1 8 March 2005 H GH THROUGHPUT SCREENI NG METHOD, ARRANR RGEMRIgYy AND SYSTEM
BACKGROUND OF THE | NVENTI ON The present invention relates to a high

t hroughput screening (HTS) nethod, array assenbly and system

Particularly, it relates to a method, assenbly and systemto identify a
.chem cal stripping or cleaning solution. A typical gas turbine engine

i ncl udes a conpressor, a conbustor and a turbine. Gases flow axially

t hr ough t he "engi ne. Conpressed gases energing from the conpressor are

m xed with fuel and burned in.th tor, ts of conbustion
energe fromthe conmbust 51 %T®8§@%§PW§W%% tur bi ne where
thrust .is produced to prope 87 ARGEMBRIANANIPs¢5irEgr t he turbine, which in

turn drives the conpressor. e conpressor and the turbine include
alternating rows of rotating and stationary coated airfoils. Hi gh
tenperature conbusti on gases degrade the coatings through either hot

corrosi on oBAKKGROWBH OBBEE INNENYONcul ate through the airfoils,
particularly during operation on the ground, also include particles of

sand, -dust, oxides o | clun ' : -%ﬁhmﬁ Iohd i Xxtures
t hat have been inges?ggsﬁe;%lé#ﬁr“evegﬁg’?%yt&%g% I esglé%nséggﬁlgﬁ%gq?%m orm
particul ar | yndei& ety seanblgahd syuemapaesilary,dl rehitesuoe sidthalp assembeundy st ens
(Ca--My--Al--Si--0O, referred to as S. .Thege.contam nants can be in a
nol ten st at éy%{?'n‘&t%%nﬁlﬁquwmsﬁﬁ?@g%g@ﬂam% s in engine parts that
can lead to crack formation and part failure. Qther contam nants may

include iron and ni ckel yPxhidRS wurbRdicHPinY ARAMBE £EompFreshol M corltugfoesnd a sodi um
phosphates and the |ike: Consequentlé, gas turbine conponents such as an

airfoil rnustutbine. Sastsdliveatinlly thegighrtbeiengjne: &psuirergedigleaeBeretadiomgs,
mechani cal | y, repai rin he. Al [ 0at | aj ' ace.
Removal of MHECHBlafE BiA ok FTRhERMA Atk bl foludk bt
' combustion emerge from the combustor at high pressure and enter the turbine where
thrust is produced to propel the engine and to drive the turbine, which in turn drives

the compressor.

The compressor and the turbine include alternating rows of rotating
and stationary coated airfoils. High temperature combustion gases degrade the
coatings through either hot corrosion or oxidation. Gases that circulate through the
airfoils, particularly during operation on the ground, also include particles of sand,
dust, oxides of calcium, magnesium, aluminum, silicon and mixtures that have been

~ ingested by the engine. The oxides can combine to form particularly deleterious
calcium-magnesium-aluminum-silicon-oxide systems (Ca--Mg--Al--Si—0), referred
to as CMAS. These contaminants can be in a molten state and can infiltrate pores and
openings in engine parts that can lead to crack formation and part failure. Other
contaminants may include iron and nickel oxides, sodium vanadates, sodium sulfates,

sodium phosphates and the like.

Consequently, gas turbine components such as an airfoil must be
periodically repaired by removing degraded coatings, mechanically repairing the
airfoil and recoating the airfoil surface. Removal of the degraded coating can be

' accoxriplished through one or more chemical stripping or cleaning immersions.
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~acconpl i shed through one or nore chem cal stripping orighRedh0D5i mMrer si ons.
-1 18 March 2005 Repair of turbine engine parts can also involve cleaning
cracks, crevices and surfaces to conpletely renove CVMAS and ot her oxi des,
organic and inorganic inpurities and dirt prior to alloy filling and
brazing. A typical repair process consists sequentially of a dirt clean,
~coating strip, then a fluoride ion cleaning (FIC or etching prior to

wel d/ braze Reprit of tudine engineglaga namglss invogictegnimglcricks resevages and surfies

effective apd selective a i r Al s new.stri ppi ng. sol ut.i.ons .nust

of ton be- dePeramaliRonemM St aMe orriiiGis, PEME i BPradis Bty Mhen « ne
airfoils argirprritsgbyilling BRIbEORE] Ad§pical IyiCGibédés corkives Rbudrtialliyef
experinments are used to identify a new solution. In these experinents,
scrapped engfiikclgan ceatingsinp, theacdivaids ign deaning 1Q) preeirhing priostel uti on and

imrersed in bat h. The sol ution can be eval uated for stripping
or cleani ngw@léi?\%ézce}[’i}@%ag%ess first by visual inspection and then by

cross-sectional mcroscopy of cut and polished pieces. This process is
time consum ng. SonetComant chauimpstripping dodutivhs ameatok as effecnve hndskléctivecr een a

few dozen sol utjons at nost. and then to optim. ze one rom sing sol ution.
Par t -t o- par £ Y- Alit: PSP EUIRPAE LIPS P PPyPeciaNeIoBrb PEbReY e

eval uati on REAESHils 1SLbHRIN L theaiRily bleQRoRBePwith hE§ BRMingsuUt part
pi ece can be difficult to determne fromsanple piece to sanple piece.

Thi s can r eSypicallyn“onstatra-timae experimentsprowsed iimglesdfyu nevnsdlattonedr thgse n t he
screeni ng process., There s a need. r.a nmethod to rapjdl efficiently
soreen | ar GERTRBAE.EReh Enfa Gt piste Fopieed iRk 4soBPelmdg of an
ai rfoil. BRinkhers$dMARGt Gatchibhthl TYENTLEIN AGGRJAS el ForAifh RSP I eding he

present invention, there is provided a nethod conprising selecting a
cheni cal st effgspvengsofirst besishd gnspertian and then bycaatsrieational alictasaghy ohedughput
screeni ng. and polished pieces. This process is time consuming. Sometimes, several months of
work is involved to screen a few dozen solutions at most and then to optimize one
promising solution. Part-to-part and intrapart coating variability can complicate the
evaluation process. The stripping of a solution on a different cut part piece can be
difficult to determine from sample piece to sample piece. This can result in
elimination of a promising solution too early in the screening process. There is a need
for a method to rapidly and efficiently screen large numbers of chemical solutions for

stripping or cleaning of an airfoil.
BRIEF SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a
method comprising selecting a chemical stripping or cleaning solution by

combinatorial high throughput screening.

According to another aspect of the present invention, there is provided
a combinatorial high throughput screening well array assembly, comprising: a metal
substrate; a mask placed upon the substrate to define an array of wells upon the
substrate; and a reservoir array plate atop the mask to provide a reservoir for each of

the wells to hold a candidate solution; wherein the mask defines an array of wells
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Accordi ng to anot her aspect of the present invention, thhRlaech2008rovided a
conbi natorial high throughput screening well array assenbly, conprising: a
nmetal substrate; a nmask placed upon the substrate to define an array of
wel I's upon the substrate; and a reservoir array plate atop the nmask to
provide a reservoir for each of the wells to hold a candi date sol ution;
wherein the nmask defines an array of wells -2 18 March 2005 each having a
prescri bed ecashthavingarpeescnbechcdnitast srgh stithahesubamate sandat riatio of reserseirvoi r

vol ume capagity to a.contact area of | L.s of the.array j.s determ ned by a
mol ar ity of OUESAREIEN: 2 rntedar@ alar iRt he g irdiemitet L mefay 8ha a

t hi ckness 0f c@npéitht 60hé BandidutSEdTMRREE chmPolifiditariubdidkabR of aRdatiipasei n the
substrate is a nmetal test coupon base. According to another aspect of the

present i nvenstripped frem the substrtenand edherain gerpsbyieatoisiagnetpl g corpasigiput
screening well array assenbly, conprising: a netal test coupon base; a

