9 June 2005 SELF CLEANI NG BRAZE NMATERI AL BACKGROUND OF THE | NVENTI ON The
present invention is directed to a braze material, in either p st%@ ai nt
or tape formwhich is useful for repairing gas turbine engine 8' nd a
met hod for repairing braze joints using said braze material. Routine
“mai nt enance of gas turbine engines involves disassenbling the engines,

i nspecting parts to determ ne whether they are reusable or-require repair
or replacenent, and ultinmately rebuil ding the engines with reused,
repaired, or replacenent parts. Various nethods are used to repair gas
turbi ne engi ne parts i NSELBICIGEANEYGBRAFDMATERIANG, high pressure
conpressor stator assenblies, which conprise inner and outer shrouds that
support a nunber of brazgdCKGRMINDESSTHE INYERSLIOAr e often repaired by
debrazing the vanes, cleaning and repairing the shrouds and reusabl e
vanes, and brazing reusable and replacenment vanes to the shrouds to
rebuild the StiakOpre 4SS vEntTBR 8¢ epi @fcrelieani agothee shuteudalf oifemove

oxi des that form durin in eration i RO t | ean,
cound. bradih A=t SoUTTHI MG a 808t b HeSbiply Tocur oot N eantag” Bt hods
i ncl ude grag thirkdbengnate agudcusnd ey rieaddiody f%FF@“’EH&é’W&FhéGé“Eﬁn
sati sfact@fidy gah@agrgagymﬁnﬁquds, they typically need either a line of
sight to the es (for arit S tr e nposi tions
?§%§%885T?iﬂé£ nce o% %ééﬂﬁuéﬁid% R gnEQ fﬂéﬁﬁvé%o

(for aqueous "BIEt 3"t he conpli cat e %eonetr of the shrouds,
it is ofdosnsichblioittiy engiossi bltéslﬁ‘%f:tgfé’tg PREEF he ST HEEHRET for
ef fecti ve gty taddl ashiRge Ve @RuEEE Bépaisi Ry stepdagemeheniaal conpositions

i's becom ng ] ess de5|rapLﬁg?st%%pal éQ&RﬁIEVQ%%SLQr ¥@5§L%|alg§sen the

envi r onmett AATIYcF eBYt Spérdtions when grit sting or
aqueous dewmmgtapertQ)pt iV ousheethefs ¢ &FESr £Or BeRA Yed3For
sat | SfaCt@LE:Ybﬁ-lee%Bk;mﬁe ﬁ?g&’t&ﬁﬂﬂl@@@ﬁ@tl&fﬁﬁr{g} CUEstromeaspldpbrieamer, grit

bl asti ng uegus_deqreasin 1dONS, 1 G3h REMSPs Qggﬁ§§§1ggdthat
t hey damelge e%%?buﬁngbe??Pr ent g %ﬁgﬁlentlre statgé assenbl y
outer shrouds that support a number of brazed in compressor

vanes, are often repaired by debrazing the vanes, cleaning and
repairing the shrouds and reusable vanes, and brazing reusable

and replacement vanes to the shrouds to rebuild the stator

assembly.

The step of cleaning the shrouds to remove oxides that form
during engine operation is important to obtain a clean, sound
braze when rebuilding a stator assembly. Current cleaning
methods include grit blasting and aqueous degrea51ng While

. these methods can satisfactorily clean many shrouds, they
typically need either a line of sight to the oxides {for g;it
blasting) or strong chemical compositions (for aqueocus
degreasing). Due to the complicated geometry of the shrouds, it
is often difficult or impossible to get the line of sight needed
for effective grit blasting. The option of using strong
chemical compositicns is becoming less desirable as repalr shops
look for wayé to lessen the envirommental impact of their
operations. Even when grit blasting or agueous degreasing are
options, the time and effort required for satisfactory cleaning
may be unacceptable to customers. Moreover, grit blasting
and/or aqueous degreasing operations can be so aggressive that-
they damage shrouds to the extent that an entire stator assembly
may need to be scrapped. Scrapping a stator assembly is costly

to the customer and can delay engine reassembly while a



may need to be scrapped. Scrapping a stator assenbly is costly to the
custoner and can del ay engine reassenbly while a 9 June 2005 né }rlf%gi enent
assenbly is obtained. US Patent No. 5,735,998 relates to a ¢ 0@%
repairing -surface and near surface defects in superalloy articles such as
gas turbine engine conponents. In this nethod, after the base netal
surface of the article has been cleaned, a repair coating 13 applied to
the base metal surface of the article- The repair coating conprises a
conposition selected fromthe group consisting of between about 20 wt % and
about 60 WtépVadeiddnite aseegaly Ci<atitadhednd between about 20 wt % and about :

60 wt % wat er - hased LGALLEef, . che;jse%gl re%&égl&cfwtn@%oeoapr& e

about 8 wt% of a fluxing agent” inclu a hali %11 ound Lgcp
about 5 wt 9¥bfa%e A REAT ngYBLRSR defﬁétBaFﬁn%'épeorf & B'éfﬂ'@s JUEMSsal | i ¢
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article and aégcsz%n finel y divid rrg enou lg_fertl cul ite _@jrgonent
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exceedi ng &&%4}& Q)tf batwé&? MddeChe. thea:\(@laﬁtddte 60" gaBi fo LA {iLr My be
met hyl al cohol , et’hyl al cohol, or et er- F Cﬁ %ed cg@rl er be a
gel bi nder O59PHGE r&FEb?ﬁ‘ﬂ s ¢ 0*I’ﬁe hY‘éT(earﬁ 7y °bHe r:;1‘113?"6’§¥i@'6stance
capabl e of based)emdimigxt. heThepaepama:tangnguﬁlhrtlw S:toalpafhess gerksy adasl n,

gel atin, a@%@x@p%olﬂlaksﬂﬁg a§&LH %m%&hg Qelkéﬁdés%oﬂnﬁbhﬁétéﬂ@% af
car boxyvi nyl at es he ncl udes hal i de
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corrpounds gaé'”“p‘l @&r PaERICHTH I @9enEn| o?]i‘%lg?l g‘l’: Et Bs"%h f. The
engi ne repas rmetradustq ¥ikdedsmix qranmpldisingonefiedt a‘blnelyné@hvéﬁbf cl eani ng

gas turbing, rﬁ‘é’lﬁérﬁﬁlso%ratrh&ﬁﬂé%é %ﬂ&n%ﬁ@pgﬁﬁstﬂﬁﬁﬁﬁnkgrr&%% inlHE
| NVENTION I'n & first aspec tg‘ i nvention, rov;r%(g)r raze
mat eri al fﬁ?’“%?%’atrﬁoﬁ‘g t&nﬁhaFe‘bﬁl h§ret& Esaﬁﬂaa \Foeictﬁ’éldl RN T 1A e
corrponent bonsiatdusy pefrthcthaten ddmponiege haviamg samus base the sawme
base metal as that of the article and contalnlng a melting point
depressant in a quantity substantlally exceeding that present in
the article. The volatile organic carrier may be methyl
alcohol, ethyl alcohol; or ether. The water-based carrier may
"be a gel biﬁder.such as Nicrobraz Cement-S. The thickening may
be any substance capable of congealing the repair?coating such
as starches, gums, casein, gelatin, and phycocolloids,
semisynthetic cellulose derivatives, and polyvinyl alcohol and
carboxyvinylates. The fluxing agent includes halide compoﬁﬂqs
such as fluorides, bromides, chlorides, or mixtures thereof.
The engine repair industry needs a gquicker, more reliable
method of cleaning gas turbine engine parts required to support

brazements.

