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{i e'he
coatings need not be as protective and as resistant to the ef s of the

conbustion ghsn aticlkiagh, mewypartatularlys tethe tdneovahuf the ohniiadh okaktdoags and

thermal barrier coati on the turbine blades, but they nust provide
oxi dati on pr Btf’@cat‘?lglf? ggse ﬁ“ﬁ?@ﬂ?ﬁéﬁ?‘é&eé}lﬁt AgRsen ppsrated IR EHTHIDHCSRE®E. coat i ngs

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 sone
engi nes.

BACKGROUND OF THE INVENTION

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




After the gas turbine engine has been operated in service Qgﬁﬁgoagriod of

~time, it is typically disassenbled for routine inspecti or12. specti ons may

al so occur if problens are observed. In the inspection, the conpressor

bl ades are renmoved from 24 May 2006 the conpressor disk. Sone areas of the
surfaces of the conpressor blades are wusually covered wi th 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 renove the contam nant material covering their surfaces.

I n one appr oatle,cotrpeeseerndiskyiSoast areast adt thesunfeogs b€ theegroyressombladesaarerechani cal
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chem cal method for renmoving the surface material found on nickel - base

super al | oy cotfsrEesser blfesduepariyait ipecepsarst foatempve dheepaatrnpipat mateial chr om um

oxi de coating %QQ . ated i V] d y such a
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- turbine envi rl%@tﬁ?&ﬁﬂqe%ﬁﬂ}eﬁ&lﬂ&g’ oxi de scal e, and hydrocarbon residue,
‘may al so : )

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




be remgved. The present approach is based primarily on ch3m¥§ﬂxﬁéeaning,

wi thout the use of grit or bead blasting. It is thereforeTe gilvely gentl e
on the underlying base netal of the article being cleaned, and reaches
areas not accessible by line-of-sight techniques. It is suitable for nass
production processing. In one enbodinent, there is provided a nethod of
renmoving a coating froma surface, such as the surface of a conpressor

bl ade, conprisin e steps.aof . providing an _article having the coating
conpri si ng cﬁli’%iggwo%a&éof‘%?%&?he gl anglkaliae permppgapate GoRhlGNIRG | i ne

degreasing/r : V, il r ' t 1l t rature,
pr gf er abl 3 f?‘g{ﬁglgf%&%lggt%hg%lbggg I?%nyﬁe ﬁ%ﬁ% g%géﬁéﬁéggéabggg@a%%}n F’B}?oni ng
the article Ro0°En aalkainideeng aherargdd ad eanc acidict steipping sohidlowt écmipriing

scal e-conditjoning tenperature, preferably from about 160F to about 200F,
and cont act i Ryfre¢hlorig-acidand anstchingdrhibifar at stripping lpmpsratie. preferabhy fost ng

hydr ochl ori c ' tghi-ng 1LANLOI Eor at A Stri.pping t erat ure,
preferably ferﬂgo(r%ﬁlt q%@g&? gﬁ%ﬁ &ﬁ%‘ atr)%)fgul{%l?ﬂ%'g.mﬁr}eel gvraglbidﬁw %@ a§ telagl? &is
washed in wathese #épscandeptibnadlly gefithelgBshel @Pemore hoSdinkeAa|flo) e Rbicebr ushed
to renove | oose material fromthe surface. The nethod may include an

additional step, after the step of contacting, of rinsing: the article and

b hing th ' . .l opse terial thereon. 1f.the
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second contacting the article to the acidic stripping solution at the
stri ppi ng t edgserbad precedyrsis setcaificient to remove all of the chromium oxide coating,

it may include additional steps, after the step of 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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rinsing the article and second brushing the article. The g%ﬁﬁgq&m?pproach
may be applied to a wde variety of articles. Desirably, t artrcle is a
superal l oy article having the coating thereon, and nost preferably it is a
superal l oy article such as a conpressor blade that has been operated in a
gas turbine engine. The al kaline degreasing/rust renoval solution
" preferably conprises sodium hydroxide with a pH of greater than about 14.
The al kal i ne permanganate conditioning solution preferably conprises
per manganate in a concentration of at |east about 25 percent by wei ght and
has a pH of gheatiete, dohtad sahiegiient thspdhienPeli tHé Grticletakd RRIiMGe®al Vhd Sly
preferably conprises hydrochloric acid in a concentration of from about 85
to about 135 Tgch#cabprocessing of thpigariaaghs 11 ensiong gentlertapihjng onpri ses acetic
acid, isopropyl alcohol, hexanethyl enetetram ne, and propargyl alcohol in a

