SELECTI VE REMOVAL OF BRAZI NG COVPOUND FROM JO NED ASSEMBLI ES BACKGROUND OF
THE | NVENTI ON The invention relates to a process for selective renoval of
brazi ng conpound from underlying assenblies and, nore particularly, to a
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joined. When a metal assembly to be joined is heated with
brazing compound near the joint, the brazing compound will melt
and flow intoc the joint under capillary action.

The repair of brazed assemblies frequently requires the
removal of brazing compound sc that the joined components can be
separated. Conventional chemical processes for braze removal
from gas turbine engine stators can require 120 hours or longer
of exposure to aggressive chemical solutions at 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 compositicons from nickel-base
alloy components without using aggressive stripping solutions
and the like so as to provide a more environmentally friendly
process. |

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 environmental impact and cost as well.

‘Other objects and advantages will appear hereinbelow.



process wherein the materials use., --an be so as to .. ,_ reduce

envi ronnental inpact and cost as well. O her objects and advantages w ||
appear her.ei nbelow. 1 SUMMARY OF THE | NVENTI'ON I n accordance with the
present invention, the foregoing objects and advantages have been readily

attai ned. I n accordance w th dyppapiveenNiHE NY@VENPION @ process i s provided
whi eh conprises the steps of providing a brazed assenbly conprising

ni ckel - base all oy conponents_ joined b ni ckel all oy brazi conposition;:
i mrer si ng sai daSSERBAGNER ‘dﬁJ‘h et RE RIS lé‘r’i’&“éf)ﬁ%yi ﬁSeaP‘gﬁ?%?&ff% acr oss

sai d el ecdiydatise add aavARGAGEYdRa Vs 15idd 191 akekihaae al | oy conponents
are electrochemcally passive and said nickel alloy brazing conposition
di ssol ves wher'®hPc§ardaprgzrabh coRpRITIERT iL@VepEiBled2f PERYSSS o Tonponent s.
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el ect r ocHe M HE€or'd=6P 14 B 1a‘ienl ]l ﬁi r?g dnYi HORRRFHEhE i th the
present i¢iRircahendasdl 1l pasebvdaaranddidshdwkeesulllisyobrazie) ecti ve process
'n composition dissolves whereby said brazing composition is '

removed from said components.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

Figure 2 illust;ates the relationship between potential
versus a silver/silver 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 tﬁe electrochemical record of a braze
stripping run in-accordahce 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 DETAILED DESCRI PTION The invention relates to a
process for selective renoval of nickel alloy brazing conpositions froma
ni ckel - base alloy conponent. |PEERESHRESERMFTROYhe present invention, the
process. has been devel oped such that, the brazing conposition is selectively

renoved W t houthet GidHt i0h GRIB8eBItbhe prsiesdsy iy sedspebest emdrdla M dhout
the need for aggressive chem cals at hi tenperatures, Further, the

hi gh
present pPotkes by M 7SGuICPEPPALT IR TFohéh MELFEranfe aHepping

sol uti onseofipbi@hal BNUIRHBALeOY i et ROIphdiRn AGSSALObn} hen@r esent _
invention is in renoving brazing conposition froma brazed assenbly wherein

several nPEREPSHIT ety deyponemt suah ethah i DrégdPaeFoBpothel ot abs ng

conposi ti 981 edt i+l HGHMARNEL whi EnEEFO¥Ech ik d¥ a1 RETEAS] &ﬁ&’é‘rfﬁ@? to
obtain clean and re-useabl e wunderlying conponents wi thout danmagi’ng the
under | yi ngemgengremns witdoptazhagne tAINT EA93 Ve FhoRECaks tathdd i nt

than the . @Eéé\lré@..t%r%%??“@ﬁés?ré&@tc Slange 4 'EhnSEeré S0 G the
brazi ng conposition 1is selectively renoved by 1mersymg the entire assenbly-:
i ncl udi ngusenebmai-sreanydt labdei sgrippposiselortionsa suitable electrolyte or

o oot ol Ve SOt SRR ErSe LA che BONERL Tk SPLE Tt e
conposi ti dnvedt 1en tie ivndembying besrPodatinpoaie iehetkoacheptLadd y passi ve
whereby the brazin conposition is removed w_ thout substantial danmage to
t he unde??@?mégiz §gvezal nickel-base allecy components are joined
together by the brazing composition. It is desirable to remove
the brazing composition so as to obtain clean and £e~useable
ﬁnderlying 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 dissolve the brazing composition while the underlying'
compenents are electrdchemically passive whereby the brazing
composition is removed without substantial damage to the
underlying components. .

