METHODS OF USLNG HALOGEN-CONTAINING ORGANIC

NDS TO REMOVE DEPOSITS FROM INTERNAL SURFACES

we %wﬁg}glNE ENGINE COMPONENTS Field of the Inventidry [0BOLfIE1978

present invention relates to the cleaning of deposits from the internal
surfaces of turbine engine components and, more particularly, to methods
for removing deposits from the internal surfaces of turbine engine
components and to the repair of such components by coating the internal
surfaces after the deposits are removed. Background of the Invention
[0002]Components of high temperature turbine engines are often
manufactured from nickel cobalt-, or iron-based superalloy materials,
which are recognized as providing greater shape retention and strength
retention over a wider range of operating temperatures than other
candidate materials for these applications. Although superalloy materials
exhibit improved mechanical properties at high operating temperatures,
they are nonetheless susceptible to high temperamre oxidation and hot
corrosion. While the efficiency of a turbine engine generally increases with
increasing operating temperature, the ability of superalloy materials to
operate at such increased temperatures is limited by the ability to
withstand such oxidation and corrosion. [0003]Generally, gas turbine
engines include a compressor for compressing
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Ficld of the Invention

[0001] The present invention relates to the cleaning of deposits from the internal
surfaces of turbine engine components and, more particularly, to methods for removin z
deposits from the internal surfaces of turbine engine componerts and 1o the repair of

. such components by coating the internal surfaces after the deposits are removed.

Backeround of the Invention

. [6002] Components of high temperature turbine engines.are often manufactured

from nickel-, cobalt-, or iron-based superalloy materials, which are recognized as
proﬁding greater shape retention and strength retention over wider range of operating
temperatures than other candidate materials for these applications. Although superalioy
materials exhibit improved mechanical properties at high operating temperatures, they
are nonetheless susceptible to high temperature oxidation and hot corrosion. While the

efficiency of a turbine engine generally increases with increasing operating temperature
H
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incoming air, a combustor for mixing the compreszed airb\{vithglui:, such as
' Loy natural gas, and igniting the mixture, and a turbine blade
wo ba%sbs;éb%t‘?g/ofor prod%cing power. In particular, gas thrbine engffe’ Bpeéti861978
by drawing air into the front of the engine. The air is then compressed,
mixed with fuel, and combusted, Hot combustion gases from the
combusted mixture pass through a turbine, which causes the turbine to
spin and thereby power the: compressor. [0004]External surfaces of .

supetiadlayiliyrbingRAgineCORRRME BERMNIER AN SXRETIRRER HHEL is limited by
contact with the hot combustion gases, are susceptible to high o
temp@gatbiiosidddisn i dheribtiosionl tratasselerates the oxidation

proc hese externa| surfaces are frequently provided with an .
interiﬁgsaﬁ-ﬁic or a|l)18 mifiae ot Ay SRatsBHs A R St R sing

underlying:superalioy.mate gl againshhigh ism e%r%uvh%%g,a&%ﬂ and hot,
corrosion by forming a stable thermal oxide 'scale. ng 1 temperature
oxidationnes hotddgniusione ihtherte ayaer it ds Buificie iy, High s88¥ng power.
form corrosive deposits which attack and degrade time protective scales.

(0003 AT o B ARG EREipaT 2RFFats, Bxtarits eifitebofronpdiakopgine.

turbi ' onents are susceptible to a form of hot corrosion
o e o s TSR aEh hie et Ry s

obsefuafl 08 dbine.e AgINE-CHMNORRINS ORSIRING RS Qﬂ&?%&urbine to spin
Sulfidation corrosion forms deposits on the external surfaces of the

supefaftfiyerateanarciitthectoprassia metal sulfide scale, [0006]Internal
surfa f a turbine engine component may not be protected by either an
alummégor chromige 3%%%&?%%%? AP ST R BB G STRRRERS tHdigh may

experience direct contact with the hot combustion gases, are susceptible to high.
temperature oxidation and hot corrosion that accelerates the oxidation process. These
external surfaces are fraéuently provided with an intermetallic or aluminide overlayer or
diffusion coating that protects the underlying superalloy material against high
temperamre oxidation and hot corrosion by forming a2 stable thermal oxide scale. High
temperature oxidation gnd hot corrosion, if the temperature is sufficiently high, may
form corrosive deposits which attack and degrade the protective scales.

[0005] At lower operating ternperatures, external surfaces of superalioy wrbine
engine components are susceptible to a form of hot corrosion known as sulfidation
corrosion. Sulﬁéationbcon'asicn is most frequently observed on turbiﬁe engine
components operating below 1500°F, Sulfidation corrosion forms deposits on the
external surfaces of the superalloy material in the form of a metal sulfide scale,

[0006] Internal surfaces of 2 turbine engine component may not be protected by

either an aluminide or chromide overlayer or a diffusion coating. In addition, these
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internal surfaces are subject to a significantly different service
j nt than the external surfaces of the turbine engine component.
WO g@ﬂre%gqn%%le, internal passages in the turbine engine compoﬁgﬁf\%égp%“”g
supplied with a flow of bleed air from the engine compressor, rather than
combustion gas, for reducing the operating temperature. Consequently,
when the gas turbine engine is operating, the internal surfaces bounding
these passages are at a lower temperature, typically about 1100F or
cooletnthiad ihe.exdernalsiace si:iis A AANSEAHENcE~ IRt ent than the
corrosion May cause deposits to form on the surfaces of these internal
passaFEstd hefsameltiba tofbsuifideist adepinenr pbratesmidkehbasedassages in
supers ILotX naterial from the walls, which operates to thin the wall sections

of theSE intemmalPAESSTBE  PrIUTEBEIPRHAING M3 ev/atsdny feam te cogine
COmp9&@5&%@&9?%59%9\5Sﬁ%&m@%e{gﬂ-é&%g%lo%%%%%“%émo%em e,

10007IAnother typtof deposit observed in the intérnal passages of turbine
engin€oompongntis dugkpartitiesaansistngataleaMiRle-0kambdbsending
of silica, alumina, and calcium, sulfate. During service in a turbine engine,
these WiATGEHBES difst pAPHEIesIRpRBrare ey A KHSWR @ sroinmdyn the
sweeRings oL z{ggs;n%Road dust: may | 1Q{[ltr.ate mtoSLr)];[SIrlgal %2%3‘%%%88 g{o form

