465Th5AGQTI P CAP HOLE BRAZI NG AND OXI DATI ON RESI STANT ALLOY
THEREFOR BACKGROUND OF THE | NVENTION This invention relates to a brazing
nmet hod for closing holes and, nore particularly, to a brazing nethod and
alloy for closing high pressure turbine blade tip cap holes to maxi m ze
filling of the holes, mnimze porosity, inprove oxidation resistance, and

inprove reliability. Duri f o] Bi re turbine bl ades
of the type as shown in d}%tcggjt %§%§%3§G %N ggfﬁ%ﬁf@ are formed to

| ocate casting cores. It is inpostardiNTt agesureiskEHosse such hol es because

ot herwi 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

0.0S inch (about 0.1 cmto Q. 13 ret of ore such hol es have been filled
by i nj ection %CEWRaOl%A)QfgrE{éE S IH% a fill alloy consisting of a

relatively high nelting point ("high nelt") conponent (Hl)(about 45 w %
interm xed with a mglatinvehy ibawrabhteNEPQ Hrazingwmaehbd ) £60 kg
(L1) (about 55 wt% . The conpositions of high nelt and |low nelt conponents
enpl oyed in PRIRS Findet FeEeaPRr 53 T bilvs t0 2 prazipghmeened @i allqy) C

0.15-0.19 w % = 14 .13; 5 B 8s . 3- -4.3 M
3 7o a e Y SHodind B%gggc‘zr%?%‘gr?ngﬁéﬂ%ﬁb?ﬁﬁ%r?%?egaéoﬁé i %eorrp.
(L1) C 0.05 mesxcimtioneCrfilld il 18 e highelsl, Quita g 2@ pBoRL LY., 2-ipFoBe
2.1-2.5 N Bal a,ncfet.PI us i ncitdenteal ai gpgri trioes rDugig,g.?razi ng the | ow nelt
conponent par P I H S A GuPdandP 886  Sof fat t154ti on, densify and
bond the high nelt conponent particles in the tip cap hole. A disadvantage
of this approach hagibeernhehatnthectoocd ed fhilghi pgebasra bthghidettaadak
porosity level which results_in susceptibility to oxidation in service, and

that a |ack A fi9 BFPS SRR sPsVdde Fata Trem st i@ FePdPPRSEE has

formed upon cOQli AGrmed to locate casting cores. It is important to
securely close such holes because otherwise cooling air
leaks out of the tip rather than being directed over
airfoil surfaces. The tip cap holes have a diameter on the
order of 0.04 to 0:05 inch (about 0.1 cm to 0.13 cm).
Heretofore such holes have been filled by injection with a
50% dense slurry of a f£ill alloy consisting of a relatively
high melting point (*high melt”) component (H1l) (about 45
wt%) intermixed with a relatively low melting point (“low
melt”) component (L1) (about 55 wt%). The compositions of
high melt and 1low melt components employed in prior

practice are as follows:
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BRI EF SUMVARY OF THE | NVENTI ON Briefly, in accordance with this invention,
atip cap hole is loaded 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 conposition conprising particles
of a second alloy having a |iquidus tenperature bel ow the brazing

tenperature. The second; SANROSLt-QL! S(hEpted to tLQ)g, e"ﬂi mhe pature to

cause particl es of theat‘g‘cvggl_gjﬁ‘@f‘iig‘t{@??t to fo o e second

alloy which is carried’into_$paces between the parii I'§ first alloy
N Ui Babse

i
by capillarity. Thelig (zcond aIonisCf to forma
solid securely bondi ng-Phe %a?f’r%t s of the first<Q Igoy'?.*léi'ﬂer features of
the present invention Wil BeBih-part apparent andd d-5adt Epoi nted out
herei nafter. BRI EF DESER PT? A ©F THE DRAW NGS Fi @1 3-Rs3a7schematic cross
section of a tip cap h8le i3l Ustrating a prior ar® néthod-For filling tip
cap holes. Fig. 2 is aMgchedrit4-tross section of NA Bepanap hole after
filling by the prior aWtMoe?hddmikig. 3 is a schematluws dnrosislesaeatli on of a
tip cap hole illustrati ngNi heBdiddeng nmet hod of the ingmptrbbie&ig. 4 is a
schemati c cross secti opl@$ dndidewepl hhpumsifdiess filling by the nethod of
the invention. Figs. 5 through 10 are 50x magnification photom crographs of

cross sections of sa%eg after gﬁ O)Ifi datigg test. Figs 1 .aq(E 12 are
phot oni cr ogr aphs Bfft TR0t ePFar 8 "the FANRMTON.PEETA melt
DESCRI PTI ON €5 JHE iRREERRED JpROR MENTE flikadG ol dassei M tdnd bshd the

invention,tip cap holes are brazed closed with a_two-conponent brazing
material at Bighr eddl afOBPARPRY RAFTSCHAF el At BAF chip usBroneobg- t Be two

conponents of; thg st £3d ab rMallsss  IhPr6aPn hahes s, i M ect eflcat.Jaast about
80% full, preferably conpletely 3

