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 [ IJ 0af | aj ' ace.
Renoval of %ﬁﬁeec &@d?séalg%i% & 6%%?“6%11; glaer[]a e r%%lgzﬁp% (l[bgrl'l]l}'elg{%tr 'h%ﬂ%ﬁh%ﬁgsir nor e
chemi cal st rdopPuitbn@incedhadsth fige ¢omibRis®E arttgh 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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-1 18 March 2005 Repair of turbine engine parts can al sdMarshalopg cl eani ng
- cracks, crevices and surfaces to conpletely renove CMAS 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 repair. Current cleaning/stripping solutions are not as

ef fective ade?éredeetatﬁimeengaw rads icarealso Mivelye cmmingtcracmimﬁgd@aalaud safisenust
often be de e 0

f d. h
ST Toire ol e PN Sl M fui b gt pfld R RRGuE sl " ¢

exper.i ment sdigf Iﬁidﬂ?e@dlléypﬁlﬂxﬁ? Ahd biazgNBWySid] wepadproddds ERREEs sthiélﬁlradlyTBﬂt S,
scrapped engine-run airfoil pieces are placed in a beaker of solution and

i mrersed ina élrh@iﬁam/a@%mgtsatm thenrﬂeﬂwdetumb@le@mg GdCrongtehingarionte st ri ppi ng
or cleaning, ﬁl{ﬂ aehness first by visual inspection and then by
cross-secti on mcr scopy of cut and polished pieces. This process is
time consum ng. Sonetinmes, several nonths of work is involved to screen a
few dozen sol utions aCunmﬁtelmnﬁgtshﬁjpiﬁngohptdnsrhmwasaeffemu@erimd Sﬁjledﬁ@b ution.

Part-to- part n nrapart coating variability can co cate
eval uati on lslen CWSHIRY ‘Htonéméﬁt ?ﬁ‘qn&?‘? ‘%ﬁelﬁp?rﬁotvjﬂ %ﬁ?t part

pi ece can bﬁletaijh&tfoi@ Hﬂetdeiraoﬁ&i&*\ﬂﬁéﬁeché LiPfoNIS ﬁ%r@w&écﬁﬁﬁhh@w%&ﬂﬁi pi ece.
This can result in elimnation of a promsing solution too early in the

screeni ng pluedly, “dﬂveatet-tume expesmentsare usedie Weuatifya rrea\pmitnyonai&dthetef iciently

screen | arge nunbers of em'.cal sol ns for .eani hg of an
ST o LR e SR R Reep LR i e e, @Iﬁa@tlownff
present i nviihérdel inta et Satcs bBﬂlOThéiétﬂuﬁ’on FRHRQRYa1G MR ForStilthiebedéd

chemni cal stripping or cleani ng solution by conbinatorial high throughput

screeni ng. #écovencaytisbbymigud anspgetiaanddhen ecrpiseseetional mierasdopr of eMere i s
provided a,gqmy fsﬁ't%itﬁédegl THY Bl bR OHAIRE R EAE YOIMME Jev@af AYnBESEMD! Y.

conprising: a ne
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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substrate; a mask placed upon the substrate to define ahmnvakehaRoost wel | s
upon the substrate; and a reservoir array plate atop the mask to provide a
reservoir for each of the wells to hold a candi date solution; wherein the
mask defines an array of wells -2 18 March 2005 each having a prescribed
contact area with the substrate, and a ratio of reservoir volune capacity
to a contact area of wells of the array is determned by a nolarity of a
conponent otachihgvingndireratibedsarintrack area vathdbepibsirate omdaandtia of tiserkpigss of a

ting t tri f th - and. i.n $.h J i
rotal fest LUBEBEEE . ARSIy A O ol e A G bR & © 1 ° °
i nvention, §bahgorct HFBY taREat@sIONdH, Bab@pbsdiornirdn thivkauawdtcostalagni ng

wel | array assenbl conprising: a netal ~test coupon base; a mask pl aced
upon the a hestappeddsem gl popirasesad diemin thesubsiratg is aymetak teyiepuROnsen t he
substrate; and a reservoir array plate atop the mask to provide a

~reservoir for each of wel j - td P reikn the
mask defines an any %?&3%1}0{?? %%&éﬁer%%ﬁ%hgftg‘ggféé‘g@?ﬁ?‘ﬁégl’@&h‘%}g&M@ﬁéig&wi th
t he netal testmbinatprial Higls throwghghut deecenngplovélbarraspissanetdp) ommaislapt hatetatan be

replaced by a different mask that defines afl di fferepnt coa;%fact area on the
substrate f{BHHOUAYM BasHt ARpsioplaced PP e Bgtat 17! compph Besedp Peflfeatdmarhe

i nvention i&P@éll%pr%h@l%c RILSPHL dﬁﬁfa%ieﬁboiﬁél?z{?p‘ﬁtéﬁto%%é Hﬁ&’lbtotﬁpviae heeni ng and
optim zing solution mxtures for chemcal Stripping or cleaning of a gas

t ur bi ne conseereeir fareach ofthe Freds irebdldd cendifate selstiom Ivdrrdin theamaphsiefinesbi ne

conponent chem gal .stri.ppi ng or cl eanin ol uti.an_ by i.nat ori.al high
hr bughput SRty cpotb IRt fhroSirBRm P e guth Tah e Fsiel P GRWEPUTSS el ot os
to a net hodandBERIakIe isepla@abR TRk 1Bat 3aBS kepRREDL R a UEEdret UREk iRk Aefiesdef | ne
a well array on the test substrate, 15 March 2005 establishing a

conbi nat or i aflifferdnt genfacs preamdhesubstrate dipndthe squteelrares dfingdpsdha i ng a
candi date '{?gﬂk&bieeﬁﬁék‘?‘”t into each well of the array in contact with a
region of t

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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substrate, effecting reaction of each candi date |iqui di1g&agéarioswi th the
substrate and evaluating each region of the substrate to select a best
reactant from anong the candidate |iquid reactants. In another enbodi nent,

the invention relates to a high throughput screening well array assenbly.

