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7o1- METHOD FOR REPAI R AND CLEANI NG 1eos s

AIRFC]LS FI ELD OF THE | NVENTION Thi s

i nvention pertains to the cleaning of airfoils during repair

operations. More particularly, 5 the invention is related to the renoval of
oxi des, organic inpurities, and dirt on the surfaces of airfoils by-
processing airfoils in an autoclave with an organi c caustic sol ution.
BACKGROUND OF THE | NVENTI ON Buring the service use of turbine
engine 10 parts or airfoils, various hddés of damage can occur. The
engine parts are highly susceptible to danage from erosi on, oxidation,
and attack from environnental contanlnants Exanples of turblne parts
that often need to b&dePR F§ EBALR BNBRGBEANING| ades, buckets, 15
nozzl es, conbustion chanber |iners, ptapggisand the

This invention pertains to the cleaning of .
airfoils during repair operations. More particularly,
5 the invention is related to the removal of oxides,
organic impurities, and dirt on the surfaces of -
airfoils by processing airfoils in an autoclave with
an organic'caﬁstic solution.

BACKGROUND OF THE. INVENTION
During the service use of turbine engine
10 parts or airfoils, various modes of damage can oecur.
The engine parts are highly susceptible to damage from
erosion, oxidation, and attack from environmental
contaminants. Examples of turbine parts that often
need to be repaired due to damage are blades, .buckets,
15 nozzles, combustion chamber liners, vaneé, and the
like. _ - .

As stated, one type of damage to engine
parts occurs grom the environmental contaminants. At
temperatures of engine operation, adherence of these_

20 environmental contaminants on the ehgine part form
molten compositions on the surfaces of the engine
parts. As a result, chemical and mechanical
interactions occur between the environmental
contaminant compositions and the engine parts. The

25 molten contaminant compositions can infiltrate pores
and openings in the engine parts, that lead to cracks
and possible part failure.

Some environmental contaminant compositions
that deposit on engine parts contain oxides of
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li ke. As stated, one type of damage to engi ne parts

occurs fromthe environnental contam nants. At tenperatures of engine
operation, adherence of these 20 environnental contam nants on the engine
part form nolten conpositions on the surfaces of the engine parts.
As a result, chem cal and nechani cal I nteractions occur- between the
envi r onnent al contam nant conpositions and the engine parts. The 25
nol ten cont am nant conpositions can infiltrate pores and openings in
the engine parts, that |lead to cracks 2 - and possible part failure.

Some environnental contamni nant conpositions t hat deposit on engi ne
parts contain oxides of -2-

cal ci um ma@feSing, zﬂﬁﬂﬁQﬂyﬂmumﬂhumm@umanél&igoaveénd mikheresf. These
oxi des conbithe dedbf O MY JRIRRY combin@TRESELLRANEALIREASHEY

Calc'un}nagne?ﬁﬁggfgfgggugghprising calcium-magnesium-aluminum-
silicon-oxide systems (Ca-Mg-Al-Si-0), herein referred
5 to as CMAS. Damage occurs when the molten CMAS
infiltrates engine parts. Still other contaminants
may include iron and nickel oxides, sodium vanadates,
sédium sulfates, sodium phosphates, and the like.
Some of these contaminants originate from marine
10 environments, such as_éngines operating at offshore
sites. _ '
Repair_of turbine engine parts involves
cleaning cracks, crevices, and surfaces so that there
is complete removal of CMAS and other oxides, organic
15 and inorganic impurities, and dirt prior to alloy
fllllng and brazlng Presently, fluorlde ion cleaning
. (FIC) or etching is used to clean the surfaces of
engine parts, including shallow cracks. Fluoride ion
cieaning/etching techniques require high temperatures,
20 about 1900°F, and several hours for processing. 1In
addition, hydrogeh fluoride is used in fluoride ion
cleaning and is listed as a hazardous air pollutant
under the Clean Air Act,_Sectipn_llZ(b).'_As a result,
processes using hydrogen fluoride may be subject to a
25 Maximum Available Control Technology (MACT) standard.
Another drawback of fluoride ion cleaning is that it
is not effective for cleaning deep and tortuous
cracks. In addition, a further deficiency of FIC is
that on parts where an overlay layer is used, for
30 example, a nickel-aluminide or platinum-aluminide,
fluoride ion cleaning attacks the overlay léyer that
is deposited on the metal substrate. Thus, there is a
need for a process that operates at lower temperatures
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si li con-oxi de Systens (Ca-Ng-AI-Si-C»; herein referred 5 to as CVAS. Danage

‘occurs when the nolten CVAS infiltrates engine parts. Still other

cont am nant s may include iron and ni ckel oxides, sodium vanadates,

sodi um sul fates, sodium phosphates, and the |ike. Sonme of these

contam nants originate frommarine 10 environnents, such as engi nes
operating at offshore sites. _ Repair of turbine engine
parts invol ves - cl eaning cracks, crevices, and surfaces so that there
is conpl ete renmoval of CMAS and ot her-oxides, organic 15 and inorganic
impurities, and dirt prior to alloy filling and brazing. Presently,
fluoride ion cleaning (FIC or etching is used to clean the surfaces of

engi ne parts, j h Ngh&et &g @hﬂélmca@ﬂkﬁesﬂd&rxﬂldﬁﬂso&hét a(i:leeani ng/ et chi ng
techni ques r QU|re hl h tenpergturf%b %9 abqut 1900 er,r and severa
hours for prot@BRahyP elﬁnd saLgydr ity e FINVIFEmE o M it qué: used in

