24 May .2006 CHEM CAL REMOVAL OF A CHROM UM OXI DE CQATI NG Fﬁp\ﬂgt%\& ARTI CLE
Thi's invention relates to the renoval of a chroni um oxi de coa img froma
surface of an article and, nore particularly, to the renobval of the
chrom um oxi de coating from a nickel -base superalloy article that has been
operated in a gas turbine engi ne. BACKGROUND OF THE I NVENTION I n an
aircraft gas turbine (jet) engine, air is drawn into the front of the

engi ne and conpr ow L.al-flow
conpressor i ncl ude%Wé%%%gméX@gw}é M essor st age
has a plurality of conpressor bkpdas APURIEEE0 @ conpressor di sk, which
inturn is nounted to a rotating shaft. In nmany early versions of gas

turbi ne engi nes, the conpressor blades were made of an uncoated netal. As
t he technol ogy of gas turbine engines has advanced and the tenperatures of
operation have increased, it has becone necessary to coat the conpressor
bl ades to inhihi 1ﬁvé?1ﬁbg§élht@§t(pﬁletrélﬁomgﬁé RN oRide %gﬁﬁj%ﬁ&ﬁ\ﬁfsﬁ?f e'he
coatings need not be as protective and as resistant to the ef £€ of the
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thermal barrier coati on the turbine blades, but they nust provide
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cured in the presence of an inorganic binder have been selected for use to
coat the conpressor blades of the high-pressure conpressor stages of some
engi nes. After the gas turbine engine has been operated in service for a
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In an aircraft gas turbine (jet) engine, air is drawn into the front of the engine and
compressed by an axial-flow compressor. The axial-flow compressor includes a
number of compressor stages. Each compressor stage has a plurality of compressor

blades mounted to a compressor disk, which in turn is mounted to a rotating shaft.

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




typically disassenbled for routine inspection. Inspection§mqﬁﬁdﬁg§o‘occur
~if problens are observed. In the inspection, the conpressor Bl ades are
renoved from 24 May 2006 the conpressor disk. Sone areas of the surfaces of
t he conpressor blades are wusually covered with contam nant materials such
as dirt, oxide scale, and hydrocarbon residue, as well as the chrom um
oxi-de coating. To inspect the conpressor blades properly, it is necessary
to renmove the contami nant material covering their surfaces. In one
approach, the contam nant material nmay be renmoved wth a nechanica
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article. Overlying contam nant materials resulting fromexposure to a gas
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- may also be p Mﬁ@i t approach is based prinmarily on chenica
~cl eani ng, mﬁtﬁ%ﬁt %%ﬂggﬂéﬁﬁggit or bead blasting. It is therefore
relatively gentle on the :

At the present time there is no chemical method for removing the surface material

found on nickel-base superatloy compressor blades that are initially covered with the
chromium oxide 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.
SUMMARY OF THE INVENTION

' The present invention provides a technique for removing a chromium oxide coating
from an article. Overlying contaminant materials resulting from exposure to a gas
turbine environment, such as dirﬁ, oxide scale, and hydrocarbon residue, may also
be removed. The present approach is based primarily on chemical cleaning,
without the use of grit or bead blasting. It is therefore relatively gentle on the
underlying base metal of the article being cleaned, and reaches areas not accessible

by line-of-sight techniques. It is suitable for mass production processing.

‘In one embodiment, there is provided a method of removing a coating from a
surface, such as the surface of a compressor blade, comprising 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




underlying base netal of the article being cleaned, and regghes areas not
accessible by line-of-sight techniques. It is suitable for NESS producti on
processing. In one enbodinent, there is provided a nethod of renoving a
coating froma surface, such as the surface of a conpressor bl ade,
conprising the steps of providing an article having the coating conprising
chrom um oxi de thereon, <cleaning the article in an alkaline

degreasi ng/ rust r val sol yt.iion at a, degreasi ng/rust renoval tenperature,
preferably fglﬁ?ﬂtgfg y Scplspengdigoning Ao prymanganate cordiBRIES oni ng

the article | ' ; %ﬁﬁgﬁ ondi-t 90| b t

scal e-condi t F%ﬁ%%ﬁ%&:@?ﬁ@éﬁﬁgr ef'er agﬁﬁ%ﬁ%ﬁ%@&abﬁ%@tl’éf% ou 200F,
and cont act i 2g0°Fhendr donedcting ahanrtinté db cans heitieptrigpiag| dohition coanpHidissd Ng
hydrochl oric_acid and an etching inhjibitor at a stripping tenperature,
preferably fhylpchigrsacdandmneichingduhibitreia stpppipg feapeipure, peeferably diom i s

