; QRe3eKH 6RT37 CHEM CAL REMOVAL OF A CHROM UM OXI DE COATI NG FROM AN ARTI CLE
This invention relates to the renoval of a chrom um oxi de cogip

surface of an article and, nore particularly, to the renoval ﬂmmm mmmm‘mm
chrom um oxi de coating froma nickel -base superalloy article tha;lsglfkg,s been

operated in, a gas turbine engine. BACKGROUND CF THE | NVENTI ON I n™an
aircraft gas turbine (jet) engine, air is drawn into the front of the

engi ne and conpres n 1N C I | Srifd ow
conpressor i ncl udeéﬁghﬂﬁr‘ﬁ‘é@mﬁtéﬁfp%és%@g@glo%@j I%\Fé}ssor st age
has a plurality of conpressor i IFROIRBARDARTRU RO a conpressor di sk, which
inturn is nounted to a rotating shaft. In nmany early versions of gas

turbi ne engines, the conpressor blades were made of an uncoated netal. As
t he technol ogy of gas turbine engines alas advanced and the tenperatures of
operation have increased, it has becone Necessary to coat the conpressor

bl ades to i nhikk inRxiisakd R8s @fthé Rendl 8f a St SXIRRELEhSREMI LCRirfaddre
coatings need not be as protective and as resistant to the effects of the

conbust i on gasf atarticlghnd,engepatticnislya® thteeneval ofdherelmpalivro exidernystiznd

t her mal barriﬁr coat i ggs usedﬁ@n thgl t%ﬁgi r@ﬁbl ades, .but th must provide
oxi dati on pr ot @84 BrkekiPase URyANY artigle thatpay been PRYAtCEin & RILHTTEIE Be™Coat i ngs
cured in the presence of an inorganic binder have been selected for use to

coat the conpressor bl ades of the high-pressure conpressor stages of sone
engi nes. After the gas turbine engine has been operated in service for a

period of tinmg, jf.i i I i | ed for routine inspection.

| nspecti ons gﬁ?dg%ayﬁﬁp%ﬁkl%;ﬂmggfe observed. In the inspection, the
conpressor bl ades are renoved froml|l *@00002* t he conpressor disk. Sone
areas of the surfaces of the conpressor blades are usually covered with
cont am nant it ardigkat gasahrbaise ety engine iattas dmsineintoathe fipytofOtha ehgine amdbi due,

as well as the chrom um oxi de coating. To jnspect the conpressor bl ades
properly, it ?@H@%ﬂé@i’&@y RO FURTREOR o f P, F AP ™ FREFISaN I8eYd?S hg t hei r

e | T ROl ey Il oG SR L
t hese nechani bladestracimedioascampressongislowiteh inhterrsis hsmgtednd airorapeeihatn or
harm t he base netal of the conpressor bl ade.
In many early versions of gas turbine engines, the compressor blades were made of
an uncoated metal. As the technology of gas turbine engines has advanced and the
temperatures of operation have increased, it has become necessary to coat the
compressor blades to inhibit oxidation of the metal during extended service. The
coatings need not be as protective and as resistant to the effects of the combustion
gas at high temperatures as the environmental coatings and thermal barrier coatings
used on the turbine blades, but they must provide oxidation protection at
intermediate temperatures. Chromium oxide coatings cured in the presence of an
inorganic binder have been selected for use to coat the compressor blades of the

high-pressure compressor stages of some engines.

After the gas turbine engine has been operated in service for:a period of time, it is
typically disassembled for routine inspection. Inspections may also occur if

problems are observed. In the inspection, the compressor blades are removed from

U
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At the present tine there is no chem cal nethod for renoving the surface
mat eri al found on nickel -base superal |l oy conpressor bl ades that are
initially covered with the chrom um oxi de coating and then operated in
service, and there is need for such a technique. The present invention
fulfills this need, and further provides related advantages. SUMWARY OF THE
| NVENTI ON The present invention provides a technique fior renoving a

chrom um oxi de coating froman article., Over]yin ont.am nant terials

oSl ting fr ol SRpELNe S5 8 AL bS SRR TRt COBRIRSE DI are ox; de

scal e, and hydseardQBrei st Usontahifiaft SABIOUES: ol NGirD SR keADPEAACH i

based primarily on chem cal cleaning, wthout the use of grit or bead

bl asting. |t hgirodachorf mskluechsatviell esythgehtdreivon okide aoatieg.| yiionmspers eharet al  of

