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AND PROCESS TO CLEAN _ AND STRI P COATI NGS +ROGM HARDWARE Thi 95pedipdo3
»application clainms priority to Provisional | ication Serial No. 60/
108,072 filed Novenber 12, 1998. BACK mm]m;“ | NVENTI ON FI ELD OF THE
| NVENTI ON The present invention gener | to an apparatus and a
process foVQ8¥MMIPhg ceramic materials froemmand cl eani ng t hBCHUSPIRES of
articles and specifically relates to inproved apparatus and processes for

renoving ceramc materi al [ [ | y bound

contam nation fromthe sﬁ#’?%@‘g@‘WFg.&@éﬁ%%@ on a production
basis. DESCRI PTION OF THE PRIOR ART U.S. Patent No. 5,68S, 917 to Sangeeta
entitled "Method for CA&ND $SIERIErEGOATNGS FRONMIELRDWARErfoi | s", U. S. Patent
No. 5,643,474 to Sangeeta entitled "Thermal Barrier Coating Renoval on Fl at
and Contoured Syfaces" and U S.  Patent .No. 779, 8 to Sangeeta entitled
TVt hod of  Di ‘s, HFTS APPASAORR 88 PRATDY (S0P oY SHTBAAPPIFATER SERE Non ¢ he
use of an @pa8RE2 GRdNéveniBext2rogginder pressure for the cleaning and
removal of ceramic materials such as ceramc cores used in the production
of casting %tas turbine hardware and thermal barrier coatings used to

i nprove thd Q}F@EP QFCEBEBNMWEQT‘H gas turbine hardware. The processes

outlined have several problens that nust be overcone to practice the

t echnol ogy FiEL'CHPREIIRVENMONNMENt S Wi th hi gher throughput. Basically,

t he patents describe nmethods of attacking the ceramic materials by exposing
t hem under el evated tenperature and pressure to organic caustic solutions
conpri sed dhe presentanyensiogrgeasially delaiss ip@n apparatistang acprepesarfar eempvingt er . The

. o hi ahi - i DAl | h
R0, AR YO i Y L o BRI 0

t enper at ur &s improvédapparams and Zsooksses ! fo? @&BoWME @EtadHd Beatd AT | d30Aéannig62 t hese
patents are high) .being el evated wel | aboye anbient). fhereby causing the
Bt re pr oiRest dnd (BB o e R P 1hE TS Dh Pl ARRRIERABRE 1 or

| abor at ory pafutfidisasRl i n small scale runs, it is undesirable in production
settings. %hese prior art processes conprise |oading a pressure vessel such
as an autoclave, with soiled, coated turbine hardware and addi ng the
caustic r eRFSHRIPTHON QFEHEPRIPBsARTe vessel is brought to the appropriate
el evated tenperature and pressure) thereby subjecting the coated parts to

the causti @.s.epa&ntﬁomb@izgﬂﬁgo ggxaéegfa banduengethed ?ﬁr@lﬁﬁniﬁ?ﬁ)ﬁ%t idag- The

pressure vessel is then coole epressuri zed and the s pped har dwar e
i s renoved Strfagest ¢fe AirgeitsE] U.ShBatanl HearSs643s4Mh it Sergestae antitledri Theamalessel
and residu X r ved fr r = r prior
art procesoapid Sing Rbdlol T Bk dnl EbiG IR SREE: SRMERG ParkdlONG,
encount er ed, 776,809 axiBarigea entitledit Method of MHsspiviing onk éachinga@sani Caesint
address the prohl ens. of adapii ng such autocl ave equi pnent, typically

desi gned f Rﬁ‘gst c?ﬁgigf"o'g'éé'é‘? N qrgani¢ GAHSHIR RERC LREF O @Fé@e@%ﬁ“ﬁ’é Nor do
the prior ard rhQRaPos eerafid nRtiald iR R PlIBicARFQUREE IR Ghd BrddBitiinnér t hese
contami nated and dangerous chem cals. Wat Is needed are equi pnent and

met hods capasting ga6 tuching ihatdwase camdcthemnalr bartier soatingasusedaoi imypgover ther coat ed
har dware a fir . i r.ocess for f I shnent d restoration
of turhbi ne%%"yr}%vt\gre ec%ar]b%%t‘ri&eq‘f%lagf“g?{f’ ¢ g?f was efh% Eé\cle%'ssjes \%{f'lngélgﬂem At ng
cont am nat ipegbldnisorthithenuse abe Ndverdndd | toWpraetise . th8RleEimoRAYVARY pfddudiidn

| NVENTI ON The present . jnvention is directed to a conbinatjon of equjpnent
that provi §BYT aisavith Hisker brwERRI f%?s‘??gbivét}'ﬁ RAtEnts dPWi‘HthQ‘gr m c
coatings f basBkidhe Lefitfit NolatehiRls By L:foSimg AherR!de! Si8vMSd Mnfersi@ieSirdC
sol ution sach ans%nan al kal i ng_ lhy(S:Ir_ x%ﬁ% %hlﬁes invent | ‘(l)n prov?edes the ability
t 0 process peessue de opganin caustiofsoltions terpprised aofsh wolatilseorganic afompownd, whi | e
providing the.. I lity to reuse the caustic chemicals for nultiple cycles
of articl ecg‘%sé}ggé)@?% d#‘ﬂévaé?fpar atus of the present invention includes
means for storing the caustic solution

The reagents involved are highly alkaline and flammable, a combination that renders

them particularly difficult to handle. The pressures and temperatures set forth in
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until it is ready for application to the articles. Wen ready for use, the
caustic solution is preheated to a first presel ected tenperaswpgl fpo3a neans
- for preheating. 2 25 April 2003 WO 00/36184 PCT/ US99/ 25962 The neans for
preheating may be a separate chanber or nay be a device such as a heating
coi | whi chwela9satsdes t he tenperature of the solution as it eRCTAISPYZSIOREANS
for storing. The caustic solution is then pressurized to a first pressure
by a neans for pressurizing. The pressurization may be acconplished in the

sanme device as th reheati.ng.  The pr urization may be performed in

con] unot | oHHt TENSATe JYEn LHPE lsvaipr SV LCAPOYF AMDISR ARGy SPEREAbE s a i r st
t enper at ur grogdd tPbeserddRd P davaion. "WHIL UGS ¢ dcBéflatile RirQg0Hi By &umfs Py a

sui tabl e neans for introducing and transferring the caustic solution. As

wi || beconmn smalecyle rigs, jripuedpsisablpfn piedugioasenings nTkase ipsior pBPrpaessen t he
pressure ves J ik [ t t : | |

P casur o vERNRDS T, FpreBllufLEE il W IRSURLHLE PRENSIATRAEN el ot o
sol uti on, hadwaraded adding thdreausti¢ reaigersts.WiThe hoadee ptessure vpssek assisedght These

articles r guire rochsi ng to rermvg or str? ceram C. cok?éi n&-gas a first

step to re‘g GRRORTIHG clexaied FRMRCEATRAN pFﬁié‘"?’Jb TehY §uPIqsLRe R Gaafedgres a gas
turbine, n@tihOBluYtidRéapertdWhick A& Bnthé AALHR 1B CerhGVEQNSEbating! TAE peessizelesi rabl e
materials, such as | o0se contam nation including soot and ot her byproducts

of fuel covdseadtis then centedtand idepsessudined erd theatapped rhasdyyare iy remayedifram hi gh

t enper at ur of ust i TS Pl &S SLLE WV S an

i nt ernal v@? ) ﬁ%cfﬁg% ﬁ%rd§8%§?1§r%1 itgﬁoggﬁ}r‘égpe }E%ﬁl %ﬁy‘égfj S%Ihrgggeﬂsi% es which
are to be giovepednank hhrdwaleas Howeveranhest tprior arr preesses ars ubs tadily al

anount of caustic_solutjon. The pressure vessel also has the abiljty to

achi eve pradapiablesion the highpwolumes wsualli encquntessd: i Broduction,siigtionsas Thg " o

plural 1Y Sordf{h6etss b ol ARFRE uidYrBblLAS oPEARANE Sick 3588 1a 8B bhEnEALS! | C

solution a I evated tenperature and pressure have b I ntroduced

irst e
i nto t he hiypicplledesigned\fos batth prdvessings deil cantitiudus preductiompsoasssng.ediorr e sone
m nor heating,to equalize fhe rature of the vessel.and its contents at
the first 9 dosPEgr dihipesysts AIES (B Prains eitofisied i dehsingl ¥RE | oadi ng
and unl oadioiganiihsteéd asbdangéroudichepfitdlonal enbodi ment) the pressure vessel and
its contents may be heated to a presel ected second el evated tenperature

above the fjrst presel ected tenperatyre b second heating neans.. The
pressure v{éé’ébfs ’?SF e rapement mtcﬂwgs ﬁ%@gg’l ‘éfccrteg‘ﬂv'é‘@c‘i‘} ig| mysraly
pressure afRyGs tRinkd Froi ddaRAHaRIWRE aPhE R4 sRp id AProtiess for rSuMisididnt and i ts
contents are then held at tenperature and preSsure for a sufficient tine to
pernit t heanskrgstoration of wrbinmhardwaretin an efficiint And safe sanneicwhil¢ eliminating i cl es 3
25 April 2 |t materials overlying the substrate
or to mak%o%%snﬁlgﬁ%?rlaf%@??{glljé%ﬂg)@{@\éﬁrtgl{;lﬁ%y so that they can be renoved with
tittle additional effort, while not otherwi se affecting the article

subst r at e. BRIEEESUMMARY @R fTHE IVENTIONssure and tenperature has passed to
acconplish the desired result of stripping or substantial weakeni ng of
materials on the §ubst rtate. of.. t he grti cle,. tthe c?ustj cC S It tion i‘% renmoved
fromthe phas®fFet, Bysgton, s direqied 4p) 2% ComRiRa“I ST SIRIBRRY PHPO8I%E i on. of
course, thgppamimvaid af meihod Sfof Wohvehichly feabvhgacétimit 0batfigeSHome ahd t he
vessel. The caustic solution is then cooled by a neans for cooling after

i ts renpovafieaningnthe, surfaces sofr articlessusing /x ccaystic oxAlutinn ¥rhy ag an affabine

t enper at ur Uk QN ; : ns for
Stori ng. t e Ssofife "R RiGrPBiok 468 uieat iRy 3 $rdoSnelafie ankil bOAERS
comence. ifresharttpedbe of tiing whiletpeviging shacapabibitystereusa yhencaustie chaamicaled f or
further pr{.)ces thl}? X/ni I ent Eegﬁr essure vessel renmins hot. However it wll
be necessal®y THIRE REleSH AYAGROFESVE) ution fromthe articles after
stripping. This is acconplished by use of a second vessel and introduction
of a suit abPheappaRgRNif the\breseit (entidicintildesvaéas for ldidingahg emistivisblutiah SO serve
to suffici entlig cool tege articles so that their rem)vg)l fromthe second

vessel can"MH ibipEddy dar apriiatien doi3he amtcieal | YhegadyntPrt wie: Ain GRUsHGe

t enper at ur gutdheis r&RaRlE th AVERL P&Qel@été@te%&}/dnﬂ'@% AR Yo prelf@uhpent for
determ ning the concentration of an organic conponent and a caustTic
conponent of a reusabl e organic caustic solution that has been utilized for
at | east one cycle of renoving a cerampc coating froma netallic conponent
at el evated tenperatures and pressures) conprising: a storage tank for
storing the organic caustic solution after renoval fromthe

