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brazi ng conpound from underlying assenbl.ies and, nore particu .
process for selective renoval of a nickell. all oy brazing comoh@'{lu@mmmmﬂlmk
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turbine engine stators can require 120 hours _qr Lo by ebmexpaesyre to
aggr esdiley OHEFH1EA %H?Filcgﬁ?%atf-rf)f“iﬁ ptlé:[rr;(ﬁélr g)tal?%egg?ZSOF) mgnder cont i nuous
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is therefore the primary object of the .present jnvention
and flow iné% the)goiAt uné%r cap? lafy]adﬂlé%.

The repair of brazed assemblies freqpently_requires the
d removal of brazing.éompouhd so that the joined components can be
separated. Conventional chemical processes for braze removal
from gaé turbine engine stators can require 120 hours or longer
of exposure toaggressfve chemical solutions &t high temperature
(200°F) under continuous ultrasonic agitation. This process
requires the use of complex and non-recyclable stripping

solutions, and frequently produces detrimental etching of the

components.

It is clear that the need remains for an improved selective
process for removing alloy brazing compositions from gickel*base
alloy componehts without using aggressive stripping solutions
‘and the like so as to provide a more environmentally friegdly
process. . o

It is therefore the primary object of the present invention
to provide such a process.

It is a further object of the invention to provide such a
process wherein the materials used can be recycled so as to
reduce environmentél impact and cost as well.

Other objects and advantages will appear hereinbelow.



to pravide such a process. It is a further object of the invention to

‘provi de such a process wherein the materials used can be recycled so as to
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reduce environnmental inpact and cost as well. Qher objects and advant ages
wel | appear herei nbel ow. SGUMMRRYORFTHEE NVEENTAON n accordance with the
pfesent invention, the foregoing object's and advantages have been readily
attained. In accordance w t p I E i a (o] L provi ded
whi ch conprf%e%c?%ﬁg%?%%swéphp?§$ié?%gggtb?gggékgggéeﬁgﬁnggﬁgPﬁang

ni ckel olbpset 8l oy soupoteges havaedeby rmadkély aklteynkrdazi ng conposition;

i mrersing said assenblg in an’ electrolﬁ%e: andtaERIyin rgcgsgeggial acr oss
sai d el ect r BN y2€CRFdanCaphF PubBeWREPEPH s AN CRIT&REY - BaB&CS TSy *Component s
are eé?&@igéﬁeﬂﬁfé$!&oﬁ§§§$¥§ gnd sak@snbekplroalibeyigbrariragedconposi tion
di ssol ves whereby said brazing conposition is renoved from said ’
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Fi gure rrfustrates txe el ectrochem cal record of a braze stripping run
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BRIEF DESCRIPTION OF THE DRAWINGS

A. detailed. description. of preferred embodiments of the
present invention follows, with reference to the attached
drawings, wherein:

Figures 1la, b and ¢ schematically illustrate a process in
accordance with the present invention; |

Figure 2 illustrates the relationship between potential
versus a silver/silvér chloride electrode and current density
for a nickel alloy braze composition (AMS 4777) and a nickel
base alloy component (INCO X-750);

Figuré 3 illustrates the electfochemical record of a brazg
stripping run in-accordaﬁce with the present invention; and

Figures 4a and b show results of a selective process in
accordance with the present invention on a stator pocket (Fig.

‘a) "and a vane stub (Fig. 4b).



accordance with the present invention on a stator pocket (Fig. a) and a

vane stub (Fig. 4b): 2 1 ‘B@#@Qﬁ%@{g@‘lﬂﬂd{he invention relates to a
e

- process for selective renova

oy brazing conpositions froma
nickel - base all oy conponent. In accordance with the_present invention,
t fe proceSShéaSnbeﬁﬂldeveébpédssUehath990€h§ 5@azPﬁ5666hﬁ%5F?W8Haﬂs°f

