LOW TEMPERATURE DI FFUSI ON BRAZE REPAI R OF SI NGLE CRYSTAL COVPONENTS
BACKGROUND OF THE I NVENTION (1) Field of the Invention [0001] The present
invention relates to a nethod for repairing turbine engine conponents fornmed
froma single crystal material and to a repair alloy conposition used to
effect said repairs. [0002] Turbine engine conponents, such as high pressure
and | ow pressure turbine blades, are often forned froma single crystal

mat erial such as a single crystal nickel-based superalloy. In use, these
conponents wi ||l devel bpW CTENKERAMIREh DIEGWISAENr BRAELE. REENIRent |y, sone repair

t echni ques expose the conqﬂpqgéﬁygfQﬁgyTéipgﬁgggghgggenperatures of 2200
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degrees Fahrenheit. Such @xp it in 1600 degree
Fahrenheit creep strength which is unacceptable. [0003] A repair technique
whi ch does not adversely affect naterialigro erties would be highly
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desirabl e. SUMVARY OF THE PRUERRPENP[9B0UHE THY B E<Eht i nvention provides a

repair techriige Was tndevekepedowhi ch does not adversely affect materi al
properties. [0005] In accordance with the present invention, a process for
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the compaiisdy Wiibithe.applied repall alloy,compsilion to & neat (..
pressure turbine blades, are often formed from a single crystal
material such as a single crystal nickel-based superalloy. In
use, these‘components will develop cracks which require repair.
Currently, some repair techniques expose the components being
repaired to temperatures of 2200 degrees Fahrenheit. Such
exposures may produce a debit in 1600 degree Fahrenheit creep
strength which is unacceptable.
[0003] A repair technique which does not adversely affect

material properties would be highly desirable.

SUMMARY OF THE INVENTION
[0004] The present invention provides a repair technique was
developed which does not adversely affect material properties.
[0005] In accordance with the present invention, a process for
repairing turbine engine components broadly comprises the steps
of providing a component with at least one crack, applying a
repair alloy composition containing a single crystal nickel
based alloy, a first nickel based braze alloy, and a second
nickel based braze alloy to the crack(s), and subjecting the
component with the applied repair alloy composition to a heat
treatment to diffuse the repair alloy composition into the

crack(s).



treatment to diffuse the repair alloy conposition into the crack(s). 1

[ 0006] Further in accordance with the present invention, a repair alloy
conposition for use in repairing cracks is provided. The repair alloy
conposition broadly conprises a single crystal nickel based material, a
first nickel based braze alloy, and a second nickel based braze all oy.

[0007] Other details of the low tenperature diffusion braze repair of single
crystal conponents of the present invention, as well as other objects and
advant agE¥ @Al eAdantet hin ed ogomtansetwithothke bretheatf ohtrentbgnded ai | ed
description and .the follow.n drawi ng. BRI EF DESCRI PTI ON OF THE DRAW NG S)
[0008] FIGRE f%%?yaCSWSP&&F%PBgFgﬁhugﬁOﬁFrﬁfQP%QﬁﬁﬂrCQﬁQHﬁn%ij in accordance
Wi th t heppswickss Thet heparesant oyN¥eibb o i G thrJL0P]cdnfddRE 24l s an

enl arged version of the repair shown in FIGJURE 1. DETAI LED DESCRI PTI ON OF
THE PREFERRES EVBEDNERTCSPL Peo$d] MAtpF brbs s flokr ste gl edg agesi Reagfgi ne

conponenéfiéypﬂéﬂﬁ_aaggbgéaiﬁgggegrggge&AE£54g éﬁﬁﬁ$ﬁsely affecting materi al

properties 1I's provide e present invention. e process may be used to
repair tl@WHe ehgénedeoapbnent stifeorlned temperaitokel diféssdosupesrzad | oys,
particularly., th e.foHﬁed as.a single cr stﬁl. Typi cal .ni.ckel - hased
super al | oV ¥hith SHaY i5e CI4&E 31 oF ST P RBSLDApEhe S | R e T YSR T4PE n8E
limted Ltré)]al thosahirckel echasanal haysnbayb o ftomant ankdamMc% aheogieem from
5 to 10 ggf@h in the following detailed description and the following

drawing.

