METHOD AND APPARATUS FOR CONTROLLING DIFFUSION
COATING OF INTERNAL PASSAGES BACKGROUND OF THE
INVENTION The present invention generally relates to protective coatings
for components exposed to high temperatures within a chemically and
thermally hostile environment. More particularly, this invention is directed
to a method add Epparatid ik ollihe therdepisitnIdi Ndiffusion
coating on internal passages of a component, such as an air- cooled gas

turbine engiﬂ@@pﬁﬂﬁﬂ@@@@%@m@ @Qm@m@f%@mggaﬁng
thickness that is better capable of protecting the internal passages from

oxidation and corrosion. The operating environment within a gas turbine
engine is both thermally and chemically hostile. As higher operating
temperatures for gas turbine engines are continuously sought in order to
BAfdicdsothelr effidiencyiNtheMigbtemperature durability of the
components within the hot gas path of the engine must correspondingly

e R e e

to %@bﬁaﬂmatwéﬁétﬁbiéﬁFmﬁ%éé%lwwtéwﬁﬂmwﬁémg@@ith%ﬁme
pa{'HEm'ﬂﬁVf:ﬂmabHﬁI&{ti@ﬁ'qs AUIMENIQr SGEHANG AR M@'%r%@gl’hng the

superalloys are often susceptible to damage by oxidation and hot
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environmental coating, i.e., a coating that is resistant to environmental
thighees, thybie IRt saaadfne oPeissarBRENS so1E Meesisn. Coatingdatiat and
cohdvgfound wide use for this purpose include diffusion coatings, such as

diffusion aluminides and chromides, and overlay coatings such as

MCrAIX (where M is nickel, cobalt and/or iron and X is X is éttrium ora
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continuously sought in order to increase their efficiency, the high temperature
durability of the components within the hot gas path of the engine must
correspondingly increase. Significant advances in high temperature capabilities have
been achieved through the formulation of iron, nickel, and cobalt-base superalioys.
Nonetheless, when used to form certain components of the turbine, combustor, and
augmentor sections of a gas turbine engine, superalloys are often susceptible to
damage by oxidation and hot corrosion attack and may not retain adequate mechanical

properties.

A common solution is to protect the surfaces of such components with an
environmental coating, i.e., a coating that is resistant to environmental attack,
typically in the form of oxidation and hot corrosion. Coatings that have found wide
wse for this purpose include diffusion coatings, such as diffusion aluminides and
chromides, and overlay coatings such as MCrAlX (where M is nickel, cobalt and/or
iron and X 18 X 1s yttrium or a rare earth or reactive element). During high

temperature exposure in air, these coatings form a protective oxide scale that mhibits



| oxidation of the coating and the underlying substrate. Diffusion aluminide
coatings are particularly useful for providing environmental protection to
components equipped with internal cooling passages, such as high
pressure turbine blades, because aluminides are able to provide
environmental protection on the cooling passages without significantly
oxréafiring theiccrbsg-sedtibnsywihichngthersisecwdlithiead tduinsidficientings
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a container alohg with the components {obe cbate , and the container is
then placed in a retort that provides a gas shield for the container. The
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surfaces to form the diffusion coating. An outermost zone of ng is
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the substrate material. A diffusion zone (DZ) forms within the substrate
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Almetastable phaseg-thatdqrmduring theeeatingofgacianias AEEIHLAL o be
diffusional gradients and changes in elemental solubility in the local

COREGIoPNEf ecSUbEE S BIGRMPRIGh Tetnistritinat dXpbisisetimainiisdd for the
coRdiditive -fayerderms the.desitedalimina sealethabinbibitsoxidationfhinum

the diffusion coatin]g and the underlying substrate. Typical thicknesses for
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sudaleitive layal and abaubESmtmiarometemder Ahe dffusion,ZaRe is often
termed an additive layer that contains the environmentally-resistant intermetallic
phase MAL where M is iron, nickel or cobalt, depending on the substrate material. A
diffusion zone (DZ) forms within the substrate beneath the additive layer, and
contains various intermetallic and metastabie phases that form during the coating
reaction as a result of diffusional gradients and changes in elemental solubility in the
local region of the substrate. During high temperature exposure in air, the additive
layer forms the desired alumina scale that inhibits oxidation of the diffusion coating
and the underiying substrate. Typical thicknesses for diffusion aluminide coatings are
about 30 to 75 micrometers for the additive layer and about 25 to 50 micrometers for

the diffusion zone.

