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pr esent

invention is directed to a braze material, in either BESt%@

or tape formwhich is useful for repairing gas turbine engine
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 whet her
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pressure compressor stator assemblies, which comprise inner and
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

grit



and/ or aqueous degreasi ng operations can be so aggressive that they danmage
shrouds to the extent that an entire stator assenbly may need tqg%@
scrapped. Scrapping a stator assenbly is costly to the cust onB? 0%an
del ay engi ne reassenbly while a 9 June 2005 2 replacenent assenbly is
obtained. US Patent No. 5,735,998 relates to a nmethod of repairing
surface and near surface defects in superalloy articles such~as gas

t urbi ne engi ne conponents. In this nmethod, after the base netal surface of
the article has been cleaned, a repair coating is applied to the base
nmetal surf aegl Dfentdne askeabky fhebrepaed. coating conprises a conposition
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congealing the r alr oatln such as starches, se elatin, and
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i ndustry needs a qui cker, nore_reliable _nmeth a as. turbjne
engi ne par?%“‘fr’ qTOé'd tpo’tga D%T’ tt%le article and a secon% I glg Fivided

homogenous particulate component hav1ng as its base the same
base metal as that of the article and contalnlng a melting point
depressant in a quantity substantially 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.



brazenments. SUVMARY OF THE INVENTION In a first aspect of the invention,
there is provided a braze material for cleaning and repairing %racéﬁgand
voids in a netallic conponent consisting of |ithiumfluoride i 7 4R° unt
fromthat sufficient to act as a flux for allowing the braze 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 binder in an
amount up to about 15% by vol ume, and tfe bal ance conprising at |east one
of a nickel braze alloy and a cobalt braze alloy. 9 June 2005 2a In a
second aspect ofy, 4 Reoddh¥st 4t Wb inbARIR, there Y FYIi880h BraR AAEHATR RMdadingaRl |
cleaning and repairing cracks and voids in a nmetallic conponent consisting
of it hi umeptitiog crdeksiand apidainguneialtic compansat congistingeif Erpiurmp Juerade iggn gmppngx f or
allow ng { R, LSRR héllas b Buk KRUIbUED i ik AGHatiay YOS itha Bk GARIG o0 UP
to an anoun ere there 1's no residual ©lithium or uoritde 1n the crack or
voi d, a gelo Heirgehéred i toam aawoointhenpthte iaboesiddd YiHoym vwo Auorile infd crdvk obal ance

conprising a I one of a_ nickel br al.l oy an obalt braze all oy,
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about 15% of une, and t ance conpri sing east one of a nickel
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[ oxi bl e HP AR e A AT Ty P b Tl U SE e n s Tk EF o
whi ch may Yagd,uSRUbib@erGh Sddnovdnah foePait 1 5e8gy Vthuié ahd thelbaladcd @utprkingapect of
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conprising at 1eas f a nickel braze alloy and a cobalt braze all oy;
In a fourth aspect of the invention, there 1s provided a method for cleaning and

repairing a braze joint consisting of:

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.



applying said material to said braze joint; and heating said material to a
tenperature in the range of froma tenperature sufficient to Gays Oagti-d_
lithiumfluoride to volatize up to about 2300F for a tine peri®o Tron about
1 mnute to about 30 m nutes. Another enbodiment nmay relate to a quicker,
nore reliable nmethod of cleaning gas turbine engine parts required to
support brazenments_ 9 June 2005 3 A further enbodinent -may Telate to a
nmore reliable nmethod for repairing gas? turbine engine parts. The foregoing
objects may be attained by the braze material and the nethod of the
present i nvent AofrthéN@mbsdidhi@ay rdfiy tb alrére rékatile BictZ®l foRtrefiahg woi Ch
cl eans and é;_epai rs cracks and voids in braze joints in engine parts . The
braze mat BYPEF eﬁ&‘?e_l??ﬁédl y conprise lithiumfluoride in amount sufficient
to act as a fl ke yhtgdingRYjcals rﬂ%(/jv,' bOSAREE By tHBS8Ld Rlatdrl hh@Wel PéBod@of T aCk
or void in a part to be repaired up to an anount where there is no
resi dual thetlaeagr bwvertierori de in the crack or void, and preferably up to
about 20% vol ' [ ‘ Q P-RY; , and
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applied in paint form up to 50%of its volunme nmay conprise.a suitable
sol vent . Wt meresigral v er Ba?r}@f‘smt _"Bg‘cgp?ﬁl"i"é% A PE{BEDIOIRTO 198 gel
bi nder neypR&onaRt, AGRY bRMeRin hb SXbBAQIPBRLE PIo%s S/ JIYRE, RUBL bilaHsed to
formtape products. A further enbodinént nmay relate to a nethod for
cl eani ng emeprispsitleayy onelof azickebbraze alloygad ;ephdld brgg ablogade ¢ ewshpri se t he
steps of fQrnag f e | WpY it hi ' bN..an anount
ef fecti veﬁ to act ngbséagﬂ%ftﬁgm vu?n clﬂjoe{ﬁ%g\%\g}%gh@qgragza@ &{nfwgi}tt é‘{oilng?&%u?ip I/“ov?/ into a
braze j oiattout d5Webyregmineed up to an anmount where there is no residual
lithiumor flugride in the rack .or vojd nd .preferably up, to.about 20%
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suf fi ci enthe beaalHerihlNg to be applied 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 in an amount effective {0 act as a flux which allows the braze material to flow into a