BRIEF DESCRIPTION OF THE DRAWING(S)
[0008] FIGURE 1-is a photomicrograph showing a repair effected
in accordance with the process of the present invention; and
[0009] FIGURE 2 is an enlarged version of the repair shown in

FIGURE 1.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[0010] A process for repairing turbine engine compocnents having
at least one crack without adversely affecting material
properties is provided by the present invention. The process may
be used to repairvturbine engine components formed from nickel-
based superalloys, particularly those formed as a single
crystal. Typical nickel-based superalloys which may be used for
the components include, but are not limited to, those nickel
base alloys having from 5 to 10 wt% chromium, from 5 to 10 wt®
cobalt, from 5 to 6.2 wt% aluminum, up to 1.9 wt% molybdenum,
from 4 to 6 wt% tungsten, from 8 to 12 wt® tantalum, up to 0.35
wt% hafnium, up to 3.0 wt% rhenium, and the balance nickel.
[0011] The process of the present invention utilizes a repair
alloy comprised of three components. The three components are a

single crystal nickel based material, a first nickel based braze

2



cobalt, from5 to 6.2 W% alumnum up to 1.9 w % nol ybdenum from4 to 6
wt % tungsten, from8 to 12 wt% tantalum up to 0.35 w%hafnium up to 3.0
wt % r henium and t he bal ance nickel. [0011] The process of the present
invention utilizes a repair alloy conprised of three conponents. The three
conponents are a single crystal nickel based material, a first nickel based
braze 2 alloy, and a second nickel based braze alloy. The single crystal

ni ckel based nmaterial nay be present in an anount from5 to 50 wt% The

first nigkelybasedabsazenadl hoykabybheerieseid 41 an TOWiIngleomr48thd 60
wt % The _secon%éllni ckel baseg braze allo may be present in an anount from 10
to 35 w®hC iSRG Bateryetalani BRePT B HhtdEr iAoMY d fed £i 6t >R ckel

based braze mld oy raddinticeas BrO¥hdsyabd oy AAdidd P Whichnar enbgpeficial to
the material forming the turbine engine conponent. The second nickel based
braze aldresurgr diremaliOy tal BOwstEheThe | sgconcktiurekelo baasd bnazieh@l2025 degree

Fahr enhej t  nran hr e Y, 1 xed i ng. . sui t abl e nmeans
known i ﬁh%%eb%a%%etsggﬁoﬁ% gﬁhéﬁggggi ?£§1IFI g@ %‘%%p%ns%‘i'oﬁe[ %’C}%%])ieThe single
crystal ouywkall basédd lmbbeedahapeet el abhy tloonpirdsesixkeilinglaseer pghak ni ckel

based al | oy havj .a_ conposition_consisting of from5 to 10 wt % chrom um
from 5 13100 AMDECOBS PTOFEER 15¥ 038 B WS (TRLEN (e FEOREAC2L0 8. 2 w %

al um nUMhdimdt@rlia8 Wotminhybdenvirbinomndy e &Mbddmnaster, sekoam 4.8 to 12
W% tantalum_ up to 0.5 wt % col unbi um Uf to 0.35 w % hafnium up to 0.004
9.

Wt % bor oRL.Ckfp thesBA bieder RéardnPraperarly. Dubowi d%eha talilgy maxdutRetbal ance

ni ckel . melt in the 2025 degree Fahrenheit range. The three components
may be mixed using any suitable means known in the art to form
the repair alloy composition.
[0012] The single crystal nickel based material preferably
comprises a single crystal nickel based alloy having a
composition consisting of from 5 to 10 wt% chromium, from 5 to
10 wt% cobalt, from 1.5 to 3.5 wt% titanium, from 4.2 to 6.2 wt%
aluminum, up to 1.9 wt% molybdenum, from 4 to 6 wt$% tungsten,
from 4.8 to 12 wt% tantalum, up to 0.5 wt% columbium, up to 0.35
wt% hafnium, up to 0.004 wt% boron, up to 3.0 wt% rhenium, up to
0.013 wt% yttrium, and the balance nickel.
[0013] The first nickel based braze alloy may be a braze alloy
sold under the trade name DF-4B. This braze alloy has a
composition consisting of 14 wt% chromium, 10 wt% cobalt, 3.5
wt% aluminum, 2.5 wt% tantalum, 2.75 wt% boron, 0.1 wt$% yttrium,
and the balance nickel. Other nickel based braze alloys may be
used provided that the nickel content is greater than 50 wt%.
[0014] The second nickel based braze alloy may be a braze alloy
sold under the trade name Nicobraz 150. This braze alloy has a
composition consisting of 14.75 wt% chromium, less than 0.06 wt%
carbon, 3.63 wt% boron, less than 1.5 wt% iron, and the balance
nickel. Other nickel based braze alloys may be used provided

