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on them. Part of the regular repalr seguence for the blades and

vanes {individual or together referred tc hereafter as
“airfoils”) of these engines includes the removal and then
replacement of the worn coatings from their surfaces. These
coatings are usually either an aluminide coating or an MCrAlY
coating. The underlying base metal of airfoils are generally
made of either a nickel base alloy or a cobalt base alloy.

These coatings provide airfoils with a barrier to the hot
corrosive environment in which airfeils operate.

In the past, these aluminide and MCrARlY coatings were
renoved from airfoils by soaking the parts either in nitric acid
solutions {to remove aluminide-type coatings) or in hydrochloric
acid solutions (to remove MCrAlY-type coatings) 1in high acid
concentrations for up to six hours at elevated temperatures.
This soaking process has several disadvantages associated with
it.

This soaking process is extremely labor intensive énd can
produce non-uniform and unpredictable results. It can also
damage or destroy airfoils if improperly carried out.
Furthérmore; each airfoil part regquires extensive masking to
protect areas sensitive to the acid soaking selution. Such
areas include internal surfaces and the root section of the

airfoil. These masking operations are costly, add significant
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rareas include internal surfaces and the root section of the airfoil. These
maski ng operations are costly, add significant 1 2 9. JAN 2004 tine t?ﬂéﬂ?%&
repair process and, if not properly carried out, can |ead to damaged
destroyed parts. Still further, these soaking processes may result in
extensive anmounts of acidic waste solution that nust be properly disposed
of as well as have a long cycle tine and require relative |arge anounts of
energy to heat the acidic solutions. A better airfoil stripping process is

* needed by the engine nmintenance and repair industry. L sgbgid ercaai rfoi
st ri ppi ngimpr beetke stRRAIT BECERBS tHH H&gnﬁtrgﬁﬂ%?ﬁ'cf@?gat?ne; requires

reduced §gggnkoog%,1]g§ég o GRYLEEFed G5 vmSKisRgl antlitwweer, tbpeeating
t enper at ures; produces | ess hazardous waste effl uent;

_ requi.t | ess
heati ng epekgyy ProCRESSS mmWféﬁﬁvhhdl%w%ﬁﬁQ@FéHFeam%ﬂqﬁﬁnﬁ%nacggiﬂlts so t hat
fewer parts are dapmge est.r.oy ' idi€rhEEY Ch1 NG wBUthaa fstvE ppi ng
process W§§t5e§ﬁgﬁpgseﬁ?g%'%%ﬁgaﬁgo E%Fiﬁﬁggndfng u. S. pate%t aggﬁgcation
serial ne. 10089/ 246)860imd idred rBacerbere 18, 1vEod8rdemTVEd PEERR
CONTROLLED STRI PPING OF, AIRFO LS. In this process, a coating is
el ect r ocHOMNEAIL! FP&t #FpYed F¥ S8R ai rfoil by immersing the airfoil in an
el ectrochem cal paeidybat hediar sardpblingi priceer iiedrneeded it W6 FBALNE the

coating fromthe airfoil while maintaini . a ol | ef ;abselrybging
el ect ri cdlaipseaanicsl anft FeRdidpdlfurstd: re %ﬁé%%ggglectrdﬁe on %ﬁe ai r f oi
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stripping solution and the waste water that_is cr ed qfrQmpsinsing the
stri ppi ngresblasd @moniét °bel MRAFEHGEFIPFASTh esspénsatSkﬁﬁ%sg as required the use

of large industiiplWaskervpées priodeateentspliemtas doSEMURY GF FEHEN T NVENTI ON
reguires less heating energy:; produces uniform and predictable
stripping results so that fewer parts are damaged, destroyed oI
require recycling. Such a stripping process has been presented
in allowed co-pending U.3. patent application serial no.
09/216,469, filed December 18, 1998, entitled FEEDBACK
COKTROLLED STRIPPING OF AIRFOILS. 1In this process, a coating is
electrochemically stripped from an airfoil by immersing the
airfoil in an electrochemical acid bath for a sufficient period
of time to remove the coating from the airfoil while maintaining
a controlled absolute electrical potential with respect to a
reference electrode on the airfoil surface.

In order to make the stripping process commercial, the
expended stripping solution and the waste water that is created
from rinsing the stripping solution must be managed. In the

past this has reguired the use of large industrial waste water

treatment plants.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to

provide a feedback controlled stripping system with an

integrated water management and electrolyte recycling system



" Accor di ngly, it is an oE)j ect of the present invention to provide a
feedback controlled stripping systemwi th an integrated water manag

nt
and el ectrolyte recycling system2 2 9 JAN 2004 } which can be used EggaJAN 2004
strip or renove coatings froma wide variety of workpieces. It is a
further object of the present invention to provide a process for utilizing
the systemto strip coatings froma wi de variety of workpieces. The
foregoi ng objects are attained by the systemand the process of the
. present invention. In accordance with the present invention, a feedback
control | gd; st riRpiJag w3¥at €8 s iy @ dedowt tdvadtringgr ated a edigtrol yte
recycling. This allows protective coatings to be renoved from turbine
bl ades, vanesty afd “orrkerc@B? kpi eces, as well as pernitting brazing and

sol der conpounds,; £ q Q%IEF;QPV%(BJ{@@ RBbapsesdrt qoh@ntilbhute rcivddei t hout
masking by the use of controlled potential strippi ng._ The_int %grwq_l%igon of a
recycling psyséem frased idhzaed &l SVSEERt FONS 'SHdbIA%PT 289 hEr Thénmi"afry of

the stri g [ n% sol ution Vigi Le mnimzing the volune of chemcal waste
created gri Eyp‘? CESSPITRE integration of zero waste vvater%gi char ge

equi prent al | ons themysbenbieche dmcatedirad Fadng sveserat n%‘ecent ral
waste water treat t plants, T i ng renoval system of the present

i nventi oﬁroﬁ?ﬁéﬁgeé}b%ﬁfiessggtalﬁf?ﬁ?%%ﬁlﬁg tank containing an electrolyte

bat h stri ppi ngnsetesi@mdeomitbnove rereseasat nvgn¥gm &t [F8488“Hne wor kpi ece

POt ent | aI°PS SREFAY of HEAPFI & RE BT | Bt eae it kol S th 1 eepet 1o a
reference)ekegblote tamprisied .i nThhe aldlcact Pobyeet bk 17024 1PEASES thk
.Containir?%ﬁ%v%hn%gogoéﬁggfﬁé %Sgdes, vanes, and other workpieces, as
well as permitting brazing and solder compounds to be removed
from metals, in cold, dilute acid without masking by the use of
controlled.potential stripping. The integration of a recycling
system basea on acid distillation stabilizes the chemistry of
the stripping.solution while minimizing the volume of chemical
waste created by the process. The integration of zerc waste
water discharge eguipment allows the system to be located in
'facilities lacking central waste water treatment plants.
The coating removal system of the present inventicn
broadly comprises a stripping tank containing an electrolyte
) bath stripping solution for removing a coating from at least one
workpiece immersed in the electrolyte bath while a controlled
absolute electrical potential 1is maintained on the at least one
workpiece with respect to a reference electrode immersed in the
electrolyte bath: a rinse tank containing a rinse solution for
rinsing the at least one workpiece after completion of removal
of the coating from the at least one workpiece; and a
distillation unit for receiving used electrolyte from the
stripping tank containing dissolved metals, for purifying the

electrolyte received from the stripping tank and for returning

the electrolyte in a purified form to the stripping tank. In a

commercial embodiment, the stripping tank, rinse tank, and




*rinsing the at | east one workpi ece after conpletion of renmoval of the
coating fromthe at | east one workpiece; and a distjllation uni& fiHNlmL
receiving used electrolyte fromthe stripping tank containing diég ved
metals, for purifying the electrolyte received fromthe stripping tank and
for returning the electrolyte in a purified formto the stripping tank. In
a commercial enbodinent, the stripping tank, rinse tank, and 2 9 JAN 2004
distillation unit are nmounted on a skid. The coating renoval system