braze joint to be repaired up to an amount where there is no residual lithium or :‘ﬂupriaijn the

crack or void, and preferably up to about 20% by volume, a gel binder in a-n'iaff_i_c_;ﬂﬂf ﬁi) 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



lithiumfluoride to volatize up to about 2300F, preferably up to about
2200F, and nost 9 June 2005 4 preferably up to about 1950'F, Bgrneazijjrre
period fromabout 1.0 mnute to about 30.0 mnutes. As previ ous'l’y
mentioned, the braze nmaterial may be applied in paste form in paint form
or in tape form Oher details of the braze material and the cleaning and
repair nethod of the present invention, as well as other objects and
advant ages attendant thereto, are set forth in the following detailed
description. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) It is not
uncommon for gas turbine engine repair l:ini ts to receive engi ne conponents,
such as high pressure conpressor stators, with braze joints that exhibits
voi ds, sepybeerimducrd cocaaeks, 1a5@For fhack ‘ofmepmesd ofn EFOT iy that Yar e
difficult to gdte(guaﬁ]oq}ty ﬁ[g@ﬁ)&{@g_ t asbpazeibepny rmerdtidnedal sbeknown t hat

~cl eani ng MePRbAs Such as “grit bl astipg and_agu degreasing o ey, Aot
successf ubkyze ePRRE IegiMie BRi 68@11#8@, pgsgrgaggﬁhaﬁgrﬁl “that contains a

sel f-cl eaRhngapOMpeent is highly desirable. In accordance with the
present invent}on, 8,88l £l.eaRhRdprDrazRUEEaN ahdi shpraviaédg Fhe

material contarnS Tithium fluoride, A ni gkel, braze . al 1 9y, @pd 8p9eles
bi nder. ThepPRiLthrehRod |Uorihde PFESHPEsENI™ I “an amount suffi ci enﬁé?o,act as

a flux andndenhasseagdre fdtmndahtt heetetze anet Seitalf oF Ak o ? He T ditt Rt h8Ped
joint up to, an,agoyn e d.here is no residual lithiumor fluoride in
t he crackdc?rta\}mg? a%\c ref erably up to about 20% by volunme. In a
preferred braze material, lithiumfluoride is {E*%resent in_a " unt from
about 10%to abooETABREHYDRATREASION| OF HT i BHEf @.MO d to be a
particularly desi§abhe. WGkidH fBecgusehibuml abigles dapaig hie-s for mal
cycle used during the brazing operation, F‘fﬁ‘f rediSirbNebmbAesddit hi um nor
the fl uor ixReediver GBEANE NEFRHE Y Eee SHEY €7 T a lnstead, the . .
stators, with braze joints that exhibits voids, 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
cleaning methods such as grit blasting and aqueous degreasing
may not successfully remove engine oxides. Thus, a braze
material that contains a self-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.




lithiumand the fluoride are released to the atnosphere. Still further, it
has been found that the fluoride conponent in the Iithiumfl ungiur%:Ie ogonds
with the surface oxides and renoves themfromthe contam nated surface(s).
This allows the braze nmaterial to properly wet and fill the braze anomaly.
9 June 2005 5 The braze material of the present invention also contains a
gel binder to facilitate formation of the braze material intt a paste. The
gel binder is present in an anmobunt up to about 15% by volune, preferably
fromabout 5 vol %to about 15 vol % The gel binder nmay conprise any
suitabl e conventional gel birder knowyin the art. For exanple, a gel

bi nder known as Nicrobraz S-Binder manufactured eg{ Mal | lC(())I MNeYins

Cor porati on meEBhd®ragedmatdizl gdl thienBEFSPRT cHAFHEY S fed by "a spetitic
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the brazevbyavelums, ipgeferhelystxpn mheast @ Y81 L¢P 'teral nder of ﬁﬁe
materi al é@@ﬁiﬁ@& aay €88broRe Ofy aulitekek conaeetdialy eald bingsbalt braze
all'oy. The nickel qr cobalt_ braze allo dik Rat hex ez & sTatieitioblapay
conpri se AYYEutt adbl% arﬁi'ckg?rb?}‘éazmé)alﬁ'l %)éyﬁggd})lér any suitahl.e cobalt braze
al | oy knownBihdet herarfiectPoedeRarfiitlel @ HCERE] BF%‘%%a at "oy, 8§n3| StIng
essenti al lpy;Qf &1 AP AQUE s1énbrad et zaboyt a18PEChE s mxkettbamd *-Ré