D:




autoclave; a filter for renoving particles fromthe ceram c coating

di spersed in the solution; a punp for circulating the organig Apfil 20030on from
- the tank through the filter; 4 25 April 2003 a pipe connecting the tank
to the punp) the punp to the filter and the filter to the tank; and at

| east two hAR6E840sitioned between the filter and the tanRCTSAYNEYO2 ¢ at

| east two physical properties of the organic caustic solution to neasure a
physi cal- property of the organic caustic solution after renoval of the

particles ISt ri.cal,: 60 Lvity,
paci ty) r ane el o Ehculfy B2 € CRRLE LAl 0PIy Kol RGN ER 1 1
and t he spdéestingfcoslowhidh iefevaies tisoletipeature dhthepobgiontas iineast the mdang fdrer

provi des a val ve nd@g{.esslﬂ.e sensor contrgl circuit for reventig?q_

vapor i zat i S8 ph%AUEHESOMEPY A HIED RETSYTAEC 6 12 IS RTESIG &Yi hfeany ftve for
creating a ppdsQERARY. MTRE hr3ekzabbR $84) B hétohiplsiRdemh@8tAine devileCsSiee Sensor
for sensing the back pressure of the organic caustic solution; and a
control | er preheatingnt Thel fressurization widy\hs pedfapmadsin genjupctianew ibia Hie piehesting.e sensed
by the pressur 1N 0 ' '

pr edet er m ne ﬁggtgﬁnio?&ﬁlép%&%g%dn{o 3 Pﬁ@eﬁ#‘?éﬁ“&%%‘ﬁ@%ﬁ%&egg&g{ﬁ Hgéucé:ﬁ

appar at us fisto arpeesswrervessgl by w alizdbild meas Janinaroducinp andstednsferrmg the chastici ng a

m xture of caustic reagent and volatile organic fluid, conprising: an

aut ocl ave PEEOR-nASY °$°WE§§?§§E%P‘°§C§§8%8€W§€F?“3‘ oy FRiten fesHE MHthE: or age

contai ner fpssirBGedsel Whind & aRTeBARIA drhptrdlureabSiOdmtient aMe PréssuleRRssep) Ut i on
containing the caustic reagent; a first line providing fluid comrunication

bet ween t herioe tainweductiandoft the heated.eprotsnrized gauptin salutigmatis derdediiwith thel ect abl e
et veen, | Sk et BB TR AR ALES AR e o
strip ceramic coating as a first step to reprocessing. As the hardware has typicaily
been utilized in a gas turbine, not only must the ceramic coating be removed, but also
undesirable materials, such as loose contamination including soot and other by-
products of fuel combustion, and tightly adherent oxides resulting from the high

temperatures of combustion, must be removed.

The pressure vessel has an internal volume that is substantially larger than any of the
articles which are to be stripped and also has the capacity to receive a substantial
amount of caustic solution. The pressure vessel also has the ability to achieve
pressures and temperatures well in excess of ambient. After a plurality of articles are
loaded into the pressure vessel and the caustic solution at a first elevated temperature
and pressure have been introduced into the hot pressure vessel, the vessel and its
contents may require some minor heating to equalize the temperature of the vessel
and its contents at the first elevated temperature, as some heat may be lost during the
loading and unloading processes. In an optional embodiment, the pressure vessel and
its contents may be heated to a preselected second elevated temperature above the
first preselected temperature by a second heating means. The pressure vessel also
may be raised to a preselected second elevated pressure above the first preselected

pressure.

The pressure vessel and its contents are then held at temperature and pressure for a
sufficient time to permit the caustic solution to interact with the surface of the articles
3



25 April 2003 a second line in comunication between the condenser and the
constant head storage container; a third line in connunicatbﬁq“pﬁémﬁpn t he
" condenser and the storage tank for the solution containing the caustic; a
second isol ation val ve sel ectabl e between communicating with the second
line to direct condensate fromthe condenser to the constant head storage
container while isolating the third line and conmunicating with the third
line to direct condensate fromthe condenser to the storage tank while

i solating the second line; a fourth line fromthe constant head storage
cont ai néP ¥ REheE feBova sy matenals yestHae MF nybaratiop tPoWptksRi Beht he

vol ati | enQEgadibstaftidl}SsoHAORERY S BE enfovel With 1iR!aaditiBRal oV whfle! SO! at e
the autoclave; and a fifth line fromthe storage tank to the autocl ave) the
| i ne i naiotdthegwise pifegtingothp rapiié¢lel substmtes ol After orffomertt diné ag ptdssureandtic to t he
autoclave and a fourth Jjsolation.valve to.isolate the autoclave, The
present tf’ﬂ'\’/eéﬁtflfco{ﬁasf Eﬁsiﬁ’ileﬁpn?bcfgmﬁﬁﬂ\/ﬁ?fegeséfe%f%‘qofgpm?‘@miSH S‘ﬁ‘ﬁlaéri al from
a pl ur alvidakerf¥hg &f inhehiSs on GRORUbsEAB Bf iHCartitle] B¢ AGKLR ls6R%ion K ARidved t he
articles in an autocl ave preheated to 'at least a first presel ected

t enper atfipne theg pessurs, vassed by suitablesmpanst fod remaeving thefsohisioat i Qecawssani ¢ 1 ui d
froma | - o} ting the
flud T orireansl SFEE Sbe iy AIEL okl EpReRi B el CTHEERIEE,

t enper atsolutipn iintheo cocled byt h encpne f@rl enlieg aftet itseembdvab fsdne ahe gressure
pre-pressurLzeqﬁyolahile fluid fromthe pre-heater into th% autoclave with
the arti'E¥es; AMEFOSIRR it glitabls by d W splEon car dhey be_BlY ai ni ng

sol ut i oRrahiferREtoSthe MRaRs it Yorifg the solution, until the next cycle of operation is

ready to commence.

The articles within the pressure vessel may now be removed for further processing,
while the pressure vessel remains hot. However it will be necessary to rinse the
caustic solution from the articles after stripping. This is accomplished by use of a
second vessel and introduction of a suitable reagent, which can include water. The
reagent will also serve to sufficiently cool the articles so that their removal from the
second vessel can be expedited without substantially lowering the autoclave

temperature.

The present invention also provides an analysis equipment for

determining the concentration of an organic

component and a caustic component of a reusable organic caustic solution that has
been utilized for at least one cycle of removing a ceramic coating from a metallic

component at elevated temperatures and pressures, comprising:

a storage tank for storing the organic caustic solution after removal from the

autoclave;

a filter for removing particles from the ceramic coating dispersed in the solution;

a pump for circulating the organic solution from the tank through the filter;



25 April 2003 the pre-heater for preheating the caustic solution to a third
presel ected tenperature near the first presel ected tenperatgég'mkﬁbgoducing
- the presel ected vol une of preheated, pre-pressurized caustiC contaraing
solution into the autoclave with the volatile organic fluid and the
articles; heating the autoclave to a fourth preselected tenperature for a
presel ected period of tinme and at a preselected pressure sufficient to
renove material fromthe articles; then w thdrawi ng a gaseous phase of the
vol at i | ' ; t f Lon and
ool i ng:* APPESfeckngiThd BEKTY BE pieR, IR Ay R RNer o0 (GORREIRGNES” e
const anttaiigeadd st orage container; pre-filtering relatively larger particles
fromthe caustic containing solution) then while maintaining the autocl ave

at or above the first pr.esel.ected t rat ur r ving the caustic
cont ai nith IR IEBH Pgﬂﬁ?’ﬁ’g a?h?'%egltgggﬁfroar{%htgé &5‘23&‘}?@%’? B IR EVY ng;
filteri physiedigropetiys 6MMhkloRgani@tdusid SSlufisrPtd midssubesl physical ?%p@h? lofg
solution; and storing the caustic containing solution in the storage tank.
| npr ovetinPEBANIE cAlSHE selutien afer exmavael of yheapdrtiplgs selpeted frgme thengroupys t o

i ncreas or o] for article . _conti nui ng
and oftggné}ﬁ{l{gr rdg?;é?%ﬁ% ?rpécg@gﬁtgﬁ?é ?é]a%g?'ocrgggg}s(’eaﬁdj e?v’at Ffa égpr"ésul ts in

t he abi Itiangmissioncdemsity, fhaidityi adshospeed gf soynd irsthesolutioe, whi ch substrates
typically are expensive alloys) wthout harm ng the underlying substrate.
"This allows for inproved ability to refurbish articles w thout adversely
af f ect i Hhe tpmesewh invertiomi fugther apevidéses valvetdnd pressurd sensorAnordehl aviremige of t he
present ¢] .00, re, . | i v ildit.y to renmove ceram c

coat i nggdrwlg%déﬁgevﬁ P@%ﬁgﬁtﬁcﬁgea\?\%ﬁ ¢ Ho {"9%3%'5§£§Pi§';'§?'f ecting the underlying
articles. The articles can thus be refurbished wthout any inpact on the

engi neery \igiaBleQRRV! fof Sre tﬁ%é Jfre%&jxglr\i&fbacﬁgkésﬁre i} the gré-ﬁé‘a'i&as es the useful

life of the articles an 2003 WO 001 36184 PCTI US99| 25962
avoids the need to prematurely replace the articles with expensive new
arti cl es presseresiensardossnsing thesmak pressuse of the erganis raustissobdioniandge of the
present invention is the ability to reuse and recycle caustic solutions. By

reuse, not only is the cost of replacing the caustic solutions avoi ded, but
the di spocentrolier fosecopteling dhes¥alve resmonsyetpdhe dack prrsswiBseRMitk B HGti ng to an

I pr OVECI;r@sQMJersQSESFﬂ{ order to maintain the back pressure at predetermined levels.

The present invention furthermore provides an apparatus for recovering a volatile

organic from a solution containing a mixture of caustic reagent and volatile

organic fluid, comprising:

an autoclave that includes a headspace;

a condenser;

a constant head storage container for the volatile organic fluid;

a storage tank for the solution containing the caustic reagent;

a first line providing fluid communication between the headspace and the condenser;

a first isolation valve selectable between isolating the headspace from the condenser

and providing communication between the headspace and the condenser;
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Still another advantage of the present invention is that, highly alkaline
and fl anmabl e reagents that are difficult to handle can no g Msz%g in the
. . 3 . . ; Wg §p 3
processing of articles in a production environnent at el evated’ tenperatures
and pressures safely and with m nimal human contact. Still another
advant age of the present invention is the ability to reduce the cycle tine
for stripping or cleaning. The present invention maintains the pressure
vessel at a substantially elevated tenperature as parts are cycl ed through
it, thereby elimnating cool down cycles. This elimnates the substanti al
heat up atsecBadfifve ih BEmAURRGHGIEDREGLIhe WBhAdhséANdGRE Consha head AbMdge t her mal
mass. Wil e shortening cycle tine) it also reduces energy consunption, both
of whi clHORREAS| ate i nto cost savings. Qther features and advant ages of the
present invention will be apparent fromthe follow ng nore detail ed
descri phigfy Q@etih%oﬂﬁﬂvﬁ&ﬁiﬁg.b@ g'tﬂ?%%n%én@é?e&d ecﬁ&tafg{g%rh{)ﬁ)r%éh t he
acconpanyl ng draw ngs rch illustrate, by way or exanple, e principles
of t'he isolutort comainiBRItieFcaliEBCRI PTI ON OF THE DRAWNGS Fig. | is an overall
schematic of the present invention, showi ng a general flow of materials

t hrough _t he various syste d,apparatus that. forns the cont.inuous |oop of
the str Paron) ariRien Li¥s RPuRIE o8B g iminiGlie Jth tecipoSR IR o of ¢ he

