21 April 2004 TIP CAP HOLE BRAZI NG AND OXI DATI ON RESI STANT A éﬁmfgﬁgREFOR
BACKGROUND OF THE | NVENTI ON This invention relates to a brazindg ne d for
closing holes and, nore particularly, to a brazing nethod and alloy for
closing high pressure turbine blade tip cap holes to nmaximze filling of
the holes, mnimze porosity, inprove oxidation resistance, and inprove

reliability. During the u f_hi ressure turbine blades of the
type as shown in U S. Pat. E % %@\I{% F%ggﬁg MY € IDGTE Gy med to | ocate
casting cores. It is inportant RESTISEOM elrt.oy e8erEwsR hol es because

otherwi se cooling air |eaks out of the tip rather than being directed over
airfoil surfaces. The tip cap hol es have a dianeter on the order of 0.04

to 0.05 inch ( 0 Her et of ore such hol es have been
filled by inj e%% LS%& &@@&Pﬂrry of a fill alloy consisting of a
relatively high nelting point. ("high nelt") conponent (H)(about 45 w%
interm xed with a r’Jéiiaet iinekptiow reldtiarg t@Ohnbréziﬁ)g‘\lméFﬁ-_Hd' ¥cSOBPOLERY
(Li)(about 55 .wt e coggom tions of gh nelt and | ow nelt conponents

enpl oyed in prl?olr s th"8 a?%r'é’sc"f]tﬁrllyws tola brazyig merbod phgha Myt

Conp. ~ (H ) Low i} tc1Ghd ThiGD. Sedbub® Wil B D1 Wil Uagl Srofrekt
14. 8-15.8 Co 9. 0-10.0Co 9. 5-11. B lé aﬁ“%. tesito
maximize filling of the holes, minimize porosity, improve

oxidation resistance, and improve reliability.

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 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.fill 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 low melt components employed in prior

practice arxe as follows:




Ti 4.8-5.2Ta 3.0-3.8 Al 2.8-3.2A 3.2-3.7 W3.7--4.3B 2.1-2.7 /M?il%ﬂgti 4. 3Ni
Bal ance WM 7.7 m nPlus incidental Ni Bal ance inpurities Pl'us i ncrdental
impurities During brazing the |ow nelt conmponent particles nelt 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 cooled filling.,has. a;high int | porosity |eyel which results

in susceptibility to oﬂl o1 Bl 00! I P, and thé#ﬁémﬁiékQSEQA%i¥¥l

condition exists due to-a p€%oi d that fas?-PorRé¥ Wpdn cool i ng.
y, in accordaf&elti-BnifhBs inventi on,

menrscu
BRI EF SUMMARY OF THE | NVENTI O Br 1 &f
atipcap hole is loadef wiPhCal?i?st conpositionCeoftpFirding particles of
a first alloy having a $&lidésS8temperature above ffhe3bPali g tenperature.
The first conposition i3l coveded-nith a second coApodi.2-dn7conpri sing
particles of a second HWlloy3havény a |iquidus tenperature.bel ow the
brazi ng tenperature. ThMosecdnd-£ohposition i s heaNédsabantse brazing
tenperature to cause pawWtiMel @s7ohibhe second all oy Hl@shEldcildenftanm a
liquid of the second al |l oyN#hiBdlarsce carried into spacesmpeiyessst he
particles of the first pahéoyndyasapil lagdunieibe liquid of the second
alloy is 2 21 April 2004

During brazing the low melt component particles melt
to a liguid and, upon solidification, densify and bond the
high melt rcomponént particles in the tip cap hole. A
disadvantage of.this'approach 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 has

formed upon cooling.
BRIEF SUMMARY OF THE INVENTION

Briefly, in accordance with this invention, a tip cap
hole is loaded 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 secona 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 ligquid of the second alloy is




cooled to forma solid securely bonding the particles of2 tHergiriéoglloy.
According to an aspect of the present invention, there | pPovide

met hod for closing a high pressure turbine blade tip cap hole by brazing
at a brazing tenperature, the nethod conprising: |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

conposition wth ecan conpgositi.on co i sin articles of,a second
Ty havi ng 160°0eR BT Hagh Brgek af P REPLY RERaPE: e Prdri S b
heati ng sai d seaenthieonpadicdyi.on 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

all oy by capPFCerPiRg &/d 380 &ISPRGts &ifd tHeyressmts dinyesddeny dihase to form

a solidjse : ondj [ tdLl of, ;SR | :, ing to
a furthe%éagggggﬁgp ?hganggeﬁ?Pﬁﬁggﬁfﬁgﬁ]El?ﬂe?gé%%é%?ﬁ%%géémﬁ%ﬁgpgod for
cl osi ng &ihi gapphedsury thirdt ey &t adebripicgp teolpetatwrazibigeat a brazi ng