bal ance essentially gold may be used d R+t aze areie®ci ahd 0§ 4 heorpr esent
i nvention® /&Iot(érarfé{iav@???r hicker® g)rflagg'glgllgMl .%nown as ﬁ%scg%‘? and

consi st i nglessehltalnap-doxdc, 509956 5135 cSHSPER3Gf/t 96 ¢hr om Um 3. Jl.)_vvt % .
boron, 3.0Q,We% iien, a A1d-liRg bal Beae anetesis gruvidalrl $onfekel a B HEIFEE in the

braze material of the present invention. |In a preferred enbodi nent of the
present i MAAFERBA® the Iithium fluoride and the praze alloy are jpitially
each in a When the braze material is to be used 1in pasttc Loll,

remainder of the material comprises 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. _

In a preferred embodiment of the present invention, the
lithium fluoride and the braze alloy are jinitially 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



powder form where each of the powders has a particle size in the range of
from about -60 nesh to about -325 nmesh. To forma braze mater'ggl elr# gaste
form the lithiumfluoride powder and the braze all oy powder WSAYRRd
together. Thereafter, the gel binder is added to the m xture. The m xture
Wi th the gel binder is then stirred gently to formthe paste. A syringe
may be used to apply the braze material in paste formto fitl the crack,
void or other braze anomaly to be repaired. For sone applications, it may
be desirable to utilize the braze material of the present invention in
paint form To form9 June 2005 6 a paigt version, a solvent is added to
the -m xture. The solvent nmay conprise any suitable solvent known in the
art includiangabut vemstohi nd ezl vem wdserdgad kP SdievBAREUT A} colyt -HRvEat

sol vent 3 gﬁg C(gpilﬁgi%egng,hgﬁﬁqibleD%@qwhagku@ﬂn ﬂnheheostzimbydjtdmﬁalui;cs
required, the solvent may be present in anpung, 4p %
When t he bPSEefH%ﬂtteerdi 5P %T’P‘fﬂ—g}ﬁ‘n‘e égr?tlvf:’ﬁ\%htl on hlog Btggga ?ﬁixﬁg?cn% %gré)m it
may be apphistutes tiherpaft obermradiag oPAp £be BIFSSEPFEITERF b a brush or
spray gun. -EQhiS&UTe taRPkbEMH Oy ide MRYshatdbsiambieuno upitd zabddte Sobraze
material of the present invention i pe..fo f; a i on,
the gel bi ﬁai?' i gvshreélpltégegr%ﬁe a r‘:leer%agl ;O%b?R eég.gs%%e 1?1{%:52}%% gigndé%dgmay
be any conienppbmalfwimadét RAOWE i3PRIHES &Pt LR &P il FoPRPASt ? QMR €1° t ape.

Typi cal |y, pbheepd E2ddh@inki Aderudls g epealy gonan anmount from about 5% by
vol ume to about, 8%by yolume., The. braze eLerial; ofhilhecpheseniei auention
may be used to “Pepalr EFAckS and Voids 1'f gas turbi ne engi ne conponents,
parti cul ar byaghosatdidededff £oen P i@t JaYeatany Ebt?alttapﬁagBBm‘suT) r'#f"ys.
For exanpl @, thpe W@zAnNBtLRE gbl Obiddeer rseseplacediventa dilemaplbebusder 0
clean and repalf braze,jolnls 110 commonent st o5a2d iR Resng! id 1§ and a
mat eri al dégl gha ecP as ncone?yﬁ'%ﬁpl nconel (718 is a merlal g&l oy whi ch
consi sts ofrt used to form a transfer tape. Typically, the flexible

binder is present in an amount from about 5% by volume to aboﬁt

8% by volume.

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,



19 wt % chrom um 3.0 wt % nol ybdenum 5.1 wt % col unbi um 0.90 wt % titanium

0.50 wt % al um num 18 wt% iron, and the bal ance essentially nickel

lInconel X-750 is a netal alloy which consists of 15.5 vvt%chr(gr#tﬁﬁooa 95

wt % col umbium 2.5 wt% titanium 0.70 wt% alumnum 7.0 wt% iron, and the
bal ance essentially nickel. To clean and repair a crack, a void, or

anot her braze anomaly in an engi ne conponent, 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 conponent being
cl eaned and repaired are subjected to a thermal treatnent cycle wherein
the braze material and the conponent to which it has been applied are

heated to a nper at u h e 9y heom abotd - A1t kat iheuwhere the
lithium F’Irﬁcg?l %D Xoffati’ ZQEB{*‘% §2Etsngr;lgerag)tdure upgt 0 aIQOgtﬁg%SOF t,t9301 ne 2005

