SELECTI VE ALUM NI DE COATI NG PROCESS  BACKGROUND OF THE | NVENTION (1) Field

of the Invention [0001] The present invention relates to a nethod and system
for coating internal passages within a turbine engine conponent. (2) Prior
Art [0002] High pressure turbine blades, vanes, and seals operating in
today's gas turbine engines are life limted by both thermal fatigue
cracking on the airfoil and coating defeat due to oxidation from high

operating tenperatures.éﬁﬁgd¥¥vhféﬂuﬁ5¥¥bE(@géﬁﬁ'énbg t&d ance on the

airfoil necessitates the application of a suitable oxidation resistance
coating such as a MCrAlY netallic overlay coating with increased oxidation
resi stance and/or a thermal_bajri coating system for tenperature
reduction. Internal oxidati&%é%ﬁﬁ% d¥$6ﬁ%ﬁ QNQQPNexperienced in

turbi ne engi ng CURMENS SHLhaSohi gh pressure turbine bl ades or vanes.
Thus, there is a need to coat the internal surfaces of these turbine engine

conponent DGW¥] Phet eresentf iomenhécoperdtirg envar matbot. avdpseysphaséor
al um ni zi ng processes in use today do .,not allow the coating of interna
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surface of the turbine engine conponent at the sane tinme. The presence of

an external alumnide with either a MXA'Y overlay or a thermal barrier
coating of?t qriar Mott desirable and may reduce the thernal fatigue

reSiStancfbdﬁzf:hﬁighuﬁggggu%gg%ﬂ%bgggpgﬂgggs, vanes, and seals operating
in today’s gas turbine engines are life limited by both thermal
fatigue cracking on the airfoil and coating defeat due to
oxidation from high operating temperatures. The need for good
oxidation resistance on the airfoil necessitates the application
of a suitable oxidation resistance coating such as a MCrAly
metallic overlay coating with increased oxidation resistance
and/or a thermal barrier coating system for temperature
reduction. Internal oxidation and corrosion have been
experienced in turbine engine components such as high pressure
turbine blades or vanes. Thus, there is a need to coat the
internal surfaces of these turbine engine components for
protection from the operating environment. Vapor phase
aluminizing processes in use today do not allow the coating of
internal surfaces without applying a standard thickness coating
on the external surface of the turbine engine component at the
same time. The presence of an external aluminide with either a
MCrAlY overlay or a thermal barrier coating on top is not
desirable and may reduce the thermal fatigue resistance of the
tﬁrbine engine component.
[0003] Current coating processes for applying a vapor aluminide
coating to the internal surfaces of the turbine engine component
requires a flow of an aluminum halide gas directed through the

internal passages of a hollow airfoil. Complete coating coverage
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[ 0003] Current coating processes for applying a vapor alumnide coating to
the internal surfaces of the turbine engine conponent requires a flow of an
al um num hal i de gas directed through the internal passages of a holl ow
airfoil. Conplete coating coverage 1 of all internal surfaces is a function
of how well the gas flows through and contacts all surfaces on the interior
of the turbine engine conponent. Conplete internal coverage often requires
all openings to the exterior of the turbine engine conponent, i.e.

trailing eflgelsl ohseraast sngrebapl et Horesct abhf 6fl n6AOWEDY thel §5s Eibws
cooling holes, etc., to remain o?en during the coating process. Mst
|nternalI?hé%%ﬁhda@@r%@%%a%ﬁﬁlﬁb eerhanent 8N r elgai tetesadrngf cbrer hyebine
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mask t he ex erna 0 preven am ni eposition on
t he extE®pehlﬁg£fﬁ©EEthekEerﬂ6ﬁrbﬂgtﬁé|tuﬁbﬁhen@ngﬂﬂéragﬁpOﬂeﬁtl iileterna
surfaces because of _the necessity to have the openings. in the turbine

engi ne cohpdheHEd r 8RSF nSbpeH- f%@sbégngBﬁP SUMVRRYS OF2 THEC T NVERTE ERE[ 0004]
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i nternal sur aces a turbine engine "conponent Wi f or ng an exterior
alunln|decoaainggprhaessanest31nhernallfatoguedptapbineeSnginsubsequentIy
overcoated surfaces. [0005] In accordance with the present inyention,
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well. Currently, there is no effective way to mask the external
surfaces of a blade to prevent aluminide deposition on the
external surfaces while insuring full coating coverage on all
internal surfaces because of the necessity to have the openings

in the turbine engine component remain open for gas flow.

