; cde3edal "D6zTAF20 June 2003 1 PULSED- VAPOR PHASE ALUM NI DE PROCESS FOR
H GH TE ATI ON- RESI STANT COATI NG APPLI CATI ONS BACRERERAEIGF THE
| NVENTI mmumu HE | NVENTI ON The present invention is directed toward
a process forgappl ying alum nide coatings to superalloy conponents used in
gas turbine applications, and nore particularly to an inproved vapor phase
al umi ni di ng process to coat nickel-baded and cobal t-based superal | oy
conponents used in the turbine section of gas turbine engines. D SCUSSI ON
OF PRI OR ART Algimi ¢ [ ' ' tion of
superal | oy tur W@%@ﬁ%@%&?ﬁ%‘% gg‘deh;\%%g?l?%ﬁg%gt ect the
substrate material by many different processes. One such process is set
forth in UHEEMPHERATURE OXIBATION-RESISTANIOGOAGING APPLACATYONS ,

i ncorporated herein by reference and assigned to the assignee of the
present invention. In the 90>"' patent, an alumnide coating is applied by
enbeddi ng the turbine conponents in a bed of powders having alum num as a
source. Cenerally) the active powders set forth in this patent r
i ron- al UIBACKGROPNINOE THRENVENTIONert al uni na, and m\ﬁ““ﬂmm.ﬁmul@ﬁre
activated by passing a halide gas through the carrier t he bed
to ate Nt of about 1650F to about 2000F.*18etsequent

i mroveg&ﬁ@ﬁjﬁ%tﬁglzr}wﬁﬁgve i ncl uded nodi fications in the al um num
powder sources, nodifications in the powder sizes and inprovenents in the
gas delivery spisd gifesenth@peeriodc 4§ S@izedtal etaenel al Ipto6QRE 610 dpplidngwn as
"pack processes" or vapor phase al um ni de 20 June 2003 2 processes.
These pr ddeadRidereatings tesuperalpy campoagntsisesin gasiusbingapplicetiprns

producin ' Oy | b &%W [ refully
m xed so rﬁf;@to;r ggagtgcgi?ﬁ%téggﬁg@??ﬁ%ﬁg ca gkg?l?@i’l rrllleg[.? é’ Pig?’v\%\%se??c%%ce

depl et ed,nitkel-brdsed damdicabalieheisrd saperalloy cosapohentseased abltke taabimet be
repl eni shed .andf resent a di.sposal problem A second probl em associ at ed
with t heS&CPaR g?%@b@é%%el?@“gﬁat the measuring and noving as well as

di sposing of the powders is |abor intensive. Third, the process, while
produci nDBCUSSION QEPRIOR ARAt i ng, yields a coating of varying thickness
that is not easily controlled. Finally) as tenperature demands of gas

tur bi nes have jhcreased, coolin assages have, been added to the furbine
conponents. T F oBfngn AT RPN CoRVId% FRIAIOp of SyperAlley

channel s, tuahthe dnpSHENS Frddh ghd BEDIROURENES td gf’&&@@ﬁﬁ: fubRErafORltBgapassages

is a further problem Wat is desired iS a coati n% met hod that produces a
good qualby yaaiydifferent progesses. Wne suchvprogessyistaes fprtbindsS. RatendiMoed wi t h

the priorg abl RACKGRLPHRW &2pirtR & s§%ﬁﬁ‘ﬁc9fpc?ﬂa'§ed WYY §N reference

and assigned to the assignee of the present invention. In the 9o1’ patent, an

aluminide coating is applied by embedding the turbine components in a bed of
powders having aluminum as a source. Generally, the active powders set forth
in this patent were iron-aluminum compounds mixed with inert alumina, and
the powders were activated by passing a halide gas through the carrier while
heating the bed to a temperature in the range of about 1650°F to about
2000°F. Subsequent improvements in the process have included
modifications in the aluminum powder sources, modifications in the powder
sizes and improvements in the gas delivery systems. These processes have

generally come to be known as “pack processes” or vapor phase aluminide



The present invention provides an inproved process for applying al um nide
coatings to superalloy conmponents used in gas turbine applicat3lbhse 2083
conpared with the prior avail abl e vapor phase al um ni di ng techni ques for
appl yi ng these alum ni de coatings, the processes of the present invention
provi des an alum nide coating that has_a nore even coating thickness, while
mai nt ai ni ng the advantage of the rel at fvel y thin coatings typically

associ ated with vapor phase al um ni di ng processes. A further advantage of

t he prese i ti I s : loid j d nore
envi ronme ﬁ@%@r .@%&F;’%@ﬁ%ﬁ%‘éﬁé&%@ﬁﬁﬁ g{ lgi?% %P’i Srlltl/gktf \%‘%{ %SIO?‘% nati ng
t he need tproduweing leeaingowdeuiving sperific cpomgmwsitiond)ethey pnustebs. catbfulhel | et s

used in the.present, inyention are easi.er to segregate and.reprocess, if
noeded, | PERHE BRSNS poetad SOBERSLIORS fok niF AHeutd | HOBRYForond,
I npr oyed P4 %@e'ii,ft‘l’fe ﬁﬁﬁéd’ 'rﬂ_ﬁta@'lbwvdlérg?axf‘eoﬂbt neadiy r%@?c?ﬁl@l'e', %nﬁ@ﬂ?ﬁ!;e”t S

used in gas turbine applications conprising the steps of cleanin
super al | oyrepdepisheditasnid presenh@ dispesalrpreblateonfajespnd nreblem dssedated et ort ;