Achieving a suitable diffusion coating thickness, uniformity, and internal/external
thickness ratio for an air-cooled component can be difficult, particularly for turbine
blades with complex exfernal geometries and cooling passage designs. To control the

amount of coating deposited on the internal passages of a turbine blade, the reactive
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Achieving a suitable diffusion coating thickness, uniformity, and
internal/external thickness ratio for an air-cooled component can be
difficult, particularly for turbine blades with complex external geometries
and cooling passage designs. To control the amount of coating deposited
on the internal passages of a turbine blade, the reactive 2 aluminum
alunalide:vaplidds typically forsedithrougiitherimighnahpassages. faetages.  For

example, the reactive vapors.can be introduced intg the blade through its
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potentially no coating) near the " exit points. If the coating operation is
extended to increase the coating thickness at the exit points, the coating
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can adversely impact airflow and reduce the strength of the underlying
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inside a blade would be beneficial to achieving the required protéction in
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SUMMARY OF THE INVENTION The present invention generally
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cooled gas turbine engine component. The coating, such as a diffusion
to AGHANINS BSatRITEHepOSTEE by a SFAPGE phabe Hroeassing haved sHere in
mABHRAr R YR ue to overly thick coatings in high stress areas, such as the blade

shank.
BRIEF SUMMARY OF THE INVENTION

The present invention generally provides a method and apparatus for controlling the
deposition of a diffusion coating on internal passages of a component, such as an air-
cooled gas turbine engine component. The coating. such as a diffusion aluminide
coating, is deposited by a vapor phase process to have a more uniform or better
controlled coating thickness that is better capable of more uniformly protecting the

internal passages from oxidation and corrosion.

The method generally entails placing a component within a coating chamber so that at
least a first conduit fiuidically communicates with at least a first opening in the
component and a second conduit fluidically communicates with at least a second
opening in the component. The component 1s heated within the coating chamber, and

a reactive vapor is generated within the coating chamber. A carrier gas is then
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controlled coating thickness that is better capable of more uniformly

protecting the internal passages from oxidation and corrosion. The

method generally entails placing a component within a coating chamber

so that at least a first conduit fluidically communicates with at least a first

opening in the component and a second conduit fluidically communicates
delvitkedttleasth Secbng opeiingdnithe: cofmporenttithe tdmpendntdsvapor to
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active vapor flows erethrough. The apparatus of the inven
sednoiligles it edshdirspeind sepond conduitsttimat efuidically communicate
with at least first and second openings, respectively, in a component
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the coating chamber, means for generating a reactive vapor within the
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second conduit. The first delivery , o )
the coating chamber, means for geénerating a reactive vapor within the coating
chamber, first means for delivering a carrier gas through the first conduit, and second
means for delivering the carrier gas through the second conduit. The first delivery
means is adapted to force a first quantity of the reactive vapor to enter the internal
passages through at least the first opening n the component, flow through the internal
passages in a first direction, and exit the component through at least the second
opening in the component, and the second delivery means forces a second quantity of
the reactive vapor to enter the internal passages through af least the second opening in
the component, flow through the internal passages in a second direction opposite the
first direction, and exit the component through at least the first opening in the
component. In this manner, the first and second delivery means are operabie to cause,
respectively, the first and second quantities of the reactive vapor to form first and
second portions of the diffusion coating on the surfaces of the internal passages as the

tirst and second quantities of the reactive vapor flows therethrough.



means is adapted to force a first quantity of the reactive vapor to enter the

internal passages through at least the first opening in the component,

flow through the internal passages in a first direction, and exit the

component through at least the second opening in the component, and

the second delivery means forces a second quantity of the reactive vapor
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while also avoiding excessive buildup of the coating within the passages
folinsties dricalgdelesiiipact airflow, material properties, and flow
distribution through the internal passages. Other objects and advantages

Brfhip IyERtENoN be betterappreniated from the following detailed
description. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1

scheﬁ‘na Ca”th epresents a vapor flow stem operatin %ln aforviard fI W
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Figure 2 schematically represents the vapor flow system of Figure 1 operating in &

reverse flow mode in accordance with an embodiment of the invention.