the article being cl esgigd, and reaches areas not: accessible by |ine-of
t

si ght techni gtRaPTessPr plades, propgily 1f &y NeeassanpiooFMAYE dhe porjaawenhateiiahet hod
of renoving i g1 g ; essor
bl ader _conpr | e, B e o B B e e
conpri si ng chwithiaunechanidd tedhaique suclchsegritibtayting er ghass lodad blastiag tak Beke ne
degreasi ng/ rust repoval solution at a degreasing/rust renoval tenperature,
preferably frBRehasisakiceneiues gay comproglise thegbsequeny igspegiiel 9tihgrm H&r@ﬁf’e

article in an ket JoT=Tolny-Ta! te conditioning solution at a
scal e- condi tirggilangﬂthg?r%eﬁat urg);w%'r eferably from about 160F to about 200F,
and contacting the article to an acidic stripping solution conprising

hydrochl oric acid and an etching inhibitor at a stripping tenperature,
preferably frohihsrsesentignether igpechenicgimethpd forrgmpyingthesusface mageria washed
in water afte t j renove
| oose materia ouﬁ{l‘g{?nnf&k%l %ﬁ%ﬁ%@ﬁ%ﬁﬁn&sﬁ%bﬁ?{ allt %rg ﬁﬁgéﬁ%%o%%g Pﬁﬁ&fﬁgl st ep,
after the steghromifmeokideicbmihg 0l thémspeRged mseAlidd, ahd® thardis beeds for BgeH e
article to renove any | oose material thereon. If the described procedure is
not suffi ci entechyayenble pegsentdpvantian dukisithismnesd. dad daeherrpyovides redafed ncl ude
addi ti onal St?&%ntag&l er the step of rinsing, of second contacting the
article to the acirdr¢ stripping solution at the stripping tenperature, and
second rinsing the article and second brushing the article. The present
approach may be applied to a wide variety of articles. Desirably, the
article is a superalloy article having the coating thereon, and nost
preferably itSUMﬁAW%?%[%@X‘N?ENiﬁbﬁI such as a conpressor blade that has
been operated Ina gas turbine engine. The al kal i ne degreasi ng/ rust renoval
solution preferably conprises sodi um hydroxide with a pH of greater than
about 14. The al kali ne pernmanganate conditjoning solution preferably

conpri ses per hBhBEHREE BvERfionprevidesehieshiiqusfonemeyingachfommigBLaxidecoging ent by
wei ght and ha g ' . aho . aci di I.ApI
sol ution pref gr?%bﬁ%yli r@%ﬁp?ﬁ@@ﬁ%%@?@gh@%ﬁ%&?ﬁ? aﬁgpﬁmg%éog{ﬁgx nc{s?ﬂgﬁ ?lg%gsof from
about 85 to ah@bihe t3vr@netE sueh ad dirg bxidEeale Miidtyldescafboafresiald, wrelspr i ses
acetic acid, isopropyl alcohol, hexanethyl enetetram ne, and propargyl

al cohol in a keoHves i’rae prssensfappgach isPasedupimenly opyhowicahelegring. vethest di c

stripping sol yriaqn, .app I =on 1 erial,
Tt any and cnbeoRE ShEre SR B R SRR R RN AR 2L P
mechani cal | y Bise@fietdle tisetifi@le Bei@f cRaned, BRd Radles heeas A6t debabibislagusent
inspections of the article are not inpeded. The only nechanical processing
of the surfacgghitegimi@yssi Brinsuigbletfoempss prpdungiompreessivgt ur es and advant ages
of the present invention will be apparent fromthe follow ng nore detail ed
description of the preferred enbodi nent, taken in conjunction with the
acconpanyi ng Arawhost reildvi@h aicbatitptfrch @ sutfee)vaivh 8§ the ¥arfaek of a thi@piesdonci pl es
of the invention. The scope of the invention is dot, however, limted to
thi s preferr ebladestsoaipmses the steps of providing an article having the coating comprising

chromium oxide thereon, cleaning the article in an alkaline degreasing/rust removal

solution at a degreasing/rust removal temperature, preferably from about 180°F to
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BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is an elevational view of a
conpressor blade; Figure 2 is an enlarged schematic sectional view through
t he conpressor blade of Figure 1, taken on line 2-2; and Figure 3 is a