fluoride i on damagirgnthg amd:la;ylla»;tad s bonthzayatqus Fairtheal,| ut ant

hydrogen 11 uokhaEe kS BungEl; B8F 4 PSRN o el TET

Technol ogy (I\Aﬂﬁ}nstaad'asdthat cmmf@cm&d@m fdeegr iak@cksn cl eani ng

Is that it scg glgégectlve for cleaning deep and tortuous . cracks.
I n addition, urt eficiency of FICis that on parts where an
overl ay Iayer s used, for_ 30 exanple a nlckel al um ni de or

pl ati num al uni ni de, A : gt atks the overlay |ayer

t hat is deposited omhhhe1&Bb&t16nbs§raieecﬂhastotéewet|s a need for
a process thag 88?&2 e%rgéessm@or cfggﬁfgé”éﬁides from cracks and
surfaces.of_alrfOIls before repairing the airfoils
10 which comprises exposing'surfaces and cracks of
airfoils to an admixture of an organic solvent, a
base, and water in an'autociave at a temperature and
pressure sufficient to lower the surface tension of
the admixture for a period of time ﬁo completely
15 remove -all oxides from the surfaces and cracks of the
airfoils. The term “airfoil"™ herein means turbine
parts sﬁch'as blades, buckets, nozzles, combustion
chamber liners, vanes, and the like.
This invention also provides a method for
20 removing surface oxides, dirt, and organic impurities
from flat, contoured, and cracked surfaces of turbine
parts comprising the step of: treating the turbine
parts in an autoclave with an organic caustic solution
at a temperature, a pressure, and a time sufficient to
25 complétely remOVe the surface oxides, dirt, and
organic impurities from the turbine parts' surfaces
- and cracks without damaging an underlying metallic
layer or a metallic substrate surface.
During the process it is beneficial, but
30 not necessary, if the organic component of the organic
caustic solution acts as a supercritical fluid. By



- 3- in shorter tine and utilizes chemcals that are.  conpatible
and safe with the environnment without damagi ng the overlay |ayer or
bond coat. Further, there is a need for a cleaning process of turbine 5
engine parts that can effectively clean deep cracks and crevi ces. _
SUMVARY OF THE | NVENTI ON - This invention is directed to a wet
chem cal -process for cleaning oxides fromcracks and surfaces of
airfoils before repairing the airfoils 10 which conprises exposing
surfaces and cracks of- airfoils toe an-adm xture of an organi c sol vent,
a base, and water in an autoclave at a tenperature and pressure
sufficient to | ower the surface tension of the adm xture for a period

of time to cogyiidiciTall ERMA 3kl ieXhdantf tRALt BReSUREAg@Signd cracks of
t he airfoils. The term"airfoil"” herein negns t ur bi ne p@ﬁés such as

bl ades bucketa§’°vﬁozlztlse§n5&|‘r’ﬂ&s eBperature and pressure where

surface tension of the organic solution is near or
about zero.

5 Organic caustic solutions comprise chemical
admixtures of an organic compound} such as an alcohol,
-a basic compound, such as an hydroxide base, and
water.r The ratio of base to water may be about one to
~one (1:1), or fifty weight percent base in water. The

10 organic compound, generally a solvent to reduce
surface tension of the solution, such as ethanol, must
be present in a sufficient amount to cause all of the
oxide to be removed from the treated part.

An advantage of the invention is that the

15 underlying metallic layer and the substrate of the .
airfoil are not'damaged, which allows multiple repairs
to the airfoil. This is a substantial savings in
refurbishing time and costs. Another advantage of the
invention is that compared to fluoride ion cleaning,

20 the organic céﬁstic.t:eatment is conducted at lower
temperatures, for instance 480°F versus 1900°F. Also,
the fluoride ion cleaning process uses and discards a
hazardous chémical, hydrogen fluoride vapors, whereas,
the organic caustic treatment of this invention is

25 conducted in a closed system énd the chemicals are
recyclable. Still another advantage of this invention
" is that the organic caustic treatment cleans deep,
tortuous cracks.

BRIEF DFESCRIPTION OF THE DRAWINGS
FIGS. la and 1b are photo micrographs of a
30 cross section of leading edge of a blade with CMAS-
type contamination (calcium-magnesium-aluminum-



chanber |iners, vanes, and the I|ike. This invention al so

" ‘provides a nethod for 20 renoving surface oxides, dirt, and organic
inpurities fromflat, contoured, and cracked surfaces of turbine
parts conprising the step of: treating the turbine parts in an

autocl ave with an organi c caustic sol ution at a tenperature, a
pressure, and a tinme sufficient to 25 conpletely renove the surface

oxi des, dirt, and organic inmpurities fromthe turbine parts' surfaces
and cracks w thout damagi ng an undertybng netallic . - layer or a netallic
substrate surface. During the process it is beneficial, but
30 not necessary, if the organic conponent of the organic caustic
sol ution actsiBﬁcﬁnsumﬁdesitimxﬂIGJlﬂaiadﬂ/after CMAS removal in

-4- cr [ea hat I|qU|g. above its
critical ngg¢ i ] an%lrpt&éfsias%]? A%erenﬁ‘#e&n SEP¥Ce *PatSion of the
organic soluaren5|semeesenw metal alloy formulatlons, and dark

gray areas represent metal oxides.