Particularly suitable coﬁbinations of brazing composition
and component materials include nickel-chromium alloy brazing
composition and nickel-chromium alloy components. '

-The brazing composition.ié ﬁére preferably a nickel-
chromium alloy containing boron, silicon, irbn and small amounts

of carbon; for example as described in Table 1: .
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Particul arly suitabl e conbinations of brazing conposition and conponent

mat eri als include nickel-chromumalloy brazing conposition and

ni ckel -chrom um al | oy conponents. The brazing conposition is nore preferably
a nickel - chromiumall oy containing boron, silicon, iron and small anounts
of carbon, for exanple as describgggie Jable. 1: 3 TABLE1 C: 7.0 %w. B
: 3.10 %wm. Si: 4.50 %wm. Fe: 370 %w. C: 0.06 %w. mx N

remai nder. The underlying ni ckel - &&¢ori-Anta¥foy conponents are preferably
ni ckel -chrom um al | oy contai ning igrong §ht@np&m niobium tantal um and

al um num and may al so suitably. contain manganese, cobalt, carbon,-
silicon, copper and small arountsSaft 4sbPftrwtThe noni nal conposition, by
wei ght percent, may for exanple g?,a§ ﬁfg ferth in Table 2: TABLE 2 Nom nal
Conposition by Percent C Mh Si s ‘3 RbITAN QU Ti Al Fe - Mn - - - -
14.0 - 0.70 70.0 - 2.25 0.40 5.0 & :Max06. 80wil. O@a0. 50 0.01 17.0 1-0 1.20
0.50 2.75 1.00 9.0 This conbinatign of nickel-chrom umalloy braze
cont ai ning appreciable anobunts o lboFSﬂ?lgs?fton and iron and conponents of
ni ckel -chromum all oy containing iron, titanium niobiumand/ or tantalum
and al um num has been found particularly well suited to use in the nethod
of the presentTW?nHﬂﬂ?5i¥¥qﬂ'“Héﬁﬁ&rﬁBrP%é“m alloy components are

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 5 cr Co Nb+Ta Ni Cu Ti AL Fe | -
Min - - - - 14.0 - 0.70 70.0 - 2.25 0.40 5.0 L)
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
nickél-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 HCl, 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



braze fromthe conponent. In accordance with the present invention, it has
been found that particularly desirable electrolytes for use in renoving

ni ckel alloy brazing.conpositions from nickel-base alloy conponents are
mineral a¢dtesolaft imatersieRsasnsbhetiome afomrgpiprgthen, O HGENAMP thee | ke.-

In accord W I J & s VRVEDE! 9Na | | &lHe fefsdl ts have been obt ai ned
utilizing such “‘solution's at a conhcehtration of 5% vol ume of the nineral

acid in 4 watein amcqnotangei glishi bhe himventdes, ¢gr eateptiadnis. aprldiedip to
about 1. 0,vplds MRS %‘i]%c%rAQ ?C' féffﬂﬁ?lee v'e'}s%CQrQ DGSr)"%IfhéPe

|nvent|on a potential 1s a ed across the electrolyte, tor exarrple
versus a chlomrdeideferenchl eiiedercp@é,era;‘rrt@Oéle@@tlﬁédeS applped exttiaal is

20pLTed adns TBANINIR WALEHABLOKLISS LOa sl abi uel o DO, ool on

rate razing co tfon & g nic ase on
corrponentaf arles eixerztimgch:empoalityoxpaﬂmhﬂe thEhendsséygbhy nickeirgysed and-

tential lied f i t d of -t til the b
Composi 110 “SHFRCneES FROVE TN BIE tbRpononts. and.