. S a consequence, tign co 7
turbine engine components anC&xé‘epoa on the Mteror Sars
and seliuiiomdie tustNaricaSBAKAITHSer e HIRESRAS corporates
component, which may reduce the melting point of the superalloy material
or mayipfedipitderhalssonrreidroigitidationtoropioneBedansie wall sections
depos(i)%stﬁgat form or accumulate on the internal surfaces of turbine engine

components WhEthEF SEg nATRR FroTs SURLEIBRY CSFOL0N rtiggomponent
particlggucanse JRmMAEs ilis.desiraplela temaye these deposits with a
cleaning process. [0008]Batch thermo-chemical cleaning processes may
be uséebiFiclean theexternal slitacasbidtirdneengine.omMPRe RIS Re
such process known as fiumide ion cleaning (FIC) generally relies on the

high rESEHGRYOINEERRBT BETHEE fTORES8Ecfenfgeie rarur pfabisa,
Howe leaning.inter rfaces of the turbine engine component .
diﬁersxg%}n%%%g%%%%%ﬁgg%e%%ir%umlg external Eégurx aces. ’é%g%s% Bftthrgous dust
flow restrickansminpoeseshyothe ismall siameteor:akipe. eI AaLPASRAALHst, may
(typically from about 0.1 inch to about OS inch), PLC cleaning may he
ineffecBVEBAPEMBYIAY BeposiksTiorhitheniteronpassagesd Frpoktaminiy: interior
WOU'%{%&%@ B}jﬁing todco&%uigt th(}%ases from a FTC cleaning reactor to
the internal passages WhICH raise s FHe BRI thEe SRR "Ny dhs s bipe engine
additiQRniptrleanino.iaadalalivel m.aasgiens.Apd &I?;\é&%g“x%&@';}f or may
unfriendly method of cleaning turbine engine components. BIC cleaning I5

not cuxternasihisedwreturbivebiddes becaise bkthesteRdensyHa fase
intergranular attack on the blades, which could lead to cracking and to

eventd 5! CATEE b PATTRE S SRR B R O TROUBT S THes s iginating
invention.is.dreaier.o. anJmprexed.method. to.clean orremove sulfidation

an
deposits that either form or collect or. the mterna?xgu ?éccs of turbina e

enginehegmpenentaduriiglise groesfsirbine engine. To that end and in
accordance with one aspect of the present invention, a blended substance
includif§%8 haloge RAShEHR e BrEHC CorTsouReEsprefeabhyeesolidiean the
fluoring- Ining organic compound, is inserted into an internal passage.
oUNdan S ICRet S b LSt A B S SR A ST & b
compound and turbine engine component are heated. In a first phase of
the cleaning process, the organic compourd is heated to a first
temperature above the melting point and, preferably, at the boiling point at
which the melted or liquefied organic compound begins to turn into a gas
A halogen, such as fluorine, hi the boiling fluorine-containing organic
compound readily reacts with the deposits. The deposits may be dissolved
into



WO

the liquefied and. boiling organic compound. The deposits may also be
W&fgg%&hemically by the boiling organic compound to various ,
alogen-modified solid compounds, such as metal fluorides. s {H&2007/061978

organic compound boils, amounts of vapor are released that contain

amounts of the organic compound and the dissolved deposits, Preferably,

the material constituting the deposits is fully converted to

halogen-modified solid compounds and/ur dissolved into the boiling

orgarie ciempgUHL:) Barcting kegsine chior SoRVELSIaNIdISSHMIOR Bld8@Skuns for

partially determines the treatment time in this initial phase of the cleaning

proce¥S DB FOEAIFEPEESEgushrSEen n plirse et etrbatmeithprodesspgine

the temperatyre of t I_ %gﬂi{i”%log anic. compound and turbine engine

component 18 raised 1o a higher [am perat &R Fo M S EReT e hisersata

The seeORGHieRRe r&&s&%&%ﬁa&&%ﬂKi@@k&%%&éﬂ%&@%%&%‘{%"%‘é&%@ from

of halogen-modified solid compounds, the liquefied organic compou% ,

and disss e diphateriabintthéntiguefie dswganicpampenieiot ginating fie Mposits

the reacted deposits (i.e,. metal halides). The vapors or gases: are

removed HPSMTHE" iRtEHESpASS AlTE RN SH e tiBiReE terrgiict the gases from
compaaenhiy;maselensea el iiegases tigugh the ftemal passage.
and any interconnected passages to one or more ex ernai ports.

Preferabily, theditpositiaradullyremarad.Bynihersheraicahfleaningu.y
process. However, any residual deposits are believed to have diminished

size ANt taPerstsd e dlosminadukiarratisartasedyte Btickaithe builing
organic. cgmpound. These lopsened deposjts may, be removed from the
internal tpassa%léS %ygg‘suérsglgr?(?agr%e ?%ea r%%r?t% %ﬁé‘ﬁ LB IO RARE BUsFGrYpr attack
air blagtnfRdLNIIHQraWak£ 8RB AROILCINE CORNNG, SHENAR R,
chromide or aluminide coaling, may be optionally formed on the cleaned
surface to repair regions of the internal passage from which the deposits

have é)eets cleaned and to also provide a protective coating to reduce

the likeft 5t 5 ditional sulficiation corrosion. The coating may

be fofgagsh by placig.achspmivmg:containing or altuninum-contal ing
-substance into the inxt%nal passage along ?I%I?% a ﬁﬁgﬁﬁg(ﬁcrgﬁ%é?#ﬁggem o
organienoearpBidadot-teating the: bitkingRaNeiREISAIOR ISR EASESINS of turbine
chromium-containing or alumuthurncontaining-substance to release a

vapof tBRtERG Rl et Shhitheraira, Whkshtienttanéportectdance with
throughl the interpal passage and deposits on the internal surface o
bordering the intefn%%aﬁ%}gs%‘é%né%‘hac%g%}%ﬁ% ORI A SRS ORISR FAining

'alummgmic compound, preferably 2 solid fluorine-containing organic compound, is inserted

into an internal passage bounded at least a portion of the internal surface and the organic
compound and turbine engine component are heated. In a first phase of the cleaning
process, the organic compound is heated to a first temperature above the melting point
and, prcférably, at the boﬂing point at which the melted or quueﬁéd orgzm%c compound
begins to turn into a gas. A halogen, such as fluorine, in the botling finorine-containing

organic compound readily reacts with the deposits. The deposits may be dissolved mto

b



,[0012]The present invention may be integrated triton process-that repairs,

wo RipiRishgs, and rejuvenates used turbine engine components such that

. . : PCTUS2007/061978
they may be returned to service. Such repair, refurbishment, And ’

rejuvenation advantageously permits otherwise-unusab_le turbine engine
components to be returned to service following appropriate processing.
[0013]These and other benefits and advantages of thc_a present invention
shall be made apparent from the accompanying drawings and description

theredfe BaiefiBbsutiptions of the Rravings. (A0 43162600ARBMYIRG dificd
drawings; which are incorporated in and‘constitttjte a part of th|§ o
specificaisAIRIHabe LRcraBpigirtaRr Bt dtie TavertimioasdrtogBtkdentivith

gescriptipn, j i [ he detailed
age seription of nyention, given %bo,ve, and t € ‘
descrr]%rt%n of thgxt%egrﬁbglag?ﬁ?gﬁ? %l\%npbge%{(})e RS I R e iR gy apor

of theataveaiion {AGbhikigilols:8 HAGANMANG HIRINAA SMHINGCRMIRG .p osits,

component with deposits on an internal surface;
Preferably, the material ponstituting the deposits is fully converted to halogen-modified
solid compounds and/or dissulved into the boiling organic compound, The time
required for conversion/dissolution at least partially determines the treatment time in
this initial phase of the cleaning process,
[00107 | In a subsequent second phase of the treatment process, the temperature of

" the boiling orgéxﬂé compound and turbine engine component is raised to a higher

temperature above the first temperatore. The second temperature is sufficiently high to
promote rapid vaporization of halogen-modified solid compounds, the liquefied organic
compound, and dissolved material in the liquefied organic compound originating from
the reacted deposits (i.e,. metal halides), The VEDOTS OF gases are rémoved from the
internal passage and out of the turbine engine component by mass transport of the gases
through the internal passage and any interconnected passages to one or more external
ports. Préferably, the deposits are fully removed by the chemical cleaning process.
However, any residual deposits are belisved to bave diminished size and to be loosened
from the internal surface by the action of the boiling organic compound. These
loosened deposits may be removed from the internal passage by a secondary treatment,
such as a solvent bath or an air biast.
{0011)] After thorough cleaning, a protective coating, such as a chromide or
aluminide coating, may be optionally formed on the cleaned surface to repair regions of

the internal passage from which the deposits have been cleaned and to also provide a
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WO 2007/095490PCIPES2007/061978 [OOlGJFigs.h2A7C,;) are
' atic cross-sectional.views of a portion of the turbine engine

wo %ﬁ‘é%’%epnt of Fig. 1 illustrating deposit removal from the int&’rﬁy%}ﬁ%&“‘”g

in accordance with an embodiment of the present invention; and

[0017]Fig. 3 is diagrammatic cross-sectional view similar to Fig. 2C

illustrating the optional application of protective coating to the cleaned

internal surface in accordance with an alternative embodimgnt of the

presentinesiionidesales-iRsarintiobf:RESIRL e EMRPNIMEALS, corrosion.