DESCRIPTION OF THE JINVENTION
5 The invention is directed towards a wet
chemical process for removing oxides, dirt, and
organic-impurities during repair of airfoils without
damaging or effecting surface bond coats or base metal
substrates of the airfoils. The process is especially
10 suited for cleaning deep; tortuous cracks in the
airfoils prior to brazing or alloying repair
operations. The process entails using an autoclave
with an organic caustic solution to fully remove the
unwanted oxides, dirt, and organic impurities. Dirt
15 includes sand, volcanic ash, fly ash, cement, runway
dust, substrate impurities, fuel and air sources,
oxidatioh products from engine components, and the
like. Oxides are aléo included as_dirt, and may
derive from environmental contaminants that adhere to
20 the airfoil surface during service use, such as CMAS
or calciumrﬁagnesium—éluminum-silicon—oxide mixtﬁres.
In addition to CMAS, other oxides can also be removed
from airfoil surfaces by the method of this invention.
These oxides include, but are not limited to, oxides
25 of magnesium, calcium, aluminum, silicon, chromium,
iron, nickel, barium, titanium, alkali metals, and
mixtures thereof. 'Other contaminants include
vanadates, sulfates, and phosphates of alkali metals.
Bond coats and overlay layers are usually
30 metallic compositions, including platinum-aluminum,
aluminum, aluminum-~nickel, nickel-chromium-aluminum-



about zero. 5 Organi ¢ caustic solutions conprise chem cal

" adm xtures of an organic conpound, such as an al cohol, a basic
conmpound, such as an hydroxi de base, and water. The ratio of base to
wat er may be about one to one (1:1), or fifty weight percent base in
wat er. The 10 organi c conpound, generally a solvent to reduce surface-
tensi on of the solution, such as ethanol, nust be present in a
sufficient anount to cause all of the oxi de to be removed fromthe
treated part. An advantade -of the invention is that the 15
underlying netallic layer. and the substrate of the airfoil are not
damaged, which allows nultiple repairs to the airfoil. This is a
subst antial &ticdys.i dron-chgbmibhnsalnyinumeyttoiemsteobaot her advant age
of the | RHERH10R-a o1 RbnCQRRRE 6, { A1 EhOPLLGEa] ol GRINAD, 20 the

organi ¢ caustic treatnent is conducted at lower  tenperatures, for
i nst ance 480p&MTEpUPsYEEL ivgeopaey FRe ALKS: the fluoride ion cleaning

process uses and di Scarsilﬂaétrate hatdrdeus ofeehcakedhydr egepihbuoride
vapors, ggereas t he or,gqani_c caustlgﬁireat pent of this invention is 25

conduct ed® i nPRTES 85 adFEPIHSa A8 ™t REFERAATF cEPEIATR and RSE | aple. St
anot her advartemgaatficohieqyuipmenti oy incladéhaickék, ochypomiucaust i C

DESCRI PTI O QLT HE S PRGSO CRRE A1aoys nay be case S5

m crogr aphs &froaddys @uperaddeison &xappagrngfedygeh osubsbraties wixer CVAS-
type contam galp-an i(,C YW egeaS! 8o, aREALNYD} Rene 125, Rene 77,

10 Rene 95, Inconel 706, Inconel 718, Inconel 625,
" cobalt-based HS188, cobalt-based L-605, and stainless
steels. The process is suited for parts and hardware

used in turbines or on airfoils. An example of a
turbine part would be a turbine blade or vane. The
15 term airfoil refers also to turbine parts, such as
bladgs, vanes, buckets, nozzles, and the like.
Additional substrate matérials may be used
in this invention. For instance, it is also
contemplated that this invention may be utilized for
20 removal .of oxides, dirt, and organic and inorganic
impurities in marine environments, electronic
applications, and'power génerators, such as gas,
steam, and nuclear, to mentlon a few.
- The autoclave reactor is a pressure vessel
25 and is built to withstand high pressures at high
temperatures. Pressure in the system is elevated by
heating the contents (reaction mixture) in the
autoclave or by using an external source of compressed
gases to overpressurize the vessel. The autoclave may
30 be operated in batch fashion; that is, the ingredients
of the caustic organic solution are charged, the uhit
"is closed, and the charge is brought to the desired
conditions of temperatﬁre and pressure. Continuous or



-5- silicon-oxides) in FIG la and after CVAS renpval in FIG 1b,

Wwhere bl ack areas represent epoxy, white areas represent netal alloy
formul ati ons, and dark gray areas represent netal oxides.

DESCRI PTI ON OF THE | NVENTI ON 5 ~The invention is directed towards
a wet chem cal process for renoving oxides, dirt, and organic

I mpurities during repair of airfoils wthout damagi ng or effecting
.surface bond coats or base netal substrates of the airfoils. The
process is especially 10 suited for.dTéhﬁTng deep, tortuous cracks in the
airfoils prior to brazing or alloying repair operations. The process
entails using an autoc| ave with an organic caustic solution to fully

renove the  SeRgaRtdnupyiepergtion saa begaRAertaker ifeSnePFt 15

i ncl udes sand,mdd G¥ith@headtantasAreC2BBRLAUBUBYGY fed addst, substrate
Impurities, fuel and air igyrces, oxi dation products from engine
conponents, a ts withdrawn. : .

In the autoclave, the temperature and
5 pressure that is applied may cause the organic
component of the organic caqstic solution to become a
supercritical fluid or have properties similar to that
of a supercritical fluid. By supercritical fluid it
is meant that the surface tension of the fluid is zero

10 or approaches near zero which completely wets the
surfaces in contact. The organic caustic solution
does not have to beé a supercritical fluid for the .
oxide or dirt to be removed. However, if the organic
component of the organic caustic solution is near or

15 approaches a supercritical state in the autoclave
reactor during treatment of the airfoil, the surface
tension is dramatically reduced thus enhancing the
activity of the organic caustic solution and its
wettability towards fine cracks and pores.