hed i . - and . | | hed
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addi tional stheg steist 1d dpliengly@entdf braghed &cichidge |0dke miOHalTdm HhBsudk! cl e and
brushing the article to renove any | oose material thereon. If the
descri bed procedure is not sufficient to renove all of the chrom um oxide

coating, it Lnal ude. Ltiopal s s, safter the step. of rinsing, of
second cont arg{l?ﬁlﬁh{&%e& %alP ?ﬁg‘%%ﬂ?@?‘f%g} %E?’&iﬁgr&'f’ﬂcBﬁ?ﬁﬂﬁg%ﬂngt ‘?%Hlséﬁg the
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the article. The present approach may be applied to a wide variety of
articles. Dediserbidproeddure ianpt sulfecient taramgyeradlldf the dwamivieotideiauginghe
cqat 'ng t herl ?xpa‘y ig&gdggcﬁitigx{a?fst%{)s? %Xr tl.h% s{e% 0?' rinsing, of second contacting the

article to the acidic stripping solution at the stripping temperature, 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 most preferably it is a
superalloy article suich as a compressor blade that has been operated in a gas turbine

engine.

The alkaline degreasing/rust removal solution preferably comprises sodium
hydroxide with a pH of greater than about 14. The alkaline permanganate
conditioning solution preferably comprises permanganate in a concentration of at
least about 25 percent by weight and has a pH of greater than about 14. The acidic
stripping solution preferably comprises hydrochloric acid in a concentration of from
about 85 to about 135 grams per liter. The inhibitor preferably comprises acetic
acid, isopropyl alcohol, hexamethylenetetramine, and propargyl alcohol in a

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

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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superal l oy article such as a conpressor blade that has begﬂﬁﬁgfﬁ@%Ed in a
gas turbine engine. The al kali ne degreasing/rust renoval ‘s I

preferably conprises sodium hydroxide with a pH of greater than about 14.
The al kal i ne permanganate conditioning solution preferably conprises
permanganate in a concentration of at |east about 25 percent by wei ght and
“has a pH of greater than about 14. The acidic stripping solution
preferably conprises hydrochloric acid in a concentration of from about 85
to about 135 grams per liter. The inhibitor preferably conprises acetic

acid, isoprophd aréitie0ddchat shisssquet iivp@achLo M BEThifiCle agd bt MPERKIIThe @llgohol in a
concentration of about 0.3 percent by volune of the acidic stripping

‘sol ution. Théngshageshprosessing &f thesegppdsan endiond gentis ivafingrat erial , if any,
and the chromum oxide fromthe surface of the article. It does not
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subsequent inspections of the article are not jnpeded. The only™ nechani cal
‘processi ng ofchfeBivmy prideccqating {reipta Bmeralisnerticly oegmwrising the sispwvingl y in
one aspect, there is provided a nethod of renoving a chrom um oxi de
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oxi de; .cl eanich@niii® dxidd;cl e i n an al kal i ne hydroxi de degreasi ng/rust
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cleaning the article in an alkaline hydroxide degreasing/rust removal
solution at a degreasing/rust removal temperature of from about 180°F to -
about 200 °F;

scale conditioning the article in an alkaline permanganate conditioning
solution at a scale-conditioning temperature of from about 160°F to about
200°F; and

contacting the article 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,

to remove the chromium oxide coating from the superalloy article.

In another aspect, there is provided a method of removing a chromium oxide

- coating from a nickel-base superalloy article, comprising the steps of

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

gas turbine engine and has the chromium oxide coating thereon;

cleaning the article 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; | o




solution at a degreasing/rust renoval tenperature of fronﬁﬁ%&?%oc§0F to
about 200 F; scale conditioning the article in an al kaline pePhanganate
conditioning solution at a scal e-conditioning tenperature of from about
160F to about 200F; and contacting the article to an acidic stripping
solution conprising hydrochloric acid and an etching inhibitor at a
stripping tenperature of from about 130F to about 140F, to renove the
chrom um oxi de coating fromthe superalloy article. In another aspect,