SUMMARY OF THE INVENTION

In a first aspect of the invention, there is provided a braze material for cleaning and
repairing cracks and voids in a metallic component consisting of lithium fluoride in an amount
from that sufficient to act as a flux for allowing the braze material to flow into a crack or void
to be repaired up to an amount where there is no residual lithium or fluoride in the crack or
void, a ge] binder in an amount up to about 15% by volume, and the balance comprising at

least one of a nickel braze alloy and a cobalt braze alloy.



fromthat sufficient to act as a flux for allowing the braze material to
flowinto a crack or void to be repaired up to an anmnount wher ‘Fheﬁg IS no
residual lithiumor fluoride in the crack or void, a gel bindér{n i
anount up to about 15% by vol une, and the bal ance conprising at |east one
of a nickel braze alloy and a cobalt braze alloy. 9 June 2005 2a In a
second aspect of the invention, there hs provided a braze material for
cleaning and repairing cracks and voidd in a nmetallic conponent consisting
of lithiumfluoride in an anbunt fromthat sufficient to act as a flux for
al l owi ng the brpazenBlekhal ofifs hl@illohTh&e & HEAGK PbraxQhsleridl orltfeah@Rahg ed - up
to an anount where there is no residual lithiumor fluoride in the crack or
voi d, a getepiiringleracksrand moidsimurinetaliic compansit corsisingyp iiymBuoridednepampantance
conpri singg at tha!t g&%&leﬁﬂg a&fas 2nik ?ch%ho@fng{lfe tﬁ'!:ie%zg@r?hﬁit PR 50113519516\/0% oy,
wherein saird braze naterral s 1n pain orm an urther conprises up to
50% by vol wrte rgfairad sploarsnosa Wetretheferiono tekidug dithipm oc nwidetin fig cofckwat er ,

al cohol , and nixi r s.thereoft l@”ﬁ@HQEE aspect oﬁ t he. i nventi.on Ehere is
provi ded a" #4288 RGfe i & apit v wAheNo SAnty VP EpGiRY B Pk RS ds in a
metal | i ¢ cleajtonesta GOESbiatd APy @hd h tétaltbmazt bief, whereinsanl brageahfnérial fgiam t hat
sufficient to act as_a flux for allow ng the braéﬁ na%g%%%! to flowinto a

crack or ViAWY fogyansfurthes spmpses pp 14> Uyp bRMYBRE ofihin eent from, heggzipg y al

L'ithi um or o dnkid@dd &havdidd, IQMOL b kiin@lres &85 @ gel binder in an amount up to
about 15% by volune, and the bal ance conprising at |east one of a nickel

braze al | oy anding thubaspectiof teenvghtieny thoyhie priviried ibiazs masasiahier slepring angl j n
t f i . 0 . 0 . f
ape for f@eﬁﬂg?g ag\zﬂ%h%g@m)ﬁlaﬁﬁﬁgiyé g@%gwwﬁs{gt&% o%hahuraﬁdmye M9h HiBul 2

fl exible bi ne I men to an I'nproved braze nateria
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nor e re'iaQ'ﬁﬁ@%%Q&%;ﬁLﬁ%&S%ﬁﬂ@@kgas turbine engine parts required to
e S B '

support br'az

forming a braze material containing lithium fluoride in an amount from that effective
to act as a flux which allows the braze material to flow into said braze joint to be repaired up
to an amount where there is no residual lithium or fluoride in said braze joint, a gel binder in
an amount up to about 15% by volume, énd the balance comprising at least one of a nickel |
braze alloy and a cobalt braze alloy;

applying said material to said braze joint; and

heating said material to a temperature in the range of from a temperature sufficient to
cause said lithium fluoride to volatize up to about 2300°F for a time period from about 1
minute to about 30 minutes.

Another embodiment may relate to a quicker, more reliable method of cleaning gas

turbine engine parts required to support brazements.



9 June 2005 3 A further enbodinent may relate to a nore reliable rrethod
for repairing gas turbine engine parts. The foregoi ng obj ects, 2@
attained by the braze material and the nethod of the present |nven Pan.
One enbodinent may relate to a braze material which cleans and repairs ,
cracks and voids in braze joints in engine parts . The braze material may

broadly conprise lithiumfluoride in amount sufficient toact as a flux
whi ch may allow the braze material todflowinto a crack or void in a part
to be repaired up to an anmount where there is no residual |ithiumor

fluoride in tha faraekeibodiRiedt mafeleab armdtkerekigblé mctialtor rgitivokatne, a
gel binder {é‘lrrll an anount up to about 15% by vol une, and the bal ance
conpri si nfyrline CBEEE P3HE of a nickel braze alloy and a cobalt braze all oy.

In a nost  prefgg fd—:fg cﬁ Qgisfzﬁﬁ%ay bd LdpdiHEa b)) HRIBrds: InfidPla8RD e etBBa BFOUNT
from about 10%to by “vol une. Anot her enbodi nent may relate to

the appl |¥§1&mr@ﬁ¢ﬂbfﬂvﬁwe°1braze material in a paste formor, alternatively,

in a paint or Qﬂ%mfb%me Y\lﬁ%&ﬁ?ﬂ Qré"&%zma?érla’l"wﬂlﬁrr £1Qa;?ﬁ andar@B!aﬁéjra&ﬂ pai nt

form up to 50 I'ts conprise a suita vent
braze mataedivaldsiis brazeljeinapipl dr&ﬁhd partsap@hé brare nﬁd‘terlgeha)bbﬂﬂél’y craypibe

repl aced Ielble bi nder..of the e sy use tof rmtape
br oduct s. Ty idhe dh SpgpRenrnisy ek iet Al sl mi s e iffeng” and
repairi ngmatelmraafceﬂgmumo a cradiber wadhod mwomeoapﬂzyedowa:sﬁném wdieeps of
formng a braze ITB.tSI’I al . containing |ithi um fluoride in an. anpunt

ef f ect i vellPE 50 rggidupliithipnyar Hroradq ke crgkir Youl pad erelarabloup [bborht o a

braze j oi 74% teanlfe SRALIRM: HPak SmBinEIPPHboWNEI% byh&J18mk SarldQhE alafial
lithiumor fluoridein the crack or void, and Breferably up to about 20%

by vol unec,or@prgengbﬁhqeﬁmnp@faml%lf%hmzeaﬂomndawe tlt bewelloyollyganoshnd t he
bal ance S;%Pér}eﬁ'e{h%m@i%mla&aﬁim%% 1d% leﬁééalg l23%&a ok PP Rh R 108002l t braze

al I oy, applylng razé nateria raze jolnt, an eatlngthe
braze netbeni &b%tky eltmeper at ure |n t he range of from about a terrper ature