preferably, the coxeanegt $soimhdesasablpptennibe appbved o sseparat ed.
When necessary and/or. at the conclusion of the process, the used solution

can readi FY B YeBARIEE, Of oF 1B apt ! Lﬁlené’rﬁﬁéﬂﬂ CPmRPHI GRS iSuch as

distill até@flflamrmlfyf yeieled Bl¥Ri SariuATBonBhOYi S8a) Bsyetadiyriyer al acid
solution for use infurther processes in accordance W th the present _

i nvent i ortherronpaReass @5ntb§vaﬁ$%ﬂ}}@d(1§%ﬂ be sgRered and 3RParAkiceht
temperature, aifkiiiasaniy aufaL AN drd RBhcABEdsH. of iR RE LSS £all e to

apply a gentle agitation t ution using any suitable meanst for
exanpl e swsext s.utibenaran readily be recycled, for example using known

techniques such as distillation 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. solutlon ,

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 schematically illustrates a process 1n 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 advantagecusly be graphite
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rate equivalent to approximately 150 rpm. At a lab scale, this can be
acconpl i shed by positioning a magnetic stirring bar in the

el ectrol yte. solution. . may al so be desir Ie to renmpve and rep).ace the
sol ution C&Fpeﬁeéer?%?nap@ﬁ??ﬁﬁ??ﬁ el rofR ? %Sc%%%ét%?Rfii 29| uti on
can advantiageourkYs®euf £sycl ed as descri bed above, and fresh or recycled
solution can be fed to the chanber or cell wherein the process is being

carried out. Fﬁﬁﬁ?@blys%%éﬁ%x|%§HQﬁquePH§9VaP%SS%?Eﬁ WL P SPAdRRce

with the poREgPhelNWERki® Ve SO dnd Bk@UEEURes Aused tEdl fuspeagsel 10 is
provided, and an..assenbly 12 to be treated is positioned therein. Assenbly

12 is preP&pambyypbdish beyaredestedarfiodedaigriak whgfih 1¥ifgy not. be

advant ageQysbyu:- 88 BY 2PR tEomy SAl IR aaéei\laﬁée&m &l &dd10dg 18 Fb?
positioned extending 1into the solution. Assenbly 12 nmay advantageous y be

suspendedekamplepl ni apcoxdanes nddhnithei preesskl 1NN stiid@nings wased to

d l.ect t.b
suspen %%S?Eglﬂc&fa?ﬂg ai.ﬁagalsee £2F %gcgi'lﬁﬂr@é&g V‘f'i CJ]SF\MeSJ.rQQ e

af fected condi t materials W thin vessel exanple, in
accordance wi t Asthet pf@siemtaﬁqwontutompyt beadesirakle ta saqpiarathemﬂhar |y

sui tabl e f?ec%?SF%% ?éfggnbly %Pgﬁtggs gelp§oset Jﬂiqg e?e It nmy be

desirabl e U0 agil yt e squ Pon Wt HH t e ves 10, and
this my hecomplbspédshbsk éxnmpieamphagusnpgsanwablutmﬂﬂnhgnom Agioetion

agi tation deV|ce as |.d be readily known to a pers l.,ed in the art.
A set TofERTEBOYS abY s i b aEBORR! T SPERFE TRy KL ThEi AgCa
magneti c ki ket Ngobal AWbows, HPWatibs Wakl bbeadesmpist sttt Nabhechokl owi ng
exanpl e, the process of t he present invention provides for effective
r emoval using a magnetic stirring bar 20 as shown.
As will be demonstrated in the following example, the

process of the present invention provides for effective removal

of nickel brazing composition from undexlying nickel-based

components while avoiding etching or other damage to the

components, and this is accomplished using environmentally

friendly recyclable materials.