~there is praquide - et f I Y chirom x| ing froma
nickel-baseq%ﬁgeggﬁﬁgg&gfﬁPgﬁg?aggﬁbgﬁs?%gﬁ#hgkﬁﬁéﬁéhgg %ﬁ%@%gﬂﬂﬁ a
ni ckel - base ssluyienaivhencimitid slkelidepérniangardae corditotiing Sblytiopeompsise i n a gas
turbi ne engine and has the chrom um oxi de coati nsg t her eon; cl eaning the
article in ANTBYLEBRIS 1 akeamcRiraliografilenst byt 2ocpasvent byswright 8rd conpri si ng
sodi um hydr gxi, 1 t n 14
“degreasing/r ustg %ngM %@ef'gﬁgé‘?‘g‘?ﬁ?é&g é%%o@?ﬁ%@%@ﬁggé%ggﬁom 200F; 24
May 2006 scabeutclaftl ta abuwn @00t eandticle in an al kal i ne per manganate
conditioning solution, wherein the al kaline pernmanganate conditioning
solution conprise permanganate in a concentration of at |east about 25
- percent by weinigbiingathe articls ta aphdcitfic grippingrsohitian @bqutisinkdhydadchioric
scal e-condi talc:l%? %nng (:(t)rf'\ce tef\arlt?gnucgfe fr(?r]; afbg)l(l)trQS to about 135 grams per liter, and an

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

about 140°F,

to remove the chromium oxide coating from the nickel-base superalloy article.

Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings, which illustrate, by way of example,
~ the principles of the invention. The scope of the invention is not, hbwever, limited

to this preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an elevational view of a compressor blade;

Figure 2 is an enlarged schematic sectional view through the compressor blade of

Figure 1, taken on line 2-2; and

Figure 3 is a block diagram of a method for processing the compressor blade to

remove the chromium oxide coating.

4a




about 160F to about 200F; and contacting the article to an,, iqgs strippi ng
. S . . . . ay.2006
sol ution conprising hydrochloric acid, in a concentration of “from about 85
to about 135 granms per liter, and an organic etching inhibitor at a
stripping tenperature of fromabout 130F to about 140F, to renove the

chrom um oxi de coating fromthe nickel-base superalloy article. Oher

features and advantages of the present invention will be apparent fromthe
follow ng nore detail ed description of the preferred enbodi ment, taken in
conjunction with the acconpanyi ng drawi ngs, which illustrate, by way of

exanpl e, th?H??%@%%ﬁbE?Cﬁﬁﬂﬁ@ﬁ(ﬁﬁf@ﬁﬁ@&@%ﬁﬁbﬁiSCOpe of the invention is

not, however, 0 this pr odi nrent. BRI EF DESCRI PTI ON OF
THE DRAWNGS Figure 1 is an elevational view of a conpressor blade; Figure
2 is an enlarged schematic sectional view through the conpressor blade of
Figure 1, taFgmrondbpifte arardicled3Guet SU Bis Burbime omip&Hekt 21, ag Ahidtase met hod
for processing the cogEressor bl ade to renove the chrom um oxi de coati ng.

24 May 2006 BEPAPIEED: badcEd. Fire arpmrssaHtaded2Enprand ¢ agy pperableiapicdals an

~article 18 sych as .a .qgas _turhi ne conponent, 20, and in,this,.cas a
conpr essor b aus P52 sl Sud B 52 e ok PSR Bt b
material  buls dr thiteiastridled Mickel StBChR lobRY eRHeht. ASnidkdMbadeaphalssy isuper al | oy.
A ni ckel -base_ al | oy
- nickel-base alloy that is strengthened by the precipitation of gamma prime or a

related phase. Most preferably, the nickel-base superalloy has more than about 14
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I s one.that has nore nickel than any other elenent. A ni CI;?QI -baﬁ&6
superalloy is a nickel-base alloy that is strengthened b Mf’é/
precipitation of gamma prime or a related phase. Mdst preferably, the

ni ckel - base superal |l oy has nore than about 14 24 May 2006 percent by wei ght
chromum to mnimze the likelihood that the present processing attacks
the base netal of the article. The conpressor blade 22 includes an airfoil