| n- vessdiredt dondéishie "fréi The Bdridended Qo Rh& T6MYtarit MM sttige Sontaider WRAd | 2003 VO
001 36184 PCT/ US991 25962 Fig. 3 is a detailed schematic of an exenpl ary

anal ysi s system of the present invention shown as_ int e&r ated into the

filtratiispfatingpfic ird line pad gomerniqapae suets: thirddineator Bl condeasate
d'SpenS'@?‘B%yééq%anék%:hélsté.gag;ectges @16 HoRtE T dekord lidk; PAck- pressur i zat i on

system 6 Is a detal ematic of a volatiles pre-pressurization
system Fig. 7 is a detailed schematic of a volatiies recovery and reuse
syst em afichrihi {jne §ram the sohstantt headoftorage | qpatainey sto ethre casibanidriee thei linser i es

with the adyanced autocl avie . syst.em of the esent, i nventi,on,. DETAI LED
DESCRI PTRERE “AERH fQRRF BAReEy a0l arernic e B8 SFREIy 'S MBI ¢ of ¢ he
present Jaheadlidodite dfe filleiMdvet ind1 9. 1, an autoclave 10 is utilized that
remai ns substantially at the el evated tenperature required for renoval of

coati ngs h.,as_the ceram c coatings used for therpma| protection in gas
tur bi ne aap%ﬁi'e&tffaﬁsﬂ&nstaﬁgm@% ta,jbf aagocgaﬁbﬂ’gt‘a}essm AR RMMK h as

bl ades ghgvidangs seiifoR cbRtiding Md8aliat dWahe auleros!afd tahfourttt i9Qh@E 15 a
pressure vessel, 1t nust neet structural requirenents to contain high

pr essur exalvede iwlate thecapteolave, it is of large thermal mass) so that by
keepi ng autoclave 10 as close to the elevated tenperature required for
coating renoval as possible, the cycle tine for vessel heatup is

subst antThe pyesend dovendion fuethprmorgtpwavides Fanethed foveremayingc matepial &p e ti e

for procesfirafyNd" fNRfes) cothpisti Mk EBRMWiGg RivpR 100 is

placing the articles in an autoclave preheated to at least a first preselected

temperature; then

providing a preselected volume of volatile organic fluid from a constant head storage
container to a pre-heater for preheating the fluid to a second preselected temperature

near the first preselected temperature;

introducing the preselected volume of preheated, pre-pressurized volatile fluid from

the pre-heater into the autoclave with the articles; then

providing a preselected volume of caustic-containing solution from a storage tank to
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used to force the chem cal reagent through a pre-heater 30 and into

pre- heated autoclave 10. After the turbine hardware, represggkgﬁlﬁﬁxgurbine
“airfoils 2 in Fig. 1, has been stripped, the high pressure pu assists in
removi ng the reagent from autoclave 10 through a cooling nmeans 40 so that
the tenperature and pressure of reagent S2 are ultimately and quickly
reduced to a safe |level, preferably anbient. The reagent S2) after use to
renove materials attached to the substrate, typically contains particles of
t he strithe pek-keaddri fof pihedtiilg thascaddtic Silividn @OAtiEFd pristledted tatpersurexi des,
insoluble dirt-or |oose products of conbustion and sol ubl e deposits that
may 6  1Ear the first piesolocigghtempesatuesa PC T/ USQ9/ 25962 have been deposited on

t he turbine hardware. However, the reagent 52 may be reused for a plurality

of Stri BRirdhcRBEHE PrédfectédVbIRhORE prafRBdh! bRHrBGuriddd SusRDeiddifig NI
i nvol ves rerrt():%l ofﬂrpartci cl es&gng?ga?ﬁst n"e%t chg #ﬂe rc;aggent cﬁen}gstry. The
| ar ger swoltidn rto thecdutociaveavith thetvolatiboerganit floid ardethe enickasi nat ed reagent by
sinply fettering the reagent through a nmesh screen 12 | ocated between the

parts and 0)in an but preferaply |ocated.within.the autqcl.ave. The
Peagont 1eaffiblne MFRRS) o iR fes Bl B ARS it Bisthitel R e B e 40 and
i nto reappdindAalpr&sRiedtedPpréstiire Shicde to Rhiove wilterivd frorhdeasticketthén onal
filters may be included at any point between the autoclave exit 14 and

reagent yigidkaviflg a 88 phazé off thelVldiilebrghnit %&F@letamdéﬂﬁg t6 aCBRAdHILOUS
circulation |oop 60 where further filtering of the reagent occurs and

t hr ough famcandensptiomandxneling; whi ch the chemistry of the reagent is sanpl ed.
For convenience in Fig. |, the circulation and anal ysis | oop are shown

w1 o e PR ol ok P & roqRouAC MR brocieine) yei <

| oop mayomaingflysi cally separated within the system Fromthe reagent
storage tank, the reagent is transferred to a netering neans 90 where the
proper anoupt.of reagent 52 required for use in autoc]ave 10 is_determ ned.
Reagent PF%THBW ‘Fk&h‘fg'ffg?ﬁg&fdp%a omdhg equsgcqnaining;sghtigpcthen whilsurp 100, A
| 00p 20@hdiRaiingCi8e aiidtRve BEorSABVE el fitsOprd@ilectdd hpetafure, Rafdvidy ﬁésur ein
pre-heater 30 and prevent salting-out. In Fig. I, loop 200 is shown for

i |1 ust r §RysHA cortpiniigsolytionfrage figragtosiave gpthe gpndenser for odlimgunder st ood by
those skilled in the art that | oop 200 can be designed as an integral part
of pre- : : ' j ' 1:04 i S em 300 that is
Used t o nrued etvet) FRISHPRIAITEbInG causfe RuiRinESplyAn Rt BT 0
introduction or reagent 52. The injection systemincludes apparatus to
renove S19Eng dicapstic dontaining soluviaroip|the/orage tavkonpl i shing a reducti on of
pressure, while additionally condensing it, thereby separating it from
reagent 52 and transferrinag.the volatile to a sto e. devi ce e it can
be reusedPrAFISE a‘gé"afb&a "‘ﬁee‘érﬁﬂ?ll?ﬁye%%duwge\glg saergﬁ%fk%ygnt\(}e'ﬂ?r\é%? &si ze
capabl e giforfifite Vaddg redutddC kess Vbt fhhahya agité¥beHerd heondinuingl and oftest be
capabl e of nmaintaining both a pressure well above apbient as well as an

el evat ednieEs3eAdMprayemapis de PEresses AR FRAtsnaln ERRMLLS 19 the, ability tojeenioxe e f act
that pr . ] tOhi icalfie 0P alllbyg2003 WO

001 36164 B4 (Y TE oL SURAR, b RESRLY Bpicallar e S

aut ocl aveitimus thatieingathe hindedyingesubstmatai ndhisnalbowie fort onproxed iabdity He t eachi ngs

of the present inventi.on are about 500 psi and.350F. The autoc¢lave used to
pract i ceref‘ﬁgglbraé‘é"é?ﬁ "‘i“ﬁ‘%ﬁf’&w $? ecﬂf‘gs‘i’ﬁr EIEIAG fo’pefg% 9 sﬁeand a

t enper at4Higleq.ati ng of 480F. These ratings are above the actual pressures
and tenperatures used, which preferably are about 7SO0 psi at tenperatures
of about 465F using a preferred reagent sol ution, includi ng a volatile,
havi ng aAR AfyAseagei rthwrea\@}tgnvcnépnagﬁmfom%@t Hapgred abilibt 1 re8yveodi um
hydr oxi d Ler .. I i by those
i 11 ed et s R Bl Faridis GANBR avkhal) atcclifl WITHEHPRE (Lo,

| onger dammtles. t Theesrtioles bamthiub e acfucnsteedevaitot may impas ondhe engiveeringe nat eri al
fromthe substr surface,. and this undesirably. incr es the dwell tine.
Thus, shUPP"éPesc?aIE:ﬁ‘& atiless  This Hf‘évﬁbfqgr%esh‘hﬁrfg‘?x'tl éﬁ%&??ﬁ%?‘é‘gﬂé%&ﬁr essures,
are desirable. It wll also be understood that changi ng the reagent
solution can also affect the dwell tinme as well as the tenperatures and
pressures actually used. Even though the preferred volatile organic used
was ethanol, it wll be understood tHat other volatile organi cs such as'
nmet hanol, trichlor-ethane, acetone, am des, etc. may be substituted for

et hanol . Al so, other alkaline hydroxides such as potassi um hydroxi de al so
known as caustic potash nmay be substituted for the preferred caustic soda,
sodi um hydroxi de. Fig. 2 depicts the filtration systemused in conjunction
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25 April 2003 WO 001 36184 PCTNS99/ 25962 nust be determ ned based on the
anount of tinme required to drain autoclave 10 and the size %%/ﬁﬁ[£§gles
permitted to | eave autoclave 10. In a preferred enbodi nent, “only snal |
particles are passed fromthe autoclave. In the best node of practicing the
pr esent inM?‘f’)ﬁﬂﬁ“ a single mesh screen having a size of -1 PCI/ESINM2USeEd,
whi ch neans that particles smaller than 1116" were allowed to pass fromthe
autoclave into the cooler) larger particles being captured by nmesh screen

| 2 being captyred by the screen. Al so shown.are a.pre-heater 30,.a storage
tank for r égﬁgﬁﬁ‘%ﬁgledap%%ﬁ"? e%%?r?i“ﬁothf: nar{'ﬁss YR CERENSIVR NGY SR Snger

havi ng arktﬁd?éb@tcohgeaﬁngacafr@yrem%egng water and an outlet line 44 for the
water. Attached to storage tank 50 is an isolatable filtration circul ation
| oop 60 that includes a pipe 61d that provjdes, .comrunication for reagent 52
to a punp e‘gvetfwdyagﬁgaOF tepsesepbigvaniipn e ALK OJeyssanddRRycleemgint 52
cont i nuousl e, fbildaOn ¢ i by
circulati néglblﬁ&n%' gg’oljeﬂstae\’/?ﬁgg iélnlgiq.l% cgjtgg%&%pgﬁﬁggﬂe %d&tg ?ﬂ@%%or;s alk’{)ﬁé\?’lq,lapbe
under st ood thehdispodapefittie mgustia spheiorxs amvidedidthereby contvibniss taén improved i on of
reagent 52 afiter use in the autoclave by nesh screen 12, filter 620 may be
posi ti oned “BHTPHAE™ nl et 640 side of circulating punp 630 which will draw
reagent through filter 620, if the particles are sufficiently |arge that
they will iSapadéeheradvhmgge dfihe blesentdhventiogasthabRighly dikglihepinddlagikfabde punp
630. Reagent 52 can thegp be returned to reagept storage tank 50 as shown in
Fig. 1, pr&5agenipihpt wq&l&wem bandiycap agw be i“g? mttgﬁpr@ S oLATHElES B t o
removing s #ddQlﬁliJnr eMVifdinent 39 Slvatdd! tdnipefdriiits "BC pRAkured QafRRA N Svit1®

chem stry the reagent to assure that 1t Is appropriate for reuse to
acconpl i shnimgmalibghareebntagtul t s. The chenistry of the reagent nmay be

anal yzed by any of a nunber of techniques) but physical property

measur enentg, .| j ' - t ' in e

or of or rod SHlaaRhE el bt Mo prsbhdriigRIElnt' dofifty «SRUEE e ekl ¢ oy
these anal Yér stippisieui clesnifg. iThel piekeit ff/epdasd nintiine ted plessurégedselog. a The