7 prefer a9 p fos abbime 2200He Ffd%F08F PFEt euBlly £8 ane 50F, for
atine Ifﬂufnheeéange of fromabout 1.0 to about 30.0 mnutes. During the

braze repair rianggac%e lﬂ)&glzgergﬂgipeof: QQeBErblﬁéJCéhg’ﬂ‘ﬁi@ dai'"gbnaﬁe:ssure
conpressor stator, vacuum may 1"l e use ? gr evenPt oxi d%ty'? ﬁgrl ng the
t her mal tsueht Agnt %Prﬂi‘l‘ AesHU 80 8GTRE W afEPow. 2 1 T2 The' [ 6nts have been

previ ousluys peené:atmmatcadl\mt aivexhdeshd ramrendi heeseprsiteeind R 1¢dcuum wi | |

hel p preven Eg%F tf_ll%n of Ctd@hél%t&&bde%e@ﬂepﬂ@cwmuhowever can
not sufficCl y re ce those oXi des resent to, %V\é a@aec%%%te E)Irlaze fl ow

into the qcﬁttﬁt“lnal"#éjé‘ét L PESSEngTo syt Fﬁe braze Taterial of the
present iHmenbikevents tieafahine tabncbeamidig iche 1sgride®. of Ththe/agkdi zed

and/or GOl %@t@ﬁ%@@&ﬂ%&%heect\tteer #bskr 6AL OB yie, cal | ow ng
a

the braze nateri | ow into t [ area. T hdem)itgt ke H
i mpr ovenﬁ?t@“p?%%%’c? BRF a3fe fl}r"ﬁzé“tha‘tleer gn gf‘ t RS pr & ese |nve tion, a
number ofmebampbesofiertee braze material of the present invention is
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




carried out. Exanple I . Fluoride reacts readily with netallic oxides at
el evated tenperatures and has been used in fluxing conmpounds

a

‘cl eani ng agent. Fluoride containing conpounds are typically u§§ﬂnﬁ 7POR; gher
tenperature applications. Therefore, several fluoride conpounds were
chosen to be added to a braze material. For purposes of conparison,

pol ytetrafl uoroet hyl ene (TEFLON) powder was obtai ned and added i n vari ous
concentrations to AMS 4777 braze alloy. Two other compounds were al so
chosen and added to the braze alloy - anmmoni um bi-fluoride (NH4F2) and
lithiumfluoride (LiF). The fluoride cogpounds were added in five, ten and
fifteen percent (by volune) anmpunts to the MS 4777 braze alloy. .Nicobraz
S bi nder- was Jused1t Oasdnuerd nohebrpawotyvmiodsirtys 1'hP o® eI WES

found that LiF ha%itlgem%?q?ﬂ@q%@ngggge Ofovtddhi unt's ability to pronote
se fl '

wetting and't'o 5cre ow of the filler tale JolreWast alwoi fand that
it was difficul®itdaptype?Pyfddynt RE* hz"r%%i% > £ ug:riﬂrgﬁ' to. the braze
i

powder ands&onMerjoiint si néde alpasteedThrem|RoHeddreaes i b1 =F1or i de
is a 'ar?fx%s]é{‘.'?oe s%oﬂﬁtﬁﬁiél%%éeltta'st_%@kt_ aﬂ@bgbﬂa Jedintisr gggml Hieees ltlby
into small“particles that readi X_ Wit r.aze rp9 ildiddsak by,
engi ne runioxdeidied (BragRs %r]esor%f"mg?/raﬁ a%née, %esé ST oI nts were

fabri cat edaf rewr ot IThenconel s 748 camgrinebag| Us )T 50 H AT VFal'e? F A" Theet

stock. The,; Iy ,30l UL o fieagxiaéiée?ﬁdxe iAmsan7ai rof usmatieeat 'T500FiReT- a tine
period from % mnutes to hour s. Th%.t%%t?sw@{@ncg@q@mdnu&@g t he
above ment Péhed thesmalr §£eaEMGRH1 A basefine AMD 4777 on OXi Ei.zeylf'lT‘;
joints. Ahfheeniherseifinoeatirehtaze rastes Pofnpet ity tHY ’r‘Ekrl' RPand”

ammoni um biyz byorhde. br/aze (RRshase tirth nofs ahow. angdiet a1t oREFLON
e Ovemningvgrrnménfun?%si@fllggré e 1§1r737z7é f%q(i'ett:'sogﬁhiﬂité@@-gxoty, black
residue clinging to the braze joints. The joints with the 10-15
vol% LiF exhibited flow equal to or better than baseli@e AMS
4717. 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 po?e?tial
as a self cleaning agent was further explored. More '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 before the‘bulk of t?e.braze
past melts and flows into the joint. Visually, 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.