~

Figure 3 is a sectional view of a coating can suitable for use with the vapor flow

system of Figures 1 and 2.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is generally applicable to components that operate within
thermally and chemically hostile environments, and are therefore subjected to
environmental attack such as oxidation and hot corrosion. Notable examples of such
components include the high and low pressure turbine nozzles, blades and shrouds of
gas turbine engines. While the advantages of this invention will be described with
reference to certain gas turbine engine hardware, the teachings of the invention are
generally applicable to any component that would benefit from an environmental

coating to protect the component from its environment.
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reverse flow mode in accordance with an embodiment of the invention.
Figure 3 is a sectional view of a coating can suitable for use with the vapor
flow system of Figures 1 and 2. DETAILED DESCRIPTION OF THE
INVENTION The present invention is generally applicable to components
that operate within thermally and chemically hostile environments, and
Figwethereforg scijectedily smviremnentatattatk suchasroiidation diodhof -
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processes known in the art, the interior of the retort y pur
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Each shuttle valve 30 and 32 is shown as generally comprising a housing 36 and 38
that contains a float 46 and 42. Because the shuttle valves 30 and 32 are intended to
operate within the retort 12 and vent hot reactive vapors, the valves 30 and 32 are
subject to the high processing temperatures occurring in the retort 12 as well as
unintentional coating, For this reason, the housings 36 and 38 are preferably formed
of molybdenum, tungsten, or alloys thereof, and the floats 40 and 42 are preferably
formed of graphite to have low density and low thermal expansion to match the
housings 36 and 38. However, those skilled in the art will appreciate that other
materials could also be used. In Figure 1, the shuttle vaive 30 is shown as allowing
the flow of the carrier gas through the conduit 26 as a result of the carrier gas lifting
the float 40 above the outlet of the housing 36. In contrast, gravity forces the float 42
against the lower end of the valve housing 38, preventing the reactive vapors from

being delivered to the valve assembly 34 outside the retort 12 and forcing the venting



coating operation, and an inert gas continues to flow through the retort 12
to prevent air from leaking into the retort during the coating process. Each
shuttle valve 30 and 32 is shown as generally comprising a housing 36
and 38 that contains a float 40 and 42. Because the shuttle valves 30 and
32 are intended to operate within the retort 12 and vent hot reactive
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molybdenum, tungsten, or alloys thereof, and the floats 40 and 42 are
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argower dridiokttie valvestirolsing 38;ghrevetingvhenreactive vaporgditmvaive
eing, delivered to the valve I tside the refort 12 and foreing
zELSét%e’B\/g(gn%ing 6 O?E?he rea%tiveéa\/éaﬁgf[}:gl %/éwt Ljflkr)??h% rggt(?rt?h fge E{aﬁr%3§6’ el a
copgppdicanatsflonodireptiors] thicuyghtheispsiém Yot hatanertivd reverdebdd and

usthatshgws: R riolrg . The Melve.assambly 34 Lﬁlhoe%a%?oda%a%igﬁéﬁﬁam the
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such that only the carrier gas (preferably an inert or reducing gas such as
argon or hydrogen, respectively) at a relatively low temperature contacts

A gHERMR eCHEBERY S As fepiBgsitied” the e dedbniBRy SN in Figure
3. threewyay yalven el agRrcomientionalsolenpidoperatediree @y, the
valve of a type commercially available and used to control fluid systems.
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prélagiced ofitbeale:assemblynd4sould heachieved withdwesolenidire 3 as
containing components, represented as turbine blades 14, to be coated by reactive
vapors generated from donor mixtures 16 within the can 20. The donor mixtures 16
are preferably in a granular or peliet form, though other forms may also be used, and
may contain any of the previously noted donor and activator materials, though the use
of other materials is also possible. If a diffusion aluminide coating is desired.
particularly suitable donor materials include aluminum alloy particles and suitable
activators include ammonium, aluminum, or alkali metal halides. If aluminum halide
(e.g., AlF3) is used as the donor material, a separate activator may not be required.
Chromium is a suitable donor material for producing a chromide coating, with
suitable activators including ammonium or alkali metal halides. The donor mixtures
16 may also contain a material to inhibit sintering of the donor material particles.
Calcined alumina or another material that remains unreactive during the coating
process is widely used for this purpose. Other than the aspects of inveniion as

described below, conventional coating materials and conditions can be used with this



valves acting out of phase, as well as other types of valve arrangements.