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 has

formed upon cooling.
BRIEF SUMMARY OF THE INVENTION

Briefly, in accordance with this invention, a tip cap
hole is 1loaded with a first composition comprising
particles of a first 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 below the
brazing temperature. The second composition is heated to
the brazing temperature to cause particles of the second
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



full, with a first conposition which conprises a high nelt material having
a solidus tenperature greater than the brazing tenperature used for
subsequent brazing. Injection is acconplished using a holl ow needle with
air pressure behind it or by other suitable neans. A relatively equal
anount of a second conposition conprising low nelt material is then applied
to the top of i o] nt.. 0 . terial has a |liquidus
t enperature IS%\Q?e(?hgﬁ ?Elé%bgazgfp)ﬁgﬁt esr(rapc-e[{}%tlgr\gfor%l he ht)er é%rntglcfleer?peor’%ture,
therefore, thehkofinettalidyerial nelts while the high nelt material does
not. Figure 3 is a cross section of a tip cap hole after filling with
powder and before prazin ich illustrates the hole filJled wth high nelt
conponent and wit h&’f}h‘:érl gﬁ?\l\ﬂ‘éﬁscSﬁp PP e d 16} e o'ﬁﬂﬁf){L Pﬁe%ﬁ‘i gh

mel t conponenpart hEpp GO MIRNERt Har@r Poieh tiodl oditShieReinhayeFs. This is

contrasted with the prior art nethod illustrated in Fig. 1 which shows the
hi gh nelt cogBonent initially intermxed with the |ow nelt conponent. The
hi gh nelt and®FEWF nBFICRIR AFs TaiEe DEASMNGRi t h di fferent cross-hatching

in these figures. Returning to Fig. 3, it can be appreciated that during
brazi ng accordi ng gyt he idvenridiimattile chewsnektteoAPoREAt c Pardd sl es nelt
and the low nelt conponent noves downward through all of the high nelt
conmponent parpete esl s tratdad © @frl@a’piaFltaF\iefC?Ognéogr’é%/llyf}g'ﬂhlep reul t upon
solidificatiop i%,a hol e which is substantially 100 filled (Fig. 4) as
conpared to a %ioTe filled (Fig. 2) under the prior approach. Figure 2
illustrates the detrinental neniscus effect which occurs at the bottom of
holes filled by tHeigri2rismet setiematiichctosseféetion sofawitdaed caipt hoflke

i nvention as i}EI usttr,altleq1 i n Fit%.e 4. .TQe r sul ghﬁg filled holes are fuller
as a result of tHe Hew B i FebRdq: &hid BF fe resistant to oxidation
as a result of the new brazing nethod in conbination with the new alloy. In
one preferred enbadigrer®t ief at kehenwehti onowhi séctsora ofard atiporabr anlehe

t echni que desgcyj bed abhove, the. low nelt conponent applied. to the top of the
filled hole i‘s“r‘fﬁte‘?arﬁ‘f@d GRSt %1&368& f“8ﬁg8gpﬁ?gﬁﬁﬁe£$"%%’p‘6h'ent. Because
the high nelt conponent has greater oxidation resistance than the |ow nelt
conmponent, this aspert 4erlanceshbhatoxi dadsonseesiat afca atipt bapt apief t he
filled tip cap_hole., Furthernore, the high nelt, conponent particles

i nterm xed with-¥het3ldwnFely SaFt F‘EFB@ddgan’PenéPYe ™o not wi ck down
into the high nelt material below Thus the interm xed high nelt particles
have a build up efdigd. whisch rdnidtgies moNi scli% f ot | Ofaghitheatopnof the
filled hole during brazing. Accordingly, the hole is injected conpletely
with hi gh melRhSpETOT2aRg tHenCACRPX IR IMshi gh FerPlefd 4idwern
conmponent is apdedPrdep of the high nmelt conponent. This m xture
preferably conprises on the order of up to about 50~ by wei ght of the high
melt conponent, nore preferably about 10~ to about 50~ by wei ght of the

hi gh nelt conponertigsst LL| anst e 1gr edbe alihip terovgaphs adbutthes~Lbyl wei ght
of the high : oL .particularly preferred enbodinent, this
m xture comﬁ%%%ﬁ%gﬁf%ég (%Pvtgﬁglﬁ?gh melt conponent and about 85~ of the
| ow nmelt conponent. The weight ratio of low nelt to high nelt conponent in
thi s m xt ur e DETAHIEE @ESARIRTION10a8NHHELBREF BRRED pEMBGDIMENT bet ween about
3:1 and about 9:1. In 5 one particularly preferred enbodinent, this
weight ratiois b ween about e5:w1t?1n(\1_ (il_bOljl_tn 6. io‘gh’e, i qgiadursl jeopgrature
of the | ow nelt a1 ha# the " Brazi ng’tg??Ber abur'®; “an
preferably nodighercidsgs abidd X2006-¢ahosherd 2 006X indohet gr flerably no

hi gher than about, 2175% (about 1190QC). In one preferred enbodi nent, the
li qui dus t enRa%tiGvd agf PEABLNG W FRNIC GRS &l WhiChelYRe P&t EEBOBEC (about
1090C) and a 209Q4F (abo 12000) - ; aPCGih i . Pr rr e ke have
| i qui dus terrp%% ur eg:%of ggboﬂ%e 20654El(aa o&ie11{%30Cr)ﬁlgndce%bo§tgq%%65%%about
1185QC), respetieatdd/ . afThéessti dbsuterfidr afwlk, obrefherdabh mefmplewekyial is
greater than the brazing tenperature and is preferably no | ess than about
2300- F (about 1260-C), nore preferably no | ess than about 2375-F (about
1300-C). In one preferred enbodi nent, thé solidus tenperature of the high
melt material is between about 2350--F (about 12854C) and about 24S0-F
(about 1345QC). A water-based binder such as one avail abl e under the trade
nane Vitta Gel fromVitta Corp. of Bethel, Connecticut, is preferably m xed
wi th each of the high and low nelt materials to help hold themin place
prior to brazing. The ratio of binder to netal is on the order of about 1:7
by wei ght, such that the materials are contained within an approxi mately
50~ dense slurry after sone evaporation occurs. The binder volatilizes upon
brazing. It has been discovered that inproved oxidation resistance achi eved
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significant content of Si as a nmelting point depressant i~ a N - or