_selectlvely reppved w t hout et ching. or Sggng ﬁeﬁnggggyépgoyconponents

and withekelt AelA¥eBT for"EgGreReF Ve enlc f enper af Ur es
Furtheéomﬁggeﬁﬁesemh 9&@6E§§nd@eslﬂbttheqpreeehhelnusetDbnnohhﬁecyclable

stripping solutions. A typical enV|ron e for th

presenProtﬁeénbaénbﬁgnlﬁeVGHBQ?ﬁgSBFaz cghﬁoEF?Féﬂgf?%ﬁgggg§§§83f ' e

assenbl%l&@ﬁ&@é? 5?¥ﬁ6@£d“h§%ﬁbuQaégcﬁhhgyoeoaaﬂagmhg ahe jpadeedyinhaget her
t he® razing cd nposition I's desirable to renove the bra2|n

conposcbmpansntasahd wbthpntctbannaﬁd ferusegpresiyrdehrpifgl éoﬁﬁoﬁéﬁps

w t hout damagi ng the in cQ t b
'over FERPFAACPARc ¢ RARCPRE: HRECPIacOr Pheltampanent sotl ndnter dance.

with tgge|Byeﬁbho@ecyagabuazbeglppmngssbuumlons sel ectively renoved by

imrersing the entire assenbly including nent s db
ina SU|tabBetYPépéétﬁﬁV}Fén@?nélQétPéFy?@rggﬁFaPﬁPﬁgggoP%?%hng %%n%%iltlon

appl yin Qt enti r t gd ted
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together by the ga%21ng comp031t10n It is de51rable to remove
the brazing composition so as to obtain clean and re- useable
underlying components without damaging the underlying
components.

The brazing composition has a lower melting point than the
material of the components.

- In accordance with the invention, the brazing composition
is selectively removed by immersing the entire assembly
including components’ and brazing composition in a suitable
electrblyte'or electrolyte-containing solution, and applying a
potential across the electrolyte at a magnitude selected so as
to dissblve.the brazing compoSition while the Underlying'
components are electrochemically passive whereby the brazing
composition is removed without substantial damage to the
underlying components. .

Particularly suitable combinations of brazing composition
and component materials include nickel-chromium alloy brazing
composition and nickel—chromium alloy components.

‘The brazing composition is more preferably a nickel-

chromium alloy containing boron, silicon, iron and small amounts

of carbon; for example as described in Table 1: .
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underl ying conmponents. Particularly suitable conbinations of brazing
-C'orrpos! tion and conponent materials include nickel-chromum alloy brazing
- conposi tion and ni ckel -chrom um al | oy conmponents. The brazing conposition
ig more preferably a nickel- chrugngmial | oy containing boron, silicon, iron
and smal |l anounts of carbon, for exa Ie as described in Table 1: 3 TABLE
1 C: 7.0 96vw. B: 3.10 % w. “hwt. Fe: 3.0 %w. C: 0.06 %
wt. max Ni: renminder. The undeBrI yl3ng(j’ll90|€ﬂ;| -chrom um al | oy conponents are
preferably nickel-chromiumalloy containing iron, titanium niobium
tantal um and al uni num and may &iso 4di® &9k -contain nanganese; cobal t
carbon, silicon, copper and smaIEl a qpt,svgg‘ sul fur. The nom n;al ,
conposi tion, by weight percent, ey for exanpl e be asset forth in Table 2:
TABLE 2 Nom nal Conposition by I%ErcemtOGCd\/lthl @mxCr Co Nb+Ta N Cu Ti Al Fe
- Mn- - - - 14.0 - 0.70 70.0 - 2.25 0.40.5.0 % Max 0.80 1.00 0.50 0.01
17.0 1.0 1.20 - 0.50 2.75 1.00 io 8ref‘}ﬁ1§’d(f0‘?rb| nati on of nickel-chrom um
all oy braze containing appreciable amunts of boron, silicon and iron and
conponents of nickel-chromumalloy containing. iron, titanium niobium
and/ or _ t antraleumndend yalngrimiurk eHass s U ild PardeeRARe TS v ¢ sui t ed

preferably nickel-chromium alloy containing iron, titanium,
niobium, tantalum and alﬁminum, and may also suitably contain
manganese, cobalt, carbon, silicon, copper and small amounts of
sulfur. The nominal composition, by weight percent, may for

example be as 'set forth in Table 2:

