METHODS QFUSI NG HALOGEN- CONTAI NI NG ORGANI C COVPOUNDS
TO REMOVE DEPCSI TS FROM | NTERNAL SURFACES OF TURBI NE
wankE7NeEsSMGOVPONENTS Fi el d of the Invention [ 000RCT/TIS2007/061978
present invention relates to the cleaning of deposits
fromthe internal surfaces of turbine engine
conponents and, nore particularly, to nethods for
renmovi ng deposits fromthe internal surfaces of
turbi ne engi ne conponents and to the repair of such
conponents by coating the internal surfaces after the
deposits are renoved. Background of the Invention
[ 0002] Conponents of high tenperature turbine engines
are often manufactured fromnickel-, cobalt-, or
i ron-based superalloy materials, which are recogni zed
as providing greater shape retention and strength
retention over a wi der range of operating tenperatures
than other candidate materials for these applications.
Al t hough superall oy materials exhibit inproved
nmechani cal properties at high operating tenperatures,
they are nonet hel ess susceptible to high tenperature
oxi dation and hot corrosion. Wile the efficiency of a
turbi ne engine generally increases with increasing
operating tenperature,the ability of superall oy
materials to operate at such increased tenperatures is
limted by the ability to withstand such oxidati on and
ODs S N O j LOMPOUNDS
OQVE DEPOSTTS FRO g ' i E
SMPONENTS, . <o, od air wi
OF -1 e conpressed air with fuel,
such g Sted i ghyQy natural gas, and igni ting the
m Xt ure, ne bl ade assenbly for producing

POWET .10001) The present invention relates to the cleaning of deposits from the internal
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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.

Backsround 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
pmﬁ&ng 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 temperature oxidation and hot corrosion. While the

efficiency of a turbine engine generally increases with increasing operating temperature,
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In particular, gas turbine engines operate by draw ng

air into the front of the engine. The air is then
woaogressed, m xed with fuel, and conbusted. HBCT/US2007/061978

conmbusti on gases fromthe conbusted m xture pass

t hrough a turbine, which causes the turbine to spin

and t hereby power the conpressor. [0004] Externa

surfaces of superalloy turbine engi ne conponents,

whi ch may experience direct contact with the hot

conbusk iabilfity@d S@Bsal iy RatSki6 Ppdritt et duch it@ited ©Mpatatesiis@imited by

oxi dation and hot corrosion that accel erates the

oxi dathe ebilipyro ébgand Firdssidetinend abrresipnf aces are

frequently provided with an internetallic or alum nide

over | BPEF] or diSrradivoses Bking engineh meludy peaspregsor frs compressing

under|yi ng superall oy material against hi .

t enpelSeTHRE g, ARPPHH TARIXRS the COPPHEPD AT mg}h 9r MR ES J&t fuel or

table th d t d
ool Al e SR C LTRSS O G0
hi gh, c{ﬂ%[ :Elmciglr n%%né{l%sg 8;? *3% I@ghgjf%i nﬂ% %h"é1 Q'xlémtao@ gle engine.

degrao‘1 tective sca

oper atj, g, 1% 9{&9 @&ﬁ’ﬂrysrs&fs nux@&t.@tﬁ@!ﬁli SHESRGRSA. olflot combustion gases
superal [ oy turbine engine conponents are susceptible

to a fenmbnibiiedaRikiueStthM LRSS Which bakds @ turbine to spin
corrosion. Sulfidation corrosion is nost frequently

obser wettharbytpwwbi thecengésie. corrponent s oper ati ng- bel ow
15000F. Sulfidation corrosion fornms deposits on the

ext er @04k ur f adeasrrel surfhces siqgwdlqydyrbhap@tieabmpwemhew hich may

formof a netal sulfide scale. [0006] Interna
sur f a&@srigice direepanianievidigs s oo %WCWSf syserptibje to high.
protected by either n al um ni or chrom de overi ayer

or a Eﬁ“?PF’[i%‘i‘eo?f“%a?? ot Sorrosiery ﬁ%‘ﬁdef%* epxidagppppeess. These
f tl If
Sorvi ERTBRRTBRERC e AR b Rd s ER S o
t ur bi aﬁfu%g LB S BIMLRERN the ERENGXLIRE S0y & Bainst high

passages I n
temperature oxidation and het corrosion by forming a stable thermal oxide scale. High

temperature oxidation ;md hot corrosion, if the temperature is sufficiently high, may
form corrosive deposits which attack and degrade the protective scales.

{0005] At lower operating temperatures, external surfaces of superalloy turbine
engine components are susceptible to a form of hot corrosion known as sulfidation
corrosior. Sulfidation comosion is most frequently observed on turbine 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] Internat surfaces of a turbine engine component may not be protected by

either an aluminide or chromide overlayer or a diffusion coating. In addition, these

e



the turbine engi ne conponent may be supplied with a
flow of bleed air fromthe engi ne conpressor, rather
woOhert/0es9bust i on gas, for reduci ng the operati RGT/US2007/061978
tenperature. Consequently, when the gas turbine engine
I's operating, the internal surfaces bounding these
passages are at a | ower tenperature, typically about
11000F or cooler, than the external surfaces. As a
consequence, sul fidation corrosion may cause deposits
1o oL RN clBBesSH LR o Llipli@aSy difLBktRaNicP 35 HBEASt than the
The formation of sulfide scal es |1 ncorporates
ni ckelkzhagetmungial drbye 8RS domborfehO MRot Bamphl nfmahbiseles in
operates to thin the wall sections of these internal /
pas s agesurbile aghessinpeettthdyrtiengppied/ witvefiow af blsed|agdobnt the engine
conponent failure fromoverly thin material in the
wal | seopiesasratie0derjomhnsiongns, foy revdng Be prrsiting SHPerie
in the internal passages of turbine engine conponents
i s dusionjsavenily [vden e gasitabing gnaifedy ORSIiR| the migpnalsurfaces bounding

m xture of silica, alumna, and calciym ate.

Dur i ngPSRPTREE A5 & 1P ﬁflﬁ@'ﬂ%ﬁgﬁYW§?1®tﬂﬁ%‘§§ l‘%ﬁ PheRdhan the
dust particles, ich are commpnl.y k : r.un .

sweep ieﬁtﬁ?alosf”g?f?‘?‘ %Snaacoﬁgg addu §l1]$£]artrlér)1/ C?q%%ilgfl tﬂl %‘éf %Séll\%‘égm ts to form

I nter %?lshe%@zsfz%@sg&%egg i.nIeerap%eﬁfag&n FhORAAMRARERES BN incorporates
deposit on the interior surfaces. Silicon and sulfur

from tigechdsds s@@&ﬁl&ﬁh@t@ﬁmﬁbﬂhéﬁ $A15EwhiBh SpekAdR té hihO@all sections
engi ne conponent, ich may reduce the nelting point

of t hersidpananhiqyssBit.eProgdessbie thtngxnSCavpnttdlydeat! necomponent
occurrence of sulfidation corrosion. Because deposits

t hat ffaitume fem accly ok attedidmm hhwall sctemsal surfaces of

turbi ne engi ne conponents,” whether originating from

sul fi d88d7bn cordnegiconpaont ddpesit opsarved B thaintegpl Rassagesf gubine

it is desirable to renobve these deposits with a .
cl eani qqun@;qg@@g@ﬁs is dust particles consisting, for example, of a mixture of silica,

alumina, and calcium sulfate. During service in a turbine engine, these indigenous dust
particles, which are commonly known as runway sweepings or Arizona Road dust, may
infiltrate into internal passages of turbine engine components and deposit on the interior
surfaces. Silicon and sulfur from the dust particles may diffuse into the turbine engine
component, which may reduce the melting point of the superaﬁoy matertal or may
precipitate the occurrence of sulfidation corrosion. Because deposits that form or
accumulate on the internal surfaces of turbine engine componeﬁs, whether originating
frotn sulfidation corrosionl or dust particles, causc damagg, it is desirable to remove
these deposits with a cleaning process.