sufficient to gause th I|t|umfl oride tq.volati.ze u out. 2300F,
preferably up ‘gg&iﬁ E‘ﬂ mﬁﬁ(ﬁelﬁ% P tg 3?Pﬁga§8}6§fﬁ}f tbr?% &J N8 to
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m nut es. previously mentiqned, the braze naterial may be applied in
paste f orﬁﬂp I B RAAE 1318k Mp 18P 0% o ERpAURSTREY RIS PUIAPLe vV ete Wiz e
materi al @®B@rdRanftAATs RYbaRAPplied in tape form, the gel binder may be replaced by a

flexibie binder of the type usually used to form tape products. -

_ A further embodiment may relate o a method for cleaning and repairing a braze joint .
The method may broadly comprise the steps of forming a braze material containing lithium
fluoride i an amount effective to act as a flux which allows the braze material to flow mto a
braze joint to be repaired up to an amount where there is no residual lithium or ﬂuonde m the
crack or void, and preferably up to about 20% by volume, a gel binder in an’ amount up to
about 15% by volume, and the balance comprising at least one of a nickel braze alloy and a
cobalt braze alloy, applying the braze material to the braze joint, and heating the braze
material to a temperature in the range of from about a temperature sufficient to cause the

iith_iut_n fluoride to volatize up to about 2300°F, preferably up to about 2200°F, and most



repair nethod of the present invention, as well as other objects and
advant ages attendant thereto, are set forth in the foll ow ng g&%iﬂosg-
description. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT( ?r]t I'S not
uncommon for gas turbine engine repair units to receive engi ne conponents,
'such as high pressure conpressor stators, with braze joints that exhibits
voi ds, service induced cracks, and/or lack of braze in joints that are
difficult to adequately clean prior to braze repair. It is also known that
cl eani ng met hods such as grit blasting and agueous degreasing my not
successfully renove engi ne oxides. Thus, a braze mterial that contains a
sel f-cl eani ng component is highly desirable. In accordance with the
present i pyeptifMy asekf apbeani ngp Fbr fze wetierd ale4i9dpfHoT dder " THe ©
material contains |ithiu I i _apni kel ibnaze midtdynedndthe gel
~ bi nder . Tﬁé”??? hi urf tu?roi' eH?éugfse ent ?nt ncgpRunt, sifiticicent, toract as
a flux andraephaded iHe “'IaIYoR/eoF‘pPﬁ’eecgrlé’zgarsfa?erl g‘?’ into the contani nat ed
joint up ta agpanbsii. where there is no residual lithiumor fluoride in
the crack or vgid, acggic%:irl%f elrabhy HPa i et a20dmbythy ot lemmingnand
preferred braze material, |ithiumfluorid Y Brseﬁ,ggi é% Ahe@MUALfLom
about 10%repaabonethahdfy WG BFESe ti Y hiUm' T tori dé has been found to be a
particul anny dashnebyes dmiceriaalt beerelso iareydest 2850 diR i T tfﬁilf’ﬁéf’ﬂal
cycl e use gtggﬁi??gdéggr%@ﬁjnqg operation. Further, neither the |ithiumnor
e di

the fluori uses into the base material. Instead, the Ilithiumand the
fluoride are released to the atnosphere. Still further, it ém? een found
that the fluori deETEDHPD NEERCAIPTIRY OF t THE R BE EFRRED EYBRRIMENT S ha surface

oxi des and regpves fhem fLamdNeccophant maiiack suwdfineefspaidhisita ltows the

braze material "to properly wet and fill th Qe ¥ JHs 2005 5
The br aze 4RfeEMEaPPGENE heO PR UL | ﬁvg%t%%ﬁng@?g?r%t ai nsmg?rg | J)i nder to

facilitat estfxiorat,i entbf btage bycizesmabati exbiptiss F0islgst ST THE 81131 YSeher is
present inc@a”c]%r,rméﬂhlgg ch]@b&f’tbrjaQ% in joints that are difficult to

adequately clean prior to braze repair. It is also known that

cleaning methods such as grit blasting and aqueous degreasing

may not successfully remove engine oxides. Thus, a bra:ze

material that contains a gself-cleaning compongnt is highly

desirable. .

In accordance with the present invention, a self cleaning

braze material is provided. The material contaigf lithium

fluoride, a nickel braze alloy, and a gel binder. The lithium

fluoride is present in an amount sqfficient to act as a flux and

enhance the flow of the braze material into the contaminated

joint up to an amount where there is no residual 1ithigm or

fluoride in the crack or void, and preferably up to about 20% by

volume. In a preferred braze material, lithium fluoride is

present in an amount from about 10% to about 15% by volume.

Lithium fluoride has been found to be a particularly desirable

Saterial because it volatizes during the thermal cycle used

during the brazing operation. Further, neither the lithium nor

the fluoride diffuses into the base material. Instead, the

lithium and the fluoride are released to the atmosphere.

Still further, it has been found that the fluoride o

component in the lithium fluoride bonds with the surface oxides
and removes them from the contaminated surface(s). This allows |

the braze material to properly wet and fill the braze anomaly.




by volunme, preferably fromabout 5 vol%to about 15 vol % The gel binder
may conprise any suitable conventional gel birder known in ttharqet Eor
exanpl e, a gel binder known as N crobraz S-Binder manufacture By %Rg I

Col nonoy Corporation may be used. This gel binder is characterized by a
specific gravity of 0.998 @20C and a vapor pressure of 17.53 mm Hg @ 20C
and is a non- flammabl e, non-toxic, odor free, suspension agent that can be
mxed with a brazing filler metal powder to forma thixotropic substance.
When the braze material is to be used in paste form the remainder of the
material conprises at |east one of a nigkel braze alloy and a cobalt braze

alloy. The nickel or cobalt braze alloy used in the braa% nggg%ﬁll nay
conprise any slid abtkee mitkelabdzahgl PGSR/ BV Hhy Eutt 461 6 cobal't braze
al | oy knoplgl ﬂ.?f'n(;eh:e @ Fac POl t Sanpirdvataoni cket hdriazas caliagp régAsi BEP ny
essential 'y of frogmabout.,17.5 W % t oL Do nikckel agBdt 1Lbe

bal ance eB3éhti al'qokkf QS?dgﬁI&‘SX/e’belsu é:(?%ie?illet Eé %?a%é t r#i:lasl +QE the present
i nvent i onbyArbBumst iprelffgrabini Sias ahoxte SalPoHy t‘i’(n%u as JAMB 4777 and
consi sti ng.gsgentd @lday @Bmﬁiiée Wi sidiitatne c@ndenk Yorshr aifiluinger wt %

boron, 3.0 W% |ron, and t bal anc essenii ghhye i Ekaln Y M@ esedzi n the
braze nat &P4P bt & earﬁresgﬁf ?%ﬁﬁé%ﬁ' SSGe e r z