. further conprises a control nodule for operating the system A process for
renpvi ng (35698l kNgerf NAMMa awer kpieesel usi agshnd. acditk e80T FPPIVRG sol ution

and for regenerating the stripping soluytio roadl vy c | Se he steps of

stri ppi ngyatevaf PRgFT GIAMPA IRBE kpi ETE Wﬁﬁ%f%?ﬁﬁ:fﬁggagﬁbgizgi in an
electrocgsgkgﬁ[ acid bath for a period of tinme sufficient to renove the
coating romthe workpi ece while the workpiece in the el ectrochenjca

bath is maintAai pedcess e EERDNHNY el SAFSENEL TP R P CR ® Hot'@htT al” with
respect to.a reference el Lede; and.Jegenerabingra e eheckeochemaal acid
bat h by ftcﬁl?)]s% rési %P“gd}%%qe%c%toﬁ'onlof the el ec%r ocheni cal acid, bat .OmOc her
details afolheosystensbnddripeiprocere ierrheipfbEERITY AvERPTORY B el | as
ot her objects and advant ages .att heret g, ar& setrdcvketlickn t he
foIIomﬁndad@F&Pﬁgﬁed%%C?Tﬁ%ﬁﬁﬁﬁgagggq?%gqggggnpaniing drawi ngs in which |ike
r ef er encesdiymaahs fodepi gér idke fek ement st f iBREEF DESCRIPE GREORCTHE DRAW NGS

ySi em wi TP FHOEQRAE BB GAT OF ThnSOenEat M o et ToTyte TeeyeiThg System
in accor danae W Waihbeipe@senth a peentobird Rigoltel ¢latyH®s a nodul e for
allomjng Sgké¥¥?é%tggthorespect to a reference electrode and regenerating

the electrochemical acid bath by atmospheric distillation of the

electrochemical acid bath.

Other details of the system and the process of the present

invention, as well as other objects and advantages attendant

thereto, are set forth in the following detailed description and

the accompanying drawings in which like reference numerals

depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic representation of a feedback
controlled stripping system with integrated water management and
electrolyte recycling system in accordance with the present
invention;

Fig. 2 illustrates a module for allowing an operator to
control the system;

Fig. 3 illustrates a counter electrode array used in the
stripping tank in the system of Fig. 1:

Fig. 4 illustrates a fixture for holding the workpieces to
be treated;

Fig. 5 illustrates a data acquisition and control system

used in the system of Fig. 1; and



“control the system Fig. 3 illustrates a counter electrode array u %d in
the stripping tank in the systemof Fig. 1, Fig. 4. illustrates a fixﬂﬂd&&
for holding the workpieces to be treated; Fig. 5 illustrates a data

acqui sition and control system used in the systemof Fig. 1; and 4 2 9 JAN
2004-Fig. 6 is a schematic representation of a distillation unit wused in
the systemof Fig. 1 to recycle the acid stripping solution. DESCRIPTION
OF THE PREFERRED EMBODI MENTS The phrase "control |l ed absol ute el ectrical
potential with respect to a reference el ectrode"-as usef eneinugggns t he
el ectrical porggtiglisas mebswated bepwesentaid ofi Pof| It ak 1 @ Wk g

el ectrode) and a non-pol arized. referen tQdechR arrifpEsywWire

el ect r ode8s88t tp T tHETEMeR rd%ﬁe&iéglgggﬁ%ﬁﬁgﬁ% ?Ehacontréﬁfigﬁ to affect a
sui tabl egpate;9f . stripping of the coating fromairfoil base netal. A
phrase "controlled electrical current density on the airfoil surface" as
used herein neans the electrical current is neasured as the current flow
between the airfoil and the counter electrode in the electrochem cal acid
bath while the absolute potential of the airfoil is nonitored with respect

to a non- polarized reference el ectrode also present in the

el ect rocheni cal aci d path; et RAY 888. ERIVEFRED EBBEDBGENTRIe setup” as used
herein refers to theuse of an airfoil as the working el ectrode while

al so have at | east one counter electrode and non-pol arized reference

el ectrode in the electrochem cal acid bath. The word "coating" as used
herein refers to a coatin . :
The phrase "é%ntrolled absolute electrical potential with

respect to a reference electrode" .as used herein means the
electrical potential as measured between the airfoil (as a
working electrode) and a non-polarized reference electrode in a
three-wire electrode setup in . the electrochemical acid bath is
controlled to affect a suitable rate of stripping of the coating
from airfoil base metal. _

2 phrase "controlled electrical current density on the
airfocil surface" as used herein means the electrical current is
measured as the current flow between the airfeil and the counter
electrode in the electrochemical acid bath while the absolute
potential of the airfoil is monitored with respect to a non-
polaiized reference electrode also present in the
electrochemical acid bath.

The phrase-"three wire electrode setup” as used herein
refers to the use of an airfoil as the working electrode while
also have at least one counter electrode and non-polarized
reference electrode in the electrochemical acid bath.

The word “coating” as used herein refers to a coating
applied to an airfoil such as a barrier coating, a solder or
braze joining compound applied to a metal part, an electroplated
coating applied to a steel component, and the like.

The technique used in the present invention to strip

coatings from workpieces such as turbine blades and vanes and



"applied to an airfoil such as a barrier coating, a solder or braze 'oiniﬁ?
conpound applied to a netal part, an electroplated ‘coating apMiexiéd Y
steel conponent, and the |ike. The technique used in the present invention
to strip coatings fromworkpi eces such as turbine blades and vanes and 5 2
9 JAN 2004 other netal objects and/or to renpve braze or sol der conpounds

"frommetallic workpieces is based on the application of an external anodic
current to the workpieces, which results in an increase in the potential
of the workpieces. Thus, the rate of the acidic stripping process is

“increased significantly whil i hlSet 9 SREIAL @ catieeil thgpodraiger aci d
concentré’ttPSgsf“eE‘:t‘flﬁ’ Crtsosgcrjé%entrg})gt%rrpe?atﬁres and/ or at ghorter peri ods

of time aRaNmeeRYVEN: iWmnBlpiseaki ng Iprecessethe BRKE 15gé 18P PEsY’ aggressive

solutions or |ower tenperatures or_shorter. tign o i-BBS10E COMDI nations
t her eof &tewREatoPNRRES AU IFERE EOsHIS -wéjﬁgpngggé' corpl ex masking material s.

Further more, UR@N; ey dot@hribheccontd ngrimiecesl , e elkBet Fochet cal

current may be automatically stopped or reversed. to. aikp,the;gesired
st ri ppi nghef Bedtini shHLRP GG rﬁ’@of‘%gfjagf %&eﬁﬁﬁé %1e r?lr%t%itang Or" damaging t he

wor kpi ece, .The .prasept ohavan 1:@Ne cafe el el betld otenamsitig téoner ot ed

absol ute potential stripping. The coatings tha be r. v tB¥ethis
process iIsleudepenetdng MrTEHIaSHT AF d_RFA ac?oé%‘f’gg%r o?egl;%% g? ror e

MOr Al Y-type coat | - i X389 bheresdes Exampkesse off NIgrsAl Y-type coati ngs
i ncl ude Ni nac%%\\f%g%ﬁ%{lﬂw and]L %o%:rAl Y. The.techni que Iotfert r}%agrcgggnt
i nvent i onaqmesalive lseluseons oo dABGE BFRRAF NdFSr °Sof o&t J oi ni ng” conpounds

ng? get 2%%%%:561”{:061 aonent s, ., The coptEoki e patentisal ostréppiavgtprepedabl y

solute electrical potential on the work im the
less complex masking materials. Furthermore, upcn ré%é%%% L

the coating material, the electrochemical current may be
automatically stopped or reversed Lo obtain the desired
stripping effect without going too far and thus destroying or
damaging the workpiece.

The present invention.can be carried out using controlled
absolute potential stripping. The coatings that may be removed
by this process include one or more aluminide-type coatings oOr
one or more MCrAlY-type coatings or mixtures thereof. Examples
of MCrAlY-type coatings include NiCoCraAlY, NiCraAlY and CoCrAlY.
The technigue of the present invention may also be used to

) remove braze and/or solder joining compounds from metallic
components.

