WD 2004/ 004953 PCT/ US2003/ 020805 1 DI FFUSI ON BOND M XTURE FOR HEALI NG

SI NGLE CRYSTAL ALLOYS FI ELD OF I NVENTION 5 [0001] This invention relates
to a conpweiwiwn4ead net hod for the repair of gas turbiPOE/ENEi3020805
conmponents and, nore particularly, to a diffusion bond paint mxture and
thermal cycle for diffusion bond healing single crystal nickel-base

superal l oy articles. 10 BACKGROUND [0002] INi ckel -base superal |l oys are used
in gas turbine engine conponents because of their superior creep strength
properties in high tenperature operating conditions. Wile such

singl e-crystal super al DAJEUSEQNBOND MIXTHIRERORHEARPNGVEINGEEOver ot her
prior known nickel - base superall oys e a 15 directionally
oriented mcrostructure, they repres(te,}g?éggib‘ggi‘ﬁ%e with respect to
environnmental attack during use, particularly to hot corrosion caused by
oxidation and sulfidation. Further, despite the increased strength,

singl e-crystal alloys are suscept FHFEDIQF INYENTIINot her types of damage
or deterioratio t . d j I r cling
or i rbor ne- obj SO ALRENy (ol SUEHCERG! MELRERRL LS b RORIRE AT e
such as shri nkagebinerogine icomposmts ardaaiose paticulady; wo adiffisign hdnd pmanuf act ur e
of such conponents. Because of the relatively high cost of such
components, it PMUXUEHAE tH‘é‘énagé?é?l? gy daftpsion gﬁb‘é }?‘ea-g%& ﬁ‘églet%altnﬁ&fekmséce
them However, sypesiRly Siciegnponents, once damaged, can tend to fail

repeatedly 1in the safe region, nmaking it critical that any repairs nade
have nmechanical, 25 environnental, and processing properties equivalent to

or better than the original superall | . [0003] Methods are
known in thgé‘art to repair certain ni@é&ﬁ&g&]ﬁﬂper al l oys, such as
wi de- gap brazi ngoon2] t Nibidldate Supatilldy PRBIBePINAHE BHBMhe chBRE RoRHORASS €S

because of their superior creep strength properties in high temperature operating

conditions. While such single-crystal superalloys represent a substantial
improvement over other prior known nickel-base superalloys that do not have a

15 directionally oriented microstructure, they represent a compromise with respect to
environmental attack during use, particularly to hot corrosion caused by oxidation
and sulfidation. Further, despite the increased strength, single-crystal alloys are
susceptible to cracks or other types of damage or deterioration that can occur from
such experiences from thermal cycling or airborne object impact, or their

20  combinations. Also, discontinuities such as shrinkage, inclusions and cracks can
occur during the manufacture of such components. Because of the relatively high
cost of such components, it is sometimes desirable to repair rather than to replace
them. However, superalloy components, once damaged, can tend to fail repeatedly
in the same region, making it critical that any repairs made have mechanical,

25  environmental, and processing properties equivalent to or better than the original
superalloy base metal.
[0003] Methods are known in the art to repair certain nickel-base superalloys,
such as wide-gap brazing or transient-liquid phase processes. These processes
involve cleaning the turbine engine component, applying a compatible diffusion

30  bond mixture having a melting temperature lower than that of the substrate, and



i nvol ve cl eaning the turbine engine conponent, applying a conpatible

di ffusion 30 bond m xture having a nelting tenperature | ower than that of

t he substwet2eq4/@mes3\WWO 2004/ 004953 PCT/ US2003/ 020805 2 Ireattisngp3tob@soanrticl e
to nelt the diffusion bond m xture w thout causing thermal danmage to the
substrate. Mst of these processes are used on equi axed alloys, but it has
been found to be nore difficult to repair gingle-crystal alloys because
introduction of inpurities to the unicrystal can create points of weakness.
5 [0004] Repair diffusion bond m xtures have been fornulated to include
subst anti al anvheatisg dfe argtle itommep ohendiffiision bssdmisprepwitinaut ichysirgy themedh and

boron, so that the diffusjon bqnd m.xture can be a ied at tenperatures
Do o st f redaumaego the TS NPt OF Kt Poebaes aip det it Shitet SNBU At o
mel t the substrahg gid fEAHEHS betrﬁ@ré'ﬂ?ﬂﬁc%w&@aih_@in f&%ﬁ?é%@l%llb% BecaP@cause the