The assenbly conprises (A a nmetal substrate and (B) a nmask that defines

an array of wells on the substrate. In still another enbodi nent, the
invention rel e ' i i i system The

. 1% ¢ &'Q:Q?Hlﬁts d y

system i ncl udgéagls&%iggcggéﬁgéysﬁsé@%/fcg{é%%ﬁr?i‘?ng A g’cr?@g{a}?&t&est

substrat e andcgiidage liypskresdiant inttedacnesll afitha prrayinebntags Wik agegion ¢fdhg ubst r at e

. and a reaction yvessel..to receive.the well arr SCRI PTI ON
OF ThE DRaw NeSHTER e BTy S ideis AR e R ARG L e p Rl o

mul til ayer welevalasmgeddhyegibl 6 thsubsirate e Gtlectatbiest reaepneSenamongthe of a wel |
design; FIG 3 is a top, viewof a cleaning/stripping pattern under a single

wel |; FI Gs. 4,°algﬁ%edh Pdarre%é?ﬁ‘“ésp views of ‘a metal coupon substrate after

three sequential experinents using the well design of FIGs. 1, 2 and 3;
FIG 7 is a graph of nunanothst entbadigen@teanveutiot iclates of a Nglthranghpitng  r enoval

d contact . di t |1 . v -3 18
Varch 2005 Fi GrogTEnel SENGNRIPY’ MuPEeay e el (AL AT oo

sel ect a st riapfishthasddfiuts OryralrbGvel® dnshasubsteserat i ¢ represent ati on of
anot her nethod to select a stripping solution; FIG 10 is a schematic

representation of an enbogdj ne f k= l, Asselki FIG 11
is a schematic repr ese%&’?ﬁ !l81}}0@%@{%grb]%c{fﬁg&?@%ﬁngg%nﬁ&éﬁgiaég@ot%%
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;




mul ti-layer well assenbly; and FIG 12 is a table showggciOf00senber
~stripping solution experinental space and results. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON I n experinental reaction systens, each potential conbination
of reactant, catalyst and condition nust be evaluated in a manner that
provides correlation to performance in a production scale reactor.

Combi natorial organic synthesis (COS) is a high throughput screening (HTS)
nmet hodol ogy that was devel oped for pharnaceuticals. COS uses systematic
and repetitive synthesis to produce diverse | ecyl ar entities fornmed from
sets of chenical "bui FHyis®sehqaatic repagseqjatipn p %meﬁﬁoaﬁﬁ‘fsxsff%@f‘é ta00s
relies on e i synt hesi s net hodol ogy. However instead of

synt hesi zi néﬁgblsqgﬁgf‘@bg’onpound, COS exploits automation and

m niaturizati-on to produce large |libraries of conpounds through successive
stages, each of whi cFI@rdiucekenatichenrieatatipnaf friother methodfto sdecéRi st i ng

nol ecul e of & Prechj ng stage. The libraries conprise conpounds that can
be screened SFEPEEPIGGET activities. The techni gue used to prepare such
libraries involves a stepw se or sequential coupling of building blocks to %
formthe conpounds of FIGnL(Eikasthemabo tepeesantplian ofPinrembrgimednt af the nwilis.  Pat . '
5, 143, 854 di scloses a technique for generating arrays of peptides and

ot her nol eclAYEEWEH2s§MblGr exanpl e, Iight-directed, spatially -4 18 March
2005 addressabl e synthesis techniques. Pirrung et al. synthesizes

pol ypeptide arrays ongfg FURSERLRD YepRdsbAGHMET RIBMHPEAPRNABARIEHOUPS tO
the surface of the substrate, exposing selected regions of the substrate
to |ight tomadtilaystwellhomblyghdns, attaching an amino acid nonomer with a
phot or enovabl e group to the activated region, and repeating the steps of

act i vation and att achgrat int il PgIOURRPS bélARnBE: dESiAEShikRROL NS and

sequences are synthesi
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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Typical ly, a conbinatorial high throughput screening neghagch 1689TS) is
characterized by parallel reactions at a mcro scale. In one aspect, CHTS
can be described as a nmethod conprising (A an iteration of steps of (i)
selecting a set .of reactants; (ii) reacting the set and (iii) evaluating
a set of products of the reacting step and (B) repeating the iteration of
steps (i), (ii) and (iii) wherein a successive set of reactants sel ected
for a step (i) is chosen as a result of an evaluating step (iii) of a
preceding iteration. The present invention relates to a conbinatorial
chemistry aplsheatie §Wthe§@ﬁ@‘@ﬁl%@9 driuabhefali synthgsizes pelYnspiids aerays a8 af or

chem cal cl f DOSE orrprl se
(A) steps o@%? @gé’ gl ecﬁl{rgga@&dggﬁggaga%{m@tdﬁ |t&8|ﬁ?1% or m%@%ﬁ%%xg?ﬂt