pl aci ng t hg:su I t:S 4 X[.Ig : ] t al ni ng
source in ?’h@‘ re%%r k’ 8&% ‘tﬁﬁwg%ggi%gﬁ{aﬁg&l gep{c?ra%?{néga%:ﬂ(gt@hgmg rﬂg;ﬁgirin ?%e
retort by disposingg ofjaheppessiere ibelabor sintéresied. afhind, 63@ Poocessf ovhitsved by
purging the retort with inert.gas at a .fjrst preselgcted fl.qw rate,for a
Tt "or eoBrodiche aitnod mdféetd SaBhecvisldss P TRE abiaging bk chEneEnge of
about 926. fymot dedflf cHfitrolled. Ry, s 2éRPerdturdidehfinds dfipds RArHiNes hatds at a
second presel ected flow rate; upon reaching the tenperature in the range of
about 926. Brereasedy coalingpassages have beerpadded to the ppbire comppnentsef Therer t

gas and in i i 6GLe4, f r a
second pr eééﬁggfée%}ﬁ%* gﬁ%ﬁg%gs ﬁ%ga?ltrl\@* E: g&fﬁt{ég?ere%rr e(iells’ral (lgt‘& \cl)¥rhte ?Eﬁh(Jev(r%EMi |l e
mai nt ai ni ngf thesetpovwiers trone thésetfire coalimgtpassagesdisbfuether ptohlenmi f or m
tenperature in the range of about 926.67 -1204.44 C ( 1700 - 2200 F),

pul si ng by redugj t he, hydrogen ga ressure in the.retort to,a pressure
bel ow 79992 Pa (BBG: Torertradong rng: MEthoE dbat etpghces preocd Sl oct e
time, thenahithirfide@olting wRil®aRaidigntld phylefieassaaiatéd dvith the prior art

hal i de-containing gas in the ratios of about three to ten parts hydrogen to

one part hRACK Breensses: ni ng gas ((3-10):1) at a fourth preselected flow rate
into the retort for a fourth preselected tine to cause the halidecontaining

gas to reagmpmp@mmﬂ@g source creating an

al um num cont ai ni ng vapor that uniformy flows over the superall oy
conponents causi ng deposition of a coating onto the surfaces of the
superal | oy conpdinisesend| inyeatiopy PEAvAdes q dmprevesy pypcesse for applying

hal i de- . . . , . o
Fitth proscraragefPaiRRe rd Sanaltcy PvpSRRRiclin dop Aine sbBlifatomt. o
step of pulAs comparededithi the prier available yaprrsphase dltminiding bechndqivésnfori on of
hyd d halide- t aj ni ng, d st [ he fl f th

it | 5 pr GREERE, (hese UG Rithe SO SPRERTES O HhY PRES JMaRnig)
conponent s probi¥es R0ukintihidé QoA that HASS Widrel Sveh BatipUifickmessN¥hilknge of
66660 - 79992 Pa (500 - 600 Torr) and holding for at |east about one

ni nute; thanaintaindag the gdrgatagget the ralagivebhthinecoatiags dpicelly assedatedr a

%ét thEiZO ?ﬁ}_{?ﬂofbﬁgée&lﬂﬁﬂnﬁflﬂbb?&etsp@s.retOrt to a tenperature of about

-
-

A further advantage of the present invention is that the process is less labor
intensive and more environmentally friendly, since heavy powders are not
involved, eliminating the need to move these powders or to dispose of these
powders. The pellets used in the present invention are easier to segregate and

reprocess, if needed.



20 June 2003 3a introducing a flow of inert gas into the retort; cooling
the retort to about 121.11 C (250 F), followed by reducing the pressure
of inert gas in the retort to below at | east about 90657.6 Pa,(680 2'(2([30
for about at |least 20 mnutes; and cooling the retort to room H’ffé ure
and renovi ng the superall oy conponents. Thus, it can be seen that an

advant age of the present invention is tRat a uniform yet thicker alum nide
coating can be achieved with the process of the present invention, if so

desired. ; : r | | | $r ﬁﬁ gt ers
are not rggg{séragdgn @1@2&5%3& ggbgﬁog’lag%ﬂﬁ%‘rﬁ@gﬁ%geﬁg?ﬂ P, g's"tlé] [ erda(rifg%tglglx\%l ,

t he t endersoperéliby compdrienty ubedlie gasttarbine epplieativhsi gg@pirising the gtepsabér s i n t ypi cal

t ur bi ne conponents. such as Iai rfoils is elimnated. Finally since powders
are not requi r &6ANEEGSURFRIOY SOMPANEWS nowder preparation process invol ving

the accurate Wgilghigng aRRtmih-soddgnifd sqaeeaas & réatf) be el i m nat ed. 20 June
2003 4 O her features and advantages .of the present invention will be
appar ent from tRRSE3hs BRFALPYFEMBORFaLS AR Pragimgyde e glumipnmgcontiping seresrin thy
enbodi mentretoftak&n i N conjunction with the acconpanying draw ngs which
illustrate, by way of exanple, the principles of the invention. BRI EF
DESCRI PTI ON OF sqimgBRAMPNGS Fig. 1 is a schematic of the apparatus used to

practice the pr&&&ﬁéngogir kb e f‘e%oq“m)y HE!M&EQ .hé)s%reé%{ﬁg below at least about 680 Torr,

followed by purging the retort with inert gas at a first preselected flow rate for a first preselected
time;

heating the retort to a temperature in the range of about 926.67 - 1204.44° C (1700 °F -
2200 ° F) while providing inert gas at a second preselected flow rate;
upon reaching the temperature in the range of about 926.67 -1204.44 ° C (1700 ° F - 2200 ° F),
stopping the flow of inert gas and introducing hydrogen gas at a third preselected flow rate for a
second preselected time to purge the inert gas from the retort; then

while maintaining the temperature of the retort at a substantially uniform temperature in
the range of about 926.67 - 1204.44 ° C (1700 ° - 2200 ° F), pulsing by reducing the hydrogen gas
pressure in the retort to a pressure below 79992 Pa (600 Torr) and holding the pressure for a third
preselected time, then introducing a combination of hydrogen gas and a halide-containing gas in
the ratios of about three to ten parts hydrogen to one part halide-containing gas ((3-10):1) at a
fourth preselected flow rate into the retort for a fourth preselected time to cause the halide-
containing gas to react with the aluminum containing source creating an aluminum-containing
vapor that uniformly flows over the superalloy components causing deposition of a coating onto
the surfaces of the superalloy components, followed by stopping the flow of the halide-containing
gas and introducing hydrogen gas into the retort at a fifth preselected flow rate for a fifth
preselected time;