[0008] | Batch thermb-chemical cleaning processes may be used to clean the

" external surfaces of turbine engine components. One such process known as fluoride



[ 0008] Batch therno-chem cal cleaning processes may be

used to clean the external surfaces of turbine engine
woaogmaends. One such process known as fl uori deCcoms2007/061978

cleaning (FIC) generally relies on the high reactivity

of fluorine or fluoride ions for cleaning the exterior

surface. However, cleaning internal surfaces of the

tur bi ne engi ne conponent differs dramatically from

cl eaning the external surfaces. Because of the flow

r est r iogatleaisg (FuP@sedallyyelichen tehich rating b flu@ine bhuoride ions for

i nternal passages (typically fromabout 0.1 inch to

about clésrbgitrechierioRudact danevrg cirayinb mtarymé firictsi of éhiefugbine engine

renovi ng deposits fromthe interior passages, FIC

cl eanPepoRens fiffersdmatiealyifispriipaniae Hesugesl RHacegaBrrguse of the

froma FIC cleaning reactor to the internal passa

whi chT1P¥ eSSt dmpaget bighe vl damsten phige Wrpal gpssqess Gypically from ,
ddi ti | I [ ' | atively.h d d .

anvi r BRed ot 5 SARordne R e S o R RRRRG Meie e ceposies

oca S HARRES bhadch E BN Aok ke SR BIBAAY e gasesfom

Cause, ipft QL ind MALBF todid ifEihaQssh e, Bli@nieRes Wi o Wddning

| ead to cracking and to eventual catastrophic failure.
Sunmmayteaf ol aMeith) FQ <000k 2 THRivel @sRfious MeentirdimetiSlly
directed to an inproved nethod to clean or renove

sul f i deftibmeity dkgipisif tatiatibirgietdier cobpomncr FEOtlesdtz iomt

the internal surfaces of turbine engi ne conponents

dur i ngustesearilyrisegt qnpdbing dladesdicrnase of thettpndency ielcayprriniergranular attack
accordance with one aspect of the present invention, a

bl end&YthE hdssarieh Favld 1erdi th ereskinand fusyertsilcaprifonkje failure.
organi c conmpound, preferably a solid _
fluorine-containing organi c conpound, -is inserted into

an in & " SEEL(S bounded at | east a portion of the
intgrna@ggﬁFggce—anﬁ the organic conpound and turbine
engi ngypenponeRt,, &E&nhﬁ@etnﬁgﬂ is hfocalt 5113151;)%@& e@ba fooan or

cl eaning ~
remove sulfidation deposits that either form or collect on the internal sarfaces of turbine

engine components during use in a turbine engine;. To that end and in accordance with
one aspect of the present invention, a blended substance including a halogen-containing
‘ organic compound, preferaﬁly a solid ﬂuorine—cc;ntaining organic compound, is inserted
into an internal passage bounded at Ieast 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, prcf;rably, at the boiﬁng point at which the melted or quueﬁa;d organic compound
begins to furn into a gas. A halogen, such as fluorine, in the boiling fluorine-containing

organic compound readily reacts with the deposits. The deposits may be dissolved into
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process, the organic conpound is heated to a first

tenperature above the nelting point and, preferably,
wakod7ves4voi | i ng point at which the nmelted or | pquake®doc197s

organi ¢ conpound begins to turn into a gas. A hal ogen,

such as fluorine, in the boiling fluorine-containing

organi ¢ conpound readily reacts with the deposits. The

deposits may be dissolved intothe |iquefied and

boi | i ng organi ¢ conpound. The deposits may al so be

modi f irdigedirabgtoliing PYeahib ColRiuhd, NDheQleBRNE Ga AR He0

vari ous hal ogen-nodi fied solid conpounds, such as

met al cdmicily tede béiting drganty @anbtidao npdunthideei-edified solid

anounts of vapor are rel eased that contain amounts of

t he orfeaprugdseeehenmelal dhckideheAsiibs shnie dorwpad bails, amounts of vapor

Preferably, the material constituting the deposits is

ful |y @878 1B COB2IR ANOETRS S Erspis doBrug 2cbitip Bigiedied deposits.

and/ o i ssolved into the boiling organi ¢ conmpound. .
The ¢ PR e b e & L Msrr GAobe Mgagymodified
partiaﬁ&y_deterni ? time.in this

Iiat ound% arl oF di ‘O?ve& En%ua&w cl;}hne%%rganr%mquh Tge time

A
|n|t|acl‘paeo e Cleaning proc

subse %@ﬂéd f%?&gggsi&bﬂs%@luﬁgn d tﬂa@st%ﬁﬁi@ﬁ%xﬂ g?glg g@atm&n Cme in

tenperature of the boiling organic conpoun

t ur bi Bgs @REI 8P IRRRENE: hSceidi Sed to a hi gher
tenperature above the first tenperature. The second

t enpef@uoy e i s Isadubbai:@inidcyndiihgs of the prefiBit@rdcag] #le temperature of
vapori zati on of hal ogen-nodified solid conpounds, the
| i quettieddiling gamiiccamvpalamd turbindergimssomy@dntintased @l a higher
the liquefied organic conpound originating fromthe _
r eact &¥PRgERERIOYE the Brst tepyperathireh Fhe sheend tefveatyrg Fonificisntly high to
gases are renmpved fromthe internal ?assage and out of )
t he t GFOBIH2RIA JIRREZLoMpise-Bodifet ol popRayBds the fiayefigd orzanic
gases through the |nternal passage and an o
nt or comrabean” el BelRy iR RaRERE paviiomprupe ggirpins fom
Pr ef ertf%qufed 'ﬂ%&ﬂ‘?&g%&i hgﬁcﬁs)f "chl: ¥ap5%r£?§£& at1)1¥ rc‘inu%‘ed from the
chem cal cleaning process.
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 believed to have diminished size and to be loosened
from the internal surface by the action of the boiling organic compound. These
locsened deposits may be removed from the internat passage by a secondary treatment,
such as a solvent bath or an air biast.
{001 1] 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 intemnal passage from which the deposits have been cleaned and to also provide a
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However, any residual deposits are believed to have

di m ni shed size and | obe | oosened fromthe interna
weuod7aesvby the action of the boiling organi c eomusedoc1978

These | oosened deposits may be renoved fromthe

i nternal passage by a secondary treatnent, such as a

sol vent bath or an air blast. [001 1] After thorough

cl eaning, a protective coaling, such as a chrom de or

al um ni de coating, may be optionally forned on the

cl eaneghtaurd @eengtt® reiGR Al 1ikeRH0 BSnH orlah@tibdal &NfMBlion corrosion.

passage from which the deposits have been cl eaned and

t 0 al Sbe prativg dey @omics by pang o eltrbMigm- @ntadilpce alulhum-containing

I'i kel i hood of new or additional sulfidation corrosion.

The cédsiangs inayisenttwalrerads\lame adthrdgiugrine-containing organic compound.

chrom um cont ai ni ng or al um num cont ai ning substance

i nto Flhameikedrye eﬁﬁgescg@@o%pbqﬁgswlpﬁh@mium-containing or aluminum-

fl uori ne-contai ni ng organi ¢ conpaund., Heating the

t ur bi ﬁcéntgwag st& %’ﬁ{?%ﬁ a Vapfe é@ﬁxﬁég either phrommm or alummum,‘ which .