Co- based matrix. Silicon has been found to be especially advantageous in
such applications because it enhances oxidation resistance. Accordingly,
the lownelt alloy of the invention contains at |east about 3~ Si, and
preferably between about 4~ and about 11~ Si. One preferred enbodi nent

cont ai ns bet ,akQut, 3~rapdcabOibodit By : bet.wee out
4.2~ and abo\l/}?ﬁg. 8?&8?1. Ano'?%er p?l%ferrednewﬁ%{)cg} %ﬁﬁ(’%%%iangﬁggt f&ggg about
9~ and 11~ Smategrdelprideinm| ¢ Faldabrs aboupegaBurandrabter Itha$ She The

low nelt all of. the invention i s further .characterized b l.ack. of
tenti onal | PrRRIEY BenBEEAELRR oed b B i R ndY  niBRE i8R ow
about 1~, pr afseraddongialsnsabosing. &~holbe preidealitibehpw pbegtube1~. |t
has been di scovered that, inasmuch as, B has deleterious effects on

oxi dation redeSiAFcdt ANt ZPHREB ShhiieE’ BRIRmt i Dnreédfsvahtecannl

contrast, pri Buhsawo@egts@é%;c; %n@dsqiégoBOEoHﬁgiéﬂlagii]]%vp"?t%ltlohﬁtfairg;%ig? 5

applications have had a sig i cant anount (e. east about 2

as a nel tingipoithendeppéssdntoe The tamy ofelthe drijgdnewstl toftompenenvenThen
further conprises in the nge of .about 10~ to about .25~ to enhance

oxi dati on resiP¥t Qﬁ%.m%%rﬁ%%’a%elat lélqi‘%éugf Q?’H%ef% ilgﬁegogpﬁpngh?} and
Al for oxidabirarihgstehpeeesund. piefrdeablyzingt edniSerdit UrR3sthabepbrs$,
preferably from about 5~ to about 7~, nore preferably from about 5.5~ to
about 6.5~ AfRenHiogh Ny inpderrlamebbisderids &hhikioh npat b siekerired
oxidation 7 g.kesistance. It has been discovered that the performance of
the fill material is further enhanced by using a high nelt further

containing Hf, preferably at |east about 0.5%, nore preferably about 1~ to
about 3~, nost prEfignaply fisom shyegs Featdoabeft -t cam kplantitethe

adher ence of I i esl t i de. l.es.. |t al,so been
di scovered t ﬁgéhgﬁ%hgﬁgh g)roir}ad%cl}e él%id en aorcl%:eeg&(‘iléjzeltrﬁgga%}?b n né}?gs; 5o Cont ai ns
Re, at | east takoubld~fiplefiewabhyhigbmaboutodpohentabond wWitiRetldueldw its

effect as a solid solution strengthener, rticularly because Re does not
have as del ef'&rfouSOBRCRFFct® %t‘?% d&fi oﬁﬁ?es‘f%ff ar’i’c% &E‘eot &P s e

sol ution stresgbBRRAES EHENRS Mipokterad f\WrmAng it:{voha§sf:§ﬁ<t:beia%9@5n
di scovered that by elimnating intentional additions of Ti, and

mai nt ai ni ng Thigohs epenprastachmiyfhpEheuwpabouLaL: Fethore iéllBF_EE@P?/% & and
Al oxide scakgg adperg ;heltep w?e%ésegIPhharﬁe teRdeRa¥nto {Mferd{ene wth
such adherence:” Exenplary hi gﬁ melt an ow nelt conpositions I n accordance
with this inveneroaxedewashfohe oy i@lt ldogipokieht . Cofthe high ove MelandConp. LA
Low CO.10-0.14 w ~C0.13-0. 19w ~ . . .
1 3 1. 79 508 el ipanepiscprs. showm sekih BEFSERS. 6165 RS S%. 5T 4.
6-5. 2Ni Al 5. 94n6. BRd2e 8-Bi AW s/- 5. ONBBurndngd Mo 3-Fli.g/VWB37- 4i8Coddn 4%<l2. 05B0
.5-0.8Ti 0. 2 maxNi Bal ancepl usNi Bal ance pl usincidentalinpurities incidental
inpurities appreciated that during brazing according to the invention,
the low melt component particles melt and the low melt
component moves downward through all of the high melt
component 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



Melt Conp. LB 0.01 max i 9.8-10.3 r 18.5-19.5 0.03 nmax Bal ance plus incid.
inpurities The follow ng exanples further illustrate the invention. Exanple
1 Cyclic oxidation tests were conducted conparing sanples filled with the
high nmelt/low nelt m xtures of the invention (HAN LA and HA/LB) to sanples
filled wth the prior high nelt/low nmelt m xtures (HLl/L1). Cyclic oxidation

tests were co . at - i ] .yt j f up to
2400 cycl es. %gﬁ%%? fjls% na‘)(#ldte%e %gﬁgt glr}lyc%%‘é%é%%as@ :)%§1 %%él Q‘{{E g%; %!ri ongtglg hﬂl%'
reveal s that #he fhel reauécial HALLAJ( Bodes arandud)leanchsHA LR Hitgsof 7 and

8) suffered supstantially |ess oxidatiye attack than the fill ngaterjal
L L1 (F oe. *BRa AN g Ao P EBaE SoRt CRPt (o Hoy A LEEREE b9 aREeAI S

(Fig. 7) mixtygeg shoued ¥irtwal h¥wNor &xidatheensd t Acke b fad it Rl dnl
(Fig. 9) was nearly conpletely oxidized away. After 2400 cycles the HA/ LA
(Fig. 6) and EhglmeYRBLo8B) m xtures showed only mnimal oxidative surface
attack while the H1/L1 (Fig. 10) m xture was nearly conpletely oxidized

. Th I i ; i ;
away. The actua Wkﬁ%}gﬁw&wrﬁa o@itlm\g&'tcgfe@ﬁg ohvihei S witf3H 94

m xtures showed acce e levels of attack were recorded and are presented
in Table 1. TableriaMagnmimohergher aterlnide oflescribed above, the low

A t abl eM xt | esOxi dati ve. AttackHl/ L1 (50/50)180Q1500 .- .
128824801goo%ig%éﬁgéﬁ?ﬁﬁgﬁé%gbﬁaog(égéjo“l%licl(_’?l8%%2%%‘622632?80h—"lfsdﬁ
Exanpl e 2 Tenshté&rmixangiitd eSipoprvaba PEr hogHede e CoOsmboPet®. t MRdae@eedur es

of ASTM E8 and E21 to conpare sanpl es prepared according to the invention
with sanpl es Bhrephied Beibr grRgoRENENHBAST iBieahsthkidpid aresigtistanse

presented in Jﬁgﬁet%e TﬁQLemél%gqggﬁx;ﬁ§§L|ethis aspect enhances the

oxidation resistance at the top of the filled tip cap hole.