bl ock diagram of a nmethod for processing the conpressor blade to renpve
the chrom um oxi de coating. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1
depicts an article 18 such as a gas turbine conponent 20, and in this case
a conpressor bl a e comressor . . . abl e
o hor FRRERAEE sl oA AR 00 R LR BL S BBRL L
ni ckel - base addl@ioni 4 a@&ﬂe-bblﬂﬁtidi}ﬂﬁ% feRiRrdtire Kk fetdbinframabotis0 el . A

ni ckel -base superalloy is a nickel-base alloy that is . strengthened by the
preci pi tati on2QFgandrgoptasting die articd a ¢o SestripgiBg sokusioar engrisinghe

ni ckel - base superall oy has . nore than.about 14 4  percent b i ght

Chr om um ¢ o THCRfeRlcr8 fe30a AR EEnie SRt fionipe cBRRARR otalFy B8 acks
the base net ajbo@f 1309 t@48dut | £0°F T PRAGAPI! 188 aMic]dak 3dSheddn Wakdr Utt@iScadh ofti I f O |
24 against which the flow of hot exhauSt gas is directed. The conpressor

bl ade 22 is nthesetstaps.tand aptienay geslyrbrashsd to nemiove lvosinatesialdranp the sadacghi ch
extends downwardly fromthe airfoil 24 and engages a slot on the conpressor
disk. A platform 28 extends transversely outwardly fromthe area where the
airfoil 24 i sThomB@dd hiaylilQudont acﬁﬁion@ﬁtb]ﬁ,%%if the S&PW@Bﬁ’cﬁctﬁfg, biigdingal
passages extend through’the interior of the airfoil 24, ending in openings
30 in the surthaceidé andbruahingdhd aditle tOuemoye sry ldose magerfal thweresin. clddhd ng ai r
is directed thro t he .internal .passages and ouyt, the openi ngs 30.to reduce
et emper at LBCE ecedurrig np SRR D Fan gLt e RRToRE fgingy ' o
the airfoil 24 £NREGIS ARIMSDE slePOtafidBiheFtedrGinineS ofiscs6d Lot tinki Ry

t hrough the conpressor blade 22. The base tal of the conpressor blade 22
forns a substartitle t84hejpcidionstripping sofwioe aa thd stoipping tomipaatureatnidngpcdid i s
deposited duri.ng the manufacture or priqr refurbishing of the conpressor

bl ade 22. Aft’é’l’sn%@eéﬁf%"r%%ds%?fcmlﬂ'?;f&étﬁﬁ&aﬁ‘?é’ét“ﬂ%en operated in service in the
gas turbine engine, there is typically devel oped a contam nant-nmateri al

| ayer 38 of substances such as dirt, oxide scale (i.e., other than the
chrom um oxi dEhe prassht Ayptoadanbpbe amdiedue a wWitle sarday bAantiokest Desitably,dhe | ayer
38 is baked ont.o the surface of the substrate 34 and. its chgonium, oxi de
coating 36 by?HRiE it gHeElioy prifcisRaying he ceating thHFh ap%@Oéb?Fﬁfﬂé@w i$# ade 22
I's exposed dugjagSeh¥ikSuch e cdnllie SHMERSAA D batG peRtddSn hGabRirtifis PeCt ed
after its servl%pglgl ?ﬁ t]he 8%15 turbi n% eng?ne, t}ﬁe chrg%%%um gxi%ge (r:olati ng 36
and the cont asngh@nt - material |ayer 38 nust first be renoved. Figure 3
depicts this renoval process. The article 18 such as that illustrated in
Figures 1 and 2 is provided, nuneral 50. 5 The article 18 is cl eaned,
numeral 52, byud niElisk Okl skl A8 BAS biagy, t HEL;H% algogRiytion at
a degr easi ng/ruést rén%vgﬁgr%gﬁ%er at gérnlled,ﬁpre élr abe fréﬁgin %b ut¥18S8F to about
200F. The al kinydrovdde egitle aspiigéfi gehter ahay abowoldut iThe pikefier peinyangamgte | ses
sodi um hydroxide with a _pH of greater than about 14. Optionally, sodium

gl uconat e andc%‘%ﬁmqﬁﬁ’l‘gﬁ%‘rﬁre%&@%ﬁﬂ peIEnanganaty w&?%e%@%@ﬁiaﬁg/ rust

renoval sol uti.qQa. L f i ; i:ne
degreasing/r u%t%rag%\?gﬁﬁggg?ﬁlﬁ %’%lgﬁts&grhtea glpg%fﬂf?%a?%rj‘tn a ouFHi!g ?ge‘% dcl)ﬂt 45