and amoni um bi -fluoride braze fillets exhibited a sooty, black residue
clinging to the braze joints. The joints with the 10-15 voI@b%iF géﬁ'bited
flow equal to or better than baseline AMS 4777. These joints CoN¥i<Pently
had the brightest surface finish and there was no evi dence of bl ack
residue. Exanple Il Since the LiF did not | eave residue and appeared to be
equi val ent or better than standard AMS 4777 paste, its potential as a self
cl eaning agent was further explored. Mxre 'T" joints were assenbl ed and
oxi di zed. Additionally, a stator formed from Inconel X-750 that had
several cracks in the base material was _ oxidized using the sane procedure
as the initial '"T" joint tests. Braze ﬁhteriaLs,in past e n%_g bn form
were nmade wit hE126% by wiotnape obeFanal Wb £F dbt &2 IS 98I (BT, “and "ARB°24777. -
During thesg 15i.ghsresgl fsslaam Ra1razeapias) eyraas pebte amid PacEFdI nation

of self-cleaning braze paste and paint . ; ned Ut Wi th
addi ti OnaICWﬁliﬁgﬁPafga%Pab‘?ﬁ?dé’Pf, %ﬁ;g%lgeg d & hakiquas 1 W

plied to the ITS 'oi.ntls agd
cracks. Theldanele whstbeilyezt altipy pai Bee AT REEr B?B?a‘afé%%ﬁﬁa of &8I f
cl eani ng by 878 ;@Y ank Vi herAowWnienba shgotntacianhhet al $mwsl vedd rthi um

fluoride to Dbegin cleaning, t oxi.di S ef arg L he bulk LHfy the
braze pastPretEE ahdPy | %%g”f menc? tel%éacj%ggrﬁtg{%/?ﬁfﬁraﬁgl ol nts  and

| the 'T
cracks appewidzhas @énéifén@8®dﬁ§ééu€hprn§%‘é?¥h‘i"’gi‘@a%éheeeﬁfﬁa'f'? on Feveal ed
cracks and 'T' dimikalr 8RALy&0k WdihgehBiuctieahy mpupladerpaste WErR fill ed

g“lrzleegz‘;gﬁ,%%%’%'r%%tcg%gmtggg?;%f;ﬁgaiﬂr%%"“'a&'ﬂo agetd M nAMBLAd¥ 7TarBedune 2005

a Jaoint (1nconel X 750 base terial)
repai red wkhérssl ftrehsmanhg bhenee W tesaABpaFM® lc?é’ﬁif;r 288"‘{ hcgf t her e .was
no evi dence; pff; ke Sdetidahihiyt hi PR Orsarfdlver bdetha sdidtlgaaiabl byas? the
adj acent baig na}éggéal én fdgiééé%gﬂt)aaékzsEébﬁﬁﬁtéép&%_@meatrbainp t hat
had a smal f~voYd I fBCEPAT KT p;, again the electron.m crogrobg di d not
find any chemistry for leach tests to determine the levels of YesIdua

1lithium and fluoride. The samples were immersed 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



evi dence of diffused lithiumor fluoride in the base material. Chem cal

~anal ysi s using inductively coupled plasma (I CP) mass spectrongg&%zﬁgsthe
braze alloy determned that after thermal treatnment, there was
insignificant levels (ppm of Ilithiumremrmaining. Five sanples of the
'self-cleaning braze alloy (after thermal treatnent) were submtted to

el ectro- chemstry for |leach tests to determ ne the | evel s ©of residual
lithiumand fluoride. The sanples were imrersed for 8 hours in hot

de-ioni zed water, and after which a small anmpunt of water was test.

I nsignificant levels of lithiumand fluoride were observed in the reserved
sol ution, 0.198 ppm and 0.248 ppm respectively. Exanple |11l A carrosion
test was,Gangust etht g1det esai neF i dnd heveaddiorpoant bpned PickEla¥p ef fect on

the base material during XPPSHr . - PREIALERE ErRpPesatiy eheSel f - cl eani ng
braze al P&§¢2EARB W7 P7 Wi tlﬁ ?%&Te_?é:?le

and baseline ANMS 477 e krazed on
| nconel #AbpPrapdiateddeamax- ‘?591?)15atens.hai“§§c$f38% %gﬁ?a egn?%fﬁrtom each plate

i medi at gy 2kt 8k ke Whkapereychedt on asictaplateef eTBAER YT MC Al four

plates were run through 3 L ed U nage thekrmkent riaunent A sanpl e was
renoved ferv&r?\eélﬁghoélraet%édg’ﬁé %8?8 :1ue i eval uat ed, checking for

rgicall
corrosion in the braze alloy regi onE‘g?pra{%orrpari ng themto the original
basel i ne sanpl@sthdhe: dsaivasplcahascned eon Hent |14Edd StAPBUGHIR iRAESTOFE

cunul ative thermal _cycles; ry LENTHEesHS! a1sanpltd was ceaokedl Hoe@m each
pl ate. (‘iﬁﬁprteﬁgo(ranﬁrteo%%oﬁg‘\érﬁ peri od t her e wascé,rg)chil&gegg,qgfdgegd/veen
AVS 4777 jmitrttsi5oxidized (ARG £7931en PR YHer Yany "difference fromthe