TABLE 2

Nominal Composition by Percent

) C Mn Si S Cr Co Nb+Ta Ni Cu Ti Al Fe | -
Min - - - - 14.0 - 0.70 70.0 - 2.25 0.40 5.0 %
Max 0.80 1.00 0.50 0.01 17.0 1.0 1.20 - 0.50 2.75 1.00 9.0 %

This combination of nickel-chromium alloy braze containing
appreciable amounts of boron, silicon and iron and components of
nickel-chromium alloy containing iron, titanium, niobium and/or
tantalum, and aluminum has been found particularly well suited
to use in the method of the present invention for removing the
braze from the component. '

In accordance with the present'invention, it has been found
that particularly desirable electrolytes for use in removing
nickel alloy brazing compositions from nickel-base alloy
components are mineral acid solutions such as solutions
containing HC1l, HNO; and the like. In accordance with the
invention, excellent results have been obtained utilizing such

solutions at a concentration of 5% volume of the mineral acid in
' 4



to.-use in the nethod of the present invention for renoving the braze from

‘the conponent. In acco nce wiih the pr : :
* t hat pggF?Eu|aF|9°88§| E eIec?roﬁﬁgesgieg&ﬁgggﬁzkpgﬂog?Eggﬂgi?%eﬁciound

braZ'ﬂ@b@@ﬂpmsotb@mﬁsfb@ﬂbusckehgbagelakbmyrencenponents are mneral acid
sol uti ons such as sol utions contalnln

accor dance Wt ACER&IaNRGeNitBnth EX&BVﬁgﬁﬁOPesﬁlP?tﬁaglageen ogpa:%gd

Ut'|'Zé@90§909he5@h@EtQB§¥ af@?“éﬁahb&bl0@r@hsS%JEQUM@&/@ﬁlwhe ni ner al
acid in 4 water, at poten ials in the range of .greater than 0.0 and up to

about ¢h®ovodesreé¢sasca A@ﬁﬂgcpdﬁeféﬁénéeteﬂﬁlaécéﬁdéﬁeélﬁﬁtﬁttﬁe
'”Ve”t'oag%ﬁvgg}gﬂtbﬁ' ﬁBBE'%Qr ?CEgiétEQ@l9lEQEBOBXE%OlBQﬁo%X%%Q%e

vers_usm‘é | ver oride reference electro and pOt ential is
appl i egdfatha bﬁagmnt;udemwoso:blpnowhdee tbe andelrdyiingl yikikgh -diassol uti on

rate of the brazing nposi t i on whi nderl .ng ni ckel -base al
conponéhi@YaF@mQPESPFécﬁéﬁlSaFF§r88g§W§ Meng% I'y is inmmersed angy

potential applki gdsbRb19 1§Uhﬁﬁgkgeﬁeéhadp@EehtH@anbpﬂ1@@6fb&aélng
-conposition Is sufficiently renmoved from vari ous conpgonents and,

pr ef er abiyablehpeconpondntsimef uphalasbenbrpziae BEMPEFHF@Nard separ at ed.
When nec? saré ggglg%g vebh?rBRnQE §6b08 Qbm EBﬂeHEgcgﬁﬁ the retagd ysol ution

can reﬁa exanp € using known techniues such”as
dlstl|tﬁélQampadedt%fuilQhedaabyﬁbSy senabet cempredi dadr sepelredeni-ner al
acid solution for use in furt esses iLn accord 5e wi_t h the Qresent

“invention. Wﬁé“pP8€§§§aéanaﬁﬂgﬁﬁt§ e5 §I§08518399Pe8 PIRNGI 8Nt
te”peragaaesoéﬂqlghtE%%OQb%dagyt%%lQ@cyala@t reedestampll ey ibg desiwnabl e to

apply a gentle agitation to
techniques such as dlStlllathﬂ and diffusion dialysis, so as to
provide recycled mineral acid solution for use in further
processes in accordance with the present invention.

The process can advantageously be carried out at ambient
temperature, and ultrasonic agitation is not needed.