that the nickel content is greater than 50 wt%.
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[0013] The first nickel based braze alloy nay be a braze alloy sold under
the trade nane DF-4B. This braze alloy has a conposition consisting of 14
wt % chrom um 10 wt % cobalt, 3.5 w%alumnum 2.5 wt%tantalum 2.75 w%
boron, 0.1 wt% yttrium and the bal ance nickel. Qher nickel based braze
all oys may be wused provided that the nickel content is greater than 50 wt %
[ 0014] The second nickel based braze alloy may be a braze alloy sold under
the trade nanme Nicobraz 150. This braze alloy has a conposition consisting
of 14. 75[@&35khAﬁn@rwwrépﬁmaﬁiﬁn1df(ﬂheMr%paaarbmmpthﬁg bt &h bosawl ele@ss t han

1.5 % ,jiron, and t bal ance ickel. Qher nickel based braze al s may be
used pr ot HeFPIat 1LRY HPERER gGﬁ?eJﬁ]Pe Ehﬂ?eeaf'licé‘?potr}ﬁﬁ%ﬂ‘% Ze §PP56¥§] A%lter

prepar att®neLhh thedepa khal keypbasnbessi c@mp el add. the repalir ahhey formed
fromthe three conponents may be applied to each crack in the conponent

bei ng r &P &l 2aPFHd S pai thal Péyckr’wﬁgz weleppnediidate desdrigyeusi ng any
SU|tabIekﬁ niaye, ngmn inthe art. [0016] After the repair alloy has been
applied to e crack t he conponent is subjected to a thermal cycle which
does not[Owhﬁbrsétgratm@ciepimrFﬂkkmyﬂ%ﬁsbebnthpphﬁbértalthermim@<&ne

conmponent,. The ther rises heating onenf wth the repair
al l oy apph§ eSS &Fa%%%éf ggﬁ ﬂe?tp%§%T% gF Kl tﬁ@trange of
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15 m nutes, and then coollng t he_conponent with the applied repalr alloy to
a  diffUSPRRPRSAY e Thenpdeara ecwﬁlﬁheomaﬁbée%fheraﬂblrﬁglm {COTEORSP

with the repair alloy applied to the crack(s) to a melt cycle
temperature in the range of from 1950 to 2065°F, preferably from
2000 to 2050°F, for a time period such as 15 minutes, and then
cooling the component with the applied repair alloy to a
diffusion cycle temperature in the range of from 1950 to 2025°F,
preferably from 1975 to 2025°F, and maintaining the temperature
for a total time period in the range of from 5 to 20 hours,
preferably from 8 to 12 hours, to effect the repair of the
crack(s). The thermal cycle may be performed in a furnace at a
vacuum of 5 x 107* Torr or lower. After the thermal cycle has
been completed, the repaired component may be cooled at a rate
of 35°F/minute or faster. '
[0017] It has been found that cracks, when repaired with the
braze alloy mixture of the present invention and exposed to the
thermal cycle, yield a well filled, isothermally solidified
structure.

[0018] Referring now to FIGURES 1 and 2, there is illustrated a
repair made in accordance with the present invention. As can be
seen from this figure, a well filled, isothermally solidified
structure is formed. The repair shown in the figures was made by
rémoving all coatings from the component being repaired. The
crack in the component was cleaned. Thereafter, a repair alloy

consisting of 60 wt% DF-4B, 35 wt% Nicobraz 150, and 5 wt% of a
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preferably from 1975 to 2025F, and nmaintaining the tenperature for a total
tinme period in the range of from5 to 20 hours, preferably from8 to 12
hours, to effect the repair of the crack(s). The thermal cycle nay be
perfornmed in a furnace at a vacuumof 5 x 10-4 Torr or |lower. After the
thermal cycle has been conpleted, the repaired conponent nmay be cooled at a
rate of 35F/ mnute or faster. [0017] It has been found that cracks, when
repaired with the braze alloy m xture of the present invention and exposed
to the riheremlbagyel einylel drgsvellafidy athvimpthergmldsytsen dified
structure. [0018] Referring nowto FIGJRES 1 and 2, there is illustrated a
repai r I iS5 126 Bfdan¥E SwFPROTRRT pr B WE® | SRR G o1, - %8s Edn 2BE™M18EEN from