][n' nut ?ﬁ : alng Tt;ipping sdﬁémmpbﬁe;db@r ?inmrtseﬁlﬁbidmmlmiesacid'ﬁha cande:tluhtméﬂgg frogn r enoved
rom the al kal i ne _degreasing/rust repoval sol ution, .and rinsed by spraying
with a water fRautgety AR I S FTaTRS DErtIUPT a¥hw¥ﬁ>ﬁ%ﬁﬁ raﬁwemprlses dceild’

acid, isopropyl alcohol, hexamethylenetetramine, and propargyl alcohol in a

concentration of about 0.3 percent by volume of the acidic stripping solution.

The present approach removes the contaminant material, if any, and the chromium

oxide from the surface of the article. It does not mechanically alter the surface of
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The article 18 is thereafter scale conditioned, nuneral 54, by inmmersion in
an al kal i ne permanganate conditioning solution at a scal e-conditi oning
tenperature, preferably from about 160F to about 200F. The al kal i ne

per manganat e condi ti oni ng sol ution conprises a permanganate such as

pot assi um per manganat e or sodi um per manganate in a concentration of at

| east about 25 percent by weight and has a pH of great'er than about 14,

duced by the additi f.a h ' . pot assi.um h id
Coai um nyat oxertefhab B Siesfa S GREoe RRicRUERG MR o ne
per manganat e ﬁ@&f&hiciag;f&ige&s@glo!ﬂﬂe%rﬂaée Rl lopfiaRl petl PNt 45 to about 75

m nutes, and nost pr rably is about 60 mnutes. The article 18 is renoved
fromthe al kal i ne pernanganate conditioning solution, and rinsed by

i ith t | et i i i t at . t t . Aft
PBrYL 10, RS S B 0000 S USRS LR 1
color. The prepBdifo nit:E At RAPNRCPfor 3P AE1 fakchied LAUGTmEnS (aRAPAI NG L he

chrom um oxi de coating 36. The article is thereafter contacted to an acidic
stri ppi ng sol cinjwietiomwmtbrtbd acsémparymyg drewings.hyhicl dhisuate byaraydofandmale, et chi ng

i nhi bitor at stripping . tenperature, preferably from about 130F to, about
LAOE. The conthaBrintiplis biheinBrpt| Chsopne bl Grventifieis sop dpwexiry imfivdh g

solution is p{oqhg[@gg%egéﬁ%(ﬁ&ggﬁ 15 to about 45 minutes, and nost
preferably is about 30 mnutes. The acidic stripping solution conprises

hydrochloric acid, preferably in a concentration of from about $5 to about
135 grans per liter, nost preferably about 110 granms per liter. The acidic
stripping solution further conprises the inhibitor that inhibits the
etching attackr@fr b@gc?ﬁfﬁﬁh@ﬁ?ﬂttﬁﬁﬁwm@}st he base nmetal of the substrate
as it becones expose uring step 56. The preferred inhibitor contains an
organic inhibitor. A nostrpreferred inhibitor is a solution of acetic acid,
i sopropyl al cghol , hexanet hyl enet et ram ne, an ropargyl alcohol in a
concentrat i onlglcgf‘ref]r6W§ggﬁ¥lg@?ﬁl%ompr®?5@g‘éﬁ?"éent by vol une, nost
preferably about 0.3 percent by volune. This inhibitor is available from
Henkel corporation, Mdison Heights, Mchigan, as Rodi neR XL-1090. A
preferred conPigaiet? Branehldrgeel schémitid sectioml aleouthrdughGheearhprelyyr biadgbt of
acetic acid, about  1-10 parts by weight of isopropyl alcohol, about 10-30
parts by wei ghteuessl.faken P8l wgi2ehéndt r ami ne, and about 1-10 parts by wei ght
of propargyl alcohol. After the acid treatnent, the chrom um oxi de coati ng
36 is grayish in color. The article 18 is renoved fromthe acidic stripping
sol ution, ai dFigures®ib diplosk diagrany ofvatrhethodviireirogessing the comepresson biade wat er ,
nuneral 58. The water rinsing 58 nmay be acconplished with a water jet or by
i mersion i n WEOYE the chropim Bxideradtiie. 1f | oose residue is observed on the
surface of the article, the rinsing nay be acconplished instead or
additionally in deionized water at a m ni mumtenperature of 160F. Loose
resi due on the surface may be renoved by brushing the surface of the
article 18 with a nonnetallic, soft-bristle brush or a nonnetallic pad such
as a Scotch BPEtT@IIpEQ.DEW%IHTi‘IBHOEF&%NYJEHFI@Ne surface is the only
mechani cal cleaning used in the present approach. The surface of the
article 18 is thereafter examned visually. If traces of the chrom um oxide
coating 36 reRigure 1 ddpicts e pisickol Ssudh 28a pRyfaebinepanp@ent 20) aad éd thedcaseint i |
none of the chrom um oxi de coating 36 is_observed, 7 The present,