20 The organic caustic solution is generally
an admixture of an organic compound, a base, and
water. Other admixtures may also be used, such as
acetone, liquid ammonia, or liquid carbon dioxide,
provided they dramatically lower the surface tension

25 of the fluid during treatment of the airfoil in the
autoclave. Examples of organic compounds are
alcohols, such as methanol, ethanol, propanol,
isopropyl alcohol, and acetone and liquid carbon
dioxide, liquid ammonia, and mixtures thereof.

30 Examples of caustic compounds are sodium hydroxide}
potassium hydroxide, ammonium hydroxide, lithium
hydroxide, triethylamihe (TEA), tetramethylammonium
hydroxide (TMAH), and mixtures thereof, Use of



| i ke. Oxides are also included as dirt, and may derive from
envi ronnent al contam nants that adhere to 20 the airfoil surface during

servi ce use, such as CMAS or cal ci um magnesi um al um num si | i con- oxi de
m xt ur es. In addition to CVAS, other oxides can also be renpved
fromairfoil surfaces by the nethod of this invention. These oxi des

I ncl ude, but are not limted to, oxides 25 of magnesium cal cium

al um num silicon, chrom um iron, nickel, barium titanium alkal
netal s, and - m xtures thereof. Clhgr contam nants include vanadat es,
sul fates, and phosphat es of aIkaI| met al s. Bond coats and
over |l ay Iaye te usuall aII| 1,0NS, |nclud|ng

pl ati num al ﬁﬂ?hﬁfﬁ'es' s'é? rﬁshu?’ﬁr aar(fj qitlﬁn%?cgk&el el chr omi um al uni num
- 6- yfurther reduce hrher sumfdaeritramsidrn rafuhhec alaalst4c

chron1un}algglgygbxtgghugg Pl L&ei s&ppal t-chrom um al um numyttrium
and the [l

The caustic compound (the base) and water
5 may be present in about a one to one ratio. The
| concentrations of the bases may range from very
dilute, about one weight percent, to very
concentrated, about sixty-five weight.percent. The
~organic compound is usually present in a sufficient
10 amount as a solvent media for the caustic solution to
fully clean the alloy surfaces. The amount also
depends on the size of the autoclave reactor and the
size of the part being prbcessed.. Commonly known
engineering principles can be used to calculate-

15 various amounts of the organic compound that is
sufficient with the caustic and water to remove the
oxide or dirt. Generally,'the'base-is about 1-65
weight percent, the water is about 1-35 weight
percent, and the organic¢ compound is about 1-98 weight

20 percent. A p:eferfed weight_pefcent for the caﬁstic

| organic solution is about 6 weight percent base, 6
weight percent water, and about 88 weight percent
organic compound.

The temperature and pressure that is used .

25 during treatment can vary, depending on the amount and
the~type of oxides and dirt to be removed and the
capabilities of the autoclave reactor. The organic
caustic treatment can be performed at'a rénge of
temperatures, pressures, and reaction times., For

30 example, the treatment may involve combinations of
ultrasonication and boiling with autoclave treatment.
The autoclave treatment can be conducted under several
conditions. For instance, the pressure can range from



Substrate materials often used in turbine 5 parts or airfoils for aircraft .

*engi neS§ and power generation equi pnent may include nickel, chromum or
iron based superalloys. The alloys nmay be cast or wr ought superal | oys.
Exanpl es of such substrates are GID- 111, GID 222, Rene 80, Rene 41,
Rene 125, Rene 77, 10 Rene 95, Inconel 706, Inconel 718, Inconel 625,
cobal t - based HS188, cobal t-based L-605, and stainless steels. The
process is suited for parts and hardware used in turbines or on
airfoils. An exanple of a t ur bi ne~p&rt woul d be a turbine bl ade or
vane. The 15 termairfoil refers also to turbine parts, such as
bl ades, vanes, buckets, nozzles, and the Ilike. Addi ti ona

substrate matardut sliypdmdsaer square Hinchi teeabous. 3P00 pasndace, it is
al so contyeipl dgged NGl Nishd rt‘fﬁamﬂe‘?dbe'@)(:u% \Waln! iraRdel LoV T enoval

of oxides, dirt, anhd organic and i norganic inmpurities in marine
envi ronnent s, 2RPWEt }IRAC to 25056 |C§ﬂﬁ§ﬁ§ PERASYEREr 2B8ner at ors, such as

gas, st eatrampéwhmnﬁéeafan the rEpplied ad eWhieve shorter prod8ssautocl ave

: [ | _25 and bui | h h
noh | Pompbrier ol e RSP s o b, demisaEa by SO0k hoating

t he contents (emgeraturenusingﬂcompnénsed gaaﬂsoclémeldryby,ushag an

external sour £o e§%§§ q&ﬁ§ =t i Thé
aut ocl ave naygg%&; be %%&era e at ﬁ%\éﬁf& ﬂ%‘%f‘i{&%aﬁﬁédl ents
of the caustl%h%rﬁﬁmw%féﬁﬁtﬂ|Qﬁ1%h%eﬁﬁﬂﬂ%ﬁﬂﬁ milkg urpe .t the au§0§ﬂéged and
the charge ispPeought 4@tdMe 851 IR0 ises GRS fHonf @MREr at ure and

pressure. Cbntlnuous or
10 increase in the vapor pressure of the reactlon

mixture. The time to remove the oxides and dirt
depends on the amount to be removed and the
| temperature and pressure conditions that are applied.
Usually, the time is between about 0.1 to 8.0 hours.
15 Also, it should be noted that using a mixer, such as a
mechanical stirrer, a ﬁagnetic stirrer, or an
ultrasonicator, at low pressures or high pressures may
enhance the ability of the o6rganic caustic solution to
remove the oxides and dirt in torcherous locations and
20 in shorter duration of time. _

An example of one 6f the organic caustic
autoclave treatments for cleaning airfoil samples is
now described for purposes of demohstréting the
invention, and does not limit the invention to only

25 this one treatment or set of conditions.