T L EgRL A 2kl PLETEON 201 MBS 058k B

al um RThee i aladehs b QRSP LGfnd O UIRLAS of ILALDA

passage and deposits o the i1 nternal surtace or&erlng

the immenal panspeenBtvAEGPRh) RO AR D&kl AR Tepairs,

chromi umor alumnum [00 12] The present invention .

may  becfiubisbg @t eduvendta 1gedit®aR ehgihd@inpbRMARI st that they may be

refurbi shes, and rejuvenates used turbine engine

conporerrned tggarkics. Havch tehay rafapishreent eind reheendtion sdamhgeusly

Such repair, refurbishment, and rejuvenation

advanPEFEs qEryvissamnpiabls tushireenging somprnsatb iobetrerpinpdhie service

engi ne_conponents to be returned to service follow ng

appro%ﬂ?&g%aBPB@E?ﬁFHﬁﬁmF0013] These and ot her '

L A e S e e PG s o shll e

descriphd %a&&%{og‘p&e accompanying drawings and description thereof,

Brief Descrintion' of the Drawings

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

[0Q15] Fig. 1 is a diagrammatic view of a turbine engine component with

deposits on an internal surface;



Brief Description of the Drawings [0014] The

acconpanyi ng drawi ngs, which are incorporated in and
woanwimwsabe a part of this specification, illuBtrasenanct9rs

enbodi nent of the invention and, together with a

general description of the invention given above, and

the detail ed description of the enbodi nent given

bel ow, serve to explain the principles of the

invention. [0015] Fig. 1 is.a diagrammtic vi.ew of a

turbi p@igngi ne Fﬁ’,@m‘)@%di%:&ﬁl—nﬁ%&%é—k@ﬁ&ﬁL%s‘ SHaQbARh of the

surface;[00 16] Figs. 2A-C are diagrammtic

Cr 0SS uBidad dn@ita kbonioaws oOFigal PRstatidNdDbsid BRotalfrbih MR internal

engi ne conponent of My. 1 illustrating deposit renoval

f r om swrgce mireyondebcesyithf mecabbdimaa o6 thd arreet invéduioarand

enbodi nent of the present invention; and [001 7] Eg- 3

i s di &¥Ammat | Figp sskasmmndtio nubs-secdmalsiien $imilartto Figl §C illustrating

2Cillustrating the optional application of protective

coat i H§ PEPrElPPLETERIPStertiEs Fraling teaicanddintgmel spdende

with an alternative enbodi nent of the present

i nvenf{EH™ i A TBELE FTTET SR psption.

Enbodi nents [001 8] Wth reference to Bigs. 1 and 2A,

a turbine engi ne conponent 10 (Fig. 1) includes a

met al beGisdBakLiiplie: or:Gonsl Ebaithedy any ni ckel -,

cobal T=,0r rtron-based hirgh tenperature superall oy

from ydvigh suchwitiibieicn&: 16 BehsNand QRPPRMH endifle 8drponent 10 (Fig. 1)

commonly made. The base el enent, typically nickel or .

cobal tnclutias shyetatiié ghitratd 1@ costigh tyhepdiast-, @barestiroh/based high

the superalloy material, which may al so contain ninor

anountespofatta mgstloy feal whicknguclr fochinelenpineadmposkeusurd are commonly

tantalum niobium titanium chromum cobalt, and/or -

al um Fafs- i The bive ceowpospicallymickphor colgltis by weiblg the sifsiergzeatest

engi ne conponent 10 i s npunted
. element in the superalloy material, which may also contain minor amounts of tungsten,

hafninm, rhenium, molybdenum, tantalum, n;obium, titanjﬁm. chromium, cobalt, dnd/or
aluminum in the composition. During use, the turbine engine component 10 is mounted
in a turbine epgine and is normally removed ffom 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 cleagling and optionally coating internal surféces of other
types of co;'nponents 'mcludin;, but not limited to, high pressure turbine nozzie guide
vanes and blades, low pressure turbine vanes and nozzle guides, shrouds, or any other
miscelianeous parts of a gas turbine engine for use in aircraft and industrial applications.

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



in a turbine engine and is normally renoved fromthe

tur bi ne engi ne during normal turbine shutdown or at a
woautzimsomai nt enance i nterval . Al though the tuPOTNS2007/061978

engi ne conponent 10 is depicted as a gas-cool ed, high

pressure turbine blade, the present invention is

beneficial for cleaning and optionally coating

i nternal surfaces of other 4 types of conponents

i ncluding, but not limted to, high pressure turbine

Nozzl @nghldhGes 1626 hvallidn B RALS alpﬁl’galﬁé foomy E@mﬁdﬁé&'hg\ﬁng internal

vanes and nozzl e gui des, shrouds, or any oth .

M S C eduriaie isSepibletiSthe hecBm@@gontds B&ﬁo&% engi ne f or use in

aircraft and industrial applications. Wile the

advanfoégds of Ths wsrhineeegite @mpateat Paintlirdad bapikfgil segment 14

applicabl e to turbine engi neconponents 10, the

i nvenddsigned tg beyithe kigh-pregspisl ot sitfloa tagh dmgesurporegine (ot

havi ng internal surfaces susceptible to the

accunticEp) Jroigting Sp@irfog. Seqrm&g*] is Frentquirdrorelaibprgipeld 6 used to j

conmponent 10 |ncl udes an airfoil segnment 4 designed to

e T nPREHIE BTG USSP EDorEh 10&? PP aﬁaabwe&rskénog sgw) ofthe
turbi pe.engine.(n opn ect n fron1 fui
segmefit "1 Qgc °n§m% 0 %El%gﬁ?%ld %mc ﬂms r?% of° ai%p AP 18y The

SeCUr &pbae 1&%5@1@&1“%%?5% ?&gﬁ&@ ﬁx@fudr]wg P%%r@oxlssl:%ﬁeﬁg .5]4, ﬁle root

turbi ne di sk (not shown as t i ne en

The aig, bfithe si@@sERNIER. 14 joins the root 16 at a platform
18. The substrate 12 consists of the unitary construct

i ncl u@omy t he Biteddiig thidegiddubstdie 12hCatN@O ond Gaterii Gaskdae 20
platform 18. [0020] Extending through the substrate 12

i s at bduadegitby on gtdrmet] ewrfrad 2 jpedeagest20 1RoHMAdctetoyl passage 20
internal surface 2 1 of the substrate 12. Each :

i nt er BErseHRAsEnD errfapn B serprpnent 18 xq &finak poti?4 doee @n cnd

of conponent 10 to define a port. 24 at one open end
and at another port (not shown), whichk may be similar to port 24 or differ from port-24

in geometry, at an opposite open end that also intersects external surface 22, BEach port
24 comnmmicates 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 24 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 Eooling atr
is effective for reducing the operating temperature 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-



and at another port (not shown), which may be simlar

tu port 24 or differ fromport 24 in geonetry, at an
wopprawiaoopen end that al so intersects externalT/US2007/061978

surface 22. Each port 24 communicates with the

envi ronnment surroundi ng the turbine engi ne conponent

10 and defines an access opening for a flow path

ext endi ng through the correspondi ng i nternal passage

20. I'n particular, the internal passage 20 may perimt

a fl owaRbnduo@ist Pigiidds! whih MeEdinRdH} koWl QR whi Svdepthfd oA R rizona

engi ne conponent 10 is nounted in a turbine engine

(not Rka@vdn}t, Add thel @bed: dperaey stvie@imdit sfie thtbdsicAgine that infiltrate

engi ne. The flow of cooling air is effective for

r educinfrgh¢ nerop passdze A artdalapmsit ab the énterhaltshwdaca 2t .f Qihbr types of

segnent 14. [0021] The internal surface 21 of the

i nt er Prepsiis a8 Suyfornor eptled o insrend stspp 3 Qusing pEvietiaey Hoslepmed.

or coll ect when the turbine caonponent 10 is in service

in a g %mcwé%@ﬁ@fb ﬁ@scnﬁﬂﬁéma@po‘é’?ﬂxl%ﬂlzem?mym%ﬁﬂea%s“

scales arisin ot ¢ i on cha .
Sult SsPTyRBges STy Re ReC IR UERy KEFHE Rgafef hd yffuon
may b t I