O mgn, RaPLSLSLI SR rpodl nRap of the
present i wvemnhilen,marvgackirhilupy falor iCPE™RREYt H8*BP a2 e Al 16y are Tnitially
each in aryRowgdel BRideaer engasdt of i ddie byondepschise Oprieiaf §-288in the
range of fromabodf - 00, 0Esh 10, AR0Wr 13263 Mg [0 d07CMmaAd bs azenomm er i al
in paste forfh“t Ilf’ﬁPﬂFn_If toride powder and .the braze.,alloy pouder are
m xed t ogetlaemabTterreafttericy hedgel L e nd&YPEESAted 0 i HE fi AUFE. The
m xture Wigihelihgi el a Birigang Es11&emetadr rewdgentby foonfar MIRERRSCe. A
syringe may be used to apply the braze material in paste formto fill the
crack, vol¥S5PP6Eher braze anomaly to be repaired, For_song,appligations,
it may be desi Whbhethe hraze Faterdal ptaze r’rﬁ &°P8l 8t PERE" present 1 nventi on
in paint f.QLm;inderfof M ser2@f5cobprises at least one of a nickel

braze alloy and a cobalt braze alloy. The nickel or cobalt
braze alloy used in the braze material may comprise any suitable
nickel braze alloy and/or any suitable cobalt braze alloy known
in the art. For example, a nickel braze alloy consisting
essentially of from about 17.5 wt% to about 18.5 wt% nigkel and .
the balance essentially gold may be used in the braze material
~of the present invention. Alternatively, a nickel braze alloy
known as AMS 4777 and consisting essentially of 4.5 wt% silicon,
7.0 wt% chromium, 3.1 wt% boron, 3.0 wt% iron, and the balance
essentially nickel may be used in the braze material of the
present invention. . ‘ o
In a preferred embodiment of the present inventilon, the
lithium fluoride and the braze alloy are initially each in a
powder form where each of the powders has a particle size in the
range of from about -60 mesh to about -325 mesh. To form a
braze material in paste form, the lithium fluoride powder and
the braze alloy powder are mixed together. Thereafter, the gel
binder is added to the mixture. The mixture with the gel binder
is then stirred gently to form the paste. A syringe may be used
to apply the braze material in paste form to fill the crack,
void or other braze anomaly to be repaired.
For some applications, it may be desirable to utilize the

braze material of the present invention in paint form. To form



a paint version, a solvent is added to the m xture. The solvent may
conprise any suitable solvent known in the art including but Bﬁt l{.Q 1 ted
to water-based sol vents, al cohol -based solvents, and m xtures”tH& :
Dependi ng upon the consistency that is required, the solvent nmay be present
in an anount up to about 50 vol % Wen the braze material of the present
invention is used in paint form it nay be applied to the part or braze
joint to be repaired using a brush or spray gun. For sone applications, it
may be desirable to utilize the braze material of the present invention in
a tape-form To form a tape version, thg gel binder is replaced by a
flexi ble binder. The flexible binder may be any conventional bi nder known
in the art psotk terkopm a@ tsalnsidr isapededyin ddie PLxEHES T | X DI 1 Y6Mkder
ibs pr esentmwlg(g}?&r{%gngnf,rgm@gm@ s@fi’wlémtvmh%m itro takodikt 836 bydivgl thre. ghe
raze material_ of the present inventiaqn _ e r c an
voi ds in g48tttHbitse 5§9Vﬁ%eﬁbqﬁf&£ﬁtogyeggéft?elcu g?(ril E/)gtsﬁgsge)@%%?fr{e% :‘g?)gm
ni ckel - baseixbwe T Sthelreobas edependiaicaUpeys LhEgrosiEhsreyY that btSize materi al
of the pr e%f@!ﬂﬁirécﬂ.}/@ﬁbi QB;H}Y@Ml; b p3rd pre seheamm and amepaicr vbr 8z e2paintss : n
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X-750. | nc8RaF- 7%%nst erréf%ﬁe a'TEI]toeyrai% %ﬁngggs ]Zétss gtf lggl}ghg\g%fcﬁ anLfe(Sﬂ] 3.0
wt % nol ybdénupsist Eomms ¢bl mabikm ARPGG At the (RAFTUMAT §X86°wW 95T Urfl num
18 W % i rope a8gaifel bakagce passendd alpmyngakel . 1 nconel X-750 is a netal

alloy which copsists of 15.5 w % chr.qm um Q. W 301Gol ML 4y & ShaMt %
titanium 0.70 B H"ini RE Cai‘fjoor\l/\?t’%llckp]g%,y g%dg%'ule abal ance ess<zantin€q

. d T |1y
ni ckel . Tobeheanmalryiedpaifr the cprRIeNta Wyieatise Hh& HéPFAZ8- ahon ™ in
an engi ne gORRPAENrsilche BhazgeBbbided ief rkpkaced égert filewéhieobinder.
applied to, the_crack ok . VQI it i RRINknoRh antane.
Thereafter,T thf %%é;'ée lr’?ﬁbgrgfalﬁagn%é %ﬁé%@"@{%ggﬁ{@bei ng cl gﬁeﬁ alr]1d
repai red aestsuppeciedors a traeshel taRsat nénPledthe &G tR&%br aze
materi al amdntiBe i€qimeRent ihoamhieduit Hham bbent applbedcdumehgat ot a

t enper at ur %%i gyt@oellgngen_ge of from about a tenperature where the

The braze material of the present invention may be used to
repair cracks and voids in gas turbine engine components,
particularly those formed from nickel-based and cobalt-based
superalloys. For examble,'the braze material of the present
invention may be used to clean and repéir braze joints in
components formed from Inconel 718 and a material designated as
Inconel X-750. 1Inconel 718 is a metal alloy which consists of
19 wt$ chromium, 3.0 wt3 molybdenum, 5.1 wt% columbium, 0.90 wt?
titanium, 0.50 wt$% aluminum, 18 wt% iron, .and the balance
essentially nickel. Inconel X-750 is a metal alloy which
consists of 15.5 wt% chromium, 0.95 wt3 columbium, 2.5 wt%
titanium, 0.70 wt% aluminum, 7.0 wt% iron, and the halance
essentially nickel.

To clean and repair a crack, a void, or another braze
‘anomaly in an engine component, the braze material of the

- present invention is applied to the crack or the void either as
a paste, a paint, or a tape. Thereafter, the braze material and
the component being cleaned and repaired are subjected to a
thermal treatment cycle wherein the braze material and the
component to which it has been applied are heated to a
temperature in the range of from about a temperature where the
lithium fluoride volatizes to a temperature up to about 2300°F,



lithiumfluoride volatizes to a tenperature up to about 2300F, 9 June 2005

7 preferably up to about 2200F, and nost preferably up to abou 19 , for
BT 0Ehe

atinme in the range of fromabout 1.0 to about 30.0 m nutes.

braze repair of a gas turbine engine conponent, 'such as a high pressure
conpressor stator, a vacuummay 1'le used to prevent oxidation during the
thermal treatnent and allow adequate braze flow If the joints have been
previously contam nated with oxides from engine service, the vacuum wi ||
hel p prevent the formation of additional oxides. The vacuum however can
not sufficiently reduce those oxides present to allow adequate braze fl ow
into the joint. The self-cleaning nechanismof the braze material of the

resent L ventlon e &a b eanj g dohecoxbeized
gnd/ or @5&?5%% && i %?ngr?%%&trﬁ,er% ﬁg boe pitiacmil ub