. mask pl aced upon theaﬁgé%&i?lg 6 %%h&%%&&?opﬁﬁg{e%&t%énpﬁn atﬂer@Esr I?révid% wel I s

upon the substrate; servolir ray p e atop € mas provi de a
reservoir facombiakhtorial Hiplethrehdhput wrdening veelCari dsdneblg.clonmiprising: ahetadi n t he

mask defines —an an%aﬁo-f well}zll each havi nI%Pa rescribed contact area with
the netal tW&&tcOUBUbBHCHETESK Rl W@n%&ﬂ 6l icgionperbise ARG HAT¥an be
repl aced by,fwdishipshehy subBedte;ldat H&iidiParayhiste biopriROmagORi ;6tidanea on the
substrate fromthe contact area defined by 'the replaceable nask. The

i nvent i on i reseveioferteash of tho mtells & old alcandidate selntjorg pyhreocie thetmasksiefineni ng and
optim zing solution._m xtures for chem.cal strippi,ng or cleanin f a gas
Lur bi nie. conBbBrt TEERTEi e RSt conprteas At s bl go guD IS ne
conmponent  giiaRk Gkk ftreplREiaPR: rR4skthR 2Bh BYrepRichd bP R di¥er&R SR M deheshi gh

t hroughput screening (CHTS). In another enbodi nment, the invention relates

to a net hoda didsmmt Fentag arcgpadhdribsiiatg froms thegantoctareadalingdbstheat e to define
a wel | arra%pﬁgeatbﬁ%emasqét substrate,

The invention incorporates a combinatorial chemistry approach to

screening and optimizing solution mixtures for chemical stripping or cleaning of a gas

turbine component coating. The method comprises selecting a gas turbine component
chemical stripping or cleaning solution by combinatorial high throughput screening
(CHTS). '

In another embodiment, the invention relates to a method, comprising

assembling a mask onto a test substrate to define a well array on the test substrate,
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15 March 2005 establishing a conbinatorial library of cgangisliaz@sl i quid
reactants by depositing a candidate liquid reactant into each well of the
array in contact with a region of the substrate, effecting reaction of
each candidate liquid reactant with the substrate and evaluating each
region of the substrate to select a best reactant from anong the candidate
liquid reactants. |In another enbodinent, the invention relates to a high
t hroughput s i : - AY: : sl 1.5es (A a
ot al subst r af R pffibin @b ARAATR e  RARARER: by RERRLSET 11T
~ substrate. | ncatdidate layot demrtang intocichenll of thherrayninenttad vithalregiesofithe a

. conmbinatorial .high throughput screeni t i es a well

array assenbl ﬁu'jsggtﬁperffégﬁ“f%e%ﬁ ngtcer?% %ﬁajt%%%%ﬁg@g%atcr&gﬁgﬁ%ﬁgﬁigéﬂr&ggﬁr;.gsk t hat

defines an ar egyluaigesdhlregianof thdrabs st seltel adest reactaetftdr emongtbsel to
receive the well array.ass | y. BRI EF DESCRI PTION OF THE DRAWNGS . FIG |
is an expl ode&a%%éerﬁ%ﬁi“ﬁre? sentation of a multilayer well assenbly; FIG
2 is a schematic representation of a - well design; FIG 3 is a top view of a
cl eani ng/ stri ppi ng pat tiaranctherdatbodinehin glednweetidn refateGea a High Sireughp8 are t op

i ews of t al bst ft . ' ' [
Uhe wel | desi Reptyherey iy 13 sRhbsSfiga S RELREA o BURETAAITB] L o "

as a functi on agfiashikbAt defmad amngray bewelisadn tanehbetead.act area (mask radius) for a
constant well volume of 3.5 m; -3 18 March 2005 FIG 8 is a schematic

representation of a nethod,and. syste A . | RRINSisMt i on; FIG
9 is a schematic repr es@ﬁ?‘g ?(glﬁeroik%dr?%}%ﬁé&lgﬁ@t%ﬁ%% r%%{egs{eoﬁdgagt <!3. "
high throughput screening system. The system includes a well array assembly

comprising (A) a metal test substrate and (B) a mask that defines an array of wells on

- the substrate and a reaction vessel to receive the well array assembly.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded schematic representation of a multilayer well

assembly;

FIG. 2 is a schematic representation of a well design;

FIG. 3 is a top view of a cleaning/stripping pattern under a single well;

FIGs. 4, 5 and 6 are top views of a metal coupon substrate after three

sequential experiments using the well design of FIGs. 1,2 and 3;

FIG. 7 is a graph of molarity change as a function of NiAl coating

removal and contact area (mask radius) for a constant well volume of 3.5 ml;




stripping solution; FIG -10 is a schematic represent at ii®@NMsdh Zonsenbodi nent
~of the multi- layer well assenbly; FIG 1 1 is a schematic representation
of anot her enbodiment of the nulti-layer well assenbly; and FIG 12 is a
tabl e showing a 96 nenber stripping solution experinental space and

resul ts. DETAI LED DESCRI PTI ON OF THE | NVENTI ON I n experinmental reaction
systens, each potential conbination of reactant, catalyst and condition
must be evaluated in a manner that provides correlation to performance in
a production scale reactor. Conbinatorial aqrgapic _.synthesis is a

hi gh throughput screekl%d ’@HFS‘}CWH%QGB‘QQO‘gHQ‘E“\RH’QXa Wéfe%‘&g%%ﬁ'a
pharmaceut i : Hses systematic and repetitive synthesis to produce
di verse nol g@@?gltggé@ttﬁutﬁ’l es formed fromsets of chem cal "building bl ocks."
As with traditional research, COS relies on experinmental synthesis

met hodol ogy. However FiGist sacchdimatigmeinesshiztipg ohansithegmethod iperlerda cos
exploits automation,and mniaturization to produce large |ibraries of
conmpounds tﬁV‘é’BBﬁ%h&?gSsi ve stages, each of which produces a chemi cal
nodi fication of an existing nolecule of a preceding stage. The libraries \
conpri se conpounds t h&GCHNs hecieniatie pdestnntimact ausnbadonént of the suli-he '
techni que used to _prepare such libraries involves a stepw se or sequenti al
coupl i ng of 13¥GT Wall AgeAPS6ks to formthe conpounds of. interest. For
exanple, Pirrung et al., US. Pat. 5,143,854 discloses a technique for
generating arrays of pRepfi aScinfhie tdpssehBliGe o ABtHeB bMBodihent oBx@D €,
light-directed, spatially -4 18 March 2005 addressabl e synthesis

t echni ques. nRilti4layeywell asdemblyanhesi zes pol ypepti de arrays on a

FIG. 12 is a table showing a 96 member stripping solution

experimental space and results.
DETAILED DESCRIPTION OF THE INVENTION

In éxperimental reaction systems, each potential combination
of reactant, catalyst and condition must be evaluated in a manner that provides
correlation to performance in a production scale reactor. Combinatorial organic
synthesis (COS) is a high throughput screening (HTS) methodology that was
de\ﬁclopcd for pharmaceuticals. COS uses systematic and repetitive synthesis to

produce diverse molecular entities formed from sets of chemical “building blocks.”

As with traditional research, COS relies on experimental synthesis methodology.
However instead of synthesizing a single compound, COS exploits automation and
ﬁiniaturization to produce large libraries of compounds through successive stages,
each of which produces a chemical modification of an existing molecule of a
preceding stage. The libraries comprise compounds that can be screened for various

activities.