Feagant oS IHUgIn g el 1STIRREATE 45 FEMBATS SHELAITERUG i GRRSEO ENEBERDE | £ 18
pr ef er abl  ob13howh 29ciR021is efitinafiR the SibsBRNSARALES Behe!rDr &@gj_rés@@xg%iseﬁt or age

tank 50) as reagent 52 contalned therein can be readily adjusted It the

physi cal pmdirlr typisallyarhas faoiange thermal magsit sWhide shoderyrgpicaplectimgnijealso The
chem stry re D ] 9 ri| 2003 WD 001 36184
PC T/ US99I 3‘?&8‘2%3§%54§§§%‘3‘?P3‘r?§1§?°q§?’Fﬁg@f‘%“? éteﬁ%%)scﬁr?tegg\glrn g%fnni tor two or nore
of its physical properties, including, anong others, the speed of sound
660, in thOtkrlfaitines,antd evaitegesrofcthe presedu divieniioty will (beodppahmt Smimuttheon) t he
density 68 f .the sol utjan acity (not, sho refracti ve i ndex.(not
shoun) | SpRtRrite upe elaled SERGRtdm Gl S TR FrBPSePS IE R sitbuny of
the sol uti @enjunéioN wathQHé aécOmMPRATHE BARAASs WRICh Heusia@Eby wapbf bamsdle, it of the
properties nmeasured respond in inverse manners. For exanple, if the

vel oci ty ofPrisgblesiofthe invgadan.wi t h i ncreasi ng sodi um hydr oxi de content, which
is also an indication of increasing alcohol |evel, and density rises with

i ncreasi ng F HESERIP P popﬁ HHRAW t he changes in these properties
effectivel&ﬁggn bg ||HE§§GS% C Enlstry changes in reagent 52. As shown in

the enbodi nent of Fig. 3, representative neasurenent equipnment is shown
posi t i oned Figvinistanceierall exhemalic of tee presamti igvéntionoshavgng @ gangral fleasaf enent s

are m ni mal . SU ed .solids. | i

nmeasuri ng g%&%ﬁywﬁﬁg%?%ﬁ§$9§%§8%@%@%dﬁggvg&ﬁéygggkggggéngﬁﬁgﬁﬂggé?Eted for
t he equi pret stipingrdrndatleaninpairogsgbes capabl e of neasuring ot her physica
properties al so can be substituted or added as needed. The probes can be

attached tq.readout no hown) that can proyjde for conti.nuous nmonitorin
or for per%&ji %4 ‘Féﬂﬁf 8\3‘ %p?f{;g'lecéﬂ‘viﬁg?}p hﬁ“@g_s)’ﬁ?é“ L2188 (RIESSBEN be °
anal ogue ofipwh@éd:al and may be connected to a digital device, such as a
conputer, if desired. Various arrangenents for nonitoring can be used. The
measured val ues can be stored in storage nmediumfor |ater analysis.
Alternatively, warning alerts can be sounded if acceptable limts are
exceeded. However, it is not the purpose of this invention to explore the
vari ous aspects of the measuring equi pgent and the anal ysis of data
gathered fromthe measuring equi pnent. The significant aspect of the
invention is the attachnment of the neasuring equipnment to nonitor the

chem stry of the solution in order to assure that the proper chemstry is
mai nt ai ned as part of the system The ratio of the volune of |iquid reagent
to the volunme of vapor space above the liquid within autoclave 10 is
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An effective nmethod for controlling the Ievel of reagent is to neasure the
required quantity of reagent 52 before transferring it to autoclave 10. The
‘volume within autoclave 10 is fixed and known. The wei ght of i‘f@”b%mﬁs can
be readily determ ned. The parts entering the autoclave can quickly be
nmeasured on"R YE41%4. Al ternati vel y, for repetitive parts suchcgrdobh&ics®
bl ades or vanes, the average weights are known as are the part densities
and mass. Thus, when all parts of the sane design are to be stripped and
the part design is known) the volume of the parts can be estimated
accur at el y Figs krievi detailpd sehemasic of apusnsamwlyay alwsis. systeme oft he Rigsamte of
aut ocl ave I dy. : I eyl ati on provides the anmount of
r eagent 52%@&3??%@%0%55{% evg@ﬁéhggg&t@géwével wi t hin autoclave 10. This
vol une of reagent 52 can accurately be supplied to the pre-heater use of a
const ant diFégl4as edetailedsuipmanoof steagent nrass HispdnsggrsegemThe punp i s
i sol atable fromthe pre-heater once the required anmount of reagent has
flowed thr it. lternatiyve, schene f.or. providing the required vol unme
of reagent %uglgtlﬁatdﬁénﬁ‘ﬁf%'&“%‘éoy b%c&p. ‘5???1&[50& Sﬁ\aa'." 4. Punp 635 is
energi zed to punp reagent to tare tank 90. Wen the required anount of
reagent hagifeae adetailedisdheinatiéc afkvélttiles pre-pressprization bgsteta: ener gi zed.
Al ternatively) a valve 80 may be | ocated on the outlet side of punp 635,
which is S\(/IJ\__/j_t abl e tle(gw%gn ope a&d.cl oseYckﬂ_gos'ti ons so that, when opened
purp provi dd& Taageatiedschemanc,pla YolatleyrrcoYRE ANG (FHG PR 2Pdagent has been
supplied to tare tank 90) valve 80 is closed. Valve 80 al so may be situated
as shown E25 #kid sHRARIVQIOD/ BRI &4stBRT 4ddSABIea5A6Rries WitiD thel agWiricedabl e
between the return pipe in the circulation loop to the reagent tank and the
pi pe to tamutockykswtem phthepresertrinyaitiobnt ) only one punp, shown as 630 in
Fig. 1, is required for both circulating reagent 52 in Loop 600 and for
provi di ng raRERRED B %@WPTWO%OFHWTIOWG manner of providing fluid
to either tare tank S or a constant displacenment punp is not inportant, as
long as it can be oriented to stop the flow of reagent to the netering
devi ces ondeferming neyuo thezeneralischematiciefithe pregent fenegen assshowarin Big. ds amn
directly fro nk~50 ' s b i cien filte .. The. proper
| evel of r é‘H@é’;ﬁ%" lrlr gzsu'invygzgg i"kt' f%?aemﬁ %%Emégmc‘}aag Iﬂgeeél%féfegrtﬁ' gergg‘ﬁi/rellag'\fg(f
sensors) wifbetenwivhl of coutingOsuchraspke kyramlie doatingg ased 02 thesmal protectibwie t o
anbi ent terrperag,ure. However, as sho in Fiﬁ%‘ 4, tare tan on a
pr[syal

K S
scal e 92 t GHEHEL SPPUCALIORS 09\/@%?5. sug r"i’éé’oﬂ’_@ Ys.rRes aggpa!d@% t are
known, the waldim Jife? iiBine HARWAIrET BEChuSY theGufblave CFreEJ&?e V&8I f @hsyei ght
is achieved, reagent flowto tare tank is stopped. course) 1f there is
any quest i oneesistuctutaheequirements yto sbnigint high pressuiesl) Asor Rorsequeace itnglof evel
sensors can_b to itor. the en , hpds Lhg as
Cross- checE%rggnMgrﬁ%l a'ﬁ%‘c{ggg?.&ﬁtegﬁeﬁ{e%g% f‘é‘oi'[l%léérjlqgu?rstpgie sg‘ra%m&i a?lé&g%t%‘{r:k 90 by
hi gh pr essuémpéranre fqQiréd foecoatipieaiovaDas pssibRagrrdycleimes fqunepset hiat- hi gh
pressure punp 100 fromone of the netering device used to control the
requi red vdiPUsarbsgatially reducedar eiminateds yut ocl ave 10 by way:of preheater 30,
the cool reagent 52 comes into contact with the hot surfaces of the
preheat er. T4 fuffleradiiceRhESRW Gmb %orgﬁa&kgegﬂaruwmkbgh@nﬁ@mre PumpS@Blis @
portion of the solvent in reagent 52 will vaporize, causing an increase in
concentr at iused 3¢ foesasthe cchemikal irpagent througle at preshigater d@natide iido tpse-hedteposi t of

solid caust} in th e h . Thi Q i n i l,e and is
referred t Oaugqsc?a?/ggpt iﬁh%e-%ﬂ?ﬁ&b'ggﬁ({nvﬁaf%df srg%ﬁ%gvagﬁ{}@g]el a?/rf#l(lasggﬂ ‘g?é')t lbI ocki ng
of ‘the pasdngebeemystrippedudic higR presufepimp )asyifts dh reinbvinghtht rdagent tfiven

process. Salting-out can_ al so adverseI%Oaffect t he IPreheatl ng operation. As

the causti Guasei'® hapyeh 4 5oqlinenmeansniO 5p dhatdhs drmperatlite drcaprerye o
adversely abjgnt ?Zjare%ﬂirﬁﬁ@lg ah8URREy réduded 1812 5afP IS BE Befétabl9 abdbfentOr I eCt
tenperature, or alternativély, the’tinme to reach the required tenperature
is increased. Wen electric heating elenents or coils are utilized in
pre- heat er B reagent (32 [affeupseoto dumpersi matesialssitaehedntor the substzatef typisalle

devi ces caugj TRi U Il ure. I 3 "

PeT! Usoor aagnhsaite g @a‘g ?‘ﬁ’é’%ﬁ‘?c‘% 4‘%‘% 381‘2”5 ¢ Q?S[ %’Jﬁ’ gc_%g%tc)o\lx\gnggcjgﬁﬁ]ps?lgg dire can
be forned idxiddsginpsiableeit @F lodse hesduc3®hftcombigionland sdiubleodeposits thar maylet ai |
in Fig. 5) a back pressure loop 200 is placed into the system Although
this loop is showmn in the system between the autoclave and the pre-heater,
it can be designed as an integral part of pre-heater 30. The purpose of

| oop 200 is to create a back pressure in pre-heater 30 to reduce the
tendency of solvent in reagent 52 to vaporize as it contacts hot surfaces
of pre-heater 30. The |loop includes a variable orifice valve 210, a
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pressurization | oop 200) and therefore represents the preferred arrangenent
for 13 25 April 2003 WO 001 36184 PCT/ US99I1 25962 practi ci n@htAb‘?li nt| on.
However, it will be understood by those skilled in-the art t

system al one can be used to address the problemof salting out. However it
i s advant ag¥@9#836i84use both systens in conbination as cycl e RCFESVRS942e
reduced. A small quantity of pure, volatile fluid, preferably ethanol, can
be used to pressurize the autoclave prior to addition of reagent 52. Wile

vorat i1 o acotratbor seiomiedln B ubg pERRELS sioh<ber AFARGRh, 7 ek BE UG8, .