_ _ hermal treat t _cycle W ng
the brazé9%8tlrifglr eotiPBwiP ntRe tHEGeorht M5 N ggﬁoﬁ%t?%?“et ?#é%
i nprovemaithatpsovi ded by the braze material of the present invention, a

nunber  of exaBQ%ﬁ? Wﬁk@br%QErE@gaQPtofE%%HB'@ukbineEhﬂﬁﬁkﬂ%ohﬁaﬁéﬁtfeadi|y
with netallic oXides at elevated tenperatures and has been uged in, fluxing
hE s 5r 81

conpounds$ugl as &I My eaGERE. CRTRBTIIRE SOAtEN hi g’ Conpounds ar -t ypi cal |y

used in hicgheevéenmeriatatienappliogt tlomsheThel efoeetneeyveryl alfipyori de

conpounds, e tq be agqdedntoi @ di-an8vERLEE BbrevifalsIgur poses of
conpari sgan, ng(ﬂg{/tqgltsa%vlf&oo?ﬁe_t ﬁyl ene TEF,LO\I)V Qowder vas, ol?ltu i %gland added
in vari oSn¢eREBMESRMIGHSs pd IRRSTrAT e LR, AN GG, TWo other Compounds

were al s;qeaposeavand thaddedniat ibheobraddi tdlohey oxade®ni UTheivachydr i de
(NH4F2) and,. L%F%%ﬁ”ngélgyff¥%i%hkf}-réﬁﬁbé|tH9%Ede$@@@0¢EEkbﬂMEt6 added in
|

a1 1 o). NAUOBPa20eE ) TG A UL ABEP o TBRE 1 hAPSpbuere Tt hoes | nt o
paste. | tmesmanfenndf tdtet Hidzehaetehdahddedhedpassaht oRVEREIHUHSS
capable of cleaning the surface of the oxidized and/or
contaminated joint during the thermal treatment cycle, allowing
the braze material to flow into the joint area.
To demonstrate the improvemenfs provided by the braze
material of the present invention, a number of examples were
"carried out.
_ Example I !

Fluoride reacts readily with metallic oxides at elevated
temperatures and has been used in fluxing compqun?s as a
cleaning agent. Fluoride containing compounds are typically

“used in higher temperature applications. Therefore, several
fluoride compounds were chosen to be added to a braze material.
For purposes of comparison, polytetraflﬁorbethylene.(TEFLON)
powder was obtained and added in various concentrations to AMS
4777 braze alloy. Two other compounds were also chosen and
added to the braze alloy - ammonium bi-fluoride (NHaF2) and
lithium fluoride (LiF). The fluoride compounds were added in
five, ten and fifteen percent (by volume) amounts to the AMS
4777 braze alloy. Nicobraz 'S' binder was used to convert the
powder mixtures into paste. :

It was found that LiF has the added advantage of lithium's
ability to promote wetting and to increase flow of the filler
metal. It was also found that it was difficult to properly add
the ammonium bi-fluoride to the braze powder and convert it into

a paste. This is because ammonium bi-fluoride is a large




ability to pronote wetting and to increase flow of the filler netal. It
was also found that it was difficult to properly add the amonium
‘bi-fluoride to the braze powder and convert it into a paste. HH"E 095
because anmoni um bi-fluoride is a large 9 June 2005 8 i crystal salt and
does not break down easily into small particles that readily mx with the
braze powder. Initially, engine run oxidized cracks were not™avail able, so
"T" joints were fabricated fromboth Inconel 718 and Inconel X-750 base
materi al sheet stock. The 'T" joints were oxidized in an air furnace at
1500F for a tinme period from 15 mnutesgto 2 hours. The trials were
conduct ed u3|ng t he above nenti oned nlxtures as well as baselin 4777
on oxi di zed-yskaij @Mt Sand Afdear nbhebpadk tdedt méft 1 vt ABLO T3 bj rﬂﬁgah A5t he

TEFLON and mm%'d“l%bhp‘: | uard 4 .brazee pasies .did not show any wetting/flow

ha
i pr ovenentd basel i ne AVS 4777 Ad it YA TEE{LC!N: anmoni um
bi - fl uoride bréZ‘étfllallllét SCREHIDIBd 5 S5 %m e i

51 ack re5|?g ng.,to the
braze joi nis.: TThequaltstsemtfnnmaledlsrowd?%mllﬁcé’%ﬁl bi’ darf o ed%ah to
or better )gh?%r’b basel jne ﬁ&@l 4l Jk. sThege |That'sr'consingenelry draili el

ace an

bri ght est finis d ther s n vi dence 0t Qllnapgkn{@ﬁjt@tget
Exanpl e |11 #fce? tthd EPECHi #t not Y Eagﬂ re% ueq%n appear ed_t ) ©

equi val ent 2 0ol t errhichamnisl angaral cAVBUEYFF Pakte, the sabﬁgfeeﬁ??‘é)ron as a self
cl eani ng aﬁgg&&z\%%aﬁ#%rﬁragxpggﬁd}e Mnlsecl’?’ﬁ p0i ont idiagst Tdsseidted and

oxi di zed. a stator faqr L I eLbhatndad
sever al créék%rl?ﬁ%%lb§§§aﬁ’§?’éﬁ ﬁ% 8X| FzggpagltnﬁétheLﬁg ;E{Ei)cedure

as the ini kinabnidh HidiMmortidst sraBr @@étﬁﬁt gifalrsti W Pasty & “Form
were made it tr] grﬁe/,q,pyov\égl VAR bhfeldhd\inersodnai- S g@dnmcrrwérly,aﬁamm 4777.
ra

Duri ng t hesé ani D braz S dd as 2 nBiraaki on
of self-cl aafi ﬁ’@m%?%t‘?‘é bdasfﬁé‘oﬁﬁ i %lggt I<‘ta:gt egﬁlmﬁé)asdt hllry?ggoou 8""’15h

addi ti onal Nsgaabraringinditedehy, byweae Iipitsed THet RIS JiShtE%an
cracks. The homEEFvééﬁEBiééﬁ @ ow equal to or better than baseline AMS

4777.  These joints consistently had the brightest surface
finish and there was no evidence of black res%due
Example 1I
Since the LiF did not leave residue and appeared to be

| equivalent or bétter than standard AMS 4777 paste, its potential
as a self cleaning agent was further explored. Moxe 'T' joints
were assembled and oxidized. Additionally, a stator formed from
Inconel X-750 that had several cracks in the base' material was
oxidized using the same procedure as the initial 'T' joint
tests. Braze materials in paste and paint form were made with
15% by volume LiF, a Nicrobraz-S$ gel binder, and AMS 4777.
During these trials, self-cleaning braze paste, as well as a
combination of self-cleaning braze paste and paint {paste that
was thinned out with additional Nicrobraz 'S’ binder), was
applied to the 'T' joints and cracks. The lower viscosity of
‘the paint allows pre-placement of self cleaning braze alloy
further down into the crack which allows the lithium fluoride to
begin cleaning the oxidized surface pefore the bulk of the braze
past melts and flows into the ]01nt Vlsually, the 'T' joints
and cracks appeared cleaner and subsequent metallurgical |
evaluation revealed cracks and "T' joints repaired with self
cleaning braze paste were filled more effectively than those

repaired with baseline BMS 4777.