I e SR P A
dust, ﬂgkqghkngzénblent operating environnment of the

t ur bi ne engine that infiltrate into the interna

passag®20 and viepesichcead Figo @B Al @Ak dsiskitsGenagd bd removed from
O her types of deposits 26 that formor collect on

I nt er falintsval fvadeee 21 By delcaning peeesy ihgeisiEatthydheane dr placmg an
‘using the principles of the present invention. Wile

t he mewmbtrh prwbgfncd @i at leays e portibabf Daingemhl pasagh 9. gprious
damage differ between Arizona Road dust and sul ddation

scal eéecm’{“ﬂﬁs @;HPéF&ﬁ‘i A 8 PREHGYIgE erdidary il ia Hieing|may be used to insert the

|dent| ving both varieties of these

depos F‘l E‘ﬁ@ r?[g]mt?ﬁg? ﬁ%@ﬁ@«? effR X4y &ﬁ"m?‘B isfAglagthe

the d e&%ot‘g’ulxge§8 1n§o a sg}{'lngg anrd lgg?l\fneampulraterﬁme syringe to introduce the substance
28 into the internal passage 20.
[0023] ' The substance 28, which at least partially fills the internal passage 20
after being placed therein, includes a halogen-containing organic compound, such as a
ﬂuorinc-contaiﬁing.organic compound. The ﬂuorine;-contair;in,'g organic compound,
whic.h is in a solid form, may be ei.ther a simple organic.compouﬁd or a polymeric .
compound. As understood by a person having ordinary skill in the art, a polymeric
compound includes repeating units that are derived from Ic:wc.r m'oleﬁular weight
compounds, i.e. monomers. Other halogen-containing organic compounds that

includes, for example, bromine, chlorine, combinations of bromine and chiorine, or



the internal surface 2 1 by a cleaning process that is

initiated by inserting or placing an anount of a
weubwiame 28 into at | east a portion of the i RCEUSA07/061978

passage 20. Various techni ques apparent to a person

having ordinary skill in the art may be used to insert

the substance 28 into the internal passage 20. An

exenpl ary technique is to place the substance 28 into

a syringe and then mani pul ate the syringe to introduce

t he' suligbiaaes o ohdbrdotbhAihl MioBhdRhy RARSABA sebtinkd023) Auorine-

The substance 28, which at least partially fills the

i nt er naitipas sagéc @dpaldders substaig 2p) aced t herei n,

i ncl udes a hal ogen-cont ai ni ng organi ¢ conpound, such :

as a 100368k i ne- Eebmeainiysgnorgemmicg gempowngourBl edvantageous for use

fluorine-containing organi c conpound, which is in a .

sol i dF FPHfnchesinedee byt pemoblinitedip corganigdprop e UPriticilarly

a pol neg'c conﬁound. As understood by a person having

or di ng‘flﬁ? %ﬁfﬁai“c FPrenobymgryincludepbit preaiot kmigsdhip aglyitraflucroethylene

i nclu eat I. uni that. are derived from | ower

ol €0 BE SO R b el e NS S

hal 0gpRy | B0 9T AR C unds. t hat i ncl.ydes »
. 9?%‘0‘1&19&‘60%15&1&%& e@?&?ﬂg FG%%{;,POQ%%] einﬁgk?lith chhé#x 154 topolymer of

for exanplée, brom né,

brom a@ysntng Rl-MdoRRhyRES md&@ﬁfygﬂécﬁ&o&ﬁggrr%&thﬂ%eh

with fluorine may be used as a substitute

f 1 uor borenenibBy AVhilgleMhnga feGra8aame UNd AR SRS A ARG 2BS A., Inc.
[ 0024] Pol ynmeric fluorine-containing organi c conpounds.

advantigedus Neorlemge PIFEudshanoet 8°H maldeddpoki br t@fiferatures

not limted to, organic fluoropolyners. Particularly

sui t aptowe shogui¥oe ® prrdnesatepmenysolysiciroriets, BIFE ra¢le arubbut 480°F

limted to, puIertraquproeLh%QEne (PTFE)

commeft GFIPRosT 3bevaieandiigaring epreduseienserahpyrTERs EN(uc)s, and

from[g%gﬁnpgﬂm$%;m1luﬂa re), .

et hy JERECLDAT 51 POl Bt EFHpT ARF M fagomposes above te

copol IR, g S&m o produce gaseous pyrolysis products.
[0025] The substance 28 may further include a binder blended or mixed with the
fluori ne-containing organic compound. The relative proportion of the fluorine-
containing organic compound to the binder in the mixture constituting substance 28 is
contingent upon, among other variables, the extent of the sulfidation corrosion damage
and the geometry of the intemal passage 20. The addition of a binder, which may or
may not 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 in a powder form, the fluorine-containing organic

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

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

-10-



et hyl ene and tetraf hi oroet hyl ene, and

pol yet hyl ene-chl orotri fl uoroet hyl ene commercially
waveaitiabive under the tradenane HALAR from Ausi ROTUS2007/061978

US. A, Inc. (Thorofare, New Jersey). PTPE nelts at

about 500F and deconposes at tenperatures above about

680F to produce gaseous pyrolysis products, ETFE nelts

at about 480 DF and deconposes above the nelting point

to produce gaseous pyrolysis products, and

pol yetbbpleaitertioh lnds 1é ficdiall paspt Y| BiRGubERInkS28thayaddpithally include

4300F and conp se above ihe nelting point to produce

gas eouslidpyprbon,yeihs:s pardcesoif $raphi€) 2 bietalTtrebida) bistosubireti@B thereof.

may further include a binder blended or- mxed with the

f 1 uor il¥B6k ont aifniciieplobprefivirdeirpise idsubiimse Risatrolymeric braze

proportion of the fluorinecontaining organic conpou

t o t h&ngpriepsrial, such ARCaiaeics FB3-CHYaiF ERPSiE albtﬁd@ﬂ%’?f’cféﬂ“z@omm“

ot.her vari apl.es, the_ extent

t
of ¢ heoEnErHeET 9 Ears R, e anty Ehiemes)
of t h%‘uh@zglce)%wﬂ.w Qemuu zﬁx %Q!t) tgaqgmaqg c,tt B}?{Jf aavxs ausopast% The

whi ch er - Dase ieve
parti %&Up@&lbyb@@o\(ﬁﬁg cﬁ%%%nhi canmntg &%&J@&g@&r@ iflbfihance 28 to
organi ¢ conpound 1 n substance 28 is.in (l1e formo

di scr efietifief hhyHeCr c:xSHBR, ﬁ)%u@Sm‘éﬂﬁﬁxgxtﬁrE o OLFEAk #10@8Wbnics 4B3.
supplied in a powder form the fluorine-containing

Or ganivehen begal i nah polyselistan bRddGnamipishengeiativetly didihQo tat litde
powder, which may have a particle size in the range of
from @btmtesﬁteﬁs et Sbhindafghthg subsB2ds 2gestonsianed bp Hertbaging process.
with the binderbefore insertion into the interna
passad®?3b. TheMisubrdngnied 19 thaipteis P@%P PYs ﬂvqﬁébsgaarec 28 is then
solid carpon, such as particles of aphite, a neta

car bi d&egP pf?ﬁ*ﬁ’é?‘?]‘ﬁ?ﬁ“ﬁﬁﬁ th grROsiEs 29 615‘2 ngerag) Syripge %1 To that

e IS iSO SHERES 2Pl B TR e

C ormer :,Qéalzﬁ 1@%6 pﬁ@édein olaQ %cﬁ%h{e%ﬂl(fi 2C), such as a furnace, that heats
the turbine engine component 10 and substance 28 to temperatures effective to boil (i.e.,
liguefy) and vaporize the substance 28 in a two phase clcéning pro;;ess, 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, a vacuum environment _substanﬁally 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 1o the retort of the furnace enclosure 30.
{0028] In the first phase of the cleaning process, the substance 28 is heated to a