SUMMARY OF THE INVENTION
[0004] Accordingly, it is desirable to provide a method and a
system for coatiné internal surfaces of a turbine engine
component without forming an exterior aluminide coating that
affects thermal fatigue properties of subsequently overcoated
surfaces.
[0005] In accordance with the present invention, a method for
coating a turbine engine component is provided. The method
broadly comprises the steps of flowing an aluminide containing 
gas into passages in the turbine engine component so as to coat
internal surfaces formed by the passages, allowing the aluminide
containing gas to flow through the passages and out openings in
external surfaces of the turbine engine component, and flowing a
volume of a gas selected from the group consisting of argon,
hydrogen, other inert gases, and mixtures thereof over the
external surfaces to minimize any build-up of an aluminide

coating on the external surfaces.



broadly conprises the steps of flowi ng an alum nide containing gas into
passages in the turbine engi ne conponent so as to coat internal surfaces
formed by the passages, allowi ng the alumnide containing gas to flow

t hrough the passages and out openings in external surfaces of the turbine
engi ne conponent, and flowing a volune of a gas selected fromthe group
consi sting of argon, hydrogen, other inert gases, and m xtures thereof over

the  extef g PUi 3888, O MLOLIAG A k] doidp 0L 0. @l uiide, coati ng on

t he exter aces I'n acco ance resent

i nventi ongy@tesyStendHt i NPad | tﬂ@rlanwr@m@m@n@oﬁpoﬁ@moon@nproel@é@w ted. The
system broadly conprises neans for flow ng an al um ni de _containing gas into
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mixtures thereof over the external surfaces to minimize any
build-up of an aluminide coating on the external surfaces.
[0007] Other details of the selective aluminide coating process
and system of the present invention, as well as other objects
and advantages attendant thereto, are set forth in the following

detailed description and the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The FIGURE illustrates a system for forming an aluminide

coating in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[0009] Referring now to the drawing, the present invention
relates to a method and a system for forming an internal
aluminide coating on internal surfaces of a turbine engine
component 10 while only forming an aluminide coating on external
surfaces which is too thin to have any effect on the thermal
fatigue properties of subsequently overcoated exterior surfaces
of the turbine engine component.
[0010] To coat the 1nternal surfaces formed by passages 18
within the turbine engine component 10 with an aluminide
coating, a gas phase deposition process may be used. Any

suitable gas phase deposition process known in the art may be
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[0008] The FIGURE illustrates a systemfor formng an alum nide coatingin
accordance with the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT(S) [0009] Referring now to the drawing, the present invention
relates to a method ‘and a systemfor formng an internal al um nide coating
on internal surfaces of a turbine engine conponent 10 while only form ng an
al um ni de coating on external surfaces which is too thin to have any effect

on the th&é the ? %&ﬁ%PéOpEﬁé'€§r81né”€ﬁ§?§§1%%¥ SNELEOR egoeé%gébgfed

surfaces ehgir'né conponén 0 coat he i nferna
surfaces m@ynbd bPyapad sapelsii8a moahingtheseelbnneceﬁgamﬂlﬁgnpheeabaﬁmngnth
an alum nide coating,_a gas ghase deposition process be used. Any

sui tabl e @%Eeﬁh%%elﬁep5§|?P%n YPBces sIRA oA F A Pﬁ%cﬁ?ﬁ hepeusbimed. = For
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a coating vessel containing t coating mat [n one type of gas
phase proegesk, th@ec@mtbhgemangfnalcbmponent 10 being coated i s suspended out

of contac e coating mater.i 0011] The oati.ng material 14 may
e o poadbPORtLl T CERT iR g S Sdure TBY ST RITHOST TR or and
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alum num metal or an alloy or internmetal{ic containing al unmi num

al um num soertcebwhfeh emydbpbuesed Thecabmmlﬂnmeﬁoat9ﬁ1maﬁ1bsopuces mhlch may

be used Igfﬁgggu%h%e qggAgg gffogegr intermetallic contalnlng aluminum.

One aluminum source which may be used is CrAl. Other aluminum
sources which may be used include Nij;Al, Co,Als and Fe,Als.
Activators which may be used include halides of alkali or
alkaline earth metals. One activator which may be uéed is A1F3.
Other activators which may be used include NH(F.HF and NH,Cl. A
typical diluent which may be added to the powder mixture to
control the aluminum activity of the mixture is Al,0;. The source
material used for coating the turbine engine component may be
56%Cr-44%A1l. For a coating vessel containing approximately 20
parts, the internai mix may be 700 gm of CrAl and 125 gm of
AlF3.). A gas, such as an inert gas, may be introduced into the
vessel 12 to assist in creating a flow of an aluminum rich
halide wvapor.