i nventi on has?2BYBPEHPRBlade R His coBmpsear dipde 3R dgtosmod ok anyoperable maii?l r enoved
froma gas tughi: ' I - T | 40f 1 t.h rate 34
was Udi net 72@3 IQ g?%?défﬁg?%%ﬁ[og}ﬁéﬁ’%{a:%cgégg? %ﬁ%ﬁe%gégré%gﬂ&gg%%ghﬁs used,
and the cont ajgionatthadhas Awes nidkd thardardyheherrelangnsmAoxickis-basasipetlldy Gs aer e
conpletely renpved. Although a particular enbodinment of the invention has
been descri betickel-tase alloy thst ipttrapathesedoby the precipatishof gapma psime or a

nodi fications n e . i i e
spirit and sc%eg‘{ezgdo&htgﬁe%r%?vﬁe}%ﬁ%% tl%crclzlor %ﬁé% %8#5;]18%%%%{15%& alqbg)%}lg) to be
limted except as by the appended cl ai ns.
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8 CLAIMS 1. A nethod of renmoving a coating (36) froma surface,
conprising the steps of providing an article ( 18) having the coating (36)
t hereon, the coating (36) conprising chrom um oxide; cleaning the article (
18) in an al kali ne degreasi ng/rust renoval solution at a degreasing/rust
renoval tenperature of from about 180F to about 200F; scal e conditioning
the article (18) in an al kaline pernmanganate.conditioning solution at a

scal e-conditioning te rature of from abpu OF, t o about 200F. and
cont act i ng. t HERERCYEER gt e st an prst e 5L BE Bithert Belsh S ng
hydrochl ori ¢ agiid 1BPHa@Mm&LIdHtYarkipRi bi tor at a stripping tenperature of
fromabout 130F to about 140F. 2. The nethod of claim 1, wherein the step

of ervi?ing)tEe articLe ( 18) includes the step of providing a superall oy
article 1 aving the romu xi de coating (.36) ther . 3..Th t hod
of claim1 orThe CQRIFCR bfed % epdes BR 8 il %%ﬁﬁas LpbeRIEe orsst P I Udes
the step of Wxﬂ%ﬁs@?ﬂkﬁigﬁir@&@&r?ﬁé &Mngﬁéésb%lﬁde(221§)m&ﬂﬁéditb%%o%?é%s&r&éﬁ ously

operated in a gas I ne engl ne.
(not shown) by a root 26 which extends downwardly from the airfoil 24 and engages

a slot on the compressor disk. A platform 28 extends transversely outwardly from
the area where the airfoil 24 is joined to the root 26. Optionally, a number of
internal passages extend through the interior of the airfoil 24, ending in openings 30
in the surface of the airfoil 24. During service, a flow of cooling air is directed
through the internal passages and out the openings 30 to reduce the temperature of
the airfoil 24. A rotating shroud 32 is at the tip of the airfoil 24 remote from the root
26.

Figure 2 is a sectional view through the compressor blade 22. The base metal of the
compressor blade 22 forms a substrate 34 upon whose surface a chromium oxide
coating 36 is deposited during the manufacture or prior refurbishing of the
compressor blade 22. After the compressor blade 22 has been operated in service
in the gas turbine engine, there is typically developed a contaminant-material layer
38 of substances such as dirt, oxide scale (i.€., other than the chromium oxide), and
hydrocarbon residue. This contaminant-material layer 38 is baked onto the surface
of the substrate 34 and its chromium oxide coating 36 by the moderately

temperatures to which the compressor blade 22 is exposed during service.