te”peratHEEho&qﬁmﬁE¥JEE conprising: filling said tip cap hole with a fill
conposition conprising particles of at least two distinct alloy
conposi ti ons cbopdiaiongiad ti thesapl hvifd reithl ko iantk Panbbeliesaf a
second all oy wherein sajd first alloy has a 20 solidus tenperature above
sai d br aZPRPTtEMPerBREFECtRd <hidy %’s%%tbr?dl]é?yf FPHEY & 15°ddiddFs t enperat ure

bel ow satémpészi e dIRNREIALW Brasdhd Pakbésd@srof said first alloy and
sai d covering said first composition with a second
composition comprising particles of a second alloy having 10
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 liquid of said second alloy which is carried into

spaces between said particles of said first alloy by

capillarity; and

cooling said liguid of said second alloy to form a

solid securely bonding said particles of said first alloy.

According to a further aspect of the present invention,
there is provided @ 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 f£ill composgition
comprising particles of at least two distinct alloy
compositions comprising particles of a first alloy and
particles of a second alloy wherein said first alloy has a 20
golidus 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



3 21 April 2004 particles of said second alloy defining two éjliﬁﬁnjfl%gtll ayers
in said tip cap hole; O her features of the present invention wll be in
part apparent and in part pointed out hereinafter. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a schematic cross section of a tip cap hole
illustrating a prior art nethod for filling tip cap holes. Fig. 2 is a
schematic cross section of a tip cap hole after filling by the prior art
method. Pagtidlés &f seditheicondr @350y aldfiionnef taot Bps€aicthalfeds | ustrating
the filling method of the invention. Fig. 4 is a schematic cross section of
atipcap hole_after filling by the nethod of the invention. Figs. 5
through 18 8r&dcole w@mPei€ati on 15 photoni crographs of cross sections of
sanples after an oxidation test. Figs 11 and 12 are photom crographs of
the fill material of the invention. DETAILED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENT | n QE88FdaReEuKieShofhitei prerensn inveptigp Wallds bar én peazed

cl osed V\ﬁa&)gag.eh\énaﬁﬁ@ﬁrfg%%ggcg%ﬁ{tlﬁie@m%rﬂe@eigaf@erparti cul ar brazing

tenperatu at which jus conponents of the material nelts.
Tip cap holes are injected at |east about 80% full, preferably conpletely
3a 21 April 20BBIEE| PESGRENT EOYN iR (THEOMBSEINEEN whi ch conprises a high nelt
mat eri al having a solidus tenperature greater than the

Fig. 1 is a schematic cross section of a tip cap

hole illustrating a prior art method for filling tip cap 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 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 invention.

Figs. 5 through 10 are 50x magnification 15
photomicrographs of cross sections of samples after an

oxidation test.

Figs 11 and 12 are photomicrographs of the fill

material of the invention.
DETATLED DESCRIPTION OF THE PREFERRED VEMBODIMENT

In accordance with this invention, tip cap holes are
brazed closed with a two-component brazing material at a
particular brazing temperature at which just one of the two
components of the material melts. Tip cap holes are

injected at least about 80% full, preferably completely

3a



brazi ng tenperature used for subsequent brazing. Injection '%an@%pQ%I I shed
using a hollow needle with air pressure behind it or by oth & | e
means. A relatively equal anmount of a second conposition conprising | ow
melt material is then applied to the top of the high nelt conponent. The
low nmelt material has a |iquidus tenperature |lower than the brazing

t enper at ur e. e hrazing.tenperature,.therefore, the low nelt materi al
mp ?“a ¢ E}f’

mel ts while thethigh il € FAFEF SPPPadesi R tWhighy Garr isesa acpagh ®etti on

of a tip cap heleerifdlerhatihdi ag y1iunonwdenyans: el opeechtazi rtgla\ehifﬁe
illustrates the hole filled with high melt conponent "and with the [ow

mel t conmponentP@Hin%eFrperrEVEspusedt Fer upemiant bompdnent Injéetiow
conponent s foryd ng-typ,0i Sid {ayeLs ;S ntr.asted. with the prior
art method il 1st facep e ;‘%s A RS po11BlS depail S S L RO SRS
initially intghindd twidh bheotler nelitadolponenis . Therblighively edpghl | ow
nmelt conponents Ar %@ogns‘\:_(\(ﬁ':t hddi ffererét. cross-hatchin I n_these fjqures.
Returning to RG0S, %t 2cBR-98 SPFCETAPBICPRRT 1A ng g2 Fnlaseetrbi ng