concentrat i Om&f)rﬁkﬁ}?tin%@e REFE NthekY iy?km@ecpfa e RCIH fenSdVinpPi NI
sol ution. The_ presen gioproa_ch renoves the contamnant material, 1 f any,
‘and the chr ofPRAIWX PaElef GoahngHEom A Fupesally etiiclaroomprising the gepsofot

mechanically alter the surface of 3 24 May 2006 the article, so that

subsequent i?ﬁ@ﬁﬁiﬂg@ﬁ‘%u@éraﬁ@?aﬂﬁélb&h@t RCHER pleiTRdBdepdRdoml ¥ gagrechani cal
processing o he surface ‘ijgaan optional ge tII)e br ushi ng. 'Accor_(% ngly in
one aspect, CHOME |SQSWE WYV saatHe r‘g‘?ﬁ‘?ﬂ» ntrCa coatifgo FPURTIERE de

coating fromchrostip@rcxide®y article, conprising the steps of

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




providing a superalloy article that has been previously OQﬁEﬁ%%ﬂoén a gas
tur bi ne engi ne and having the coating thereon, the coating coﬁbrlsing
chrom um oxi de; cleaning the article in an al kal i ne hydroxi de
degreasing/rust renoval solution at a degreasing/rust renoval tenperature
of from about 180F to about 200 F; scale conditioning the article in an
al kal i ne permanganate conditioning solution at a scal e-conditioning
tenperature of from about 160F to about 200F; and contacting the article
~to an acidi r L opkng:solyt i OIPr.|. SiinG: r i I an

et chi ng inh%%?%o?ﬂgpﬂgméfﬁ#%ﬁ#ﬁggtgﬁﬁ%rQgg@gyg?gﬁggﬁég%oﬂﬁﬁfgﬁﬁﬁgo about
140F, to renolsiohhehefin teunlkaliiclperanaging Eomlitidligg Solpdodlcbayrisgticle. In
anot her aspect, there.is provided a nethod of renoving a chrom um oxi de
coating fr orPCENEERYL I AsOnSEREION fyat dpast abeut ?éowwrgihfgwmbt akps of
provi di ng a i = I 1 cl.e ; [ |y
‘operated in hgbgg’?s°¢%§“ﬁfﬁ%ﬁggﬁg+‘#gﬁaﬁgf %?gise %Oklgﬁ%?ﬁlr C%e%%%§%§¥?§gf i ng

t her eon; cl ehoutgOfthe abidut 20@°H; andan aqueous al kal i ne degr easi ng/ r ust
removal solution conprising sodium hydroxide with a pH of greater than
about 14 and at a degreasing/rust renoval tenperature of from about 180F
- to about - 2@Oftacting 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.

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.
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24 May 2006 scale conditioning the article in an al kaline nat e
conditioning solution, wherein the al kal ine pernanganatezgﬁ%gﬁpggning
solution conprise permanganate in a concentration of at |east about 25
percent by weight and has a pH of greater than about 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 from about 85 to about 135 grans
per liter, and an organic etching inhibitor at a stripping tenperature of
from about 13 hr om um oxi de coating from
t he nickel-bggghggﬁgfgﬁ$%§ﬁ§?§55?grﬁggﬁ§§mﬁgg?ﬁres and advant ages of the
present invention will be apparent fromthe follow ng nore detailed
description of the preferred enbodi nent, taken in conjunction with the
acconpanyi ng FiliuaM dgsicts Wh niblel 18]sUaH 4sai s B indRYmPdneRXE BAEIN thik B&epr i nci pl es
of the invention. The scope of the invention is not, however, limted to

thi s preferr egospsewr pede 22. Bhe FEnPESORI®E 321 formaiHi aprapraiBsvregdre 1 is an