The controlled potential stripping preferably uses a
constant absolute electrical potential on the workpiece in the
acid bath. The constant potential provides activation energy
for dissolution of the coating/brazing/solder material, and also
causes a difference in the intrinsic corrosion current density
between the workpiece base material and the
coating/brazing/soldering material. Alternatively, it may be
desired in some situations to employ a variable absolute
potential with respect to a reference electrode. By controlling

the absolute potential of the workpiece, the coating removal



“acid bath. The constant potential provides activation energy for

di ssol ution of the coating/brazing/solder material, and al so cause® 3aAN 200
difference in the intrinsic corrosion current density between the

wor kpi ece base material and the coating/brazing/soldering materi al.
Alternatively, it may be desired in sone situations to enploy a variable
"absolute potential with respect to a reference electrode. By controlling

t he absol ute potential of the workpiece, the coating renoval 6 2 9 JAN 7994
} rate will vary over tinme (i.e. will be smaller as nore is renoved). This

“enbodi nent provides good selectivity f INgkkr azessad dey renoval , but
requi r es f@tEohpl xYHot S oStAt | gl ‘F%V\éu?%u%%la%ﬁﬂAgcordi ngly, controlled

absol ut e , pRt,eRY i al Tistd icpRoAgmEst prelereedgadreree lsetéEL tYi gl%ﬂf is the

primary concern. It is desirable to select the opti glectrical potential
for conduwswitngar A azef Boidedc RERP ¥ ?jélﬁcffe%‘ﬁ]?reﬁw%s ng??rmm l evel may be

found by Hq&%%qgggga{p@_werre@tjpgpﬂsi ncoftdcoqt ed coandodd e ppetP WSEkpi eces
the

to find the opfinmum point where sel ectivi t%/ otﬁé’sg:ri E)Qiprgethe

coat ed/ briazedkseldetr hprpierd dls Preh§r 49t “REF kpPece Metal i3 greatest.
Prefer ablalf. tahe %Iogg%kg)chem' cal tank may be of any standard acid resistant
mat eri al .F"A{'?éxt 6rnal ~ anhi oni ¢ current may be, applied to Ehe I Kpieces

whi ch may be flul iy oespeatley tiomyeledd then OPRA™AR| Hi - &&8 r%?%l/\%)e ath in
the tank._The workin ect { hathsiwh ] | Thea st hptwoerkpi eces

t hemsel vekS* G?é’duc?f“ﬁ%rgﬁ%%ue%%gﬁgl&g%ﬁ%ges (preferably, s%and rd, graphite
el ect r odesgvaii InlaybeepEaced hin mesubbth. the CEFEERhE et P d%ogr( an Ag/ AgCl

or a hydrogen refereance plectrode) ¢i gy aliR0 phamred pdint Rerebat hhe Special |y,
the wor kp?‘gcgesﬁfﬁfpﬁe ITSt suitably nmasked ‘

selectivity of stripping the coated/brazed/solder material from
the workpiece metal is greatest.

preferably, the electrochemical tank may be of any standard
acid resistant material. An external anionic current may be
applied to the workpieces which may b§ fully or partly immersed
in the acidic electrolyte bath in the tank. The working
electrodes for the baths will be the workpieces themselves. One
or more counter electrodes (preferably, standard graphite
electrodes) will be placed in the bath. A reference electrode
(an Ag/AgCl or a hydrogen reference electrode) is also placed in
the bath. Specially, the workpiece may pe first suitably masked

) (which may be less than the masking regquired for the

conventional soaking process} to cover any acid sensitive
surfaces. The workpieces are preferably affixed to an
insulating fixture at the root section or base portion of the
workpiece. The root or base sections may not be immersed in the
bath and urnlike the conventional soaking stripping processf thus
do not require masking. The insulating fixture holding one or
more of the workpieces is preferably made of titanium or any
other suitable noble metal. Alternatively, the workpiece may be

i tion and
completely immersed after masking the root or base sec

other acid sensitive surfaces.
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* (which may be | ess than the masking required for the conventional soaking

process) to cover any acid sensitive surfaces. The'.workpi eces are?§ JAN 1004
preferably affixed to an insulating fixture at the root section or base
portion of the workpiece. The root or base sections nmay not be imrersed in
., the bath and unli ke the conventional soaking stripping process, thus do

not require nmasking. The insulating fixture holding one or nore of the
wor kpi eces is preferably made of titaniumor any other suitable noble
~metal. Alternatively, the workpiece may be conpletely inmersed after

masking the ropt, g&?&%% $eet bomad ofother r i cbrselasetwetlsfmff é’ées 7209
a

JAN 2004 I n operation one or nore of the root or gggt t he

coat ed/ brt&kedos@bdébe&&ﬁbﬁl@éﬁeée% wRIKRIEER B Al frc?l §ﬁﬁ the titani um
fixture or oth e of i 9 éﬂr?&turc e Jﬂ'lad&(mlllépuﬂgeﬁm@et hen
partly or*f @ | feed quhggac?dl co ?Etl on. The electrical, current

is appli Qd-;e\MddlkbhécabsaﬁElJtt@erieIDEC'th’ ol fpéﬂ-én%’i“’%ﬁrsc?fj the® ri’<p| &ce bei ng

controlled. The reference el.ectr used.tp; SE3SUHE tOEe BPHHIwre t he
el ectri ca3olPdtBnt i APt §5é "8 kgggﬁ%&l n thglgblath I n the cas,ﬁ?%
de is

control | egh £l8Gtdaicabt oot Bt icel tSEr wppimigcet heirefeaedod 168t ec

connected to potenti ostat/gal vanost Yol Nfon A8 @@ eOR16EEIPRING MY
be noni toJF%ﬁﬁre\”CFhéléFEE?‘?%clﬁerlﬁsgg g%tfﬁg]%[%f‘%g {:) may cont a| n any suitable

aci di ¢ sob4itd a2 Pref enablyskgieeachdtbs teithher T Hha et or

hydrochloric acid. Any suitable acid concentra |o P dQ repeacentrat ed
sol ut i onscamyr dkl ass&dechRHEdDUL AENG 8 n%%rn:‘tprpatl 6ngh cont ai ni ng about 3% to
4

about 15% by vpliume o echAkEadd agetast tostiatr \gat Bpn¢aiost WegrayabPy nitric
or HO) are preferred because o%e t he, ?r eater selectivity achieved with
t hem over dapree @orddiPPAPEd &G JOPIFPERS,

The electrochemical stripping bath may contain any suitable
acidic solution. Preferably, the acid is either a nitric acid
or hydrochloric acid. Any suitable acid concentration up to
concentrated solutions may be used. Aquecus acid concent;ations
containing about 3% to about 15% by volume technical grade acid
in water (most preferably nitric or HCl) are preferred because
of the greater selectivity achieved with them over more
concentrated acid solutions.

The electrochemical operations used to carry out the
present process may be carried out for any suitable amount of
time and at any temperature Lo remove the coating/solder/braze
from the workpiece without harming the underlying base metal of
the workpiece. Preferably, these stripping operations may be
carried out at room temperature and for about 15 to about 300
minutes. These conditions are lower and shorter than the
conventional scaking processes.

The end peoint of the stripping process may be predetermined
by any standard end-point technique. These include a linear
extrapolation of the current/time curve to the time
corresponding at zero current; a predetermined ratic of the
initial current to the measured current; by predetermined

alternating current (AC) or voltage measurements; or by a
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* The el ectrocheni cal operations used to carry out the present process nay
be carried out for any suitable amount of tine and-.at any tenperatug gan o0
renove the coating/sol der/braze fromthe workpiece without harm ng the
underlying base nmetal of the workpiece. Preferably, these stripping
operations may be carried out at roomtenperature and for about 15 to
about 300 minutes. These conditions are | ower and shorter than the
conventi onal soaking processes. The end point of the stripping process nay
be predeterm ned by any standard end-point technique. These include a

“linear e%%é%@?klﬂril@rf‘ soihee Codrantyatiive endyeine vhéuei a CWdréspondi ng
at zero &ufrent; a predetermned ratio of the nitial current to the
measur ed wbeteenhe byoqrssdetél nfHeRl Ol L& ﬁﬁf’?ﬁ@edc'wrent (AQ Orrb\z/m t age
measurenents; _or by a . : A Fedeter aened mhisahutietgubrity t ati ve
end- poi nt val ageo ¥%%?r§te§?1V%%§lgofshe' process will stop or be reversed. The
present ijaweat benths ferldwengdBsarplrsd in detail by neans of the follow ng
Exanpl es. EXAMPLES 1-4 } Exanple 1 CONTROLLED POTENTI AL STRI PPI NG OF

ALUM NI DE COATING Six airfoils (PWO00O0O 2nd stage bl ades fabricated with a

single crystal nickel-based super ZXRYPLESsE fret al ) bearing an al unini de

coating, (approximately 0.001" thick) were clanped by their root section
into a tifE¥eRd® fi xture. These coated airfoils were engine-run for

5, 000- 11, QG- 0 pONESeI/si XS TRAPPTNG | GF AWIMINI RERCAATING the ti p- down

orientation Thn a tank contalning.,s sQLuti % yeéangiwonrcent ration

hydrochl oric Sd¢d @ LA OdhhS e FF4Y O:aogm tsgrargérg?%éges. iléﬁgygl ades were subnerged
to . single crystal nickel-based superalloy base metal) bearing an

aluminide coating, (approximately 0.001" thick) were clamped by
their root section into a titanium fixture. These coated
airfoils were engine-run for 5,000-11,000 hours. These sSix
airfoils were immersed in the tip-down orientation in a tank
‘containing a sblution of 5% by volume concentration hydrochloric
acid in water at room temperature. The blades were submerged to
their platform level so that the acid solution contacted the
areas requiring coating removal but not the root section.