to the inventiin thdohepboWwedeté €REPERENSE R HGLBS mBBLE c8RdotbiSe | oM drel t
conponent noves downward through all of the high nelt conponent particles
as a result offapElFalpE§riml hagy aviliguidne Fempsratiyyen loverdtharation is

a hol e whi ch irgaAuBstanblallycdO0 thHl sfalihy foasgompared 1o, hol e

filled (Fig. 2) undér the prior approach. Figure ustratres
detri ment al meescly gfdfldc tmathvimdialoceits athiltehecheotiiarh afieltol st iddied by
the prior net t’aod Wnitch 4 21 April 2004

ogs no

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 applied to the top of the. high melt
component, the two componehtS'forming two distinct layers.
This is contrasted with the prior art method illustrated in
Fig. 1 which shows the high melt component 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 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 capillérity 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



effect is avoided with the invention as illustrated in Fig. 188

. 21 April 200
resulting filled holes are fuller as a result of the new brazi'ng et hod,
and are.nore resistant to oxidation as a result of the new brazing nethod
in conbination with the new alloy. In one preferred enbodi nent of the
I nvention which is a variation fromthe techni que descri bed above, the | ow

mel t conponent aRldedst 9v-dg-d e:filLled hole i interm xed with a
portion of high el t cgn%%ng%'f. q’%‘etg{al}tg% lﬁ{gh i gh ‘?rséljtﬁéﬁ%@%&ﬁ‘t 1Ra%*9 -
great er oxi datidon r@s stenddinghaiitlel i areldre apangntas tdi SeAsREd £

enhances the i dation resistance at the top of the filled tip cap hole.
Furt her nor e, t?%lehinﬁﬁ 71 BﬁBtFEFeIEOJF?It]@%%Fé‘@t WPt Axidetiow

melt particles a30 anatesi@lt o&n@ndonagt b%gkngdﬂéehbatﬁlté'@mﬂimf@F ith
material below. Thus the_ interm xed high nelt particles have a ui'f up
effect which P Re¥edlh@¥iscus formation at the top of the filled hole
during brazing. Accordingly, the hole is injected conpletely with high

mel t conponent and thegna 'éfé¥£b&ﬁemﬂgd¥ﬁéﬂ%lBfa@ﬁe|9MbQRL1?SQH§ﬁﬂFqg s
applied on top of the high nelt conponent. This mxture preferably
conprises on Ehe&addgdaopf figem othdotiechadaby desghibed thevhi ghtheellow

conmponent, nor ef b % t.Q out. 50% by, wei gh f the high
malrr!to conponent &eépL'E:i Iﬁ%&%gquéngr %ﬁégégf{?_tgbgtue 1% ?g 5’5‘8u%1§%5}§b§‘°\9ﬁi gt of
the high nelt dompoméreéd witlone pqeridrcdfabliyhpheler éebendod] Meica i S

m xture conprises .about 15% of the high nmelt conponent and about 85% of
the |ow nelt iﬁﬁ’p&r’r@ etie SRERPGREMFafias Sr 9 wrmdidad ifnglrgmdisttance

component i n t BihgnMoHelr €odrS rhAtWessmESRt e 17 10380 2GR 2 d.nRLET grabl Y
bet ween about 3:1 and about 9:1. In ,

: oxidation resistance at the top of the filled tip cap hole.
Furthermore, the high melt component particlés 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

6f the high melt component, still more preferably about 10%

to about 25% by weight of the high melt componeht. In one

particularly preferred embodiment, this mixture comprises

about 15% of the high melt component and about 85% of the

low meltlcomponent.' 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



5 21 April 2004 one particularly preferred enbodi nent, thi sy*eégﬂ%owtio S
bet ween about 5:1 and about 6:1. The |iquidus tenperature of the [low nelt
material is |ower than the brazing tenperature, and preferably no higher
t han about 22002F (about 12002C), nore preferably no higher than about
21752F (about 11902C). In one preferred enbodi ment, the |iquidus

t enper at ure of I matet.ial LS hetween about 2000~F (about .
10902C) and ab%%%]ep%.r‘ﬁﬁtr(l‘a’b U %ﬁﬁﬁﬁécﬁ‘a}%geé‘tﬁ“fti'ctﬁﬁéf‘éﬁ@ate?ﬁﬁd% fént s
have |i qui dusbéenpat adboes fl ab@utabde52k1(about 11.302C) and about
21652F (about 1185 2C) , respectively. The solidus tenperature of the high

melt material is grgater.than the brazing temperature and is preferably no
| ess than about 230’@%%‘8&%"&&%%% plefdradiy Aeltesaterdalabsut