The technique used to prepare such libraries involves a
stepwise or sequential coupling of building blocks to form the compounds of interest.
For example, Pirrung et al., U.S. Pat. 5,143,854 discloses a technique for generating
arrays of peptides and other molecules using, for example, light-directed, spatially- .
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- a successive solution or

substrate by attachi ng photorenovabl e groups to the sungagecptodshe
substrate, exposing selected regions of the substrate to |ight to activate
t hose regions, attaching an amno acid nonomer with a photorenovabl e group
to the activated region, and repeating the steps of activation and
attachnment until pol ypeptides of desired | engths and sequences are

synt hesi zed. Typically, a conbinatorial high throughput screening nethod
(CHTS) is characterized by parallel reactions at a mcro scale. In one
aspect, CHTS can be described as a nethod conprising (A). an iteration of
steps of (ijddseeble pyndhesisdentniques. Figyes et/ ssyn ﬁlieslpé’g)@ﬁfp ¥HYS8BE and

Che 1oy, [8hkBfte By 3kcnle RIRIUEL ALY erbliR & HREMIAE: oShE AR Fholifpo21 | N0

the iteration o erein a successive set
react ant s selletédadgions ofxhs belptrite Yo lightah edbateahos regions, tttawhingrmanemahwat i ng

step (iii) of .a precedjng,iteration. The present nvention relat to a
combi nat or i #id EIoERnst W}}L aphrieHEpvable zeupda "rﬂf“&%‘i E?ﬁfqnn?‘}({]ﬁ?aeaéﬁgﬁﬁ on

m xtures foge E@Atloﬁlaﬁ@Q&Mn@ﬁ'alrﬁﬂ bbl@ﬁé}ﬂﬂ@@&f deBiréd Rhith§ Ot defBsncesrhe CHTS
can conprise (A) steps of (1) selecting”a candidate stripping or cleaning

sol ution; (atesymthészadi ng stripping or cleaning of a netal substrate wth
t he sol uti on under a selected reaction condition; and (ii1) evaluating a

product of the stripping -g%)n%hf?a{l&&gm 5tg frnfddbn ﬁ's&?&@ﬁ%ﬁ&tﬂdﬁ) wherein

’ionse rstep (1) is
sel ect ed as(CHTSpis charadterdaed by phradltl mg;tmheax a thicrd Jcabf Ia ope espech, GQITSt eration

of a step (A). The S can conpri se, st of preparin t est
substrate, CadeRsT gaaaﬁﬁéh@dtcﬁgipﬂa@&(gggn 1 %“fpég’fmﬁ Ci‘ﬂl}g aSGhstrat e,

deposi ti ng %{ﬁﬁ 1uakihy RRL pRIdubls @ HtBact@b Ut | on
into a wel Iaf tg% Iée;a;@tlm tg%%ﬁtggfml?@daﬁlg gltonpo ut he Stfbsztlra eto

ef fect strigpp agd (B) rcpeeamgti‘g liofativh ef steps O (IBrsad éNid vhareimysuscessivedeict of t he

str I ppl ng Orf r%lagtgn neqectedIS for a step (13 is c%losen as a result of an evaluating step (iii) of a

preceding iteration.

The present invention relates to a combinatorial chemistry approach to
screening and optimizing solution mixtures for chemical cleaning and stripping of
airfoil coatings. The CHTS can comprise (A) steps of (i) selecting a candidate
stripping or cleaning solution; (ii) effecting stripping or cleaning of a metal substrate
with the solution under a selected reaction condition; and (iii) evaluating a product of
the stripping or cleaning step; and (B) reiterating (A) wherein a successive solution or
condition selected for a step (i) or step (II) is selected as a result of an evaluating step

(iii) of a preceding iteration of a step (A).

The CHTS can comprise steps of preparing a metal test substrate,
assembling a mask that defines a well array onto the substrate, depositing a candidate
airfoil chemical stripping or cleaning solution into a well of the array in contact with a
region of the substrate to effect stripping or cleaning of the region and evaluating a

product of the stripping or cleaning.




~ rubber, pla®f

These and other features will beconme apparent fromtheignsatnagsand
follow ng detail ed discussion, which by way of exanple without limtation
describe preferred enbodiments of the present invention. FIG | is a
schematic representation of a multilayer well array assenbly 10 and FIG 2
is a schematic representation of a single well from10. In FIG 1, a flat
nmetal coupon base 14 is provided upon which a coating and/or dirt is
deposited. The base 14 is furnace cycled to reproduce engi ne-run conditions
on a specinmen coupon t | 4 ] f_.an
engi ne-run gas turbi ng%ggc?ﬁggﬁgﬁfe.ah&@@?&%&?%pﬁ%?%ﬁﬁﬁg}a% ialngyer wel |
array asseniibowliQg iderlletbidiscustien, wiadebyl way af exaniphowitherit limittdn dScribeser voi r
array plate 1% ancf I{Jd.ZO. g{:gntact well _mask 16 can be fabricated from

req enpHipeyts Abie Pregeat IBieBlie-esi st, or other suitable
material. FIGs. | and 2 show contact well mask 16 with an array of contact

- wells 24 and the rese'F‘I@.ifis%rsfzﬁé(na@ﬂc%;ﬁre?]eﬁta%ﬁBf@ﬂmﬁﬂ{xﬁe&‘y\ﬁéﬁahﬁ?eVOir vel | s
u

22. The resevoir well 22 contains a k of the stri‘pping or” cl eaning

" sol ution. Thescoiy 4¢end il Lds 2erhamatictepraseniptin afisisinglerwell dom Kedpi ons.
E et s TR R OV RS R T R,

mul tilayer wel'l ’array ass e contact well

masks 16 w idbpddittd.eTRbass hapefirmate patddtb aproduceengiacune@ndiioddoa form
various shaped or positioned contact areas 26 as shown in FIG 3.  In

addition, tRRECHEET COHPOR o1 thebatt 1pa Selpaied EUPOR Seckion GhAR enaiRe-TIEAS fushipe

cont act  ar @Bl oNlnGi YRR S0 I A RIT RUGNARARES Olchites B! 2

coupon base 147 Finally, is provided to vent sol ution evaporation
and spi | | agbase 14, d cattactareliaask 1] reholes awzy plae 18 dod lidd0atCGedtaabweld each wel |

to avoid pressure bujld- .u om evol ved .gasgs. . To _enhapce the seal i ng of
the vel st SrekEerhpe febriied SRBETber RiHEac Lo PR RL BB o2 8t Riv,

can be appl kgightlOmaRAkL FIGESEMRAI YN shd& RAACCREN Afabk 16With a8y dbcdntace base
14. Additionally, lid 20 and contact well plate 16 can each be provided

with a rai sae¢lls2p andthegessrvairpriay tinte 1 & wifplaa aeay af teseoinuellsrd: Thhe base 14,

‘,Q’f'G' Tats(‘; ]}gt?s%%i REPLAL SiathS « B0 Jrinfh SR RhSof LELSS: SRR e BSnalowWn i n

wells 24 are shown with uniform cross-sections. However, the contact wells 24 can
represent different cross-sections. The multilayer well array assembly 10 can
accommodate replaceable contact well masks 16 with different shaped or positioned
contact wells 24 to form various shaped or positioned contact areas 26 as shown in
FIG. 3. In addition, the well mask 16 can be flexible to accommodate different

contact areas or slight curvatures or surface roughnesses of the metal coupon base 14.