repeating the step of pulsing by reducing the retort pressure, flowing the combination of
hydrogen gas and halide-containing gas and stopping the flow of the gas until a predetermined
coating thickness is achieved on the superalloy components; then

reducing the retort pressure to a pressure in the range of 66660 - 79992 Pa (500 - 600
Torr) and holding for at least about one minute; then

introducing hydrogen at a sixth preselected flow rate for a sixth preselected time; then

cooling the retort to a temperature of about 760 ° C (1400 ° F),



Fig. 2 is a flowchart of the process used to produce the coating of the
present invention. DETAILED DESCRI PTION OF THE | NVENTION Fig. 1 represents
a schematic of one enbodi nent of the apparatus used to practiECRnkReOProcess
of the present invention. The process of the present invention can

t horoughly be understood by reference g9 this schematic drawing and Fig. 2
which is a flow chart of the process used to produce the coating of the
present invention. \Wenever possible, the sane reference nunbers will be
used t hr oughoufntiodesing aflgveef ipest gasine thegetethe sane parts. In accordance with
the present in L rbi STppPs o i i i pl aced
into a retort gﬁ}%‘?%%’{é’ﬁitﬁ'&ﬁﬁﬁeée cggggoneinggblgﬁdgh?gg%%gﬁkyﬁré%g&??)(f)m

ni ckel - baged gandn debrgiort- tochebalw sulsest abbwsy90651H Pei E8GTsrr) fdr abbw atiledsoR20s 1o
are nemﬁyngﬁagfgﬁﬂured, they are typically cleaned by degreasi ng. However)
the present Tnvention may also be utilized to recoat turbine conponents
removed from sedoling éhe rSont fo roompeanpdtae tnd 1®inoving thes@pesdilop patpaatntainy pri or
coatings by well-known stripping processes) typically by grit-blasting with
fine alum na pawder. althou aci d-stripping fol l.owed by fluoride ion
cleaning i s al o™it} FELEs .eerg\ﬂﬂate?"o*?'d["%ei‘gﬂ?eigffrigsgﬂt W 0%1% thar 4 uniform, yet

al um num ciiidkedi dlirfigids @At canttie CldhieeddSwilts the presdksof the ipfesér® dhvnfidh, 3 so
preferred &ﬁbodinent is shown as coarse pellets 30, 20 June 2003 5 which
are prefer $dt the airfoils 10 are to be "packed” within the nmedia. The
coarse pellets act to prevent the fine air passages from bei ng cl ogged,
which is a comBfiothéralRteyYbehe piestat IROMHUEH B Rk SintbSRAV IS afc iRt FBEA to bd) t he
best node of practjcing the present invention, the airfoils were placed in
a plural i tyedes apaimiyihipues qros fillgsmaterial, (e tendgney dareqoling heles trhecamae whi ch
was then phiaged vith ﬁo“fdéfsriﬁ%i&ﬂ%bﬁl@%mgoneh@ shélf ad &iptbild R Mimilldl g0 wer e
placed in'proximty to the airfoils 10 but not in physical contact with

ai rfoils isucePawdere ste nebtrauiséd, fhedahor ditengive pewgder axepatatipmpreprss drvolvingghown i n
Fig. 1. Th " i k- Qi can be acconplished in any
one of a n%ﬁ%é{e%%%%}s@ Réﬂ}gﬁ)#af’?wg?/ﬁ?%lc%r%gﬁéeﬁhg a chanber within coating
box 15 to hold the pellets 30, such as the vertical chanbers shown in Fig.
1 However, airfoils 10 may be suspended over a bed of pellets go in each
box i5, or may be supported on platforns in each box i5 which el evate
airfoils 10 over pellets 30. In a preferred enbodi nent, the size of the
pellets varies fromabout 4 nm (0.15 in.) to about i6 M (0.63 in.). In
anot her variation, airfoils 10 may be suspended over the nmedia within the
retort 20, and nedi a need not be coarse pellets. Typically, conponents
undergoing a cooling process wll not simnultaneously be suspended above

t he- pack and packed in the nedia, as it would be difficult to control the

t hi ckness of the applied coating to both packed and suspended airfoils 10
In the preferred enbodinment, airfoils 10 are placed in coating boxes out of
contact with the nedia and reference will be made to such airfoils 10 it
bei ng understood that all other aspects of the invention can be
acconplished using airfoils packed in pellets or airfoils 10 suspended over
media in retort 20. After airfoils io are placed within retort 20 with the
al um num contai ning nedia, which in a preferred enbodi nent are

cobalt-alum numpellets, retort 20 is then sealed and placed into a
furnace, not shown in Fig. 1. An internal gas distribution system?2a is
included in the system It will be understood by those skilled in the art
that any source of heating retort 20 may be used, such as connective or

i nductive heat sources, and that the tenperature within retort 20 June
2003 6 20 is controlled by thernocouples. The gas distribution system22 is
connected to an inlet gas system 4o and an outlet gas system 70 and the
retort is sealed.