of nickel brazing conmposition fromunderlying nickel -based conponents while
avoi di ng etching or other danage to the conponents, and this is
acconpl i shed using environnmentally friendly recyclable materials. 6 EXAVPLE
1 This exanple illustrates the beneficial results obtained using a

sel ective renoval process in accordanegpuet h the present invention. In this
exanpl e, renoval, of an AVMS 4777 nickel . alToy hraze. from | N X750 nickel base
alloy i s denorfPafdamPiRel AMBSYALRSthee PeRPEAG 1B a2 @S ALS LR tion as

follows: (ding @ sBledtlle SemdvdD plfcRiedsVif QcBbrdB@xce NbiﬁEM@%ﬂéﬁ'a%?:gg

ni ckel base alloy had a nom nal conposition as follows: C M1 Si s

No*Ta Ni @WentifN-Fe Mn --- - - 14.0 - 0.70 70.0 - 2.25 0.40 5.0 4 Max
0.80 1.00 0-5ant9151gx9mﬁlg,1fé%bfaﬁjo§0a%-35814@979n9cﬁ@fkgf¥69'H%éi Fig.
2, it can be seen that 1n a solution of 5 volune % hydrochlori'"c acid in

wat er, thefnaw XN5E7H8seinkedl base allent discHenPaalrgtedssi ve bet ween t he
potentials of 0.0 and 0.1 volts versus a silver/silver chloride reference

el ectrode. Fram, 9_\p1§ ga}m;e gglégiayli%y;%@agg ﬁggnatgg&p%%%aﬁnﬁgégzﬂ brazi ng

conpound f&ff%ws¥es at ‘ar rate (corres
Cr 7.0
B, 3.10
S5i 4,50
Fe 3.0
C 0.06 max
Ni  REM

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

follows:
¢ | w®n [ si s Cr Co | Nb+Ta | Wi Cu T AL Fe | -
Min - - - = 1140 - 6.70 | 70.0 = 2.25 | 0.400 | 5.0 | %
Max | 0.80 | 1.00 | 0.50 | 0.01 | 17.0 1 1.0 | 1.20 - .50 | 2.75 | 1.00 | 9.0 [ %

Referring to Fig. 2, it can be seen that in a éolution of 5
volume % hydrochldric acid in water, the IN-X750 base metal is
electrochemically passive between the potentials of 0.0 and 0.1
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 (cérresponding to a
corrosion current density of approximately 1072 A/sz) in this
same'regimel . ‘ o

| 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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corrosion current density of approximately 10-2 AlcnR) in this same regine.
The sel ective renoval of AVS 4777 braze froman I N X750 conponent was

denonstrated. Th o] s.a section of a_ PWO000 10t h_stage HPC st ator
i nner shroud. -l‘f;‘ iwg%gogg%t \é\@g?ﬁgbn'?%eﬁl}‘rs%'ﬁdgﬁ “saeh ‘6'?19}\7\& FRUS iV Y ane

st ubs was stiffendedsuBpandelii LRras+ippingadippiag shohnasnskown id.Fikhe
speci nen s approximately four inches in |length., neyco terial was

br azed towﬁheTﬁﬁnéPeﬁFﬁﬁﬂt8?So?pPF@flTﬁ?§;¥ ﬁaﬂftFQF ¥ é?o B Ibt anet er

| nconel 6Q6brdycembamalsetlal OwasUSPLRE tie thanphaerndibfecel| of Thhe Wi re

corroded and failed after 24 hours of testing and was replaced with 99.997%
purity tiRdEH® mwire for the remainder of the test. The cell was filled

with a 5 vol umap¥axsahli 00. 0fot eghirhedr AR 1HELO (ERE| RagBgHEy it Stirring
(150 rpm was used. The sanple was polarized to 0.035 V vs. a silver/silver

chloride SusRanenEBecFampleden The &kl ppiThg ScUireénfona’dedcaidetr thid ng
the run. Thg §obyt henrgﬁéfregggfﬁ%@% anaési-f@e?ﬂgcéé ROURS9g Ther $anpi & yas

renoved and I nspected after 4, . and 89 hours. The current” drawn
by the sarpiténdanr wasedfas the expoibeder mfatdeateatwas reduced as shown Fig.