The acid tank‘also contained an insert comprised of three
éraphite plates that functioned as counter electrodes. The tank

also contains a silver/silver chloride reference electrode,

) (e.g; Model A6-4-PT available from GMC corrosion of Ontaric,
CA) .

The blades under open circuit conditions were initially at
a potential of -350mV vs. ag/AgCl. The potential of the blades

with respect to the Ag/BAgCl reference electrode was adjusted

using an external power supply to a controlled value of +200mV

{that has been determined experimentally to provide the greatest
selectivity between -350mV and +500mV for coating removal). The
current flow between the blades and the counter electrode
assembly was monitored {(by the extrapolated zerc-point algorithm
based on numeric differentiation of the current /time waveform)

to determine the point in time when the aluminide coating would



“their platforml evel so that the acid solution contacted the areas

requiring coating renoval but not the root section. "The acid tank allshJAN 1004
contained an insert conprised of three graphite plates that functioned 'as
counter electrodes. The tank also contains a silver/silver chloride

reference electrode, (e.g. Mddel A6-4-PT available from GVC Corrosion of
Ontario, CA). The bl ades under open circuit conditions were initially at a
potential of -350nmV vs. Ag/AgCl. The potential of the blades wth respect
to the Ag/ AgCl reference el ectrode was adjusted usi nﬁy an rex%]%nal power
supply tp.a td:diledemal se. ofThe2@0mWing tikt CRAR1BER det e ned

experi ment al to provide the greatest $ é GllaVigt ¥cbet weeni, - a8800pke and
+500nV f afteonat’ n@m@#@va??d.t%éuréﬁm’en{e ‘fl ow b%t ween the bl ades and the
counter el ectrode S WBSoMnet ek edlpping theé next r apol at ed zer o- poi nt
al gorit hfr® %’sg%l woen]?enar%eq;lra:‘%ddi fferentiation_of

e . GuUrepifiddronavef orm
to deternine the poipitetienessnel viHeh CPﬁélaPuﬁ?"r‘ﬁ‘;g é“%gti(’ﬁg would 9 2 9 JAN

2004 be conpl etely remyved. . The. coatingqwese cofrpitet eliy sL1FfPped 2tafter 45
ni nut es, d&ﬁé’erﬁEl%%h gﬁ‘tﬁ%‘qﬁggwﬂﬁ%s di scont i nued

alnud tctgelrorgi rfoils were
renoved fir@merhenssit pp oy ddath. @ THREEGHSEEFEhR S B “Ché Coati ng removal

was verified non- _destructiyvel ugh heatibhediag exemdhedhe six
ai rfoil s AditigBakiyn TG Sfy%gg%g a char aét eristic bl ue;gol pEmoval
Addi ti ongldys: 13a0LpREcaiTf aid veasfzeehd GRERIERA"BRAM N

met al | ographically to verify th letgness of coating removal and the
absence ofnhddé ﬁéﬁéf‘cﬁt? c%.s %g(r{;qg?g 2 CONTROLLED POTENTI AL STRI PPI NG OF
MCrAl'Y COATING Six airfoils (PW. 000 15t stage blades fabricated with a

singl e crystal nickel-based superalloy base netal) bearing a
Example 2

CONTROLLED POTENTIAL STRIPPING OF MCrAlY COATING
Six airfoils (PW4000 15t stage blades fabricated with a

single crystal nickel-based superalloy pase metal) bearing a
NiCeCrAlY coating,(approximately 0.004" thick) were clamped by
their root section into a titanium fixture. These coated
airfoils were engine—run for about 5,000 to 11, 000 houré. The )
six airfoils were immersed in the tip-down orientation in a ta?
containing a solution of 5% by volume concentration hydrochloric
acid in water at room temperature. The hlades were submerged to
their platform level so that the acid solution contact?d the
) areas reguiring coating removal, but no? the root Séct:ozg -
The tank of solution contained an insert comprise ,nk
graphite plates that functioned as counter electrodes. The tzed
also contained a silver/silver chloride reference electrode u
B Exz:illedes under open circuit conditions were initially at
a potential of -350mV vs. Ag/AgCl). The potential of tﬁe blzdes
with respect to the Bg/AgCl referenced electrode wWas adz:szé
using an external power supply to & controlled Vélue +105m -
ithat has been determined experimentally to provide the grea -
" selectivity between -350mV and +500mvV for coating removal) .

ode
current flow between the blades and the counter electr
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"Ni CoCrAl'Y coating,(apprbxinately 0.004" thick) were clanped by their root
section into a titaniumfixture. These coated airfoils were engineQQQmNﬁ%E
about 5,000 to 11,000 hours. The six airfoils were inmrersed in the
tip-down orientation in a tank containing a solution of 5% by vol une
concentration hydrochloric acid in water at roomtenperature. The bl ades
were subnerged to their platformlevel so that the acid solution contacted
the areas requiring coating renoval, but not the root section. The tank of

solution contained an insert conprised of three graphitjgrbg)l at S?i{ t
functi onggs @s, GPWHehonl et codas, tTReetarkoOlAtes E6RPAPIEL & ST ver/sil ver

chloride reference electro used i.n Ex The gt adessaurdermppen
circuit baned tPoismBErE Ph?f‘?ﬁ?r}t}}a&tmnagggé%ngciugl of -350mV vs. Ag/ AgCl).

The pot ep}i gétg,énj!ﬁée hleagdesnt Wik it irespaet tioe tHemAGAAGCFOF ¥y &AL a

el ectrodé " was adjusted using an external power L1908, control |l ed
val ue +166i Yompl el haemgaed - def GTithEd “8R pet #eaﬁstjgﬁé toef% ovi de the

greatest _sel ectivj,t eng1 3505 andcohOOmed orarcoabengt Fiérdval ) The
current FFS@\PB%?Meeehné/tcﬁlgtr\éﬁades and the counter electrode 10 29 JAN 2004

assenbl y weas penbtet etk qrbyhehet @R EPoPAEEd zer o- poi nt al gorithm based on

numeric differentiation of theccurrenftiingervayesiprigs viegidee@rifime t he
point in ti neTRﬁeﬂoT%]e&a nuer?itsni%éejécoatiIng \%gul d_ be co.r@oeitlehgr{gg)cved. Wien
the coat igagtwas:eoapy etietaughshepppeht iffe 988r PENtT 1BW Was i scont i nued,

and the airfqils were remved fromihe sifisppenglbatdnickhe conpl et eness of
the coat i¥g% EndPaf *hak® Ver ::i'gd%non- destructi vel h.heat-tinting

one of t heyaidifoplel Lpar ssowter FOSOPLE NN rsqcélﬁpsau%’éé gé’g%u”gr acteristic blue
color. Addi tional |y, 2 tf%g JQHEE iL ¥%Ebﬁﬁ¥@%Eﬂﬁég ﬁ@thﬁmambnedmoval
met al |-ogr’ﬁﬂﬁléé19|r§p¥bcegf¥fy the cgrrpijeteness of coating renoval

and the absence of base metal attack.