Furthermore, the high melt component particles intermixed
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 brazing. Accordingly, the hole 1is injected
completely with high melt component and then a mixture of
high 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 weight of the high melt
component, more preferably about 10% to about 50% by weight
of the high melt component, still more preferably about 10%
to about 25% by weight of the high melt component. 1In one
particularly preferred embodiment, this mixture comprises
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. 1In



Test

#Mat eri al UTSEELT36H1/ L1199001. 70T37H1/ L1197001. 40T3HA/ LB**183001. 20T4HA/ LB*
*166001. 50T15HA/ LA**365000. 70T16HA/ LA**362000. 90T25HA/ LA* 136000. 70T26HA/ LA*
| 67000. 60 10 2000F Tensile Test

#Mat eri al UTSEELT38H1/ L1112001. 00T39H1/ L176001. 00T5HA/ LB**5S001. 90T6HA/ LB** 4
5002. 50T17HA/ L A** T. * . LA*74001. 0QT28HAL LA* 7300
0.80 Bl ended T ECOr SS R 1T 00 MO Arase SHET O ITCARtaE dden
fromthese dateawickat abbetHB: LAacdnmbboati 6ns. perforned best, and that the
tests perfornmed on sanples prepared according to the brazing nethod of the

i nvention (braze tqp).. perforned beftter thap tests perforned on sanpl es
prepared using bl gﬁ&egl#u%gﬁrqeg.emgfﬁ PEeSOEOEB‘Er ?Y"v@eéﬁoﬁ‘:"ﬁegf?%s%s
rupture testgowere epagduaird Be&REAYNG drpdrid uicQCeghid e fife ATEM1E139, and

the results presented in Table 3. 11  Table 3 Test
#Mat er i al KS| HiPEEEL tagpiapaut 122008F. dpkbent| 129930k, soraenrrBterebby 3T8HA/ LB

*1211T19HA LA%* 4 0 *3 de 81 ¥ 22. 10T v 1.80T42H
1/ L1215, 32, SOLTAR) L1054 1 B0TOTM LB e an ag 0T FOr Lo 9%, RECATSTRAY L -
227.92. 20T22dAbbAin2h e, 71t136 TAliMA oD 2 9 eBReYATGREIA/ A A* 26he/ 116Q *mbkENded

m xtures **HA Filled joints w braze on .Jhese dat veal that at 1 Ksi
Tond 811 sanBPEE= (8l bPnbatHHET APErS ZRADT Ralatrio. ka)EYehomidernat A
sanpl es preparedeasiagoithelduezing wpehodiof pideeirueniiyaiRent or iBgk best .

Exanpl e 4 Conparative nil strength tests were conducted as a neasure of the
hi ghest use féAPéAUEureMBRIAEHECE Sl PPoMte FNEESENt @PIut THHIE Y. amdse
tests invol vgd Nangi|Rg «& 3 I degd. mei ght gl,0ad; a flat e anpl e.
The sanple is ﬁung Wi thi n g&)ccﬁgdm sﬁe?lé\?hr na(&;’% agé&tg}gg!terrrﬂptgera (tgjfleélils'ss

noni t ored. Thempermpenatuc€ thei htghasedt amdtéhinl eipeygradatrer athavhitde t he

bar breaks Igrggggéd%gmperature and is preferably no less than about

2300°F (about 1260°2C), more preferably no less than about
2375°F (about 1300°C). In one preferred embodiment, the
solidus temperature of the high melt material is between
about 2350°F (about 12852C) and about 2450°2F (about
13452C) .

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 and
low 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
resistance achieved in accordance with this invention is

enhanced by selection of a low melt matérial which has a



12 Tabl e 4 Test #Material Load (psi) Tenp (Dea.

F) T- 1HA/ LB**~3002103. 8T- 2HA/ LB**3002096. 3T- 12HA/ LA**3002122T- 23HA/ LA* 300210
4. 7T- 24HA/ LA*3002086. 9T- 34H1/ L13002033. 4T- 35H1/ L13002045. 6 *Bl ended

m xtures **HA Filled joints w braze on top These data reveal that the
average nil strength tenperature of specimens prepared usi ng the alloys and

net hod of the ﬁfﬂé% t_2‘?_11.105 ﬁFsals (‘sorgp ‘?qu \%égi‘;ﬁﬁ flgéssa}orhm .mens

pr epar ed u5|ng e prlor oy and met hod. n Vi e rego

exanples it i& myidemt Clohaiastelde nrazizng neibhdcowf hhbebeanefbuad Wot heei t her
of the new material] conbinations tested (HA LA and, HA/LB) provides a nore
oxi dati on res?%?%%a]p]r%dﬁéYaW?ﬂea‘dﬁeﬁf‘ab‘f‘écrﬁreéﬁaﬁFE%Fl‘b‘F%péﬁFﬁ%ea§-t

conpared to tgenpides sefdpdiolid£i dthe | AStARERIWNe HIRChR 9@'1t
strength appears to be less with the new method and materials, in ail