3. After 4 hours .0 e rj I e Jr, I LI %l mmhel y
their originalT@Fzégﬁg‘ggécﬁpég%§ ﬁ%%*g%&h&@égm%n% ?ﬁ;“g@%@ %?ﬁ%é. @%1
st at or baspratet #IClwasGont hlat eagolet Af teri i imgur(d 50nupin) okas hesext erhe  br aze

}Ngfmr ﬁgnr%%mp-ligewagr laaéfalrglzgé v';é"”& n&mtg ng vtsh.e at \gngIeEngl‘%r Sghelet;[ri et al
reference electrode. The stripping current 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 etdhed. |

After 16 hours, all exterior braze on the 0D was removed
and the rounded braze fillet was stripped fluéh with the stator -
OD. The broﬁn 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,hphe braze joint waé étfipped to a depth of
apprbximétely 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
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i nner shroud was etched. After 16 hours, all exterior braze on the OD was
renoved and the rounded braze fillet was stripped flush with the stator

OD. The brown scale on the specinen was renoved and engraved serial nunbers
render ed V&1 B fLerTrersathidneampPEasRt Sigr PA@SLinE: X750 DRI TP 8N of

attack. Afgar Al RQULSe vhie Bharst i idde Wadnshkl hR@CFe t fofadaPith Qfhe

approxi matel y 50% of the pocket. After 64 hours, one vane was |lightly |oose
to fi ngerungsdssinge horeysomat sheiswalisdemasd tFAPBEE bR R Gfldce kets 8

even aft efy L SRRALLY o QIRKEEREHugh "t AjiHe Pockbt Vas fﬁé‘%#ﬁ’é‘é’ MAte 33kl of
t he vane pvoc]ket rgfe qulknt%s % p%% or at e%otco the underlyi ngw%one)}ggnb, ‘
wher e watmetatees! ttoajgdedtifyt hbemel The qripceavaik abedt 6l Wink the awgichelse vane
pocket, . rgﬁ?d B ottt ! gnnt?i&é‘e@a&eo s'e‘éﬁ%hg}’ EREM mJUE AU LCEFR 0, hand
filing the notches produced notron 1 n all Tive vane sections. 'The nmachi ned,
snmoot h  sswffaeee IIN~X750 stilll showesdl mwo sdiggnodf aatédakk. After 89 hours, the

vanes were hand-remyable fromthe pockets of .the stator..The honeyconb
det ached fromr}‘t(%ﬁéarinﬁ\réego%ﬁro eV\Y?rheD i""ge‘r%:te Rgﬁg "r}?"el%‘é%?fe)? f’lﬁoé"»r%c?hi ned edge
of the shdekets eifaitheds8abbirght ThefHartyicsabl datsbhedri frone st ianeérdb show,

respectively, a stator pocket and vane stub after the process of the'
present i%/%’rﬂ &ﬁ.t%Aglgﬁﬁv\B?"dtWée%‘T‘ﬁieor Bgék@?c?y’?‘?e ¥ Yediffual braze,
and the vane el Hetawasdchepnhyht eropmedtinemeihesist at or pocket. EXAMPLE 2
This exanple illustrates current density which is proportional to

di ssol ution r dt@UFEEng2drPiefBnEnati dESPEEra¥et behent et odesikedndats on
braze mat@ljdlstMSa4€Lf the process of the present invention. As shown,

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, HNO;,H;SO, and H3PQ4) at 3
different concentrations of each acid, 5, 10, and 15 volume % of
a concentrated technical grade reagent. The measurements were

conducted in an EG&G flat cell with 1 em’

exposed area of the
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 Scanrrate was 1 V/hr

in all tests.



were made in 4 mneral acids (HCL, HNG3, H2SO4 and H3PO4) at 3 different
concentrations of each acid, 5, 10, and 15 volune % of a concentrated
techni cal grade reagent. The nmeasurenents were conducted in an EG&G fl at
cell with 1 ciPeegpssert fens iy t e idpds RERPOThEODRE et i EI€ was control | ed

versus AgiAGE1utebR BREE of! A%d rofer)ang: anbi pRsIens| tog W dY (g 0d was used
as a counter electrode. Polarization scans'.in all test were from-0.3 Vto