the paint allows pre-placenent of self cleaning braze alloy further down
into the crack which allows the lithiumfluoride to begin cl eglr‘]i \r/%zobﬂe
oxi di zed surface before the bul k of the braze past nmelts and FFEWs T Rto
the joint. Visually, the '"T" joints and cracks appeared cl eaner .and
subsequent netal lurgical evaluation revealed cracks and 'T' joints
repaired with self cleaning braze paste were filled nore effectively than
those repaired with baseline AMS 4777. 9 June 2005 9 El ectron m croprobe
anal ysi.s of a joint (Inconel X 750 base material) repaired with
self-cleaning braze paste and paint confirnmed that there was no evidence
of residual lithiumor fluoride in the braze al I_og or the 1aﬁg_§(‘5§n base
material . An addit romahiarrainpbes anasy dbhe® o dCHPhi MPTHE Ka fraf |

voi d at t%q(fq??qlf LbPai ORI thhectlreet somid drraprobes e darbtrafiingd any
evi dence o Iffused ljithiumor fluorij Lot sguRat efdlum Gem cal
anal ysi s u%‘?’}fglri“‘ﬁ&uﬁ'ﬁ’?F/e&yerceod’ﬁlse&opfeggﬁ%ﬁ% é%a r%%aslsl spect roL.lrIrnisalt ry,of the
braze al | ogiwatieteniinethe hatazf tedd oyt Ber Faf 3G RATENPISENBI B el ~ A

i nsi gni fi cag; ievehSahRPP i Hfvad iddiieuBhr o Ming.haki Bedsanphakl wioirhet
self-cleaning braze .alloy (after the mre)dm@rg supivd t to

el ectro- c?fé?ﬁ%‘t# £opP | %%%H’ 9% é?ltegl&gg{]e%%‘lgﬁée t he %evelcs) of tres‘ziﬁ}‘cg{ual
lithi um anevidarsre 6. dTREusedpl iddingy @i FARPEELE oy *8°hBAFE TH-Shdt

de-i oni zed wat @herad1abheIydME Gl idgsrabLcaively wipdateplams tES).

Insignificant |evels of lit and fluqgpi MeE Emitkaerued hncdhe reserved
sol uti on, @?ﬁ@?%rgﬁ‘atﬁyZﬁ%utpmpem%ﬁags?pgg%tggel = corrosion

test was coheumtledreataentr nthere fwatsnénéélaf‘i‘Fb%éntgi‘&ael_%hghglaggﬁyo effect on..
the base npiggi@h HnaliRgn >.<p0§%kfee_st33npl@pebat thg sefperlarnieg Ser#e cl eani ng
Pheiner rihu i e T e BgseL e AR G
i medi at el yhehtseryt forbdapehcyeses te A9-a8 8% ?%ﬁe V(?glspgifnf?sl%]ﬁf our
pl at es wer ; Euh HRUGh v r1800F whé dauacewboe tmmersed for 8 hours in

hot de—ionized:water, and after which a small amount of water

was test. Insignificant levels of lithium and fluoride were

observed in the reserved solution, 0.198 ppm and 0.248 ppm

respectively.

Example IIT o
A corrosion test was conducted to determine if the addition-

of LiF had any effect on the base material during,exposure to

operating temperature. Self-cleaning braze alloy (AMS 4777 with

15% LiF) and baseline AMS 4777 were brazed on Inconel 718 and

Inconel X-750 plates. A section was taken from each plate

immediately after the braze cycle to act as a reference point.

All four plates were run through a 1300°F air furnace for ten

hours. A sample was removed from each plate and metallurgically

evaluated, checking for corrosion in the braze alloy region and

comparing them to the original baseline samples. The four

plates were then placed through five more cumulative thermal

cycles; every ten hours a sample was removed from each p}ate.

Over the entire 60 hour period, there was no difference between

AMS 4777 with 15% LiF plus AMS 4777, nor was there any

difference from the baseline without 60 hours of thermal

exposure.

Example IV
Two Inconel 718 and two Inconel X-750 flat specimens each



hours. A sanple was renoved fromeach plate and nmetallurgically eval uated,

checking for corrosion in the braze alloy region and conpari n%J&n@%ﬁbéo t he
original baseline sanples. The four plates were then placed throug ive

nore cunul ative thermal cycles; every ten hours a sanple was renoved from
‘each plate. Over the entire 60 hour period, there was no difference
between AMS 4777 with 15% Li F plus AVS 4777, nor was there~any difference
fromthe baseline without 60 hours of thermal exposure. Exanple IV Two
I nconel 718 and two I nconel X-750 flat specinmens each 9 June 2005 10 had
AVS 4777 plus 15% Li F and the aforenenti oned ni ckel -gold braze alloy plus
15% Li F applied and were exposed to th&® appropriate thermal cycles. A
hal i de test HSsngy A Beudi tex ALUK arletwct iagn rKingn tWbeP g rigiktdd 96h deach
plate. There was no .evi ?EQCE‘PfaéﬁiéﬁJ%‘nJ Lokl desosdd efo tther mal

&r-test

t r eat menPr2ERafplY VR0 s canduct ed, on 3 , igh
pr essur e apponprestortherapdr cyetaed 4 R0 SFtﬁngnvx?lt!h]f%gv%l?rezgggg braze

joints, guidiczedn dtid R@sepai-nerapearat iorch mjlpiteal | frebasidfertd difficul t
to repair. The stator q L V-S| £aNad aRemgli trebtmsied using 240
grit sil iec"&ﬁ’eé‘&?b?der.es\g%t%ﬁ?n% ggg!rL of rﬁ;ﬁai nt, was applied to each joint,
foll owed by a bead of paste (both Bﬁ? and paste were the aforenentioned
ni ckel - gol d bnagenat |yt Watsh chBdmbt &d byn ol Wafd)y th ThaISt RIh RIS ¥ Sosed

to a braze ~cycle. Ubon Vvigual.g RSBRCTAOGe] 171MaSiNAt edot hadckdrk Wrazenent s

ver e ver " EHEET ]Rd” sotnd,” Wi th no_evi dence of vaqi di. ki qfedr aze.
Agai n a hminds.t esidiged shrFeIERIirRePRETRS o q:é&l%g%gg %fgﬁrJé i dual

fl uoride.gMet@ddidr gbCadpxani Imalei eratpeveas eqﬂm@ﬂ{yaﬁlgapgfin?gg(%@% L
m ni mum GOVerage Lequl ZATRAL): o1MechOLALLA. A anda Uhgbivas pEIE v de
and not C%J,ﬁﬁte e|u§ ?éfdge_, pr.obabl ue Lo Its,size. WEYET (bbinWas
observed ‘Fm'[apﬁlﬁéﬁeti?va%a%tlci%'ogollslgwﬁgaz% aaltfoy al ohg the wal |$,9f the
joint, inghgiia@ phsps eveteaningforemrotiontd PR NPPrareaze 2110Y

with 15% LiF by volume). The stator was exposed to a braze

cycle. Upon visual inspection, it was noted that the brazements

were very clean and sound, with no evidence of voiding or lack

of braze. Again a halide test was performed. ‘There was no

evidence of residual fluoride. Metallurgical examination |

revealed acceptable joints {80% minimum coverage requirement) .

One joint had an area that was very wide and not completely |

filled, probably due to its size: However, it was observed that

there was wetting of the braze alloy along the walls of the

joint, indicative of pre-cleaning by the self-cleaning braze

alloy. Overall, using both self-cleaning braze (15% LiF) péste

and éaint in combination worked well by pré-cleaning tbe joint

and allowing flow of the alloy into the joint.