[0012] The turbine engine component 10 and the coating material
14 while in the coating vessel 12 are placed in a furnace 16.

- The turbine engine component 10 and the coating material 14 may
be heated to a temperature in the range of 1900 to 2100 degrees
Fahrenheit, preferably from 1950 to 2000 degrees Fahrenheit,
while in the furnace 16. The time at coating temperature should
be sufficient to produce a coating which meets all technical
requirements. Typically, the time at coating temperature is 2

hours or more.



Activators which may be used include halides of alkali or alkaline earth
netals. One activator which may be used is AIF3. Oher activators which may
be used include NH4F. HF and NH4Cl . A typical diluent which may be added to
the powder mxture to control the alumnumactivity of the mxture is
A1203. The source material used for coating the turbine engi ne conponent
may be 56%Cr-44%Al. For a coating vessel containing approxinmtely 20

parts, the internal mx may be 700 gmof CrAl and 125 gmof A F3.). A gas,

such as apooDBTt ¥R inpditsdNtureducad vatdy the vayrssele bhd araas® Séitdm
creating a flow of an alum numrich halide_vapor. [0012] The turbine engine
conponent th® %Hdmi-ﬂ‘émc6atlr‘ﬁ@ hatereare an ahpménide epBtedBinfgIeEssErhi2

are. Placed Lo 21fuipage:10n nIPeabrbine eagbng: GRTRONCR A0naRdaLNGapar

coating materi e nperature 1I'n the range o

2100 degreeact&ahtehheht, tprbeiseabhyiheobodpolehod 260ﬁodﬁgaﬁealﬁahhedbeit,
while in the furnace 16. The tinme at coating_tenperature shoul
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Heati ng causes the ctlvato to vaporize and react wt um num sour ce
to creat etha aluminide coatangldgpgadssuphn aheaniméuandunempehahatédef

vapor . The alumi numrich halide vagfi ts with, the rglne e |ne
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surfaces gZfxenfe26n@f cbffosition of the turbine engine component 10 being
coated.
{0014] While the aluminum halide gas is being flowed into the
internal passages 18 defining the internal surfaces 24 to be
coated, a large volume flow of a protective gas, selected from
the group consisting of hydrogen, argon, and mixtures thereof,
is caused to flow over the external surfaces 26 of the turbine
engine component 10. Preferably, the protective gas flows over
the external surfaces 26 of the turbine engine component 10 at a
flow rate in the range of from about 30 to 60 cubic feet per
hour (cfh). By flowing the protective gas within this range, it
is possible to sweep away any halide gas exiting from the holes
(not shown) in the external surfaces 26 of the turbine engine
component 10 and thus, not allow sufficient residence time on
the external surface 26 of the turbine engine component 10 to
develop a mature, relatively thick coating. The amount of
aluminide coating deposited on the external surfaces 26 using
this approach would be minimized, preferably below 0.0005
inches. An external cdating this thin will have no significant
effect on the thermal fatigue properties of any subsequently
overcoated surfaces of the turbine engine componeht 10. In
addition, a portion of the “thin” aluminized external surface
would be removed during a subsequent grit blast operation to

prepare the surface for any external coating process.
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tur bi ne engi ne conponent 10. The thickness and conposition of the alum nide
coati ng depends upon the tinme and tenperature of the coating process, as
well as the activity of the powder m xture and conposition of the turbine
engi ne conponent 10 being coated. [0014] Wiile the alum num halide gas is
being flowed into the internal passages 18 defining the internal surfaces
24 to be coated, a large volune flow of a protective gas, selected from

t he group j sting of  _hydrogen, argon d.m xtures, thereof, | aused to
{1ow over LIRESL PEVo SR s 5o g6 one ™ iridhme 20000 Kb 8R51 MEveBirnamsit 250,

Pr ef er abl 1 ow hehorptcddvEvdagas | O¥6r oves etherext esnaf ase f@gesh@6 of the
turbi ne engi ne conponent 10 at a flow rate in the range of fromabout 30 to
60 cubi c Fedeiperengibye ¢eTponemy ¥0 owlg fhew pra dee | dEreakedi aBress hilse
range, it_.] ssible to .any_hal i de Xiti om t he hol es
(not showfi rj|‘§Cr>1 héoga%%én%fmggéf)f%\é\%lrg% %l?ga)t%e Tur ?n%n%ng(?néél%%n%onent 10
and thus,maoifeldomshiféistentoresesience 1amenon fide fxtesvathsuaiacsei 6 of
t he turbine engine conponent 10 to develop a mature, relatively thick
coating. FPECEPRUNN A PEPAMTHIQR WEl ToRbosPRRICHM EPR FxXtWPPRT 3df aces
26 using i L 1 .0i m r o I nches.
An exter nlacF‘p%:%a??%}Q%ﬁ |hss¥\€ ﬁ?lqg V\?\Ale‘flﬁn %aﬁgﬁ%res%ﬁfi ggén%sgg%f fe\éf:]'(f)c %ggts%%é
thermal f@ds gie Propesteestiod adwfslibsgepehdhy overcoated surfaces of the
turbi ne engine conponent 10. In,6 addition, a portion qof the "thin"