[00181,With reference to Figs. 1 and 14., a turbine engine component 10

(Fig. Tharreridesrat hefamceédvbsﬂmteg]ﬁz"chm fmmu' tetfclhbmmh gmhlim%lnuﬁ&b;irﬁinmg

or iron-based high temperature superalloy from which such turbine engi ,

compsgﬁgﬁ?&fﬁ%?é%%‘i%ﬁ%ﬁ?ff‘?ﬁ%ﬁ@“@‘Wé%ﬁ&‘%ﬁ%ﬁ?t?ﬁ%%ﬁﬁiﬂ@ﬁéﬁum

cobaltlsuby welgbhibe sinole grealtel element g supialioy maledal, .

which may also contain minor amounts Of tungsten, ﬁafnlum, rhenium,

molybdenning tahtalumcniebiim, wiasitiikaahrerBiue ’Pﬁmunmgﬁﬁnum{ which

aluminum in the composition. During use, the turbine engine component :

10 is FIGRRTRSEH HERSHE SieTe pers protiratyiremotre thfrom tiigacs bordering

turbi ing dining normal turbine shutdown or at a routine
main?gﬁzﬂ%ggiln%w " Rithougirthe turs! éa’ite\{;r%ﬁ%om%@ﬂﬂ'ﬁ“%

depictent 2is a gasieeoieckNigh-pressyie Eyz' mﬂ{%abé@%tp S;QJ&%%% repairs,
invention is beneficial for cleaning and optionally coating mt_ernal surfaces
of otHeRpbes ofsoripsmerss e wdimg, dagtratlimitechtoshighprasstre, be
turbmr%t@r%éé lt% QC%‘?& Such repair, ‘refurhi.shment, and rejuvenation advantageously

permits otherwise-unusable turbine engine components to be returned to service
following appropriate processing,
[0013] These and other bepefits and advantageé of the present invention shall be

made apparent from the accompanying drawings and description thereof,

Brief Description' of the Drawings

[0014] The accompanying drawings, which are incorporated in and constitute
part of this specification, iliustrate an embodiment of the invention and, together with a
general description of the invention given above, and the detaiied description of the
embodiment given below, serve to explain the i}rincipzes of the invention:

{GQiS} Fig. 1 is a diagrammatic view of a turbine engine component with

deposits on an internal surface;



vanes and blades, low pressure turbine vanes and nozzle guides,

WO Sosdse@r any other miscellaneous parts of a gas turbine e{;tg' SJQJOL)/%%IWS
in aircraft and industrial applications. While the advantages of this
invention are particularly applicable to turbine engine .components 10,
the invention is generally applicable to any component having internal
surfaces susceptible to the accumulation of deposits.' [0019)The turbine
engine componeni 10 includes an airfoil segment 14 designed to be in the

high-ffiés8ure, hoFaisfow®athddfgagasturbine engin (Rt sReWMrtion of the
Projecting from airfoil segment 14 is a contoured, dovetail or 'root 16 used

to seliPG RetifirEneAgihe’ EbmbBheHaties e ppsiotow altiirvirbediskrtabt

show, p ' 2EN iQ .(;I'heaairf il segment 14 joins the root Ib
ata p%%glgif%%%;%%%glﬁs%ra% fﬁ%@ﬁé’%}%" TEURTERR Bottruct

including7the airfoligegmenthdhnthe: r&@&sl@cﬁl&%ltn?emﬁggim&ﬁg 2C llustrating

[0020]Extending through frit substrate 12 is at least one internal passage
20 bomerstrisy zrisedealiquriace@doafithecstibsteatedi-frackuifierpal
passage %Q inter%(?cts an external surface 22 of component 10 to define a
port 24 St ORE open BAT RAH A EROHEF A HisteratRYWARkeh may bt.-
similar to port 24 or differ from port24 in geometry, at an opposite open
end that also intersects external surface 22, Each pon 24 communicates
iRecaitedi fornordmi auet Gretlingd enbubinRmengine component 10 and
defines an access opening for a flow path extending through the
correPdtling intStHArgasssy e Bt prdtidtd arnthiodrainat passage R0Fiz. 1)

may permita. ing. iy between port. 24 when the turbine engine:
component 10%%5 r%% algrf{(’?é\gt{fﬁrilasltr]%téJ Sr%g e BT SHotRT Sngf BieBersH bigh

Servi@ﬁhibl&rﬂﬂlhiﬂ@l@?@ﬁﬂﬁ- WHhen flow, 9&9%'9?&&&@&@@&&%% Qfe commonly
reducing the operating temperature of the airfoil segment 14. [0021]The .
interfBSurfaed 2t gemkatinteindl pads] ageodiasdymulaiesdepgsits 26t
that fgrm or collect Wh§{1 the turbine component 10 is in service in a gas

turbine engine. The daposiTe S& &Y FormE R Qe sraLaraivey HoHsHb ungsten,

corrosienumeshanismeysh-Ass Widation soosion. Aliernatively, the  iaor
deposits 26 may be collected as '
aluminum in the composition. During use, the turbine engine compaonent 10 is mounted

in a turbine epgine and is normally removed frbm the tarbine engine during normal
turbine shutdown or at a routine maintenance interval. Although the turbine engine
component 10 is depicted as a gas-cooled, high pressure turbine blade, the present
invention is beneficial for cieagling and optionally coating internal surféces of other
types of components includin;, but not lirmited to, high pressure turbine nozzie guide
vanes and blades, Iow pressure turbine vanes and nozzie guides, shrouds, or any other
miscellaneous parts of a gas turbine engine for use in aireraft and industrial applications.