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

-11-



Corp. (Brooklyn, NY) or DBl OO, which is commercially

avai | abl e from DSM Technol ogi es Ltd. (C ncinnati, OH)
woOhed7/005490 have the form of a viscous paste. TheCT/US2007/061978

proportion by volune of the fluorine-containing

organi ¢ conpound in substance 28 to the binder may be,

for exanple, about 95:5 for a m xture of ETFE wth

Cotroni cs 4B3. Wien heated, such polyneric braze

bi nder materials burn relatively clean so that little

Or NOork@%d @HPoin ih Qfbktadre B8 NOheAffi@EmichOurS iH1GE B8R DEockS is

consuned by the cleaning process. [0027] After being

pl acegbhovarthembhieg psittendakeiirass agse B@ling fdnt subigitiathe meR&i or -

is then heated to precipitate cleaning of the deposits

26 f r iymefidsdluoriperomiining arfeaiseoRpound in whetance hepinstthiim into a gas or

tur bi ne engi ne conponent 10, which has the substance

28 i n¥irae Thp Erst W@wﬁ@re np?é(sb§ ﬁij@h%’d by EgAL ansr éreedhq heegd tarbiie
an encl osure 30 2, as _a furnace,

ot SSE PR 0 “%@v TS e B M Etbeticdye spheat
to tepperatures

vapor ?ge t or exmgagef if % uggne—contgmtm\ﬁjog%)aﬁlc comg?ugxld m é{l)ostance 2818

ance

roce [ r I
P ﬁ%%% %ifl«et efaﬂg > OX mBRLAE pLiflfe fiUT DAGESRAS f@%&éﬁ‘éy (20) o

30 may en to provide, for exa

envi r gRaRBE) xﬁﬁﬁ%‘ﬁi&xﬂ@ﬁx@ krﬂtla@ﬁt%é Slthd \Geaftin %Fbcb:ﬁx%t gas
such as argon or -nitrogen that has dISp aced

at Nnos[oed]i C gagRSliqualiddaad beNig Tiokfa e Bini S §irdd dolndbhnd contains
evacuat ed of atnospheric gases, or a partial vacuum

pr es s fin@ine-Lorsaininglecicy avhich adadilyareastrwithriepositn @ atthadgvated

a pressure of about 120 Torr provided by coupling a .

| i qui Bmpemagrey Adecrs. pirep ishighiheecirepagptive@hd @ pieon @ridiging agent may
enclosure 30. [0028J In the first phase of the

cl eanPi98 B "(ﬁﬁ‘é%’é’mdflﬁé suchiss fluprides, by direct phegicaprepsion with deposits

t ff t t t .
P S tn oS AP RS RE Brrie GBPyahfece solute nio the

conpo Hﬂgtance 2§ %tb% Qr%r?sf l%med {Txllzgn\tclxtgé Em&&%ﬁﬂ? [n?e:} dut(’lgdlhfgi c‘illgrgical

cl eani ng proces
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.

{0030} Generaﬁy, the fiuorine—cohtaining organic compound in sub.stance 28 is
maintained at the eievetcd boiling temperature fora clcar;ing time sufficient to promote
chemical coqvefsion of the depositslzﬁ to a form that can be removed or cleaned from
the internal surface 21. The turbine engine component 10 may be oriented snch that the
heated substance 28 does not flow out of the internal passage 20 during the cleaning
process. ‘Alternatively, tooling may be used to ciose one or more of ports 24, and other

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

~12-



above the nelting point and, preferably, at the

boiling point at which the nelted or |iquefied
woloroosme cont ai ni ng organi ¢ conpound i n subst AATAIS2007/061978

begins to turn into a gas or vapor. The first

tenperature nmay be established by heat transfer from

t he heated turbine engi ne conponent 10, which may

itself be heated to a higher tenperature due to heat

| osses. For exanple, if the quorne cont ai ni ng organic

COMPOWAnddln ﬁiél}ﬁ&ﬂﬂ%gsegg% e umég%d%@fgt Hlt%%m%?em”%um

be heated to boiling (1I.e.

(20) tufry bbhsdoy2d 2Rk %@%@% bt i
of the gl eani ng protgedure [%Ozgeggi'llﬁﬁg%hﬁaydg‘ke?g E‘ So limited.

boi | i n@p3t] uor i nea cRAdPhiNe REHO BIgAMLCrSOHENE lﬂﬁderﬁ&?duﬁb BiSthe
fluorine-containing species, which readily reacts with
depos khemi@@y atodifize deogite 26 exthait@ing of Atfoud £boiflg @kt BEsublimation
which is highly electronegative and a strong oxidi zi ng
agent Ppial/(i-pr dvARCEZaE emRointhe sprstuirttys] of theheaaon products from the
fluorides, by direct chemical reaction with deposits

6. THEW BERSE Pl Dlpimine erosess revRhrRedvERSFOEPPIS2 2Brefmqpl>b ghis second
di ssol ved as h%glute into the supstance 28

transfOPREG U P DB g %’éﬁ‘?"&&ﬂ‘? of the Bog “?‘?B‘H?“g’ gl reaction
RSO B i

still eres on ernar sur

inter Blﬂ:lmi&ﬁ? $R88ied BepoQls 28Ry P&oQﬂﬁ%ﬁBé@@ 1RRGIL G the heated

into a nodified chem cal conpoun I"S suspende

pani Cuir@keenghk betfpdnBnt i eThd SRS et SURS ANER ARy higher ti\an the
[0030] Cenerally, the fluorine-containing organic

conpobwiling tamperhisteat the 2@ ineRontithing aigasid cahpdub@ it BVALELE, which -
boiling tenperature for a cleaning tine sufficient to

pr onot@odtes ticdhiorivoraingigongaok comportid rosibtisnc 88.t During this bake-
formthat can be renoved or cleaned fromthe interna

sur f af® tée 1aPorT Brois FappaypcHiey Bigirmereh Moon et thtGanmeigedgertions of
orlent sua@ikhat '

stance rough tthe internal passage 20 for release to 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 a.partial vacuum pressure

| that transforms the chemically modiﬁeé deposits 26 to vapor 32 for ;elnova!. However,
a person having ordinary skill in the art will appreciate that the time, temperature and
pressure may be varied to enhance removal of the chemically modified deposits 26. For
example, the vaporization temperature 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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heat ed substance 28 does not flow out uf the internal

passage 20 during the cleaning process. Alternatively,
woaal7imspomay be used to close one or nore of pBCTAIS2007/061978

and ot her features that comunicate with the internal

passage 20, such that the boiling solution isretained

in the internal passage. The typical tine for hol ding

at the first tenperature nay be about 20 m nutes to

about 30 m nutes, although the invention is not so

i m t gd32) 003 1 anl dicatbe e@BeHiRAAIRe GlemidaRy mbdified degosits 26

treatnent, the tenperature of the chemcally nodified

depos mesly26oseeedifmivstbelintemabsurfadzolne nat fbidy teleaggd fromthe iutemal

sublimation point (Le., a vaporization point) of

subst suiiaraly. ypanbe regpvedHeony thawtinghrispage de by $eﬁmﬁﬁwyﬁ@atmem such

initial phase of the cleating process, -which produc

a v apfﬁsra spiventthaibros pmypf Ylasty Fhedoesared AEPsEnat Aiodeianoved with

gher, gn the. va i zati-on point of the nost
ther nﬁ‘l“}‘? g% qgg“jr‘g%gtpfe’ésﬁf‘ %uct in the chenically