23752F(about 180%82CknbR Ofke Prebeningd eshosidBite, t BRaSObidus Jisperat ure
of the high nelt material is between about 23502F (about 12852C) "and about
24502F (about Righepdhanpakguer 2BRQH0 (Ahntsr 1206RChs woree awadfieatsbd yunder

the trade namg; Mdta I tta f |, nnecticut, i
preferably mixec V\% th Héég]!cﬁfbg%@ %EeL Ei 5?5%%“‘% %ﬁv'%rr{slﬁt' materal £F eﬁ’é?é hol d
themin place gnbatintent,br akengl idhiduat itengferbitnder &6 nEial liow ORelbe

order of about_1: 7.%y .vvei(;%t such tha o 1%(; m;}t rials are contained
within an approXyTat 50 5T AW v OR0CEr (ebrEt d04P6FAL PR BbeuEs.
_ pp L _ : .

The bi nder volzddddzaapspeniPoazing. ddedids cheebrdls&PVvansshkiak <l fRyeved

oxidation resjstance achieved in accordance with this invention is
liquidus temperatures of about 2065°F (about 11302C) and
about 2165°F (about 11852C), respectively. The solidus
temperature of the high melt material is greater than the
brazing temperature and is preferably no less than about
2300¢F (about 12602C), more preferably no less than about
23752F (about 1300=C). In one preferred embodiment, the
solidus temperature of 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 and
_low melt materials to help hold them in place prior to
brazing. The ratio of binder td 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 material which has a



enhanced by selection of a low nelt material which has a 6 %ﬁ 5 3004
I 200
significant ‘cont ent of Si as a nelting point depressant in

Co-based nmatrix. 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 betyeen. bout ‘}:%n ent:ab u 1%% Si. preferred enbodi nent
cont ai ns betvveengalb Ut 3% & abou 9 28 & 1S l‘b‘?e‘?%l HIEEREBR ABout

4. 2% and abouta 4N8% Sk . CoAbat-se&r malteﬁﬁrrec’sﬂm el B af ndetyesd
about 9% and 11% Si,_ _nore_preferably between about 9.8% and about 10.3%
Si. The | ow mettPefidyYof 2eYRLEIERMNT ohlti $UCk t#RRlicatdoast drecatbyit | ack

of |ntentlOna|éﬂhéHBE§jJ%l&yyioBYregab@%ﬁb@|ngAEQ%rH@ﬁggg g# %8§0m1a out

bel ow about 1% preferably bel ow about 5% nore pr
0.1% It has beekrisilcover anveration vasradhsastBleast elbbeteB%oas eéfﬁdects

on oxi dation reS|tsrar})e g\s i mzing B ean';sanceg1 oxj dati on resi.stance.
r e

contrast, pridf Tow e WSPHg ATy s AROPFp b Kdive flcPIF? ng

applications hesferhed amsbgﬂhérhtcadﬁntamsntbe(teegn, aBdut emstanabaubueWg of B
as a nelting point depressant The | ow nelt conponent of the invention
further conprisediay® B¥S I?é"apéh’g?eéf”eﬁﬁoﬁpoﬁﬁfyo‘it é%*apbdt abgut t - 8%nFance

oxi dation resigiaks pagehiel BRbbAAMLDY QInd{d BRNAN 1680E 3 4S, '% ! and
9

Al for oxidation resi stance It preferably contains at east about
preferably from¥@fout "8%et prabeueb¥9ybatween about 9.8% and about 10.3%

Si.

The low melt alloy of the invention is further
characterized by a lack of intentionally added B, and by
maintaining the incidental B contept below about 1%,
preferably below about 0.5%, more pféferably below about
0.1%. It has been discovered that, inasmuch as B hae
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
heve 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
21 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



preferably fromabout 5.5%to about 6.5% Al, which provides o4 rﬁ\boﬁ i de
scal e which inparts enhanced oxidation 7 21 April 2004 resistance. has
been di scovered-that the perfornmance 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 preferably from
about 1%to Sp y{s%f , to enhance the adherence of oxidation resistant
Al and Cr oxide scales. It has al so been discovered that such performance
is enhanced if the high nelt also contains Re, at |east about 1%
preferably from abditt Q@/Stbeabo@dm%fﬂeeduehao it df Binasa &ol tde

sol ution stren ner cuI becauyse es not have as
del et eri ous an]'glei"]fec?l la oxﬁaat H%hr F&si Li"af%c@ S‘%t HEtngold Bt urebh
strengt heners fm:tmibxas:owbalf[ﬁn@nm WprATdrablhast f uedberahiwan odisgcoygred

that by elimnating _intentional additions of Ti, and by maintaining Ti
content pref @EHISFARoRPABBUE? CEBRPWe 3fr oTeEE | RESBTANY Aropxalbeut