24 agai nst whic he { of . hot exhaus | ct ed. The conpr essor
bl ade 22 is H%‘ﬁ?ﬂti’ﬁ“febghgw&% 88?””(5‘?%%{1“3%@*' ﬂgWﬁierP{/e SENLRERSSSIE whi ch
ext ends domw&gmefya%%ﬁgo%éfaﬁiclle_m and engages a slot on the -
conpressor disk. A platform 28 extends transversely outwardly from the

area where the airfoil 24 is joined to the root 26. Cptionally, a nunber of
I nt ernal pas es_extend.thr h.the int rj r of the a endlng in
opent ngs 30 1T COMBIESHR el 2F TRHIRS anriuripd S 42t hh i iflosy oh b ow of
cooling air ’ r openi ngs
Ehatlit'o8€ {sQffrectell! THQ@O&%&%S%PB ?i Zsz}ﬁé%%ﬂetﬁ aac%ﬂl P OIIJES( 3> i's af

30 to reduce the tenperature of ea|r rotatln

the tip of t(uatdlomﬁ@byammémiohektendsdmmwmyﬁoﬁﬁtheEilr@uaaaﬁdbﬁgageﬁect|onal
vi ew t hrough the c rrpressor de Zé,ff The base netal of the conpressor

bl ade 22 for?réloho% &pppFessos Ali Sjlfpo%l’ gdR §ﬁ¥?ﬁ@%ﬁﬁ$@ﬁ?'@ﬂﬁa{§@ﬁ@m coating

36 is depOSI %&%h&g tﬁcbsl ACfotcl Bind 60 rzsr% gg Duiberd

After e cornpressor a e 22 Y‘en operated in

conpr essor
service in inmg@&sagmbxmﬁd thnglighehe int&ﬂbﬁof the hiyfilod| éer@GM@b@ﬁ@gim
cont am nant - mat er| yer . 38 of substances such as dirt, oxide scale
(i.e., otherif zﬁ:g ﬁﬁaq)m@ph%xﬂa@)mg sgipice, 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 fefurbishing' 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.e., 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.




hydr ocar bon resi due. This contam nant-material |ayer 38 i? Rgggﬂognto t he
‘surface of the substrate 34 and its chrom um oxi de coati é y the
noderately tenperatures to which the conpressor blade 22 is exposed during
service. Wien the conpressor blade 22 is to be inspected after its service
in the gas turbine engine, the chrom um oxide coating 36 and the

contam nant-material |layer 38 nust first be renoved. Figure 3 depicts this

renoval process. .The artjicle 18 su s.that , illustrated in Figures 1 and
2 is provi degﬁeﬁﬁ'ﬁg lsﬁlfan%n%‘ﬁm;g%} YHEnesTion B an afkaling degre rushuner al

52, by i mrer gdp@dal bl 'gﬂ,'%s- ' r 1 t a
degr easi ng/ r ust rem%@%tlga%é ratlugg‘?ﬁger%é ergagfﬁ{?r lrugﬂﬁ\gﬁe(lr)%b??h%b%%%lg about
200F. The al k80°Frie abiewr 200°F n e wdltaline deyradsinpatust fepiovalr o eloairfer-BNPr | Ses

sodi um hydroxi de,with.a pH, of. greater_than about 14. tionally, sodium
gluconate anfPaPRHst ?‘%Hﬁ“ E&Hﬂ’fld?r’é’yhl%@}%&f@&?ter &@H@%llﬂggpﬁ@aﬂmpéum ng/ r ust

renoval  sol yt,i ' pcle 18 and the al kal i ne
degreasi ng/r stb &%écn%@gjl&&gﬁﬁﬁe Po%lgfgg%drdrg?gortgl%%fgl(yf“%eor?%eba%lﬁg} n?gre{rg)vg out 45
m nut es, andsafutdn. Fhet@tabtipeios theabué 1 Behdthe lkeline dBBRadhf/et RmkRal S
renoved fromthe al kal i ne degreasing/rust renoval solution, and rinsed by
sprayi ng wi t $PueRs drefprblygiom phavtsi oie abautdi minwes, andmest prefeeatdy isr e.  The

| . j NI | nfsesbiy ise.
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t enper at ur e, renfovel hafhnyarfd Oea by uprafia with®: *ReLet &Q8fmerdibg ivi@} kne
permanganate conditioni ng sol ution conprises a pernanganate such as

pot assi um pefofngepaagire.