It may be desirable to apply a gentle agitation to the
solution using any suitable means, for example so as to.mix at a
rate equivalent to approximately 150 rpm. At a lab scale, this
can be accomplished by positioning a magnetic stirring bar in
the electrolyte solution. | _

It may also be desirable to remove and replace the solution
after certain periods of time. In this case, the removed

. solution can advantageously be recycled as described above, and
fresh or recycled solution can be fed to the chamber or cell
wherein the process is being carried out.

Figure 1 schématically illustrates a process in accordance
with the present invention. As shown in Figure 1, a.suitable
vessel 10 is provided, and an assembly 12 to be treated is
positioned therein. Assembly 12.is preferably positioned

between cathodes 14, 16, which may advantageously be graphite
5



sol uti,on using any suitable neans; for exanple so as to mix at a rate

- &aui vl g AP 0K LS S dB0: [Pl Abad 18bisCabestibhsd GRUChding
-acconplishe y positioning a magnetic stirring bar in the electrolyte.

sol uti amtd tthmys@lstoidre. desirabl e to renove and repl ace the sol ution

after certain periods of ti ) ; sol d; ns9l Uk .can
advant ageoufivoed%b]r%c T8t gdverg%%(?%%éga g?/%,glg%%gﬂg‘%gsﬁnorg ?Eéggllgg

sol ut i Foraaydesd freik Hin thes sdanb®y amd cet fuctwheeei nsefietpr svepsends bei ng
carried out. Fi glure 1 schematically il Iystrat es_a rOﬁesé1 i nlilccord nce
with t ResambElentld mhaitidPe meteohrdi At i giPeS 12 YOt t8pl'a vB8seP10 i s
provi degs¢ cf%ﬁsa%@anéﬁti&geaﬁaeﬁegrwlsp@ﬁtmmneéssa@r@on. pogenbly
12 is preferably positioned between cathodes 14, 16, which may. '
advant agempsle, b ephidande cat Hodeke RRESANF el RYRRELOR) bt FBRAUTBWIEE®
posi ti aned ext.endin into S t] e % usly be
susp.endesd Rarf)%al%uﬁau’?ll%nsu%%én%]a? ngéyvé¥ﬁ?ﬁfﬁ/isgg%¥?%?yg% gtgrég%grggg'used to
suspend asgginder 1o stoudisobe, st ensgdoefdasimédieatowagehatel Ehaot be

affected by the conditions and mpterials within vessel 10, For xanple, in
accor dfiEE Y theS Preskm YhuRHe i bhe YFEER u?r?(/vi ?’ég Félﬁalr“??"cafgarl y

sui Fablﬁ%éﬂplﬁ%cﬁ,ngfé’:_ss@f@fhﬁflézuﬁﬁnge§ﬁyegui%pﬁéf[miﬁﬁhb abowgithtimry be
desirable to agitate the electrolyte solution within the vessel 10, and
this maleviece s onpileHeel, réadibxakppenuspng BAYSeD| shbLéeHi kPnghsr art-
agitation _device .as_would be. i LY kooyn Lo erspagskil hed kpahhe art.
As set Hori%r dove’ aa%?‘f%ti%%l{r;r%gﬂ%% Izri%gorrpl i sﬁ%&pat ab scale using a
magnet s isid rd ingghet i 20s abr shegnbaAs2i &6 seoderonstrated in the fol | owing
exanpl e, the .
P As will be demonstrated in the following example, the
process of the present invention provides for effective removal
of nickel brazing composition from underlying nickel-based
components while avoiding etching or other damage to the
components, and this is accomplished using environmentally

friendly recyclable materials.



process of the present invention provides for effective renoval of nickel
-brazing conposition fromunderlying nickel-based conponents while avoiding
- etching or other danage to the conponents, and this is acconplished using
emn ronmentally friendly recycl ablEXAMRLE jlal s. 6 EXAMPLE 1 This exarrpl e
FHlTustrates the beneficial results obtal g asaladd s d soyal
process in a SR G tlhllt rﬁrtgssebc[hae :%ﬁe\%gn% oln In this exanple, renoval

of an ANS A7 a7 Juiickali vl |1Q§{nd1fa326prddeﬁsn§ lid s miagkad voidse e qyrésent -
denonstrated. The AMS 4777 nickel alloy braze had a conposition as

fOIIOW§nW§ntﬁQP B3.10 S 4.50 Fe 3.0 C0.06 max N REM The | N X750

ni ckel base aeq( t
- ¢! Q1 NAUNARNPOS PP 4 1701 Iroiske © MUY iSrdze Co
Nb+Ta Ni W%ﬂwfh m- 0-070700-22509%}’50Ye|vax