A suitable configuration for the coating can 20 is schematically

represented in Figure 3. As with conventional vapor phase deposition

processes known in the art, the coating process of this invention is

carried out in an inert or reducing atmosphere provided by the carrier gas
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components, represented as turbine blades 14, to be coated by reactive
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If a diffusion aluminide coating is desired, particularly suitable donor
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about 1150C) and coating durations (e.g., about two to about ten hours).
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result of being located in chambers 22 and 23 fluidically connected t0 a
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coaRl RYIELLe sepatatefram.the inner chamber 24 and the remainder of the
can 20 but fluidically coupled to the chamber 24,

The entire retort 12 and its contents are heated, such as by being placed in a furnace,
to a temperature at which the activators will react with the donor materials to generate
the reactive vapors, which at the elevated temperature then react with exposed
surfaces to deposit diffusion coatings on at least portions of the internal passages 18
within the blades 14, and preferably aiso the external surfaces of the blades 14. The
donor mixtures 16 within the chambers 22 and 23 can be of the same composition, or
have different compositions to deposit different coating compositions, such as an
aluminide coating on certain regions of the biades 14 and a chromide coating on other
regions of the blades 14. Furthermore, the mixtures 16 may differ in terms of vapor
activity level, for example, to compensaie for differing rates of vapor depletion that

may occur as the vapors travel through the passages 18 during deposition.



or the upper chamber 23 could be eliminated and the donor material and
activator for the reverse flow could be located in the chamber 24. As seen
in Figure 3, the blades 14 have internal passages 18 that fluidically
connect the lower chamber 22 with the chamber 24 containing the blades
14. For convenience, only one passage 18 of a single blade 14 is shown
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uprempelr afire aamvﬁibhiheem&ﬁvmtﬁngmmem@w}nh@mmr Mdteriadsdactive
el e, the reactive va h at the elevat rat

o s S e e e

copordrscofthe nh@hhalqoaesa@%ht&emtmn thapdoldicbess 1ircauntl drefelalety 14,

the&&lé&ﬂ]\% e Sy %?ugfothe 2 ades Srittie 1S dONOF {Héxg}r”ﬁz%%? 100 e

the chamber and 5'can be ‘same composition.
exmﬂgr’féﬂﬂtl@tﬁnpd§~|,t|@m!$6tdld“epgi$|ﬂmfﬁerémg(:balﬂa@édmmmnmmdd:mas the

lu 0] cert [ ft lade 14andachro i
o O o e § PR Apaa e R e
comgayadifieitrtérens ofrvapoerastivitgpeved, forfegample, Witbmpénsate fomer

raies o] letio rasthe rstr vel :
o B e S A O RN e of
theshisies doupleto thelidarsi20 soatieag oarti@r gesiBRteningctse lé%@netmvbbf a
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vapor from the lower c er 22 |n the passage ach'b
reagitveiglanhe e@éhnﬁglmfﬁqiﬁmé brategoornyeetivnn Codversely, cartier gasrnal

suering ghe, apey nd:of %&fﬂ %%?é%%% &buz@ §§n&@€gy%ﬁg'?§m

conduit 28 forces reactive vapor from the upper ¢ er 23 Into th
pe%gggﬁgé\ﬁg;@f @qm@m@gqﬂ:@mﬂg@w]@h@bez 23 contains CrAl pellets and AlF;

activator, a chromide diffusion coating will deposit on the shank areas of the internal
passages 18 during forward flow, and an aluminide coating will deposit on the
external surfaces of the blades 14 and the internal surfaces of the passages 18 closest
to the cooling holes 46. Because the chromide vapors would be depleted fairly
quickly after entering the blades 14 through the openings 44, there would be minimal
cross contamination of the donor mixture 16 in the upper chamber 23. Conversely,
the activity of the vapors generated in the chamber 23 can be controlled such that
there is minimal contamination of the donor mixture 16 in the lower chamber 22 when

depositing the internal aluminide coating during reverse flow.