Finally, lid 20 is provided to prevent solution evaporation and spillage.
Lid 20 can have pinholes or the like located above each well to avoid pressure build-
up from evolved gases. To enhance the sealing of the wells to substrate, hydrophobic
- agents such as wax or silicone RTV, can be applied to seal a resevoir 18 and contact
well mask 16 to a base 14, Additionally, lid 20 and contact well plate 16 can each be
provided with a raised lip for sealing with a complementary structure. The base 14,
well mask 16, array plate 18 and lid 20 are fitted together as shown in FIG. [ to form

the composite multilayer well array assembly 10.




the conposite multilayer well array assenbly 10. -6 1818Bisfén 28035 FI G 2
shows a contact well that has a high well 22 vol une-to-contact-
surface-area ratio. In FIG 2, a resevoir well 22 is shown atop a contact
well 24. A ratio of reservoir well 22 volume and contact well 24 area
required to avoid solution depletion can be estimated froma coating
conposition of the netal base and thickness to be renpbved. For exanple, 5
nol es of HClI are theoretically required to dissolve a nole of a NLAI

coating according to RiGe sfhalvlsewﬁtﬁcttm @k aMigh wéll 23 ¥oludkttd-chhthcr( aq) +
H2(g) Al(s) + 3H+) Ala%%a%e + H2( A reservoir well 24 size can be

estimated Hyriaes- weafa}wc 5 rmmr ygllazﬂmsi@m@ﬁmxﬁ cagaet Wel 2hedoved (in

i crons of b GkRgES)uEh % VA LAY 2 SURASEREP R LIIEHIAR O N A

coating renova cont act area I'on depl etion
is reduced depl‘etlbﬁbgebfsahufatddrfrmmCé‘aﬁnl’g&bh@ﬂsltloﬂl aftge nwedibaseadndnes, thin

coatings an mal | cont act eas. For mpl_e, M HC| oI uti.on becones a
2. 6M sol ut |‘g‘ﬁ kap & bosmayed. oFs cgpmplged m&s&féqléfﬁ)%%reu g@l@gm act wel |

radius equfdsolve arrﬁa@w@mmedahng atiobding & the famm n%?md Rkitgst he contact
well radius to O. (while nmaintaining a 3. reservoir well vol une)

results in al nost no change in the solution m)l arity. As described above,
the multilayer well aNigy 2EsaWblag) #HL@n i nclude a contact well mask 16
that permits varying a | ocation of the contact well 24 within the area of

a larger well reservoj G Is a top view of a
cl eani ng/ stri pping @mﬁﬂ 2}6‘ﬁ Fflﬁb+r,l'&ig)be | nposed by using three separate
contact well masks 16 Addi-tionally, a contact mask 16 nay be provided

that is replaceable. Atdswoitwell 2&@&&%%@5@%@@@; InGlak@pEIRagObACPNS of
stripping patterns after different contact well masks "are used to isolate

cont act of adiaffieetontof seatinggemevedr(inciszorisrog tl@@krmss)o HEG showigspadarity
change as a function of NiAl coating removal and contact area (well radius). Percent

solution depletion is reduced for large solution concentrations, large well volumes,
thin coatings and small contact areas. For example, a 3M HCI solution becomes a
2.6M solution after 25 microns of coating are removed using a contact well radius
equal to reservoir well radius (0.75 cm). Shrinking the contact well radius to 0.25 cm
(while maintaining a 3.5 ml reservoir well volume) results in almost no change in the

solution molarity.

As described above, the mulﬁlayer well array assembly 10 can include
‘a contact well mask 16 that permits varying a location of the contact well 24 within
the area of a larger well reservoir well 22. FIG. 3 is a top view of a cleaning/stripping
| pattern 26 that can be imposed by using three separate contact well masks 16.

Additionally, a contact mask 16 may be provided that is replaceable. FIGs. 4, 5 and 6
are schematic representations of stripping patterns after different contact well masks
are used to isolate contact of different stripping or cleéning solutions with metal
coupon base 14. In this embodiment, a mask 16 that defines a first contact area for a
first iteration of a selection method can be replaced by a second mask that defines a
second contact area for a next iteration of the selection method. For example, FIG. 4

illustrates a stripping or cleaning pattern 30 on a metal coupon base 14 that is
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coupon base 14. In this enbodinent, a mask 16 that defig®&fréh #0055t cont act
area.for a first iteration of a selection nethod can be replaced by a
second mask that defines a second contact area for a next iteration of the
sel ection nmethod. For exanple, FIG 4 illustrates a stripping or cleaning
pattern 30 on a netal coupon base 14 that is 18 March 2005 determ ned by a
contact area of a first mask 16 in a first iteration of the nmethod. Then
the first mask is replaced by a second mask for a second iteration of the

met hod. The defaRied bga%lsm@ét%adﬂ% fﬁstcmkqetm a1ted ifehdbn bbtheinfdigydenthehi r om the
contact area of the rst mask. FIG illustrates a stripping or cleaning

-patL e(rj n 3ﬁ &l fast @asl@@me@bxe sqwndafaslefortarseccméot@mﬂxomoéﬂmn;@hpcbfThehe
T
of the f1 1ot asRaRes aPhfticMeathills FirrBh et ks ek bEMeTE by "

third mask feuskaFihis ﬂiu$tfa@dfs&t uﬁg oftdi&niRtpaacint3Q darmethldRupdiebasé 14 ppi ng or
cl-eaning pattern 34 shown in In this manner, a single_netal coupon

" base 14 can 2B& Bg&erond iteratipy @?ta@ F@H@doffh@ ﬁéGnﬁe%hwa agideryesidesfFnminen t o
sel ect a SUlg%@&h?r&?&nbﬂﬁ?bﬁﬁe?@ﬂﬁ&@?&%nd : rg[afheﬁ% éé%@brﬂﬁn&’srk ig! eani ng

sol ution. exanpl e esevolr array plate | 'arge reservoir

wel | s 22 i nrepdadsid rbataitbim mhasihfos a diifd icaretnin ot methodval propidattestrippeng e used
to define 72 3x24 ent. ﬁ; ing and stripping experinents on a
single couﬁ@ % éﬁbgdlnent, di fferent solutions can be.used
in the reserv0|r mells 22. In anot her enbodi nent, the sanme solution is

used in a specific re&enhi/s.qmnneﬂlursmgge@e@p@ﬁ@bﬂaasexneﬁmB@ﬂsr,cauwth a
different contact well nask and varying tine or terrperature FIG 8is a -

schemati ¢ r &ifcealions af the mediodpf dhesineention tseleoh a syifablodas Gibing compprsdt a
angi ho- 1 an CrnicRfurgif Sl AN ORI 2R I, | hour
lid 20), X- Yﬁrgosasenvom iwels 32 agmnmdnatmnlvuﬂu Ddiffdreapemsichy el phifanrabte
controller Llllgéd t%%e ine %( QE%&F {‘ferent cleaning and stripping experiments on a single

coupon base 14. In one embodiment, dlfferent solutions can be used in the reservoir

wells 22, In another embodiment, the same solution is used in a specific reservoir

during successive experiments with a different contact well mask and varying time or

temperature.

FIG. 8 is a schematic representation of a system 40 of the invention to
select a stripping solution. The system 40 includes furnace 42 to simulate engine-run
conditions on a test coupon, array assembly 10 .(shown without Iid 20), X-Y
positioning stage 44, solution dispensing system 46, controller 48, agitator/heater 58
and evaluator 50. The dispensing system 46 includes pipettes 52 and valves 54 used
in conjunction with an array of wells 12 of multilayer well array assembly 10 (without
lid 20) and solution dispensing containers 56. X-Y positioning stage 44 positions the
‘array of wells 12 beneath a line of pipettes 52 for delivery of test solutions from

reagent containers 56.