mar gi nal . Afoprae@l&mwmhaﬁpmwptraabnyw@t properf donditioRing f rmxerabndxﬁoxﬁﬁgssurl ze
the autoclave is sup Ileg @re heat er thr?ugh val ve 340. The required
pyt

vol ume of finyplyes Eﬁ"é‘?"ét 8 haneradrumrnbe Hieoreagrat chgmisty. ofheclarger ant

di spl acenen [:lﬁm, d tank
310 to the %’6@%#‘%& é@ eve éﬁe c@ntgﬂéng%%ﬁrréﬁeht' ts}gsyl 3@‘3‘?}‘1 ﬁéll

i ndi cat ors feagdnt shrourgt) a m¢sh \w'eeﬂtDZ 1®atckidz;ezteaftb@partsrmldr®qung ettans)|butre  has

passed throu Vol t|Ie flui,d passes t re- heat er 0 where it
Vol at i1 ety g i e trediifveh o THE edsP P2 Jul Bafts oBf of thE wse o
et hanol i nj agédior ﬁwsmmgﬁrwerés nicBfs PO And 186 FeHgeAAahlO 50 alsed férogtbraye 10

si nce pre- pressurlzatlon is acconplished by volatilizing a small anount of

a vol ati | e fltheugharot shapyar additipnah filtges way bsringludsdyal 20y Rpint petwgendhe anpunt
r eagent A0 i r n ssed
through pre{nﬁ%at ergﬁgllﬁg naoggéeggSMO;@cour e?}ngoﬁgthéﬁb?ﬂgfggeﬁo@o%p 200

can furt hercqmmaurmst cxsrmllattlonglooprtGOv\iwhcrh ﬁmhesﬁitbrhng)oﬁmhe tieageto ocviurso and
fluctuation pres ndte a.s th old reagent is, introduced
into pre- hei‘f ¥Sésr q°80'ﬂ n@ﬁﬂa&% ft b RagFRL eﬁf@t‘edsor%ﬁ? val ve
340, a net eédmexﬁsmrrh R, I, em@irttura‘iﬁn@aa ahhws mft;raraamm toseliddi&t hRat er
frompunp 100 and into aut ocl ave 52 by any of the nethods previously set
forth. At toneleep vich ﬁéhqerﬁfse@étemberhmeessﬁ@‘eeveyat will be understgogvbathy it is
desirabl e t r an t urize
aut ocl ave 1 nglgﬁé%gc?m?{aug'gh&gea&ritéﬁl}seéwsg Ib&peTB+ Bk h %3{ S\ggﬁﬁ‘?? I%&?'Fui d
capt ur e andthesysteml oop which is shown in nore det a|I |n Fig. 7. Aline 370
in the formof piping is connected to the head space above articles 2 in

I 370 f d b I 360 Wh
Sui tohabl e TPBE EAES AR by e g SRl B RSRRETRe: ' Pae Fipriind | °

vol atile fl whdetﬂ@voﬁeramotxheome@génsmmxra fotb@ 1ﬁ@ﬁl@blue¢ wmfetemqhed
tenperature/pressure cycle, va i's _open allow ng gaseous valatile

fluid to fl &m%r suthan rriaﬂe‘ewb o Prﬁéreétsy 39 éwdrla'g PEESEUSE PETR Y0esAPeP whi | e
al | owi ng t hey I I SRCHE: Apri |
2009 o o) S Bk Bub b4 5%%’ ﬁloﬁmm%@?g#ﬁ?s HrEsshfd B Brardd30 ot 0

vol ati | e t hpmvenaselting-dut doFégil.dgop/200/ie sBa fog wiustration purpeses aha separate
di scharge f Ier4 i ther. r ent ..st.orage tank or volatil quid
const ant hefz’gapt VEEh ! Qégggegste%c{ BY%ﬁ‘%g icgﬁzddpﬂge ﬁga@f“rg’ ﬁi thanoI
const ant he@dilghedﬂhs 3 Gneegrab pgro of preehedfed 30heARo ishovaih Big. M Xesl MJe't:horf eagent
52. Because the articles in the autoclave are both hot and coated with

caustic mat giste YOQ dbat Usnussdito Pregaunzs the aupselarve vyitga oelasde faud priek tq s
necessary ! fuBidfiofidr tedgeeLY. TRET EerldiCySRHD Ik gd® 5.53;@‘!. s BERARNE e t her eon
and cool the articles. Because e arti c es are typlica conmponent s used
in turbine eqigilr:c&omoﬂs: agtspchvaleararccmnrblshmul adeeductiod rzaarwsssuteorrwhde ors and

cool i no, ' Trsaismsly EEhdetabgfy HEfehh MersEiich fom ket e dht REISEHE e

cannot be Iﬁﬂﬁu]em;pktafageasﬂ&étﬁyeremaﬁ@amapcel er at ed degradatl on of the
articles when returned to turbine engine service. Wiile it is necessary to

renove the de&osrts the increased efficiency of the present .invention

resul ts froftt@elyedPimey be@ay pagssureovesssl of cavenisns sice £apable O reegrdng uch as
surface coajhigds waikeh QxdhdRder. rmtattt‘oc&wb%ts@tbecaptmé %f%\{eﬁhal 66@l 4 ng and
cl eaning cycles within dedi cated autoclave. Referring now to |g 8, this

probl em i s pessurrowell Byovdadibient angel as au cledlatpd tegmpgraure.c fardclares aretwell ave to

cansti e mac SR PO, AR AF Koie P B pre SRR B 6 FRIPRRFEL TS 07

second aut ocl ave, deprcted in Fig. 8 This transfer now nakes autoclave 10
avai l abl e for the next cycle of operation. Autoclave 810 is capabl e of
heating water to tenperatures in the range of 100-250C, while maintaining
pressures of fromabout 5 to 1000 psi. Autoclave 810 is preferably
preheat ed by any conveni ent heat source such as resistance heaters, steam
corls or |nduct|on heaters Gases are evacuated frontautoclave by vacuum
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PCT/ US991 25962 permit the dissolution of the alkaline hydroxide, the
pressure in autociave_ 810 is released or burped. This causeg % iling
- of the superheated water and the generation of steamin the T nterna
passages. The steam forces water having dissol ved al kal i ne hydroxi de from
t he i nt er Y40 0pd6€84ges. The vessel is then seal ed and t he pr BEERISIV2E5962
repeated. Wiile this process is occurring, vessel 810 is ultrasonically
agitated to assi st in t he renoval of retained soils and | oose ceramc
material fr.omthe surfaces,of t art e vesse| i r ai.-ned of
The cont amiRaPUn RESrE° Bid "emetipbiL e In, A8HEE Gosen el SRR RLT  rhe
process i sndifamaigeia c&wab@Iractwm)temurgeqmtmeﬁzeséktt mr@neﬁraed atsdup500f t he
wat er rinse cycles a predeterm ned quantity of weak organic acid which
does not #5F and 33056 SThecutasiave aserl (onpraptiqecthe (hsesgnt mvswmahaéaa prféswydr oxi de

duced f nk 84
Ip?elhg;t gduéﬁﬁ ?é}ﬁagg‘ﬂfité‘g& f’%?rBE’ aL g‘t"’c') g\?@ ogl‘@tobgr g!;hef? gg‘“g? 2Lt & OVS |té% i ncl ude
acetic aciagah Preiuiréd and@bslperdiited GdedeWiReH erlefdiablit araablut 350 Hsf @duced to

neutralize any remai ning caustic material. After a predeterm ned anount of
time, the temperawess of abentide5tionsinga prtrfmchcﬂaeemaﬁ@éltm"&hmlmg 1 ivalatilenat er

or ocesel nderie rpmeBRURT bk et BT gt K% btnl. ot [9% RERHER e

material iafd thecbatnte Glars. OF eotﬁgs;iarwmcr:emnaemow Hyhthosoakilidd iafthev@stiat and to
reuse the water, the condensed water can be recycled by filtering out any

parti cl es Whenhloyes jt¢raparatuves a9d presspess e ysers meawetlhewei)awxhghn

t hrough a 5 t t ank
860 for 1 auioabve s BaREs RoHmdiEHEE ikl fdm R8P B ke A BHE, LTE s
strengt h oadesireblyomirtaseetie dwell aieusTied, sorteecydle Gohes,|achiehablpbghégheed met hod
of practici t he inyention) autoc ai_ne i t.hin. an

ol at abl SmRePEs A0 REASE S destiiea i e BB YA TRPER L HBngisine | nse
vessel i s r&ugest Sudn tdie aiss Qiffrba blee dWEl 1tREES As CRETRET the MeMpbrandés andi ent
pressure region, which may be any atnospheric region exter naI to the

ni trogen PERSPUTRS acallyarsedi” Buengbwighphe prefarredi volasle araanicrised was ethanel. r egi on
920 d
520 130 W LiPREs P T oF2F AR ey TGN e LHRED O
m Xxi ng oxygﬁunemamhdeamtc ohayt Hstes@mmdstbr éthamoia 1o, rotizey atktatines hpdfokides he

stri i ng operation. chan andlin ste 940, 950 are ovided to
Faci |t a0 st Hor R AR e At ki o Chustd Boiath Ay be SabRised B e [ v 10
and 810. pfeferrebcabitid 4odggg§umq,@g;x$&184 PC T/ US99f 25962 Ot her material s

handl i ng systems exarrp es of which are shown in Fig. 8 are desirable but

are not absol u nec sary to carry out the principles of the present

i nventionf @nﬁéeeecrs%ma@grwvm withsthe magarcompeneninal

oper at i on yof sy feH ﬁtcﬁﬁh%ﬂnt@v@ oﬁﬁ&p{vﬁHgﬁf&ﬁeZ S»thﬁi'ﬁ‘ atdifRU@ist 1€
present inverition has Deen ed 1 n connection wth specific exanples
and enbodlanosmeshrﬁomn 4R ifor reniovmgtvh&y Iarge partidles: eﬁb@mentealamtthelbr esent
i nvention _is abl ?gﬁ vari m)dlflcatl ns,.w t

i0
scope.  ThaWEoWs Ssiithel sotire® Tirad eetnenl ) RRete Sibey of her
than in agypat@y fﬂomnhtelartﬁnran,lt tvhﬁbéﬁﬁmst@éd by ¢hdeé SRidIed it téad ihaNmesh
presented in the appended clains. - 25 April 2003 WO 00/36184 WHAT | S
CLAI MED | seregrciders nothaye towiseouad the amrle%rSesaﬁwngn &ig-iland maydedgeated aust i ¢
sol ution, " AR ans for
pr eheat i nspgﬁg %%%@?P%ﬁgéfﬁpﬁgﬁzﬁgﬁé Qxﬁl?&‘ rese{’éelg‘t'e?eg‘i tuieﬁrrrg{elrnggﬁry means
for pressadcqmte@y filer th&apmmclcs cﬂ'c«:bmmc),rwhndt wxli asttbeprfemdbanmzd psegiesof e; a

g: ,f'\ |S§|ureg Vesges, each™ ucceedﬁ)tg nI;]eOS dolf r}:grrtegp%ngmgﬁ't éxﬁalfe? nlljés Osrxlzeax?lay %epl UJ ality of

The mesh or meshes are ideally arranged around the fixtures holding the hardware to
filter the reagent prior to exiting the autoclave. Particles smaller than a given mesh
will pass through to the next mesh in the series, while larger particle are captured by

the mesh for subsequent removal. Although the mesh screen can be any size, the size
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second presel ected pressure; nmeans for introducing the preheated,

pressuri zed caustic solution into the pressure vessel; neaQ§5Aﬂ?zbg§ting
the pressure vessel to a second presel ected tenperature; nmeans for renoving
t he caustic solution fromthe pressure vessel upon conpletion of the

cl eani ng; wdowseesas for cooling the caustic solution upon reamrasEs962 he
caustic solution fromthe pressure vessel. 2. Apparatus for renoving

ceram c.coatings fromthe surfaces of turbine airfoils using an organic
caustic solution, conprisin means for storing.the organic caustic

sol ution; rfBushde ﬂé‘ﬁ”’@’l“éﬂ’\é&i‘zg:ﬂ@ the ameppiaef; teme sgrlired te drain puiaciave 10 prd st
| _ . . ;
presel ect eglh% 3???(5}?4%1& peFRARE éé YavOhGesld 76.Nth 4 ngaf&%%q%dﬁﬁém,tqngy of

solution t presel ected pressure; a pressure vessel capa
hol di ng t hesnligganticesc avegiased fodmtthopumotdve dhuhelbestymode bfiphictieingithd oi | s at

a second presel ected. pressure; ans faor introduci e preheat ed,
pressur | zecPrEﬁeﬁ‘a}’l‘i"E“tLogu§tﬁ"&g1§(ﬂ“'l§ i SGFFER ntay 1igh Stﬁeegggl/ieg]vﬁ’&é‘ﬁ?d?f@“‘:h 25
April 2003 {EaQshat pAriBRALMAREr e PN 6'SHFLallRneaab fads RomaROAGoALRSRLSCt ed
tenperature; means for renoving the organl c caustic solution fromthe

pressure vebeepolerplanger capiciasi keingosaprured O ragshscrssat iZrkgingpaphered baribe neans
for cooll ngsc{ch‘?. %l%@ﬁm%ﬁ ?Pe-ﬁélxltéf'tjd)re}‘ HB%EeR%BQY&' re é‘:f“})?%r g:ﬁ%\%ﬁﬁré

caustic solUt1on rom pressure vess rat us
cerani c coahéang90fin dra foma «fur lieac eschafigdriravingeaninidt dine st2ufor Rgoling watgANI C

caustic solution, .conprising:
and an outlet ?lgg 44 ?Ol' tge water.