When the compressor blade 22 is to be inspected after its service in the gas turbine
engine, the chromium oxide coating 36 and the contaminant-material layer 38 must
first be removed. Figure 3 depicts this removal process. The article 18 such as that

illustrated in Figures 1 and 2 is provided, numeral 50.



4. The nmethod of claim1l or 2, wherein the step of providing the article (
18) includes the step of providing a conpressor blade (22) having the
coating (36) thereon. 5. The method of claim11, including an additional
step, after the step of contacting, of rinsing the article ( 18) and
brushing the article ( 18) to renove any | oose material thereon. 6. The
met hod of claimb5, including additional steps, after the step of rinsing,

f d t. he artj.cl t 0_t he.aci dj £ipRLNg.Sol ut i t

Che str ppi no BEHHERARUT stbicic Sutratie o b Sy Rk AR R s ocona

brushing the @piovel RIdtichtk a dégredfife/PRt Rtbvaf teﬁip@faﬁmé,aprmw frofnhéboat kal i ne
r

degr easi ng/ r ust orem)val sol utron conprises sodi um hydroxi de with a pH of
greater than E¥SEto aoutg200fhe Theehelnoflegreasing/rust sehiovali solutive prefezablye

per mnganal o Snd 200 SA S SO LRSR LTRSS
greater than @aR@atelithd akfetting agent may be added to the alkaline degreasing/rust removal
solution. The contact time of the article 18 and the alkaline degreasing/rust removal
solution is preferably from about 15 to about 45 minutes, and most preferably is
about 30 minutes. The article 18 is removed from the alkaline degreasing/rust
removal solution, and rinsed by spraying with a water jet or ifnmersion in water at

room temperature.

The article 18 is thereafter scale conditioned, numeral 54, by immersion in an
alkaline permanganate conditioning solution at a scale-conditioning temperature,
preferably from about 160°F to about 200°F. The alkaline permanganate
conditioning solution comprises a permanganate such as potassium permanganate
or sodium permanganate in a concentration of at least about 25 percent by weight
and has a pH of greater than about 14, produced by the addition of a hydroxide such
as potassium hydroxide or sodium hydroxide. The contact time of the article 18 and
the alkaline permanganate conditioning solution is preferably from about 45 to about
75 minutes, and most preferably is about 60 minutes. The article 18 is removed
from the alkaline permanganate conditioning solution, and rinsed by spraying with
a water jet or immersion in water at room temperature. After the scale conditioning,

the chromium oxide coating 36 is grayish-green in color.

The preceding steps remove the contamination layer 38, exposing the chromium

oxide coating 36.

The article is thereafter contacted to an acidic stripping solution, numeral 56,
comprising hydrochloric acid and an etching inhibitor at a stripping temperature,

preferably from about 130°F to about 140°F. The contact time of the article 18 and
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9. The nethod of claiml1 or 6, wherein the acidic stripping solution
conpri ses hydrochloric acid in a concentration of fromabout 85 to about
135 grans per liter. 10. The nethod of claim1 or 6, wherein the acidic
stripping solution conprises the inhibitor conprising acetic acid,

| sopropyl al cohol, hexanethyl enetetram ne, and propargyl alcohol in a
concentration of about 0.3 percent by volune. 11. A nethod of renoving a

hr oni id i .36) fr. j S h f
rovi i g a riigReRiRdRiEe GRSl Bom SRR {9l eb R BUARS, Bd o1
operated i n amg@Spreféidbly1es 8hit 0 ANitdtas ThO@cidly b BolHRNCRRPrRes ( 36)

thereon; cleaning the article (18) in an aqueous gFElgFi ne degreasi ng/rust
renoval sol uthinoahnrisracil, prgfesabdly mra dopciniriieteofidianh aboup BS tsf abgnekdSegram$ran

about 14 and at .a degreasj ng/ t | t f f t 180F t
aboﬂ_t 200F; se%ﬂl!éer_caﬁa"i Rr?%rf}?q’%%?%éﬁ ggg%lag}sé’e? ggc)enr ieﬁ?g rﬁfefdgﬂ ﬁzﬂﬁgﬁﬁn%g‘ggﬁ%nganat g
condi tioni ng gEMhet b&ﬁprié@&ech@iixﬂliiai!&?r RhKAhitIe RE rfaHhgA BRd R SO dhriiHih

g
sol ution conprises permanganate in a concentration of at |east abou%] 25
percent by wesajitionaodthhdaeseamptil off thgselatrete ashitbecatmesiexposed durimg step 56.