While the advantages of this invention are particularly applicable to turbine engine



indigenous dust particles, which are commonly known as runway

WO %ﬁ’ﬁ}@%ﬂ&f or Arizona Road dust, from the ambient Operatlng environment

ine engine that infiltrate into the internal passage 62(%2(98389?78
on the internal. surface 21. Other types of deposits 26 that form or collect
on internal surface 21 during service may be cleaned. , using the
principles of the present invention. While the mechanisms of deposit
accumulation and resulting damage differ between Arizona Road dust and

sulfidatipaseales, thesleaning netheds.aie.sHastantally. F&!&HPQN&% internal
(0] .

removing both varieties of - these deposits 26. [0022]With reference
Fip.. 21i3caneh2@ptive: deposite2iniay bixdrpmaved from the internal
23 by a cleaning process that is injtiated by inserting or placing an

surfa ' . ting

amo %ﬁ%? asu bs@ﬁé@%@i?ﬁ%‘%"f@@gf”ée%’rﬂé‘?f’]é‘fiﬁ%éliﬁtéfﬁ‘rlaiﬂﬁas@@aé‘é

2(1 Various, teghni ' ent.t sgn.having ordinary skill in the
AL T A e

An exemplaBfigebnigaeds.iaplacethe subsianse 284109 @:8WiNg8 88 8sed 1o -
then manipulate the syringe to introduce the substance 28 into the internal
passHEFe 26 (DO ZIFrReutsReeE) Whithian e asbpartalyifiisithen) of the
interngi assage l20 er being placed therein, includes a _
haIo&enE-l)(l:a(t)’r{%‘taﬂgﬁL Igmbar'gkgnai%g{ 8%%%8‘5%1, S8 58 LRt Ovine: ebitheaming The
OrgaRicLAmPOYBLkithe: luarng-conalning,oreaniGeampauad. whieh js.in,.

a solid form, may be either a simple organic. compound or a polymeric .
compéur. tspiifiersidod by a Person having ordinary skill in the art, a

polymeric. compound includes repeating units that are derived from lower
iy

moletCUrar weight EoRRIBEATS #R s 4 2 S AdFath oG erismaimipey 20
orgagic, campounds thatineludes for example. brgmine, chlarine

combinations of bromine and chlorine, or coinbinations of on %Sré%:tﬁe
with fluenieaes moybendsedas sbstipiacian the fuainepoLoataiBingpen cnd

organic compound in substance 28. ,
and at another port (not shown), which may be sirnilar to port 24 or differ from port24
In geometry, at an opposite open end that also intersects external surface 22, Each port
24 communicates with the environment surrounding the turbine engine component 10
and defines an access opening for a flow path extending through the corresponding
internal passage 20. In particular, the internal passage 20 may permit a flow of cooling
air between port 244 when the turbine engine component 10 is mounted in a turbinf;
engine {not shown) and placed in service in the turbine engine. The flow of ;:ool’mg atr
is effective for reducing the operating temperatare of the airfoil scgment 14,
{0021] The internal surface 21 of the internal passage 20 accumulates deposity
26 that form or collect when the turbine component 10 is in service in a gas turbine

- engine. The deposits 26 may form as scales arising from a hot corrosion mechanism,

such as sulfidation corrosion. Alternatively, the deposits 26 may be collected as

-8-



[0024]Polymeric fluoririe-containing organic compounds advantageous for
I stance 28 include, but are not Minted to, organic _

WO %;(l?ﬁ/ruoa[%%?mers. Particularly suitable organic fluoropolymers FnCcTLG‘&%Z“BZfP 61978
are not limited to, polyietrailuomelitylene (PTFE) commercially available
under the trade name TEFLO1s7c from DuPont (Wilmington. Delaware),
ethylene-tetrafluoroethylene (ETFE), which is a copolymer of ethylene and
terrafluormithylene, and polyethylene-chlorotrifluorocthylene commercially:
availablgasndetthe sradenamiehbALAREN TP I AUSINRRLY SsReplAS or Arizona
(Thorofare., New Jersey). RITE melts at about 5000? and decomposes at
tempBratutes Ay apibsBUP T o euteHastctshpyrdisismiod tetsyfiltrate
It Ml A about 490F. 80 dscompeses above the melling ot io .

polyethylaneschiorsniflauaciaylensmeltsat abo H&é@@&x@@g may be cleaned.

decomposes above the melting point to produce gaseous pyrolysis
produetss BOR5KTHes stbstarrse 28 eaynfurihae ihelwdenanbindef dended
or mixed with the fluorine-containing organic compound. The relative -

propSFiEH BT FISHTE ot iash GErg AR SompBamtRet & Himerifidrion
MU ol LIRG, S RIRRCE A i NN IENLUAD, AMONGARE oriues of
variables, the extent of the sulfidaticin corrosion damage and-the geometgy

of thetintednalspagsage 20. The addition of a binder, which may or may not

- be water-based, is believed to be particularly advantageous if the
fluorif®2Ebntaininy WrgeliaTence i FtndBrmsubiSt drdepSiis 26 the formrsived from
discr%gigﬁpggﬁ%ﬁ such.as a Eg{)ﬁvr\l/_(%ller. If.nottglread% supplied in a powder -

_ form, the fluorine-containing orgame compodnd h SBSEHRE S8 HREp re 20
grounchiinia & pouienc¥RichdnarhaysARRMIGIE sizen thesangs of fiom
about -60 mesh to about -325 mesh; and blended with the binder before
insertishfans therrtetiakpassagevaQ criiessyibsihnck28tmay eptisnallihsert the
include, solid carbon, such aS patrticles of graphite, a metal carbide, or

combiRAHBHE ThETE R T TBTARPES AR 1y TE BRider Fohigesii sunatatice
28 is aupelyrershraze b lal. sHeh tronics 4B3, which is e
commercially available fro%%%%ﬁ%%ﬁ%? E‘%Bgrc%g%?ié)r] t?\ﬁ}( %%bégl%%%’ w
whichisgommierciallypasagable from DSM Technologies Ltd., (Cincinnati,

OH), that may have the form of a viscous paste. The proportion by volume

of thelHfifdtine-contimititr Brganit Ebisis inse irrgimistiRe B o tediaee?)
may for. le,.about. 9515 for.a mixture of RITE with Cori-allies ‘
s R e St BBty °
cleanfee:thatbiiiamhne-rasichignisiel. bahi ﬂqgﬁﬂ%%pé@%@c%gﬁound, .
consumed by the cleaning process, [0027]After being placed into the
internBtipassiagesol! fhatsulsterid 28 Mrhkrphmate dotoppredipitateliymeric

cleanin%ofdecpogits %6 from the internal surface 21. To that end the
O QUNG, S PITH

turbing engine component 100 AT haY TeSliBermtt Bahinate polymeric
internghaassagedetax.hplasedina AR ANEAIG A (FIY. AC) sudh
as a furnace, that heats the turbine engine component 10 and substafice
28 to tenmoendtuiesrafiective. tObeaibilezsliquely)iapdryaposzaiheds mat
substance 28 in a two phase cleaning process. The atmosphere inside the
furnaf BRRIGSN R S0P TR (AP DR O L) BRINEE Prorfi e rmsicaRd Fitenar:
environment predominately consisting of an inert gas such as argon or
nitrogen that has displaced atmospheric gases, a vacuum environment
substantially evacuated of atmospheric gases, or a partial vacuum
pressure. A suitable partial vacuum 0.