Attached to storage tank 50 is an isolatable filtration circulation loop 60 that includes
a pipe 610 that provides communication for reagent 52 to a pump 630 through a filter
620 and then back to the tank. Reagent 52 continuously enters into pipe 610 and is
passed through a filter 620 by circulating pump 630 having an inlet 640 and an outlet
650. It will be understood that depending on the extent and effectiveness of filtration
of reagent 52 after use in the autoclave by mesh screen 12, filter 620 may be
positioned on the inlet 640 side of circulating pump 630 which will draw reagent
through filter 620, if the particles are sufficiently large that they will impede or block
the flow of reagent 52 through pipe 610 or pump 630. Reégent 52 can then be
returned to reagent storage tank S0 as shown in Fig. 1, preferably where cooler 40
drains into tank 50.

In addition to removing solids from the reagent, it is also necessary to analyze the
chemistry of the reagent to assure that it is appropriate for reuse to accomplish the
desired results. The chemistry of the reagent may be analyzed by any of a number of
techniques, but physical property measurement is preferred. Fig. 3 depicts analytical
devices in the preferred embodiment as part of filtering loop. It is not necessary that
these analytical devices be included as part of the filtering loop. The analytical
devices may be connected to the system at any location to sample reagent, and they
may be connected as an independent loop. However, it is preferable that the
analytical devices be connected to the reagent storage tank 50, as reagent 52
contained therein can be readily adjusted if the physical properties are found to vary
outside of acceptable ranges. The chemistry of reagent 52 can be determined by
9



a storage tank for the organic caustic solution; a pre-heater to preheat
the organic caustic solution to a first presel ected tenpera&ghghzﬁogigh
pressure punp to provide pressurized organic caustic solutionh P R%i r st
presel ected pressure to the pre-heater) an autoclave capabl e of holding the
organi ¢ cweseo3sistol ution and a plurality of turbine airfoi IRCTAIS9925%2 ond

el evated presel ected pressure; a first pipe connecting the pre-heater to

t he autocl ave having a frst control valve sel ectabl e between providing a

yari ab! e canmuni cati on between the ,grr e- heat ﬁr ?‘Rd t he aut c{iave ang _
i sol at i ngUtA& SHPHRGRE . MSEE, 19 meapds o BIonHYT fe % Bk of d5uRPSEa o) uti on

upon renmoyalpefifes,! IRt tnfongasthérs C thiz0dpeed @ sonAdNebOLind tHRSSokittony @ssel ; and
a second pipe connecting the autoclave to the cool er having a second val ve
sel ect abl elep@icalecandustayitn 67{of the wintion) thecdenstly §80\f dhthsoludernARRBt i on from

the aut OC'I(x?o‘fespfngn)t W@fr&{l%%d&oﬂ}o?%o C s é&%?&ogf&?r&ﬁsﬂﬁigsi&{)@&isﬂﬁ‘wﬁ)a” be
renoved fromthe Autoclave upoh conpl efion o e ceéram c coatlng Tenoval .
4. The appad 8tidity ¢hotcshavn) &f theisélogon.i Wetyudtcurgtemaenssretnentsfcah be imadg ift he

renoved ceram c coatjng fromthe organic caustic solutiop. 19 25 Apri |
2003 WO 08} 58O S HREHPIBISH megsurad BSposLRAPYSS MARICE. of & GBI i he
means for (el Jdi&idyNSF JoRRl de@8asts MR inSrehfy soMithli Hydfdx&deSdonkent, Wisic & " oundi ng
the airfoils to éntrap particles of renoved ceranm c coating. 6. The

appar at us alse an iidaasionhefr uicreasing alechok levsl, #nd dewsitigrises witkjineredsing on | oop

h i ncl ud ' ' l. ‘ | . [ I
Rt ] ROtk S, e s B S Bt et
ceram c cligkddo dhefdistty) clfanpey inaeagenapP2d Asisholha ifrahd emboditent enFighack into

the tank. 7. The apparatus of claim5 wherein {he nesh screen has openings
suf fi ci enfePreseplalYs MeagiPment| GUINMER! b shova) pesitgned (dowmstrgans fropt Rltern g

smal | er. %zo.Th%isaﬁpa; alsuR @bt flediuitfe tya;é@ﬁnihﬁﬂy%hﬁ&t@dﬂa&xgép%nwi prent

for determ ni ng t he concentrati on O‘ an organi c corrponent and ‘a caustic
conponent safdsa Additairl equipgwent measumagi any 5] the ipopertieatnotedsablore maythe i zed f or

at | east onpe .cycl f. . renoying .a ceranm 0ALI N rom a, retal | i c. conponent
ol cvar Stk inet SO SR B B Ot Preheh Penl g noor
posi t i onedthep phytcat pfopéttith ialRD ch ©P stitsstinkedort dided ad heddednThé Pobesigdn t O
measure a physical property of the organic caustic, solution after renoval
of the paPgpiiached to readouts (riot shown) that can provide for continuous monitoring or for

periodic sampling of the physical properties. The readouts can be analogue or digital

and may be connected to a digital device, such as a computer, if desired. Various

arrangements for monitoring can be used. The measured values can be stored in

storage medium for later analysis. Alternatively, waming alerts can be sounded if

acceptable limits are exceeded. However, it is not the purpose of this invention to

explore the various aspects of the measuring equipment and the analysis of data

gathered from the measuring equipment. The significant aspect of the invention is the

attachment of the measuring equipment to monitor the chemistry of the solution in

order to assure that the proper chemistry is maintained as part of the system.

The ratio of the volume of liquid reagent to the volume of vapor space above the
liquid within autoclave 10 is important to the efficacy of the process. Once autoclave
10 has been loaded with articles, such as airfoils 2, less reagent 52 is required to be
transferred into the autoclave to achieve the desired ratio. Alternatively, when fewer
articles are loaded into autoclave 10, more reagent 52 is required. Thus, there is an

optimum fill level required for the system in order to achieve the optimum results.
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9. The anal ysis equi pmrent of claim@8 wherein at | east two sensors neasure
at | east two physical properties of the organic caustic sol %—,i&,@, Sgjsect ed
fromthe group consisting of electrical conductivity) opacity) density,
refractive index, spectroscopic transm ssion, fluidity and the speed of
sound in tW®©®EkIsdi on. 10. Anal ysis equi pment for determ ni rRETWH9/25962
concentration of an organic conponent and a caustic conponent of a reusable
organi c-caustic solution that has been utilized for at |east one cycle of

removi ng a.gceramc coating, froma, netalligc-conpopent at el ted ..

tenper at ur SOV freEd@ningdne pERGE 1Pl do = SHECERY Bk Spee o BN 19 i e

or gani ¢ cayfsedwhel thel préhealeti preipresaunited feagent ferasferridan autoalave H0e1A f or
removing particles fromthe ceram c coating dispersed in the solution; 20
25 April 2mcahsslpnmis isamploy/alesd sensop withingheauiogiave pad-ianster sutficisat or gani ¢

solution fr t r at ' : | ' t k to
t he punp) tr%gk%{}ﬁtg {%&J%}Jeé W%grtngr@,e’! %gfs]p lf ﬁd&aﬁ’%@&ﬁ?ﬁggg %%Lﬁl;%algﬁl tg?p | east
t wo sensor de@inaihidvede dHdyadver drecduse the huweclasnds hite evemihough tieamagent a¢ | east
two physi cal gro erties of the organi .caustic sol ;FI ontotlo rreiﬁurgha

physi cal pPBHEES AT PRoRRresspgasth At B00f ik CQBPIRTOBHO 4R¢ B¥tor'dNey AMibhe he
particles salgetiRs aftemitnty & A5MiRLE Cdfor Uipbh Inteddueli®f intd Gl ateuIsectAyity,
opacity, refractive index, spectroscopic transm ssion, density, fluidity
and the spdidld comtinggtinani wnstable devalt resnits 1ffomThe gyplsr 9f (@perization ard

further in ' - f e af?ﬂ‘“ IANT d ' austic
sol ution dg{’%g%gag?%ﬂﬁ ngqgl‘f?%?:l %‘639‘%%119, %ee@&?ldh&%ﬁégsﬁ?gﬂ%{%ngognd t he
pr e- heat er cotsibutingntoathe ahrediebitity af tHeoleve indicatodiscthd temdeocy o€ hautanstiave. 12.

The apparatus of claiml .| wherein the neans for netering includes a

constant v&FagRYS %FQE‘WH‘F IniHygentation.
An effective method for controlling the level ‘of reagent is to measure the required
quantity of reagent 52 before transferring it to autoclave 10. The volume within
autoclave 10 is fixed and known. The weight of the parts can be readily determined.
The parts entering the autoclave can quickly be measured on a scale. Alternatively,
for repetitive parts such as turbine blades or vanes, the average weights are known as
are the part densities and mass. Thus, when all parts of the same design are to be
stripped and the part design is known, the volume of the parts can be estimated
accurately by knowing the number of number of parts. Since the volume of autoclave
10 is already known, a simple calculation provides the amount of reagent 52 required
to achieve the required level within autoclave 10. This volume of reagent 52 can
accurately be supplied to the pre-heater use of a constant displacement pump, not
shown in the figures. The pump is isolatable from the pre-heater once the required

amount of reagent has flowed through it.