scal es adhere ﬁ#tﬁﬁrab$@€a@§eHg' Eéseﬁhéﬁ ebhd gahefgﬁgéfgfeo¥&éhd§#g2

adherence. Exenplary high nelt and | ow nelf conpositirons in accor
vl_\;lrth this |_nvem€’rmtaa1’ceAésahdl Fowexig@e24capes| 2004 Hi gh Melt Com. HA C
It has also been discovered that_such performance is
enhanced if the high melt also contains Re, at least about
1%, preferably ﬁrom about 2% to ébout 4% Re due to its
effect as a s=so0lid solution strengthener, particularly
because Re does not have as deleterious an effect on

oxidation resistance as other solid solution strengtheners

such as Mo, Ta and W.

And it has further been discovered that by eliminating
intentional 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:




Re O Ta A w M Co Ti N 0.10-0.14 1.3-1.7 2.6-3.8 ari%0840
6.2-6.5 5.94-6.3 4.7-5.0 1.3-1.7 wt%11.45-12.05 0.2 max Bal ance pl us

i nci dental Low Melt Conp. LA C 0.13-0.19 % Si 4.2-4.8 O 13.7-14.3 Co
9.0-10.0 Ti 4.6-5.2 A 2.8-3.2 ‘

High Melt Comp. HA Low Melt Comp. LA Low Melt Comp. LB

C 0.10-0.14 wt$% C 0.13-0.19 wt% C 0.01 max
HEf 1.3-1.7 Si 4.2-4.8 Si 9.8-10.3
Re 2.6-3.0 Cr 13.7-14.3 _ Cr 18.5-19.5
Cr 6.6-7.0 Co 9.0-10.0 B 0.03 max
Ta 6.2-6.5 Ti 4.6-5.2 Ni Balance
Al 5.94-6.3 Al 2.8-3.2 plus incid.
W 4.7-5.0 Mo 3.7-4.3 impurities
Mo 1.3-1.7 W 3.7-4.3

Co 11.45-12.05 B 0.5-0.8

Ti 0.2 max ‘Ni Balance plus

Ni Balance plus incidental impurities

incidental impurities
The following examples further illustrate the invention.

Example 1

Cyclic oxidation tests were conducted comparing
samples filled with the high melt/low melt mixtures of the
invention (HA/LA and HA/LB) to samples filled with the
prior high melt/low melt mixtures (H1/L1). Cyvclic
oxidation tests were conducted at up to 2000°F with a five-
minute hold time for up to 2400 cycles. Comparison of the
photomicrographs 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

- £ill material H1/Ll (Figs. 9 and 10). After 1800 cycles
the HA/LA (Fig. 5) and HA/LBV(Fig. 7) mixtures showed
virtually no oxidative attack while the H1/Ll (Fig. 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




M 3.7-4.3 W3.7-4.3 B 0.5-0.8 NI Balance plus Low Melt CompapdiBo§s 0. 01
max Si 9.8-10:3 C 18.5-19.5 B 0.03 nax N Bal ance pl us |nC|d
inmpurities incidental inpurities inpurities The foll ow 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

i nvention (HA g AL o] e t |or hrrelt/low
melt m xtures %‘%1/ L1). W%?%: Sgéﬁgtﬁgﬁbkgggéwﬁﬁ%@%n lct e (ikg Bt
20002F wi th a ¥fegerded rance ayel dresapteédr inpTable4D0 cycl es. Cbnparlson of .
the photom crographs of Figs. 5 through 10 reveals that the fill materi al
HA/ LA (Figs. 5 and 6) and HA/LB (Figs. 7 and 8) suffered substantially

| ess oxidative attack than the fill nefakialiHl/L1 (Figs. 9 and 10). After
1800 cycles the HA/LA (Fig. 5 and HA/LB (Fig. 7) m xtures showed
virtually no oxidative attack while the Hl/ L1l Mdztiguu® renperanegel yF)

conpl etely oxidized away. After 2400 cycles the HA lddbiteble) and HA/ LB

(Fig. 8) mixtures g$houwsdeon!y 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 .