basel i ne gV # Qw1 £600 hoafsi raf  tiiher subtoexpes AemEYpIcd cAYeFW f el 718
and two Inconel X750 flat speq;iRRSneaghpfadunes 2n 1hQeladf AMBLEE777 pl us
15% Li F antP i e arorenentioned ni ckel -doLg ote (both
was applied to each joint, folldwed by a bead of pas
paint and paste were the aforementioned nickel-gold braze alloy
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



braze alloy plus 15% Li F applied and were exposed to the appropri ate
thermal cycles. A halide test using a Bernite Flux Detection §|t
performed on each plate. There was no evidence of residual fl qor s after
thermal treatnment. Exanple V Another test was conducted on a 13/14th stage
hi gh pressure conpressor stator formed fromlnconel 718 with two cracked
braze joints, oxidized during engine operation, typically considered
difficult to repair. The stator was aqueously cleaned and grit bl asted
using 240 grit silicon carbide. A thin layer of paint was applied to each
joint, followed by a bead of paste (both' paint and paste were the

af orenenti oned ni ckel -gold braze all oy Thith 15% Li F by volune) . The
stator wasg@dqraped 5o Bebhi@zaesetyel eeptporcvichisal icAsSecPF o34 was not ed

that the brazements, m?%]gaylﬁ{t?l i %%Qlﬁéldc&ﬂi&fbnt\@ t hheobhewkdence:mafalvoi di ng |

or lack of braze. de test perfordred, fhere g\@&nﬂqes
evi dence cﬁoqlé’s@dﬁal Flﬁ%??’o‘ié) RRA| ﬁF@?ca’l exam’nati on. reveal

accept abl eoj Githies £9986 o Ni cemp@ENeEagedr el drfertiped @RED; BFl?ﬁr had an
area that :X@@al‘i%%yp%gérénghé‘@ta@%h%ew brfidldieedﬂlcm @babljyidue 40 tid s
size. However, it_was observed t hat her g J{alz%gqeq)lftst he br aze all oy
al ong the amd%ceo?“ﬁﬁestf%?%'f & t&éﬁ Ve o eani n

sel f-cl eani ng mazeo atboyle@mmldbllmﬁvngtlb%tW%"e“;F fmadqee&m n@fb‘Flaeze (15%

Li g) past Co tp@L'nQEn'tQOHOP@aﬁ@éé Opeer kedryeds bylpres ¢Iueantmget£f JO:C nt
and al | owing 11 ow of intg the jgip e 0
the present i n\ﬁéntﬁsoﬁpp?ﬁ@“tl ]\L'Irf?ﬁ euBLFll deé%%tgré\ﬁ%&{ qﬁlx agr%g?:étll vé

al | owi ng thetibridze preateti ahveot fdrow iseld GhedRI AT z%‘é?i%l“}‘?‘tter?ﬂ B S
material s. 91 tgldeugrfeggntzhbnﬁ@mé Onhiavest henadvandmigeydshatett fliertht hi um

fluoride is re] ease r t he st andar r n d; does
no'tJ aldverlsE?’f/e e[Te’efrf’rmt ﬁel Bgég HRE & esfenghteggggng%%%nﬁ%% Q?ég"ﬁgf?ﬁg ¢

Further, thecéiddriasmvfilthospdeipiovimiesimeaspi sRareef ea®iMy. The fluoride

corrponent Qg@gr?né"éltd”ést he 234kt 268s PXdrie odatid caetiousswi herdaam ehparent
Contanlnatgo gﬁggéﬂgilf¥ed 1nn%h%h§rt 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.



braze to properly wet and fill the braze anomaly. While the braze materi al
of the present invention has been 9 June 2005 11 described as laei %Ogsed
to repair cracks, voids, or braze anonalies on gas turbine enai 1
conponents, the braze material could also be used to repair cracks, voids,
or braze anomalies on other types of conponents and could be m xed with
other nmetallic powders that are added to bridge w de gap joints or to
produce high strength, ductile diffusion bfazements. Due to its cleaning’
ability, the braze material of the present invention reduces |abor hours
as well as tuWHAT FeCLAIME® Bpparent that there has been provided .in
accordance wth the present invention a self cleaning braze material which
fully satisfies the nmeans, objects, and advantages set fort-h hereinbefcre.
Wil e the pregent Amyeohiddiaas chesing dedrphibiag ciaoks mdvoidd ancmetallich specific
enbodi nents thereof, othér alternatives, variations, and nodifications

wi || become appap@set copsstingieldishienk floprady i an aokemblrgm hahsifigientéxatt sswellior egoi ng
descri pti on. ggfl&;dﬁl?%e ﬂr&ze' HatbH18 g@Q ihtB 2@k QoiAUS Be re@llﬁﬁr d’p&blaﬂes

vari ati ons, ications as fall within the broad scope of 'the
appended cl ai mourﬂ wheregh@e @6no egdvgliAithing ocflapaisin|ths crack %VB}daé gelndsr iy

consi sting of o1 Fenrap i fef KEESR e e e plafkBhBrohEpt ERIBRY |

a flux for ahicrbage by Ridw@bambertalloyto flow into a crack or void to be
repaired up to an - amount where there is no residual lithiumor fluoride
in the crack or void, a gel binder in. an anount up to about 15% by '

vol une, and the ba Qf&%n%émﬁ h&doRfingo JAASE, viRRiIPéaidlithiiint Aedrideiap@salt oy
and a cobal t razeha loy. 2 brag% material according to claim1, wherein

sai d |ithium & range fiom sail uffiGentamonnt up tp ahet 20V WIBE-suf f i ci ent anount up
to about 20% by volune. 3. A braze materi aI according to claim1l or 2,
wherein said lithiumfluoride is I