- el evational vyiew of compressor. bl ade;. -Figure 2 i.s an enl.arged, schematic
cect onal - vi S F RRGETHY EREPEARE B g s P By P RS T e
2-2; and Fi g gheIhithadnidrOfikkd tagramotier alefiRhh Adhitlal-beQepGslidids khe
conpressor blade to ) L .
- 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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renove .t he chrom um oxi de coating. 24 May 2006 DETAI LED DE%%E@P@Q OF THE
| NVENTI ON Figure 1 depicts an article 18 such as a gas tu onent
20, and in this case a conpressor blade 22. The conpressor blade 32 is
formed of any operable material but is preferably a superalloy such as a
ni ckel - base superal loy. A nickel-base alloy 1is one that has nore nickel
than any other elenent. A nickel-base superalloy is a nickel-base alloy

phase. Vst - BPEPRPRBIER tanidh PRt Be ke HRrg R lie Fsr orsiibout 14
24 May 2006 m&gﬂ{eﬂayemgagmthglgﬂm@_um to mnimze the likelihood that the

present processing attacks the base netal of the article. The conpressor
bl ade 22 includes an airfoil 24 against which the flow of hot exhaust gas

directed. .The conpressoyr bl ad S e 0 a c sor |sk (not
Shown) by a TBOCODBIRHE s e it d§ m&%ﬁ’ FATAahah B, B Glow 9 Bt
engages a s r f versely
outg'.J vvgrdl y frgﬁ]{auftr']kgé gslé%eﬂgh&e?gét e alr @g%isllgéd%%ﬁgg%to Q%S&rr(g%ts 26.

Optional |y, éohshuwey) bpé rodt A6 whmhlexpmdexgammkly@mdx tht aiofiag 24tahe engapey | or of

the airfoil 24 enings 30. in the surface of the airfoil 24.
During ser vi 8ot %“%F&&f“@fes (SII‘ﬁkngA Blapforn 28 extepdsdpansyaxselyepverdy fiafer nal

passages andy@ubed o RRRNLART ﬁpﬁg&y{eaqgctﬁ? HUe A B GHY C Rlmpl sy @l 71 Of

24. A rotating s rou I's at e alrfo renote fromthe
r oot 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 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.




26. Figure 2 is a sectional view through the conpressor bgﬁ%&ﬁﬁé 6The_ base
netal of the conpressor blade 22 forns a substrate 34 up % surface a
‘chroni um oxi de coating 36 is deposited during the manufacture or prior
refurbi shing of the conpressor blade 22. After the conpressor blade 22 has
been operated in service in the gas turbine engine, there is typically
devel oped a contam nant-material |ayer 38 of substances such as dirt,

oxi de scale (j.e.,.ofher.than the um oxi de), and. hydrocarbon
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When t he comb8@’§sto mbixitad@0’r2 Tihe aﬁlmhhe degroptiny/ et @ilovsl dolwtichesveadly n t he
gas t.urbine I the c rogl um oxi de. coating 36 and the

~cont am nant - %‘ggﬁ"dl“g?@? agdetyih a pH ofgreatss thap gher d4- ﬁpgmﬂ@%goé@m Cti th:js

I r strate n, Fi S an
ST e e 46 b B A0y e PN
52, by imer silatior. fﬂhamrﬁédtahie@étlﬁ%ﬁicﬂ@w ﬁkﬁi’ thelﬁl!kahﬂe&l@kéaém ﬁistlieh%alat a

degrea5| ng/ rust .renoval te rature referably from about 180F to about
200F. The al ¥ANtigHis F@Qb’ng@ﬂrabg'#f fr%%tﬁb&lﬁ ominutesn apd atost prisfeyably npr i ses

sodi um hydro 0‘3@3 tr{uﬂu%s p"fh%far%lge}%eg rcfgg\&: 581{1”&%&3‘ t I onal H@}Hgst?dl um