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 : H1i/L1 19700 1.40
T3 HA/LB** 18300 1.20
T4 HA/LB** 16600 1.50
T15 HA/LA** 36500 0.70
Ti6 HA/LA** 36200 0.90
T25 HA/LA* 13600 0.70
T26 HA/LA* 16700 0.60
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m ni mal oxidative surface attack while the HI/L1 (Fig. 10) Jy AdribGoses
nearly conpletely oxi di zed away. The actual nmaxi numtenperatures at which
each of the 9 21 April 2004 tested m xtures showed acceptable | evels of
attack were recorded and are presented in Table 1. Table 1 Maxi num
Tenperature (F) M xtureCycl esof Acceptable Oxidative Attack Hl/L1
(50/ 50) 1800. 15001600, @0 560Q ;& LA (50/ 50) 18002000 24001900 HA/ LB18002000
24001700- 1800 Exanple 2 Tensile strength tests were performed according to

t he rocedur es of E8 E21 to are sanpl es prepared accordin
to thg i nvention w Sty %g%erlal 8 rdlngnptoig$e BFIOF met hod. Tﬂe
results are present in Ta Tabl% 9002F Tendi1% Test
#Mat er i al UTSYEL T3 /111199 fL 0 T37H17EQQQ7001 40 ﬁBHR/LB**183001 20
T4HA/ LB**166001. 50 5HA/ LAHA4EBA(0. 70 1.90
A 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 perfdrmed best, and that the tests performed
on samples prepared according to the brazing methbd.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.
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T16HA/ LA**362000. 90 T25HA/ LA*136000. 70 T26HA/ LA*167000. 60 1G1Zdh#f\podd 2004

2000F Tensile Test #Material UTS%EL T38H1/L1112001. 00 T39Hi / L176001. 00

T5HA/ LB**55001. 90 T6HA/ LB**45002. 50 T17HA/ LA**194001. 00 T18HA/ LA**193000. 70
T27HA/ LA*74001. 00 T28HA/ LA*73000. 80 . *Bl ended mi xtures **HA Filled joints

w braze on top It can be seen fromthese data that the HN LA conbi nations

performed best, and that the tests perfgr d _on sanpl es prepared according
to the brazing nethod of the invention—%—%—z% on top) performed better

than tests perfaornmed,on sanpl es prepared_using bl ended m xtures Exanple 3
Conpar ati ve 2000%-?551—1%55 y—?:%%tests wed  condullé& accordi ngtBlo t he
procedure of ASTMR139 and BhéFlresults présented id4ati e 3. 11 22 Apri |
2004 Table 3 Tesgf;ltl\/ateri al K511 f eo®L T40HI11’ 1111141198 A

HA/LB** 685.3
T8 HA/LB** 1 211
T19 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
42 H1/L1 2 15.3 2.50
T43 ~ HL/L1 2 14.9 1.90
T9 HA/LB** 2 5.3 8.70
T10 HA/LB** 2 1.1 5.40
T21 HA/LA** 2 27.9 2.20
T22  HA/LA** 2 19.7 1.80
31 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

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 involﬁed'hanging a
300 psi dead weight load from a fldt 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.
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T41H1/1111106.4 T7HA/ LB**1685.3 T8HA/ LB** 1211 T19HA/ LA** 141415 nrii 2004
T20HA/ LA**1371. 8 T29HA/ LA*154. 22. 10 T30HA/ LA*135. 1. 80 T42H1/L1£15 32.50
T43H1/L1214.91. 90 T9HA/ LB**25. 38. 70 T10HA/ LB**21.15.40 T21HA/ LA**227.92. 20
T22HA/ LA**219. 71. 80 T31HA/ LA*229. 32. 70 T32HA/ LA*26. 71. 50 *Bl ended m xt ures
**HA Filled joints w braze on top These dat akrevFaI dt hﬁt a}o\/iAksi Io?d al |
sanpl es erfornmed adequately and that S oad t he sanpl es
prgBared lF,)ISI ng the brazing nethod of th?:{'—lpﬁlver#tlon performed best. Exanple

4 Conparative ,gll sjrength tests re conduc ed as a neasure o%'the
hi ghest use t ure ang—gﬁ%—#sul ts ted i n Hep dDgg. Thbse
tests invol ved hanging a s| dead WFﬁ t load from a 4403k 8sheet
sanple. The sanple is hun hin a cl am®hel | furnace akPAhé

t enperature i s iphitored. é“l*errper atur 9% increased an®12Zhe tenperature
at which the bTa‘r23breaks i sHAEeDd ded. 12 300 2104.7
HA/LA* 300 2086.9
T—34 H1/L1 300 2033.4
6

T-35 H1/L1 300 2045.

*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
2039.5¢F for specimené prepared using the prior alley and
méthod.