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 235 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 l

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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or sodi.um pernmanganate in a concentration of at |east abo;kt@ﬁS Zgﬁ%pe_ﬂt by
wei'ght and has a pH of greater than about 14, produced by i i tion of
a hydroxi de such as potassium hydroxide or sodi um hydroxi de. The contact
time of the article 18 and the al kaline permanganate conditioning solution
Is preferably fromabout 45 to about 75 mnutes, and nost preferably is
about 60 mnutes. The article 18 is renoved fromthe al kaline permanganate

condi ti oni ng sol ut.i o and rinsed b rayi ngq wi wat er jet or _

i mer si on i%tk’ﬁa"fcé‘ilc {}ipPB’(grﬁ_"[‘EWB& B‘i‘%{ﬁ‘ .Y%PEQDOL“F\LP&%%I%“ %HHF‘EtP_%ﬁpﬁg, t he
chrom um oxi g,sE pRlEABIy38 dbduldi@WifiteS" 480 de i&%@;ﬁn TG RIEEShig; St eps
renove the contam nati on | ayer 38, exposing the chiom um oxl coating 36.
The articl e hypdiotidomeddd prefonblsct £chrcentationof fom aBdiutiEpﬂxi dﬂ@uﬁwg@rm,
nuneral 56, _conprisin rochlori¢ acid and an_etching inhibitor at a
stripping t eRpel ’E’ﬁ‘?(&,tgre%%ﬂ@ﬁ wtﬂlﬁrgsﬂww&kwgﬂélp acidiefigoping 40lptiomhe
contact tine 4. . : | rippi-n
solution is S?E}%eg ?gg@&gés(r:%ﬁq lﬁgggp%%ﬁg%ﬁﬁh%%g eﬁ@’{% %ﬁ%cesfgf gl% n%r%ﬁ%%g
preferably i solatimuon 8@ tsewices of fiegubutiath 43 i8bddopiek Bgpdsed dhnigNstEOIR! | ses

hydrochloric,_acid, preferably in a concentration of from about 85 to about
1%5 gr ans pérge prefeated ipyBiorsoptags apoyganisonkibiten 4 messpistareintébitorthe aci di ¢

o . ISHorsoererBIOjEaaisontivian AyenbpisEreintdbilorthe
St chi hg. 8t 1 o b s pf AL Ric ARE Ao el ARARb Rl A0 ptoed

substrate asalcohdiés awBsceprpasmast febni bttt 81268 abut 0.4 pércé B Qbhuaek, ndRi bi t or
contains an organic inhibitor. A nost-preferred inhibitor is a solution of

acetic aci d, PieEkaphlp pheutd). T pereent byeselirres. hYhis iehibiterasianailabinbomridpdely |
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 propargyl 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 room 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.




al cohol in a concentration of fromabout 0.2 to about 0.4 Qﬁﬂgﬁa{) by
vol unme, nost preferably about 0.3 percent by volune. Thi S* M ‘or is
avai |l abl e from Henkel corporation, Madison Heights, M chigan, as RodineR
XL-1090. A preferred conposition of the inhibitor is about 1-10 parts by
wei ght of acetic acid, about 1-10 parts by wei ght of isopropyl alcohol,
about 10-30 parts by weight of hexanethyl enetetranm ne, and about 1-10
parts by weight of propargyl alcohol.. Aflter the agid treatment, the

chr oni um oxi %e@S%FWGQ%gﬁé%L%EWqCH EBICBWPIW%%?' ¢7 ghat gavesbeer npy ed
.fromthe aci demondd ftdiRh Bk RMit dndihe 288 i@%e%séﬁ'éﬁ}'bﬂg sulfsfedle 34 WAt er
jet or imersion in water, nuneral 58. The water rinsing PB may e

acconpl i shed wastUhlimet#0e The ptefarediihretstepapproact destvitiedabate waanrked, aager at ur e.
If | oose resjdue is. obse ved%;(r)n t he surface qf the article, the rinsing
may be accoﬁkbel FyERnAtRn xer Hy andide © pmyoxide eratingidpareragempleialy a

m ni rrumterrpgilﬁlr,wd(_a of 160F. Loose residue on the surface nmay be renoved
by brushing the surface of the article 18 with a nonnetallic, soft-bristle

brush or a nonnetallic pad such as a Scotch Brite pad. This |ight brushing

of the surfac? is the gnly nechanical cleaning used in the present
approach. Thélbgpghe pareulpnpambodiment of the ipventin hawheea dessxihed medetailifovial | y. | f

traces of th ol : i de i . LR, steps 56 and,58 nay be
epeated, nuperEr T MK vEREk AR b G B B b
observed. 24withpuRdfhartinEhforpries efitit ahd eedpel AITthOas REEN eS8 B
conpressor bl ades 22 that have been renoved froma gas turbiné engine

after servi ci@ventin isaebtorhetlgpitedrexcent as b sherappendyd claims.