In the braze materials of the present invention, the

1ithium fluoride acts as a flux or activator, allowing the braze

material to flow into an oxidized joint. The braze materials. of

the present invention have the advantage that the lithium

fluoride is released during the standard thermal treatment cycle

and does not advexrsely affect the base metal of the componenF

being repaired. Further, the 1ithium fluoride provides loca%lzed :

cleaning. The fluoride component bonds with the surface oxides

and removes them from the contaminated surface, allowing the

praze to properly wet and fill the braze anomaly.

While the braze material of the present invention has been



alloy. Overall, using both self-cleaning braze (15% Li F) paste and paint

i n conbi nati on worked well by pre-cleaning the joint and all Opﬁdﬂr%ﬂcob w of
the alloy into the joint. In the braze naterials of the present "Inventi on,
the lithiumfluoride acts as a flux or activator, allow ng the braze
nmaterial to flowinto an oxidized joint. The braze materials. of the
present invention have the advantage that the lithiumfluoride is rel eased
during the standard thermal treatnent cycle and does not adversely affect
t he base netal of the conponent being repaired. Further, the lithium
fluoride provides localized cleaning. The fluoride conponent bonds wth
the -surface oxides and renoves them frbmthe cont am nated surface,

al | owi ng th@crhbazeat obproparded wet rapdif idiaakfe BicAgs  aRBNRAT3ZS Wil e the
braze mater| gl oot B PLESSNLIVERLLAS bafpdran ) Iueeb2006 ndldeder | bed
as being used to repai r cracks, voi.ds, orkbra‘;eidsanq)r;alljlrggeogn(g@aslite%r bi ne
engi ne conpRifehedsot ie BFed - NeltdFitdl “*89UT'd al'so ‘be used to repair cracks,
voi ds, or & azmeanoypkbest commtrteert st gpascoflddipdiercs Yanl ebifd be ni xed
with other . ymBtald p6, Aendersat hate aacadeed i pidy ivige wage jgapts cdmtt or to
produce hi g% strength, ductile diffusi og.p%@gleg@rglsaze%%ttsq its cl eaning
ability, tREPBIszE A8t eFFaradi ¢ Ctlg eSent 1 nvention reduces_| abor hours
as wel | as turmue we. ikt theappss emilihat EherRrdes W&T 1Bloff dBF i n
accordance, WIN the REeSENLeiVaNi@BansetE £ eaningishraze whnerial which

fully satigfies t he nmeans, objects, and. advan r.t i nbefcre.
Whi I & the presct FndBREFBRC HHEs bordifdebar) poeh Lo tiies d dccffmel

| _accordance_wht %s ecific
embodi ment sitherteofpreseher inmebeiomtad vedf ¢heaBNIMRI2ZEIAGI P Bt Ths - -
wi |l beco@ufgsﬁasfaeﬂtsfi%@ thesReskd ) |2 eicist henar aavanviaps eed fhethor egoi ng
description. Therefore, it,is [ntended to. spich Al &lRati¥es.
vari at i onsPeEfP rﬁ'caf#’ﬂ)b‘l? g RISt ﬁ?ggﬁﬁggnbroad scopt‘a3 of the
appended chatomdar@el wich28p5cifPc embodiments thereof, other

alternatives, variations, and modifications will become apparent
to those skilled in the art having read the foregoing
description. Therefore, it is intended to embrace such

- alternatives, variations, and modifications as fall within the

broad scope of the appended claims.



WHAT IS CLAIMED IS: 1. A braze material for cleaning and repairing cracks
and voids in a netallic conponent consisting of [ithiumfl uorbge eizﬂg)ogn
anount fromthat sufficient to act as a flux for allow ng the Py
material to flowinto a crack or void to be repaired up to an - anount
where there is no residual lithiumor fluoride in the crack or void, a gel
bi nder in. an ambunt up to about 15% by volunme, and the bal-ance conpri sing
at |least one of a nickel braze alloy and ,ca\f cobalt braze alloy. 2." A braze
material according to claim1l, wherein said |lithiumfluoride is present in
a range from WHAT BICLABMER ISanount up to about 20% by vol une. 3. A braze
mat erial according to claiml1l or 2, wherein said lithiumfluoride is
present in an anmount from about 10%to about 15% by volune.- 4. A braze
material material AGeREhdbdial for ¢lcaniiy 2nd Rpsiking craskmdivoids & aimgtallidi nder i s
present in an anmount from about 5% by vol ume to about 15% by volune. 5. A
braze mat eri akompagnigpastingoidityivm flgomde i impdoami frany that sulfiientds avt sx flixbal ance

compr i 565 a_ i bithy BBk HERZ Rl o i 5@ FBISS belepmramlong o clai m

5, wherein said nickel braze a consists of fromabout 17.5 wt%to
about 18.5 wt ot kedieregthete tigu dvsidiaal dishigw|og fluprideinghegrackpiveld, ageliindst it ng

to any one of clai 1.tq 4 rein saj j j | braze
al | oyyConsi st?’hﬂ“%‘gggﬂf‘? %K’I"V%% X.Vgﬂ]ﬂe@%]gq @?%@Hﬁ&_}mﬁ%ﬁﬁ% %Eﬁﬂl&uﬁ]ﬂ@& 1 wt %
boron, 3.0 W ffckél®ze aney iltea dhimbeee ell@ential |y nickel. 8. A braze

mat eri al according to any one of the preceding clainms, wherein said braze
material is in paste form 9 June 2005 13 9. A braze material for '

cl eani ng and jepai jiyag GraGKS a@RRNLlodSain, WHIRG LA BbRATDONHRRIS pReas st i ng
of lithiumfluoride in an anount fromthat sufficient to act as a flux for
al | owi ng t he brage fromesaitsufficient afonnt vprip ebert 2Py W%i d t o be repaired up
to an anount where there. is no residual lithiumor fluoride in the crack
or void, a gel binder in an anmount up. to about 15% by vol une, and the

bal ance conpsj si ng tdzel@asdial abrdifig B dhinkebdr hvdesiasddlthamufivorédsdal t braze

al l oy, wherein said braze material js in al formand further conprises
up to 50% by P@FWW“&O%I&VWOE‘J%%@OBFL%PH@ Sup consisting of

‘wat er, alcohol, and nixtures thereof, 10. A braze material for cleaning and
repairing cracks and voids in a netallic conpgnent consisti n.g of 'l‘if%h?i um
fluoride in af. anodwadermoatesidl matesial aqcording torcdpimck, 295 3avharein spig gellipdrfisg
the braze material to flowgsint vQi pLed up to an
Blafoftq 59y oRfhd €d up to an
anount where PH& %%n%%oﬁnggﬁo@u%oéﬁ%%&ﬁ%%e faP?Jori doey:’n the crack or .
void, a gel binder in an anount up to about 15% by vol unme, and . the bal ance

comprising at least one of aniokel braze allok:af,% GABRMY skl BifcR! | OV,

comprises a nickel-gold braze atloy.

6. A braze materjal according to claim 5, wherein said nickel braze alloy consists of

' from about 17.5 wi% to about 18.5 wt% nickel and the balance gold.

7. A braze material according to any one of claims 1 to 4, wherein said balance
comprises a nickel braze alloy consisting essentially of 4.5 wt% silicon, 7.0 wt%

chromium, 3.1 wi% boron, 3.0 wt% iron, and the balance essentially nickel.