environment may be a pressure of about 120 Tom provided by coupling a
WO i@"” gl vacuum pump to the retort of the furnace enclosure 30. [0028]In
the phase of the cleaning process, the substance 28 is RE{EqRY Y6178
temperature effective to at least melt and, preferably, boil the
fluorine-containing organic compound in substance 28. The first
temperature in the cleaning process is ‘above the melting point and,
preferably, at the boiling point at which the melted or liquefied
fluorlmﬁmm@@fm@tﬁmﬁu&%@rﬁm%g@aQ%QUB%H{&A'%%?t% Sorine-
or vapor. Tne-first temperature may he established by beat transfer from
the hEAYEH R BiERErgnRcEthiporienint® 2&vhich may itself be heated to a
high%g}%%peStir%gue tQ h§at losses. For example, if the

fluorine-containing Organic CoMBEaREH S EEaHePPBIe KRRy sh@zeous for use

substares:A8-ay AU 0,00HNg.I 8., Aoyt ﬁggﬁé for ety (20). 10

thirty (30) minutes during the initial phase 6f the cleaning procadars cwtarty

[0028}Ttheldicpgerie diamdpbbiting Marine BankaiRi g AHgaRIC LNRIENT veihyione
contains quorine-contain{;ilggas ecies, which readily reacts with deposits 2%/5

at the 1BV SH TSV yeimehainen tetigrir el élbmegativenand

a streqgQxidizing age produce reacti roducts, such as fluorides, by :
direct chem%al reaction %/i/ﬁﬁ‘yi'enﬁo%%%?g’é? B85 LHSR Protichdsmaigpenct of

deposiisiat may-berdisselvaehasasIiginta e substance 28, may be

transformed or converted chemically into a modified chemical compound,
such A8 R EohYtrIvH el e testilt nefrros-dithe Rtemabsurface 8L of the.

intenaﬁl} pagsage %(} or ma]ygkg_g converted cherrlically into a modified -
chemical compound thatis sUspEHEEd RS Haiiittiand Asartapaprtistemperatures

liquefies:sulistanoer28tLIAe3Q)Gens fluoxin -@@gmi organic .
compound in substanc?%B is %aintg?él%g{gs?#goé%\féte oﬂ%% at Zbout 480°F
tempeidigrerfopmsclbariitig tirmierpuifinient e pEaMateth g NisAk CABMELSION ¢

of the (?e 0sits 26 to a form that can be removed or cleaned from the

interRAFSHNARE PIoreidliarpri ergimte shibon AR o alpdoeprientddye the
suchﬁgﬁ@&ﬂgg&%g&ggs&%gs% does II;IIO'[ flow out of the internal

passage 20 during the cleaning 5%0 SsS. -Rﬁlécrtﬁatively, tooling may be
used'@9ZIbse onens muenandt POHS2A-@BANEE IBAMESINALY or mixed with the

communicate with fnainternal passage 20, such that the boiling solution Is
fluon ne-containing organic compound. The relative proportion of the fluorine-
containing orgarxicj compound to the binder in the mixture constituting substanc; 28 1s
contingent upon, among other variables, the extent of the sulfidation corrosion damage
and the geometgy of the intemal passage 20, The addition of 2 binder, which may or
may oot be water-based, is believed to be particularly advantageous if the fluorine-

| containing organic compound in substance 28 is in the-form of discrete particles, such

as a powder. If not already supplied ini a powéer form, the fluorine-containing organic

compound in substance 28 may be ground into a powder, which inay have a particle size

in the range of from about -60 mesh to about -325 mesh, and blended with the binder

-10-



WO 2007/095490PCT/US2007/061978 retained in the interréal pazs(:)sage.
i6al time or holding at the first temperature may be about
wo %lzﬁé%@s&%g about 30 minu?es, although the invention is not SOP%gﬁzl(m@mws
second phase of the cleaning treatment, the temperature of the _cher_nlcally
modified.deposits 26 is raised to or above a boiling point or su_bllmatlon
point (he., a vaporization point) of substantially all of the reaction products
i;urn the initial phase the cleaning process, which produces a vapor 32.

Prefetafsiy, ithistsedondite mperatpredgdighenihanstiey aparizaienR0iNhciude
of the mast Manually-stable, reaction product in the chemically modified

depodii e ePhe B 04 RS BE AR E SO Tise Chrshideatly qeroblifiigns thereof.

deposj may he mplished. by heat transfer from he‘heate_d uirbint:.
enkaﬁgéécg)fnpone%i S1§C£)%a(:t(}:%'eh pgé)c?ogﬁn ?é%ﬁ%sr% ﬁ?é%&tg?ﬁ% CARRP R R braze

than thiedeoiling teneper alurexehifie:fiu OHRR R ARG AFANGICATRIMRD tronice
in substance 28, which vaporizes the fluorine-containing organic L

comp@&sﬁd(ﬁi@hbmd}%é%@ﬁj@ﬁngiﬁhisib@mwtimgmpapﬁnﬁwmggved

by mass,transport, along with the vaporized portions of substance. 28,
tr?/rouzlshcc{ﬁ‘é} ?ﬁ%?%éﬁéﬁ%%@@‘?@%% F%?é&’@é e mEeiaen 8F bF e tuippitfe The
enging-gemeRBsnLIa. Eorexamale e chanisal madied deageits 26,
ma?y t?é heated it a ter?perature of é,cboutlll Olfanéﬁ‘or?%eﬁxrlnéno%‘a out =
thirty (30irinatesto freformpk, bake: 05 dovaARBGROWSINTREARI Cotronics 483,
envirqﬂg%ent mainrnjtted at a. partial vacuum pressure that transforms the

chemicaily SR U OSE DB 46 ViRt Bt chraved ahisivelen & that litte

persop haudngerdinancall indne, artul sppiaciats (hat fhe fme.

t ing process.
- temperature and pressure may he varied to enhance FemOVAlBF gt

chemioatty] modifiediaeposisize dkak mm@@%@ﬁ@pgﬂ,m%sme 28 is then
temperature may be as high as 1800F. The flow rate of vapor 32 through

the inbePfAI'DAESRI LD Ol tiingesits Anfong Gtherevadiabtess the To that

dime%%i&? 53 ?t];rggga IQ&g}%réagopn%:,so%%gte lg,o which has the substance 28 inside the internal
passage 20, may be placed into an enclosure 30 (Fig. 2C), such as a furnace, that heats
the turbine engine component 10 and substance 28 to temperatures effective to boil (l.e.,
liquefy) and vaporize the substance 28 in a two phase cle,.aning pro;css, The atmosphere
inside the furnace enclosure 30 may depleted of oxygen to provide, for example, an
environment predominately consisting of an inert gas such as argon or nitrogen that has
displaced atmospheric gases, 2 vacuum environment.substanﬁaﬂ-y evacuated of -
atmospheric gases, or a partial vacﬁum pressure. A suitable partial vacuum
environment may be a pressure of about 120 Torr provided by coupling a liquid ring
vacuum pump £o the retort of the fumace enclosure 30.
{0028] In the first phase of the cleaning process, the substance 28 is heated tg a

temperature effective to at least melt and, preferably, boil the fluorine-containing