scal e-condi tigning.te rature of from abaut. 160F to about 20QF.. and
contacting t h'g}q%pngeaeg?@u}%g)r coBlams 2O le}tﬂlpitf)rpi‘%ﬁmégl”ﬁ?%ﬁ “(E]B'?l’fﬂril%i ng
hydrochl oric agdighiod &a%_eﬁ&mﬁrﬁoﬁ?&pypﬁlc&{ol,fHesamlaﬁﬁeﬁet&?anaiﬁe,%&a@g;o 1 grans
per liter, and an organic etching irnhibitor at a stripping tenpérature of
from about 13dlEolicd imboaticefiéiiton df from about 0.2 to about 0.4 pergent by volume, most
preferably about 0.3 percent by volume. This inhibitor is available from Henkel
corporation, Madison Heights, Michigan, as Rodine® XL-1090. A preferred
composition of the inhibitor is about 1-10 parts by weight of acetic acid, about 1-10
parts by weight of isopropyl alcohol, about 10-30 parts by weight of
hexamethylenetetramine, and about 1-10 parts by weight of prc%pargyl alcohol. After

the acid treatment, the chromium oxide coating 36 is grayish.in color.

The article 18 is removed from the acidic stripping solution, and rinsed by spraying
with a water jet or immersion in water, numeral 58. The water rinsing 58 may be
accomplished with a water jet or by immersion in water at foom temperature. If
loose residue is observed on the surface of the article, the rinsing may be
accomplished instead or additionally in deionized water at a minimum temperature
of 160°F. Loose residue on the surface may be removed by brushing the surface of
the article 18 with a nonmetallic, soft-bristle brush or a nonmetallic pad such as a
Scotch Brite pad. This light brushing of the surface is the only mechanical cleaning

used in the present approach.

The surface of the article 18 is thereafter examined visually. If traces of the
chromium oxide coating 36 remain, the steps 56 and 58 may'be repeated, numeral

60, until none of the chromium oxide coating 36 is observed,



12. The method of claim 11, including an additional step, after the step of
contacting, of rinsing the article ( 18) and brushing the article ( 18) to
renove any | oose material thereon. 13. The method of claim 12, including
additional steps, after the step of rinsing, of second contacting the
article ( 18) to the acidic stripping solution at the stripping
tenperature, and second rinsing the article (18) and second brushing the
article (18)...14. The.nethod of claim.1l or 13 wherein cidic

11 ppi g soi T B HTE TS Brhen Rl soltbgr Oy hEIG A et yfen
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concentration of about 0.3 percent by volune. 15. The nethod of claim 11,

wherein the swapUdiinep72i Bhaprefetred tred-seragprah deseeibedialove iveas asady and

provi ding a conpressor bl ade % é%_h ving the coatin ﬂ% t hereon, ,16. A
met hod of re icﬁﬁtaﬁn%’éﬂ’ﬁ%r g dftﬁ%ﬁl?rgmé‘ﬁ?foé ,cog gggYeﬁ%C?rﬁgegel%ps of
providing an apidveye (18) having the coating (36) thereon, the coating (36)
conpri sing chrom um oxi de; 12

Although a particular embodiment of the invention has been described in detail for
purposes of illustration, various modifications and enhancements may be made
without departing from the spirit and scope of the invention. Accordingly, the

invention is not to be limited except as by the appended claims.
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cleaning the article ( 18) in an al kali ne degreasi ng/rust renoval solution;
scal e conditioning the article (18) in an al kaline pernmanganate

condi tioning solution; and contacting the article ( 18) to an acidic
stripping solution conprising hydrochloric acid and an etching inhibitor.
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degreasing/rust removal temperature of from about 180°F to about 200°F;

scale conditioning the article (18) in an alkaline permanganate .conditioning solution

at a scale-conditioning temperature of from about 160°F to about 200°F; and
contacting the article (18) to an acidic stripping solution comprising hydrochloric

acid and an etching inhibitor at a stripping temperature of from about 130°F to about
140°F.