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.
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21 April 2004 Table 4 Test #Material Load (psi)Tenp (Dec. rF)21 April 2004

T- 1HA/ LB**3002103. 8 T- 2HA/ LB**3002096. 3 T- 12HA/ LA**3002122

T- 23HA/ LA*3002104. 7 T- 24HA/ LA*3002086. 9 T-3' 4H1/L13002033. 4

T- 35H1/ Li 3002045. 6 *Bl ended m xtures **HA Filled joints w braze on top
These data reveal that the average nil strength tenperature of specinens

prepared using the %I.Ig%)%s g d . net hogll_)o{) t%gl'inven_ti on was 2107. 42F as

conpared to 2039. 59F ¥6F E_eilfl%ﬁsa pared it v inge thei Bethpd oyt arhee

met hod | n vi ewiefvenftd ohowegRi RgcexaaD! 28 #d11cweRV denh §Bays Lhe hrazing
met hod of the invention with either of the new maferial conbinations

tested (HA/ LA &fd PR/ B -prdvisdewsa andral eoxf datddbmyies sttantsguoduathas t h
accept abl e mechaniCal.r o5 QPeRL! £51 r to the prior method. Wile in
sone instances the ﬁeghan?cg%-str%%ﬁr%p@;rs to be less with the new
met hod and materials, in all instances the nechanical strength is
acceptable for tip é&8p Hareows$| |chanygsd catoudds. bEhemadkerinl thist drave
sufficient str: . d..tself against.centrifugal force and_thernal

| oadi ng duri n%gg%?\ﬂhgte_’lgﬁ{sjt "t oélatr'sgﬁ%a¥ﬁ+?%erfrr§f“gnﬁ%?? c&CPoE e
nmore i nportant-ickanadbeyibtibs foitddieal appld eali AtESr XA AL in the

resi stance. The, mechapical, strength and oxidation resistance are
attributed i n PRPYE HRLLRE O fhME yin the accompanying drawings

shall be interpreted as illustrative and not in a limiting

sense.
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| ow anmobunt of void space in the fill material, as shown in XHigsi 24d4 and

12. 13 21 April 2004 Figure 11 shows a hole filled using the nmethod of the
invention with nmaterial HA followed by an 85/15 mi xture of LA/HA, Fig. 12
shows a hole filled using the same method wth material HA foll owed by LB.

As various changes could be made in the above constructions w thout-
departing frorW"g’r% ISt PR IYED AE: invention, it is intended that all matter
contained in the above description or shown in the acconpanying draw ngs

shall be interpretgd aspelhiugt 811 ¥€s8 ty 4 b tin ense. 14 21
April 2004 WHAT [S CLAINED IS 1. A ?re?ﬁ%gé) f olrgq‘cl%éjs‘?us%r% g‘f‘ﬁ%“b‘?@%’s%ﬂee
t ur bi ne bl ade tiH pceRpbivdlee by brazing att aa bbaakziggt amppeattiee, t Nethe

nmet hod conpri %eq:gﬂ:odl %%?1;999 §%i dtip cap hole with a first conposition
conprising particles of-a Firde al l oy having a solidus tenperature above
said brazing tenpelabdiay cevde itip séasl holst wE@APASI At W ddb&s SaceNd
conposi tion conpri Si nggpart icles of a second alloy having a liquidus -

t enper at ure b&FRFIFFYIb RIS NG MedmRt aturfdrShea JRY shavingesorrblidus

conposi tion thg@iegabﬁaéi BBovt eoREd b A P ARG 3L d, particles of said

second alloy to . - .
: covering said first composition with a second

composition comprising particles of a second alloy having
a liguidus temperature below said brazing temperature;

"heating said second composition to said brazing
temperatufe to éause said particles of said second alley to
melt to form a liquid 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
slur:y 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.
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melt to forma liquid of said second all oy which is carried 24 ggrip 28(ACES
bet ween said particles of said first alloy by capillarity; and cooling
said liquid of said second alloy to forma solid securely bonding said
particles of said first alloy. 2. The nethod of claiml1 wherein said first
conposition is a first slurry consisting essentially of said particles of
said first alloy an®l a 'ﬂhﬁtmeﬂbds@’daﬂ}biond@f prawdingnelahhmu&aiem Sﬁdm&dond '
conposition is d r i essgnt | of sajd Jdcles of
said second a'fq%ndjso i addﬁ} lﬁéa{l)}/bcég"g’gls CI >3 ﬁ@ 47(5‘{1%&1&51"% aﬁo ¥ or 2
wherein said Sﬁﬂ@aﬂtlﬂéhlﬁyebﬂﬂbm.zﬁlgtempérﬁmte.l n the range of about 3%to
about 11 % by weight. 4. The nethod of claim1, 2 or 3 wherein said second
all oy has a B content which is. less than about 1 % by wei ght. 15 21 April