8. A braze material according to any one of the preceding claims, wherein said

braze material is in-paste form.



tape formand further conprises fromabout 5% to about 8% by volune of a
flexible binder. 11. A braze material according to any one of gl ainésog to
10, - wherein said lithium fluoride and nickel braze alloy are JbhF 199
powder formw th said nickel braze alloy having a particle size in the
range of from about -60 to -325 nesh ang said gel binder forns said
lithiumfluoride and nickel braze all o} powders into a paste:~ 12. A nethod
for cleaning and repairing a braze joint consisting of formng a braze
material containing lithiumfluoride in an anount fromthat effective to
act as a fo ux whires redtdriolfr timirigrad eprimnesrick) and ¥oidy iprettis caBplelr aze j oi nt
to Dbe repairted Lo, Aamunt wh et 15 Gct LESHEAUG altbivi B i Bragd
fluoride icﬁmsguég(#%g?%%gmﬁjﬁ%ﬁnﬁf’fimgunggrﬁmrg?ﬁ%gdeiﬁn an_amount up t% about 15%
by vol une,matmicl to Hew bad amad oc arigioibs repgiredap tq WagPur wers theig iypogReduabiihiy og| | oy
and a_cobal b Bage ool 9¥éig ARL NG SRLATRRD it 19 BRIfboll a2ehd RIaRL;  and
heati ng sal'd mat er rar (fo a rrpera’tnure In the range of froma tenperature
suf fi ci entcotpristgusleassaiedt b hitivl brmefallopoanid @ eckall bipg Hey. rdeighy spig bepoutcPboor f or
a time per)od .} Lo 300Ul A DL B0l if BROK b BONEMBULES fobiihe AolRlohating
accor di ng H'6 Caim 12, WHere&r i’ §ai'd Heat i ng step conprises heating said
mat eri al tofwated, @oghel, atdunigturenthtfeef r ange from sai d tenperature sufficient up
to about 2200F. 9 June 2005 14 14. A nethod according to claim12 or 13,
wherein said heating step conprises heating said nmaterial to a tenperature
in the range of, from sai.d.suyfficient t t : 15. A
nmet hod ac g g'r di ﬁtbbr?zg "éa‘ne?a]o%)%éf%apm% Ia%(?r 3 f‘%%fg& %ﬁg?gﬁﬁaglgic%%%%%t ing step
conpri ses caling afgjthian Bhobdeain en amdvat frath thaigulisical thach o fugifprallpwing ﬁ@é@lff orm
16. A netho cqrding to,any.one of .cl.aj wr | B KA 16 i ng
step conp a???ﬁ% ?ﬁ’%ogdgcrascgf’%l Oluftf’ ﬁ?ﬂ a@%%é% F%B%%gl\réﬂﬁ%@# 1%%% Ighl%ig%{(nel
braze al | dioiide in thewaldror fad, mgeldindesia pdargaint upi tealwpt 1586 Fyorofme, pedhabalape A

nmet hod accordin 0 an ne .of. cl aj S LA: Sa LAg: .St ep
Tormr st St at @B 0Pl b S and &bt e AIBE LA BB bk ORLRGISE O,
appl yi ng tgképmeodirihs esnmisg! fiphngosalicko bpay o hﬁtf@mwfatfbx@éb@dm aze joint
ina paint form 18. A nethod according to claim1l7, wherein said step of
addi ng a solvent conprises adding a solvent selected fromthe group

consi sting of water-based solvents, alcohql; .based. solvents. d m xtures
thereof. 191L-A nbbﬁé@lma'@ééir%%?f_él%oaﬂX/"‘%ﬁf&Ic@fm%fg‘T h@%r‘i”bsﬁ‘é?‘ rein said
f'ipp't ying f St BRridE UMPHLIRS Bra2P RISy 18 8@ il phwae For¥aivth kil nickeBlagk Aogze | oi nt
in tape form . g

having a particle size in the range of from about —60 to —325 mesh and said gel binder

forms said lithiumn fluoride and nickel braze alloy powders into a paste.

12. A method for cleaning and repairing a braze joint consisting of:
fbrming a braze material containing lithium fluoride 1n an amount from that
effective to act as a flux which allow5 the braze material to flow into said braze joint to
be repaired up to an amount where there is no residual lithium or fluoride iri said braze
joint, a; gel binder in an amount up to about 15% by volume, and the balance comprising
_at least one of a nickel braze alloy and a cobalt braze alloy;
applying_.said material to said braze joint; and
heating said matertal to a temperature iﬂ the range of from a t¢mperature '
sufficient to cause said lithium fluoride to volatize up‘ 1o about 2300°F for a time period

from about I minute to about 30 minutes.

13. A method according to claim 12, wherein said heating step comprises heating
" said material to a temperature in the range from said temperature sufficient up to about

2200°F.



20. A nethod according to claim19, wherein said form ng step conprises
adding a flexible binder in an anount from about 5% by volunme to about 8%
by volume. 9 June 2005 1 15 SELF CLEANI NG BRAZE MATERI AL ABSTHECEPYeF THE
DI SCLOSURE The present invention relates to a self cleaning braze paste
which is used in the repair of gas turbine engines. "rhe braze paste
conprises lithiumfluoride in an anmount sufficient to act as a flux which
allows the braze material to flowinto a crack or void in a part to be
repaired up to an anmount where there is np residual lithiumor fluoride in
the crack or void, preferably up to about‘%O@bby vol une, a gel binder in
an amount upl4.0 ahoodthddbddeddingab adlman 120013, kéechah said Beatimpptep somprist | east
one of a nickel braze alloy and a cobalt braze | oy...In,a preferred '
oo mont |t HERORE S (Rt B0 atg: kg o™ SHO iR DRPREOUE 2056 t o
about 15% by ygdwmesoeghe braze material of the present invention may be
applied in a paste form or, alternatively, in a paint or tape form A

met hod for cleaning and repairing a braze joint is also disclosed. The

met hod br oadl y; conpr.j f f gr m ¢ . i ni ng
Tthiumfloride in oy °§§rélﬁ‘ﬁ§§t§?’8‘fr’nnee r‘%%‘g%,i? ‘qb%@éﬁﬂe%tﬁ% rpl}fu?ﬁ%;%paarmunt
up to about 1B8mpoweyaiplyieg sadhtirabdimateablancad beamprinisinpgstatorineast one of a

ni ckel braze alloy or a cobalt braze alloy, applying the braze material to
the braze joint, and heating the braze material to a tenperature in the
range of fromig.aboNtmehdd®rReIRUs Enpotd dfelnhs 12 & LRAWIRreiNRid folhing@ep! uori de

to volatize up to about 2300F for a time period fromabout 1.0 mhnute to
about 30.0 ni fRMEEing mixing said lithium fluoride in powder form, said nickel braze alloy in

powder form, and said gel binder to form a paste.

17. A method according to any one of claims 12 to 15, wherein said forming step
comprising adding a solvent in an amount up to about 50% by volume and said applying

step comprises applying said braze material to said braze joint in a paint form.

18. A method according to claim 17, wherein said step of adding a solvent comprises
adding a solvent selected from the group consisting of water-based solvents, alcohol-

based 30]vents, and mixtures thereof.

19. A method according to any one of claims 12 to 18, wherein said applying step

comprises applying said braze material to said braze joint in tape form.

20. A method according to claim 19, wherein said forming step comprises adding a

flexible binder in an amount from about 5% by volume to about 8% by volume.