1.2 V vers@enedpdn?8Preas tryodiand iEar thee dSEARTPAE A GARS 128/ 11 194F al | tests.
9 The current densjty (whichyg s prapPqplicgpal to the dissolution rate of AMB
4777) in the passive region of the |conel X-750 was ranging for the
different acids asHF@i|ows: HCI- 3P MAYGH mA/ cn2 HNO3 2 - 30 mN cnz H2SO4 5
- 20 MmN cnZ H3IPO4 ;. 6 my ) e seen the hydrochloric acid

provi des nuch hi g'hg?%()‘di ssol-u ioﬁfﬂr g‘?‘gc?‘han t he ot her acids, which nmakes.
this acid particulghsy advar? ageoush/icof use in the present invention. It

shoul d be readi|ly_apparent that .th rQcess Ln. .,accordance w.th.the present
i nvention progfdégnf T %ﬂ?&ﬁ?&@é&ﬁ@xﬁﬁﬁPééfiegl r%%(ﬁ% -l¥§%Pﬁ %er

conposi t iddsseilubaddh datedgehdro tite othedenkydng ebbponmesitess. @nd fatidher
W t hout usi nﬂ ngn-éec%éjl able materials under, harsh conditions. It is to be
under st o FFHHSELRREY | FVEM G IAEQUS MSgi £BdThS PIREEDT | A &4 ons

descri bed andxshgmauh@rﬁgrgegum1y13y§ar@aengdattfhémpfgﬁéﬁglﬂd Iustrat!ve of
t he best nodes of carrying out the invention, and which are susceptible of

nodi fi catiCGRTEPNERr Wt stk PRGSeligdReRNtoPP pBFPELGRR TR &9V@ndrIgpErat i on.

The selective removal of brazing composition without damage to the
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 medification of form,”
size, arrangement of parts and details of operation. The
invention rather is ;ntended to encompass all such modifications

which are within its spirit and scope as defined by the claims.

10



invention rather is intended to enconpass all such nodifications which are
wthinits spirit and scope as defined by the clains. 10 What is clained is:
1. A process for selective renoval of a nickel alloy brazing conposition
froma nickel -base all oy conmponent, conprising the steps of: providing a
brazed assenbly conprising nickel-base alloy conponents joined by nickel

al l oy hpaal ng conpasdd i, wherein said nickel -base alloy conponents are
provi de roma material having a nom nal conposition as follows: C W Si S
Cr Co Nb+Ta NN Cu Ti Al Fe Mn - - - - 14.0 - 0.70 70.0 - 2.25 0.40 5.0 s
Max 0.8 1.00 0.5 0.01 17.0.1.0 1.20 - 0.50 2.75 1.00 9.0 s inmmersing said
assenblly- | A RECEREE oKy B&legid v PISANF b ot RiHead by rarE®ct rol yt e

at a ni t ude. wher ei i | ckel - I en 2 _ .

ol ot r oatb iyl Rl £ YR EERaROR 618y, PUuBRHRART (8BS ing, o,

di ssol wage WedgdYosai d brazing conposition is renoved fromsaid conponents.
2. The process of claim1l, wherein said electrolyte conprises a mneral
aci d sol ut poeviginghe precess afseamildiyn@mmhistigia siaike nbasal abbdd
solution is selected fromthe, group consisting of solutions containing HCL,
HNCB arftPTROAGH S IQkﬁ%QﬁbY4Plg%%1p?%%%XsbB?z Ngj APIPORAELEPn sai d potenti al

|5 0r ety L0 O 0 AGEL 10,1 0o 20OV, 1cOnOh L AL KL 3o pPo09LACk LRI B ence

el ectr € process o erern sald brazi ng conposition
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 - 2.2510.40|5.0 %
Max{0.8y1.00{0.5(0.01(17.0121.0] 1.20 - 0.50(2.7511.00)|19.01%

immersing said assembly in an electrolyte; and

applying a potential across said electrolyte at a
magnitude wherein said nickel-base alloy components are
electrochemically passive and said nickel alloy brazing
composition dissolves 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 selected from the group consisting of solutions

containing HCl, HNO, and mixtures thereof.