The vaive assembly 34 can be controlied manually or automatically to reverse the
flow of the reactive vapor through the internal passages 18 of the blades 14. By
appropriately timing the operation of the valve assembly 34 to periodically reverse the
flow of reactive vapors through the can 20, a more uniform coating thickness can be

achieved throughout the internal passages 18 of the blades 14. In particular, whereas
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cooling hole 46 at the blade tip. As the reactive vapor flows through the
blades 14, the reactive vapor forms a diffusion coating on the surfaces of
the passages 18 before exiting the blades 14, either through the cooling
holes 46 (e.g., corresponding to the forward operation depicted in Figure
1) or through the openings 44 (e.g., corresponding to the reverse
a {hpeditendepictédcintrigeetRle Wbiles witiaintHaeh Iader | eHasabeic2etiiggs 44
reactive vapor.can als re tW| the ex osed external urfa es %f the n
in 500k ST o HUSTED SoStRe b e BRI A sHRERTY adiecdht the
opAitegaaetweM grsdpacate ttnmtun*ez,s@uut@ bﬁ;m&da@bt@csﬂp@yﬁdﬂes M@rand a
ber 24 with a different re C'[IY o that a dlff ent coatin
1‘0%‘5%88&?8%“2%@6" itéd 5n'th Félr%‘é? it ﬁ?gé%%%#ﬁfie Agedtiae g’c? ow

direxaonplirafighetlewigndbamberiR 2reantain chroiitey, peﬂeﬁsgand;hd H4Gdent

ctivator, ar dth ham er2 rAI ellets and A]
co Rt S RGOS BAd S Rl Bt STARE AL te
opdnmgmtemal fptassagesa@fmﬂmglgowahdglmtm aioalarainice ﬁm&tmg flow
d;rectl dﬁpgasn on the extern | surfaces of t e bladets 14t€n the| terng ( th
Surfaces or ltﬁe passaé)es “clo8ESE {6'the ool ianlgn%o 38358 (albse the™
mtehmsmﬂéwaﬁnﬂssweuIﬁtbmtdepbeiﬁdgfaﬁﬂmdqmalélﬁmdemtérm@etbtermade&e
re‘611041 tgr‘g%%h th%o%enl % eerc%lyiyl(e)uld bermlntqmal grossc nta ina t!lonnd
t”h d8Ror mlxture 1 e upper chamb8r ¥3° Converds y,ufhe i

co@ﬁhﬁtﬂﬂ@b@ﬁt&fﬂﬂﬂﬁhﬂﬂd@ﬁ dﬁambﬁbﬁ&dantbﬁmiommﬂgdtmmma;ﬁrome

re |s maI contaminatiagn of the.donagr mjxture, 16 in the lower
et ham% 5@ when' g“%‘é%ng Etrhe |nttehr1r111a’lqa urﬁ(lorﬁ]dglco!mn X ﬁﬁrlfoughly half

waeviersezflahe Theivalyeassenibl\ye8digan béaomirolatmanualyodra six-hour

utomat caI 0 reverse the fI Igé/of thes reﬁtctl 1{eva or thro the |r1ternal

i)
“passa o QS 4By Appropriately |m|hlag[he op er‘a"t‘?o% mide

cottie yalvehassernily szmlg@asnﬂugaﬂyfrmmtsgamezrﬂnw bfa@actd@waparsn is

wigﬁh?%ﬁh lne Canfzt%ea mere yniform ﬁoftt'ﬂg 'Ck”ﬁsai%?}ﬁ‘ be achieved. ror
roug ot the Inteérna passages he bfades 14, In pantlcu ar,

exwheeascd ddffowmidirastioreimwiiich therseactive vapors enter the blades
14 from the openings.44