modi f Ed% ?ﬁepos' ?id%@ gg h cc c'aref" A rc&gﬁ{%% LA R sﬁxrf%f% B¢ may be

chem nodi Si e acconplis

heat td.aRst 6y chBs@le L HLRRRL EQdEdﬂz@dtﬁlSspﬁElQ h{aesu%qmpﬁaéess step.
10. The second tenperature is significantly higher

than Fhexhpl] MGmbOTREs AbtdlHdde, {8 as titanium hydride, may be placed

fl uori ne-contai ni ng organi ¢ conpound in substance 28,

whi chin@jpelintaes phdegze 2D abrHented obtAtAatdglyoslganhgiogen effective for
conmpound in substance 28. During this bakeout, the '
vapor r@Rving thesensvidebsh Resivmglgitiniam g porthe, rezad mgmwnt hydtifkemay
vaporized portions of substance 28, through the

i Nt er AMIANI3ERPSEY PP F5GrECHas e geEPqUadY !ﬁéheéﬁfﬁ@ﬁ -or of the
tur bi ne_engi ne conponent 10. For exanple

chem P~ nodifdvats gﬁ‘é‘ﬁas‘ih‘? ?PE@H?W’“B%*] ﬁ@ﬁi“@ﬂ“garf’e tyrbine engine

tenperature

00
thirt y r{‘pjﬁ‘fmqgﬁq%’%c (51“0’5 C?‘FHOH 2‘1%' ‘gt[ggh uu[onne/-con?mnmg species in the
adv an%@ﬂﬁg&%ﬁhdn%emag&w A@pm th bg&:ﬁ& 91{’]5; flca t y damaged

parFI vacuum pressdure t hat rans orns
modi f ipgehe ARBATE brSced ﬁ&emg&r, ardds JuQhe t{x%‘l/ %m&t@/\ﬁ\é@mm 12

may be masked during the cleaning procedure if masking is required.

[0035] In accordance with an alternative embodiment of the invention and vx;ith
. reference to Fig. 3 in which like reference numerals refer té like featores in Figs, 2A-C,

an internal coating, such as a chromium (i.e., chromide) coating 34, may be optionally

re-apptied or applied to the cleaned internal surface 21. The chrorrﬁum—containiﬁg

coating 34 contains metallic chromium in excess of any amount of chromium that rﬁay
- be prcsent‘in the base superalloy of substrate 12, Generally, chromium-containing

coatings 34 are; aﬁvantageous for turbine engine components 10 operating in low-

pressure engine stages.
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a person having ordinary skill ia the art wll

appreciate that the tine, tenperature and pressure may
woeowans®md t o enhance renoval of the chem cal | pCT/US2007/061978

nodi fi ed deposits 26. For exanple, the vaporization

tenperature may be as high as 18000F. The flow rate of

vapor 32 through the internal passage 20 will be

conti ngent, anong ot her variabl es, the dinensions of

the internal passage 20.[0032] In an alternative

enbodica®dit , t has atientacsedpl fyr fomdhd the chretlepasiohGindy dvatiRl M, the

| oosened fromthe interna] surface, but not fully :

r el eagbearfce @hpleded iritprthe inmexhal parsdga @ is2dqdifivdlpy e addiniow efthn

fromthe internal passage 20 by a secondary treatnent,

such #mougt glefrspiel dyermtium pr 2pthey ghrdptinmtcontTinie s Invegiehled.

dep05|ts 26 may al so be repoved with dilute- Aqua

Regi aGPORdgh 2P Seimhanabe @favq“@‘ersf3ﬂm Fiéé’P‘%JliPéglﬁFP@h?qi%@“ the

! th face 2
Eee?Q%lEg%‘&e%‘ims&%%g&n%wﬁ bargomey s Gt %ﬂm Bwso of
t

an aroun CaPal pEan el ‘a@‘ VeI Rt R YR &

hydr i ggmodiBY bidGorkte a&x@@alhﬁgeglum p'o%&ro@ mgsh[@z%s 398 arglch% purity.

and heated to advantageously release hydrogen

ef f eclobym for Temendige 1410 8autdifs) SUesie iRaRidated enclosure 30,

titaniumfromthe reacted titani um hydride may

advanitagegusiye dfretialte reimsetr GadricetitaihRp cEOMROUNES thetlemental

the residues. [0034] Advantageously, the superall oy

mat er $amis s elireniinngpntainggtcambimd irethe subetawe B0 ABtapOI0 is

is typically nore chemically inert to the

fl uorﬁc}?éseé 8ﬂ@é@%ﬁlh§§af§®%r%%thp ﬁm?mofsqmwah%omnt mhrormum
- the deposi.ts he substrate 28 is

Si ani FRARIRE BRI JL et R BEpBHRF gTvmcsleyeggbstance 281 flly

gﬁ\égtr : a?‘lﬂ? ?%.fter%e cbeanfﬁn arg & g‘é Ing %%gelzs? fsﬁ‘g:g%lf’ 8%1 %53 vapor 40 is mass
proc egé'ﬁg}?orﬂezﬁ asrﬁasiljééng gloﬁgsthg Fegéﬂ'l Enetge internal passage 20 and interacts with the

internal surface 21 during transport. Specifically, chromium or another chromium-

containing substance is 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
coating 34.
{0038} 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. For example, the substance 28 and, optionally,

the turbine engine component 10 may be heated to a temperature in the range of about

~15-



[0035] In accordance with an alternative enbodi nent of

the invention and with reference to Fig. 3 in which
woibkE/mwefder ence nunerals refer to |ike featureBCTmS2007/061978

Figs, 2A-C, an internal coating, such as a chrom um

(i.e., chromde) coating 34, nay be optionally

re-applied or applied to the cleaned internal surface

21. The chrom um contai ni ng coating 34 contains

nmetallic chromumin excess of any anmount of chrom um

that ogpg°He afsue SEBLF, bikfdrdb® Do 8S0IP G6raiphoYinditely four hours to coat

substrate 12. Generally, chrom um containing coatings

34 ar the émthraah pagpeeus it tuthinelhgiee @ngomatscil®nponent s 10

operating in | owpressure engi ne stages.[0036] As an

i niti BI03¥t ep f dhe fryperpingg of He setyaogei 2§ may ba raaiped frgtially to the

coating 34, the substance 28 placed into the interna]

pass afEiERnf $ARPHERTOD SRS O e Jreriterronrinig OsERBiG pmigsund for

el ement.al chrom um or apoth chrom um cont aini n

B8 o Sl Gumte By

mat er f47° PEGYe o CERb SURT B oyl isresy 2&a§“ﬁ@‘%F‘ﬁ“°8 is then
powdef f I.n,one s ifi.c enbodi nent,.. the sub ce

D5 oy R e SBORT P RGr (5 Ber CERT CbyP i Rt Py cledr
to ab@)létva ri‘é@dmm&i')fcgﬁ&i%g% E%Eé:';cep&‘ﬁg% m&B&% rl’é@gh(ﬂ?e) internal

w % of ETFE, about two wt % of anmmoni um bi

uor i dgassa0do RAFRANGS 18] dealinE 34 POULIBHp@Eu@RE FibSad@ 28 3P be ramped
and 99% purity. 10037] The substance 2 is heated, for

exanphte rhta Shotl @hat PepohEBAEG 220 6h 68 b6 pAEsnt @ithid the internal passage 20
tenperature effective to release a vapor containing

c hr onpyemtfleagia ponenalf Grdrdiak tiok solntharthe fnternal surface 21 is cleaned and
chrom um cont ai ni ng conmpound in the substance 28. The

vapor ceppdisubsiapiially spplppeonsly. [idich b sdvantegeopsgtor fpal] regigpal deposits

amount _of el emental chrom um_or_ chraom untontai nj ng

conpo ot thas PRvgsesRedinghs coaling i, EETabE; P Rgler-yhe internal surface

subst gpce, 28 .i s ful. onsuned,. after the cleapin

ona ol Belstr o preptle g SRR o P AR st

MBSS  majority of the deposits 26 are removed and, prefesably, substantially all of the deposits
26 are removed. |