0.80 1. C{Crcﬁh amm"/os]o v, dked), ODaIS.QGillC(Y. 5@ HermonstgRted 9% Referring to Fig.
2, it can be seen that in a solution of 5 volume % hydrochloric acid in

wat er, theIN-X750b el ect h
potential s e Bt —87 1“1‘366?% sa]\)?ergﬁbsrgcsﬁgv(ga% ?n\rﬁéé%% %rﬁ)lez%j%\e?gf te?:nce

el ectr R 19om the sane figure, it can be seen that the AMS 4777 brazing

Cr 7.Q

B 3.10
Si 4.50

Fe 3.0

C 0.06 max
Ni REM

The IN-X750 nickel base alloy had a nominal composition as

follows:
C Mn . Si S Cr Co Nb+Ta Ni Cu Ti Al Fe -
Min - - - - 14.0 - 0.70 70.0 - 2.25 0.40 5.0 %
Max 0.80 1.00 0.50 0.01 17.0 1.0 1.20 - 0.50 2.75 1.00 9.0 %

Referring to Flg 2, it can be seen that in a solution of 5
volume % hydrochloric acid in water, the IN-X750 base metal is '
electrochemlcally_pa351ve between the potentials of 0.0 and Q.l
volts versus-.a silver/silver chloride reference electrode. From
the same figure, it can be seen that the AMS 4777 brazing
compound dissolves at a relatively high rate (corresponding to a
corrosion current density of approximately 1072 A/cm ) in this

same reglme

The selective removal of AMS 4777 braze from an IN- X750
component was demonstrated. The component was a section of a

PW2000 10th stage HPC stator inner shroud.
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conpound di ssolves at a relatively high rate (corresponding to a corrosion

.current densAt@/w?@O(?pp@@mg@gggyiggeg AhepBy bBcthbA wsanefieg wmaneThe
-sel ective renoval of AMS 4777 braze froman | N X750 _conpon

i _ , nt _was _.
dgn?nstsmumﬂtw??MSfprEMQﬂtlmaé a-séteroAt6LPRINGVEEHH iétﬁggfggénHﬁég'
stator jnneL, shroud. 7 A 10t eshbipet nshequdnseehipen with five
vane siybgfﬂﬁﬁf%ﬁﬁﬁﬂ¥ﬁa§%§¥%9§85%??@%§&g?rf%ging“c2|| ag shoanﬂfn Fig. 1.
The spegdr@ycas mPps O Inbekybtanedi hohebei Anhengdhamekgiepéoivbenat eri al
was brazed to the inner diameter of the piece. Initially, 0.010" di anet er
| nconelPB&OE Wi re was used to suspend the sanple in the cell. This wire

corroded andrfgai]gthyafoes184 Aounstet tAsbhay 800 wager eplsaceednition
99.997% purity titaniumwre for the remminder of the test. Th% cel | was
filled swspend 5thel samp¥e sbhuthencet Lt ecBRigal1rgr §8&TAEES é@ﬁtl@lﬁﬁﬁ%etic

stirring (150, rpm was used. The .53™HLe vasipekar i,zed 99 09935y a
Frekr re 3

silver/ r=chliorrde eren el'ectrode. The stripping current was
recor degs danii g wihe fon. tfberemhihben wésthepkaséd after 16 and 41 hours.
The sanple was renpved and.inspec 16, 2

. ted after 8 .
The current BRawvdchy A& Sambf Héegeﬁs dvﬁihpﬁe°e§8§§§g%nb§gg§§§¥ggg%gé
rgducedgggdéhgép_F|@engleAﬁgﬁﬁeﬂiBogggrQﬁnghQ1sor&pmcyabe,ukb@.bram@
filletswere approxinmately their original size. A black snmut was produced

gﬂchtgfs?mgb:ifﬁfﬁpfrheiseatép Ba885n¥t HF -wés SBAVEHY ey e TAR P T8 our s,
reference efécpggég.ma%h%egg¥§gpixaecurrent was recorded during
the run.