gl uconat e an ng/ r ust
removal sol tdetnoﬁrll so]ihtbn;)ﬂﬂi fissed by BBragihg Whé sﬁ.ﬁ/ﬁthﬁleﬁor]iﬁlrﬁé}ﬁoﬁ Rewakekal | ne

degr easi ng/ rust renoval
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 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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solution is preferably fromabout 15 to about 45 m nutes, %3? g@ﬁ%
préeferably is about 30 minutes. The article 18 is removed 118 "the
al kal i ne degreasing/rust renoval solution, and rinsed by spraying with a
water jet or immersion in water at roomtenperature. The article 18 is
t hereafter scale conditioned, numeral 54, by imersion in an alkaline
per manganate conditioning solution at a scal e-conditioning tenperature,

f bly f . 160F . about .2QQF.. The al kal i ne r ranganat e
bond 1 ont ng I StirBwel dio tepisErshiy GanHtout b fo Shoub s Aueiigyand

per manganat & mddf pR@cably! RAbGRNIR Ahfiet." The CRIGEBBHCBIMorPlohfARL about
25 percent by weight and has a pH of greater than about , produced by

t he additi onhpdrochlinycia ahkiplﬁerablgﬁnamcm'esbmmgwmﬁﬁﬁe?hl?ult B35k rhky

hydr oxi de. The contact tine of the article 18 an the al kaline

p)ér manganat e PSS (RshPsderally &P?%&lﬁgrq&meéﬁ%l yhepsiioHepping soluombout 75

m nut es, andﬁfFﬁfe : L Ysnhi®; : -m put es - ridgle.18.1s renoved

fromthe al kali ng cggl?’%génsg%nal?tg%g%ﬁgﬁ f@%lﬁ‘g&g oﬁ%ﬁ{l?%gﬁacg{n%# {r}]iensé& "tl)%/

sprayi ng w t kolutioman e Hast matal bfiesabsimtd 43 inbBdcemed bxpadednitigipaemsasir e, After

t he scal e co&gi tiqni the chrom um oxi de_coating 36 is grayl sh-green in
e

ning,. . . Lay! St Y

col or. The prége '%%P@B’éorr“éﬁ’@% apRezaniinhifitatd s1wst-piptrred gnhikifqsdsi ng t he
chrom um ox| 3 b g 36, | [ contacted to, an
acidic stri p%?ﬁgﬁﬁ%ﬁ#%éﬁ%%gﬁfﬁﬁ %lg%h%l’chg)r{r%gi&éﬁ%&%ﬁ%%ﬁpgPTO(?%} d and an
et chi ng i nhi hicdiwl iah conchtrhtig oTdrdne BRI 81246 @boutl. £h&ta by vbluas, aleut 130F
to about 140F. :The contact time of the article 18 and

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 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.




24 May, 2006 the acidic stripping solution is preferably frgg#gggii 15 to
about 45 mnutes, and nost preferably is about 30 i nut e’ idic
stripping solution conprises hydrochloric acid, preferably in a :
concentration of fromabout 85 to about 135 grans per liter, nopst
preferably about 110 grams per liter. The acidic stripping solution
further conprises the inhibitor that inhibits the etching attack of the

stripping solution on the EFSE netal.of the substrate as it becones
exposed duri ngdFeisisEventipn Qas beean fraciige HHFBWPB?“E&&?@?%%“E%hﬁﬁﬂ%ﬁﬂc
inhibitor. Argmsteditdh ﬁl'gﬁselﬂrﬂhfgﬂn?hfe%ef Srvife, SHletabOR el ﬂﬁ@%ﬂbgg:ﬂg hgl,
i sopropyl al cohol, hexarmnethyl enetetram ne, an propargy? alcohol "in a
concent r at i orwasfUdimeni28bdiht pRf@radcheboetep afprbagindesaitedbijowokasnied, aagt
preferably about 0.3 percent ﬁg volumav'this i.nhibitor is available from
Henkel  cor pSISTQRPIORERN yFT Iqeahihe chigmainmyexide seating didrume xompbtdy A
preferred cofpesigtion of the inhibitor is about 1-10 parts by wei ght of
acetic acid, about 1-10 parts by wei ght of isopropyl al cohol, about 10-30
parts by weight of hexamethyl enetetram ne, and about 1-10 parts by wei ght
of propargyl .alcohol. After the acid treatnent, the chrom um oxi de coating