3. A braze material according to claim 1 or 2, wherein said lithium fluoride is

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

4. A braze material material according to claim 1, 2 or 3, wherein said gel binder is

present in an amount from about 5% by volume to about 15% by volume.

5. A braze material according to any one of claims 1 to 4, wherein said balance

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.



present in an anmount from about 10%to about 15% by volunme. 4. A braze
material material according to claiml1, 2 or 3, wherein said gglJ bi (agr IS
present in an anount from about 5% by vol ume to about 15% by vdI'

braze material according to any one of clainms | to 4, wherein said bal ance
conprises a nickel-gold braze alloy. 6. A braze material according to claim
5, wherein said nickel braze alloy con%%sts of fromabout 175 w%to
about 18.5 wt % ni ckel and the bal ance gold. 7. A braze material according
to any one of clains 1 to-4, wherein said balance_ conprises a nickel braze
all oy congisti nﬁgbreasmtﬂmlafowlemmwmﬁrmmmq*%i%mﬁﬁ ip2 fewilic EPPRBFEM 3.1 Wt %
boron, 3. Oonv.\s%st/o I rf?' ngonhgl% ag al ance S%seRkcRhi Y adi‘ kKl forSdlodinP R BRize
material accor di o any 61 the precedi ng clains, wherein said braze
mat eri al imatdrial tpﬁs\lv atd mﬁnkogvdmm@cm@@d“mg?@ ampunt pypeys Hherpt noyTesiguaklppium or

cl eani ng apd_repai Lmé]&)rvm acks) and. vol, 4 orinfuto MR 924 Gy GRIFROARM baRs] Sti ng
of lithiumfruoride in r%o “F¥omthat sufficient to act as a flux for
al | owi ng tcbmmimmmeleasmte@fa abkel b)aiel adioy 4od i gobalt g lon Whiisingaid Brageritgbi ied up
to an amount ere isn e fseledddyRid tHE dohesiigg ack
or void, &° geﬁ‘lyn d{érrn“ercom nsesu %%ta 5 t%}dgggéuété 15% by vol urreglb‘gbnd theé

bal ance mﬁwm:ﬂ,slwhgl aidmmsstmm of a nickel braze alloy and a cobalt braze
all oy, wherein said braze material is in paint formand further conprises
up to 50% by vol ume of a sol vent sel ected fromthe group consisting of
water, al gghol ., gnd Xk eq.eteol m?ngcméa%@z&dsrmgﬁ;e{aﬁ%cc&ﬁ;;ongﬁteam ng and
repairing Cracks an P AT e gﬁ onent consisting of lithium
fluori de iconsistingasfiithivin ﬁuoﬁdemhmw@mf frore ﬂe‘rﬂlﬂic@ﬂté‘ﬂaﬁsﬁ fuxffpnlowine thebreini ng

t he braze winto.a ¢ n
amount - wh PRt e PEY pl s Rt Bl S e PR S on SRt Pl AR ER b oF
void, a geﬂuo:hﬂemdﬁe cradk oanozda,rmgelnﬁndapnamamdwmp tq Bumiohp %a/lgl ofrene, anddhatislangsal ance
conprisin t Y,
wherei n saraririaaeelngs il SlpRbas fudh bk ARG R RRA bt RAG L0,
about 5% tpecéibvmuhd Bethdd yormpisesimnotboa 584 teﬂbcmt%%bif wdwepe ofpillexipletpingere mat eri al
according to any one of clains I to 10, wherein said |lithium fluoride and
ni ckel braze alloy are both in powder formw th said ni ckel braze all oy

having a particle size in the range of fr aboti l(go ‘Z sh and ‘sai d
gel binder 1% or nkbmas materiplficeerdmg e pARyen i W&‘féenéfa}' {’B%g%ders into
a paste. 12pudnadGhdtid Bfaszﬁ@}‘dr%oﬁm Bﬁaﬁlfémmshamdmmdwns' sting
of formng a braze material containing lithiumfluoride in_an _amount from

that ef f echaving apertinde sigsin shef tange «vﬁfmh abgit o tor13&> Fresh andreaid sl bindep f1ow

into said btr azs SiJlCPfltﬂ 1o ﬁ)uonde and nickel braze alloy powders into a paste.