[0040] Using this method, damage previously caused by the deposits 26 may be
repaired. The chromium-containing coating 34 also offers environmental or protective
shielding that enhances the corrosion resistance of the superalloy base metal of the
substrate 12. This improves the reliai)i]ity, maintainability and guality of the turbine
engine component 10, ‘In particular, the chromium-containing coating 34 is effective to
protect the component 10 against future hot corrosion at operating temperatures below

1500°F. Chromium from the coating may also cover any residues from the cleaning

process that remain on the internal surface 21.
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transported as a streamalong the I ength of the

i nternal passage 20 and interacts with the interna
weoeund7aes9@ 1during transport. Specifically, chrPomiusz0e/061978

anot her chrom untont ai ni ng substance is deposited from

the vapor 40 as the chrom um containing coating 34

onto the internal surface 21. The vapor 40 is supplied

to the internal passage 20 for a tine effective to

coat the internal surface 2 1 with the

chr oni0d#ikicont almispepdovtit refegn@4do FigS 28T 21y pi tacatatbine enpige

substance 28 is heated to a hi gher tenperature during

t he cenmored1®edinhigy kesatemeyedsrone s @r@lhawgtrﬂqemﬁﬂv% tleposits 26.

and second tenperatures required for the two-stag

cl eanPHRIPRFSA I TRIFAIHI B BSoiEn i aneamet t&qﬁ&te@alu@fsaﬁc@ through
28 d t th {

rmy bERREaT 5 K PR HPe AR A5 g, GF wbstiice 25, and
about év%%ga%l: tﬁe te ?e(?#{sre ]019 %\g r%i?u];. gcl}‘ng){%ln%ﬁqg %u tedl to aqg'st’cleanmg

for a prOX|na our
pass agﬁl%&l’@[(ll‘ﬁ%&ti\’% W Imﬂriﬁe %Qil@&n%ﬁw&gm&o%gourldgg ﬁa)]stance 28,
The tenperature of the substance 28 be ranpe

i ni ti ahicl ploGidbd@echRbl tRGviBNALRBRRIE Z86H Rk EPREal1 UNRS
of the fluorine-containing organic conpound for a tine

ef f ecteimperati i€ bleareddirtistipStponizd the kybstahe A8nh@ms ahemically-
surface 21. The substance is then be heated to a
hi ghemodiisrhdepatity 26 fog fdnmotlibyenasoranetosas eamr 32 puyef éib énternal
vapor 40 that includes die vaporized
chr onpastaee ghiAs Hiowg indlissk srbetance {i peh optioneliyandprlsrarchepmiom-
through the internal passage 20 for formng the
coat| %ﬁ“aﬂ“" & cpRPoP psalGH eI Ee b VR P e 98 pegromi:
r anped uch. t
B L R e e
| east ,@ tQ:QIaI#Q&th: od he heating tine such that the
|nterna surtace is cleaned and coat ed

subst gipkdal |y siind |tﬁc%8’k' Hv¥ntioWRAoRePRuaYR %g/ |QERUPiption of an
for small residual deposits

embodiment thqreof and specific examples, and while the embodiment has been
described in considerable detail, it is not intended to restrict or in any way limit the
scope of the appénded claims to such detail, Additioﬁal advantages and modifications
will readily appear to those sikilled in the art. For example, although the present
invention is described herein in conjunction with applying a chromium-containing
coating, & person having ordinér)} skill in thé art will appreciate that coating have a
different composition, such as a significant aluminum content as opposed to chromium
content. In this latter sitzation, an amount of an elemental aluminum, an alufninum
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
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26 that may be subsuned into the coating 34.

Preferably, however, the internal surface 21 is
wohemmesiof deposits 26 before receiving the ceariusgo3de197s

such that at the least a ngjority of the deposits 26

are renoved and, preferably, substantially all of the

deposits 26 are renoved. [0040] Using this nethod,

damage previously caused by the deposits 26 nay be

repai red. The chrom um contai ning coating 34 al so

of f ersppepuate Goreebitadngme cEnmhect nsed irsigepdisng ehdhatstages. The

enhances the corrosion resistance of the superall oy

base ineangipn pfitshrades gipstts mitleref@re ndHinsited ipthoyesific frails,

reliability, maintainability and quality of the _

t ur bi BRCEAGHRAPRYAPDIE Metihpds anddliysapivecyramies sheyg and described,

chrom um containing coating 34 is effective to protect

the COFFBEN RIUGHPRSE AL (PR SHEt St MERTb epating from the

operatin at ur es bel oW éL%OOOF. (f‘,hr omum fromthe

te
Yol T SPLnt of applic eneral inyeniiye con .
coat i NG  nay: af SGrcover Sany resi dues “fom t he cl eani ng

proce hat r ' . ' r.f. .21.[0041]
R R Ol T Lt
tur bi ne engi ne conponent 10, which has been renoved
fromthe turbine engine, includes deposits 26.
Substance 28 is prepared and inserted into a portion
of the internal passage 20 through one of the ports
24, as shown in Fig. 2B. As shown in ig 2C, the
substance 28, and optionally the tenperature of the
gas turbine conponent 10, heated to a first cleaning
tenperature effective to boil the fluorine-containing
organi ¢ conmpound in substance 28, which provides-
chem cal reactivity with deposits 26 on interna
-surface 21. The tenperature is elevated further to
vapori ze the substance 28 and the chem cal |l ynodifi ed
deposits 26 for renoval by mass transport as vapor 32
out of the interna
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passage 20. As shown in Fig. 3, substance 28 may
optionally include a chrom untontai ni ng conpound or
walbanysmbeased as vapor 40 to formthe opti on&CT/US2007/061978
chrom untont ai ning coating 34, preferably, after the
cl eani ng process is concluded or substantially
concl uded. [0042] Wiile the present invention has been
illustrated by the description of an enbodi nment
t hereof and specific exanples, and while the
enbodi nent has been described in considerable detail,
it is not intended to restrict or in any way limt the
scopel.of ttheethppendemhingldapasiss fron 8 wetaceeduading an internal passage ina
Addi ti onal advantages and nodifications will readily
appeaturhigs epgigs eomgendrt.cgmprisingie art. For exanpl e,
al though the present invention is described herein in
conj unct i GRTIPIUSERISPHRALE ThHASHT ERRIAIRE YRHYGgpmpound into the
coat i ng, erson having ordinary skill in the art .
will 5%%?@%%%@% that coating have a diffefent :
conposi tiaqn,,. . Sianifi.cant '
opposed t aeuitafs el (b co R R M IhEOBhE DA ha
an ampikc A} «RRine! GORPbak; Ahum num an al um num al | oy
or an alum num contal ni ng conpound such as al um num .
chlori de mapiehaRe@Ra1EOmSHEST RPOAs foQf sefUiill RAFRENGE sulficient Lo at
form ng an al um num corif-ai ni ng coating that my
beapptcagpirbify bmbve thiy dhieabngbdifie e &Nt Shelkmefakeiofi the internal
hi gh- pressure engi ne stages. The invention in its
br oadewssaspects is therefore not [imted to the
specific details, representative apparatus and net hods
and illustrative exanpl es shown and descri bed.
Accordingly, departures may be made from such details
wi t hodt deli%ratieg of Fiaim t 'H&?&B‘B@“S&}g' spirit of

applicant's general. .i nventive co t..1.0043] Havi.n .
Gocr | bo AR BHE BT 4. B ek bl Mforganic

ne

et hodf 0l SLAANK NG JEROR] Lipdim.2 Surface bounding
an 1 nter aP passage 1n a
3. The method of claim 1 further comprising:
blending the halogen-containing organic compound with a binder to form the

substance inserted into the internal passage.
4. The method of claim 1 further comprising:

biending the halogen-containing organic compound with a braze binder to form

the substance inserted into the internal passage.
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turbi ne engi ne conponent, conprising: placing a

subst ance i ncludi ng a hal ogen-contai ni ng organic
woaopgmumdoi nto the i nternal passage; heating tReT/US2007/061978
hal ogen- cont ai ni ng organi c conpound to a first
tenperature that chemcally nodifies the deposits; and
heating the chemcall| ' nudified deposits to a second
tenperature sufficient tu at |east partially renove

the chemically-nodified deposits fromthe surface of

t he it er Tz molasisdigieim 2 whirbie theghlvgeh-ahtadlizg ovgabid amphed is a
conpri sing: heating the turbine engine component to

heat selkilypahoepetpiegroaipaindg or gani ¢ conpound to the
first and second tenperatures. 3. The nmethod of claim