In an investigation leading up to this invention, laboratory trials were performed with
a vapor flow system similar to that represented in Figures 1 and 2. The trials were
performed on stage one high pressure turbine blades (HPTB) of the CF6-80C2 gas
turbine engine. The trial conditions for all blades were as follows: carrier gas and
flow rate - argon at about 40 scfh; donor material - CrAl; activator - AlF;; coating
temperature - about 1975°F (about 1080°C); coating duration - about six hours total,
A control group of blades underwent coating using conventional single-direction
flow, while an experimental group of blades underwent coating using the flow
reverse-switching technique of the present invention. In the trial, flow was reversed
through the experimental blades after approximately three hours (of the six-hour
treatment). Following the coating operafions, the blades were examined for coating
thickness within exght cooling passages at locations corresponding to the 20% span of
each blade (20% of the distance {from the top of the blade platform to the tip of the

airfoil}. The resuits of the examination revealed that the internal coating thickness
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in their root sections will tend to deposit coatings more efficiently adjacent
the openings 44 but produce a thinner coating adjacent the cooling holes
46 and a nonuniform coating thickness along the lengths of the passages
18, reversing the flow direction through the blades 14 will reverse this
tendency, causing more efficient coating deposition adjacent the cooling
unffotes ¥6iantia thianericoathgadieteqtzegapemnds AdriAdi v resslthad the

th'%gl% t{'\{ ly cycling bet forward .and reverse flow djrectigns c e ..
T e h e S TR e

thémeergor iofaire blackesri4l Quitablthoyaling pesiodsrwitdepebauof itie
reactivity of the reactive vapors, the flow rate of the carrier gas,

WRIRCESSIngAamRelaUeepail-and ;rompiexly oTiNenlemalinassages: i
18, the desired internal coating thickness profile, étc. In generally, itis

appkeydBhathsiitering e dIcw aifepttentoneaaciigity halthwaytthretghs by
sumﬁtﬁﬁ?ﬁlg %W%%E@E%@péﬁd%s@%u%%@ oM 8{‘&%§-B%%ICTZBYS.

coating cycle, will achieve acceptable results when depositing a diffusion
Fugirinitte IESRARY & tHeahtEiHall6owing hass auerormost galscurivits 26

anBlages, dAmuaver, 13 mithin the SHaRe &of EH&QB\%%@Q&{],%%"{%ECB&Q@H@QY%. g,

direction multiple times, for example, every few minutes to every few

the 8peT ISy EStgaRoM Ichmmefup tBamariimdationcmporatordriisements
reldigre Rerfersad witha vanerlawsystemsimilanto. thatrapresenteddn,r me

~ Figures 1 and 2. The trials were performed on stage one high pressure

InyERppie bIadss imitersy 6f elcrelsodsegéamarbine engine. The trial
conditions for all blades were as follows: carrier gas and flow rate - argon
at about 40 scfh; donor material - CrAl; activator - AIF3; coating
temperature - about 1975F (about 1080C); coating duration - about six
hours total. A control group of blades underwent coating using
conventional single-direction flow, while an experimental group of blades
underwent coating using the flow reverse-switching technique of the
present invention. In the trial, flow was reversed through the experimental
blades after approximately three hours (of the six-hour treatment).
Following the coating operations, the blades were examined for coating
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thickness within eight cooling passages at locations corresponding to the
20% span of each blade (20% of the distance from the top of the blade
platform to the tip of the airfoil). The results of the examination revealed
that the internal coating thickness 10 uniformity in the areas of most
interest (passages that historically have had the thinnest internal coatings
Cliadshts blade design) was improved by about 64%, while the ratio of
internal to external coating thickness was improved by about 85%. While

the invention hag,bean deserbad |p 1eims: o3 RIGIRIRAEMROUME Rk, LS,
d e he are St

~ apparent that other forms could be adopted by one s In the art, suc
Intgg ghpasepgtitutiHgrotvemmnsiteble boansil ahebsubstirage materials and
process parameters. Furthermore, it should be noted that the can 20, its

structures (g1hin18,6QRAIEN S BRHIRS ChAMDERBR2S ANE 44N first

openings therebetween), and its contents (e.(" ., the donor mixtures 16)
w%%}h@mﬁ%ﬁ%@a FSIHE BB 3 BrRiritabASEN P RFaEEMR RS SemRRRSTS e 2

se@AMPQRRNLS PRing:coated iguie-3. Weeosdingly, thegcope gfdhes in the
invention is to be limited only by the following claims. 11 CLAIMS: 1. A