12. A method for cleaning and repairing a braze joint consisting of:

forming a braze material contalmng 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 repalred up to an amount where there 1s 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 1o a terperature in the range from said temperature sufficient up to about

2200°F.



be repaired up to an anmobunt where there is no residual lithiumor fluoride
in '"said braze joint, a gel binder in an anount up to about 15% by vol une,
and the bal ance conprising at |east one of a nickel braze a||8yWE%@°a
cobalt braze alloy; applying said material to said braze joint; and heating
said material to a tenperature in the range of froma tenperature .
sufficient to cause said lithiumfluoride to vol atize up to-about 2300F for
atime period fromabout 1 mnute to about 30 mnutes. 13_ A nethod
according to claim12, wherein said heatingLstep conprises heating said
material to a tenperature in the range fromsaid tenperature sufficient up
to about 2200&. 9AJumibod@430&rdink4o thim A2 nel)edheatin exidlherging 6tep lcamprisk? or 13,

et oo O e 5 B PSS S AR S Ao (B R ¥ ©

met hod accor dipgait 1o9soagy one of clains 12 to 14, wherein said applying step
conprises applying said braze material to said braze joint in paste form
16. A method according to any one of clains 12 to 15, wherein said form ng

step conprisiag mxi I i thi | I j - f QF i | ckel
braze alloy i Flgl' p%%‘%fcfn&dg{ﬁéggﬁb d’-I egdg?{a%lﬂﬁééegb it%(;\&?’g{e%{ %E%q$$§§&i . A

met hod accor deergprises gpplyiogsaidbracd miatesiallid sid bifze joibienghste §aind f or m ng step
conprising adding a solvent in an anmount up to about 50% by vol une and said
applying step conprises applying said braze material to said braze joint

in apaint forgn 18.methdicbOdindas ahfbmbflcRihé 82 1 157 whehal Qidfosding skepep of
addi ng a solvent conprises _adding a solvent selected fromthe group
consi sting of cepRTsIgIRREE sgisl Nibiymstluogide gnpewdas deray sajd nickak trazeaHgy Ml xt ur es

t hereof. 19. &mm %&%g'agiﬁﬁr%ﬁgnﬁgga@_ clainms 12 to 18, wherein said

appl ying step conpri$es appfying sai ze material to said braze joint
in tape form 20. A nethod according to claim 19, wherein said formng step
A

conprises adding a, flexible binder in anoynt om about..5% b olune to
Soont | 3% by Vbl ume e geSyBe oy ehe 8 AR Doyt R PRRRD S AP
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.



ABSTRACT OF THE DI SCLOSURE The present invention relates to a self cleaning
braze paste which is used in the repair of gas turbine englneaJ Q@
~braze paste conprises lithiumfluoride in an anount sufficient V¥ AP as a
flux which allows the braze material to flowinto a crack or void in a
part to be repaired up to an anount where there is no residual |ithiumor
fluoride in the crack or void, preferably up to about 20%+by vol une, a gel
bi nder in an anount up to about 15% by vol une, and the bal ance conpri sing
at least one of a nickel braze alloy and a cobalt braze alloy. In a
preferred embodiment, the lithiumflubride is present in an anount from
about 10%to about 15% by volune. The braze nmaterial of the present

i nvention may be appli eELF ELEANING BRAZEOMATEREY nat i vel y, in a paint or
tape form A nethod for cleaning and repairing a braze joint is also

di scl osed. The nethod br @¢BHT FiITdEs DIS(E.Q of formng a br aze
material containing lithiumfluoride in the above nentioned range,- 'a gel

bi nder in an é‘rﬁrelél%nttolﬁ@8H£1&5%etl¥lt\égl b_IBEa S0k tdleabahaneszaconpri si ng

at |east one of a nickel braze al or. a e appleyi ng the
braze nat 8pphE ¥di¥hd Hrg2e LB Wﬂe %/ﬁ?d’lrhea thH'tH arfeafgl]%rg%(serl al to a.

t enper at Up@ak8 piecd amg@rclfsefsrbmhablolf-tluartiéﬁpb? aAradeitt FRE e 9 cause
the lithiymflyogrdde 10 veliahi 28140 (@ caboUtLe 23008 far ta fioe perd ed from

abou t 1 Ocrgnclrc]uég \E(?lda J.%Uta pgro y! r'gjt eJ:SepaJ_red up to an amount where
there is no residual lithium or fluoride in the crack or void,
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. In a
preferred embodiment, the lithium fluoride is present in an
amount from about 10% to about 15% by volume. The braze
material of the present invention may be applied in a paste form
or, alternatively, in a paint'or tape form. A method for
cleaﬁing and repairing a braze joint is also disclosed. The
method broadly comprises the steps of forming a braze material
containing lithium fluoride in the above mentioned range, ‘a gel
binder in an amount up to about 15% by volume, and the balance
comprising at least one of a nickel braze alloy or a cobalt
praze alloy, applying the bra:ze 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 lithium fluoride to
volatize up to about 2300°F for a time period from about 1.0

minute to about 30.0 minutes.