I nl et .,gas system 40 includes a supply of hydrogen fluoride activator 8as
42, a supply of inert carrier 50, and a supply of hydrogen gas2®Gbmne 2003
Associ ated with each volume of gas is a pressure regulator or mass fl ow
regul ator 44, 52, 62 respectively. A pressure regulator or mass flow

regul ator may be used interchangeably, since in a given system if pressure
flow is known, the nass flow can be cadcul ated and vice versa. A supply

| ine 46) 54, 64 connects the respective gas supplied to valves 48, 56, 65

that are i e i nl.e ' . ' [ 0 an
et vl vt Rab SRR SRR B bR i PonH B bR e el o)

t hat Opelns tlog fallovding ndre dmahi\lrals ?esrrtﬁtﬁm GMermqfdrretblemdgaynf,:take:?m set by
gas reqgulators q.4) 52 nd 62 from}fhe gas, supplies.to the inlet |line 66
and into gﬁ%nmélp%bmﬂ’ozh%fs%wm’t% d?%‘ffmgﬁ. B’g}ﬁ% é{luﬁé%tesﬁ &ay7efi s
conpri sed Q&aﬁﬁlézl{héﬁﬁrﬂcgﬂgsgf?ﬂﬁqn%ﬁ&{. valve 74 and an outlet vacuum punp
76 Both outlet "valve 74 and outl et vacuum punp 76 are operated by the
controller (not shown) that maintains control over the inlet 40 and outl et
70 gas sys FSRESQRIPTHANSP BJEEE DRAWINGSY esent i nvention can be
acconplished. After the sealed retort 20 is positioned within the furnace,
air is evaguat Wo rki C I Lyating
outl e gas apst iy SERANG of R ApdirabB U 18 LR HRE Jhinceie BE SheS
After air Ipaeseandénventinoyaindd, punp 76 is deactivated and inert gas,
preferably argon, fromsupply 50 flows through valves 56, 68 into the

retort while valuyes, 4 el I es..Lhe stem
for a first preggg'e%fsgaqﬁé'ﬁgﬁ%{t %ﬁb?@?{)%ﬁﬁ?&ﬁ&&@@%ﬂg&ﬁégpgt,mgﬁ)fﬁﬁg best
nmode for atpressstinedtivn.30 minutes at a flow rate of 200-300 SCFH. Tines
and flowrates are not critical and different tinmes and flow rates may be

the por gi nPBrATHED JESCRREEHENET THE INBEMITON ., 17 St hresel ected

tenperature in the furnace while maintaining an inert gas atnosphere. In

the best nuEg, 1tréprapents hawheamiticesfuere entbddifhe® OfSHeHpphiates hged itey to a
tenperature 1 n the range of 1700F to about 2200F, and preferably in the

range of 1dreetiesthepsacessaehihe) resentiipyeniiors clae mracessnpbihe presenthe
il foj i i S duced
ow of | “%bemén'%:fEﬁgﬁﬁ%@&@%dﬁ%&ﬁgf@?@&@pw 8% 's%hleﬂléa]'i:ﬁ uce

into the system at ecte ra second preselected
time in ordbawing podgkigi rewhichais & flow cheart ©f dhe prodésssuded wcprovhicdesthed by

cl osing val ve,.56 apd, openi ng, val ve. 65...,Ln t he best., rod hydr o fl oned at
a rate of fé’&p&goog%k—*ﬁ pi5ee l?‘é’gglor%o“)rhwg% ,P%fﬁbige) ﬁirf’e S%fn_res?gfg?é%c@l ect ed
t enper at ur enurberswillb@usrbthrdugksutahd fidurvs tRtefer & het@ineparits.cal and

different tinmes and flowrates nay be utilized so long as the inert gas is

successful ly pur . The,systemis now pul sed. jl e maintaining the first
presel ect epﬂ’t _é‘ﬁ‘b‘g‘%gpﬁ? ewl balﬁ Pregent | eéltﬁS’Pefté‘Fv%’é’& @ﬂmrwe%,fgm@?ly
pressure Wdifofls' &, e b& ih€5UCRAoFOatkef Icleahimy.© SPh&e! &SnpEHETRdare

pressure by evacuating y((:I:rqgen gas. This pressure shoul d be at |east about
680 Torr aryppallyanade frarnal migkebbastdrand cabaltdased superadloyt ¢irsppsitionsr e,

ot eranl e 1t i Aiegoile ° U5, ndy Y e BRAEEE Bis AFE RERRANY s1B8RecE s "
val ves 64 odegrehdings HoOwewér,othenpresent anteritivn n@ypalsp b ubllieédtablegoatval ve

68 is also clpsed. This reduced pyessure i,s held for a third, presel ected
tinme, pref e‘i“zig}riﬁ SOBROENEAE FAMPY .SWIséﬂPrﬁ?-n 4Chi GognpoRents tust pustdiect ed

t enper at ur gg [ d:[&;né hP L& ' Cki¥Gven Isfri i ﬁlall'lﬁrcb he
retort, whi ctﬁlwguggl oW Itq{r)rgts:gﬁg?ﬁb%?ggsure. IS?}%HE@%D%@?E%%%@% e }

hal i de- cont gifitrblagtiggswithsfihg alwyéma powster delthewgh mgid-siwippingfolipwed by

i ntroduced } he 1 (twth a.caryier gas at a fourth preselected fl ow
rate for a ffl‘g{’ﬁfl%l?ﬂ8§éﬁgﬁl§$ﬂﬁ)§ﬁz%'though the carrier gas may be an
inert gas, in the best node, it was hydrogen, and the ratio of 20 June
2003 8 A retort 20 is filled with an aluminum-containing source, which acts as a

media. This media in a preferred embodiment is shown as coarse pellets 30,



hydrogen gas to activator gas was in the range of (3-10): 1 and nost
preferably in the range of Via. This is acconplished by provi d2hipner2003
activator gas flow of about 50 SCFH and a hydrogen gas fl ow of about 350
SCFH. Val ves 48 and 65 are opened and the carrier gas and activator gas are
m xed. In the best node, the gas pressure was allowed to build to about
50-60 psi and the gases flowed throughk gas distribution system 22, and up
around pellets 30. As the gases flowed over and through the

al um num c t d

21 um num o B frdgred e il LRREHE Becphded Sl Bletpelis e

uni formy ovarsetpetets adtadb |[Ee‘£alttthe ﬁgmsalppamgesnfmm beihg ¢cloggeh wiiieh is