An alternative scheme for providing the required volume of reagent 52 to the
autoclave is set forth in Fig. 4. Pump 635 is energized to pump reagent to tare tank
90. When the required amount of reagent has been pumped into tank 90, the pump
can be de-energized. Alternatively, a valve 80 may be located on the outlet side of
pump 635, which is switchable between open and closed positions so that, when
opened pump provides reagent 52 to tare tank 90. When sufficient reagent has been
supplied to tare tank 90, vaive 80 is closed. Valve 80 also m.ay be situated as shown

|8



13. The apparatus of claim 11l wherein the neans for nmetering includes a
tare tank and a | oad sensor external to the tank for deterngy\ﬁgu@ gei ght
of the tare tank after introduction of organic caustic solutio 2 The
apparatus of claim 11l wherein the neans for nmetering includes a constant
vol ume di G gyegig@nNt punp to punp the organic caustic sol ut iperaissbSsegat are
tank) and a | oad sensor external to the tank for determ ning a wei ght of
the tare tank after introduction of organic caustic solution. 1 S. A valve
and pressure sensor control circuit for preventing vaporijzation of

pr eheat edin Bgghsivichagleshatweeadhe fatyn pine dhe eifdulatipn|leap tpdhe weagent tank a

br edet o M e heiAfd PES Btk 30! nldhE RiBaah Snty Snd PRASVUBWISRSRD T
sensing t pressure o e organi ¢ caust S ion; and

Apri | 200BigV@, GO t&fuikd BCBblUS&&lu%ﬁ@ZreagmbrﬁtZr ml loep G00randofor rppbviding the

al ve responsive to b re sen ressure se rin
brdor 1o RABSACIS e ek 000 HoweBes Aednanner, pLoiayiding thad b Giher tare Bo% Sphc
appar at usq0f c&ds&méptacém@xﬁ p&p wﬁdtqﬂwﬁamaaswaﬁg 2 Sanvi dH%nfe@rto fopating a

predeterm ned back pressure in the pre-heater posjitioned between the
pr e- heat etheafleiv of geaggnotel the enct%nqgr dayiges onge theoreqhisnd walwe Ay agthievedack

pressure gf ntrol l'ing
t he val veﬁ pg#s)é%@yt&a‘&ﬁuﬁ% ﬁ%bg%ng&rrbew%@ﬂ%eé%%gﬂ W?hé’gﬁte}g@%?rggsensor in
order to maintain the back pressure at predeterm ned | evel s. 17. The

appar at usThé peoper rievd i off resgehe required Uditarg ek Pd ¢an by detpmeinedi by zievel

sensors, which will function properly when reagent 52 is at or close to ambient

temperature. However, as shown in Fig. 4, tare tank 90 is on a scale 92 to measure
reagent weight. Since density and mass of reagent are known, the volume can be
*  determined by weight. When the required weight is achieved, reagent flow to tare
tank is stopped. Of course, if there is any question about the accuracy of either
method, both a scale and level sensors can be used to monitor the reagent volume, the
methods acting as cross-checks on one another. Reagent 52 is then pumped from tare

tank 90 by high pressure pump 100 to pre-heater 30.

As reagent 52 is pumped by high pressure pump 100 from one of the metering device
used to control the required volume to be transferred to autoclave 10 by way of pre-
heater 30, the cool reagent 52 comes into contact with the hot surfaces of the pre-
heater. If no back pressure is developed in the system, at least a portion of the solvent
in reagent 52 will vaporize, causing an increase in concentration of caustic soda in the
reagent. This can lead to a deposit of solid caustic soda in the pre-heater. This
phenomenon is undesirable and is referred to as “salting-out”. Salting-out can
eventually lead to a blocking of the passage way through the pre-heater, which will
shut down the process. Salting-out can also adversely affect the preheating
operation. As the caustic soda is built up within the pre-heater, heat transfer is
adversely affected, so that reagent 52 is not preheated to the correct temperature, or
alternatively, the time to reach the required temperature is increased. When electric
heating elements or coils are utilized in pre-heater 30, the build-up of deposit can

shorten the life of these devices causing premature failure.
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the autoclave by injecting a preheated volatile organic fluid into the
autocl ave prior to introducing the caustic solution into tfﬁ@% 2@%’%

The apparatus of claimi 7 wherein the means to pre-pressur des:

vol atile organic fluid storage container, a punp in fluid comuni cation
with the swor®@ei8dont ai ner; a line connect i ng the punp to tRETHSLYVIGE er ;
and an isolation valve in the line sel ectable between providing the
volatile organic fluid to the pre-heater and isol ating the vol atil e organic
fluid fromthe pre-heate ar at,us cl.ai I ncl udi ng
reans for TRABORPERS RECIFET B e Gan ek oS PO Tamstibdfe pi 20" The
appar at us Réatérl ReTerAgWd Eigi1MndbBoWR af fokdGéuaitl @B Fighs, iabdlommre worl ne in
fluid conmuni cation W|th a head space in the autoclave and the cool er; an

i sol ati on ¢80 iseplgcsd inia the Wéteé’elfb‘@i%lsh thiplopniseihopadn g systemketwesto®eave from
t he cool er . | 2003
v 00/ 96163 BRI AL B Dok HORE Gt QBaerlel g5 38 8aEhar EEpre BB ool or
and the or Fheiporpbsaidficep @0age to:cmataianmck pagssirs oh @rd-heateralOvto tedudehtdel i ne
selectablebt olatin cooler fromt id st rage

cont ai ner d\? Sﬂﬁ’ﬁ’b‘ 'Ed?ﬁ%ﬁ?fhsga i ¥3RYIZe a5 1 18 °§3&198'r"f?°83 toﬁ ?592 t ank

to permt 9@“%@% Meludds 4 Carfbiadtiffcelvallie® 100a pleddtiré Serlsbe220 ﬁ{diﬂPID
container. 21. The apear atus of claim20 wherein the organic fluid storage
cont ai ner controller 230. Valve 210 is preferably positioned as closely as possible to autoclave

10. During the preheating cycle, valve 210 is partially closed to create a back-
pressure on the inlet side of valve 210 in the line that includes pre-heater 30. A
reduced amount of flashing will occur across valve 210, but it will occur on the outlet
side of vailve 210 that includes autoclave 10. Thus, when valve 210 is positioned
close to autoclave 10, the effects of salting-out will be minimized. Pressure sensor
220 monitors the pressure in the pre-heater 30. PID controller 230 automaticaily
controls the opening of valve 210 in response to a signal from sensor 220 indicative
of the pressure. In this way, the pressure in pre-heater 30 can be maintained within
prescribed pressure limits to minimize or eliminate the vaporization of the solvent
portion of reagent 52. Once a sufficient volume of volatiles has passed into autoclave
10 to fully pressurize it, a signal from the autoclave controller (not shown) indicative
of this condition can be sent to PID controller 230 which then provides an instruction
causing valve 210 to open fully thereby relieving back pressure, since flashing will no

longer be significant.

Another method of addressing the problem of salting out that can be used in
conjunction with back pressurization of pre-heater 30 by loop 200 is use of a volatiles
injection system. Referring to Fig. 1 and 6, a volatiles injection system represented
by 300 is provided consisting of a volatiles storage tank 310 that maintains a constant
head, a pump 320, and a first valve 340 switchable from a first position that connects
a volatiles constant head storage tank 310 to pre-heater 30 while isolating reagent
from pre-heater 30 and a second position that connects reagent from tank 50 while
isolating the volatite fluid from constant head storage tank 310. Fig. 6 includes back

pressurization loop 200, and therefore represents the preferred arrangement for

13



Is a constant head tank. 22. The apparatus of claim 21 further including a
second autoclave for rinsing turbine airfoils at a second presel ect
tenperature and pressure after removal of ceram c coatings aéﬁﬁa'%QOSr uid to
neutralize any residual caustic material. 23. Apparatus for recovering a
vol ati | e wogmnsmsf rom a sol ution containing a m xture of cqgﬁirjsgg,ggggent
and volatile organic fluid, conprising: an autoclave that inc es a
headspace; a condenser; a constant head storage container for the volatile
organic fluid; a storage tank for the solution containing the caustic
reagent ; pricticing the me'exproovr dowegver) wivdll denmdarsead oy these weiled tildheharads pace

neadspace (LA nis EmalsgR eat SEuY Bk e BERRM PO FblsR&i B "0 1"

headspace igffahtageond rwl@e $61h sy@teﬁt@@@@&nb{h@lﬂ)d 43 SRIBAHE 62 bordigidneen t he
condenser and the constant head storage contarner athirdline in

communi cati on between the condenser and t storage tank for the solution
cont ai ni nd small guaREty of puse, votatite; finidy praferg Y\Fétrar‘e Lsan beussd &0 presshess

conmmuni Cattl‘xé’&xtéﬁﬂlzf]‘)% a{%—ﬂs t§§‘€d?{‘611 bf n‘éﬁgéﬂ? 59 rWﬁﬂe BRGABR Rid R-«‘?lma tg& \}\%pndenser

to the constant torage contarner while 23 25 Apri 00/ 36184
PC T/ US99/ch&aBRy iof cdagerntr$g. theaquahtity cflviottilaadtualbnragriredits sngsmalt that e t hird
line to di rfcgttoncc%@r%?srt]rsyais marginal. A predetermined amount of volatile fluid sufficient

to pressurize the autoclave is supplied to pre-heater through valve 340. The required

volume of fluid, preferably ethanol, can be provided by use of constant displacement

pump 320 as shown in Fig. 6, or by filling constant head tank 310 to the appropriate

level, which may be controlled by use of level indicators (not shown). Valve 340 is

closed after the required volume has passed through it. The volatile fluid passes

through pre-heater 30 where it is volatilized and passes into autoclave 10, pre-

pressurizing it. The use of ethanol injection system speeds the pre-pressurization of

autoclave 10 since pre-pressurization is accomplished by volatilizing a small amount

of a volatile fluid as compared with the use of a significantly larger amount of reagent

to accomplish prepressurization when only reagent is passed through pre-heater using

loop 200. Of course, in one embodiment, loop 200 can further prevent salting out

which can still occur due to minor fluctuations in pressure and temperature as the cold

reagent is introduced into pre-heater 30. After loop 300 is isolated from pre-heater 30

by valve 340, a metered amount of reagent 52 can then introduced into pre-heater

from pump 100 and into autoclave 52 by any of the methods previously set forth.

At the end of the temperature/pressure cycle in autoclave 10, it is desirable to recover
or capture the volatile fluid used to pre-pressurize autoclave 10 so that it can be
reused. Fig. 1 includes a volatile fluid capture and reuse loop which is shown in more
detail in Fig. 7. A line 370 in the form of piping is connected to the head space above
articles 2 in autoclave 10. Line 370 is isolated from headspace by valve 360 which is
switchable from a closed position to an open position to permit the volatile fluid flow
from the head space. At the conclusion of the temperature/pressure cycie, valve 360
is open allowing gaseous volatile fluid to flow through line 370, thereby reducing
autoclave pressure while allowing the volatile fluid to flow from headspace to cooler
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fromthe condenser to the storage tank white isolating the second line; a
fourth line fromthe constant head storage container to the_autocl ave, the
line including a punp to provide the volatile organic to t hé2akfed03ve and
athird isglation valve to isolate the autoclave; and a fifth line fromthe
storage talfR ®8%184e autocl ave, the line including a punp toPoTwsIgEssshe
solution containing the caustic to the autoclave and a fourth isolation
valve to isolate the autoclave. 24. A method for renoving ceranic coatings

fromthe surfaces. of tyrbine _airfoils, r|S|n h eps:

bl 61 ng. t Habaerl FecdnHenid odfe tariowsep aiibs g can b dirested RV 350
presel ect eavmmerz@fcuﬁ@on th@aﬁcmge/fr@lhn@ocﬁermmﬁﬁéﬁf& ¢ého¥ é!&%g@fan]écﬂrat ile
organic fluid froma constant head storage container to a pre-heater for
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and vanes, combustors and the like, they typically include intricate, fine internal

passages for cooling. The deposits are difficult to remove from these passages, but
cannot be left in place as they can cause accelerated degradation of the articles when

returned to turbine engine service.

While it is necessary to remove the deposits, the increased efficiency of the present
invention results from dedicating autoclave 10 to removing surface materials such as
surface coatings and oxides from the substrate, while avoiding cooling and cleaning
cycles within dedicated autoclave. Referring now to Fig. 8, this problem is overcome
by dedicating a second pressure vessel or autoclave to rinsing the stripped blades.