With reference to FIG. 8 and FIG. 9, a method 60 for selecting a
stripping or cleaning solution can comprise preparing 62 a coated test coupon base 14

by applying a coating to a substrate. Examples of substrates include NiAl, PtAl,
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and eval uat or 50. The dispensing system 46 includes pi pgM#sh Zhsand val ves
54 used in conjunction with an array of wells 12 of nultilayer well array
assenbly 10 (without 1id 20) and solution dispensing containers 56. X-Y
positioning stage 44 positions the array of wells 12 beneath a |ine of

pi pettes 52 for delivery of test solutions from reagent containers 56.
Wth reference to FIG 8 and FIG 9, a nethod 60 for selecting a stripping
or cleaning solution can conprise preparing 62 a coated test coupon base 14

by applyi ”Q\A@rﬁﬁaty‘ﬁmnﬂﬁaﬁllﬁé&%Bﬁh%m@iﬁE@Lefcs FRhrpRROE S dsRed R bide NA,
PtAl, -8 18 March 2005 MCrAl'Y, yttriumstabilized zirconia, chromdes, etc.

Exarrpl es ofmstabimchldeﬁl(b@mdtﬁas@rallmtlabgtﬁ eqm@mblaendrﬂmglbea@reatalsfape,r&abﬂl oys in

Co- based alayaeat KT el b8 crr @b arEen R SRT The e el °

si mul at e engitiagicd 64 te sindliatd afgsne riih @aidifi¢hss Teqatifd siep @4 loen Be & Biridee
anneal i ng, furnace cyclin ., repeated heating and cooling) or a burner

rig test, - amealing Fyegop¥c q@&ﬂ . ere@%}%hﬁaang #ndraoliBBraAs TS rigdest,
| pi ”ge”entwm@ﬁﬂ%wekx él{g%x & u?@%'ﬂ?)%ﬁﬁ%ﬂ%g%ﬁgﬁﬁ'@ ln%ﬁlé%v\l%enl {aﬂg%‘: appar at us

such as a furnace gene esi gnate rray
assenbl y i strdahiag s@péém@amb@@tmxmempafm shictdas20furriee genarahyddedmnatedt r i ppi ng
or cleaning ZSOh-gE}I gns are | oaded 68 into respective wells 12 of the array
assenbl y 10" 1 utions can be automatically di spensed by neans of any
sui tabl e di spenser such as an inkjet. Preferably, the solutions are

di spensed by the ar rERGRIERtayelsdmyly isGhen Ascitdedibs OxvepSee U@36] Therd i nes of
wells 12 are positioned beneath |ine of pipettes 52 by posjtioni ng st age
44, whi ch | @ndigaterstinpag Bwieasingselutions arg padehof i respechine waks beolthg onput er |

" roProCesael el 4! 46 SIS Byl geBORERbS S, 0

st age 44 t csujtasicdispensar suches ai inkgdt] BrefRaliignkaidiutidie apd diegenesi iXhe A
arrangement of FIG. 8. In operation, successive lines of wells 12 are positiohed
beneath line of pipettes 52 by positioning stage 44, which is controlled by controller
48. Controller 48 can be a computer, microprocessor or the like. Controller 48 also
controls valves 54 and pipette selection of solution from containers 56. The controller
actuates stage 44 to position a line of wells 12 beneath the pipettes 52. A
combination of solutions is selected from containers 56 according to the controller 48
and is delivered to each pipette 52. When the line of pipettes 52 is loaded, the
controller actuates valves 54 for delivery of test solution to respective wells 12. The
coritroller 48 records the composition of each solution and its position within the
array of wells 12. The controller 48 then actuates stage 44 to position a next line of

wells 12 beneath the pipettes 52. The method is repeated until each well 12 is loaded

with test solution. The array assembly 10 is then covered by lid 20 and sealed.

“The solutions in the sealed array assembly 10 are agitated and heated
70 by means of agitator/heater generally designated 58. Agitator/heater 58 can be can
be an automatic rocker placed in an oven, ultrasonically agitated hot water bath or IR
lamp in combination with a rocker that agitates and maintains the temperature of the
array assembly 10 and solution for a set period of time. For example,
agitating/heating 70 can be continued for a period of about Sminutes to greater than
G-




“conbi nation of solutions is selected fromcontainers 56g&gs&Q{fligag to the
controller.-48 and is delivered to each pipette 52. Wien the |ine of
pipettes 52 is | oaded, the controller actuates valves 54 for delivery of
test solution to respective wells 12. The <controller 48 records the
~conposition of each solution and its position within the array of wells
12. The controller 48 then actuates stage 44 to position a next |ine of

wel l's 12 beneath the pipettes 52. The nethod is repeated until each well 12

is | oaded Wot Rolir§SdesBIYhbAR 30 Tifutey tb hodt@aPreferkbly abolif B miAkeked by |id
20 and sealed. The solutions in the sealed array assembly 10 are agitated

and heated #oowsyateetgmpersfuregf aberbly hda 280 ° Guasasatly phowd 3T inti0ed and.
Agitator/h o o [ ' :
't rasont cal Pty B0 et MarE Al ALRARhEpEREER, Babar bl OV,
rocker that agibadiessansledmditiniedd2.t Rinsingnppridtpueferably doneprises repsataissenbl y

10 and solution for, a set period of tine. For exanple, agitating/heating 70
can be conti hﬁ‘é‘ﬂatf"blfm%erﬁléﬁp‘brclspw WG Gtases- &Pﬁﬁ?@é‘)%eﬁf’ é'éf‘ggfz PhYR2c% 18

March 2005 24, Ho8hS caldgis kindblohedPidh r3Riull fidsaBlId ReBoPHESwaARDiREef er abl y
about 30 mnutes to 4hours at a tenperature of about”™ 25C to 200C desirably

about 25 to SbaCtimedcidinefcsiad oanalso bt uSEGo rem@@Edenasiqus dirh giierLe rngngnd
heating 70, the array assenbly 10 can be disassenbled and rinsed 72.

Rinsing step 72 preferabl i . [ e : %/t@f ' [.ons or

. spray water rinses. |n%§%¥’§§%§§| ﬁ@%@ﬁ@?i@fﬁ%péﬁ&u I ?x;geéaglm ésnﬁic‘)ert tinme
causti c rinsevdl@ateET bphnatref 6Gi Andyzens0 dam bed desvrcto bynducha elemt@al ri nse.
Short time acid i mersions can_al sQ be used to renpve tenaci Qus dirt prior

to rinsing. THEYEXEUSHES amENERY dERaTIEPESTOSFORN PR TR 6‘?05_%'13%3%%9 can then
be eval uat e%e?a‘ho?%ﬁpgﬂgkﬁée%r ROtk N RhYEEAmPRs 6P A5 68 hfiSsclad hegaduct - an

el enental analys as an energy dispersive spectroscopy apparatus, a
cross-.sect i onatpledwirvidel cvgnapiey (OEN) canapa thahdetedikghotal weyelengthpind dlugés.

anal yzer 50 GRTPLIPe. 8. €Al Gc £ bl o0 AL Qb PN AR amer 2 that

detects phot

Or analyzer 50 can be a profilometer to measure etch depth.

Essentially, a profilometer measures surface roughness or profile. It provides a three
dimensional topographical map of surface that permits determination of amount of
coating removed by a given solution. For example, a Dektak® (Sloan Technology
Corporation, 602 E. Montecito Street Santa Barbara, CA 93103) profilometer
comprises sharp needles that are scanned across a surface in an X-Y raster pattern to
measure vertical displacement or height. Atomic force and scanning tunneling
microscopes (AFM’s and STM’s) are more refined suitable profilometers that
measure heights of single atoms. An optical profilometer (Phase Shift Technologies,
Inc.) uses light interference {constructive and destructive) to measure vertical
displacement. An optical profilometer has a resolution between that of a Dektak®

; device and an STM.