(ii) effectidgtalkepiops ﬂﬁhasuhstraam lightad activaet thbsegediets, aﬂtfﬂzhmg anteniihe
solution under a selecte '

eaction, conditiagn il uating a
product of 2¢fh&ogpmepEithg Pg?toaﬁgﬁﬁ?]ﬁ@%qpéﬁ caar?ﬂv?té TGEHIR, %‘?‘gﬁepﬁ’@m@%&j wher ei n
a successi V&eﬁoéflétch%loﬁrand ﬁm}nteh%tﬁ Ebl?ﬁé;ﬁﬂe§ Of deBir&d BRothd dndPdeqid@Bs (11) i

sel ected as a result of an evaluating s iii) of aprecedlng iteration
of a step (#&psymthesi@dTS can conprise steps of pr epar| ng a netal test
substrate, assenbling a nmask that defines a well array onto the substrate,

deposi ting a candidate ai-tfQik CX'?&Hlﬁﬁ:%}toﬁﬁl%Wgﬁ#M%k %eﬁﬂ)ldu“ on

~into a well of the array im‘con esu Strate to
ef fect stri@HTDE) iochahaerided by phratlblrcapnoat mctr@mlwdmonga@ectpf:bﬁ"&ct of the

stripping or cleani -5 18 rch 2005 These and ot her .features w ||
becone appaf&rie (?qsﬁ%efiﬁéa&f‘%% FQRPEERE (AHPR BEFAHeR IOQQ?E?I%%&S {1 whi ch

by way -of eé@ﬂ@?ét@ntg“lldxg&'é&nr{g' (A §e%tahc9gaf@\§1ﬁ1a'uﬁ§a @b ﬁfdﬁ@@ offteqdicmpt s of the

present invention I's a sche ic representation of a nultrlayer
wel | array steqs smirtB)yeﬂﬁatmg]dleFﬁle@th of steps (8¢ hémtin(m) ripreisRaHcaesstid sef  a

3%2%' ‘\i;h;Nglhl J%:g%tﬁ]ﬁﬁ ael%ﬁg%ﬁ tgf a atiep {1) 5 gﬂogén ag%tr%iul{: O%B%Oalggtﬁl% sl’éb du‘i") cﬂ*aov' ded

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.




‘can be appl SBFIHEN s@ipon gt thedassgs o salact

deposited. The base 14 is furnace cycled to reproduce eRQi4€:?oys conditions
on a specinen coupon or the base is a selected coupon section of an

engi ne-run gas turbine conponent.. As shown in FIG 1, the nultilayer well
array assenbly 10 includes the base 14, a contact well nmask 16, reservoir

array plate 18 and lid 20. Contact well mask 16 can be fabricated from
rubber, plastic, teflon(r) material, photoresist, or other suitable
material. FIGs. | and 2 show contact well mask 16 with an array of contact

wells 24 and the r ese%géfran%pﬁ}’fel%ﬁés%vilhﬁ)egﬁg afphet Ihg}éal @k d%ar@v?@é%& wel |'s

22. The resevoir well contalns a bu ng eani ng
sol ution. Tieloangdetziledwikdussied vetich isheunofiddiamplowvitiosuriintiaten dactibeons.
However, the contact Ils 24 can represent different cross-sections. The

mul ti | ayer REYFITSG sDodinentzAf the prPse iivealietmpdat e repl aceabl e contact wel |
masks 16 with different shaped or positioned contact wells 24 to form

- various shaped or POSIFGONRG sCRMAR reRERARBLE ofS nRNANR Rl aFhE 3. 1N

addition, the well nask 16 can be flexible to acconmpdate difTerent

" contact ar easseablsl givt FlEu2vsa sphematie repraseniaiion fuginpde well fiofm tdnmet al‘
coupon baselA. . Final i I 5 Rr.ovj-ded t Levent .. 1.0 vaporation
' andpspi I agg.%é ' }_’iaaf|i| 33(# %aellﬁmﬁpg)\r}éjgspﬁ I?%iglpgéé)x%fd u[pﬁg “ﬁllm%ea &38%? é‘gﬂ{bdg[\'/tzs egch wel |

to avoi d pr dsgasited.bThe base U isf fupicevaladad rgrs@se eigineniiacunditioneoseal i ng of
the wells to sybstrate, hydrophobic %ﬂents such as wax .or sili cog_e RTV,
EPUPER £dIon PRGN BBS {01 hase

L. Addi 1 0Bgibnon! hafloffith FIRN AhE nffffilhy & APt SRRk R OmEY! ded
with araised fip for sealing wth a conp}f'emantary structure. The base 14,
wel | mask 18aseard; agoplacttveeiiliBashrid, tebatv@0 amayepliiet t8eadlidg@dt Kntaaswelhown i n

FIG 1 to for he coppasite.nultilayer .wel ray assenbly. 10. -6 18
Var ch' 2005 FIREK 36 &b e FRTCHH GET TIPS (RS nfiog A pappisgit o oifr -

vol ume- t 0- CQiNtAMd mateHhf, 306 A £ X AblwLontabt Wélmadk | AwitB SR YRhY of@ntack?2 1S
shown atop a contact well 24. A ratio of reservoir well 22 volune and

contact wel Wepla 24 end thedgsrvodichriay plafol #iwitblanarey of wepiodnwdlk 22ahhibe esti mat ed
froma coat Lagv&P mﬁ%tcbf?@lingg bhﬂeof e s%llp&ﬁlg &r (?tgzgﬁng solution. The contact

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.