-1



WO 20071095490PCT/US20071061978 [00321In an alternative

linent, the chemically modified deposits 26 merely loqs from.
t Hgy?r?%gr}%al surface, but not fully released from the internal %@@géfmmm
may be removed from the internal passage 20 by a secondary treatment,
mall as a solvent bath or an air blast. The loosened deposits 26 may also
be, removed with dilute Aqua Recia oassure water. Residues

from the cleaning that remain on the internal surface 21 may be removed

by expasingotheotesithietermtetiticing atmasphera-is a s1RseaUYrocess is
process step. For example, an amount of a metal hydride, such as

titanRAPRY hifa Rt e ap iHeaprh ety thethatbe ElgzasbyevhDahe elgddr -

RO Hi byt e L R SN TR o N
residues. Residual tianium from the reactdd tahiam iy &y moto & gas or

advapiageeusi: anerate A So e IGamAAUR gf #8:NeHRIMES 1he heated turbine
[0034]Advantageously, the suneralioy material constituting the turbine

engirectemparentiisviypicaty it e mical byt tortherature due to heat
fluorine-containing slpecies in the substance 28 than the deposits. As a

resulf e SGb&HARR'>6 IS RO STBHIfRAAt dSHFaYE S BYRMR Ciagnes 28 is
procesgNgverneless, areas onthe S4Rinal SUfass a3 @ksiks @ggf%&m w

may be masked during the Cleaning procedure if masking Is require
[0038}inyacoprdanee witheanedligmative embodiment pfdhdryention mid

with reference to Fig. 3 in which like reference numerals refer to like
featf¥8%h Figs. Fhedausfinsterd pEatigrisauionsinintheeriimotipound contains

chrogiehcosting 3¢ maheontonaly eappled oL sprled io e

t
cleaned interna _ e ilum-containmg coa

contaipgenelallicahiamiundn exeess KAty 2meuRhet CREABMIE Rt sent may
-may he present in the base superalloy of substrate 12, Generally,

chromief¥re satsirimgodoatngsB4-farei édy Bn thgeotisfgcfUrbineengindeposits

companents 10 operating in low-pressure: engine stages.

6. The reaction products from the deposits 26 may be dissolved as a solute into the
substance 28, may be transformed vr converted chemically into a modified chemical
compound, such as a solid fluoride, that still adheres on the internal surface 21 of the
internal passage 20, or may be converted chemically into a modified chemical
compound that is suspended as particulate matter in the liquefied substance 28.

10030] G@neraﬁy, the ﬁuorine-cohtain}ng organic compound in sub‘stance 28 is
maintained at the elevated boiling temperature for a cleaning time sufficient to promote
chemical conversion of the deposits 26 to a form that can be removed or cleaned from
the internal surface 21. The turbine engine component 10 may be oriented such that the
heated substance 28 does not flow out of the internal passage 20 during the cleaning

process. ‘Alternatively, tooling may be used to close one or more of ports 24, and other

features that communicate with the internal passage 20, such that the boiling solution is

-12-



WO 2007/095490PCT/1, 8200 7/0619 78 [0036]As an initial step for

wo Iarmisgdhe chromium-containing coating 34, the substance La?z i
the internal passage 20 is modified by the addition of an amlozgﬁ 0 it 9sos

elemental chromium or another chromium-containing material (e.g.,
compound or alloy), which may be in a powder form. In one specific
embodiment, the 'substance 28 may include about tour (4)percent by
weight (wt %) to about 8 wt% of chromium metal powder, about two (2) wt

To ofrktitheailia ttdwee (2 Y 94-0f @m%ﬁj&mf%g)fliggir%r?agtp@'}ﬂgtct%mpemtum

alumina powder of mesh size -325 and 99% purity. [0037,)The substance

28 is Madnhsdbro 8dariplesitvsitientie heated nictesgraiR0naha demper Ul ited.
effecliib/&ﬁ) releasg a vapor containing chromium from the elemental
chromitim’or chromitiFCeSHRAMHY Bisering tis i sy Betsros 2B Tofahe

vapoeisasloassdom e auhsIANee 28 upll the amount o slements
a

. ! > 2 Dot or sublima
chromium Or chromium-containing compound In subs oe 28 35 ton

consanrediaypicallyizsubspanceo &issfhacp swned alteb e HIeaning, me
andiqr coating process is completed. The vapor 40 is mass transported as -

a stréBNF RO e TR NEtRTST B TFRcHHibeSatRs 20nwbintEraitstwitlithescond

internal, éyaf@&g.ggr%gi transport. Specifically, chromium or another
chromiu?n- g st srtangé'izsvg %%?"sﬁi%a from %ﬁg)?/ﬁ’ﬁ’grtﬁﬁ’ﬁ%ut‘f@me reaction

chromiufuecontiginingnaaniing d4-amie e interpal SUiRCe g1, theYanal.

40 is.supplied to the internal passage 20 for a time effective to coat the

inter AP Sifithteedildvisnesicnomayhecontainingecanting: S4nster from te heated

DO RIS RO A Bed Erpatr g bt M o

' ' boiling temperature of the fluorine-containing organic compound in substance 28, thcix '

vaporizey the fluorine-containing organic compound in substance 28, During this bake-
6ut, the vapor 32 is removed by mass ﬁanspcrt, along with the vaporized portions of
substance 28, through the internal passage 2{}' for release 10 the exterior of the turbine
engine component 10. For example, the chemically modified deposits 26 may be heated
at a temperature of about 1100°F and for a time of about thirty (30) minutes to perform
a bake-out advantageously in an environment maintained at apartial vacuum pressure
that tfanéforms the chemically modi.ﬁeﬁ deposits 26 to vapor 32 for 'z‘"emova!. However,
a person having ordinary skill in the art will appreciate that the u‘mé, temperature and
pressure may be varied to enhance removal of the chemically modified deposits 26. For
example, the vaporization temperatere may be as high as 1800°F. The flow rate of
vapor 32 through the internal passage 20 will be contingent, among other variables, the

dimensions of the internal passage 20.
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combined cleaning/coating process than the first and second
tures required for the two-stige cleaning treatment alone. For

wo iegx@@q%e,blthe substance 28 and, optionally, the turbine engir{)ecg()[rﬁf)%oﬂéﬂﬁtwm
10 may be heated to a temperature in the range of about 1850'IR to about
1975F, preferably about 1850'F, for approximately four hours to coat the
internal passages of Most turbine engine components 10. 100393The
temperature of the Substance 28 may be ramped initially to the boiling
and vapr»jzation igmperaties ehthaifliiter recontaining agame eompeund
for a time effective to clean or substantially the internal surface 21 The
substapiel isatrerifonchrddtora Mighes tenmpe fatlrelstfedivenichralizasal
or Iibe’r%te vapor 49 that inc ufges the, va%orized ‘ .
chromiUM-ContAINgG -eUBSTANcE” WhISH A ATt T STRgRAME Hotsmeaf such
passage 2O.far ferring the.caating. 34,108 IRpIRRIalEe. Ot SHRSIRRGR &Bwim
may be ramped at a rate such that vapor 32 and vapor 40 are both
preseiitwithinatRegintermahpassager2@over at least a portion of the
beatitrggci?time such that the internal surface 21 is cleaned and coated

substéHtially simuﬁ*t%ﬁ‘f@&ﬁQ%\mﬁéFFﬁé”&d@%ﬁ?&@Ebﬁ%%@mﬂir%%le may be
depo?&ﬁ&@é@?@i@@%@%ﬁ%@ﬁ%ﬂ&@ ?{g d nctigutc,l}ne %?xag%gxéé irg é%cz%r%bxlxgi-lt rocess step.