this figure aweldybidehed, bsothes n@uﬂuys%l 4 fd e Stychyre bsipormed. The
repair shown in the flgures was nmade by~ renoving al | coatings fromthe

conponet bédiafgir@paidredwt¥hehesinsk § ndihertCongomemm wasiccltbanddlance
Ther eaf tef . 1,20810-8LLaY o CONBLatiDg. of B0 WHDEAB 33N gobrpz 150,

and 5 wt ased sI'ngl e crys Yy aV|ng a compos

consi st iagl wof MisMp%a@bﬁoﬁnua1fmenmté6£m®awéatEiﬁﬁﬁﬂﬂd%uﬂ wnviagmum $£09 w %
nmol ybdenumy 5.9 wt % tungste 8.4 % tantalum 0,10 _w % haf ni um 3.0 Wt %
r heni umX01%13T%3%V(tar p%utrﬁelﬁal Rc8aNAf cREI 2 GhY Pt I FodeF the

crack. The gierperentThal tclambbﬁehepmfh ahé Oyepiisr H1AGRA Wt & W R3egeand heat
treated in a vacuumof 5 Xx 10_4 Torr at a tenperature in the range of 2010 -

to 2040FF 0008 anAubetd Thet Ewrpicriame iath &t heursparg 4P| BYynWasS t HEe cool ed

repaired component was then cooled at a rate of 35°F/minute or
faster,

[0019] A repair on a single crystal nickel based alloy component
may also be made by removing all coatings from the component
being repaired and cleaning the crack to be repaired. A repair
alloy consisting of 50 wt% DF-4B, 25 wt% Nicobraz 150, and 25
wt% of a nickel based single crystal alloy having a composition
consisting of 5 wt% chromium, 10 wt® cobalt, 5.65 wt% aluminum,
1.09 wt% molybdenum, 5.9 wt% tungsten, 8.4 wt% tantalum, 0.10
.wﬁ% hafnium, 3.0 wt% rhenium, 0.013 wt% yttrium, and the balance
nickel was prepared and applied over the crack. The component
with the repair alloy may be placed in a furnace and heat
treated in a vacuum of 5 x 107 Torr at a temperature in the
range of 2035 to 2065°F for 15 minutes. The component and the
repair alloy may then be cooled to 1975°F and held at temperature
for 9 hours and 45 minutes. The repaired component may then be

cooled at a rate of 35°F/minute or faster.



to 2000F and held at tenperature for 9 hours and 45 mnutes. The repaired
conponent was then cooled at a rate of 35F/ mnute or faster. [0019] A repair
on a single crystal nickel based alloy conponent nmay al so be nmade by
removing all coatings fromthe conponent being repaired and cl eaning the
crack to be repaired. Arepair alloy consisting of 50 wt % DF-4B, 25 wt %

Ni cobraz 150, and 25 w % of a nickel based single crystal alloy having a
conposition consisting of 5 w% chromium 10 w % cobalt, 5.65 wt % al um num

| . 09 wt %Al yisde&LNTMED. 9swt % t ungsten, 8.4 wt% tantalum 0.10 w % hafnium
3.0 % rhenium 0.013 wt% yttrium and the balance nickel was prepared and
applied over the crack. The conponent wth the repair alloy may be placed in

a furnace, apddgalsitlibpatred LBeaiMaseyM PInd oradded TYild dompokemRerature in
the range of 2035 to 2065F for 15 m nutes. The conponent and the repair

al | oy nmesPHHEF IPE cosliadleocryssel andckel dated atpfaiadre @ ffdrsg hours and 45
m nut es. I, I epalJ£46,,591pan t he ; f m nut e
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cracks, said conposition conprising a single crystal nickel based material,

first i.ckel based. b | 1 d d ni ckel based b I loy. 2.
The conpbsi TP ABCERATHG C6COFAT AP 1 0 whbT bl i 'sdltf 51116 CAVSEAF ni ckel

based nei¢efd]l GaRKeSt pagbdf haMeditd d6nyd Ibs cdW oFAdIMS fdOMES wit@ 10 wt %
cobalt, from1l.5to 3.5 M%titanium _from4.2 to 6.2 w% alum num up to
1.9 mﬁ@@@ﬁﬁ%ﬂiﬂﬁhuﬁFoﬁrénﬁ@ 10 wt? cobalt, from 1.5 to 3.5 wt% titanium,

from 4.2 to 6.2 wt% aluminum, up to 1.9 wt% molybdenum, from 4
to 6 wt?% tungsten, from 4.8 to 12 wt% tantalum, up to 0.5 wt%
columbium, up to 0.35 wt% hafnium, up to 0.004 wt% boron, up to
3.0 wt% rhenium, up to 0.013 wt® yttrium, and the balance

nickel.