Having described the stripping process, attention is now
turned to implementing use of the process 1in a commercial |
environment.l Referring now to Fig. 1, a commercial system 10 in
accordance with the present invention is shown. The commercial
system comprises a stripping tank 12 containing an acid'
electrolyte bath stripping solution, a zero discharge rinse ténk
14 containing a rinse solution such as water, and a distillat}on
uni£ 16 for recycling and regenerating the stripping solution
integrated on a containment skid 18. o

The stfipping tank 12 contains the acid bath stripping
solution (not shown), 2 reference electrode 20, and an
electrodeless conductivity probe 24, such as a conductivity
meter, for monitoring the quality of the stripping solution. In

a preferred embodiment, the reference electrode 20 is actually a

ipp] tains
hydrogen reference electrode array. The stripping tank con

i ' for
a counter electrode array 32, such as that shown 1n Fig. 3,

i i i i ) o each
providing a symmetrical solution potential distribution t

workpiece 33 immersed wholly or partly in the stripping

: 62,
solution. The counter electrode array 32 has four walls 60,

64, and 66 formed from graphite or any other suitable

i i i d 72
electrically conductive material and a pair of inserts 70 an

11



and the absence of base netal attack. Havi ng described the stripping
process, attention is now turned to inplenenting use of the procesZgiJchi 3004
comercial environnent. Referring nowto Fig. 1, a conmercial systéem Hlﬂn
accordance with the present invention is shown. The comercial system
conprises a stripping tank 12 containing an acid electrolyte bath
*stripping solution, a zero discharge rinse tank 14 containing a rinse
solution such as water, and a distillation wunit 16 for recycling and
regenerating the stripping solution integrated on a cont ai_nmzngt skid 18.
* The stripping tank, 12 contai Lhdopadh stitippe ngp e UFE~oM ( not
shown), &if&fEPERER Oé“ctgtﬁr% }gﬁé%?%a%gﬂyan el ectrodel.ess conduclirvity probe
24, such asqaceonduritiatitby seeteed oot hRoREtoTi g2 PRequA ity gl}‘ t he
stripping solution. In a preferre L oeptowrt he tréesence Téleect rode 20
i s actualdgigcgs RA§dFbgdh A 8Feﬁ%%tagql%23?gggearray. The,sé\# PRI g okank
contains @ GQUNLeL-etssd radayabe ays 32 signed &S HHIELEAORN T n Fig. 3, for
providing a symretrical solution ﬁOtﬁnéﬂea'cogicﬁé ijhute@Rgt ot epeded.wor kpi ece
33 i mer sgd wealkpyese (parid yIOR FHhE'StT 1 ppi ng” sol uti on. The_count er
el ectrode array 32 Aas: f pur slrbac 68 162,32 BAs beRN GEMSr ARd T rom graphite

or any other suitable electrically conducti £ 11@lse@ndoa pair of
inserts 7feancd72nserpso YN FGEL g?‘égd ﬂ"@ﬁ}ﬁe:ég??gém grlaphi te or any-other

sui tabl e el ect i cal L .Consictiovansaresial secured to the walls 60 and 62

by corner~ " preces 74 or any other suitabl SLEDOWY difpst BE antnirihe
count er el ect roge wEaray23p $3% Qfe§ih§n85r?%e3s%%rgt?‘:§cal |y “encl os

th
V\Dr-kpi‘ece%é?%si{g%rp\’\hi ¢hot BEs £0akilpy B6 D myeseripped OrMAf| ?éOTh:

counter e ode array 32 has been shown as LbRg @1edPdiicaflyi nserts, the
array coukdabave jistniowePilakere® oot O@@%ﬂls %ave more than two inserts.

conductive material.
Referring now to Fig. 4, the workpiece (s) 33 to be

i i the
introduced into the stripping solution are clamped into

i 35
fixture 34 using workpiece holders 35. The workpiece holders

i fixture
may comprise any suitable means known 1n the art. The

' iece
34 delivers current from the buss strips 36 to each workpl

33 The fixture 34 may be moved towards and away from the

i I t such
stripping tank 12 using any suitable means known in the ar

. The
as a crane or a hoist movable along a track (not shown)

fixture 34 may also be used to transport the workpiece(s) 33,

rinse
) after the stripping operation has been completed, to the

i ippin
tank 14 where they are rinsed to remove any residual stripping

solution or metals.
1 v r
The rinse tank 14 contains a conductivity probe 26 fo

1 j . The
monitoring the quality of the rinse water 1in the tank

i ixed-resin
rinse tank 14 also contains a filter 28, such as a miX

i i the
ion exchange filter, and a circulating pump 30 to purify

i i r 28
rinse water of acid and dissolved metal. The filte

1vi the
preferably operates at all times. If the conductivity of

ined value as
rinse water in the rinse tank exceeds a predetermine

. e &
measured by the probe 26, the operaltor 1S notified tha

j i of the filter
corrective action 1s required, 1.¢€. replacement

12




1

" The rear wall 62 of the array 32 has buss strips 36 running along its top.
The buss strips 36 are preferably fornmed from grade 2 titanium plw R 200
sonme other suitable electrically conductive nmaterial. Referring n tJo
Fig. 4, the workpiece(s) 33 to be introduced into the stripping solution

. are clanped into the fixture 34 using workpiece holders 35. The workpi ece
hol ders 35 nay conprise any suitable neans known in the art. The fixture

34 delivers current fromthe buss strips 36 to each workpiece 33. The

. fixture 34 may be noved towards and away from.th strjppi ] 2 using
any suitzb) e omdnrsakigwntha Hvdear nagueh l’HseréoEﬁﬁﬁeu ?Plg t&% ;ft%lflﬁr%%abl e
al ong a track (not %hown). The fixture 34 may al so be used to transport

the.vvorklfﬁ e’c%(‘g)an@ﬁ *after the stripping operation has been conpleted, to

the rinse tankeldinwhenewt heyriay.e oni nséd YeCqEFOVEndng1esi dual stri pping
solution or netals. The rinse t nkd

4 LS 5 Rdueidvidy 4u abe 26 for
moni t or | FREYHRE AfUAT £y BFCPHR T ese%%%gﬁéﬁﬂ%% ‘t'agnk. The ri ns%1 t ank 14
al 50 CON @i S f fidiel 2But Suhi A ra DLuGHIESIar WOR EXCREITR %er. and
a circulating punp 3

30 to purify the rinse_water qf [ nd di ssol ved
metal . Thest|#¢kg dz@tléﬁéFéP&b%/XﬁthﬂbPétzsé 5Pt a e%itﬁgg’?g?g the conductivity
of the (] §? vefer ind heiki aser faniciexceedsen, prredesednked val ue as
measur ed 5 h

e probe 26, the operator is notjfieddh QLI gctdye action
i s requi sedptioe. iy eplavddyeAedof TR TS Isﬁéﬁplgarikgl%&%%26gﬁé28. optional ly,
t he syst%r(pﬂrgy be | nteld ecked 1uptidn tha«f ikt @ner@8lies achdnged. Referring
now to Fig. 6, acid recovery and acjd re%enerati n iu%e%C%EE‘TB' i shed by

at nosphewiagodiigefi} | ed omoft heisseBtr S M Bprng  solution in t he
diStilla%k?ﬂtggkti&GtEQiﬂglﬁ%rl@ﬂﬂ The thus generated acid vapor

travels up into a condenser 92 where it is condensed back into
the liguid phase. From here, the purified acid returns to the
strip tank 12 by gravity via return line 93. The dissolved
metals accumulate in the boiler 50 effectively concentrated to
approximately 100 grams per liter totzl metal, resulting in a
10x reduction in waste over the typical stripping operation.
'The concentrated dissolved metals are periodically purged from
the boiler 90. The purging is accomplished by a solenoid
actuated valve 94 controlled by an electrodeless conductivity
probe 96 and a conductivity meter 98.

As shown in FI1G. 2, the system 10 is controlled by a module
40 containing a computer 42, a data acquisition unit 44, and a
progiammable power supply 46. The computer 42 may comprise any
suitable computer known in the art which has been programmed 4n
any language to carry out the functions hereinafter discussed.
An operator interface 47 including a keyboard 48, a mouse {not
shown), a CRT 52, push button controls (not shown), and a signal
light tree 56 is built into the module 40. The module 40 may be
mounted on the skid 18 or may be a stand alone module separate
from the skid 18.

Referring now to Fig. 5, the data acquisition and control

system employed in the system 10 of the present invention 1S

13



' c_os't acid distillation éys’temsized for the stripping application. In this

distillation system the used acid solution is gravity fed fromt Q‘Jﬁm@m
tank 12 via line 91 to a boiler 90 in the distillation unit 16 whére

acid is vaporized, leaving the dissolved netals in the u-sed acid sol ution
in the boiler 90. The thus generated acid vapor travels up into a

" condenser 92 where it is condensed back into the liquid phase. From here,

the purified acid returns to the strip tank 12 by gravity via return |ine
- 93. The dissolved netals accumulate in the boiler 90 effectively

| O PRaSEREER | vt EoBv AT ERe Tl St Pt poi g speral|on.  The

e over the typical stripping t\ The
concent ratcﬂ(iad}es@eltdedlaimtmdts«:eametberr@ﬁﬁr@éllcleyebﬁ?bé‘%fjef rz&g]a” h&%oi | er 90.