t hi ckness to be renoved. For exanple, 5 noles of HCl angmhapreis cally
required to dissolve a nole of a NLAI coating according to the follow ng
two reactions. N (s)+ 2H+) Nit+(aq) + H(g) A (s) + 3H+) Ala (aq) + H2(Q)
A reservoir well 24 size can be estimated by nolarity change of HCl as a
function of coating renoved (in mcrons of thickness). FIG 7 shows
nolarity change as a function of N AJ coating renoval and contact area
(well radius). Percent solution depletion is reduced for |arge solution

concentrations, |argeFiGe showehebmast wdllthit 169 athigose PP vsltik to-comb@ct ar eas.
For exanple, a SMHClI solution becones a 2.6Msolution after 25 m crons of

coating ar Surfaefvaralio; hyFHC-JoAreseyoinlell 22 dxishosm ataqpratoniast mel @ty éi r wel |
radius (0. 7r§ti6;§? serpbik Q&9 vbﬂ?nec%{atc%ﬁt%ctvw%ll 24 91%%1 Bz%[ufrgdpq a%%icfsr&ut&)\qh' le
mai ntai ni ng a ':.f M T eservorr welt voranme) fesur taiR al ost o no change in

the sol ut ideplenioh an be/estimdseddase & chathgabnipesitibhef the hictd] dyerandel | array
assenbly 10hit%ﬁrgei nc% ude ntact wel |

a, Cl mask 16 that permits varying a
| ocati on oft s& fhbeiemoyed- | Foaxsmpls; %moﬁeﬁé’lﬁ’i’géf eg@p%gq%fipo reservoir

wel |22, FldasofvelaSméle bPR NAEWafhg 8ot BRD I GE FSIIdWRRE Fib reR@idngr N 26 that can
be i nmposed by using three separate contact well masks 16 Additionally, a

contact mask 16 nmay be provided that is replaceable. FIGs. 4, 5 and 6 are
schemati c represent at Nigg)s 2f /Nit (ampiil(glat t er ns after different contact
wel | masks are used to isolate contact of different stripping or cleaning

sol utions wth netal u bagse 14. I n this enbodi ment, a mask 16 that
defines a first cont éﬂfs?égg*gjf@r ?aﬁ}+fH2ﬁ@t iteration of a selection nethod
can be replaced by a second.-mask that defines a second contact area for a

next iteration of thes ggbQ6i RN 20RIAREN bEGLIRMEIRY Bolakitfthafige bf HOBt rates a
stripping or cleaning pattern 30 on a netal coupon base 14 %hat is 18

Mar ch 2005 adetfenctionad conjing remeeddin miceenseif thicknesst Fiaskshparsimplarity r st
} L?r gt isgg 0%&‘1‘&%%]323}3%’%“8%%&0&1&%1 %t@@ﬁ%f rﬁ%&g&f J:(onitasct L%R kv@&?gad%). Perteh® nd mask
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

7-




second nmask provides a contact area that is different {gauéihEygsont act area
of the first mask. FIG 5 illustrates a stripping or cleaning pattern 32
on netal coupon base 14 after the second iteration of the nmethod. The FIG
5 shows a side by side stripping pattern fromstripping of the first and
second iteration. Then the second mask is replaced by a third mask for a
third iteration of the nethod to provide the stripping or cleaning pattern
34 shown in FIG 6. In this manner, a single nmetal coupon base 14 can be

- used in reideRNAll@BS a@bnthAardRirATHshaskh® ih B YRATAROA Bf S8 hRfodd THeA t abl e
gas turbine conponen chem cal strippi n? or cleaning solution. For
dr

‘exanpl e, a tlsBasbingskis repjacpd by 8 sa@ndimask fdrarsgeonddtcentioniof theandtbod? JThen

combi nati on i.ff nt._cont act | I,..pl at es an _be. used.t efine 72
(oo i 11 Pl sl pkAvRIeS BcaRBARG s et it BORINE R P b Al
base 14. | nnonk ENBodilo®ies abtdifpeieot clg@ingtjaans 30an hdalusapod thst he

reservoir wells I n anot her enbodi ment, the same solution.is used in a

22. |ln an . L
~speci fic redBpydrpecontitprtonaicbegsiivd. dpEIGrathoysgisids by sfersféanitg cont act
wel | mask a!ﬁgu&ﬁrfﬂﬂn{‘&ﬁgéiﬁ%of)%w ﬁ%&’iﬁ@&é&w& Reralibi Tintfe @cSERIRLEC
representation of a system40 of the invention to select a stripping
sol uti on. Theplaoedtbem thind inask fode shifditeraiom of 2hd methbdrtd Erowide i streppingor

conditions gn a. test ¢ n, artay_ assenbly 10 (shown without lid 20), XY
posi ti oni ng Cgﬁﬁlﬁgpﬁﬁ,mgggﬁquIﬁ&sﬁ‘ensi ng system 46, controller 48,

agitator/heater 58 and evaluator 50. The di spensing system 46 incl udes

pi pettes 52 and val ves thik is&Be@r, aisth EfdN6dubOmbade tA camb@idedyn of wel I's 12 of
mul tilayer well array assenbly 10 (without Iid 201 and sol ution di spensing