3. The composition according to claim 2, wherein said first
nickel based braze alloy consists of 14 wt% chromium, 10 wt%®
cobalt, 3.5 wt% aluminum, 2.5 wt% tantalum, 2.75 wt% boron, 0.1

wt% yttrium, and the balance nickel.

4. The composition according to claim 2, wherein said second
nickel based braze alloy consists of 14.75 wt% chromium, less
than 0.05 wt% carbon, 3.63 wt% boron, less than 1.5 wt$% iron and

the balance nickel.

5. The composition according to claim 1, wherein said single
crystal nickel based material is present in an amount from 5 to
50 wt%, sald first nickel based braze alloy is present in an
amount from 40 to 60 wt%, and said second nickel based braze

alloy is present in an amocunt from 10 to 35 wt%.



to 6 wt%tungsten, from4.8 to 12 wt%tantalum up to 0.5 W% col unbium up
to 0.35 wt% hafnium up to 0.004 wt % boron, up to 3.0 wt%rhenium up to
0.013 Wt % yttrium and the balance nickel. 3. The composition according to
claim2, wherein said first nickel based braze alloy consists of 14 wt%
chromum 10 wt% cobalt, 3.5 wt% alumnum 2.5 wt% tantalum 2.75 wt % boron,
0.1 w%yttrium and the bal ance nickel. 4. The conposition according to
claim 2, wherein said second nickel based braze alloy consists of 14.75 w %

chrom ung. |egsoddan dr0FephtoreagbenacRs 63n W %o HHbnd eShitd @ okelsW % i ron
and the bal ance nickel. 5. The conposition according to claim1, wherein
sai d si ngPRPT GG dihenisérers Bdsed material is present in an anount from5 to
50 wt% said first nickel based braze alloy is present in an anount from 40
to 60 wt% and said second nickel based braze alloy is present in an anount
from 10 to 3PmawWidigigea Aoppecess wWorhrapaledsig @reacksadkr a conponent, said
process conprising the steps of: providing a conponent with at | east one
crack; applying a repair alloy conposition containing a single crystal

ni ckel based amtlarinal 2 acbiafist anileietonpsett bsrazeomald aing angiagiecond ni ckel
based braze alloy to the at |east one crack; and subjecting said conmponent
with sai F¥Epd iakedy PasshpBeterdalt o2 af 1 Heh Ml CkslcIRasss dirprgsé 1RE: br aze

alloy  and a second nickel based braze alloy to the at least one crack;

and

subjecting said component with said repair alloy
composition to a thermal cycle to diffuse the braze alloy
composition into said at least one crack and repair said

component.

7. The process according to claim 6, wherein said component
providing step comprises providing a component formed from a

single crystal nickel based alloy.

8. The process according to claim 6, wherein said component
providing step comprises providing a component formed from a
single crystal nickel based alloy having a composition
containing from 5 to 10 wt% nickel, from 5 to 10 wt?% cobalt,
from 5 to 6.2 wt% aluminum, up to 1.9 wt% molybdenum, frocm 4 to
6 wt% tungsten, from 8 to 12 wt% tantalum, up to 0.35 wt%

hafnium, up to 3.0 wt$% rhenium, and the balance nickel.