al umi ni zetlP¥kG br FERLOLU P2 LEILRBERT hber fvledidsr CRGtaTSUPLOGGESr it bl ast

operati ongtPraces of the turbine engine component 10 should be cleaned
free of dirt, oil, grease, stains, and other foreign materials.
Any suitable technique known in the art may be used to clean the
surfaces.
[0017] The coating process thus described may also be enhanced
by fabricating the coating vessel 12 from an inert material,
such as graphite, which would not become a secondary source of
aluminum during the coating process since the walls of the

coating vessel would not become aluminized.



prepare the surface for any external coating process. 5 [0015] Any suitable
means known 20 in the art may be used to flow the protective gas over the
external surfaces of the turbine engine conponent 10. The flow may be
directed across the airfoil portion of the turbine engine conponent 10
using a manifold with slots to create a |lam nar flow across the airfoi
portion. In a production environment, one can use an upper and | ower
chanber set-up with a differential pressure. forcing the gas to flow over
the airfoffiaApors i CAINEIOIG3: Prior to beginning the al um nide coating
process, all surfaces of the turbine engine conponent 10 should be cl eaned
free of dirt, oil, grease, stains, and other foreign materials. Any

sui tabl e {echnpOue,kneyn iy aL e Ay he Usefhd O SReADE {aeks-
[0017] The coating process t%ﬂ@gdescrl %d nafig?san%ggeﬁﬁanc%%ﬁﬂ%y g

fabri catitige téeepoabf ng vessel 12 froman inert material, such as graphite,
whi ch woul d not becone a secondary source of alum numduring the coating

process since the walls of the coating vessel would not becone al um ni zed.

6 WHAT IS CLAI MEDRARy dn 41 (RiD0sk TOSnCoAtiNg Sad Ubi HE200) Hes COMPONEAT
conprising the steps of: flowmng an alum nide contalning gas I nto passages
in said turbime engime cogpunEn s @ to oot imtermal surfaces formed

by said passages;

allowing said aluminide containing gas to flow through said
passages and out openings in external surfaces of said turbine

engine component; and

flowing a volume of a gas selected from the group
consisting of argon, hydrogen, and mixtures thereof over the
external surfaces to minimize any build-up of an aluminide

coating on said external surfaces.

2. The method according to claim 1, further comprising flowing
said volume of gas over said external surfaces while said

internal surfaces are being coated.

3. The method according to claim 1, wherein said gas flowing
step comprises flowing said gas at a volume sufficient to
maintain aluminide cdating deposits on said external surfaces to

a thickness less than 0.0005”7.

4. The method according to claim 1, wherein said gas flowing
step comprises flowing said gas at a volume in the range of from

30 to 60 cfh.



by sai d passages; allow ng said alum nide containing gas to flow through
said passages and out openings in external surfaces of said turbine engine
conponent; and flowing a volunme of a gas selected fromthe group consisting
of argon, hydrogen, and m xtures thereof over the external surfaces to

m nimze any build-up of an alum nide coating on said external surfaces. 2;
The met hod according to claim1, further conprising flomﬁng sai d vol une of

gas over salfhesinal suclaces Wil e ohc | NSIIRL SUERAGES, ALEbEl NO

coated. 3 accor to°c ereln s&id gas omnng step

conpr i sescéhosd Nong adgsls gﬁsomng srtodspm@or&plﬁs@s ent to nai nt ain al um ni de
coating deposits on said external surfaces to a thickness |ess than
0. 0005". 4. The nmet hod according to claim1l, wherein said gas flowing step

conprises flow E%#dgé@@ r@iﬂ% gﬁ%ﬁé gﬁgégggfugﬂtérgn& 30:49 60 cfh. 7

5. The met hod cco ng to clarm m ni de con%a ni ng gas
fl owi ng stepsebpprises: placing sald turblne engi ne conponent into a coating
vessel ; placing a conposition containing a source of an alum num and an
activator into said coating vessel; and heating said conposition to a

coating tenperﬁi&éfhérbtéﬁhposition containing a source of an aluminum

and an activator into said coating vessel; and

heating said composition to a coating temperature in the
range of from 1900 to 2100 degrees Fahrenheit to create said
flow of aluminide halide gas. ,
6. The method according to claim 5, further comprising
maintaining said turbine engine component and said composition

at said coating temperature for a time of at least 2 hours.