anount of nelting point depressants 10 is sO hig owever; the diffusion

bond mi xt ure neipirafiddtion ofimpirtiesdn theunierystalompsstate pointsiofmeakressubst r at e
and the 1 opa 1 efofEeaRR: DRk DS 4 N B AT PRERSE L RS0 LR, AT acent

substrate, i'ncreasi eris ur e repai area. In
particul ar, undgbitaadidl@ncangeaithdy/peint depidspintd, ipkignabity ititeh gfddsesn,gonposed
of chromum titanium _and the famly of refractory elenents (

tungsten, 15 tafeinaAjfissmdaRdankers came saplied AbteppPIHUERHreYs gh‘&igiegﬁlaw in
the eutectic th@%h td @%ﬁ%@ﬁﬁ%ﬂb&t%‘cﬁ e%h{ixﬂéhetoqﬂéh {nB Guiliuhafd4miaQaulond

m xture. These Itt ases nmy wea e repalr conposite. It should
be appr eci at ed, theowa vlemage trethe seliratenBiecauad theepmunsofyaeléing pbint demadsants n

saf e end products n, proper ed. 005] Therefare, there is a need
for a conp |ti]8ﬁ°§h]’$31’ Pr&fvﬁ%& %ﬁgﬁﬁ*ﬂ%t?ﬂ[“gé@ emg?igﬁgﬂ&mtg nﬁyfq usi on bond
mxture alloy agRhgdRBionGrdh ehedbbtrat@ Rl HRQEMRH Grdalifay RITPE thefsader on.
There is also need for a conposition and nethod that 'mnimzes eutectic

brittle bori desprepemionas e aiigecry apbstratez ingtpaping chesusksofdpidurg atbepepdiedon  and
o100 (o ¢ eP2 NSRRGSR il 1
of chromium, titanium, and the family of refractory elements (e.g., tungsten,
15  tantalum) combined with the melting point depressants grow in the eutectic that
forms between the substrate and the diffusion bond mixture. These brittle phases
may weaken the repair composite. It should be appreciated, however, that
conventional repairs generally result in safe end products when properly used.
[0005] Therefore, there is a need for a composition and method that minimizes
20  the amount of diffusion bond mixture alloy applied to the part, and therefore the
amount of boron. There is also need for a composition and method that minimizes
eutectic brittle borides common to wide gap brazing processes and a composition
and method to repair superalloy substrates that results in a repaired area that has
properties very similar to the substrate.
25
SUMMARY OF THE INVENTION
[0006] The present invention is diffusion bond mixture paint used to repair
single-crystal superalloy articles which minimizes the amount of diffusion bond
mixture alloy applied to the article. The paint has of a two-alloy powder mixture, a

30  binder, and a carrier which also serves to thin the paint. The powder mixture has a



25 SUMVARY OF THE | NVENTI ON [ 0006] The present invention is diffusion bond
m xture paint used to repair single-crystal superalloy articles which

m ni m zeswoheoszmwesat of di ffusion bond mxture all oy appriesdooso2ishe
article. The paint has of a two-alloy powder m xture, a 30 binder, and a
carrier which also serves to thin the paint. The powder m xture has a WO
2004/ 004953 PCT/ US2003/ 020805 3 hi gher-nekting tenperature powder and a

| ower-nel ting tenperature powder that cooperate to let the diffusion bond
m xture melt and flow into the cracks, then allows the nelting point
depressants to kighéruseltingtempdigtusdsideatind a tovkerithelting tanigteratgre powder that

hi gher-nel ting terrperat re c ta harde si on. bond m xture
5 paint is appl fe@eEF @ E‘V@Sﬁq&? %WWX@F?F’@ é‘ng%ﬂwtlﬂ@ Pﬁa@l‘% thed heat ed
through a thregrRiERe WM mﬁﬂ’cfe#)?essz;ﬁhsetotd‘ﬁﬁémhtoctﬁg Llﬁ)sﬁtﬁtleoéﬁﬁi thOfeshBRInBt to

melt and flowinto the damaged afeas, then cool to wait for t her nocoupl e
st abi |l i zati on amghetihélting tempﬂrmtutd@r@msmtsm bardén. e dnfﬁwgpebmdnnlmaat ures

and advant ages of. t.he err mxt nposition .an d becone
apparent fr tIPFémfIBIaP@\'ﬂ fgeaaét‘%?f'r‘ ‘Hﬁolfraina ar{ﬁdf’éﬁglé%%?dﬁ%%%‘ LamCtI on
wi th the acconmpgpd-aep dfeamrzgmewﬂnh@ﬂwrmélIcyslbraﬂbws tHypani o afeltemd MRkeintd he
principles of the invention.