The purging is acconp ed b en ctuat gt yaldigP4reophdédl | ed by
an el ect r"'sfdiRd&ES ecfél)]déé ?W“ﬂ ﬁx’lﬁr og g‘géadcm%atlconductl V|ltyggrret er 98. As
shown in FldGe R trhgnsy st £rgek0d vloategat:cs)lnhae.dltbynadn@éi{ﬂ@ Y46 contai ning a

conputer 4 a data acquisition unit 4 an PLQg. 2 hi.e pewer supply
46. The c%?ﬁ?ﬂ@@%?%ﬁ?%o?ﬁbrq $SAAPS & ?ta%r%ngo 88 er nE%(Iﬂra:own in the art
whi ch hasg VATEEdyh Teh any planguagey tcopecrartleyi buta t¢rpst@nét i ons

her ei naf t'e scussed An operator interface 47 including a keyboard 48, a

nouse (no@urwmvﬁf)Odea CRT 52, push button controls (not shown), and a
signal light free 56l %fbﬂhétadﬂis(imbhe fr@cqhhlleedmo mhenM|@m@aﬁa9t be

mounted on the skid 18 or nay be a stand alo aE? a\![:?lt ahromthe
skid 16. Relezg¢ rip MW EBiFeg. Y ”tenéoﬂa‘t‘he’éc%u PSrI |on a comt rol  s~st em

enpl oyed | dgggftdl-ﬁe{%ﬁr@hl%géks hendresege invent il suiBth veXANS20ba
g

illustrate ital multineter 80 is rowdedto neasur gnt yel t age
potenti al chetgeein tmelﬂéflélleﬁéfe“%?réctﬂeoa@ SH= A etlﬁ‘:troag £o s «

workpiece(s) 33. The operating mode of the power supply 46 is
thus monitored to prevent invalid adjustments. When the powe;
supply 46 approaches its voltage output l1imit, it automatically
switches into a constant voltage mode. No power supply
adjustments are made under these conditions until the voltage
output decreases and the power supply 46 switches back into a
constant current mode. The stripping cycle end peoint is
determined by the computer 42 preferably using a multiple
regression analysis of elapsed time and cell amperage.
Actual cell current in the stripping tank 12 is monitored

) by measuring the voltage across a shunt resistor B4 via a second
digital multimeter B86. The shunt resistor 84 is electrically
connected to a counter electrode or a workpiece in the stripping
tank and to the power supply 46. A power supply shorting
resistor 88 is provided in the control system to allow for finer
adjustments to the cell current as the cell resistance increases
due to the presence of an increased presence of dissolved metals
in the stripping solution. A conductivity probe 24 in the
stripping tank 12 is used to monitor the conductivity and
temperature of the stripping solution and to transmit a first
signal representative of these properties to the data

scquisition system 44. The metal loading of the stripping




" wor kpi ece(s) 33 fromwhich the coating is to be/being stripped. A
predeterm ned target voltage is maintained during the stripping prpgqgﬁzmu
adjusting the current output of the DC power supply 46, which is
preferably operated in a constant current node. The val ue of the
.adjustnent required to maintain the target voltage is determ ned by the
conputer 42 preferably using an al . gorithmwhich tracks -the change in
the cell current versus the change in potential between the reference
.electrode 20 and the workpiece(s) 33. The operating node of the power

supply 46.) 8, {15708t QL84 R §¥eBEy | MR d kA HSIATBNS axthen tie power
supply 46 approaches its voltage output™limt, it automatically swtches
into a constmntend2 agehnegdethmgbonee wepplly sadpnstrer S 1®8de under

these condlllons il i t 08, Y01 d898,,00L Pule dRGY BBRERCANGL L1e RO¥CLCSUPRIY

46 swit chgs® into a ~constant curren e stripping cycle end
point i s detesmiread doy of hehe conquitperind2 sptef smablay bsi degterminied pyethe

regression anal ysis of .el apsed ti and_cel | anper , current
in the stFPﬁ%??%%t K159 8" CF%E@E gﬁﬁeiégk Fﬁﬁgggﬂééggﬁggﬁggg%foss a.
shunt resi st ora84ndvi cdss@conskushiedi, t 8he mtbridutatien t§6prdie Hhumt thesi st or
84 is electrically .connected to a counter ele trodﬁ or.a mthRﬁggg in the
strippingrlﬁéﬁkt%ﬁﬁi%ﬁ)WPﬁéfb%ﬁé?“%ﬁﬁﬁFﬁtﬁﬁ.w??%ﬁﬁﬁeF Suppl'y® storti ng
resistor 88 LstpioOVidieetiaB1bhei iy el nsySt eng tedoahl ow Fog. fd neme
adjustnments to the cell current as the cell resistance ingr ases tgue to
the preseREECBI2GrFTaRTdased PPedched9oflgreRisredemtal 8% Y'if thé Stri pping
sol ution. ;A ¢RRAUCtdyidd uRhBREa 24 duattiNerysts g REtbankgdRsitsiansed to

nmoni tor the conductivity and tenperature of the striggkng solqiigg -and to
transmit &YPFPSt44si gifaltheepiBERMAINIE0f S t Mfs & BEBpaPt Festto tHéHat a

acquisitieon systemdéh athe cpetated Qaiingtat iNeseStsilppibg ddturns to
an acceptable stafe.

The operator interface 47 includes a set of interactive
screens for selecting thé parameters for the strip cycle, and
digital inputs from front panel pushbuttons/selector switches to
provide various other control features. For example, the
operator interface 47 may include a “Cycle Start” pushbutton to
kegin a strip cycle; a‘key operated “Run/Stop” selector switch
to provide a level of security against unauthorized use; and a
“Controls On” pushbutton used to energize all subsystems. Two

! “Emergency Stop” latching mushroom buttons, one on the operator

| console and another on the strip tank 12, may be provided to de-
energize the power supply 46. The Christmas tree 52 provides a
visual indication of system status. _A green light may indicate
that a cell setup is in progress (part loading, etc.). A yellow
light may indicate that a strip cycle is in progress. A red
light may indicate that the system is idle.

The above describes a system which may use a type of
reference electrode arrangement (i.e. a Ag/RgCl reference
electrode placed in close proximity to the workpiece to avoid
the need for solution IR corrections). The reference electrode

may also be placed further away from the workpiece for ease of

15



2 9 JAN 7004 solution may be determined in any manner known in the art by
the conputer 42 such as through the use of a linear regression Af§§AW%@§
of the solution tenperature and conductivity. The acid concentr o)
the stripping solution may be determ ned by the conputer 42 using an
al gorithm based on solution conductivity. As previously discussed, the

‘conductivity probe 26 in the rinse tank 14 notifies the operator whether
the rinse solution is within acceptable linmts or not. As shown in Fig. 5,
the probe 26 transmts a second signal representative of the state of the

‘rinse solution acceptability t h Ul.SLLLONg 963t eRid41rIf the
rinse sol%i§ oft s TAGt IQEEL%%/%%Q%EEE%’Q# %fe?@ C%%%s changed and oper at ed
until the.fidise S@hUkireByref Whsiham an lactegeabrefsience ctRELEPET At or

interface 47 includes a set of interactive . screens_foar. selecking:dhe
par anet er &% grl3h&estFEp. c§ete, rank Osai%ﬁ%mlﬁﬁpupsaf om rwontbpa%el

pushbutt o /ﬁ@%@cﬁrgciggﬁpcmiﬂ& apBoYbaeraaniaeys otherrcarft pektfeat ures.
For exanple, the operator interface 47 may include a " Celm%n tsaFgr';
pushbut t onetmg Heginpes strPpe ciidite; ANRES &t YO RISt "Select or

swi tch tg{%; ayl d %\ée'cogétﬁé%c%roi LYdagai fid tuRautberized tuse; and a
"Controls pushbut Yon uséd to energi ze all_subsystens. Tv(\% "Enmer gency
Stop" | at sht nga neistirosmibaicons: thohydsRIthe Jer EBPLE HIAE and anot her

on the strip tank 1%5, rf%ycggrgwivcirﬂ_%@ hhOn 865 GRY GoAerbhecpoweestpply 46.
The Christmas tree provides a visual indication of s stemﬁtt%t us. A
green | i ghbt irhysiohli Catee ast atf icigely hydropet $145 DFEBgPRLST 154 1 oadi ng,
etc.). Avyellow i ipRd] J1hat  8gst#ddt reucheth6ddbTogy egryebs. A
red | gh%wﬁgﬁhi?ﬁ?%a Oer{?%atP@t hgp%ssﬁstem is idle. The above describes a
syst em whiuebdmay tise sydtepe obf the efrasemdée By erirBde arrangenent (i.e. a

POl AQCl Teferenge (FLEGHAIRnR! BEELEA 7 ORE: B RElyMokY ubGatite awriidel ece to
! variety of environments to remove a wide variety of coatings.