airfoils. This flowc tlnu r about 30 mnu nth.best Hoﬂga but
Congor o SHSFREOR PrAlcE Bha, Ae BPBRETS Are batd ag thAimetises Th ARE RSt ange
of about opf{Hfe &k ﬁ%@tlbﬁ@'\ﬂ% présé?ft@ﬁ%rftﬁﬁl tﬁé‘ﬂlrfdilst\béreb[ﬂ%ed‘ﬁgﬁ phi’ra?ﬁ‘f‘t' ng

t hi ckness |n the rTange of o. I nches was typically achieved after 3
to 4 cycl esf coating bexes 13. o&oxteg 15avere p&&adowasne@pﬂ amwerhiq}bwas)then placed

nt a1 re it SEBRRC gy SHotE TR, B s RoSE pited 3B’ WsRE ghiRL g6 9%
fifth preserexingty to tke aftfoids c@,nbthlenalcnnphymed‘lmdmba{ctalvﬂhl dalgfotlstiwer The bot h

of valves 65 and t her eb pi n t he flow of, hydr ogen, readj usting
regul at or gﬁs"aﬁ‘a‘)ﬁ?"ecﬂfemaﬁé‘ gg e%"B Inygntigny i dBuElgglt hahe| ow of

hydr ogen bhrﬁbﬂ%@%éﬂ%‘f NEtsOand AliHRAYMMABY AdcBRBINHKER' BF HHCORETH &1 ent
to purge the halide containing gas fromthe system is acceptable, in the

best node, Numeben efivaxss sueh As Vné@prp@ramatc hambes withino: eeating baxtisitoker

coating is t i fl ow of
The hati ae O5F HAF BelbROE fibh BeiSiRal han PR S0P ERLY. HolfFel

at nospheri |h ainfoils so/neay b@mmdp"e@dudldvgr aﬂbedrf}fflpgﬁetscgmijixﬁeanhﬁboﬂa?}, orll‘(mhyb‘e/ed by
purglngtesste Wlt ro n the sired cq i ckness is
achi eved, tHEPH tg%‘@%“s &ﬁC}\é\g%t]@pﬁ&F olevalsi %‘H%Oég OV?‘hPFﬁ%tSbest
mode of pr Im @9rét’@?relaréi‘ﬁl%@1nﬁéh’ceﬂ{é S o%%]e@véﬁé&ﬁﬂ%ﬁb@&t%

0. 002-0. 004 inches was achi eved in 3-4 cycles ‘or "pul ses une 2003
9 After pul(8itsgnistaaheutettemmi(gedd itbr {n pnetharmariatiay airfolledgovay e a
second pre r I i

presel ect e%ﬁ% ﬁ%&&ﬁ?@é Iﬁ%@% W ghgges{)g?gcl%os%hasﬁllépﬁf L\é/) ﬁo’%é Bar €
activati ng pellets.76 Wliyesmponmml dnﬂergo&nlgncedcd)@iu@ ]])I&E:GSS 68(11 Tmtr

preferably 600, Torr | ower pressures, are not prefer .he best
ode of p) SURRLARgous by Srlbd by ghe-mack and b i Ayps it
achi eved. T gldPbesdidiaulvas dstteoll e @lbi‘éldﬁeé%”@f Thé heayéé t83othS then

rei ntroduced [nto the system at a sixth preselected flow ra or a seventh

pr esel ect edPackag . angs searemded airfoils 110w Fmthe @n@femeﬁleelab@dnnenbralrfp&auo so
| h fd |
gasgs 1 o Hiedt il R bl Bt B bR EXTR YL Shedar SRR RNES

adj ust i ng magdeé abosud? aifeilopenitnbeing| u&der@ﬁood‘a&xaftoall athet a%pecttsrmﬁﬁsa The
retort was .then.a Ilomelgto cogtoda secan res Gt ed rrpera inthe
preferred JRYBRIARMAN Bpageomptshed Hsing a |I?ﬂ° c Brpe &3@ Oraﬁl

rei ntroduceghspeh@ed B9er Biedid irPfetgrtsgy enth presel ected flow rate by cI 05| ng
val ve 65 and openi ng val ve 56. Wth argon purging the system the retort
was cool ed ird preselected tenperature, about 250F. In the best

mode, upon ar: mrg szseFaret Blaced syishin getoptu RBeWithothe ﬁlémwmwommmg
preferably %dpae 'mcﬁ% ol BréfelRl @RBYdintch3 e MobditeR ﬁuﬁ’i‘i’?ell@f > ly to
50 Torr for 20 finutes to remove any residual gases. rt was then
backfill ed ﬂﬁ)umtl;mgsealed landcplatediintara furmace, ndteihommmvé?ag f1. oAnriatenmial 20.

The step of r reS| ual gase he best rmd nal .

The a1 TPor | eAsRROR Rt 28 38 Bctpded D pRSSrdl, Tt Bin HenindGrsRd B o

uni f or m coaghiozd skilleekirette ar@&hﬁb@;ﬂ%@c@@f@%ﬁﬁﬁg r@iort b@ By e wdddo shéle

retort resulted in a nore_uniformdistributign-o ct;ases around .t he st
ﬁg}lé e

Each cycl e ®%cqiiNestivg or inductive hﬂmlsoutpeanamfbmatéhg empgraturewithiar

cobal t/al um num pellets may be reused, to coat additional parts. If a pack
is used, to prevent clogging of cooling hol es, the fines may be sifted by
passi ng the pellet nmedia through nmesh screens. The fines may then be

r eprocessed 20 June 2003 10



Al t hough the present invention has been described in connection with

speci fi c exanpl es and enbodi ments, those skilled in the art wi PP Jenec¥3i ze
that the present invention is capable of the variations and nodifications
within its scope. These exanples and enbodi nents are intended as typical
of, rather than in any way limting on, the scope of the present invention
as presented in the appended clainms. © 20 June 2003 11 Cains 1. A process
for applying alumnide coatings to superall oy conponents used in gas
turbine apphi atd aRIIc0 bR HithdoABIEY. CPFRET gasC UEARHBONN Sy URC" R QY
conponents; placing an al am num containing sdurce 1nto a r &Y Or ; Pl aci ng