Another suitable analyzer is an Eagle IT Microfluorescence System
(EDAX, Inc.), which uses X-rays to generate characteristic wavelength fluorescence
that permits elemental identification to distinguish between coating and base metal.

Another suitable analyzer 50 is based on “heat tint,” which involves oxidizing an
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The CCD canera can be used to determ ne cl eaning and sig MpREHEDOS

effecti veness. O analyzer 50 can be a profilonmeter to neasure etch depth.
Essentially, a profilometer neasures surface roughness or profile. It
provi des a three dinensional topographical map of surface that permts
‘determ nation of anmount of coating renoved by a given solution. For
exanpl e, a Dektak(r) (Sloan Technol ogy Corporation, 602 E. Montecito
Street Santa Barbara, CA 93103) profi I orreter conpri ses sharp needl es that

are scanned across a surfagce |n X-Y r z tern to rrgasure verti cal
di spl acenmerfiitigs CHBPYRESCVHR 8@8%198 ?frﬁ“ﬂ'ﬁ’uf i@ 3nA §PSSBE Bs copes

(AFM's and c%TMoﬁlng%rcﬁtﬁ%o%uﬁﬁdr%ﬁ% n%th F@cd%Péhah TRk st modigasur e
hei ghts of single atons. tical onet er hase Shift Technol ogi es,
I nc.) uses ¢ﬁrgmammgt0@aﬁmmué\cm@whcthazrdht basemldl@sbeeuctbmph:)elyo measur e
vertical di SB e%cement An optical profilonmeter has a resolution between
that of a (r) device and an STM Anot her suitable analyzer is an
Eagle Il Mcrofluorescence System (EDAX, Inc.), which uses X-rays to
generate charact eri stinanwabeldiergt bf the Hetrdefdeanviitioh, jeipitics asd ement al

identification to d| h between coatin nd base net al Anot her
suitabl e arffRiEdarragg F@“‘%ﬁ@ PIbHeP fdean lqux,lpjcgt BheYalRASNg 8€P 3%t zi ng an

-10 18 Mar cheithifie SRk sz%%li’@&‘c&rtln%%yﬁﬂ%lr e AL nt AMEIhdRed! US for an
hour or two and observing a color the coating (or base netal).
The col or clvhriye. THennilyied armpés tamndmassemlbled emhnmeng@odmnai@edr i ndi cat es

whet h he b b I nmbodi f th
mothod of TIEORMAIRCBT: RGN BH s e REAREl A P ay of Sol utions from

step 70 can be subjected to an evaluating step 76 to determ ne anount of

removed coating or pHiRrstdpebhhsseaBliged, fdadip 63f agiteinp/hedingsol ution. The

anal yzed ‘array is then disassenbled and rinsed 72 and anal yzed
disdssembling/rinsing and detecting/evaluating 74 can be reiterated to pfovide

complete test results on an experimental space. For example, the method can be
conducted with three iterations using three different contact well masks 16 to provide

a test coupon base 14 according to FIG. 6.

FIGs. 10 and 11 are schematic representations of embodiments of the
well assembly 10 of the invention. FIG. 10 shows the well assembly 10 including Lid
20, resevoir array piate 18 and contact well mask 16. In the embodiment shown, the
contact well mask 16 is mounted directly onto a surface 80 of a turbine engine part
82. In this embodiment, the surface 80 functions as the substrate for testing. In FIG.
11, lid 20, resevoir array plate 18, contact well mask 16 and the metal coupon base 14
of the well assembly 10 are compressed together for processing by well clamp 84.
Well clamp 84 consists of two opposing plates 86 and 88 secured together by bolts 90

and 92 to securely clamp together the well assembly 10 for testing after loading.

The method, array assembly and system of the invention utilize CHTS
to rapidly screen and optimize solutions and processing conditions for stripping and
cleaning of airfoil coatings. The invention provides significant increase in
experimental speed for testing these solutions. The invention can be practiced with a

single coupon base. The invention can provide a quick screening procedure for new
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according to step 74 to provide additional data to contg®ida@r2008. The steps
of assenbling 66, |oading 68, agitating/ heating 70, disassenbling/rinsing
- and-detecting/evaluating 74 can be reiterated to provide conplete test
results on an experinental space. For exanple, the nethod can be conducted
with three iterations using three different contact well nmasks 16 to
provide a test coupon base 14 according to FIG 6. FIGs. 10 and 11 are
schemati c represent ations of errbodi rrents of the well assenbly 10 of the

2y pl ai e BUSREEOR LR AT b R o B RO ThE Myt fRCY O

contact wel Ipd@sk f&r@suhﬁltalﬁ@élﬂts&féeﬂhg eftdird&aiictive @ﬂuﬁmeteﬂmlqusanamr b| ne
engine part 82. In this enbodinment, the surface 80 fbgg cti onﬁ as the
substrate foarr&yesfmaﬁgﬂy tnfutly sirippad/clepned coptingse LpQas §mbAdEEPLIG: o 18,

- contact wel | i\0Bathntln 80 eh%eagﬁédarpaﬂeg@u&@é@n&eﬁd o?BnEQ@uﬁ@ﬁ'sFe&'{%@&nb' y 10

are conpressed oget cessing clanmp 84 clanp 84
consi sts of two opposing plates 86 and 88 secured together by bolts 90 and
192 to securely clanp tHgeirhgnssehblyef the mveutin opn b@c@ru’rgur@sﬁsuaﬁgmémﬂe?ﬂ

| oadi ng. The array asse stem of. t ize
CHTS to rap?* %/ §@P@[§n°ré ﬁC%?mW¥8°$Wf%ﬁogﬁ§regﬁﬁe oces r%&(g:hondlée!u ons
for strippi ngrandsentdifas Bused irtd vdrRly ofcABhire gfperififtats] suchiat immsipglevi des
significant increase in experinmental speed for testing these spolutions. The

i nvention casprigongntasid dbEdavithwater SiDSEMENt B HHEHIS 5 8“" 0 QHBOTCAGKRt i on can
provide a qul d? %nﬁ}%ﬁ@&%?&&ﬁ&%‘?@%ﬁ%ﬂ{: 8r m'af'é’!} cidswith RadBes luch@QS coatings

duri ng. devel i.ntro I on 0 an engline. The invention can
be used for ﬁrﬁutahalfeﬂmressédeﬂﬁadagvantﬁngmﬂ!qﬂeﬂnblms io\motevteth@amdedwngechm ques
on an array of partially to fully stripped/cleaned coatings. In one
enbodi ment , ‘?%@mqtﬂ\?é?ﬁ’ihﬁﬁo@éﬂ l%@“{fi’é"é directly on an airfoil surface

instead of on a coupon specimen. The array assenbly of the invention can be
configured as a standatihs@dnd other features will become apparent from the drawings and

following detailed discussion, which by way of example without limitation describe a

- preferred embodiment of the present invention.
EXAMPLE

. The invention is used in a CHTS process to select a best stripping
solution from a combination of two acids, phosphoric acid (Phos) and
hydrofluorosilicic acid (HFS), Plurafac® surfactant (a polyoxyalkylene condensate),
and a Rodine® acid inhibitor. The base metal is a PtAl coated N5 (a nickel
superalloy) coupon that has been heat treated for 47 hours near 2050°C to simulate

engine-run conditions.