,instances thelhecheahittee Brremgidn icontriapt atfl el damt tahsvucta;i%h@le fandl
appl i cations. i must haye suffici £gni shrengt o hold itself
]i'nf ugaﬁﬁ %et &etnhegﬁ IS_ Llis ci tb Tlgs g‘ E)

agai nst centr ce an | oadi ng durd ng tsetvi ceotbut PP®bears

no further signifdmad cbadiméhe oofieaimpdsdtadencapbact 8%isid cakfdmlt thi s
application is, oxidation resistance. The mechanical strength and oxidation

resi stance arel atfPTHRERESTRAILY Reaan @Pe 4-At@nre@PoSw lasBust - of
voi d space i mjdig,di |ﬂrer@r5.‘cfe'dalemb%§h§@9‘6“cbﬂtgiﬁ§ bt SHoutlds aflgure

11 shows a hole filled using the nethod of the invention wth material HA
foll owed by ahlB57il5 mene prefefrabAyHRetRegn abovhofs8¥h dsl ealddut 4@ .A3%i ng
the sanme net {:I with material HA followed by LB. As various changes could
be made in the above constructions w thout departing fromthe scope of the
invention, it is intended that all matter contained in the above
description or shdiie i riowhemal:t:onqablm'r nep fdr &aengéngéatiome iant énpthéed as

illustrative gnd no‘_:t i.n imti %4 . I 1S MED | S

met hod for '%éal"ﬁagf a i ;?ryes%uf%ﬂf u?gl A8 Sf‘&ﬁ%ﬁ’cﬁ%ﬁ%l% b?n‘B é%l ng at

a brazing temwraiairrﬂnd henheet heei @oMpdl Sigicontent below about 1%,
preferably below about 0.5%, more preferably below about
0.1%. It has been discovered that, inasmuch as B has
deleterious effects on oxidation resistance, minimizing B
enhances oxidation resistance. In contrast, prior low melt
brazing alloys for use in tip 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 invention contains Cr and
Al for oxidation resistance. It preferably contains at
least about 5%, preferably from about 5% to about 7%, more
preferably from about 5.5% to about 6.5% Al, which provides

an Al oxide scale which imparts enhanced oxidation



| oading said tip cap hole with a first conposition conprising particles of
a first alloy having a solidus tenperature above said brazing tenperature;
covering said first conmposition with a second conposition conprising
particles of a second alloy having a |liquidus tenperature bel ow said
brazing tenperature; heating said second conposition to said brazing
tenperature to gﬁgﬁ%,%?id particles of said second alloy to nelt to forma
| i quid of saidesecond:a1loy which is carried into spaces between said
particles of said first alloy by capillarity; and cooling said |iquid of
sai d second al | oy 10 hasmbaesolditcoeened wHaandilng parfdopashie! 68 @hesai d
first alloy. 2,. The nethog of %%?i 1 wherein sajd first conposition is a
first slurry thhsi BFRG @Sseft | W%F%ﬁ PG t P¥ aSigO i BLehr 8elhl | oy
and a wat er - bagad i RdeithianbdgWhe! ebfe Saiab1se6enNd a0aPIsbht . 9% @osecond
slurry consisting essentially of said particles of said second alloy and a
wat er - based wrrfarabtdy Fheutrel hoto cdbaltaidh. 1 nest2pukéerapl s afnprs@bond al | oy
has a Si contgpt_in_{ rapge-of .ab %.t b 11% by ight.. .4. The
met hod of clé?€1f% §b€§t3§£théiﬁgs%ﬁ%agé%ogagagﬁbfréggeadgeé%ﬁpgﬁfORhich
is | ess than ahoikdtanttorly anel ght oxiBle sbaldhe nmet hod of any one of
precedi ng clainms wherein said second conposition additionally conprises

particles of a third . all oy havin S0l i dus .t ~ ature ahove sai d,.brazing
tenperature. 6, The rﬂeatsno%lsoq \i:’cﬁeg] %@W&rﬁin%g%%d St“I‘F:I!‘r é’ezflt%f:’(‘fﬁ}‘aﬂ‘ég 35
conposi ti on wikdhdedl SUbshanhiigh! well beasadecast Sansl Hd f Ht alda@y. abouthe

met hod of claim5 or 6 wherein said second allqg has a weight ratio to said
third all oy of®bePheEprapbut f1on aRQuEb3Gt @ 12P@Ut TAE Ret HBEE oo chibifm 7

wherein sai d fﬁ%%g}? %!s' oy has @& V"%iogmziﬁﬁtigtf&éail%?% I r a@t'iexlghget ween

about S:1 an 1. 9. Anmethod for closing a pressure turbine
bl ade tip capdmduwsebyRbr akigwy abta lrezi ng tdeipreativnes &he effiewsd on
conprising: fillli said tip cap hole with a fill caonposition ri sing
par L cles of FHIHAS (6 TGEHCRCEs P P oY Corbissi 19 5He Fo it CeokePSTTi ol es
of a first alduh aid Mar triacla@sl @f. a second all oy wherein said first alloy
has a solidus tenperature above said brazing tenperature and said second

all oy has a liquidus, tenperature bel ow saj.d brazing temerature, said
par i1 cles of said ¥}t BFof B HAF AErar BEo0 EaT ik Godmabat i by
defining two ditsdridieinaiayenscibnsabd tip £aP ipl@iink&ining 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:



heating said fill conposition to said brazing tenperature to cause said
particles of said second alloy to nelt to forma liquid of said second
alloy which is carried into spaces between said particles of said first
alloy by capillarity; and cooling said fill conposition to solidify said
second alloy to forma solid securely bonding said particles of said first

alloy. 10. The;smt lipd eObokbal 0 Wik Ghdh S| Lh COTRISI OBl Lional Iy
conprises a water-base I nder. . The metho Herei n
said second al @y Ha§0a08ﬂ4cwm&entd n0t.Aé-Pambfewbs abour Pl nebout | | %
by wei ght and rHf ndr.8 tth&n about | %iby.®ekdght B. 12. Thei netdach . claim9,
10 or 11 whereire s@.d{3amticl es of cyand.getand all oy arerig eyHmxed with
particles of addhirgeal7l.oy havi ng aosel.odus.benper at ur eg abayve ndd d brazi ng
t enper at ure andrgMhgy eilg sai d seconaialdl gyshas a wei ght jatgD dresaid third
al oy of betweepy abBouwy % 31 and abgyt 29g-5 2 13, A neteupﬁdgll terial for
filling a tip gap Qpbeslﬁ a hi gh pggssurest urbi ne bl ade, idsdidilegmat eri al
conprising a fiyst jall gy ,conponent (and a_gegond al | oy conponent, he first
al | oy conponent(%a%]nq a,50 bgdus t enpg r tgr mhlch is relatively higher
than a I|qU|dus‘% rature of sai segog aIIo conponent t he second