t he super acbnyectedptonemtislet rgasrsystemt40 tandt e caitletigasnsysterh aio)i gl sheir ce i n
the retort; then sealing the retort; evacuating air fromthe retort by
reduci ng gS‘%tOﬁf@sS&afeéiba ow at | east about 680 Torr, followed by purging
the retort with inert gas at a first preselected flowrate for a first

presel ect e@inlet @as shetain o ihbRdes ol ofhyéragendludridd Activiof 204 about
926. 67 - 1204.%3 ,?:(1780. F- 2 OOtpqu}? V\Q‘!Z}lle provi di ng inert gg“ggat a

second pr eS8PRI @fiNerbERITiar 0, sERBlY elghydreger gas 08 upssqdirtedavithinge of
about 926. - (17 - e%t%%} , i L, ow.Qf i nert
gas and int@%%%l}’é?lﬁge;}béogragdé# asSSlgl:te% ' pr%ggg?@%ggg\aﬁg%f ?’gt QQ’Tg? a
second presespectizdlyt i né prespuregeeguilatdarner tmgsss flavo meghlatoretmay ;hHehasedhi | e
mai nt ai ni n hg te ature of the retort gt a substantially uniform
{emper at ur dACRHERERG St Do gsim, Tpsfatif el is Bpatm, tho Gigts

pul si ng by ficsdldah Mg ¢dleulbtedr 29 vidaverda e o5 Uﬁppl'yfliﬁeh?&r £5064 cobfindcttBesur e
bel ow 79992 Pa 5,600 Torr)..and ho{ di ng the Eressure or athird Q[re.sel ect ed

)1 )
time, thenTPFREEYEG2S SURPHEARP Natves 48 50nH8 thglcrredadusn goanected to inlet
hal i de- contzak ni asyHi & i f epqt rQgen to
one. par i nas I s8asHith 19 Sohfibea @) af HAKE ValleBa: PEAGD P THE Tallh{ 05
rate into toperatetddita contrallémimot ishpwag thatoapemstarmboses thawvskves be that the

hal i de- cont ai ni_n as to yeact with the al ymi num contai Ri source creating
2 al m nurcaBed Ao ey 87 Skt Moo rdaor fg. S9c ADHES SHpe e &y
conponent s sapplicd o deppdétlimné®hnd isRAids Ais@ibRidhe stethfia¢Re r&brt. he

superal | oy conponents) followed by stopping the flow of the

hal i decont ai ni n s and introduci ng hydrggen gas.into the retort at a
fifth presel ect 3383%%% SHSEEMFO 1 W‘N’WSB&@S é‘lne%‘f%nlﬁl%?» 21 Quklet NQ{V[ehe

step of pulsi A 6@&%&&&{9%\{@5 Gt BHESSHIE yilbeyﬁga?ﬁi *a%u%g%tﬁ'%m&ﬂ on of

hydr ogen gas and hal | de- cont al gas and stoppin ow o e gas
until a prduunprz ace operated dy Hieckortzellens (izaths thatt mairgajnsr edritogl

60660 - 7oaus ahe 155 4o b ORubF 7S ea SRS PR R B e °

m nut e; thedavention can be accomplished.

After the sealed retort 20 is positioned within the furnace, air is
evacuated by drawing a partial vacuum from the retort by activating outlet gas
system 70 by opening valve 74 and activating vacuum pump 76. After air has
been evacuated, pump 76 is deactivated and inert gas, preferably argon, from
supply 50 flows through valves 56, 68 into the retort while valves 48 and 65
remain closed. The argon purges the system for a first preselected time at a
first preselected flow rate, in the best mode for at least about 30 minutes at a
flow rate of 200-300 SCFH. Times and flow rates are not critical and different

times and flow rates may be utilized so long as air is successfully purged.



20 June 2003 12 introducing hydrogen at a sixth preselected flowrate for a
sixth preselected tine; then cooling the retort to a tenperat u?@Jwre 2093 ut
760 C (1400 F); introducing a flow of inert gas into the retort; cooling
the retort to about 121.11 C (250 F), followed by reducing the pressure
of inert gas in the retort to below at | east about 90657.6 Pa (680 Torr)
for about at |east 20 minutes; and cooli ng the retort to roomtenperature
and renovi ng the superal |l oy conponents. 2. The process of claim1l wherein

the superall oy ponpRiithel patgitie of theidis, tBe fetSrtPi®deftedf to-lRififsd
wherei n the al um num containi ng source includes cobal tal um num pellets

havi ng a spreselectad dempesatura immthe Huwace 16hien maintpiRingr aBe dvewdf gas ai m 1

wherein the inenrt gas.i r | [ e first
bt esel ect catrhfiterd” 3p\he Ysdeaods, B0 R R SsThediold T 2dtIB66 SRS, [P
steps of hehilertating toed terhpadatiee fir the chinpe ofnerdo°Fetkp alséwpp2ogCFend | ow of

I nert gas an Lntai,ning the tenpergture includes heating the retort,
st oppi ng tHEe(%?‘f i th eé’i@%&&ﬁ'ht aining the tenperature in a range
of about 1051.67 t -3.89 C (1925 t 25 F). 7. The process of claim1l

wherein the steppin fedBRiMg the firfeprdselectid RuhseraturePtRCNORVGT idert gas is
predeterm ned coating thickness includes achieving a_coating thickness in

the r angef stoppsdand sapirom hydragemosppply @Ooi.scimrqgi%@@d ipte Hegs yystem athe
i ' ' | ] 00- 300
B 00Es S, °f RO elelBISh O A6 1o SRS RSB ik B pri, B

I'rst preselected tine m nu ess of
cl ai m 1 whatet gashfroaedhedypteasel Hriseld ddcomplishedi sy tasiRgOvabeFig6 40d The

process of SLald SuitiFes o VHE LRSS RIS AR S ASwbhoM £ 346 bP 288%38°
SCFH for at least 30 minutes, while the first preselected temperature, was
maintained. Times and flow rates are not critical and different times and flow
rates may be utilized so long as the inert gas is successfully purged.