1
however, the internal Surface 21 Is cleaned ot deposits efore receiving

the coatingagdiguehithahabthenteastamajaidy Qe SePsHeear8e placed
removed and, preferably, substantially all of the deposits 26 are removed.
[0040RYsihg THs M etoe; Bmddersréuodsipeatrssty byjakre balemitsective for
may be1epalied: The chromium.gontand coaling 34 also offers e may

environmem%f or profde%?f’ve §F1|e ng

resistanca:fdhesuperalioyhase- netaaldhe sihst aRtdhe, This improves

the reliability, maintainability and quality of the turbine engine component
W. Inigéptcular, thedehregrersiscdntanpingicoatingid4is effediy s toubroteaigne
the component 10 against future hot corrosion at operating temperatures

beiowPABBRIIENCABIRIFH YO e oY i ai8o R &7y R eetes in the
fiurn the GleAnNGRIARE SR 0L AN QR thE LISIR! S41(ACS 8duiricantly dameged

by the cleaning process. Nevenheit':s:s, greas on the external snrface 22 of substrate 12
may be masked during the cleaning procedure if masking is required.
[00353 In accordance with an alternative embodiment of the invention and v}ith
. reference 1o Fig. 3 in which like reference numerals refer zé Like featnres in Figs. 24-C,
an internal coating, such as a chromium (i.e., chromide) coating 34, may be optionally
re-applied or applied to the cleaned internal surface 21. The chromium-cantainiﬁg
coating 34 contains metallic chromium in excess of any amount of chromium that Iﬁay
- be prcscntAin the base superalloy of substrate 12. Generally, chromium-containing
coatings 34 are a&vantageous for turbine engine components 10 operating in low-

pressure engine stages.



WO 2007/095490PCT/US2007/061978 [00411In use and with reference
wo Ihiess4A-C and 3, the turbine engine component 10, Whic?(?ﬁ%ﬁ(ﬁ; 061978
removed from, the turbine engine, includes deposits 26. Substance 28 Is
prepared and inserted into a portion of the internal passage 20 through
one ofthe ports 24, as shownAs shown in Fig.. 2C, the substance 28; and
optionally the temperature of the gas turbine component 10, heated. to a
first cleaning temperature effective to boil the fluorine-containing organic
comfé3Abl in substanéei28 siwhioh forovidescchemitahreaetivitg withing 34, the
deposﬁ'gstZG iqternal surface 21. The temperature is eIevated_further to
vaporize the SUBSEAR B aRiFir erstarcliy-medifrbudsoxidize fen
rem 32 out of the internal passage 20. fis
\shov?/ﬁr?tiJ ﬁ%%ﬁ%ﬁ%ﬁ?ﬁ a%)? %&pﬁocr%} Ay Rcude 3 e Igat‘.m%g(&g"
chromuperdntaining campeundonalipyrieased AoNaRUAQ. I INMLe he
optional chromium-containing coating 34, preferably, after the cleaning
procBES T RAYEacHI S HyStA Rl asmrstuidedy S804 Nhite theupsesEnb
invenii s been illustrated by the description of an embodiment thereof
and %%%%??%&%% I()e“éc?eéh%g%vuﬁﬁcéctﬁ% grtn%(?% iRt AR HEEH A d in
consideraiiendetaibritds-netbiniendad e, restigl A ip ARy way imit the, ..

scope of the appended claims to such detail. Additional advantages aﬁ’opumy'
modifi€dtions wil feaitytapp dartddheteskilednit thedant Fomexampeurs 30,
althoatggl’tlethe resen E:in‘vention is described herein in conjunction with

applying A CAromiGm-comt SRR EoatiRG: sPperaiss HAORIG e sidimtal
the asuilhaperesiatehalsoating bave.a different composition, sich as a

significant aluminum content as opposed to chromium content, In fR 018

|latterdtasadibnmaheaniount o Atnelensaniakal urRiBma:ARRH G AHOYium.
or an aluminum-containing compound such as aluminum chloride may be

addS B EB SR TI P arptawEs of forenmyrah Aunialimsebyitamingis fully

coating fhat may.be. appropriate for turbine engine components used in
high-pressure enrgir?e stgéne‘:’sz.méﬁoer Tverition 17Tt BrERk $hspRctang 40 is mass

therefare neddiwieddothrspecific details. ﬁ%[ﬁz%egﬁgyé/%%@ ﬁﬁt%c@ﬂgﬁh the

methods and illustrative examples shown and described. Accordingly,
depdfi§red asEbe ffiedesfrenirsuc S detditslivitiouttieparing fko rhifi@um-

scope or spirit Qg afgglicant's gene;ral inventive concept.
contaiming substance 1s deposited from the vapor 40 as the chromium-containing

coating 34 onto the internal surface 21. The vapor 40 is.supplied to the internal passage
20 for a time effective to coat the internal surface 21 with the chromium-containing
coagng 34.

[00381 Typically, the substance 28 is heated to a higher temperature during the
combined cleaning/coating process than the first and second temperatures required for

. the two-stage cleaning treatment alone. Por example, the substance 28 and, opti opally,

the turbine engine component 10 may be heated to 2 temperature in the range of abonut
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[00431Having described the invention, what is claimed is: MCSLLP _
CLAIMS: 1. A method for cleaning deposits from an internal surface in a

wWo tzlg%/%%é?r?e component, the method comprising: placing REIVDEINITER61978

including an organic fluoropolymer in solid form on the surface; _

heating the organic fluoropolymer to a first temperature and for atime

sufficient to chemically modify the deposits and make the deposits

susceptible for removal from the surface; 10heating the

chemiesily-radifiedsdenosiisiaim,seconthiomperatuie igher than the first

temperature to vaporize the chemically-modified deposits; and removing

the véponizedichermieatlly medifiethdepositsoiipanihe internal surface,
[0039] . The temperature of the substance 28 may be ramped initially to the
beiling and vaporization temperatures of the fluorine-containing organic compound for
a time effective to clean or substantially the internal surface 21. The substance is then
be heated to a higher temperature effective to release or liberate vapor 40 that includes
the vaporizéd chromium-containing substance, which is transported through the internal
passage ZiD for forming the coating 34. The temperature of substance 28 may be ramped
at a rate such that vapor 32 and vapor 40 are both present within the internal passage 20
over at least a portion of the hleatiizg time such that the éntemal surface 21 is cleaned and
coated substantially simultaneously, which be adifantagéous for small msiclual‘ deposits
26 that may be subsumed intoithe coating 34, Preferably; however, the internal surface
21 is cleaned of deposits 26 befo;"a receiving the coating 34 such that at the least a
majority of the depositg 26 aré removed and, preferably, substantially all of the deposits
26 are removed. |
[0040] Using this method, damage previously caused by the deposits 26 may be
repaired. The chrominm-containing coating 34 also offers c:nvimnn;ental or protective
shielding that enhances the corrosion resistance of the superalloy bage metal of the
substrate 12, This improves the raiiaﬁiﬁty, maintainability and quality of the tarbine
engine component 10, 4111 particular, the chromium-containing coating 34 is effective to
protect the component 10 against future hot corrosion at operating temnperatures below
1500°F. Chromium from the coating may aiso cover any residues from the cleaning

process that remain on the internal surface 21.