-7- _semicontinuous operation can be undertaken if one or nor e of
t'he reactants are continuously fed and products w t hdrawn.

In the autoclave, the tenperature and 5 pressure that is applied nay cause
the organic ‘conponent of the organic caustic solution to becone a
supercritical fluid or have properties simlar to that of a
supercritical fluid. By supercritical fluid it Is nmeant that the
surface tension of the fluid is zero 10 or approaches near zero which
conpletely wets the surfaces in com a8t - The organic caustic solution
does not have to be a supercritical fluid for the oxide or dirt to be
renoved. However, if the organic conponent of the organic caustic
solution is near or 15 approaches '‘a supercritical state in the autoclave
reactor during treatnment of the airfoilXAMPAESsurface ~ tension is

dramatically reduced th“S&%&#ﬁﬂQL?ﬂ thecrme-gtid WilakeOf (aliRgo@gani ¢ caustic
solution and its, wettabi TTty towards fine cracks and_ pores, '

with desert dust, herein referred to as CMAS (calcium-~
magnesium-aluminum~silicon-oxides) was cleaned by the
organic caustic autoclave method of this invention.

5 The blade was placed in a Monel autoclave and
submerged in a solution containing twenty grams of
sodium hydroxide, twenty grams of water,'and 330
milliliters of ethanol. After sealing the pressure
vessel, the temperature was raised to 250°C with a

10 resultant increase in pressure to 2000 pounds per
équare inch. The temperature and pressure conditions
were maintained for approximately one hour. After the
autoclave was cooled, the sample was removed'and_
. cleaned (sonicated) in a three step process, - including
15 water cleaning, acid neutralization ( 5 weight percent
hydrochloric acid solution) of base, followed by water
cleaning. _
_ ' The CMAS was removed from the blade showing
a weight loss of 389 milligrams. Optical microscopy
20 of the various sections of the CFM6-80C2 blade
‘indicated complete removal of oxides from the surface
and in the cracks. Optical micrographs of the cross
section of a leading edge of the blade with CMAS (FIG.
_ la) and after CMAS removal (FIG. 1b) are shown in FIG.
25 1.

Example 2, A CFM6-6 twin blade with a
thermal barrier coating (8 weight percent yttria
stabilized 92 weight percent zirconia) and CMAS
(calcium-magnesium—aluminumésilicon-oxides).was

30 cleaned in addition to removing the thermal barrier
coating by the organic caustic autoclave method of



20 The organi c caustic solution is generally an adm xture
of an orgarnic conpound, a base, and water. Ot her adm xtures may al so be
used, such as acetone, liquid amonia, or |iquid carbon dioxide,

provi ded they dramatically | ower the surface tension 25 of the fluid
during treatnment of the airfoil in the aut ocl ave. Exanpl es of organic
conpounds are al cohol s, such as nethanol, ethanol, propanol,

i sopropyl al cohol, and acetone and |iquid carbon di oxide, liquid
amoni a, and m xtures thereof. 30 Examplles-of caustic conpounds are sodi um
hydr oxi de, pot assi um hydr oxi de, ammoni um hydr oxi de, |ithium

hydr oxi de, triethylam ne (TEA), tetranethyl amoni um hydr oxi de ( TMAH),
and m xtures thbisofinvelseioh. The blade was placed in a Monel - 8-

additives, sucl,a5:9UtLaghantanAloChel Al £Ssotik son JdHUHdepduce the

surface tension o ion can e ben
The caustic cobkpentd gramshafeyodihumypydroxide, twenty grams of

water, and 330 milliliters of ethanol. After sealing
5 the pressure vessel, the temperature was raised to

250°C with a resultant increase in pressure to 2000

pounds per square inch. The temperature and pressure

conditions were maintained for approximately one hour.

After the autoclave was cooled, the sample was removed
10 énd cleaned (sonicated) in a three step process,

' including water cleaning, acid neutralization ( 5
weight percent h&drochloric acid solution) of base,
followed by water cleaning. '

The TBC and CMAS were removed from the
15 blade showing a weight loss of 989 milligrams and 389
milligrams, respectively. Optical microscopy of the
various sections of the CFM6-80C2 blade indicated
complete removal of TBC and CMAS oxides from the
surface and in the cracks.