36 is grayi sl‘?3 AU "l‘W‘CWWP%‘%.Oigleiiquﬂ@ﬁ%h&ﬁqeﬂdﬁﬁcﬁhéi cdettiilfost r i ppi ng
S oror a5 pipoRaeet M RRORY Vs el ha kRharlmbIT RS Gl 121 1

nuneral 58 water rinsin acconpl jet or
by i mmer si onwiithowadeparthig franithé SR Bédpe dffthe IRRHAR.© Ncddirgly, FRser ved on
the surface of the article, the ri nsiag% nmay be acconplished instead or
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addi ti onal | yInvEntR: ismot ©daliriiad except ithA appeedadetaimer e




of 160F. Loose residue on the surface may be renoved by bQﬂﬁgigg éhe _
surface of the article 18 with a nonnetallic, soft-brist|%< b H or a
nonnmetal lic pad such as a Scotch Brite pad. This |ight brushing of the
surface is the only nechanical cleaning used in the present approach. The
surface of the article 18 is thereafter examned visually. If traces of the
chrom um oxi de coating 36 renmain, the steps 56 and 58 may be repeated,

nuner al ,Aﬂﬂéil none of the chrom um oxi de coating 36 is observed. 24
May ZOOG.E%ﬁa—present. i nvention has been practiced on conpressor blades 22
that have been renoved froma gas turbine engine after service. The base

netal of the, substrate 34 . was imet 720. The preferred three-step

appr oach doch rghed D GHRONRE s MY OXIR ORI Fiofth At TUPRTALIQY Aid® and t he
chrom um axifdeising@d Aeps§ were conpletely renoved. Al though a particul ar
enbodi nent of the invention has been described in detail for purposes of
illustration, various nodifications and enhancenments nmay be nade wit hout

departing ] Ldis i: ti cordi t he
ot | on o o i adiRhdilol, @At SAPesDboch iFc AP chBlled ER 4l Moty 2,
2006 CLAI Bgibe apd hastihghe gbatirgytberieny the chatiogicompusinglehroodii pgider om a
superal loy article, conprising the steps of :

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.

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.




providing a superalloy article that has been previously OQﬁB%}%BOé” a gas
turbi ne .engine and having the coating thereon, the coating cahprlsing
chrom um oxi de; cleaning the article in an al kal i ne hydroxi de
degreasing/rust renoval solution at a degreasing/rust renoval tenperature
of from about 180F to about 200 F;, scale conditioning the article in an

al kal i ne permanganate 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
i nhi bitor gt i bP] C 0 OF, to
remve ¢ ne chroHAREL GshE TERHEH Beliql8 A0S dolbboslrd/ P tebyoddt

met hod of cblation domprires sodinimtsydsixéde woith p pHwifdireatertthan #bott Bd.e i ncl udes t he
step  of providing a conpressor blade having the coating thereon. 3. The
met hod of claim 1, including an additional step, after the step of
~contacting, of rinsing the article and brushing the article to renove any

| oose chrom um oxi de coating ﬁresent on the superalloy article, 9 24 My
2006 4. The- #ae msthogrofqlaimnl.1wherpiartbe alkeliee perrwnEwatagHdEiongg solution

degr easi ng/ isds GJERY Lyt ggggr' i roxi i pH of
greater thgﬁﬂg}bl%elrﬁt 14@%&%% drr%{{}ﬁo 019 h?ﬁ:ﬁtﬁq&% H%‘E?Zgil%f%%gbgvt%#ne
per manganated basreopH ob gicatgr Hahabow 4. conpri ses per manganate in a

| ~concentration of at |east about 25 percent by weight

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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and has a pH of greater than about 14. 6. The nethod of C'ﬁ!ﬁg
C

o8& claim4,
wherein the acidic stripping solution conprises hydrochl ori Yfcrd in a