7. The method according to claim 5, wherein said turbine engine
component placing step comprises placing said turbine engine

component into a coating vessel formed from an inert material.

8. The method according to claim 5, wherein said turbine engine
component placing step comprises placing said turbine engine

component into a coating vessel formed from graphite.
9. A system for coating a turbine engine component comprising:
means for creating a flow of an aluminide containing gas

into passages in said turbine engine component so as to coat

internal surfaces formed by said passages;



range of from 1900 to 2100 degrees Fahrenheit to.create said flowof

alum nide halide gas. f 6 The nethod according to claimb5, further
conprising nmaintaining said turbine engi ne conponent and sai d conposition
at said coating tenperature for a tine of at |east 2 hours. 7. The nethod
according to claim5, wherein said turbine engine conponent placing step
conpri ses placing said turbine engine conponent into a coating vessel

for e F LM AMLOSL e g8 211 Bling oo ThE, (A HOGRCE0RALNG; h. GLE 1 5cy ljor ef 0
sai d turbi ne engine ~conponen %I p coOnpri ses fagl sald urblne _
engi ne conpought sa id Opas cagés n@naeeaﬁel O}b@ﬁﬂﬂgsfmmagtaphalesuﬁfaéesysfem
for coating. a turbine engine conponent conprising: neans for creating a

~fl ow of a%aé@uﬁPﬁPH%ec%%géFﬁlﬁ@m©%§enFnt%n%assages in said turbine engine
conponent so as to coat internal surfaces fornmed by said passages; 8 neans
for allowing said alum nide containing gas to flow through said passages
and out openi ngsang Bxtefbakisgréaceluné ofandghsr bebeceadi fironothengndupand
means for flowing a volune of a gas selected fromthe group_ consisting of
ar gon, hyﬂ?’aﬁéﬁtl%do% *¥dres ]P?HgF%%?nov%’fl dt RExtukesr Egﬁréaﬁf%’&%‘é toe

i ni i ze gRye i dstipeobeancal g, SRAHRGIADLEALE gx! gipAlnouLf aces,

10. The systemaccording to claim?9, fur conprising: a coating vessel
i nt o whi choztidgt onbsaed epgt @engbnponéatesi s pl aced.

10. The system according to claim 9, further comprising:
a coating vessel into which said turbine engine component

is placed.

11. The system according to claim 10, wherein the coating vessel

is formed from an inert material.

12. The system according to claim 10, wherein the coating vessel

is formed from graphite.

13. The system according to claim 9, wherein said means for
creating a flow of an aluminum containing gas comprises a

composition containing a source of aluminum and an activator.

14. The system according to claim 13, wherein said composition

optionally contains a diluent material.



11. The system according to claim10, wherein the coating vessel is forned
froman inert material. 12. The system according to claim10, wherein the
coating vessel is formed fromgraphite. 13. The system according to claim
9, wherein said neans for <creating a flow of an al um num contai ni ng gas
conprises a conposition containing a source of alum num and an activator.
14. The system according to claim 13, wherein said conposition optionally
contains a diluent nmaterial. 9 ABSTRACT OF THE DI SCLOSURE A net hod for
coating internal surfaces of a turbine engine conmponent conprises flow ng
an alum ni de containing gas into _pass in the t urbi ne engi ne conponent
so as to coat the internal é@ﬁ?gégg gg Sﬁgééages all owi ng the
al um ni de COQ&Qh@tH@dgﬁért@b$E£M§tﬂﬁ9éﬂHaih§uP§§é§§e§fantﬁﬁﬁlﬁéeQﬁ gSei N
external surfaces of the turbine &ngine conponent, and flowng a volune of
a gas seleotponénoneetper jees pk bonsigt dmga bimén yda, conyainyes, gandintat ur es
t her eof over the external %éfaces tp mnimze ang buil d-u of eg al um ni de
I&E o]

coating o FHIRSt B it KPR engine component as to coa

internal surfaces formed by the passages, allowing the aluminide
containing gas to flow through the passages and out openings in
external surfaces of the turbine engine component, and flowing a
volume of a gas selected from the group consisting of argon,
hydrogen, and mixtures thereof over the external surfaces to
minimize any build-up of an aluminide coating on the external

surfaces.
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