5 mpy be present in about a one to one ratio. The concentrations of.
t'he "basés may range fromvery di lute, about one weight percent, to very
concentrat ed;—about Sixty-five wei ght percent. The organi ¢ conpound is
usual Iy preserf .if.d.acphhent 10 anmount as a solvent nedia for the

| M yly clean the alloy surfaces. The anount al so

caustic solu

depends on t mﬂ M autocl ave reactor and the size of the part
bei ng proces ' known engi neering pringRl Qf-rean ?"“‘F'd to
cal culate 15 various anmounts of the orgadic conpou%gﬂyﬁégﬁﬁquA.ﬁﬁg s
sufficient with the caustic and water to renove the e oRF FAQEDcﬂrt.
General ly, t-he base is about 1-65 wei ght percent, the water i s about

1- 35 wei ght Whoatr cbhtGladmked he organi c conpound is about 1-98 wei ght 20
percent. A preferred weight Re&ggnéhéﬁgcgirbfggggg(%or c1¥H[AHL sol ution
s about 6 wel ght percent base, wel ght” percent water, and about 88
wei ght percent cracks gngd cswofiram@L airfoils beforerTgeppdipdfathee and
pressure that igisseil5h el | ding F BRI TR¥pdEdhg Buk-fadereagdneraskkhe
anount and t?e I%ﬁ?'ﬁf oxi des and dirt to .,be reqpved and the .
capabilities of°tHRIBIRHEY R FL AW LTRSS o AR Xt ur s SPPELEF L8 ent
can be perf 6r neelss¢ntiabhgeobHfan ordamipersailvess,, pr éase,esndandteeact i on
times. For 30 I 1ﬁﬁ¥ ' i j.ons of -

ul trasonicati ongéﬂ%?b%??%gnga%% %P{)ec avea!t{h\é%a;élrgr'edﬁgm&sryi‘]t:I he autocl ave
treat nent can beuEbhaierbdtanteresdihg flurface GenistdiognoL k&€ i nstance, the

pressure can raggRikfe@he to about zero for a period of time
sufficient to completely remove all oxides from the

10 surfaces and cracks of the airfoils.

2. A process according to claim 1 where
the organic solvent is selected from the group
consisting‘of methanol, ethanol, propanol, isopfopyl
‘alcohol, acetone, liquid carbon dioxide, liquid

5 ammonia, and mixtures thereof.

3. A process according to claiﬁ 1 where
the base is selected from the group consistihg of
sodium hydroxide, potassium hydroxide, ammonium
_hydroxide, lithium hydroxide, triethylamine (TEA),

5 tetramethylammonium hydroxide (TMAH), and mixtures
thereof. .

‘4. A process according to claim 1 where
the organic caustic admixture is about 1-98 weight
percent organic solvent, abouf 1-65 weight percent
base, and about 1-35 weight percent water.

5. A process aécording to claim 1 where
the organic solvent approaches a supercritical fluid
state during the cleaning of the airfoil in the
autoclave,' |

6. A process according to claim 1 where
the airfoil is a turbine part.

o * [ L M H *



-9- about 100 pounds per square inch to about 3000 pounds

‘square inch

250[ err] C. HT@H@T‘DTESSUTes—aﬁd

per

and the tenperature can range from about 150[err]C to

shorter procqﬁ§sémﬁ& so pressuri zation can be achi eved at room

tenperature u
wth zero pre
m xture, the
10 i ncrease
renove the ox
tenperature a

3ﬂﬂ rﬁ ases. Still yet, the process can start
creasing the tenperatt F
H ressure automatically risgs 5@' ' #ﬁ
m xt

t enperatures can be applied to achieve

by

in the vapor pressure of~"th& Teaction | BEGLA II to
I des and dirt depends on the anmobunt to be renoved and the
nd pressure conditions that are applied. Usual ly, the tine

i s between about 0.1 to 7. 0M@wosess5acaprdingt toholadmbe weerel t hat using

a m xer, such
uItrasonlcato

in torcherous

10

the %urblngEBQ§E'§§ls§1ééfﬁ& f@oﬁﬁﬂmgtéfbéﬁ'ééﬁglsél Fn

ressures fmay enhance t he
ability of t h&' oPééﬁﬁévCHH§FP§SSOPG¥F6ﬁStoc°mbu$%&ﬁﬂmFQ#RP%&ldes and dirt

r, pressures or

1igealsi,0andarnednd@. i n shorter duration of tine.

| 8. A process according to claim 1 where
the pressure is between about 100 psi to 3000 psi,
where the tempera;ure is between about 150-250°C, and
where the time is between about 0.1-8.0 hours.

9. A method for removing surface oxides,
dirt, and organic_impurities from flat, contoured, and
cracked surfaces of turbine parts comprising the step
of: treating the turbine parts in an autoclave with an
organic caustic solution at a temperature, a pressure,
and a time sufficient to completely remove the surface
oxides, dirt, alkali salts, and organic impurities
from the turbine parts' surfaces and cracks without
damaging an underlying metallic bond coat or a
metallic substrate surface.

| 10. A method according to claim 9 where
the bond coat is a metal compos;tion selected from the
group consisting of platinum-aluminum, alumlnqm,
aluminum-nickel, nickel-chromium-aluminum-yttrium,
iron—chromium—alﬁminum—yttrium, cobalt-chromium-
aluminumeyttrium,_nickel-cobalt—chromium—aluminum—
yttrium, and mixtures thereof. '

11. A method according to claim 9 where
the substrate is a nickel, chromium, or iron based
superalloy selected from the group consisting of GTD-