al | oy conponenﬁ? %§1 fronlaboH P% $511~ Si by weight. 17

14. The fill i gﬂ&?n113 mhéPSFﬂe?ﬁ% sHRRWE S 9%y conponent is a
Ni - based al | oy ‘G EBpMBEEL1ELS8nd no nore than about 1~ B by weight,

and wherein the first alloy conponent is a Ni-based alloy which conprises
Cr and at | east about 5~ Al by weig at | east about 1~ Re by weight, at

| east about §h§~ﬁQﬂlﬁvlﬂ€|&HPmPéﬁﬁ ﬁBrﬁB?E thivsEiRhR e Snventyofei ght .

15. A nmetal fill material for filling a tip cap hole in a high pressure
turbi ne blade, the fill material conprisi a first alloy conponent and a
second all oy conponent, the first al r%ﬁénent havi ng a sol i dus
tenperature whi chdygihel abikiehy iBhohekstBanyarki qebddsctegperahpiei g said
second al |l oy conponent, the second alloy conponent conprising no nore than
about 1~ B byamsilgist fllQEdTWethlFhenb}@hlmﬁl%ﬁlqwaQthlﬂlwﬁéF@Fnoﬁhéh%econd
al | oy conpon o] h Cr, fr a 3~ to
about 11~ Si e%’e\%l%ﬁ‘t ( vvh%lrléél %{AtV)’%'gSflér?cgrBQ g?/scgrlr%g%celntﬂrpsh a&#-based
al | oy whi ch gonjpr sédgbr mndtdﬂoheamblabomuxﬁuréa byHMELght atCyehst about

1~ Re b ht., t | t about 0.5~ i ght t bout
0.5~ eT| Y wew% al?E”ea%S‘f\ﬁ?1 “g%%eecfor?ﬁuglte y#ehg Bt i(ﬂ)q]f “6r wf]'l Ff‘n ia‘<r§]1637?i gucap

hole in a hi ghrmrt@smna tihbi erbhpdes 4@ fdytd1ammt ecoabac®8Phi 6f Ngha first
Ni - based allg§lconponent and a second N -based all oy conponent, the first

Ni - based al | GPOSOMIGREAr2RATI RF F b4 dus thERpeRatdr & aWeecH itdiate| He vel y
hi gher than. &hiQuadusshemhRyahu(s el saldheanondakmbagedrabl oy, camponent,

the first N -base oy conponent conpri sing on1a 0 ~'to about
7~ Al by wei gt , smfﬁﬁﬁneaibcanbdtarttaadlﬂo’utle?ﬁs memegmtta‘qmmmmh@~ to

The. second NEHeBRGiay Babanant domr iRiha Prom aath 20f 6 kiR “11-

Si by wei ght,cHe0 mx@thamgabwt iﬁdBI‘bb’/Dml gitg. and @ixtl&esAngasaddis for
filling a top cap hole in a high pressure turbine bl ade conprising neans

oper abl e accoHdithigley pRecHEfAbEVefatrclomhide dhe Ha/klt §F19. 9) was
nearly completely oxidized away. After 2400 cycles the

HA/LA (Fig. 6) and HA/LB (Fig. 8) mixtures showed only
minimal oxidative surface attack while the H1/L1 (Fig. 10)

mixture was nearly completely oxidized away.

The actual maximum temperatures at which each of the
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19 Ay . Ay; AA . AAAAA . A& AL.Af; . As. A Ay. A Af 9. A?. ALA9#<XmlL2def gl o- L

| }{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] c*a] ca] ca] cRa] c<a]
ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calca! h X$% |1z, |

}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca!| }

[ld I 4" 1" XX @d: BP80Pr&E ) sh6w8A+acceBtableZ levelss £ Yt tsak cakeda) cal c

2} gg} gg} gg]l ;:71 $ a! ca! é%‘{fl] cal EIJS gg (ég%ca] ca] ca] cal ca] ca]ca] calca]ca]ca]c

77778 9199999{ vgkf a[ Uni c"Y] c"a] c”a] ca] ca] c™a] ca] ca] ca] c™a] c™a] ca] ca] c”a] ca]
cMa] ca] cha] ca] c”a] ca] ca] c*a] ca] ca] ca] cal ca] ca] ca] cal calca 9Q
; T<A<====>>?C$CCEEE" E7Hgl | TJZJ KKLLNNbP’F’%QEéﬁ%kf a\W]ca]ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c 1J‘Ica] ca] cfa] c™a] ca] ca]c”a] ca] ca
ca! RTTUWK aximum Temperature (F)

ZZK[ [ [ CEEE" E7HgI | TJZIJKKLLNNbPPj QRzupkf a\ W] ca] cedertada ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] c#iecdMEE] ca] cal ¢ ] ca] ca]cal@sildatliceg ddlteslkca] ca
#<XndeaB, / 10%&' () H1VOML (6P/R0)103800) - 410%&' ()1%BF - 1600
109%&' ()- 10%&' ()-efqgijkl bCOS10%&24909gS10% & ()igP@0 10
10" 8s109& () - (3: 102 L@) -(50/50%& {BodMo- "<bCl 1200@ ()-!'0

' 2400 1900

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

1900°F Tensile

Test # Material UTS $EL
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* 13600 0.70
T26 HA/LA* 16700 0.60
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10%pMp& ()-G 0 10%& ()-G 10%& ()-G 0S109%&' ()-g!'0S109%2_2 & ()-g- L h

~ =11 10%\& ()-g&L0% & ()-g 10 10 1088s10%& ()-!yy#10%& ()- & 10% ()-h
X$}[ 9~ =! 10%\ & ()-S' 10%\ & ()-g! 10%\ & ()-fy&10% & ()-! @O0%& ()-y&10% & ()
-$% ()*z[ PE:! 10\

2000%F Tensile

Test # Material uTs %EL
T38 H1/L1 11200 1.00
T39 H1/L1 7600 1.00
T5 HA/LB** 5500 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 Filled joints w/braze on top

It can be seen from these data that the HA/LA
combinations performed best, and that the tests performed
on samples prepared according to the brazing method of the
invention (braze on top) performed better than tests

performed on samples prepared using blended mixtures.