CORRAREH-of depositing at least one diffusion coating on surfaces of internal
passages within a component, the method comprising: placing the
componenthwiiiiig sheeatingehambeisththatabhleasiafist conduit
fluidically communicates with at least a first opening in the component and

a second condul fluidisally commpnieales il Al asta seeond apening
in the component; fieating the component within the coating thamber;
generating at least one reactive vapor within the coating chamber;

delivering eliEPgaCHRSUGRHETHED Soh8ist foHereeia firsequiistigrantity
of the at least one reactive vapor to enter the internal passages through at least the first
opening in the component, flow through the internal passages in a first direction, and
exit the component through at least the second opening in the component, wherein the
first quantity of reactive vapor forms a first portion of the diffusion coating on the
surfaces of the internal passages as the first quantity of reactive vapor flows

therethrough; and then

delivering the carrier gas through the second conduit to force a second
guantity of the at least one reactive vapor to enter the internal passages through at
least the second opening in the component, flow through the interna!l passages in a
second direction opposite the first direction, and exit the component through at least
the first opening in the component, wherein the second quantity of reactive vapor
forms a second portion of the diffusion coating on the surfaces of the internal

passages as the second quantity of reactive vapor flows therethrough.

2. The method according to claim 1, characterized in that flow of the
at ieast one reactive vapor is reversed from the first direction to the second direction

by controlling the delivery of the carrier gas.
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of the at least one reactive vapor to enter the internal passages through at
least the first opening in the component, flow through the internal
passages in a first direction, and exit the component through at least the
second. opening in the component, wherein the first quantity of reactive
vapor forms a first portion of the diffusion coating on the surfaces of the

internal paskages ascthedfisstepdantity ahreactive viapas flows 2, characterized
t rough:; and then delivering the carrier gas t rouP%h the seco

. ere h; a > d
in SBAGUTE (3 1SS0 SSotaREY ARG 51 SRS TEaR DD P Saaanm gBr Ry er by
regmitey theléaternad passhgesdineughtiataidastithasacangd@priingdnidhiin the

Cog%nop%rée térflow through the internal passages in a second direction
opposite the first direction, and exit the component through at least the

first opening in the component, wherein the second quantity of reactive
vapor form$.a sésont@brionofhendifivsienscoatingorethiensuifadeswdh 3.

i as the sec ity.o ' orflows .
o PO R L A AL YOI e

vafiow, ofthdhatlleasiohecreadtiveansipor isfresarised Yepor thdthirstidiventiosition
alodbe.second direction by controlling the delivery of the carrier gas. 12 3.
The method according to any one of claims 1 and 2, characterized in that

the at least one reactive va&or is generated within the coating chamber by
reacting at least bife FgfIfc aermngiti atRastiBne bctivltts IbcHtegeh 4,

chwiibindher ceating ghamberoferthg method.aseording:ie %%ﬁé?}ft and the

. claims | through 3, characterized in that the at least one reactive vapor
INEERAPARERLRE [FETHHB YRS RAS58ESS ShHMe fifkE e Quespgomponent.
quantities of reactive vapor differ in composition and/or reactivity. 5. The

method accerding: taygaysane of clripasidihrouging, charmetedzeddmthat on
the co ponenli IS a gas turli)line en%ilne comﬁ?nent and the

surfaces of internal passages within a colnponent, the apparatus comprising:
at least a first conduit fluidically communicating with at least a first
opening in a component located within 2 coating chamber and a second conduit

fluidically communicating with at least a second opening in the component;
means for heating the component within the coating chamber;

means for generating at least one reactive vapor within the coating

chamber;

first means for delivering a carrier gas through the first conduit to force
a first quantity of the at least one reactive vapor to enter the internal passages through
at least the first opening in the component, flow through the internal passages in a first
direction, and exit the component through at least the second opening in the
component, wherein the first quantity of reactive vapor forms a first portion of the
diffusion coating on the surfaces of the internal passages as the first quantity of

reactive vapor flows therethrough; and



internal passages are internal cooling passages of the gas turbine engine
component. 6. An apparatus for depositing at least one diffusion coating
on surfaces of internal passages within a component, the apparatus
comprising: at least a first conduit fluidically communicating with at least a
first opening in a component located within a coating chamber and a
second cornguiinflwidioallfhedmimemieading vitlkratde dsbagedendapentogduit
in the component; means.for heating the component within the coatin
10 dRSTE Sor ALY GortarAling aToast Bre-POLEE it it e e
pacoatinghchamber]disst iteans for dedtiviering atlcarien gasthréiegh thefigst the