cont ai ners 5@terations ghiie medindiy thainyrntion tpedeot p switebiqgas typPNgFOBPORES | s 12
cont ai ner's Sam(y R GICRNpEh KR haftpld FRgoREt HEbIRe (o, T ea0ent
sel ecti ng alarg¢ rasppomgvets 22 irecumitrigptma with Ddifferent comtgot web pptespemitng 62 a
-819 ats 58 st ?ZE élg(’?C{J tﬁ%ﬁﬁﬁ%ﬁﬁﬁﬁ@ cg%(fg(ggtp cl_l%aln?xgg a%d%?naé[plm%gex%)grigenstg 8{? El Ei%tgﬁ: Exanpl es
coupon base 14. In one embodiment, differenf 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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18 March 2005 MCr ALY, yttriumstabilized zirconia, chrogngesh2®isc. Exanpl es
of substrates (or base metals) include N -based superalloys in both

equi axed and single crystal form such as Rene N5, GID 11, etc, and

Co- based al |l oys such as FSX414. The coated coupon is treated 64 to

sinmul ate engine run conditions. Treating step 64 can be a furnace
anneal i ng, furnace cycling (i.e., repeated heating and cooling) or a burner
rig test, which involves cyclic exposure to hot conbustion gas

| npi nge”E”tMCQRﬁer Yriudh- Mlﬁhzéd&%&h@&h%&ﬁﬁe@étc‘ %xﬁ g[és%@'suﬂié&at'eé‘(o%as%opaf atus
such as a furnace g@geral y designated 42 in array

assenbl y i smetalshingbsle Nitbestdasperiteystin both eqmaxeztnndm@he crystaldodatsackt ri ppi ng

or cleanin |,0ad = ec f the array
assenby 10 e O TR S E A et vt SRS PG hfod e fonh€l of "any
sui tabl e diispemnse6d sithubde &pindvh ebndn!ﬂﬂrﬁf &f@hhg step l6@ cawbelh fipngear e

di spensed by the arrangenent of FIG 8. oper ation, successive |ines of

vel I's 12 ar@npding fusprsa cydirdaenrepraied 'éﬁa“% goekmgpor ﬁ‘)b%'éf‘ilﬂtgt%% ng stage
ad, which | niRToRlel BrbiR%xEAA Bl oPLomtlBriof Pl RicAB G@E oy cOMPUL el

m croprocessor or the ntroller and

pi pette seltextingstepH4 sodantiedoont fin anapperdheisnelr & HBundth gemnnaityrdrlsigaated act uat es
stage 44 tozglpﬁ‘lég{] aline of wells 12 beneath the pipettes 52. A

combi nati on 4Gt ftions is selected fromcontainers 56 accor di ng to the
controller 48 and is delivered to each pipette 52. Wen the |ine of

pi pettes 52 i s | oadedihetwid arfuitsseptlels théi ddednitsled/ 66 vaepbfbr fignodghévery of
test solution to respective wells 12. The controller 48 records the

Conposi t i orﬁaﬁﬂldéf&@ﬁim&ﬁﬁcéﬂﬁn%domlﬁn%§ laadeshodrinthrespactse wally Bofghe wel | s
12. The co e i ne of
wells 12 bg‘rh{mag bfa}?pi)é h?{i'? gogﬁt@{s %%rhéé Qﬂ‘?ﬁﬁg&aﬁgdggpea{l Bg {& (ffta gch wel |
i s | oaded smthllsietd@t-nmod:uah ia®an inkfee. Brefayblasbesdihiyont@rd dis;lidﬂeml wohered by i d
20 and seal ed. The ions in the sealed arra ly 10 are agltated
and heat ed anB‘?e‘FF@g g gétﬁ Ig npergtigh shessatye s 8¥‘56ﬁ§/ ﬂ]b BEiPgHPReY
Agi tator/h @éthiiﬁe %@gl BesOA by (R8It %‘éﬁagm IehifPRleShtrdlt &i%%ohﬁo@é} oven,
ultrasonically agitat g hot wat'er bat

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-




‘lanp in conbination with a rocker that agitates and mai@hgir&s2dgie
tenperature of the array assenbly 10 and solution for a set period of
time. For exanple, agitating/ heating 70 can be continued for a period of
about 5 mnutes to greater than -9 18 March 2005 24 hours, desirably about
30 mnutes to 8 hours and preferably about 30 mnutes to 4hours at a
tenperature of about 25C to 200C desirably about 25 to 100C and preferably
about 50C to 80C. After agitating and heating 70, the array assenbly 10

can be di sas3gahheHeaRgbly aBSRI0 fdnutds t0 B HdrsSdnd Proferablyadb el MinaeRgs | ses
repeated hot water imrersions or spray water rinses. |In an enbodi nent,

step 72 can d@hours 2ten tgmperagire of ahout PG e 200°G dpskally abuipata K9°¢ @sd dual
acids follo ol i i ' al so
e Used tor DibGeotD atil s Kod L ihor it ablt MEeef 0, AR LERLA0

ef f ect i venessamie ditassqapblod ad rimdeé 0 Ripsimgntepli@préferabbvaimpaisechepehtdsy

anal yzer 50. Analyzer 50 can be a devijce to cofrll_]gu t an el ntal.. anal ysis
such as an eherRICHIUPIFONS Y PRYNHILESHy B3PS P‘&‘gl,enﬁ S@ng‘:c?%%lﬁe&nal

met al | ogr aphy Qe Baific His ol déGtralioh RAIduaKAMR! 80w BPALYARiteTthseOnpri se a
charge- couple evice or analyzer (CCD) canera that "detects photon