Example 3

Comparative 2000°F stress rupture tests were
conducted according to the procedure of ASTM E139 and the

results presented in Table 3.

11



10\ 10\8 10% & ()-!,/10%\ & ()-G T10% & ()-! (10%\ & ()-S! #10%\ & ()-*z$~ =!
11510%: & ()-&10% & ()-F 10° 10° N

10" Lf8t10% & () - !

10% & ()-S 10% & ()-$')*+ I1~\=1 1Y 10% & ()-!

10%t& ()-10% & ()-S 10: 10:

10:°8s10% & ()-!510%: & () - & #: $<$=$>$2$~&({\: ! ! 10%NE () - 10%VE () -

10t 9y8  10% & () -!

10t 10t

f210%t & () -
| $10% t & ()- () 1%3*4%5*6+B*+{\ : | 1 &10% "B J=T0% & ()- 10M 10M

10M y8s109%VE () !
10°
T4

T4
T7
T8
T1
T2
T2
T3
T4
T4
T9
T1
T2
T2
T3
T3

sl YOOGS () 4ly) TOWMVE L+, - B. D. E4E G 0. zodY: 14 10% & () -

0 H1/L1 1 1141.3 7.2
1 H1/Ll 1 1106.4

HA/LB** 1 685.3

HA/LB** 1 211
9 HA/LA** 1 414.5
0 HA/LA** 1 371.8
9 HA/LA* 1 54.2 2.10
0 HA/LA* 1 35 1.80
2 H1/L1 2 15.3 2.50
3 H1/L1 2 14.9 1.90

HA/LB** 2 5.3 8.70
0 HA/LB** 2 1.1 5.40
1 HA/LA** 2 27.9 2.20
2 HA/LA** 2 19.7 1.80
1 HA/LA* 2 29.3 2.70
2 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

a 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 flat 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



10" 10°98s10% & ()-!3(10% & ()-S'110% & ()-110% & ()-F 0.q...... e;dy:1)?

)$s&10% & ()-Ss&10% & () - Ss&10% & () - Ss&10% & () - Ss&10% & ()-S. .. . ... i 2dY: 1
)$s&10% & ()-Ss&10% & ()- Ss&10% & () - Ss&10% & () - Ss&10% & ()-S. . . .. .. i 2dY: 1
%s&m%&-() Ss&10% & () - 35&10%&'() SRR T () - Ss&10% & ()-S. . .. ... i 2dY: 1
ié;’&i()% & () 28k & () - -%@3@%—3‘%’%&10% W. 2dY: |
N7 - Dzﬁsl&loo ()- SS&lOOﬁA/L **53&10% &gy Ss&10% & () - SR ()- S

)$s&10%&'() TSsl<§10%&'() %"s’éx"o%&'() SSél%/o&'() 3s&10%a%1(§2-3///!/)/ |+ @
dy: ! -
)$s&)12)2%5 & () %@&10% & () ng&fd% & ()- sSéﬂSb/o & ()-Ss&10% &986-$+/ ./ 6/ 8/ @A B

lj@y:1)))? T-34 2033.4
T-3% Hl/Ll 300 2045.6
*Blended mixtures **HA Filled joints w/braze on top

These data reveal that the average nil strength
temperature of specimens prepared using the alloys and
method of the invention was 2107.4°F as compared to
2039.59F 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 ,instances the
mechanical strength is acceptable for tip cap hole £fill
applications. The material must have sufficient strength to
hold itself against centrifugal force and thermal loading
during service, but it bears no further significant load.
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



) $s&10% &' () - Ss&10% & () -Ss&10% & () - Ss&10% & ()-Ss&1l0% & ()-SB/IE/ Q S/[/\/]
lj@y:1)))? -

) $5&10% & () - Ss&10% & () - Ss&l0% & ()-Ss&10% & ()-Ss&l0% & ()-S]/ /hiklslxly
[e;dY:1)? -

)$s&10%&() Ss&10% & () -Ss&l0% & ()-Ss&10% & ()-Ss&10% & ()-Sy/|//11]]i?dY

)$)sz&10%& () - Ss&1054FTS - B S %o \1odSe f0s 87 o Lng 5B e et 9% /P ady: |

)) 0! 10%&' () - 1ﬂbéﬁ&ﬁbﬁ)witﬂﬁﬂﬁﬁ%ﬁﬁal HAl@%&leed by an 85/15 mixture of
| 109&' ()-S&10% & () - S0J0T0334444| [ NA101010 sS8s109%& () - 5109%& () -
1 109& ()- PLOM/ f(‘é‘ Fpgg L¥- 2Baydaaqadepradidisd ovsing (Bhes sams iethads

10% : & () - dlgl/gh&nggerlgpm 854])1 Weég)%d, @B() z44444444hL 4S 10%: & ()-S
10%: & ()-' S 10% 10% 9

As various changes could be made in the above
constructions without departing from the scope of the
invention, it is intended that all matter contained in the
above description or shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting

sense.
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444444446GHAS 10% : & ()-' S 10%: & ()-S 10%: & ()-S 10%: & ()-' S