concentration of from about 85 to about 135 grans per liter. 7. The nethod
of claim1, wherein the etching inhibitor conprises acetic acid, isopropyl
al cohol , hexanet hyl enetetram ne, and propargyl alcohol in a concentration
of about 0.3 percent by volune. 8. The nethod of claim1l, wherein the
“etching inhibitor conprises an organic etching inhibitor. 9. The method of
claim3, including additional steps, after the step of rinsing, of

repeati ng tha mtpdof ranotisg b ichgnting axidd cdating drobhe nivkeldbase Sipargpyng
solution conprising . hydrochlaric acid and the etching inhibitor at the
stri ppi ng & éPHPﬁﬁgg%%ﬁng eating the step of rinsing and brushing the
article. 24 May 2006 10. A nethod of renoving a chrom um oxi de coating from
a nickel -base superall oy article, conprising the steps of providing a

ni ckel - badBoading aanicks)-base suppralion atticleibateasbegn pravinuslyyopspsesdaimetigasn a gas

tur bi ne engi ] i : ing. thereon; cleaning the
NSHbGR éf&%ﬂze*&ﬁé h%ﬁe Emfoﬁgﬂédmﬁf& c‘il;gt/u?%gl%feﬂﬂ 9

article in an aqueous a I'i ne greasi ng renoval solution conprising
sodi um hydroxide with a pH of greater than about 14 and at a

degreasin e . t.enper at ure of, f.rom about 180F to about 200F, scale
~condi ti on%%}{]t%l%e ﬁéep}t%lytgﬁl% 1|Ieln an SR iaill%aﬁlBgrﬂ%%aﬁﬁlgrgQCB %aroﬁ?ﬁ‘ﬁﬁ)nsol ution,
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.

11




wherein the al kal i ne pernmanganate conditioning sol ution cggﬁ%jaa%
permmanganate in a concentration of at |east about 25 per€ yby wei ght and
has a pH of greater than about 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
fromabout 85 to about 135 grans per liter, and an organic etching
inhibitor at a stripping tenperature of from about 130F to about 140F, to
renove the chrom um oxi de coating fromthe nickel -base superalloy article.
11. The nmethod of claim 10, including an additional step, after the step of
contactin f rinsing the article and brushing the article fo renove any
| cosechr o uﬁgﬁﬁe&]@) E’ggia%d%pf”é’seﬁﬁ‘i %E?ne {H‘@gﬁiﬂ%}g’é?f- FPARTISSH FEFI 7949 articl e.
11 24 May iZReyl dicoid) eheXBinb@icAbtefhid® &R prohRLel dicdHdeirts SoHBRkr R bi t or
conprises acetic acid, isopfopyl alcohol, hexamethylenetetram ne, and
propar gyl SARRBHEI3 nerceat bovelemer ati on  of about 0.3 percent by vol une. 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

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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etching inhibitor. 15. The nethod of claim 11, including %ﬂ?&i%@ﬂ?l st eps,
after the step of rinsing, of repeating the step of contactin e article.
to the acidic stripping solution conprising hydrochloric acid and the
etching inhibitor at the stripping tenperature, and repeating the step of
rinsing and brushing the article. 12 ABSTRACT CHEM CAL REMOVAL COF A

CHROM UM OXI DE COATI NG FROM AN ARTI CLE A chrom um oxi de coating (36) is

renoved fromgBsmwhAage of an article (18) by cleaning the article (18) in
an al kal i ne degreasing/rust renoval solution at a degreasing/rust renova
tenperature of from about 180[err]F to about scale conditioning the

Scal o- condi 1§ oni ng e LaRGONPIPBE R S Gk Ie A e “and
bydr ochl o1 ¢ aci d and an. ot chi ng CRRD CREHED o8, ¥ oo gt enper at ur 6 of
fromabout 130[err]F to about 140[err]F. Figure 3
A chromium oxide coating (36) is removed from a surface of an article (18) by
cleaning the article (18) in an alkaline degreasing/rust removal solution at a
degreasing/rust removal temperature of from about 180°F to about scale
conditioning the article (18) in an alkaline permanganate conditioning solution at a
scale-conditioning temperature of from about 160°F to about 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.

Figure 3
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