The system is now pulsed. While maintaining the first preselected
temperature, about 1925°F in a preferred embodiment, the pressure within
retort 20 is reduced to a first preselected reduced pressure by evacuating
hydrogen gas. This pressure should be at least about 680 Torr and preferably
below 600 Torr. In the best mode, this pressure was about 550 Torr.
However, lower pressures are acceptable, and are even preferable if
achievable. The evacuation is accomplished by closing gas valves 64 as well as
56, if open, and activating pump 76. Preferably, valve 68 is also closed. This
reduced pressure is held for a third preselected time, preferably about one
minute.

While maintaining the first preselected temperature, halide-containing
activator gas is then introduced into the retort, which is below atmospheric
pressure. In the best mode, the halide-containing gas was hydrogen fluoride,
HF. Further, the HF is introduced into the retort with a carrier gas at a fourth
preselected flow rate for a fourth preselected time. Although the carrier gas
may be an inert gas, in the best mode, it was hydrogen, and the ratio of



: ',.20 June 2003 13 11. The process of claim1 wherein the third
preselected flow rate is 200-300 SCFH and the second presel ectddune 2603 s
about 30 mnutes. 12. The process of claim1l wherein the third presel ected
time is about one mnute. 13. The progess of claim1l wherein the fourth
presel ected flow rate is about 400 SCPH and the fourth preselected tine is
about 30 m nutes. 14. The process of claim1l wherein the halide containing
gas is hydrogen fluoride. 15. The process of claim1l wherein the fifth

pr esel ect ethydrepen ghtd sctiVatSOzasGrs Rithelraggé of (4+10):e52@ el préfepabil
30- 60 m nut ey;r ?% gTh87gr oce(ggg of clalj mel wﬁerei(ér} t?1e si xth pPeseI ec?

flow rate i3 thdansa0d7scAbiafvacomplishen hyrprovdiBgad AqHatoEamdeN oo |
mnutes. Lol G oNCPAERAY hddlefh FaSIBUAAHGNE b UTIHL. RUIRSIEB B bEdUC! N9

hydr ogen gas pr einthere Inclu Cci ng hydrogen' gas pressure
to about 73B2dpeneddnd tha cafifier golandactivatdBgasTe mixark sk tife sdshimode,

wherein the,step of pul sing,by r.educi, hydr ogen_gas. pr ure in,the,retort
i ncl udes i cﬁ?gcﬂrﬁ “ﬁWP&%@H&ﬁOﬂ’)}H%@eﬁi’ﬁ%@f ?@@S}’%ﬁ egasepilgredeyen
parts hydr at@sugle é@@ﬂiﬁﬁﬁut%hdéﬁ%ﬂ 33 ugid dgsa(ra'uiad) ]?ellets 30. As the gases

A h.A AN A(9$. AF. A3 Al . AT AAR AA% Ar0. As. AF, . Af sS( 8 W

>{| w]r nhi:’\Y{ﬂ%]’é‘é]QY&}'cﬁﬁ]di:H}@ﬁgbaqf@af]fsﬁqlWPE@]i@H]gcﬁFH@Fcél]l%d‘]ftal]e@&qeda] cajc
a] ca] ca] ca cal.c - . :
"#| $98 %1% &ﬁh %8@%%2%8@%%?% gg%@gﬁdgjcggﬁ;@ﬂ[{@a%%ﬂaa fcoeﬂnceg]’ cvgl}flglall] télgfl ca] ca]
ca] ca] ca] cademisiteicalooaling | udfarally advea] the) aisfodls] asajloa 'ga8 JEsSek over and
7@9, <=>>h " FaFEnFpE7HI HI NN | gb
Ca] oal oa] cAREPEAI A HPUS ot djk o nde Ik Bpodt Bl ERhGEkcE A BRCT Loeb
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after 3 to 4 cycles or pulses. Closing valve 48 now stops the flow of halide-
containing gases. The system now is purged by supplying hydrogen gas at a
fifth preselected flow rate, preferably at about 40-60 SCFH, for a fifth

preselected time. This can be accomplished by closing either or both of valves

about
d

65 and 68, thereby stopping the flow of hydrogen, readjusting regulator 62
and reopening valves 65, 68, or simply by reducing the flow of hydrogen by
using regulator 62. Although any time and pressure sufficient to purge the
halide containing gas from the system is acceptable, in the best mode, the flow
was maintained for about 30-60 minutes.

If a thicker coating is desired, the pulsing process is repeated by stopping the
flow of the halide-containing gases, reducing the retort pressure to below
atmospheric pressure, reintroducing the halide containing gas, followed by
purging the system with hydrogen. When the desired coating thickness is
achieved, the pulsing process can be stopped. As noted above, in the best
mode of practicing the present invention, a coating thickness of 0.002-0.004
inches was achieved in 3-4 cycles or “pulses”.



s];!1°1109%& ()-! L!10%H& ()-"L! 1090\ ()-!p, &10%D D & ()- ,&10%j & ()-
$10%&' ()- wicD 910%r&' () - MLO01010 % ! 10%&' ()-!sf ! 10%&' ()- 20 June 2003
s109%&' ()-sL10%& ()- S( 8 aBntD Yl 10%r& () -! Y3! 10%ms& () - Y10%&' () -

@ 10%1& ()-s10%m& ()-L$10%& ()-8 W>~ @ 10%& ()-&$109%& ()- 10m 10m
10m 0&! 10%v& ()-1!1"$' 1 10%m& ()- | glO%& ()-I1n{Z8~ @f "10%b& ()-& f
"100& ()-&)!f "10%Hb& ()-& f "100& ()-& f "10%& ()- &F
"10%3&'()-&v0}[9 @' & 3"10%Db& ()-!& 3"10%Db& ()-& 3"10%& ()-!f