was Udi met 720. The preferred three-step approach describgﬁhﬁbQ§@5mas used,
and the contanination |layer 38 and the chromni um oxi de codting wer e
conpletely - renoved. Although a particul ar enbodi nent of the invention has
been described in detail for purposes of illustration, various

nodi fications and enhancenents may be nmade w thout departing fromthe
spirit and scope of the invention. Accordingly, the invention is not to be
limted exSeRvies by the appended clains. 24 May 2006 CLAIMS 1. A method of
renovi ng a chrom um oxi de coating froma superalloy article, conprising
the steps of providing a superalloy article that has been previously
operated in a ur.bi ne . engi pe and havi ng the _coating thereon, the

coat i ng co‘np‘g irg?tﬁﬂfs ORIEROTINE iCE%{mleaneaﬂfiﬁgmf%g fiopt @ wiperpllgy arfidlsd i ne

hydr oxi de QegHsmgiiépssir removal solution at a degreasing/rust renova
tenperature of from about 180F to about 200 F; scale conditioning the
article in an al kaline permanganate conditioning solution at a

scal e- congj.t.:@ni : F bou wiand
contactingkéﬁgﬁgggﬁ%le tg%gﬁagg?%i%%gﬁ%?gggﬁg sgfﬁﬁﬁgﬁ'@b%ﬁéggﬁﬁﬁé

hydr ochl orenginaendihame tharoaingthemgon.rthé tiatiog campmasisg chrppiing okekeper at ur e of
from about 130F to about 140F, to renove the chrom um oxide coating from
the superalloy article. 2. The nmethod of claim1l, wherein the step of

provi di ng cldasingrthé ettield fic b dblihd @ydloRide dekreasing/rust removal solution at a
degreasing/rust removal temperature of from about 180°F to about 200 °F;

scale conditioning the article in an alkaline permanganate conditioning solution at a

scale-conditioning temperature of from about 160°F to about 200°F; and

contacting the article 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,

to remove the chromium oxide coating from the superalloy article.

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

providing a compressor blade having the coating thereon.

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

rinsing the article and brushing the article to remove any loose chromium oxide .

coating present on the superalloy article.




provi ding a conpressor bl ade having the coating thereon. hg thod of
claim1, including an additional step, after the step of con abtln of
rinsing the article and brushing the article to renove any | oose chronium
oxi de coating present on the superalloy article. 9 24 May 2006 4. The

met hod- of claim 1, wherein the al kaline hydroxi de degreasing/rust renoval
sol'ution conprises sodi um hydroxide with a pH of greater than about 14. 5.
The nethod of claim 1, wherein the al kaline pernmanganate conditioning
solution conprises permanganate in a concentration of at |east about 25
percent by 4‘“@‘119 %eﬁh(ﬁf'\l\ﬁf Qﬁﬁ’n q Wﬂel%gn eaqfta?fne }Bafbx?@eoﬁé éa%ingﬁﬂst-rrgﬁogﬁt hod of
claiml or clarm erein'the aC| T on conpri ses

hydr ochl or isclutioi doriyprises smhumﬂtydmdrrwnﬂ a pHarfigadroertth8babioot Bbout 135 grans
per liter. 7. The nethod of claim1l1, wherein the etching inhibitor

conprises acetic acid, isopropyl alcohol, hexanethyl enetetramn ne, and
_propargyl alcohol in a concentration of about 0.3 percent by vol une. 8.
The nethod of claim1, rein the etching inhibitor conprlses an_organic

etching i Ahifhe frt?rhodgaf cm@ hevhweinghe alkaling permapsangén ‘?@ diisaing sohdionst eps,
after the giap ok ;fehﬂ Qate% d Sd}l%éﬁ&e{ﬁgntd?%ﬁ% AP a8yt C pIISéSén't 'Bg v&é?%ﬁa”"c' €

to the acidic strip sol ution conpri sing droc c aci t he
et chi ng |nmﬂﬁm&ﬂp%pfghaﬁgﬂmmpbmnd4tenperature and repeatlng the step of

| ~rinsing and brushing the article.