The solution was replaced after 16 and 41 hours.

The sample was removed and inspected after 4,8, 16,24, 64
and 89 hours.

The current drawn by the sample decreased as the exposed
braze area was reduced as shown Fig. 3.

After 4 hours of the strip cycle, the braze fillets were
approximately their original size. A black smut was produced on
the vane stubs. The stator base metal was brightened.

After 8 hours, much of the external braze was removed. The
braze joint laminating the two pieces of sheet metal forming the
inner shroud was etéhed. |

After 16 hours, all exterior braze on the OD was removed
and the rounded braze fillet was stripped flush with the stator -
OD. The bran scale on the specimen was removed and engraved
serial numbers rendered visible. The machined, smooth surface
IN-X750 showed no sign of attack.

After 41 hours, the braze joint waé sffipped to a depth of
approximétely 50% of the pocket.

After 64 houré, one vane was lightly loose to finger
pressure. Rinse water was observed in all of the braze pockets

8



braze.joint. lamnating the two pieces of sheet netal formng the inner

-shroud was etched, After | L BXE BEEOInYT aZLr ORad heofBLWasdr enoved
- and the’ ?%u%%%%rbr%ﬁ%a e?le?gﬁaé§§?€lpbed fl ushngnth the stator OD. The

brown et eaDn ¢ hetspecinenpuaket ehpyed aatnenghad eeler SeF# BFdntfbERS

render ed visible. The machi ned, .smooth_su 0] o] o] n of
att ackinge¥kying RoRF¥coPRe BPELE Y%ﬁ mééagf ?%ggéz?otggdé%?lgoaﬁag

appr ox ¢Rt 415086 of i Ehec peskgh. tﬁéteané4phohes on%heamenaaSWErghfhyeloose
to finger pressure. Rinse wafer was observed_in i t he graze ckets
8 evemnatcked repebdedt &bipFBsBedThe r PEPSSEE P ngf h?“%aél HhgI b 8d“°FE§FSa||

ﬁgnéhg%%gggmggc%SE ha{k b?ink§vgaga9§r§9&§i8§st0 the miBHEeRENM| Ngmooth

er was trapped 1n the cells and available to w ck
thrOugﬁufhscaan@—pmsaestl1Ihehaaaesnmesegﬁ|oé aphbeeked to identify them

The process_of hapd filing e notches r e ' [ I ve vane
sections. Thet ﬁﬁcﬁgnaaur§nngpﬁ ValiFPale" hﬁ§#§09%$?%%gfﬁo§ég%nggg|gn of
attack, Akbes 88 bRYrstatBhe.vamas weneyband- demavhbtief fonnthaeinpecket s of

t he stator The honeyconb detached fromthe inner 3hr§ud mnt? | i ght hand
preSSU$brOUﬁeWn§bhlh@btebgédopf?ﬁéur§hrOEHer@?%PhBE PEgR FBPIective

finish r 4 d 4 , (LesRectb¥ekynignstator pocket and vane
stub a??e #hgéﬁ?ggggs o] r§ﬂ§%Lfesent |nvent?én As shown, the stator

pocket is fFequoésresi dudl 4br ahey, andsphetwaﬁbYstabStﬁhgfcpéﬁﬁ?§ e8foved

f the stat ket . EXAMPLE 2 | .
uhi ch PenepFbitr FEERAI th5 BFSSra Pon Pt ELDSeRG B TFEFART aorde notfts! 1y

the stator pocket is free of residual braze, and the vane stub

was cleanly removed from the stator pocket.

- EXAMPLE 2
This example illustrates current density which is
' proportional to dissolution rate using different acids.
Electrochemical measurements on braze material AMS 4777
were made in 4 mineral acids (HCl, HNOj, H2S0, and Hs;PO,;) at 3

different concentrations of each acid, 5, 10, and 15 volume % of

a concentrated technical grade reagent. Thé measurements were

2 exposed area of the

conducted in an EG&G flat cell with 1 cm
specimen. The potential was controlled versus Ag/AgCl reference
electrode and a high density graphite rod was used as a counter
electrode. Polarization scans in all test were from -0.3 V to

1.2 V versus open circuit potential. The Scan rate was 1 V/hr

in all tests.