1 further conprising bl endi ng t he hal ogen-cont ai ni ng

or ga i ader to .formthe substance
"naert e TiEE R i S WA Re bR atee PRI capPrise o
cIa|n1%lcq&%g Igernprlsmg bl endi ng t he

haloge con ng organi c conpound wth a braze

bi nder tn forn1the substance inserted into the
i nternal passage.5. The nethod of claim1 wherein the

hal 0gen- coRd @iidg cRIrE8RihEreRARPLME fluSrodo ki i selected from the.
fluorine-containing conpound.” 6. The nethod of claim5 -

wher efrduptchistihgiefpolyenafint@kiyicns) etoRPOLREIRBENylea€ SndN
organi c fl uoropol yner
polyethylene-chlorotrifluoroethylene.

8. The method of claim 1 further comprising:
- transporting the vaporized chemically-modified deposits through the internal

passage to the exterior of the turbine engine component.

9. The method of claim 1 wherein heating the halogen-containing organic
compound to the first temperature further comprises:
heating the halogen-containing organic compound above a boiling point of the

halogen-containing organic compound,

10.  The method of claim 1 wherein heating the halogen-containing organic
compound to the first temperature further comprises:
heating the halogen-containing organic compound above 2 melting point of the

halogen-containing organic compound.
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7. The nmethod of claim6 wherein the organic
fluoropolyraer is selected fromthe group consisting
woho@aoyet r af | uor oet hyl ene, PCT/US2007/061978
et hyl ene-tetrafl uoroet hyl ene, and
pol yet hyl ene-chl orotrifl uoroethvl ene. 8. The nethod of
claim1 further conprising: transporting the vaporized
chem cal | y-nodi fi ed deposits through the interna
passage to the exterior of the turbine engine
conpalient Th@methbreofivirti d dvhefeindkaingtie ohvbmiceliynmpdfied degosits to the
the hal ogen-contai ning organi ¢ conpound to the first
t enpeseetnd tanpbrprhrbacappisses: heating the
~hal ogen-cont ai ni ng organi c_conpound above a boilin '
poi nt of D8RR gleﬁg"éﬁ?%éfﬁ?"gffﬁp Agoss AT V@B?FBBH?PCP"“% gt the
The thod of claimi wherein heating the.. L
P 0GR AP BP A et ST RGfs] feppeics o vpor fo
tenperature further conprises: heating the :
hal ogen-cont ai ni ng or gani ¢ ‘conpound above a nelting
poi nt of the hal ogen-contai ning organi c conpound. 11.
The nmethod of claim 1 wherein heating the
chem gal | ympedinbi ef1denasdtes cdnprisiag: Ssecond tenperature
further conprises:.heating the chem cally-nodified
deposi ts apglyieg apuapovd @atns anthpairfate dfthd lernal passage after the
chem cal | y-nodi fi ed deposits to convert the- ,
cheni dairiopiiymddifipcbdbpdwiip emsiat Isast warigally sgyenved-or r enoval .
12. The method of claim!1 further conprising: applying
a protective coating to the suiface of the interna

‘passa?e after the _ .
3. The method of claim 1 further comprising:

" applying a protective coating to the surface of the internal passage aftera

majority of the chemically modified deposits is removed.

14,  The method of claim 1 further comprising:
applying a protective coating to the surface of the internal passage after the

chemically modified deposits are substantially completely removed.
. 15. -The method of claim 1 further comprising;

applying a protective coating to the internal passage as the chemically modified

deposits are removed from the surface of the internal passage.
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chemcally nodified deposits are at |east partially

renmoved. 13. The nethod of claim 1l further conprising:
wappiyiongoa protective coating to the surface 8CTUSR007/061978

i nternal passage after a majority of the chemcally

nodi fied deposits is renoved. 14. The nethod of claim

1further conprising: applying a protective coating to

the surface of the internal passage after the

chem cally nodified deposits are substantially

conpl eé.el yrieemsmoads cldib. 1 e ®hhaeheof claim 1furt her

conprising: applying a protective coating to the .

i nternal pmsbage rascttracaignsd taldtymaposige aflerdBpasmically-

are renoved fromthe surface of the internal

passafedifigd dephsits mistahloet prtiadlly agrmved fromtteenriems mp fhe satergal passage.

applying a protective coating to the internal passage

after the chem callynodified deposits are at | east

arti rom_the surface of the internal
Sassag%é 1 e“‘Fﬁ‘é’g ﬁéﬁlﬁﬁ*&o‘ﬁa‘ﬁmﬂ“&m@@%mé?aéﬁﬁﬁ 183 fbromium-

rote ng .i s ac mum:on ai. ni

gn q aggn}ta\{lgn &?t% gﬁawm 8812 mm aé%%lgt %ﬁ(én aff\ﬂ:t?ﬁﬁ g?mpn‘ses
conpri ses: ,qgfldlh 0o BiumNoin I&Q%Peomgb@tgga&d it the internal

the substance placed into the I nternal ,
heat | pgsdgbe chrom um containing material to a third
tenperature sufficient to forma chrom um cont ai ni ng
vapor; andebting ispbiotiiuig colteniff mameiisl o CORE ainfpe@rd SiP@ent to
al ong the internal passage for deposition as the

¢ hr onformasbiemitinmeoutpirgeatapergand

-

transporting the chromium-containing vapor along the internal passage for

deposition as the chromium-containing coating.

18. The method of claim 16 wherein the protective coating is an aluminum-
conaining coating, and applying the aluminum-containing coating further coTnprises:

adding an aluminum -containing material to the substance placed into the
internal passage;

heating the aluminum-containing substance and the turbine engine component to
form an alufr\inum-containing vapor; and

transporting the aluminum-containing vapor along the internal passage for

deposition as the alaminum-containing coating.

22



18. The nmethod of claim 16 wherein the protective

coating is an al um nuntontai ning coati ng, and appl yi ng
wOheo7absuyd num cont ai ni ng coating further conprPEEAIS2007/061978

addi ng an al um num -containing material to the

substance placed into the internal passage; heating

t he al um num cont ai ni ng substance and the turbine

engi ne conponent to form an al um num cont am ng vapor

and transporting the al um num contai ni ng vapor al ong

the i m2.er Mbe nRE®E af@aindr witkefdo Sik He@RitsadmbAe sulfidation scales resulting

al um num cont ai ni ng coating.19. The nethod of claiml

wher eframishifiddiop ogrdson cbapihe sebiserdrizing atrnoper deibggvice in 2 turbine

resulting fromsulfidation corrosion when the turbine

engi n&&%nponent is in service in a turbine engine.

20. The nethod of claim 1l wherein the.deposits

conprise dust particles infiltrating into the interna

ggfi?g(z in. n t 8t ﬁgéaqlgx H ewkﬁeg 1'1 ng dgp%rr%%gr%gnse dust pamcles mﬁltraung

into the internal passage when the turbine engine component is in service in a turbine

engine..
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