The hot, stripped turbine components having caustic material on their surfaces are
transferred from autoclave 10 to a second autoclave, depicted in Fig. 8. This transfer
now makes autoclave 10 available for the next cycle of operation. Autoclave 810 is
capable of heating water to temperatures in the range of 100-250°C, while
maintaining pressures of from about 5 to 1000 psi. Autoclave 810 is preferably
preheated by any convenient heat source such as resistance heaters, steam coils or
induction heaters. Gases are evacuated from autoclave by vacuum pump (not
shown). After a predetermined reduced pressure has been achieved, superheated
water at a temperature of about 150°C, preheated in a pre-heater 830, is introduced
into evacuated autoclave 810, thereby raising the pressure as a portion of it flashes to
steam. The introduction of water into the internal passages of the articles is facilitated
by the evacuation process, as the water is drawn into the passageways, where it can

contact and dissolve residual alkaline hydroxide. After a period of time sufficient to
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pre-pressurized caustic containing solution into the autoclave with the
vol ati | e oreguited fAtithe canelusior ofithe wries rinse cycles, a predetermined quantity of

weak organic acid which does not affect the substrate and which reacts with the
alkaline hydroxide is introduced from a storage tank 840 into the pre-heater where it .
is preheated and introduced into autoclave 810. Preferred dilute acids include acetic
acid and citric acid. This superheated dilute acid is introduced to neutralize any
remaining caustic material. After a predetermined amount of time, the acid solution
is removed from autoclave 810 and a final water rinse as set forth above is given to

the articles.

The sequence of processing is effective in reducing the amount of retained alkaline
material in the articles. In order to minimize the amount of waste and to reuse the
water, the condensed water can be recycled by filtering out any particles with a filter
845 or series of filters and then passing it through an ion exchanger 850, after which it
can be sent to storage tank 860 for reuse. The dilute acetic acid can be returned to
tank 840 where its strength can be monitored and adjusted as required. In the
preferred method of practicing the invention, autociave 10 is maintained within an
isolatable nitrogen chamber 910 and autoclave 810 which acts as a rinse vessel is
outside of the isolatable nitrogen chamber, 910 in an ambient pressure region, which
may be any atmospheric region external to the nitrogen region, depicted as 920.
Between nitrogen chamber 910 and region 920 is a nitrogen lock 930. The chamber
910 is purged with nitrogen during operation to thereby eliminate oxygen and reduce
the possibilities of mixing oxygen with any of the gaseous, flammable reagents used
in the stripping operation. Mechanical handling systems 940, 950 are provided to

facilitate the loading and unloading of articles into each of autoclaves 10 and 810.
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means for introducing the preheated, pressurized caustic solution into the pressure

vessel;
means for heating the pressure vessel to a second preselected temperature;

means for removing the caustic solution from the pressure vessel upon completion of

the cleaning; and

means for cooling the caustic solution upon removal of the caustic solution from the

pressure vessel.

2. Apparatus for removing ceramic coatings from the surfaces of turbine

airfoils using an organic caustic solution, comprising:

means for storing the organic caustic solution;

means for preheating the organic caustic solution to a first preselected temperature;
means for pressurizing the organic caustic solution to a first preselected pressure;

a pressure vessel capable of holding the organic caustic solution and a plurality of

turbine airfoils at a second preselected pressure;

means for introducing the preheated, pressurized organic caustic solution into the

pressure vessel,
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3. Apparatus for removing ceramic coatings from the surfaces of turbine

airfoils using an organic caustic solution, comprising:
a storage tank for the organic caustic solution;
a pre-heater to preheat the organic caustic solution to a first preselected temperature;

a high pressure pump to provide pressurized organic caustic solution at a first

preselected pressure to the pre-heater;

an autoclave capable of holding the organic caustic solution and a plurality of turbine

airfoils at a second elevated preselected pressure;

a first pipe connecting the pre-heater to the autoclave having a first control valve
selectable between providing a variable communication between the pre-heater and

the autoclave and isolating the autoclave;

a cooler for cooling the organic caustic solution upon removal of the organic caustic

solution from the pressure vessel; and

a second pipe connecting the dutoclave to the cooler having a second valve selectable
between isolating the autoclave and providing communication from the autoclave to
the cooler so that the organic caustic solution can be removed from the autoclave

upon completion of the ceramic coating removal.

4. The apparatus of claim 3 further including means for filtering the

removed ceramic coating from the organic caustic solution.
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organic caustic solution from the tank, through the filter to remove ceramic coating

particles not entrapped in the mesh screen, and back into the tank.

7. The apparatus of claim 5 wherein the mesh screen has openings

sufficient to capture particles having a size of about 1/16 inch and smaller.

8. The apparatus of claim 6 further including analysis equipment for
determining the concentration of an organic component and a caustic component of a
reusable organic caustic solution that has been utilized for at least one cycle of
removing a ceramic coating from a metallic component at elevated temperatures and
pressures, the equipment including a sensor positioned in the circulation loop between
the filter and the tank to measure a physical property of the organic caustic solution

after removal of the particles.

9. The analysis equipment of claim 8 wherein at least two sensors
measure at least two physical properties of the organic caustic solution selected from
the group consisting of electrical conductivity, opacity, density, refractive index,

spectroscopic transmission, fluidity and the speed of sound in the solution.

10.  Analysis equipment for determining the concentration of an organic
component and a caustic component of a reusable organic caustic solution that has
been utilized for at least one cycle of removing a ceramic coating from a metallic

component at elevated temperatures and pressures, comprising:

a storage tank for storing the organic caustic solution after removal from the

autoclave;

a filter for removing particles from the ceramic coating dispersed in the solution;
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a pipe connecting the tank to the pump, the pump to the filter and the filter to the
tank; and

at least two sensors positioned between the filter and the tank to measure at least two
physical properties of the organic caustic solution to measure a physical property of
the organic caustic solution after removal of the particles selected from the group
consisting of electrical conductivity, opacity, refractive index, spectroscopic

transmission, density, fluidity and the speed of sound in the solution.

11.  The apparatus of claim 8 further including means for metering an
amount of filtered organic caustic solution delivered to the autoclave through the high
pressure pump and the pre-heater based on a voiume of airfoils introduced into the

autoclave.

12.  The apparatus of claim 11 wherein the means for metering includes a

constant volume displacement pump.

13.  The apparatus of claim 11 wherein the means for metering includes a
tare tank and a load sensor external to the tank for determining a weight of the tare

tank after introduction of organic caustic solution.

14.  The apparatus of claim 11 wherein the means for metering includes a
constant volume displacement pump to pump the organic caustic solution into a tare
tank, and a load sensor external to the tank for determining a weight of the tare tank

after introduction of organic caustic solution.

15. A valve and pressure sensor control circuit for preventing vaporization

of preheated, organic caustic solution:
a variable valve for creating a predetermined back pressure in the pre-heater;

a pressure sensor for sensing the back pressure of the organic caustic solution; and
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a controtler for controlling the valve responsive to the back pressure sensed by the

pressure sensor in order to maintain the back pressure at predetermined levels.
16.  The apparatus of claim 11 further including:

a variable valve for creating a predetermined back pressure in the pre-heater

positioned between the pre-heater and the autoclave;
a pressure sensor for sensing the back pressure of the organic caustic solution; and

a controller for controlling the valve responsive to the back pressure sensed by the

pressure sensor in order to maintain the back pressure at predetermined levels.

17.  The apparatus of claim 16 further including means to pre-pressurize
the autoclave by injecting a preheated volatile organic fluid into the autoclave prior to

introducing the caustic solution into the autociave.

18. The apparatus of claim 17 wherein the means to pre-pressurize

includes:

a volatile organic fluid storage container;

a pump in fluid communication with the storage container;
a line connecting the pump to the pre-heater; and

an isolation valve in the line selectable between providing the volatile organic fluid to

the pre-heater and isolating the volatile organic fluid from the pre-heater.

19.  The apparatus of claim 18 further including means for recovering the

volatile organic fluid from the autoclave.
20.  The apparatus of claim 19 wherein the means includes the following:
a line in fluid communication with a head space in the autoclave and the cooler;

an isolation valve in the line selectable between isolating the autoclave from the

cooler and providing communications to the cooler;
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fluid storage container and providing communications from the cooler to the storage

tank to permit condensed volatile organic fluid to flow to the storage container.

21.  The apparatus of claim 20 wherein the organic fluid storage container

is a constant head tank.

22.  The apparatus of claim 21 further including a second autoclave for
rinsing turbine airfoils at a second preselected temperature and pressure after removal

of ceramic coatings using a fluid to neutralize any residual caustic material.

23.  Apparatus for recovering a volatile organic from a solution containing

a mixture of caustic reagent and volatile organic fluid, comprising:

an autoclave that includes a headspace;

a condenser;

a constant head storage container for the volatile organic fluid;

a storage tank for the solution containing the caustic reagent;

a first line providing fluid communication between the headspace and the condenser;

a first isolation valve selectable between isolating the headspace from the condenser

and providing communication between the headspace and the condenser;

a second line in communication between the condenser and the constant head storage

container;

a third line in communication between the condenser and the storage tank for the

solution containing the caustic;

a second isolation valve selectable between communicating with the second line to

direct condensate from the condenser to the constant head storage container while
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including a pump to provide the volatile organic to the autoclave and a third isolation

valve to isolate the autoclave; and

a fifth line from the storage tank to the autoclave, the line including

a pump to

provide the solution containing the caustic to the autoclave and a fourth isolation

valve to isolate the autoclave.

24. A method for removing ceramic coatings from the surfaces of turbine

airfoils, comprising the following steps:

placing the airfoils in an autoclave preheated to at least a first preselected

temperature; then

providing a preselected volume of volatile organic fluid from a constant head storage

container to a pre-heater for preheating the fluid to a second preselected temperature

near the first preselected temperature;

introducing the preselected volume of preheated, pre-pressurized volatile fluid from

the pre-heater into the autoclave with the airfoils; then

providing a preselected volume of caustic-containing solution from a storage tank to

the pre-heater for preheating the caustic solution to a third preselected temperature

near the first preselected temperature;

introducing the preselected volume of preheated, pre-pressurized caustic containing

solution into the autoclave with the voiatile organic fluid and the airfoils;

heating the autoclave to a fourth preselected temperature for a preselected period of

time and at a preselected pressure sufficient to remove the ceramic coating from the

airfoil surfaces; then
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container;

pre-filtering large ceramic particles from the caustic containing solution, then while
maintaining the autoclave at or above the first preselected temperature, removing the

caustic containing solution from the autoclave to the condenser for cooling;
filtering smaller ceramic particles from the caustic containing solution; and
storing the caustic containing solution in the storage tank.

25, A method for removing material from a plurality of articles,

comprising the following steps:

placing the articles in an autoclave preheated to at least a first preselected

temperature; then

providing a preselected volume of volatile organic fluid from a constant head storage
container to a pre-heater for preheating the fluid to a second preselected temperature

near the first preselected temperature;

introducing the preselected volume of preheated, pre-pressurized volatile fluid from

the pre-heater into the autoclave with the articles; then

providing a preselected volume of caustic-containing solution from a storage tank to
the pre-heater for preheating the caustic solution to a third preselected temperature

near the first preselected temperature;

introducing the preselected volume of preheated, pre-pressurized caustic containing

solution into the autoclave with the volatile organic fluid and the articles;

heating the autoclave to a fourth preselected temperature for a preselected period of

time and at a preselected pressure sufficient to remove material from the articles; then
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pre-filtering relatively larger particles from the caustic containing solution, then while
maintaining the autoclave at or above the first preselected temperature, removing the

caustic containing solution from the autoclave to the condenser for cooling;
filtering relatively smaller particles from the caustic containing solution; and

storing the caustic containing solution in the storage tank.

26