. conduit to force a first quantity of the at least gne reactjve vapor to enter
i R P I T R e B AR e

coffpuirttnotighvble inteealipassagesdnspfiistidiraetipnnand ehitrthe the second
.compo nt through at least the second opening in the,. component,

Y (A GLE RN BT e Ao U nBOT IS & sl Hatigh S iae on the

suddfgsion coatingon!tihessagtaces di¢he:totetnalipagsagesastihe fitgtor flows

yantity of reactive vapor flows therethrough; and 13 second means for
theggﬁxrm 11

vering the carrier gas through the second conduit to force a second

quantity of the at least one reactive vapor to enter the internal passages
through at |8ast se2BpesiY ogemifg intthedompotiemtcliowahioudhttie first

anlMIORAPASIAGE S A SRl ection ORRAsHE e Sl ARESHAN (AN Do ating
exit the component through at least the first opening in the component,

chofhbeeinl thd wdcoptimayatity e rédcthve %b erforerer seventispenioppsefable
to RELIusion foating RAING SuHaces AL e ipie el AassaES.3%NGe second

~second quantity of reactive vapor flows" therethrough. 7. The apparatus
disgetisrding to claim 6, characterized in that the first and second delivery
means comprise a valve assembly located outside the coating

8. The apparatus according to claim 7, characterized in that the first
and second delivery means comprise first and second shuttle‘ valves located within the
coating chamber, the first shuttle valve being fluidically connected to the first conduit
so that a first quantity of the carrier gas flows through the valve assembly and then
through the first shuttle valve as the first quantity of reactive vapor flows in the first
direction through the component, and the second shuttle valve being fluidically
connected to the second conduit so that a second quantity of the carrier gas flows
through the valve assembly and then through the second shuttle valve as the second

quantity of reactive vapor flows in the second direction through the component.

9. The apparatus according to claim 8, characterized in that the second
shuttle valve 1s configured to vent the first quantity of reactive vapor from the second
conduit after the first quantity of reactive vapor exits the at least second opening in
the component, and the first shuttle valve 1s configured to vent the second quantity of
reactive vapor from the first conduit after the second quantity of reactive vapor exits

the at least first opening in the component.
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chamber, fluidically communicating with the first and second conduits, and
operable to reverse flow of the at least one reactive vapor from the first
direction to the second direction. 8. The apparatus according to claim 7,
characterized in that the first and second delivery means comprise first
and second shuttle valves located within the coating chamber, the first
shuttle vaIvEObeiﬁ@lélLﬂpljxaadaltyas:cumeﬂt'ecgtmtmwstneondLdtaﬁﬁstma&}&éhngh 9,
nt|I f.the carrier gas flows through. the valve assembl

o e S R ST R R Bl e e

com}tmrfsrat idasecﬁmtmﬁhghdhe@mﬁm Hent, @nd:dhe secohd shrdilaivalweth the

me&gﬁ n qf(l)lilllldlcgi” contneet%ted %ats e rslgggncg conduit so that a second
quantlt of the Tarmer gas fows roug the VEIVE assembly and then
through the second shuttle valve as the second quantity of reactive vapor
flows in the second direction through the component. 9. The apparatus
according to claim 8, characterized in that the second shuttle valve is
configured to vent the first quantity of reactive vapor from the second
conduit after the first quantity of reactive vapor exits the at least second
opening in the component, and the first shuttle valve is configured to vent
the second quantity of reactive vapor from the first conduit after the
second quantity of reactive vapor exits the at least first opening in the
component. 14 10. The apparatus according to any one of claims 6
through 9, characterized in that the generating means is located within
the coating chamber and contains at least one metallic source and at
least one activator that is reactive with the metallic source to generate the
at least one reactive vapor. 15