A 96-well multilayer well array assembly is used that has a Teflon®
- lid, plate and mask. The mask is a porous Teflon® material so that the array
assembly can be compressably secured by a clamp as shown in FIG. 11. Prior to
attaching the lid and clamping, the wells of the plate are loaded according to the
solutions shown in the Table of FIG. 12. The lid is attached and the array assembly is
clamped. The entire clamped assembly is placed on a rocker in an oven set to 70°C.

A three-hole masking strategy is used so that times of 30, 60, and 120 minutes can be
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or 96-well plate or in a custom zed configuration as r¢egMare2d9s t he
application. The array assenbly can be used in a variety of m xture
experinments, such as in a single conponent acid diluted with water
experinment, a mxtures of two or nore acids experinent or an experinment
wi th one or nore acids with additives such as surfactants for increased
surface wetting and/or inhibitors to protect the underlying base netal
once the coating is renoved. These and other features will becone apparent
fromthe drawn n i il i I i of
exanpl e w tﬁ#ﬁitlgl%?&nl \g%tltl %‘gdnirog\é%@r%f’ gﬁng' A%?g%%@%é%ﬁ%rﬁﬁ%n&%ﬁgﬁ llg%et\téﬁ%é pr esent

invention. &e\NBleadite thewteinddptnfor sadhsetition. A JohitDnfyreativkty toregRivEpt a best
stripping solution froma conpination of tw acids, phosphoric acid (Phos)
and hydr of FeRSingds fistermpingd framthgrdpth ¢f the gty ) surfactant (a

pol yoxyal kyl ene condensate and a Rodine(r) acid inhibitor. The base netal

Is a PtAl coated NS (Rehiifshed repGvBhald @ik sEOMPFIAIAD. MRS tiBRERoRSAL
treated for 47 hours near 2050C to simul ate ~engine-run conditions. A

96-wel | nul that theenrfaeshint affersno impsevepiept. | Bhaasebimtiencs pbeolummet, Bemdrlp | d,

pl ate and mas The mask is rouys TeflonGr). i al oS array
assenbl y caﬁreﬁge E}S)ﬁtprlg%%%vgﬁﬁ f}l%s“g&}'rtgla d‘fﬁ})eg eééha‘#gp’ié g@ﬁ%ﬂ/{?’ 8’3‘} g’la%f 5@?0 Pri or
to attachi nghédtHFS iselutionl sigdvae mst rhpid raveddat obéoating, e, arlediniades

according tqo the solutions shown in the Table of FIG, k6 12. The lid is
attached an#eris samebyseqasialasiagk.i The we ohfisdRodmecinBibitor i the aAgiEY obdsendl y i s

pl aced on ajé i T8 i h 5 i shh@ategy is
used so tha"? /ﬁg E@gndot? S%@,bq%%?c%ﬁat ti’g%t %@nr{lj;[nété%cglﬁﬁ%egﬁﬂ_e%gﬁ%g}ﬁﬁgh 2005

tried in eadh, roeks|3 Saddrd saleotalcls thedbagt sodutionAf t er al |l the experinents, a
profiloneter is wused to neasure the etch depth for each solution. A
solution’s reactivit yV&tf“tﬂ1crp(_ilgilt%x\‘/riad1 Smbodiments of the invention have been described,

the present invention is capable of variation and modification and therefore should not

be limited to the precise details of the example. For example, the invention can be

used to develop chemical etches for the semiconductor industry, for functionalizing

tail groups of self-assembling monolayers (SAM’s), for corrosion studies, for

development of liquid based catalysts and in electrochemistry to (a) remove coatings,

~ (b) deposit films and coatings, (c) electropolish a substrate, (d) develop new

electrolytes for batteries, fuel cells, etc.

In another embodiment, the method and assembly are used to select a
number of satisfactory solutions, which are then subjected to varying temperature,

time periods, etc., to select optimize operational conditions.

The invention includes changes and alterations that fall within the

purview of the following claims.
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coating is determned fromthe depth of the etch pit. Remadtsygose reported
in the table shown as FIG 12. The table shows that the surfactant offers
no i nprovenment. The acid m xtures of colums 7, 8 and 10 are the nost
reactive as shown by the deepest etch pits. In colum 8, row 8, the 20/20
Phos/ HFS sol uti on shows the nost rapid renoval of coating, however, at 120
mnutes there is sone base netal attack. The use of the Rodine inhibitor
in the amou@LAMMS2- 3%is found to stop base netal attack at 120 m nutes.
Hence, the solutions of colum 10, rows 3 & 4 are selected as the best

solutions. Wiile preferred,e diments.of the inventiaon have been .

descri bed, the preseﬁ‘t i n@éﬂ"@ﬁ%%cqlgpr@%ﬁeéﬁgg a\?ﬁ?‘?’ﬁ&%@%"ﬂﬁﬁ?@?ﬂ:ati on
and t her ef og&u@mygbrﬁmﬁatogﬁhhg'ﬂm(ﬁghf,@sa&nﬁgeci se details of the exanple.
For exanple, the invention can be used to develop chem cal etches for the

sem conductor industry, for functionalizing tail ﬂroups of self assenbling
nonol ayers (SAM s), fér coFhbsiethrdoliglaig, Lt lditiopalli| copmsisingostrippiggial based

catal ysts apgd.. . LSty t r 2 i (b) deposit
films and c%lﬁlgé)ggﬁ%gg@ g ec @%&)ﬁb}&&?@ﬁ@% %?@%dégl}%ével op new
el ectrolytes for batteries, fuel cells, etc. In another enbodi nent, the

met hod and assenbly aB.e usEik metledl fatlaim 1 nu ) evhendin satl i cofribiriatoryal hddhut | ons,
whi ch are then subjected to varying.tenper re, .tine periqds, etc., to
ol ect opt | TR P I TORGI SHHOE rael it ferchen (048 aFiabs. and
al t erat i onscdnafate iippiMg bdlSntidpesolrignyi ew of the follow ng claims. 18 March
2005 CLAIMS: 1. A nmethod conprising selecting a chem cal stripping or

cleaning solution by conbi natorial high throughput screening. 2. The

met hod of claim1, ad#itich mpthedmirdlaimng oz whsrainysaid condinatnriadmigh eani ng
dirt from ath}éuggb&esc%ggfng%o&%ﬁgesvgff‘e@tiﬁgabzgraﬁ&lcﬁ%ﬁn%gl micro scale reaction of an

array of candidate stripping or cleaning solutions.

5. The method of claim 1, wherein said combinatorial high

throughput screening comprises:

(A) steps of (i) selecting a candidate turbine engine part stripping or
cleaning solution; (ii) effecting stripping or cleaning of an turbine engine part with
-said solution under a selected reaction condition; and (iii) evaluating (74) a product of

said stripping or cleaning step.

6. The method of claim 5, additionally comprising (B) reiterating
(A) wherein a successive solution or condition selected for a step (i) or step (II) is

selected as a result of an evaluating step (iii) of a preceding iteration of (A).