I f th DETAI LED DESCRI PTI ON THE | NVENTI ON [ 0007]

The present i nvéatdesrgedareas thtna@ol 1o veaibior th%mgﬁp%ﬁahﬂlé’@f@ﬂ@néélfﬁtse 15
having a two-al] r T

st ges 1 he kSR Ciheifitcsdn Rl ERkure DR A RN R, o
the powder m Xt mix@urel coneposiionadd metﬁbdabmmecdﬁ%ppaiderﬁommdle&bbmmg 20%

carrier, by weight, percentage. Exanple 1.illuy ates a paint vvherel
grams of th¥ podiaited desniics. agewwauwcflﬂn ié{‘%ﬁ%oﬁ‘ﬁ’alﬁﬂﬂﬁlé’@"ﬁ?&f‘ﬁ lgﬁ

of carrier. Exafipk@ag %Z&ag{hf Qe f &g@@goffmsweﬂu&po granms of the

powder mixture I's m xe rans of nder and 20 grans of carrier.

DETAILED DESCRIPTION OF THE INVENTION

[0007] The present invention is embodied in a diffusion bond mixture paint

15  having a two-alloy powder mixture, a binder, and a carrier. Table 1 summarizes
the composition of the diffusion bond mixture paint, wherein the powder mixture
is combined with about 10% binder and about 5-20% carrier, by weight
percentage. Example 1 illustrates a paint wherein 100 grams of the powder
mixture is mixed with 10 grams of binder and 5 grams of carrier. Example 2

20  illustrates a paint wherein 100 grams of the powder mixture is mixed with 10 '
grams of binder and 20 grams of carrier.

TABLE 1

Composition of the Diffusion bond mixture Paint

Relative
Component Quantity (Wt%) Example 1 Example 2
Powder mixture | 100 100 grams 100 grams
Binder 5-15 10 grams 10 grams
Carrier 5-20 5 grams 20 grams

25 [0008] The powder mixture contains a higher-melting temperature alloy powder

and a lower-melting temperature alloy powder. In combination the two powders



TABLE 1 Conposition of the Diffusion bond mxture Paint Conponent Relative
Exanple 1 Exanple 2 Quantity (wt% Powder m xture 100 100 grans 100 grans
Bi nder 5-wb20@v@ueas 10 grans Carrier 5-20 5 granms 20 @CAMS2@8/0pG0D8] The
powder m xture contains a higher-nelting tenperature alloy powder and a

| ower-mel ting tenperature all oy powder. In conbination the two powders WO
2004/ 004953 PCT/ US2003/ 020805 4 define a Honpgenous powder system The

hi gh-nmelt all oy powder, which has superior hot corrosion resistance al ong
wi th good oxidation resistance and nechanical properties, is further
characterized bg}eﬂrh‘ea lsansgeaots pdwden systee Tife higlehteltradlop powder] eybichslant

el ements such as

Contai e marth afustioPhorgombubu r¥ ke Rt S Rigarigh it B | o

powders nay al spe6iical propBficdapfidthel BRIHdtERRE by thesubseheilrBeentt oh- el t
alloys are MAR-M 247 and MAR-M 509. The preferred lownelt alloys are

MB877 and NAR- mel?smgwomrallgp@swt ¢laments gechyseti oF Bedh pm-meét adlay PoWEcRbuUNt S

O T3 poonst LAinks GANRARGNIG 8o SAoRAUIEDnBl:s K81, 1ORY GEPHPAG, 1k

TABLE 2 Po
Mel ting Point ﬁ&v@zmyatﬁossoﬁmrpmnﬂeﬁ&l M&Rrﬁ&eﬂ%el\d@&feﬁb&ﬁ%h%ﬁf’ﬂld%&

509B N 60 10 82.1 10
are MAR-M 247 and MAR-M 509. The preferred low-melt alloys are M3877 and
MAR-M 509B. Table 2 lists the preferred powders and the amounts of each

constituent component of each powder, by weight percentage.