2. The method of claim 1, wherein the step of providing the article (18) includes the
step of

providing a superalloy article (18) having the chromium oxide coating (36) thereon.
3. The method of claim 1 or 2, wherein the step of providing the article (18)
includes the step of

providing a superalloy article (18) that has been previously operated in a gas turbine

engine.
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providing a compressor blade (22) having the coating (36) thereon.

5. The method of claim 1, including an additional step, after the step of contacting,
of

rinsing the article (18) and brushing the article (18) to remove any loose material
thereon.

6. The method of claim 5, including additional steps, after the step of rinsing, of

second contacting the article (18) to the acidic stripping solution at the stripping

temperature, and

second rinsing the article (18) and second brushing the article (18).

7. The method of claim 1, wherein the alkaline degreasing/rust removal solution

comprises sodium hydroxide with a pH of greater than about 14.

8. The method of claim 1, wherein the alkaline permanganate conditioning solution
comprises permanganate in a concentration of at least about 25 percent by weight

and has a pH of greater than about 14.
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e{l?od oF olai aim oi%l,zwl\llgrein the acidic stripping solution comprises

hydrochloric acid in a concentration of from about 85 to about 135 grams per liter.

10. The method of claim 1 or 6, wherein the acidic stripping solution comprises the
inhibitor comprising acetic acid, isopropyl alcohol, hexamethylenetetramine, and

propargyl alcohol in a concentration of about 0.3 percent by volume.

11. A method of removing a chromium oxide coating (36) from a surface,

comprising the steps of

providing a nickel-base superalloy article (18) that has been previously operated in

a gas turbine engine and has the chromium oxide coating (36) thereon;

cleaning the article (18) in an aqueous alkaline degreasing/rust removal solution
comprising sodium hydroxide with a pH of greater than about 14 and at a

degreasing/rust removal temperature of from about 180°F to about 200°F;

scale conditioning the article (18) in an alkaline permanganate conditioning solution,
wherein the alkaline permanganate conditioning solution comprises permanganate
in a concentration of at least about 25 percent by weight and has a pH of greater than
about 14, at a scale-conditioning temperature of from about 160°F to about 200°F;

and
contacting the article (18) to an acidic stripping solution comprising hydrochloric

acid, in a concentration of from about 85 to about 135 grams per liter, and an organic

etching inhibitor at a stripping temperature of from about 130°F to about 140°F.

11



10\ 109%& () - F109%& () - 1096& () -

1096& () - LML09%B& () - 109B& () - ==(>~>>>' 2dEYNC 10\ & *1096& ()- & % 1096& () -
" 10958 ()- 8y 109%B& ()-& ~109%B& ()-910%& ()-' 2f 2?@@@@@@YNC 10\ 105
105 105& 109B& () - &Y4AS1096& () - &21096& () - 901096& () - & &L0YBE () - 6@AD A-AA
BAEYNC 10\ &109%H& () - 10%4& () L% () - &0 () - L10%H& () - 109 () -
B' BXBBCCDIEYNC 10\ & 10944& ()- m& "10%4& () - &y

0, 0, -
10%&: () - fo%@%<gfm@alm P ol ECEREEEEEXEC 3010085 () 10H
contacting, of
rinsing the article (18) and brushing the article (18) to remove any loose material

thereon.

13. The method of claim 12, including additional steps, after the step of rinsing, of
second contacting the article (18) to the acidic stripping solution at the stripping
temperature, and

second rinsing the article (18) and second brushing the article (18).

14. The method of claim 11 or 13, wherein the acidic stripping solution comprises

the inhibitor comprising acetic acid, isopropyl alcohol, hexamethylenetetramine, and

propargyl alcohol in a concentration of about 0.3 percent by volume.

15. The method of claim 11, wherein the step of providing the article (18) includes
the step of

providing a compressor blade (22) having the coating (36) thereon.

16. A method of removing a coating (36) from a surface, comprising the steps of

providing an article (18) having the coating (36) thereon, the coating (36)

comprising chromium oxide;
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and

contacting the article (18) to an acidic stripping solution comprising hydrochloric

acid and an etching inhibitor.
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