B ect rochem cal measurenents on braze mat erial AMS 4777 were nmade in 4

-m neral aci ¢g 4( 'égr’reg'éné%ﬁgﬁ% anthid3PA Alopdbrdidder e wancentrations of
0, a 1

* each acid, 5, 10, an vol ume % of a concentrated technical grade
r eagentisFhdutdasuretents WeSe 47¢0Ndudt e Pt IFRGTIRN cf Ithgth 1 cnp

X f i . The. patent.i t v ol . Ag/ Agd
ol or eeBned &ersdauaRhaantirio dk A Ui e SIS d S dPIoNs: 20 Moer

el ectrode. Pol arigzati on scams - noad mamkst® were from-0.3 Vto 1.2 V versus
open circuit potential. The Scan rate, wgs 1 V/hr in all tests. 9 The
current density BWRsch is proportd ¥HICM o the = dissol ution rate of AVS
4777) in the pa_sgiz_a;/?‘1 regi on sof_ the nal cqqtel X-750 was ranging for the
different acids asS tollows: HCL 10 - 100 mA/cn2 HNGB 2 - 30 mA cn2 H2SOM4
5- 20 mVcn2 HBPPM: 2 - 6 @ACiR2 MAY aBn be seen the hydrochl oric acid

provi des nmuch higher dissqlution, rate than the, qt . acl i kes.
this acid Sr tclaguggr Isffegdggﬁt Q@'éjort?sdﬁé)rﬂl;%sea%lr?t Lté)‘%;plrcge(s:g’en ?mﬁ i%ﬁ. I t
shoul ddheskeadiibyy appar ehant hale 'dthe pracess iwhidcoeridenceh vd tacide
present invention provides for advantageous  sel ective renoval. of brazing
conpos PRESH SHiLBRo Ut 2HNARGE IEQ Ushd CTuNFS IV dd S dRSTifdHt L EHY $Ur t her

wi t hout usi g RARLNECYE! #Rkeii 1Nt dAlehndalt hsprulidigns. It is to be
understood that the invention I's not limted to the illustrations
descr i bedoandnsikown theitbien prgisestt dme eddeimsd PEQY iste e 2IVINEIFR R 9e of

Lhe. DeskalRdss o SAULY 0% Qb A MU Qbn WNAIE LA S s oRRE D! @ of
underlying components, and further without using non-recyclable
materials under harsh conditions. _

It is to be understood that the invention is not limited to
the illustrations described and shown herein, which are deemed
to be merely illustrative of the best modes of carrying out the
invention, and which are susceptible of modification of form,
size, arrangement of parts and details of operation. The
invention rather is intended to encompass all such modifications

which are within its spirit and scope as defined by the claims.
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size, rarrangenent of parts and details of operation. The invention rather
is intended to enconpass all such nodifications which are withinits

- spirit WAT sogedfaMidefiSred by the clains. 10 WHAT IS CLAIMED IS 1. A
pgocess for selective renoval of a nickel alloy brazing conposition froma
ni ckel -base all oy. conponent, conprising the steps of: providing a brazed
assenbly corpri A ngrotedel fdhasseddive cmmﬁaht@fja)mwﬁby kel all oy

brazin onposition; . said a n electrolyte; and

appl yi ?ﬁb‘aaFldlﬂ e?ﬁ'?%ﬂsjéﬁr%sts%oéﬁgoa e‘?le%}fersf)ezgﬂ aaflnm)frac i} r{ Aé/'wher ei n said
ni ckel -Ragsr ARy Mgl oere el ectrochemcally pa55| ve and said nickel
al l oy brazing co osition dissolves whereby said brazing conposjtion is
removed fromE i indipdianred @Ssqfﬁélbf)r%@%‘él%‘f“%lré’r%q %%Pe?%l%& d

el ect rolc%; e%ot;g;jaqsl o d A‘W Sr}{ca)llr& f‘%ﬁlé@'t‘#d?ﬂq Fomdes ¥ agess of claim 2,