7. The method of claim 1, wherein said method comprises steps
of:

preparing a metal test base,

assembling a mask that defines a well array onto said base;
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3. The method of claim1l or 2, wherein said conbinat oriigaMzbegroost hr oughput
screeni ng conprises effecting parallel chem cal reaction of an array of
candi date stripping or cleaning solutions. 4. The nmethod of claim1l or 2,
wherein said conmbinatorial high throughput screening conprises effecting
parall el chem cal mcro scale reaction of an array of candidate stripping
or cleaning solutions. 5. The nethod of claim1l, wherein said conbinatorial
high throughput scredeposgingangndidets:striphingserepeanafg solytionahect wel ofisaid
candi date turbine engine.part strippi.ng or, cleaning.solutjon;, (ii).
cffect ng sEvRpa song Sk aostroe? Hil Burion eGSO eaine Shdaid

sol ution unggliom afi@l ected reaction condition; and (iii) evaluating (74) a
product of said stripping or cleaning step. 6. The nethod of claimb5,
additionally conprising (B) reiterating (A). wherein a successive solution

or condition sel ect edefabyatinggtmspduct pf esid siripping pr jlegning.sel ected as a result
of an evaluating step (iii) of a preceding iteration of (A). 7. The nethod

of claim1, wherein sgid r’rﬁl@&g?@lggpgf s&aﬁstﬁpgo dsi q@ﬁér%i 2%&@% t est

base, assenbling a nmask that Ines a we array on sal 18
- March 2005 dwspobling agnak cad diepaditng & rcapdidatg sobutioh &@aiangeld ahdievaoatingtd a
- well of said .arr in contact with.a regi.on of ;said base %o ef f ect

strippi ng oPrOélP‘éta‘%%’T‘@md]f sucgysgive canfidate salution isselerted g 2 resrl @ PraYions d
strippi ng ogvé;ﬁaeﬁgisfég: 8. The method of claim7, conprising reiterating
steps of assenbling a nask and depositing a candidate solution into a well

and evaluating a
9. The method of claim 7, wherein said mask defines a first

contact arca for a first iteration of said method and another mask defines a second

contact area for a subsequent iterated step.

10.  The method of claim 7, comprising reiterating said steps with
different solutions and/or conditions until conclusion of an experiment to select said

chemical stripping or cleaning solution.

11. A combinatorial high throughput screening well array

assembly, comprising:
(A)  ametal substrate;

(B)  a mask placed upon said substrate to define an array of wells

upon said substrate; and

(C)  areservoir array plate atop said mask to provide a reservoir for

each of the wells to hold a candidate solution;
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product wherein a successive candidate solution is sel gghedciasors result of
a previous evaluating step. 9. The nethod of claim7, wherein said nmask
defines a first - contact area for a first iteration of said nethod and
anot her mask defines a second contact area for a subsequent iterated step.
10. The method of claim7, conprising reiterating said steps with
different solutions and/or conditions until conclusion of an experinent to
sel ect said chem cal whereinpgrithgnask defiemninnagrayodfiwellsneach haviAg aoprbscniaedr i al

hi gh t hroughput screenin | | _array assenpl [oXo) i sing: .(A)a netal
substrate; 'f%iﬁdr‘?ﬁe?kw@? 5%@%8 ’E’é‘%/ﬁ Teihe ‘iegétrémféf %@’f"l% a Y('Y_')ﬁrar%f’?t"’l‘if wel|'s
upon sai d sukgtdéfaivells afdhd @rad ik B BY l@¥hoMdr} ©fad @BmpBhéht BrSkid 0
provide a reservoir for each of the wells to hold a candi date solution; 18

Mar ch 2005 ¢#fshidate, sufien, feepenpsitioneandan thickasss of avesiating éabh strippicd drom
prescri bed sﬁ@@ﬁl@ﬁ&teaﬁfda with said substrate, and a ratio of reservoir

vol une capacity to a’contact area of wells of the array is deternm ned by a
nolarity of a conponent of said candidate solution, a conposition and a

t hi ckness of a coati nghtweinhe sibsirpfedsa hretahtess edupos bbss r at e; and wherein the
substrate is a netal test coupon base. 12. The assenbly of claim 11,

IR TS S I A TR LI T S
13. The asspEbivir@d dgbmiimedly moeffiRangdiof siBeknd@lté 8a8HANaPE Ef¥tion of

coating to be removed.,

13.  The assembly of claim 11, wherein said mask defines an array
-of wells each having a prescribed contact area with said substrate and said mask is a
replaceable mask that can be replaced by a different mask that defines a different

contact area on said substrate from the contact area defined by said replaceable mask.

14.  The assembly of claim 11, wherein the substrate is a metal test

coupon base from a turbine engine part.

15.  The assembly of claim 11, wherein the substrate is a region of a

turbine engine part.

16. - A combinatorial high throughput screening system, comprising
said well array assembly of claim 11, and a reaction vessel to receive said well array

assembly.

17. A combinatorial high throughput screening well array

assembly, comprising:
(A) ametal test coupon base;

(B)  a mask placed upon said a metal test coupon base to define an

array of wells upon said substrate; and
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of wells each having a prescribed contact area w th saignadéistoost e and said
mask is a replaceable mask that can be replaced by a different mask that
defines a different contact area on said substrate fromthe contact area
defined by said replaceabl e mask. 14. The assenbly of claim 11, wherein the
substrate is a netal test coupon base froma turbine engine part. 15. The
assenbly of claim1l, wherein the substrate is a region of a turbine
“engine part. 16. A cobi nat oesevoirthirgly pldte atoglspidt maskrte gmivide s ysenwir for

conprising _said.well. array, ass f.claim 11, and a reaction vessel to
" receive sai ﬁac\%@?lthea‘iy?lkéo hﬁggae?ﬁ?ﬁ%{‘{s??m’ﬂnconbi natorial high throughput
screening well array assenbly, conprising: (A a netal test coupon base;

(B) a mask placed upowhémindsaid MeisRIdeFifgt arf akpon weas adlPh#Bhd RGréfrib@l ray of
wel I's upon said substrate; and - 15a 18 March 2005 (C) a reservoir array
plate atop SEtestAmarvithsait metaleatcouper passiand sed maskdna placheblowiaslstheb hol d
- a candi date_s0 LOn. el. i def-d n |l s each, havi ng
a prescri bed lé%tﬁ%lg%eé\é%g %ﬁ?%ﬂ{sg}agﬁ rﬁr%z}ta{fe%tn SSZ? @%ﬁ%ﬁ%c Igt%ége%rﬁ% %8 mask

i s a repl acadistrate fimakthe lkantactcaen defined bl asid dephyceabldinfdser ent nask t hat
defines a different contact area on said substrate fromthe contact area
defined by said repl aceabl g nask.,h 18.. The senbly of claim 17, wherein the
metal test coupon basgse' isﬁ?;\e g q;r}c]_%{mt r BT éeléﬁlb‘?]ﬁ'@t L5t coupgn base -
conbi nat i onjshi@ioh Bf QUABRELnSiGE 8ARI Ng System conprising said well array
assenbly of claim 17, and a TeacCtion vessel to receive said well array

I9. A combination high throughput screening system, comprising
said well array assembly of claim 17, and a reaction vessel to receive said well array

assembly.,
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assenbly. H GH THROUGHPUT SCREENI NG METHOD, ARRAY ASSENBEN ANB SYSTEM
ABSTRACT OF THE DI SCLOSURE A liquid chem cal stripping or cleaning solution
is selected by conbinatorial high throughput screening. A high throughput
screening well array assenbly (10) includes (A) a netal substrate and (B)
a mask (16) that defines an array of wells on the substrate. A '

conbi natorial high throughput screening systemincludes (A a netal
substrate and (B) a nmask (16) that defines an array of wells on the
-substrate and a reacti OHIGESTEROUGHFUE SCREENINGEMETHORY assenbly (10).

Figure 1.
ARRAY ASSEMBLY AND SYSTEM

ABSTRACT OF THE DISCLOSURE

A liquid chemical stripping or cleaning solution is selected by
combinatorial high throughput screening. A high throughput screening well array
assembly (10) includes (A) a metal substrate and (B) a mask (16) that defines an array

 of wells on the substrate. A combinatorial high throughput screening system includes
(A) 2 metal substrate and (B) a mask (16) that defines an array of wells on the

substrate and a reaction vessel to receive the well array assembly (10).

Figure 1.
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