wavel engt hs &hert tilmexes! imnidrgioBGBn alsmbe asasktn réypovedtenpcians dit prigh ta&ngingani ng
and stripping effectiveness. O analyzer 50 can be a profilonmeter to
nmeasure etch depth. ent.i al_l Pr.of i 4 e roughness
~or profile. It provi dszﬁ%c tﬁlﬁggge%ci&rtrlgélrgﬁs%é\g{mépgfé)%g&g%#@?&%{)ﬂ%f surface
that perm tscagiRedT By hoilyzef SENRuYzeD50 caplsd d dyideanoumihcbyn elelgentein
solution. For exanple, a Dektak(r) .(Sloan Technol o Corporation, 602 E.
Mont eci to St prysisHighgs B‘&P%ﬁﬁé‘?lsml%sfﬁ%osﬁ?wqﬂ%ﬁ?gée? Croég‘f‘FﬁFlP s sharp

needl es that Hﬂﬁ?logﬁggfﬁgvi@e%mélil&. OhEA&EBmplEs BPankilyzel 8¢ b&hphRld @hfge! O

nmeasure vertica acenent or height. Atom c force and scanni ng

tunnel.ing nceuplstdyyas of ARNYzer (00D EHMes) that detents phatef waeadengthstaal flax g of
| t t hal hei ght i ngl t . A ti fil t
(Phase. Shi 11 TheChAbt g cedq vt fo i e d Bl teefifiets ot i ve and

destructive) to measure verti cal
' 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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di spl acenent. An optical profiloneter has a resol uti onjpgtangeroshat of a
Dekt ak(r) device and an STM Anot her suitable analyzer is an Eagle 1|1

M crof | uorescence System (EDAX, Inc.), which uses X-rays to generate
characteristic wavel ength fluorescence that permts el enental
identification to distinguish between coating and base netal. Anot her

sui tabl e anal yzer 50 is based on "heat tint," which invol ves oxidizing an
-10 18 March 2005 entire coupon at several hundred degrees Celsius for an

hour or two and observin ol oy change, of the coating (or base netal).
The col or cHERGEPUPAR ALV régh"l“ﬁée ?8 fus f‘é‘r?é‘ﬁh‘?’ﬁﬁ”b"&a?ﬂﬁﬁéswmg Adi cat es
whet her the.H&ass t ; e enbasdyent of the
met hod of fc he in%%%t@é%%]&gﬁﬁgg?tbg%&tgﬂdWﬁgagtg gﬁﬁgﬁ?iggnﬁk%m utiﬁs from
step 70 cancfremsmbijgematug ¢rondinateyahetberi thgbast apetalhas beendotmpiatilne anmount of
renmoved coatin £ pH or netal concentration of the used solution. The
anal yzed ar S then di sassenbled and rinsed 72 and anal yzed according
to step 74 to provide additional data to controller 48. The steps of
assenbling 66, | oadi Mg aa8mbadinicat 6ffé hrdiddng theOnvertlios amsapithled agd r i nsi ng and
detecting/ eval uati ng ;‘@ can be rei tfrat ed %,o rovide .conplete test results
on an experiEfRERY Shsplutons fomstap) ean haubjeete dyar ayrIusEng sRdf&t ed with

three iterajddhsndihdlft bieRoved Maﬁf‘%m %HQ)E}I%S% cWdchiudRpkot thdusk@ provide a

test coupon base 14 according to 10 and 11 are schematic

r epr esent atsobrimnofThe atadiedanay isthen thisassembled ambendsli 72 30d efialyded i nventi on.
FIG 10 shows the we]l senbl .4 ngluding |i , resevoir array plate
18 and contZePTaE P s{?ﬁgg%igr_ovﬂ\f?agiﬁ@o ‘ﬁtﬁ%‘%itﬂgﬂ‘fmgﬁﬁﬁ', the contact well
mask 16 is mounted directly onto a surface 80 of a turbine engine part 82.
I'n this enbodi ment, tTie stk bASRBOlii6Y; dadhg 685 agittingtbaingaioe for testing.
In FIG 11, lid 20, resevoir array plate 18, contact well npsk 16 and the
met al Coupdhs%%@bhpg/nnsmg and detecting/evaluating 74 can be reiterated to provide

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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of the well assenbly 10 are conpressed together for progeasiinosy wel
clanp 84. Well clanp 84 consists of two opposing plates 86 and 88 secured
- together by bolts 90 and 92 to securely.clanp together the well assenbly
10 for testing after |oading. The nethod, array assenbly and system of the
invention utilize CHTS to rapidly screen and optim ze solutions and
processing conditions for stripping and cleaning of airfoil coatings. The
invention provides significant increase in experinental speed for testing

th | uti . _The. i ti b L it h: ' ; b .
The. i nvent i oReae e e apri S FuRiRionRd o i, TR DELRiGRO] VR0

2005 coat i ngse €hed ifatGiHEEREQRBRENAE obhdedestruttivedustuation teectiniquanoeagi ne. The
invention can be used for sinultaneous screening of n n-desbructive

eval uati on taenmipgeiallste Blly stippad/clsanedaopings| {o ¢ty q1gho Hrlfpped/ cl eaned
- coatings. |n ong anhodl H%eptd(i)rﬁ&tgeon STV B0 R L3kl 0¥ R d cBifcRGhédmen an

airfoil surface 1 nstead coupon specl nen. Tr?e array assenbly of the
invention can be configured as a standard 24 or 96-well plate or in a
“custom zed confi gur at i Tire amy meguibiyeaf thy invheicapph be aeifigiredpsa staadprdyz4