For example, the system 10 could be used to remove thermalr

barrier coatings, aluminide coatings, and MCrAlY cocatings from

turbine blades and vanes and other airfoils. The system could

also be used to remove solder or braze joining compounds from

metal workpieces. Still further, the system of the present

invention could be used to remove electroplated coatings from

steel members.

While various mathematical techniques have been discussed

) | herein to‘carry out certain functions and analyses, it should be
apparent to those skilled in the art that other mathematical
techniques may be used to carry out the analyses and functicns
set forth hereinbefore.

While the invention has been described above with reference
to specific embodiments thereof, it is apparent that many
changes, modifications, and variations can be made without
departing from the inventive concept disclosed herein.
Accordingly, it is intended to embrace all such changes,

modifications and variations which fall within the broad scope

of the attached claims.
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the need for solution IR corrections). The reference el ectrode may gk@& ﬁﬁ
pl aced further away fromthe workpi ece for ease of 15 29 JAN 2004 u% 'ﬂ
the resulting potential being corrected for this IR effect. An array of

pl ati num or hydrogen reference el ectrodes can also be used, each in close
proximty to a given workpiece, to nore precisely nmonitor and control

" large nunbers of parts being strapped at one tine. These latter two
arrangenents can al so be enployed together to reduce the tine required to
saturate the solution with hydrogen. The renote Ag/ AgCl electrode and IR
" correction to nnnitqhggq%_control the potential wuntil such time as
sufficieMWAHyéﬁoﬁﬁ%I éen generated to switch over to the Pt ‘array

el ectrode control methodol ogy may be wused in the system of the present

i nvention. The systemof th resent | .,@n nmay be used in a wde

vari ety df- edvicPehieat *MY e%ﬁi‘:‘/ R (f/\tn!“g)\éﬁ\%hgety of coatings. For exanple,
the system 10 could be used to renove thermal barrier coatings, alumnide
coatings, and MCrAl'Y coatings from turbin Manes rapdiovdg her
airfoils. Theaswgtéﬁpéﬁﬁl%Pékﬂqgatﬁénﬂgé§”{%l?gﬁgggyggﬁ%er or,b?aze j oi ni ng

conpounds_from_ metal , b LGEE0abl hy | £ fanm tahed pabheoRy StAHPGE Ehe present
i nventi on*ToUl"d beé lsed to rempve el ectro Lﬁ%gg ggggkggfeéréyaolﬁteel
menbers. e esacarinose At IRGFRILYAE PREANTHUSs “have been di scussed herein

to carry out certain L PNSs ad n@Bahysesy datidshouldaple CHpparent to
t hose skif %ﬁfﬁ%?%yugoggggéiat other mat henat i %Jtr%%ghghﬂé@g%dn@ﬁ beidsed to
carry outwbhepnnsd ysieh andrttictd endetEEE ¢BrY T herel nbefore. Wile the

inyention Fas bquHQQ%&mubed above with reference to specific enbodi nents
t hereof, F G?Er%ﬁbarent that many changes, nodifications, and variations
can be nade w t hout

i i insi said
a rinse tank containing a rinse solution for rinsing

at least one workpiece after completion of removal of said

coating from said at least one workplece: and

a distillation unit for receiving electrolyte from said

' i fyi id
stripping tank containing dissolved metals, for purifying sal

i i ppi urnin
electrolyte received from said stripping tank, and for ret g

said electrolyte in a purified form to said stripping tank.

i i in said
2 A coating removal system according to <laim 1, whereln

i a
) .stripping tank has at least one counter electrode for applying

nt to each workpiece immersed in said stripping tank.

curre

i i in said
3 A coating remcoval system according te claim 2, whereln

i trode
at least one counter electrode comprises a counter elec

i i ical potential distribution
array designed to provide a symmetri P

‘ i i arra
to each said workpiece and wherein said counter electrode Y

; i i 3 said
is formed from an electrically conductive material and

' rray.
reference electrode is a hydrogen reference electrode a y

i i in said
4 A coating removal system according to claim 3, whereln

side
counter electrode array has a front wall, a rear wall, two

17



. a
'~ departing fromthe inventive concept disclosed herein. Accordingly, it is

intended to enbrace all such changes, nodifications and vari ati orjs ywhi 094
fall within the broad scope of the attached clains. 16 2 9 JAN 2004 VWHAT
IS CLAIMED IS: 1_ A coating renoval system conprising: a stripping tank
containing an electrolyte bath stripping solution for renoving a coating
fromat | east one workpiece imrersed in said electrolyte bath while a
controll ed absolute electrical potential is nmaintained on said at | east
one workpiece with respect to a reference electrode inmmersed in said

el ectrolyte bath; a rins t'alqlg onf.ai pd 9 v 1nkNsensadwitlieastf oneri nsi ng said
at | eastVohe MPQSFééggaer%r céﬁpl efion of removal of. sai

ing from
sai d at |east; Qe ewatkpi Beejeandaaddisent | sR2 AN For° eég?ﬁ’éng

electrolyte fromsaid, strippin nk_c iH Rgadt S& ved kpekak saridr
puri fyi ngomsmiigging @| ééf‘F‘dF?t‘gorr g‘(?tell%\}ga gr%ofnasai d°stri ppin taan<iat and for

returni ngmmgpgjlqjgels%thgkyl@agm @nepupickpeecd Grmseddsal e S5 A3t ank. 2. A

coating renmoval system according to claim Lepn, i ta sl bppi 0f t ank
has at | easippites codntdPlefBEt? dle‘?aﬁgr “app ysis\rllwgg%g i)c‘f‘Jrrent to each

wor kpi ece i imersed i Saudcstit Ppidigctanke Srrah oat FRABLFENBRaF24§st em
accor di né to claim?2, wherein said _at |east one gougt rw@g}%g&de
conpri se€iatuoenterersiac CREAENT ot £ 'dEET gRet 5 Dr ovi de a symmetri cal
potential distribution to each said workpiece and wherein said counter

el ectrode array is formed froman electrical| onduct i ve. B erdaak and
sai d refser enceoet &ud rogeviad aYﬁyﬂFoﬁé?.rfjéF%r%%ccglaég‘egfrpd% array. 4J. A
coating rﬁ@}gg%g%gﬁm acGy ¢is Adet P20l alama3sa et ieiti 1daitdon unit are

mounted on a skid.

6. B coating removal system according to claim 1, wherein said
distillation unit has a boiler for receiving used electrolyte
from said stripping tank and for evaporating said used
electrolyte leaving dissolved metals in the boiler and a
condenser for receiving said evaporated electrolyte and |
cordensing said electrolyte into a purified liquid form, whereln
an acid return line connects said condenser to said strippin?
tank so that said purified electrolyte may be returned to said

stripping tank by gravity, and wherein said distillation unilt

} further has a solenoid actuated valve for purging collected

metals from said boiler, and an electrodeless conductivity probe

and a conductivity meter for controlling said valve.

. . . "
7 A coating removal sysiem according to claim 1, wherein sal

rinse tank has:

a condﬁctivity probe for monitoring the gquality of the

rinse solution in said rinse tank;

a circulating pump within the rinse tank; and
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- counter electrode array has a front wall, a rear wall, two side 17 ﬁ 9 ﬁAM
2004 wal I's connecting the front and rear walls, and at |east one i géA 2004
extendi ng between said front and rear walls and further conprising a
fixture for holding said at | east one workpiece and inmmersing said at

| east one workpiece in said electrolyte bath stripping solution and at

"l east one buss strip affixed to one of said. walls of said counter

el ectrode array for contact by said fixture, whereby current is delivered
to each said workpiece. 5. A coating renoval systemaccording to claim1,
‘wherein sai d Stipplng,d aakovsal tiidssectankialand isai daf stideat | on uni t
are nounted on a skid. 6. A coating renoval systemaccording to claiml,
wherei n saildtidnstillation unit has a boiler for receiving used electrolyte
fromsaid stripping tank and for evaporating said used electrolyte |eaving
di ssolved netals in the boiler and a 'condenser for receiviqg sai d

evapor at egl, elpecbral yi erandalcondeeniangosdiagetectidiite FHEL S purified

liquid form wherein an acid ret i opnect 51 sahd isendenser to said
stri ppi ngotHHE1EG ?h%?w%%FWPB&Vigég éﬁgggrgp§te may be returned to said

stri ppi nthd Ak By @havpédentand whewedm sdidd rdferentatslertanre a4Yrt her has
a sol enoid actuated valve for purgin

. col | . et al s f5em sai d boiler,
and an el &xkd ddellE€ESt cORINRHVIES p?%%égnéﬁgEgg%éﬂ%uctiSiﬁy meter for
control i pg, saidhckrlive. of .sAceatengisenoval coyptem aceoddPAgeto claiml,
wherein sald rinse tank has: a _conductivit robe_fqr..neni;t,orhng the
qual ity ofuRthey havise é‘BI?ﬂq‘bsﬁaibﬁlesﬁilﬂr‘?ritngét?)ggk?o% el at i %g punp
wﬁthin_thgrééégg%ﬂfﬁ@%;tag@bﬂiﬁdﬁla@ANbQ€WEbn said reference electrode

and said at least one workpiece, and said computer being used to

modify a power supply current set point as a function of 2

change in potential between the reference electrqde and the at

lezst cne workpiece.