10
TABLE 2
Powder Alloy Compositions
by wt %
Higher Melting Point Lower Melting Point
15 Components Components
MAR-M 247 | MAR-M 509 M3877 MAR-M 509B

Ni 60 10 82.1 10
w 10 7 - 7
Co 10 55 - 51.5
Cr 8.3 23.5 15.0 23.4
Al 5.5 - - -
Ti 1 0.2 - 0.2
Ta 3 3.5 - 3.5
Zr 0.1 0.5 - 0.5
Mo 0.7 - - -
C 0.1 0.6 - 0.6
Fe - - - -
Hf 1.5 - - -
B 3.5 29
Si 0 0.4




W10 7 - 7 Co 10 55 - 51.5 Cr 8.3 23.5 15.0 23.4 A 55- - - Ti 10.2 -
0.2 Ta335-35 2Zr 0.10.5-05 MO0.7---C0.1210.6- 0.6 Fe- -
- - Hf 1.%0-2004/004830 0 3.5 2.9 Si 0 0 0 0.4 WO 2004/ 002€3352003/020805

PCT/ US2003/ 020805 5 [0009] The preferred powders are conbined in preferred
ratios as shown in Table 3. The first preferred powder m xture, known by
the brand nane JetFix E, is a conbination5of about 49-51% MAR-M 247 and
49-51% M3 877. The second 5 preferred powder m xture, known by the brand
nane JetFix G is a conbination of about 59-61% MAR-M 247 and 39-41%
MB877. The third preferred powder mxture, knovvn by the brand nanme Jet Fi x
555, is a conbi f about, 49-51% MAR- a 9- 51% R- M. 509B. The
pai nts made fr {‘ esg8 B(ﬁg“éfedlﬁ}ﬂ 0 BE °AL éle E’e?iregegre TS B8 VY MR- V509
shrouds and CVBpghe @'Tﬁ&ﬁﬂsﬁpreﬂe@re@%%eﬁhb@ﬁregﬁﬁ) HbPihe drafidiane RFRBNENt S.
TABLE 3 Preferred Ratios of Powders 15 Higher Meltin 7% Poi nt Lower

Mel ting Poi nt mfplun@tmrgof@b $1% MAR-M 247 and 49-51% M3877/. The second

5  preferred powder mixture, known by the brand name JetFix G, is a combination of
about 59-61% MAR-M 247 and 39-41% M3877. The third preferred powder
mixture, known by the brand name JetFix 555, is a combination of about 49-51%
MAR-M 509 and 49-51% MAR-M 509B. The paints made from these powder
mixtures have been used to repair MAR-M509 shrouds and CMSX-3 airfoils,

10  among other gas turbine engine components.

TABLE 3
Preferred Ratios of Alloy Powders

15 Higher Melting Point Lower Melting Point
Components Components
MAR-M 247 | MAR-M 509 M3877 MAR-M 509B
JetFix E 49-51% - 49-51% -
JetFix G 59-61% - 39-41% -
JetFix 555 | - 49-51% - 49-51%

[0010] The powder mixtures are mixed with a binder and a carrier. The binder is
preferably AB215, a non-fibrous binder known in the art, which is commercially
20  available from Metal Methods, Inc., Frankfurt, Kentucky. The carrier is typically
an alcohol that evaporates at a temperature below the melting point of the powder
mixture, such as ethyl alcohol or acetone, and is preferably isopropanol. A
purpose of the carrier is to thin, or reduce the viscosity, of the paint. This enables
a very thin layer of paint to be applied to the substrate so as to reduce the amount
25  ofborides applied to the crack, thereby minimizing the eutectic brittle borides that
may form. Ideally just enough of the paint is applied to supply the appropriate



MAR- M 247 MAR-M 509 M3877 MAR-M 509B JetFix E 49-51% - 49-51% - JetFix G
59-61% - 39-41% JetFix 555 - 49-51%- 49-51%[0010] The powder m xtures
are m xedwai2otw/@m49nder and a carrier. The binder is prefrarsaiBw208B215, a
non-fi brous binder known in the art, which is commercially 20 available
from Metal Methods, Inc., Frankfurt, Kentucky. The carrier is typically an
al cohol that evaporates at a tenperature bél ow the nelting point of the
powder m xture, such as ethyl alcohol or acetone, and is preferably

i sopropanol. A purpose of the carrier is to thin, or reduce the viscosity,
of the paint. Thheuedbieowder waxiyre taiheal thy erackfbupap mor@,dhbsereéwpng ¢ to the