-16-



wherein the first temperature is above the melting point and at the boiling

wo - Reiglgf the organic fluoropolymer, and the second tempe{;%I,Hr&'&%m/%wm
above the boiling point of the organic fluoropolymer, and the organic

fluoropolymer is ethylene-tetrafluoroethylene, or _
polyethylene-chlorotrifluoroethylene. 2. The method of claim 1 further _
comprising: 20heating the turbine engine component to heat the organic
fluoropolymer to the first and second temperatures. 3. The method of
cIaih{&iL)‘f ther cofABfsiig WilcSepme to FigeRding the brijamicbine engine
B e P e N B 26,

surface. 4. '
Substance 28 is prepared and imserted into a portion of ihe internal passage 20 through
one of the ports 24, as shown in Fig. ZB. As shown in KFig. 2C, the substance 2%, and
opﬁoﬁally the temperature of the gas turbine component 10, heated toa first cleaning
temperature effective to boil the fluorine-containing organic compound in substance 28,
which provides chemical reactivity with deposits 26 oﬁ internal surface 21. The
temperature is elevated further to vaporize the substance 28 and the chemicaﬂyl—
modified deposits 26 for removal by mass transport as vapor 32 out of the internal
passage 20, As shown in Fig. 3, substance 28 may optionally include a chromium-
containing compound or alloy released as vapor 40 to form the optional chromium-
containing coating 34, preferably, after the cleaning process is concluded or
substgntiaﬂy concluded.
f0042] While the present invention has been iliustrated éy the description of an
embodiment ihgremf and specific exarnples, and while the embodiment has been
described in considerable detail, it is not intended to restrict or in any way Hmit the
scope of the appe;nded claims 1o such detajl. Addiﬁoixaﬁ advantages and modifications
will readily appear to those s%.ilied in the art. For example, altﬁough the present
invention is described herein in conjunction with applying a chromium-containin g
coating, a person having ordiné@ skill in the art will appreciate that coating have a
different composition, such as a significant alurninum content as opposed to chromdum
content. In this latter situation, an amount of an elemental aluminum, an aiuﬁinunl
alloy or an aluminum-containing compound such as aluminum chloride may be added to

substance for purposes of forming an aluminum-containing coating that may be

-17-



5blending the organic fluoropolymer with a braze binder to form the

WO su,l?stange inserted into the internal passage. 5. The method of claim 1
eI emoving the vaporized chemically-modified depositGFoHS /061978

surface further comprises: 10transporting a vapor containing the
chemically-modified deposits from the surface to an exterior of the turbine
engine component. 6. The method of claim 1 further comprising:
applying a protective coating to the surface as the chemically modified

15deppsis atersefMOUREALND dbendac sk i ReMStIndeQhela Bdses. The

further comprising: applying a protective coating to the surface after

the dresmiiealiy Hiddifider doposits thresfemovdihfromthiec spefatedaoils,
representative apparatus and methods and illustrative examples éhown and described,
Accordingly, departures may be made from such details without departing from the

- scope or spirit of applicant's general inventive concept.

[0043] Having d_escribcd the invention, what is claimed is:

-~} R~
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8. The method of claim 7 wherein the protective coating is a

chromium-containing coating, and applying the chromium-containing

coating further comprises: MCSLLP adding a chromium-containing

material to the substance placed on the internal surface; heating the MCSLLP
chromium-containing material to form a chromium-containing vapor; and
ranspeging the chromium-containing vapor along the internal surface for
deposition as the chromium-containing coating. 9The method of claim 7

wherein the protective coating is an aluminum-  containing coating, and
applying the aluminum-containing coating further 10comprises:

adding a0 aleRBWNCEQNRIAIRG WAkt e SHbsiaaceacrethen thea turbine
internal surface; heating the aluminum-containing material to form an
ugniruBrepHaENNGNERREHRW comprising:

placing a substance including an organic fluoropolymer in solid form on
the surface;

heating the organic fluoropolymer to a first temperature and for a time
sufficient to chemically modify the deposits and make the deposits susceptible
for removal from the surface;

heating the chemically-modified deposits to a second temperature higher
than the first temperature to vaporize the chemically-modified deposits; and

removing the vaporized chemically-modified deposits from the internal
surface,

wherein the first temperature is above the melting point and at the boiling
point of the organic fluoropolymer, and the second temperature is above the

boiling point of the organic fluoropolymer, and the organic fluoropolymer is

ethylene-tetrafluoroethylene, or polyethylene-chlorotrifluoroethylene.
2. The method of claim 1 further comprising:
heating the turbine engine component to heat the organic fluoropolymer

to the first and second temperatures.

3. The method of claim 1 further comprising:
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15transporting the aluminum-containing vapor along the internal surface

for deposition as the aluminum-containing coating.  10. The method of MCSLLP
claim 1 wherein the deposits comprise sulfidation scales resulting from

sulfidation corrosion when the turbine engine component is in 20service in

a turbine engine. 11. The method of claim 1 wherein the deposits

comprigg.Husi ParicleR i ang IR INIgIAa) ARSI WREMIIR: substance

turbine engine component is in service in a turbine engine. 12. The

methednf ¢laim i wheseinaeesidue remains on the surface of the internal
passage after the chemically-modified deposits are removed from the

surface of the internal passage, and further comprising: 5exposing the
residue to a reducing atmosphere effective to remove the residue. 13.

Ehe metheddiplaimb L wheneforexdosirgdhargsidue to a reducing
blending the organic fluoropolymer with a braze binder to form the

substance inserted into the internal passage.

5. The method of claim 1 wherein removing the vaporized chemically-
modified deposits from the surface further comprises:
transporting a vapor containing the chemically-modified deposits from the

surface to an exterior of the turbine engine component.

6. The method of claim 1 further comprising:

applying a protective coating to the surface as the chemically modified

deposits are removed from the surface.

7. The method of claim 1 further comprising:

applying a protective coating to the surface after the chemically modified

deposits are removed from the surface.
8. The method of claim 7 wherein the protective coating is a chromium-

containing coating, and applying the chromium-containing coating further

comprises:
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atmosphere further comprising: 10placing a metal hydride on the internal

surface; and thermally reacting the metal hydride to release hydrogenMCSLLp
effective for removing the residue. 14. The method of claim 13 wherein

the metal hydride is titanium hydride 15and titanium is freed when the

titanium hydride is thermally reacted, and further comprising: gettering

°°mpc."é’%@@é‘%ﬁ@ﬁ@%@%@”m%ri‘a?-tEhﬁw@‘%Wgﬁ&éﬂﬂlh%ed on the

wherein ounds dan internal passage of the turbine

engine campaund.

heating the chromium-containing material to form a chromium-containing
vapor; and
transporting the chromium-containing vapor along the internal surface for

deposition as the chromium-containing coating.

9. The method of claim 7 wherein the protective coating is an aluminum-
containing coating, and applying the aluminum-containing coating further
comprises:

adding an aluminum-containing material to the substance placed on the
internal surface;

heating the aluminum-containing material to form an aluminum-
containing vapor; and

transporting the aluminum-containing vapor along the internal surface for

deposition as the aluminum-containing coating.

10.  The method of claim 1 wherein the deposits comprise sulfidation scales
resulting from sulfidation corrosion when the turbine engine component is in

service in a turbine engine.

11.  The method of claim 1 wherein the deposits comprise dust particles
infiltrating into the internal passage when the turbine engine component is in

service in a turbine engine.

221 -



10

15

20

MCsLLp

12.  The method of claim 1 wherein a residue remains on the surface of the
internal passage after the chemically-modified deposits are removed from the
surface of the internal passage, and further comprising:

exposing the residue to a reducing atmosphere effective to remove the

residue.

13.  The method of claim 12 wherein exposing the residue to a reducing
atmosphere further comprising:
placing a metal hydride on the internal surface; and

thermally reacting the metal hydride to release hydrogen effective for

removing the residue.

14.  The method of claim 13 wherein the metal hydride is titanium hydride
and titanium is freed when the titanium hydride is thermally reacted, and further
comprising:

gettering compounds in the residue with the titanium.

15. The method of claim 1 wherein the internal surface bounds an internal

passage of the turbine engine compound.
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