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

electrode.
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has a | ower nelting point than said conponents. 6. The process of claim1,
wherein said brazing conposition conprises nickel-chromumalloy brazing
conposition and wherein said conponents conprise nickel-chrom um all oy
conmponents. 7. The process of claim1l1l, wherein said brazing conposition has
a conposition as follows: C: 7.0 %w. B 3.10 1 w. Si: 4.501 w. Fe:
301 w. C 0.06 %w. max N : remainder. 8 The process of claim1l
wherein said brazing conmposition is a nickel-chromumalloy containing
boron, 5iliTten parndtess orf @lmlisal d wiekeln bssied abtrayinonponpatsstaocr provi ded
of a njickel-chromumalloy containing irgon, titanium at |east one of

ni obi unfAfd®t AAVEF URE L BABTaPRATRUMIAY. SRAE GPBPSOEENSE -claim 1, wherein the
el ectrolyte consists essentially of a solution of one mneral acid selected
from the group consisting of HCL and HNO3. 10. A process for selective

renmoval g of mhdigikfdlesd | OF HTazh Ny, #REPOSH! 4804 pRa% 8ngi ek@bobasecal | oy
conponent, conprising the steps of: 12 providing a brazed assenbly

conpri stompnis&el nbakelachopmivonpdident bripeingd coppeisdhdloraldmsy brazi ng
conposition;,innersing said assenbly in an el ectrol yte; aqgéiapplying a
pot ent i ¥PeEe+Bs8aid; HOBPRRERSFy FOTRE1SE ReGHELGFETIEME R1S&4Yd ni ckel - base

al'loy cogpgagohssare

7. The process of claim 1, wherein said brazing composition
has a composition as follows:

Cr: .0 % wt,
B: .10 % wt.

.0 % wt.

.
3

Si: 4.50 % wt.
Fe: 3
0

C: .06 ¥ wt. max

Ni: remainder,

8. 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 tantalum, and aluminum.

9. The process of claim 1, wherein the electrolyte consists
essentially of a solution of one mineral acid selected from

the group consisting of HCl and HNO,.

10. A process for selective removal of a nickel alloy brazing
composition from a nickel-base alloy component, comprising

the steps of:

12



el ectrochem cal |l y passive and said nickel alloy brazing conposition

di ssol ves whereby said brazing conposition is renoved from said conponents,
wherein said potential is greater than 0.0 and up to about 1.0 volts versus
a Ag/AgCl reference electrode. 11. A process for selective renoval of a

ni ckel alloy brazing conposition froma nickel-base all oy conponent,

conpri si ng priokd gitrePs Wra¥d\dghdutb B ¥amedt fiase il ykeDrApassi AYLay ckel - base
al l oy conponents joined by nickel alloy brazing conposition; inmersing

sai d ass@mpPyents srotnedt byl piekephalépr Prazéhgccrilpsd tdonsi st s
essentially_of a.soluti.on of o mneral acid selected fromthe group

consi st i ng t0FehE " F 89S Y adbI3f i St et F Al 282r oss sai d
| t | yt f [ ' ' j 3 t
el ectroly %p?&y%n@%m ae/%&n [ 6] &y 5idd dsa[‘ic?:ﬂfioe@@ﬁ&]ﬁéoé(t@”ponen S are

el ectroche 'l'y “passi ve sald nickel alloy brazing conposition
di ssol wesgmhtatiddywised€lihr aaidgntorpdsbabenalioyr esnypetiehite@masai d conponents.

13
electrochemically passive and said nickel alloy brazing
composition dissolves whereby said brazing composition is
removed from said components, wherein said potential is

greater than 0.0 and up to about 1.0 volts versus a Ag/AgCl

reference electrode.

11. A process for selective removal of a nickel alloy brazing
composition from a nickel-base alloy component, comprising
the steps of:

providing a brazed assembly comprising nickel-base alloy
components joined by nickel alloy brazing composition;

immersing said assembly in an electrolyte, wherein the
electrolyte consists essentially of a solution of one mineral
acid selected from the group consisting of HCI and HNO, ; and

applying a potential across said electrolyte at a
magnitude wherein said nickel-base alloy components are
electrochemically passive and said nickel alloy brazing
composition disscolves whereby said brazing composition is

removed from said components.
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