6. The method of claim 1 or claim 4, wherein the acidic stripping solution comprises

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

7. The method of claim 1, wherein the etching inhibitor comprises acetic acid,
isopropyl alcohol, hexamethylenetetramine, and propargyl alcohol in a concentration

of about 0.3 percent by volume.

8. The method of claim 1, wherein the etching inhibitor comprises an organic etching
inhibitor.
9. The method of claim 3, including additional steps, after the step of rinsing, of

repeating the step of contacting the article to the acidic stripping solution comprising

hydrochloric acid and the etching inhibitor at the stripping temperature, and

repeating the 'step of rinsing and brushing the article.
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24 May 2006 10. A nethod of renoving a chrom um oxi de coatﬁr&gﬂ ?’086“ a
ni ckel - base superalloy article, conprising the steps of prowy ing a
ni ckel - base superalloy article that has been previously operated in a gas
turbi ne engi ne and has the chrom um oxi de coating thereon; cleaning the
article in an aqueous al kal i ne degreasi ng/rust renoval solution conprising
sodi um hydroxide with a pH of greater than about 14 and at a
"~ degreasing/rust renoval tenperature of from about 180F to about 200F; scale
conditioning the article in an al kali ne pernmanganate conditioni ng sol ution,
wher ei n t Hé. &l kathod of panowng achiomicarddidé crating ool yhickal-eeapipasdiy
permanganate.in a concentrati.on of at |east about 25 percent by wei ght and
has a pH GFUQF-ERPRASIELDF step5@ft 14, at a scal e-conditioning tenperature of
from about 160F to about 200F; and contacting the article to an acidic
stripping solution conprising hydrochloric acid, in a concentration of
f r om aboutPr@4ding agHekpl-basgssugeraley pidicle thethas beme PERYIQskyoncrtet B &
i nhi bi tor : I-PR} Rt %R cobfi t 130F to about 140F, to
renmove thﬁi’ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%@%ﬁ ng fo‘?b&r&ﬁﬁohgl?%@hgﬁgﬁ’- base superalloy article.
11. The method of claim 10, including an additional step, after the step of
contactin f pinsing t.he_article and..brughing.the article to renove any
| OOSGChI‘O%Ile&HII% x?ﬂeaﬂé%%tlflnan p? S hpﬁe ?ﬁr%ﬁggﬁg{rﬁﬁsée%%v gr%?‘ﬁtb"y article.
11 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 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 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,

to remove the chromium oxide coating from the nickel-base superalloy article.

11. The method of claim 10, including an additional step, after the step of contacting,

of

rinsing the article and brushing the article to remove any loosechromium oxide

coating present on the nickel-base superalloy article.
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24 May 2006 12. The nethod of claim 10, wherein the etchiggP%th&gtor
conprises acetic acid, isopropyl alcohol, hexanethyl enetét fi‘he, - and
propargyl alcohol in a concentration of about 0.3 percent by volune. 13.
The net hod of claim 10, wherein the step of providing the article includes
the step of providing a conpressor blade having the coating thereon. 14.
The met hod of claim 10, wherein the etching inhibitor conprises an organic
etching inhibitor. 15. The nethod of claim 11, including additional steps,
after the step of rinsing, of repeating the step of contacting the article
to the acidic stripping solution conprising hydrochloric acid and the

(ra;[ ﬁg : Rg ;Hgl ﬁ"}-l%gl{xﬁt ! %)*;Eglagfﬁ [1:02%:;}.@9e11t2%hr2p§t2ﬁ%§ rirell"libi%cr)]rdcc{rr?pg)nes%g Iage%'ct Qc(i:'d,St ep of

isopropyl alcohol, hexamethylenetetramine, and propargyl alcohol in a concentration

of about 0.3 percent by volume.

13. The method of claim 10, wherein the step of providing the article includes the
step of

providing a compressor blade having the coating thereon.

14. The method of claim 10, wherein the etching inhibitor comprises an organic
etching inhibitor.

15. The method of claim 11, including additional steps, after the step of rinsing, of

repeating the step of contacting the article to the acidic stripping solution comprising
hydrochloric acid and the etching inhibitor at the stripping temperature, and

repeating the step of rinsing and brushing the article.
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