wher ei n5a1d m ution 1s a droclorlc acid sol ution. 4. The
‘process of Gl rad endr <4, n yvree ied mmmbnotnemtaralelesctrgﬂaatt@:r amdn 0.0 and up to

about 1.0 volts versus a reference, el ectro 5. The ocess , of
claimi1, whéRghying £ kf)r%fﬁg'htgl Ciln: FHPoRT T i B h elecrfr?j\d%t 1% i%hd ka &lfu?%

sai d Cm@ﬂ{ Ssaid- nﬂg'!@elpfﬂmsapfoﬁh&bnﬁbélnemraﬁ!él éﬁéétﬁdiéﬂﬂgcally
conposition conprises nickel-chromumalloy brazing conposjtion and

wher ei rPasss ive Gpbrichitd ok} sl I KTa D ARt H olP! dhpkefSs . 11

whereby said brazing composition is removed from said

components.

2. The process of claim 1, wherein said electrolyte

comprises a mineral acid solution.

3. The process of claim 2, wherein said mineral acid

solution is a hydrochloric acid solution.

4. The process of claim 1, wherein said potential is
greater than 0.0 and up to about 1.0 volts versus a Ag/AgCl

reference electrode.

5. The process of claim 1, wherein said brazing

composition has a lower melting point than said components.

6. The process of claim 1, wherein said brazing
composition comprises nickel-chromium alloy brazing composition
and wherein said components comprise nickel-chromium alloy

'~ components.

11



7. -The process of claim1l, wherein said brazing conposition has a
.Conposition as follows: Cr: 7.0 %w. B : 3.10 %w. Si: 4.50 o w. Fe:
3.0 %w. C: 0.06 %w. nax N : renminder. 8 The process of claim7,
wWaer ei n sai d_nickel - base allo¥ ionﬁogent% are provided froma material
having a noni nal TPEoRPBSFEFoRTaS PN dns ¥ EIRA"SPS P e85 Ni+Ta N Cu Ti A
Fe M Ncompositidfl- Has 8- #8mBBsPtioR. 48 GodQohs® % Max 0.80 1.00 0.50 0.01
17.0 1.0 1.20 - 0.50 2.75 1.00 9.0 % 9. The process of claim1, wherein
sai d ni ckel -6ase’aPl 8ywteonponents are provided froma material having a
noni nal congosigiga as Eolloms: CM S SC Co Nb+Ta Nl Cu Ti Al Fe Mn
- - - - 14.0°-°0770°70.8°: 2.25 0.40 5.0 % Max 0.80 1.00 0.50 0.01 17.0
1.0 1.20 - 0s50 2.36 £.00.9.0 % 10. The process of claim1, wherein said
brazing. co o§i§i8n°is a ni ckel -chrom um al |l oy containing boron, silicon
and iron, anf€safd’nfcKEt-base al l oy conponents are provided of a
ni ckel - chrontum gl bgyscqQat ahgkng iron, titanium at |east one of niobium
and tantalum and al um num 12 ' '

Ni: remainder.

8. The process of claim 7, wherein said nickel-base alloy
components are provided from a material having a nominal

composition as follows:

C Mn Si s Cr Co Nb+Ta Ni Cu Ti Al Fe -
Min - - - - 14.0 - 0.70 70.0 - 2.25 0.40 5.0 %
Max 0.80 1.00 0.50 0.01 17.0 1.0 1.20 - 0.50 2.75 1.00 S.0 %

9. The procéss of claim 1, wherein said nickel-base alloy
components are provided from a material having a nominal '

composition as follows:

Cc Mn si S Cr co Nb+Ta Ni Cu Ti Al Fe -
Min - - - - 14.0 - 0.70 70.0 - 2.25 | 0.40 5.0 %
Max. 0.80 1.00 0.50 { 0.01 17.0 1.0 | 1.20 - 0.50 2.75 1.00 9.0 %

10. The process of claim 1, wherein said brazing
composition is a nickel-chromium alloy containing boron, silicon
and iron, and said nickel-base alloy components are provided of
a nickel-chromium alloy containing iron, titanium, at least one

of niobium and tantalumn, and aluminum.
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