substrate so as,t red ce the. anou aorides,.a crack,
thereby mnim z?r g tbr%1 %Sutpeaclﬂnémﬁ?ll h“? gs@garn?&g@p ?%té?rpga &Péol&rlnggi?deal |y
j ust enough of fheuRdgiait tha idaplie e the sapdriiloy irﬁ@leﬁﬁzﬁth@ﬁfahrﬁbﬁslv\& sprayer.
2004/ 004953 PCT/ US2003/ 020805 6 amount of the powder m xture tq heal the

crack, but no niH0&1l t Hegepatitheidagagessubpiratethe anistes gesstisbrigpsren fRfIfPaiThe
resul tant camogy bibilbeltafbul ihihiehe ARt st ecpgfﬂtg%%ﬂ'rmhﬁe%%ﬁ dto

t he superal I'oy €S W th a pal ntbrush or spr To repalt the
damaged subst r abgacitl Beippittg. C]riﬁfks areaidéntifet vpt}emalm m$ect1anapalgra fmagnjifier.

process known in the art. The_ ar f all | um ni de
coating by aci QT@E? Erspieh han@bgy tk(igio\raée g]{ﬂ’é?ff SW We\ﬂr@‘&scpwﬂtﬁsaﬁéacﬁl? ‘on
using a magni fi @facks Qe%ﬁﬁwgfdg@k?greﬂfep@ﬂng"Q%%twe%sogfteﬁﬂ% 1ﬁ1|t19§;[%@pﬁfﬂﬁjon the
physically restrained wth a clamp. Cracks are then wel ded together using

spot wel ds. Af t enackswse Ithﬂntqlaiilneqbvv@tbarfhmrldn-lon pleaning atQCQSSaWQIG&lh%hlS@ kaewied

vvithafluo de- i ani n QCess re.
pur suant 1 04 herPeelf iR E R P Entile, da ped B Riodh pilied
paint is appli efaihPistapplicd @eke WatlwithRdalit bRisHDA spray&iiha)tkin layerahédkby

| ayer, thereby limting the amount of borides applied to the article. The

article is thenlipitigie amonnt oihwnides ek sathedrizgle. Ahg@rtcle wghen plagediip apo
mnutes to |et %}Emg{ Jrqu‘ﬁe L0 aP%‘&) F + 15°F for 10-20 minutes to let the diffusion bond

mixture melt and flow into the cracks. The article is then cooled to a minimum of

15 1500° F + 15° F until thermocouple stabilization occurs. The article is then
reheated at 2200° F == 15° F for 4 hours and 15 minutes £15 minutes to allow the
melting point depressants to diffuse into the substrate. This diffusion results in a
stronger repair that is less susceptible to incipient melting when the part is
returned to service. The three-step thermal cycle allows the paint to melt and flow

20  into the damaged areas, then provides for thermocouple stabilization and finally
diffusion into the substrate.

[0012] While what has been described is considered to be the best mode
contemplated for carrying out the present invention and its preferred
embodiments, it will be understood by those skilled in the art that various changes

25 and \modiﬁcations may be made, and equivalents may be substituted for elements
thereof without departing from the true scope of the invention. Therefore, it is
intended that this invention not be limited to the particular embodiments disclosed
but that the invention will include all embodiments falling within the scope of the

appended claims.



m xture nmelt and flowinto the cracks. The article is then cooled to a

m ni mumof 15 1500 F 15 F until thernocoupl e stabilization occurs. The
article iwothewmonesheat ed at 2200 F 15 F for 4 hours an@CIAISI03ORE@es 15
mnutes to allowthe nelting point depressants to diffuse into the
substrate. This diffusion results in a stronger repair that is |less
susceptible to incipient nelting when the part is returned to service. The
three-step thermal cycle allows the paint to nelt and flow 20 into the
darmaged areas, then provides for thernocouple stabilization and finally
diffusion into the substrate. [0012] WhiCIAMSt has been described is
consi dered to beclailie best node contenplated for carrying out the present

invention and its preferred . enbodinents, it wll be understood by those
skilled in the art thatAd‘Zg-is@E} Oégéfﬁij%‘%e%n%{ﬁ&’%mdi fications may be nade,

and equival ents may be a?“%&liwo%h&ﬁ{imﬁ{%?r?singt: Per eof without departing
en re, |