109% :
10%: & ()-S 10%: & ()-55555555hL, 4S 10%: & ()-S 10%: & () -

& () - 4444445eE+4S 10% : & ()-S 10%: & ()-S 10%: & ()-S 10%: & ()-'
S 10%:& ()-S

WHAT IS CLAIMED IS:

1. A method for closing a high pressure turbine blade
tip cap hole by brazing at a brazing temperature, the
method comprising:

loading said tip cap hole with a first composition
comprising particles of a first alloy having a solidus
temperature above said brazing temperature;

covering said first composition with a second
composition comprising particles of a second alloy having
a liquidus temperature below said brazing temperature;

heating said second composition to said brazing
temperature to cause said particles of said second alloy to
melt to form a ligquid of said second alloy which is carried
into spaces between said particles of said first alloy by
capillarity; and

cooling said liquid of said second alloy to form a

solid securely bonding said particles of said first alloy.

2. The method of claim 1 wherein said first
composition is a first slurry consisting essentially of
said particles of said first alloy and a water-based
binder, and wherein said second composition is a second
slurry consisting essentially of said particles of said

second alloy and a water-based binder.

3. The method of claim 1 or 2 wherein said second alloy has a Si content in

the range of about 3% to about 11% by weight.

4. The method of claim 1, 2 or 3 wherein said second alloy has a B content

which is less than about 1% by weight.

15
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10% : & ()-S 10% : & ()-" 5(5)5*5456#6dC, 4S 10% : 9! 109 ()- 109& () -
10%& ()-S 10%:& ()-' S 10%: & ()-#62696B6F6J6K6_; , 4S 1#3Yb

KK( @L10%& ()- @L109& ()- @L10%& ()- @L10%& () -

a@10%& ()-K6OoUB[ 6" 6a6e6 D, 4S 1#3@L10%&' () - #3Yb

KK@L10%&' ()- @L10%& ()- @L10%& ()- @L10%& () - e6k6q6v6w6z66{_7?, 4S
1#@L10%& () - BL1GY& #method of any one of preceding claims wherein said second

iggt%ggjﬁ 8 @@%&fﬁl (%d‘d@h%%{% %ngprlg%\(ggﬁ(@}es '6ta third alloy having a solidus

KK@L10%&' () -t@hpiotsse 4bove 6418 b6Gir, tdSperature.

1#@L10%& () - @GL10%& () - @L10%& () - @L10%& () - #3Yb

kK@SL10%&' () - 6666666° <, 4S 1##3Yb

kKK@L10%& () - @BLI1HY&Th)- FBLABHBOE) o BBLAOFEWRAr &#3Ysaid third alloy has

a composition which is substantially the same as said first

alloy.

7. The method of claim 5 or 6 wherein said second alloy has a weight ratio

to said third alloy of between about 1:1 and about 9:1.

8. The method of claim 7 wherein said second alloy has
a weight ratio to said third alloy of between about 5:1 and

about 6:1.

9. A method for closing a high pressure turbine blade
tip cap hole by brazing at a brazing temperature, the
method comprising:

filling said tip cap hole with a fill composition
comprising particles of at 1least two distinct alloy
compositions comprising particles of a first alloy and
particles of a second alloy wherein said first alloy has a
solidus temperature above said brazing temperature and said
second alloy has a liquidus temperature below said brazing
temperature, said particles of said first alloy and said
particles of said second alloy defining two distinct layers

in said tip cap hole;
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kK6666666" D, 4S 1##3@L10%& () -#3Yb

KK@L109&' ()- @L10%& () - @L10%& ()- @LL1OY& ()-66677777{ 22410 8

109%&' () - @L10%&R () -#3Yb kK@L10%& ()- @L10Y& ()- @L10Y& ()-77
777(7,707eE410 yys10%' ()-'yys1l0%& ()-'yysl0%& ()-'yysl1l0%& () -

yL10%&' ()-1010071757; 7TATF7G/" <E410#3 <

gyysl1l0%&' ()-'yysl1l0#ig(ing ym.'ﬁ%& ()ll yysdzﬁfi&s@uo#3 €o said brazing
qG7K7Q7V7[7\7 7" DE4 0#3y¥5100 5

qyys10%& () - SRPRFAENES- “Py 51898 3‘1 RO eE) of 9878 7romiy a4l ovEs00#yy s 1
0%& ()-' yys:l-er@lt{ ko #3rf a liquid of said second alloy which is carri
qyyle%& ()-'"yyslo%& ()-" yyleON/& O)-"Yy7777777 _ ’>E410#)§yslofy& ()-" yys%%& ()-

'yys109%&' () -'#¥oc spaces between said particles of said first alloy by

qyys1l09&' () - % 7777_?EA10#yys109%& ()-'yys1lO09%' ()-'yys10%& () -
yys109%&' () - é?ﬁjﬂ 38 %U/&Z‘Z‘)é 7777777 <E410#3 <

qyys10%& ()-' yysl@%l(lhg pred0PR1 [ ) ebiysd DEROL )0 D14 dify said second
q7777777 EEA1Q#3yys109%& ()-' #3 <, . . .
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) 2Ua999: : : : zZ>NA41010% : & ()-10% : & ()-10% : & ()-10% : & () - 10% : &() ) ?Ua: :
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' >, >4>8>=>>>C> D’W#lelqwll(%ilf%;[aterial for filling 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 having a solidus
temperature which is relatively higher than a liguidus
temperature of said second alloy component, the second
alloy component comprising from about 3% to about 11% Si by

weight.
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comprising a first alloy component and a second 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 comprising no more than about 1% B by

weight.

16. The fill material of claim 15 wherein the second
alloy component is 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 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.

17. A Ni-based metal fill material for £filling 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 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
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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, 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.

18. Apparatus for filling a top cap hole in a high pressure turbine blade

comprising means operable according to the method of any one of claims 1 to 12.
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