9. The process according to claim 6, wherein said repair alloy
composition applying step comprises applying a repailr alloy
composition containing from 5 to 50 wt% of a single crystal

nickel based material, 40 to 60 wt% of a first nickel based



conposition into said at |east one crack and repair said conponent. 7. The
process according to claim®6, wherein said conponent providing step
conprises providing a conponent formed froma single crystal nickel based
alloy. 8. The process according to claim®6, wherein said conponent providing
step conprises providing a component formed froma single crystal nickel
based al |l oy having a conposition containing from5 to 10 wt% nickel, from5
to 10 vvt%cobalt from5 to 6.2 wt%alumnum up to 1.9 wt % nol ybdenum from
4 to h/t%éU&ﬂgbd;p,ﬂ arfd ofmdn tl® 12 WSYmttansabomi tipckel Ooddedtdha@f ni um up
to 3.0 wt# rhem um and the bal ance nickel. 9. The process according to claim
6, wherefn 84 d repair alloy conposition applying step conprises applying a
repair alloy conposition containing from5 to 50 wt% of a single crystal

ni ckel based material, 40 to 60 wmt% of a first nickel based 7 braze all oy,
and from80 The 3BrYEess RGIRF HINK IO 538 Br avBeraipoyaidoremmir prldeuss

accordi ngoﬁﬁo?l@i&% p\e! 8y %éégiy%og@%s@sagggxylﬁ Ofé iop applying step

conprises applying a repair ai ni ng” a” sli e crystal nickel based
mat eri al conhsusimqnga OEflanrQ)mIS/Stt@ll@llwtk%lchaeerdumtérnemi SCdnmsjlsatng/ocxfobal t,

from1.5.to (f) fro t § aIu W%
nol ybdenuﬁ]omf ro w% v&q}%(ﬁfh ?ﬁ:omf Po%\ ! EOW &ﬁ?’gl]u?ﬁ l‘i?p to 0.5
W % col usbbuwnt s ut)lt,—mﬂma,S i mafmlmamfs.upwt@ a OuR 04uivg ‘Vm;bownl .upeit 3.0 W%
rhem um u? to 0.013 Wm% yttrium
ybdenum, from to 6 wt% tungsten, from 4.8 to 12 wt%
tantalum, up to 0.5 wt% columbium, up to 0.35 wt% hafnium, up to
0.004 wt% boron, up to 3.0 wt? rhenium, up to 0.013 wt% yttrium,
and the balance nickel, a first nickel based braze alloy
consisting of 14 wt%_chromium, 10 wt% cobalt, 3.5 wt% aluminum,
2.5 wt% tantalum, 2.75 wt% boron, 0.1 wt$% yttrium, and the
balance nickel, and a second nickel based braze alloy consisting

of 14,75 wt% chromium, less than 0.05 wt% carbon, 3.63 wt%

boron, less than 1.5 wt% iron and the balance nickel.

11, The process according to claim 6, wherein said subjecting
step comprises placing said component with said applied repair
alloy composition into a furnace; heating said component with
said applied repair alloy composition to a temperature in the
range of from 1950 to 2065°F for a desired time period; cooling
said component with said applied repair alloy composition to a
temperature in the range of from 1950 to 2025°F for a time period

in the range of from 5 to 20 hours.

12. The process according to claim 11, applying a vacuum of 5 x

107% Torr or lower during said subjecting step.

13. The process according to claim 11, further comprising

cooling said repair component.



~and the bal ance nickel, a first nickel based braze alloy consisting of 14

wt % chrom um 10 wt % cobalt, 3.5 wt%alumnum 2.5 wt%tantalum 2.75 w %
boron, 0.1 wt% yttrium and the bal ance nickel, and a second ni ckel based
braze alloy consisting of 14.75 wt% chromium |ess than 0.05 wt % car bon,
3.63 W% boron, less than 1.5 wt% iron and the bal ance nickel. 11. The
process according to claim®6, wherein said subjecting step conprises placing
said conponent with said applied repair alloy conposition into a furnace;
heati ng said conponent with said applied repair alloy conposition to a
tenperature in the range of from 1950 to 2065F for a desired tine period;
cooling 4 said C t .d_appli p i n
tenperatdfetﬁﬁagﬁggggﬁ 3%%F99?§h13§5€i%1 2%% Shﬁor a %ﬁ%@n%§§}g§8 s£8

range ofcdnpoms®st @c2QihgusaidlPepdhe pmmpmnﬁinaedomdtﬂm;d<meB5Pn111, applying
a vacuumof 5 x 10 _4 Torr or lower during said subjecting step. 13. The
process ing to claim111, further conprising cooling said repair
conponent. 8 14. The process according to claim13, wherein said cooling step
conprises cooling said repair conponent at a rate of 35F/ mnute. 15. The
process bBrcditdl My acesél acrrIdinahee efha Hai B codlandg rstséd d compringestepol i ng

sal d repalf, CIRONRRY 13k 3418t febast elohdind2 M M& Aster than

35°F/minute.