fromthe true scope of th ntion. Theref , is intended that this
invention ndt be |inited t)o afiret glaytpowmdenhavimba irstroreltingriemperebeel whsneint hat
the invention will include | .e dinments fallin i t.hin . the .sco of the
appended cl ai ns. WD 2004/ oo%%%fsg%%%@b%‘éﬁ%%%ﬁ%ge@%ﬁ&%wW?lgﬁ‘i’ Eﬁo{ﬁ 1. A
di ffusion bond m xture conprysimg:Co2B.380 CalJ. 9% AoWdes Ti3% e, LOVME si ng: 5
i) a first alloy powder havi ng a first nelting tenperature, wherein__the
first alloy powder consists ®Bédt 9 aP¥oMos0.1%/C yithghe balawsmcopyistigpidy, 8. 3%
G, 5.5%A, 1.0%Ti, 3.0% Egd.iﬂciclj:’eo impuics7add » 0- 70% M, 0.1% C with the
bal ance consisting of Ni nd i ncidentaf ‘inpurities; and 10 ii) a second

al | oy powdero havi ng a seciinc sgedrid diipytperder Rivitiga second melting temperature

lower than the melting temperature of the first alloy powder
and wherein the second allow powder consists essentially of, by
weight, about 15% Cr, 2.9% B and with the balance consisting
of Ni and incidental impurities; and

15 b) abinder; and

c) a carrier.

2. The mixture of claim 1 wherein:
the alloy powder mixture is, by weight percent, 49-51% of the first alloy
20  powder and 49-51% of the second alloy powder.

3. The mixture of claim 1 wherein:
the alloy powder mixture is, by weight percent, 59-61% of the first alloy
powder and 39-41% of the second alloy powder.
25
4. The mixture of claim 1 wherein:
a) the first alloy powder consists essentially of, by weight, 7% W,
10% Ni, 23.5% Cr, 0.2% Ti, 3.5% Ta, 0.35% Zr, and 0.6% C, with

the balance consisting of Co and incidental impurities;



| ower than the nelting tenperature of the first all oy powder and wherein
the second all ow powder consists essentially of, by weight, about 15% Cr,
2. 9% B amatowwednosdse bal ance consisting of N and inci decTaiS2003peesos i es;
and 15 b) a binder; and c¢) a carrier. 2. The mxture of claim21 wherein:
the all oy powder m xture is, by weight percent, 49-51%of the first alloy
20 powder and 49-51% of the second alloy powder. 3. The mxture of claiml
wherein: the alloy powder mixture is, by weight percent, 59-61% of the
first alloy powder and 39-41% of the second alloy powder. 25 4. The

m xture of claimi1 wherbi the sgyondradlofiposidentinsistsrsoridinlly of) by steiglesBérWj al | y

0. 5% C, "wi th ' the bal ance’ RUNE & oubCbi0-Eh T tonk Bemr s e 120

2004/ 004953 PCT/ US2003/ 02@&9§h the Halanté Coris@tiap @f @lol /ay Ml nﬁgﬁmﬁ@t &nd
essentially of, by weig 7% W 10% N, 23.5%Cr, 0.2%Ti, % Ta, 0.35%

Zr, 0.6%C, and 2. 9% B?)Mlterﬁllpﬁé’oﬁfélpfalﬁéféu@dﬁ dyeighf psreets Sarfd%s eicthe dkttal
P22, 58 € e L RO tateyf e sBOASIGBECT 551
met hod for repairing damage on an article having a superalloy substrate
compri sing Lhe stepe ol Slapieanaga amaed aeg i v dadon
nore nelting  gubstrate comprising the steps of:
a) cleaning a damaged area with fluoride ion cleaning process;
10 b) applying a diffusion bond mixture containing one or more melting
point depressant to the to damaged area;
c) heating the at least the area to be repaired in a vacuum to a
temperature and for a time sufficient for the mixture to flow into
the damaged area but low enough that the substrate is not damaged;
15 d) cooling at least the area to be repaired until it has reached
thermocouple stabilization; and
e) heating the area to be repaired to diffuse one or more melting point

depressants into the substrate.