assenbly can be used in a variety of mixture experinen Ih a
single ~conp¥méh eﬁE%aH’(ﬁi"I’ﬁf’ rg@é{:tﬁc &8t 18%6%1:61%%?1 ,y{zlfgr’%? @# gg%rgsgl#entvm or
nore aci ds  Sxfefkdmuly calf bAle @ KDLV TERNGT tlxtdte e ratentsDsiehas irdssingle h
additives such’as surfactants for increased surface wettin ég{&g/ or

i nhi bi tors tepmpasericrid dikutedividt MyieherPeHESEE, ABIXIIES 9 B¢ g gis

renoved. The r i FqSJE'Fd he draw ngs
and follow %Fegg}%gl ‘frtelg eﬁ:%@x{lje@é?@t& {%\Jrqlr@% y %@Hﬁﬁgivg%%@ga\%\j t hout
limtation desficiag far inpresded surdite avdniny amdridr idfibitduetopretseithe wndedpingon.
EXAMPLE The jnvention is used in a S process to select a best stripping
sol ution frobAss meaHoneRie 6PRtHE 1§ 15B10XE¢-ds, phosphoric acid (Phos) and
hydrof luorosilicic acid (HFS), Plurafac(r) surfactant (a pol yoxyal kyl ene

condensat e These and 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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and a Rodine(r) acid inhibitor. The base netal is a Pt M®eeiBWINS (a

ni ckel superall oy) coupon that has been heat treated for 47 hours near
2050C to sinmulate engine-run conditions. A 96-well multilayer well array
assenbly is used that has a Teflon(r) 1lid, plate and mask. The mask is a
porous Teflon(r) material so that the array assenbly can be conpressably
secured by -a clanp as shown in FIG 11. Prior to attaching the lid and
clanping, the wells of the plate are | oaded according to the solutions

h i he. | f he.ljid,i . bl
o Lo iofR cBetPheil b3 ok Sach Saftuioh o ity &1 IRERELAA b BfbREK RO0CTE! Y

set to 70C. use tbhiicagurd theeetebddptin®r 8ddhableivni 3\ sohridnSaeddnity td RB® Vg 30, 60,
and 120 m nutes can be -12 18 March 2005 tried in each well and for each

sol ution. AfFPalingds fletemained Bem;thedapth ofdhepishPitoneter is used to neasure the
etch depth for each solution. A solution's reactivity to renoving coating

is determ ned fromthe.darth Qbortdiein MLhbRIshowRESHIG. $228e 28RANLRE I N the
tabl e shown as FIG 12. The table shows that the surfactant offers no

i mpr overrent thatte sacfactamt offeny msimproveaienhmBheracidmintered of codyrens h & anddO

reactive as_shpwn by the deepest, efc its. .ln col , 20/ 20

bhos! HEe. coPtrnbogtshRens ST o s Refbekehusilso th iilpfts, Fos e 205020 20,
m nutes t hPhes/HES solition aliRvsThE mbstahpid eémoval ef ¢seingfholleeerRadi20eninates bi t or

in the amount of 2- 3%is found to stop _base netal_ attack at 120 m nutes.

"Hence, the gBreisisams base mefrlaack. 1bhe ysspb thy Rodinesinhibifar iptheamaunt ohé- best

sol uti ons. g\%‘r ig%Lg{dqggfobq)qs@,gp@pgtgemﬂzefﬁm%i PR HRRoRBYS H&BMimn

descri bed, e present "invention Is capable of variation and nodification
and theref ol reled|&l 4rant seldnéed ds the edt odutione. preci se details of the exanple.
For exanple, the invention can be used to develop chem cal etches for the

monol ayers (SAM's). f SPHlccPiSHREHBRGrgs OF su e Pt a8Fbedur a based
catal ysts ait grosct RGENRENS Bipablef barididh ahe ARidaaad hitUtherefore 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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(b) deposit filnms and coatings, (c) electropolish a subsiaadhezo06d) devel op
new electrolytes for batteries, fuel cells, etc. In another enbodi nent,
the nethod and assenbly are used to select a nunber of satisfactory
solutions, which are then subjected to varying tenperature, tine periods,
etc., to select optim ze operational conditions. The invention includes
changes and alterations that fall within the purview of the follow ng
clainms. 18 VRAIMS2005 CLAIMS: 1. A nethod conprising selecting a chem cal
stripping or cleaning solution by conbinatorial high throughput screening.

2. The nethod of claim11, additionally.conpri.sing, stripping a c¢oating or
i eaning dirt froma turbi AU e fhetins AFpduisnngng o Sofee: oo
of claim 1l §futfon W&fn%iﬂatgﬁalqﬁ%gﬁmugﬁf,@rsb@bmhggh t hroughput screeni ng
conprises effecting parallel chem cal reaction of an array of candi date

stripping or cleaning solutions. 4. The nethod of claim1l or 2, wherein
sai'd conbinatorial high tRromHng of claimanl.nedditinnelly sempsisimecstrinpinga# al | el
chem cal m . i f reay of . i stripping or

cl eani ng so%at?ilng%gkﬁgﬁlﬁgﬁfg %P%o%ﬁg}e égllggr?e 2 ,WI e?de%%&goanl'd conbi nat ori al
hi gh throughput screening conprises: (A) steps of (i) selecting a

candi dat e turbi ne engd.ne pahd methodpyfidagnot or @, evherang said|cotibimutor{al ikigh

effecting stripping or cleaning of .an.turbi ngi. n art with said

Sol ut 1 on un e EaPUCsEtsnite ST D SRS PRENE SR rRyiey Ak 1R 054) a
product of cSaidteSdfipgiRt Bl KARIORS. step. 6. The method of claimS5,
additionally conprising (B) reiterating (A) wherein a successive sol ution