111, GTD-222, Rene 80, Rene 41, Rene 125, Rene 77,

Rene 95, Inconel 706, Inconel 718, Inconel 625,
cobalt-based HS188, cobalt-based L-605, and stainless
steels. '
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“An exanpl e of one of the organic caustic autocl ave treatnments for
‘cleaning airfoil sanples is now descri bed for purposes of denonstrating
t he invention, and does not limt the invention to only 25 this one
treatnment or set of. conditions. -
10 - - EXAMPLES ' Exanple 1. A
CFMb- 80C2 bl ade (airfoil) ~wWth desert dust, herein referred to as CVAS
(cal ci um magnesi um al um num si | i con- oxi des) was cl eaned by the
organi ¢ caustic autoclave nethod of thi 24inrvention. 5 The bl ade was pl aced
in a Monel autoclave and subnerged in a solution containing twenty
grans of - sodi um hydr oxi de, twenty grans of water, and 330
mlliliters of ethanol. ¥teraAseethod ddeoraiessuoe clainv@ssleret he
tenperature raised to 250[.err Wi_t h resulta hN ase in
pressuie to 2 |ﬁ)?ﬁﬁ?ﬁﬁﬁls betJé%n a%ou% &80 p§§ LE prb SE?,

where the temperature is between about 150-250°C, and

where the time is between about 0.1-8.0 hours.

13. A method according to claim 9 where
the organic caustic solution comprises an organic
solvent, a base, and water and where the organic
caustic solution is about 1-98 weight percent organic

S solvent, about 1-65 weight percent base, and about 1-
35 weiéht percent water,

{ THIS SHEET HAS BEEN
REPLACED |

is Sheet Has Been Rcilaced }
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.square inch. The tenperature and pressur.e conditions wer e mai nt ai ned

for approxi mately one hour. After the .autocl ave was cool ed, the sanple
was renoved and  cleaned (sonicated) in a three step process, including
15 water cleaning, acid neutralization ( 5 weight percent hydr ochl ori c
acid solution) of base, followed by water cl eani The
CMAS was renoved from the bl ade show ng a wei ght: SikE 3

mlligrams. Optical mcroscopy 20 of the vari ous sef i O A 6} 80C2
bl ade i ndi cated conpl ete renmoval “of3oXi des from 4m+4u¢iﬁﬁw2; .2 in
the cracks. Optical mcrographs of the cross section of a |eadin ~edge
of the blade with CVMAS (FI G la) and after CMAS renoval (FIG |b) are
shown in FIG 25 1. _ ~ ABRIRALE 2. A CFMB-6 twin blade with a
thermal barrier coating (8 weight percent yttria stabilized 92 wei ght
percent zirconia) and CVAS (cal ci um magnesi um al um num si | i con- oxi des)

was 30 cleaned i.n additiMHEY

t he organi c caustic autocl ave netho%dggglké

coating by

‘The invention is a process for removing

5 oxides, dirt, and organic impurities during repair of
airfoils without damagihg or effecting surface bond
coats or base metal substrates of the airfoils. The
process is especially suited for cléaning deep,
tortuous cracks in the airfoils prior to brazing or

10 .alloying repair operations. The process entails using
an autoclave_with an organic caustic solution to fully
remove the unwanted'oxides, dirt, and organic

" impurities.

Figure 1b

This Sheet Has Been Replaced




this invention. The bl ade was placed'in a Monel aut ocl ave and subnerged

ih a solution containing twenty grans of sodi um hydroxi de, twenty grans
of water, and 330 mlliliters of ethanol. After sealing 5 the pressure
vessel, the tenperature was raised to - 250[err]C with a resultant

I ncrease in pressure to 2000 pounds r square inch. The tenperature
and pressure “condi tions were naintat’ied for approxi mately one hour.
After the autoclave was cool ed, the sanple was renoved 10 and cl eaned
(sonicated) in a three steg;b?pcess in ter cleaning, acid
neutralization ( 5 t.percent hydr ci d_sol ution) of base,

mt EMAS were renpved

| gegns and 389

WDvari ous sections of
and CMAS oxi des

fol |l owed by water cleanlng. ,

fromthe 15 bl ade show ng-a me|3hh |.oss of
mlligrams, respectively. Optical- ni‘croscof
t he CFMs-80C2 bl ade i ndi cat ed Jonpl et et
fromthe surface and in phe cracks. 2
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- 12- . -12- dains 1. A wet cfighikdad 9 !
process for cleaning cracks and surfaces of airfoils before repairing the
airfoils which conprises exposing surfaces and cracks of airfoils to an

organi c caustic adm xtur-e consisting essentially of an organic sol vent

selected tromthe group consisting of nethanol, ethanol | [e¥:1avel) :

| sopropyl al cohol, acetone, liquid carbon dioxide, quuidaéf{%’ gNTéﬂEET
m xtures thereof, a base, and water wher€idrthe organicjcqustic adm xtu}e
is about 1-98 wei ght percent organic solvent, about 1-6% 1o AN REEINt
base, and about 1-35 weight percent water in an autoclayejat a tenperat
and pressure cuaimsient to |l ower the surface tension of |t ' -
about zero for a period of tine sufficient to conpletely_renove all oxidep
fromthe surfaces and cracks of the airfoils. 2. A process :
according to Clm'ﬁj'mmﬁrgekhﬁggﬁiﬁaﬁsgfﬁ%éggEfb TEPOAniNG cPLA¥B and -
consisting of sodium hydroxide, potdssium hydroxi-de, = ~amonium o
hydr oxi de, |istrfaces ofhpdrdwride, beford rrepdidamg nehe airfOIEA) which

tetramethyl angonl MoV ELsseRy (l¥Vetkes A LG &Se 08LES 1S to an

organic caustic admixture consisting essentially of an
organic solvent selected from the group cbnsisting of
methanol, ethanol,'propanol, isopropyl'alcohol, acetone,
‘liquid carbon dioxide, liquid ammonia, and mixtures
thereof, a base, and water. wherein  the organic caustic
admixture is about 1-98 weight percent organic solvent,
about 1-65 weight percent base, and about 1-35 weight
percent water in an autoclave at a temperature and
pressure sufficient to lower the surface tension of the
admixture to about zero for:a,period of time sufficient
to completely remove ali'oxides.from the surfaces and

cracks of the airfoils.