20 6. The method of claim 5 wherein the diffusion bond mixture comprises:
a) an alloy powder mixture comprising:
i) afirst alloy powder having a first melting temperature, wherein
the first alloy powder consists essentially of, by weight, 10%
W, 10% Co, 8.3% Cr, 5.5% Al, 1.0% Ti, 3.0% Ta, 1.5% Hf,
25 0.1% Zr, 0.70% Mo, 0.1% C with the balance consisting of Ni

and incidental impurities; and



poi nt depressant to the to danaged area; c) heating the at |east the area
to be repaired in a vacuumto a tenperature and for a tinme sufficient for
t he m xt uwe 2oev/dokesa i nto the danaged area but | ow enou@lTiusaeo3tohsos
substrate is not damaged; 15 d) cooling at |least the area to be repaired
until it has reached thernocouple stabilization; and e) heating the area
to be repaired to diffuse one or nore nelti3ng point depressants into the
substrate. 20 6. The method of claim5 wherein the diffusion bond m xture
conprises: a) an alloy powder m xture conprising: i) a first alloy powder
having a first melting temper secomdballoypoveden hatinga se¢qond naglting/te

(]
consists essentially of, by weight. .10%... 10% % 2.5% A, 1.0%
o b0 Ta 1 boo H , o5 o 2maPity Rl e e Bk o S
consisting of Ni and inci defidatheréinyiid dec6d altvelp MR AIA4 Q0 €QBkally of, by
PCT/ US2003/ 020805 3 ii) a second alloy powder having a second melting
tenperature |ower than the Weikks ﬁ'@ovttégrﬁe@étztﬂ@]?'cﬁndt"ﬂgl the balangg ¢osisiagder

and wherein §he second allo .G i eptyally of, by weight,
about 15% Cr, 2.9%B and w Y&}fﬁﬂ%ﬂsﬁqgﬁggﬁf&%ﬁ@?@ ?Itﬁ% 5 of NN and

incidental inpurities; tgndbibideg abdnder; and c) a carrier. 7. The nethod
according to claimé6 V\/n?rei n the alloy powder mxture is, 10 by wei ght
percent, 49-51% of the ¥i PSP™8&| oy powder and 49-51% of the second all oy
powder. 8. The method according to claim®6 wherein the alloy powder m xture
IS,
7. The method according to claim 6 wherein the alloy powder mixture is,
10 by weight percent, 49-51% of the first alloy powder and 49-51% of the second

alloy powder.

8. The method according to claim 6 wherein the alloy powder mixture is,
by weight percent, 59-61% of the first alloy powder and 39-41% of the second
15 alloy powder.

9. The method of claim 5 wherein the diffusion bond mixture comprises:
a) an alloy powder mixture comprising:
1) afirst alloy powder consists essentially of, by weight, 7% W,
20 10% Ni, 23.5% Cr, 0.2% Ti, 3.5% Ta, 0.35% Zr, and 0.6% C,
with the balance consisting of Co and incidental impurities;
ii) a second alloy powder consists essentially of, by weight, 7%
W, 10% Ni, 23.5% Cr, 0.2% Ti, 3.5% Ta, 0.35% Zr, 0.6% C,
and 2.9% B with the balance consisting of Co and incidental
25 impurities; wherein the alloy powder mixture is, by weight
percent, 59-61% of the first alloy powder and 39-41% of the
second alloy powder;
b) abinder; and
c) a carrier.
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by wei ght percent, 59-61%of the first alloy powder and 39-41% of the
second 15 alloy powder. 9. The nethod of claim5 wherein the diffusion bond
m xt ure cwWORPI4®e9s3 a) an all oy powder m xture conpri si RgT/USpowd/0pesost al | oy
powder consists essentially of, by weight, 7% W 20 10% N, 23.5%Cr, 0.2%
Ti, 3.5%Ta, 0.35% Zr, and 0.6% C, wth the bal ance consisting of Co and
incidental inpurities; ii) a second alloy powder consists essentially of,

by weight, 7% W 10% N, 23.5%Cr, 0.2% Ti, 3.5% Ta, 0.35% Zr, 0.6% C,

and 2.9% B with the bal ance consisting of Co and incidental 25 inpurities;
wherein the alloy poWierhermsthod ef ¢laim pywhggeinght percent, 59-61% of the
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claim5 wherein: a) the taimgeature and tinme of step (c) are 2200 F 15 F

for 10-20 mnutes; b) the tenperature of steg éodﬁ is 1500 F 15 F;, and 5
c) the tenperature and Wi the tempaase plstepydd 1 5 Frapdy 4 hours and

15 mnutes 1p mnutes. ¢) the temperature and time of step (e) are 2200° F + 15° F for 4 hours

and 15 minutes =15 minutes.