9. A coating removal system according to claim 8, further
corprising a shunt resistor electrically connected to a counter
electrode or the at least one workpiece in said stripping tank
and toc the power supply; a second digital multimeter for
monitoring actual current in said stripping tank and supplying &
signal representative of said monitored current to said
computer; and a power supply shorting resistor for allowing fine

adjustments to said cell current as cell resistance 1lncreases.

10. A coating removal system according to claim 8, further
comprising a first conductivity probe in said stripping tank for
mcnitoring electrical conductivity and temperature of the
electrolyte bath, a data acguisition system for receiving data
from said first conductivity probe, said computer being
connected to said data acguisition system and being programmed
to determine acid concentration in the strip solution, 2 second
conductivity probe in said rinse tank for monitoring the gquality

of the rinse sclution in the rinse tank and for producing a
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a filter for renoving dissolved nmetals fromsaid rinse solution. B. A
coating renoval system according to claim1, further. conprising a7 BOMRIIN0L
supply and a first digital nmultineter for neasuring the potential~between
said reference electrode and said at |east one workpiece and for supplying
a signal representative of said potential to a conputer, said power

supply having an adjustable current output for maintaining a predeternined
target voltage between said reference el ectrode and said at |east one
wor kpi ece, and said conputer being used to nodify a power supply current

set point as a function of a hange i t.entdcak o bet vweeyuahetyef @mdnce
el ect r odee &M tHed rFBég?eQﬁéigigrgéig%g? 9. A coatin remyal, system

|
according,{ 9 fd@ MRuikieibersysaempresehging stiddt SEESIS oI elFP cally

connected to a counter electrode or the at, | e Kpiece kaigaid
stri ppi ngaidnkecH qo@dPﬁélbb%rp?%ﬁpPﬁ},g réOtsle@g?fg gﬁg? al multineter for

nnnitoring ggtg@iugﬂm{gﬁglggysaid stripping tank and supplying a signa
represen{a?lve of said nonitored current to said conputer; and a power
supply shorting resistor for allowing fine adjustnments to said cel

current 3? cell c<5§§1'g§& ANGEvh NCEPASES ack@rd g 0ad iclg imelmvehe myigt efid
according'to claims8,” further Tconprising a first Condgggivggaﬁ pr@be in
sai d strieppthgol ank Hasrh imcmpidrsFigREiest FPREI CUGREct Ui Ty an&'tenperature

of the electroly o] a.data Acqiseikieaasysdemhleonroepei ving data
fronlsai&ofF%SPLc%%%uc #kﬂetﬁ probe, said conputer hejng connected to said
dat a acquicsistsenngyst em @rid beidgepd dHERTEYCI10 dfeter mi ne aci d
concentration in the strip solution, a second conductivity probe in said

rinse tank for nonitoring the quality of the rinse s%!utioni{%éryﬁrinse
tank and far pr educkng Eprjm@mzvgngp@Jqqﬁang from a workplece us

electrochemical bath and for regenerating and recycling said

ele-trochemical bath comprising the steps of:

stripping the coating from the workpiece by immersing the
workpiece in said electrochemical bath for a sufficient pericd
of time to remove the coating from the workpiece while the
workpiece in the electrochemicallbath is maintained with a
controlled absolute electrical potential with respect to a

reference electrode; and

) regenerating said electrochemical bath by atmospheric

distillation.

13. The process according to claim 12, wherein said

regenerating step comprises:

introducing used electrolyte from said bath contalning

dissolved metals into a boiler;

evaporating said used electrolyte while leaving the -

dissolved metals in said boiler:
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 second signal representative of said rinse solution quality, and said data
acqui sition system receiving said second signal from said second 29 JAN 2004

conductivity probe and notifying an operator of said rinse solution

quality. 11. A coating renoval systemaccording to claim1, wherein said

electrolyte bath in said stripping tank contains fromabout 3% to about

* 15% vol unme of an acid selected fromthe group “consisting of nitric acid
and hydrochloric acid. 12. A process for renoving a coating froma

wor kpi ece using an el ectrochem cal bath and for regenerating and recycling

said electrochem cal bath.c [,S t Ofcto SEELPPisid he coating
fromthe manﬁWbégmﬁygigéggs?ﬂ§&{ g%gw%?gﬁ?eﬁgﬁ}n said el ectrochenical bath
for a sutfibetestyperticod lofuidnehase:remdve the coating fromthe workpiece
while the workpiece in the electrochem cal bath is maintained with a
controll ed absolute electrical potential with respect to a reference

el ectrode; ange{@genRidAhigngasai ¢l eedractiyoehent ¢ ada ishteR elsy rachesitidri c
distillation. 13. The process according to claim 12, wherein said

r egener abPff- st ep conprises: introducing used el ectrolyte fromsaid bath
containing dissolved netals into a boiler; evaporating said used

el ectrolyte while | eaving the dissolved als in sai L . 20 z 9 JAN
2004 condénsiﬁ@esENQFQ§ﬁa§GF8F€a“%IERX%%ﬂlﬁgggtof?%éhﬁﬁ1é§gggaggf%ctyolyte to
a 'iqUidﬁBQﬁ§ﬁ? a0ty r i S 19duChaga 54 16h @l eehrehytetdtforsaifgom said

em’ca

el ectroc ) bath. 14. The process according to claim 13, further
conpri si fpi.er. '

15. The process according to claim 12, further_comprising
removing said workpiece from said electrochemical bath after
completion of the stripping of the coating and immersing said
workpiece into a rinse colution in a rinse tank; monitoring
rinse solution guality and notifying an operator when said
quality is unacceptable; maintaining a predetermined target
voltage during the stripping step by adjusting a current output
cf a power supply supplying a current to the workpiece and to an
electrode array in a tank containing said workpiece and said
electrochemical bath; and meonitoring cell current within said

tark containing said workpiece and said electrochemical bath.

16. The process accoxding to claim 15, wherein said cell
current monitoring step comprises providing a shunt resistor and

measuring the voltage across said shunt resistor using a digital

multimeter.

17. The process according to claim 16, further comprising
providing a shorting resistor and using said shorting resistor

to make fine adjustments to said cell current as cell resistance

increases.
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T d

“purging said dissolved netals in a concentrated formfromsaid boiler.

15. The process according to claim 12, further conprising renovingzg?iéh.ua
wor kpi ece from said el ectrochenm cal bath after conpletion of the st 6 A&
of the coating and imersing said workpiece into a rinse solution in a

.rinse tank; nonitoring rinse solution quality and notifying an operator

when said quality is unacceptable; nmaintaining a predeterm ned target
voltage during the stripping step by adjusting a current output of a power
supply supplying a current to the workpiece and to an electrode array in a
tank conti@ ni RGeS dc¥s kiteaeliagdtsatkirelléct focheat catmiatsiN9and
monitoring cell current within said tank caontai.ni Sai r kpi and

sai d el eClIGERERNEaFOPRYHE LG Y PRE E?‘B}E’:%rsastuéc?c%dls%gdt%i c t\g&r%lﬁ E?Eﬁ}her ein
sai d cel lp, GULEHENHe FRRh L M1 AdIGhetlzaP 1608PH¢ SES spraveteagrectshumelr estist or and
measuring the voltage across said shunt resistor using a digital

mul ti met erolutdonTheIpgosesd BRIdGCaRAGS BT Wivtht Y630 F ur FHET: Copri si ng

provi ding a shorting resistor and using said shorting resistor to nake

fine adjustments to said cell current as cell resistance increases. 21 2 9

JAN 2004 18. The process according to claim15, further conprising

noni toring conductivity and tenperature of said electrochem cal bath and
determ ning netal |oading of said electrochem cal bath solution using said
nonitored conductivity and tenperature. 22 '
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