or condition selected for a step (i) or step (I1) is selected as a result
of an eval uating steph(iiiTheomethogradcdaiimy or 2ewdefedm sail compinatorial high

throughput screening comprises effecting parallel chemical 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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7. The nethod of claim1l1l, wherein said nethod conprisesg stegs2@fs: preparing
a netal test base, assenbling a nmask that defines a well array onto said
base; -14 18 March 2005 depositing a candidate stripping or cleaning
solution into a well of said array in contact with a region of said base
to effect stripping or cleaning of said region; and evaluating a product
of said stripping or cleaning. 8. The nethod of claim?7, conprising
rei.terating steps of dewsemglaqagdidateessippipordd@niig sohgioa intandiveldbBsaid| ut i on
into a well and.evalu tiag a roduct, erein successi ve, candi dat e

sol ution is®88Y &Leagagsw raegeﬁfotn Saéd\&,gé‘?/ b Gect SERRIDG O gleeping, olgsaidry e

met hod of clepidh; énd Wherein said mask defines a first contact area for a
first iteration of said nethod and anot her nask defines a second contact
area for a subsequent iterated step. 10. The nethod of claim7, conprising
reiterating said step8vakiating agiredust ehteidgtippingasclaaningr condi ti ons unti |
conclusion of an experinent to select said chem cal stripping or cleaning
solution. 11. A conbi patori i t p A . ar
assenbly, conprising: Q'( A) a%tlgkﬂggbg{ S%%@; %B?cgﬁﬁn%w%%%%ﬂén%p% Sglfd
substrat e t esschmblimge a amskrandydepbsitied b candidate selbutos iis tar wélp andedal (4ngaa

', reservoir arr | ate atop said ma to provide. a reservoiy for each of
the well's tBroﬁﬁ?tgwéerglaﬁqu@%sg{vg (?F"ﬂ%h?fﬁ .sofl)mon is selected as a result of a previous

evaluating step.

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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18 March 2005 wherein said mask defines an array of wel§ sgachodsavi ng a
prescribed contact area with said substrate, and a ratio of reservoir

vol une capacity to a contact area of wells of the array is determ ned by a
nol arity of a conponent of said candidate solution, a conposition and a
thi ckness of a coating to be stripped from said substrate; and wherein the
substrate is a netal test coupon base. 12. The assenbly of claim 11,
wherein a vol unme capawiheseim$aid aiadk defisasrancirrayi of weltseranh hevinpy prodcaibed y

change of saj andi dat e .sol.uti on as a function of = coating to be renoved.
T3 Ihe ass SRR 2BR Lt Frif Pubiaf plf n Pl B ireeoif up e Bl Py SOrBE e | 5
each havi ngagapsfeaend l@@dh@@ﬁh%qb Ri@minddt By S hdISHP I R cBrpbHent adidsaisk 1 s
a replaceable mask that can be repl aced bzna di fferent mask that defines a

di fferent €wunlidate salviien, gncosenogitivnandr atthicknesmof lecogting &e be atrgwed dformed by
sai d repl ac K,.{14. The assenbly of claim 11, wherein the substrate
is a netal ?ﬁg%&sgg%b%nrglbase froma turbine engine part. 15. The assenbly
of claim1l, wherein the substrate is a region of a turbine engine part.
16. A conbi natorial hivgbreirhthe seispute is & e ite3gcqydh dage. conpri sing said wel |
array assenbly of claim1l, and a reaction vessel to receive said well

Rssenbly. comprising: Ay MhatsembPeet i brobdeR s valime smedoppaih Lpon
sai d a met atest@8ir iCQHAAINRPSEMoOrRE EhdiGe B sai@hANIRE sBlidS 2P AhcBG 8f

substrate; and - 15a 18 March 2005
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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(C a reservoir array plate atop said nask to provide agnesetfxwsr for each
of the wells to hold a candidate solution; wherein said nmask defines an any
of wells each having a prescribed contact area with said netal teat coupon
base and said nmask is a replaceable nask that can be replaced by a
different mask that defines a different contact area on said substrate
fromthe contact area defined by said replaceable nask. 18. The assenbly of
- claim 17, wherein the(@®et ah r¢sespircomyqiatt ate saidsnaskrtegirovidof rasetvoirtfone
engine part. 19..A C i natj on hi t hr oughput screeni ng system conprising
“said well aF¥%§f§§§§ t9h8ﬁf%?%ﬁﬁgE§Pﬁﬁﬁﬂ?a reacti on vessel to receive said
wel |l array assenbly. H GH THROUGHPUT SCREENI NG METHOD, ARRAY ASSEMBLY

AND SYSTEM ABSTRACT Orhdidn §ideidcl\deBEnds ad itk Of GlRASEeH halind BRYrB@riBed
cleaning solution is selected by conbinatorial high throughput screening.

A hi gh t hr ofjHistierea cvithessidvgetablept epupasy basgawd seidynask dy a repbdceaide magy that et al

- substrate a f4 ne n. ark. f | s _on the
substrate.’ gﬂlcg%)ﬁflﬂ%{ég%a%lﬁ%faﬁﬂfhfag%g%gu eﬁgigsf géﬁ%ﬁeﬂgﬁ% eér% 5iwﬁ%:Iolrjldseausd (A a

met al subst subtstata fidn( B cantaetdted ddfned bakaid eéplawesblamagkr ay of wells on the

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

Figure 1.
9 18.  The assembly of claim 17, wherein the metal test coupon base

is a region of a turbine engine part.

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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