2004 5. The net hodgof 13y neRBoaf cBl £§£8hNY Whekt &1B, WEILIH Ii]lll%l ?OHQS
conposi tion additionally conprises particles of a third on ng a

sol i dus tenpe¥ attoerri:@saﬁeve whieh biaAuhyteagpalivurke Snedllre rmuldodlnit claim
5 wherein said P;d all oy has a conposition which is substantially the
sane as said flrs alloy. 7. The nethod of claim5 or 6 wherein said
second alloy has a weight ratio to said third alloy of between about 1:1
and about 9:1. 8. TheThemnktbdd of cloimafb wor ¢ wheegie szid sedodd slophas aivkight fatis  a

wei ght ratio tt@sa?@ (#]ﬁfoﬁgfgétwggn&o ppggﬁg%@gqt 5:1 and about 6:1. 9. A

met hod for closing tip cap hole by brazing
at. a brazing tenperature t he

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 témperature above said brazing temperature and said
second alloy has a liguidus 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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met hod conprising: filling said.tip cap hole with a fill corgio®sii comd
conprising particles of at least two distinct alloy conpositions
conprising particles of a first alloy and . particles of a second alloy
wherein said first alloy has a solidus tenperature above said brazing
tenperature and said second alloy has a |iquidus tenperature bel ow said
brazing tenperatu id kgl cl of | J.r.st alloy and.said .
particles of said g%(?g%gbal %%;hdeffﬁﬁilng Wﬁls'{lioﬁct 4%y etd* i ﬂi’ﬁﬁ?’cf“—:fi p
cap hole; 16 Zenfgratup@lde heatsengadd patilitlesnpdddidBacongahll &F azd Ng

tenperature tQ cause said rticles_of sgid second alloy to nelt to forma

liquid of sai d“egl c%ﬁdﬁ?iﬂo%alvﬁ’ﬂ%ﬁl °E 83?& BECPME G PXc o8 ish: hEefashi el

particles of saitd fspasesabbeyeby s&i@iphotitVes ade €004 porsai £hidy l);B{ i
ondi ng

conposition to sqlidi f'é said_second alloy to forma solid securely
said particlesarllagifysi#Re alloy. 10, The method of claim'9 wherein

said fill conposit,en;agdLti ||y]~,%9d'_ﬂ?gf" a x ed_bi nder . . The
met hod of claim9 %’lr) e%ﬁgmhéégrde(i?rr:ﬁslgi econ%g’g)lnl Séal%gglgggf %%in ent o the
range of aboutaldeyt goalfoum &l %oyidweiegmredyd brmdimge stalian mhaitc1:% e
weight B. 12: _The method of claim9, 10 or 11 wherein said particles of
sai d second a-ﬁloy are iinterm xed with particles of a third alloy having a
sol i dus tenmperfdirgeealatpyve sai d brazing tenperature and wherein said second
alloy has a weight ratio to said third alloy of between about 1:1 and

about 9: 1. . T : ‘
10, The method of c¢laim '9 wherein said fill

:‘COmpoéition additionally comprises a wat'eﬁ:-bésed binder.

‘ 11. The method of claim 9 or 10 wherein said second ailoy has a Si content
" in the range of about 3% to about 11% by weight and no more than about 1% by
weight B.

7 12.  The method of claim 9, 10 or 11 wherein said particles of said .second
alloy are intermixed with particles of a third alloy having a solidus temperature
above said brazing temperature and wherein said second afloy has a weight ratio to

said third alloy of between about 1:1 and about 9:1.
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17 TIP CAP HOLE BRAZI NG AND OXI DATI ON RESI STANT ALLOY THEREHAGkprABSIRACT OF
THE DI SCLOSURE A tip cap hole is loaded with a first conposition

conprising particles of a first alloy having a solidus tenperature above

t he brazing tenperature. The first conposition is covered with a second
conposition conprising particles of a second alloy having a |iquidus

tenperature below the brazin T conposition is
heated to the brazing ten%é?a?ﬁ%e %o %ﬁ%‘%ﬁ%@%@ e second all oy
to nelt to forma liquid of theESESTANT aliliay "wWERHFORS carried into spaces

between the particles of the first alloy by capillarity. The liquid of the
second alloy is cooled to forma solid securely bonding the particles of

the first all qy, Walgl t all oy has no nore than 1% B and from
3%to 11% Si .%}ﬁ?e |C\rQ§Fg'ah{gyBﬁSa§E and at | east about 5% Al, at | east

about 0.5% Hf, no nore than 0.5%Ti. Fig. 3
:\ tip cap hole is loaded with a first composition

comprising particles of a first alloy having a solidus
températu;e above the brazing temperature. The first
composition is covered with a second composition comprising
partiqles of a second alloy having a liquidus temperature
rbelow'the brazing temﬁerature. 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 ligquid of the second alloy
is cooled to form a solid securely bonding the particles 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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