2. A process according to claim 1 where the base
is selected from the group consisting of sodium

hydroxide, potassium hydroxide, -~ammonium hydroxide,

lithium hydroxidé, triethylamine (TER),
tetramethylammonium hydroxide (TMAH) , and mixtures
thereof.

3. A process according to claim 1 where the

organic solvent approaches a supercritical fluid state

during the cleaning of the airfoil in the autoclave.

4. A process according to claim 1 where the

airfoil is a turbine part.

R )



3. A process according to claim 1 where the organie-
approeaches a supercritical fluid state during the clean
in the_ autoclave. 4. A process according to
airfoil is a turbine part.

5. A pr-ocess according to claim 4 where the turb
fromthe group consisting of blades, buckets, nozzles, cf
|l i ners, and vanes. 6. A processl3according to
the pressure is between about 100 psi to 3000 psi, where =
bet ween about 150-250[err]C, and where the tinme is between about 0.1-8.0

hour s. 5. A process according . to claim 4 where the

turbine part is selected from the group consisting of
blades, buckets, nozzles, combustion chamber liners, and..; 

vanes.

6. A process according to claim 1 where the
pressure is between about 100 psi to 3000 psi, where the
temperature - is between about .150-250°C,” and where the

time is between about 0.1-8.0 hours.

7. A method for removing . surface oxides, dirt,
and organic impurities from flat, contoured, and cracked -
surfaces of turbine parts comprising the step of:
treating the turbine parts- in an autoclave with .an:
organic caustic solution at a'temperature, a pressure,
and a time sﬁfficient to completeiy remove the surface -
oxides, dirt, alkali salts, and organlc impurities from
the turbine parts’ surfaces and cracks without damaglng
an underlying metallic bond coat or a metallic substrate

surface.

8. A method according to claim 7 where the bond
coat is a metal composition selected from the group
consisting of platinum-aluminum, aluminum, aluminum-
nickel, nickel-chromium-aluminum-yttrium, iron-chromium-
aluminum-yttrium, - cobalt-chromium-aluminum-yttrium,
nickel-cobalt~-chromium-aluminum-yttrium, and mixtures

thereof.

) R O



7. A nmethed f.or renoving surface oxides, dirt, and organic inpurities
from.flat, contoured, and cracked surfaces of turbine pacts conprising the
step of: treating the turbine parts in an autoclav R@Pt_nb[m:morcggﬁc
caustic solution at a tenperature, a pressure, and a ti StifF-e+ent
conpl etely remove the surface oxides, dirt, alkali saltfs, ng organi c
impurities fromthe turbine parts’ surfaces and cracks t hd3tJ lnc gn
underlying nmetallic bond coat or a net artAc substrate ur ace .
met hod according to claim?7 where the bond coat is a nmgtal conposition
sel ected fromthe group consisting of platinumalum num '
al um num ni ckel, i ck&y - alkaftdmdlmadzoqrdmngytttrq urglaimon- threheme the
al um num ytt

balt-ch |
o oRel - Cobal EUBREFACS T han M PLEKEh  CRARRIAR 8t  (gnor based

-14- superalloy selected from the group consisting of GID-
111, GTD-222, Rene 80, Rene 41, Rene 125, Rene 77, Rene
95, Inconel 706, Inconel 718, Inconel 625, cobalt-based
HS188, cobalt-based L-605, and stainless steels.

) Mnll
u-lu m

10. A method according to <claim 7 where the
pressure is between about 100 psi to 3000 psi, where the
temperature is between about 150-250°C, and where the

time is between about 0.1-8.0 hours.

11. A method according to claim 7 where the
organic caustic solution comprises an organic solvent, . a
base, and water and where the organic caustic solution
is about 1-98 weight percent organic Solvent, about 1-65.
weight percent base, and about 1-35 weight percent

water.
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9. A nethod .according to claim-7 where .the substrate is a

nickel, chromum or iron based superalloy selected fromthe group
conS|st|ng of GTD- 111, GTD-222, Rene 80, Rene 41, . Rene 125, Rene 77, Rene
95, Inconel 706, I|nconel 718, | nconel 625, cobalt- based HS188, cobal t - based
L- 605, and stainl ess steels. 10. A nethod according to claim?7 -
where, the pressure is between about 100 psi to 3000 psi, wh t he
tenperature is between about 150-250[err]C, and where the ti I
about 0.1-8.0 hours. 11. A nethod according to claim?7
organi ¢ caustic solution conprises an-oiganlc sol vent, a bas
and where the organic caustic solution is about 1-98 melght
sol vent, about 1-65 wei ght percent base, and about 1-35 wei

wat er . . Aasm_

[ S
i -_ep!, U;f
and wat er——

r cé@t,;gg 7

er cent

7

AIRFOILS

The invention is a process for removing

5 oxides, dirt, and organic.impurities during repair of
airfoils without damaging or effecting -surface bond
coats or base metal substrates of the airfoils. The
process is especially suited for cleaning deep,
tortuous cracks in the airfoils prior to brazing or

10 alloylng repaxr operations. The process entails using
an autoclave with an organic caustic solution to fully
remove the unwanted oxides, dirt, and organic
impurities. '

Figure 1b