" 10%bé& () ;

" 10%b& ()4 w&‘fv@&ié p@steﬁo%r?tyﬂs&wwe( s. agadn Fegcqd to posecond- -

10==! & 3" 15%x5a%, f&d’ ﬁ?esﬂﬁ‘é\ﬂéloaf(h%sf)heﬁcg?/@u(‘é f(@é—@ﬁ@p&éselected time.
109%@& () - SLO%@ () - S! 10% Sy Y 100 (

109& () - s 10hig 1@)@@@@@@@ bY1@@lmg@1ﬁ®@ﬁl‘@0@@I@ acm}vapn@ pyEpC16. The
10%& () - yllgl/é%sﬁx)e S B8 TEaddH® Gt 1east 680 Torr, preferably 600 Torr and

lower pressures are not preferable. In the best mode of practicing the present

invention, a pressure of 550 Torr was achieved. This pressure was held for

about one minute,

Hydrogen gas is then reintroduced into the system at a sixth preselected flow
rate for a seventh preselected time. As before, the flow rate and time are not
critical, so long as they are sufficient to purge the system of any remaining
halide gases. In the best mode, a flow rate of about 400 SCFH was established
by adjusting regulator 62 and opening valves 65, 68 for about 30 minutes.

The retort was then allowed to cool to a second preselected temperature, in
the preferred embodiment, about 1400°F. At this point, inert gas, argon, was
reintroduced into the retort at a seventh preselected flow rate by closing valve
65 and opening valve 56. With argon purging the system, the retort was
cooled to a third preselected temperature, about 250°F. In the best mode,
upon reaching 250°F, the system was pumped down below 680 Torr,
preferably to below 600 Torr for about 20-30 minutes and most preferably to
50 Torr for 20 minutes to remove any residual gases. The retort was then
backfilled with argon. The coated parts were then removed from retort 20.

The step of removing residual gases in the best mode at 250°F is optional.

The airfoils coated by the process of the present invention have a more
uniform coating thickness, as the pulsing effect of the gases into the retort
resulted in a more uniform distribution of gases around the part. Each cycle
of pulsing takes an hour to an hour and a half. Furthermore, the
cobalt/aluminum pellets may be reused, to coat additional parts. If a pack is
used, to prevent clogging of cooling holes, the fines may be sifted by passing
the pellet media through mesh screens. The fines may then be reprocessed
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the present invention is capable of the variations and modifications within its
scope. These examples and embodiments are intended as typical of, rather
than in any way limiting on, the scope of the present invention as presented in

the appended claims.
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1. A process for applying aluminide coatings to superalloy components used in gas

turbine applications, comprising the steps of:

cleaning the superalloy components;

placing an aluminum-containing source into a retort;

placing the superalloy components in proximity to the aluminum-containing
source in the retort; then

sealing the retort;

evacuating air from the retort by reducing gas pressure below at least about 680
Torr, followed by purging the retort with inert gas at a first preselected flow rate for a first

’ preselected time;

heating the retort to a temperature in the range of about 926.67 - 1204.44 ° C
(1700 ° F - 2200 ° F) while providing inert gas at a second preselected flow rate;

upon reaching the temperature in the range of about 926.67 - 1204.44 ° C (1700
° F - 2200 ° F), stopping the flow of inert gas and introducing hydrogen gas at a third
preselected flow rate for a second preselected time to purge the inert gas from the
retort;then

while maintaining the temperature of the retort at a substantially uniform
temperature in the range of about 926.67 - 1204.44 ° C (1700 ° - 2200 ° F), pulsing by
reducing the hydrogen gas pressure in the retort to a pressure below 79992 Pa (600
Torr) and holding the pressure for a third preselected time, then introducing a
combination of hydrogen gas and a halide-containing gas in the ratios of about three to
ten parts hydrogen to one part halide-containing gas ((3-10):1) at a fourth preselected
flow rate into the retort for a fourth preselected time to cause the halide-containing gas to
react with the aluminum containing source creating an aluminum-containing vapor that
uniformly flows over the superalloy components causing deposition of a coating onto the
surfaces of the superalloy components, followed by stopping the flow of the halide-
containing gas and introducing hydrogen gas into the retort at a fifth preselected flow
rate for a fifth preselected time;

repeating the step of pulsing by reducing the retort pressure, flowing the
combination of hydrogen gas and halide-containing gas and stopping the flow of the gas
until a predetermined coating thickness is achieved on the superalloy components; then

reducing the retort pressure to a pressure in the range of 66660 - 79992 Pa (500
- 600 Torr) and holding for at least about one minute; then
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introducing a flow of inert gas into the retort;

cooling the retort to about 121.11 ° C (250 ° F), followed by reducing the pressure
of inert gas in the retort to below at least about 90657.6 Pa (680 Torr) for about at least
20 minutes; and

cooling the retort to room temperature and removing the superalloy components.

2. The process of claim 1 wherein the superalloy components include airfoils.

3. The process of claim 1 wherein the aluminum-containing source includes cobalt-
aluminum pellets having a size of from about 4 mm to about 16 mm.

4, The process of claim 1 wherein the inert gas is argon.
5. The process of claim 1 wherein the first preselected time is about 30 minutes.
6. The process of claim 1 wherein the steps of heating the retort while providing

inert gas, stopping the flow of inert gas and maintaining the temperature includes heating
the retort, stopping the flow of inert gas and maintaining the temperature in a range of
about 1051.67 £-3.89°C (1925°+ 25 °F).

7. The process of claim 1 wherein the step of repeating the step of pulsing to
achieve a predetermined coating thickness includes achieving a coating thickness in the
range of about 0.00254 - 0.01024 cm ( 0.001-0.004 inches).

8. The process of claim 1 wherein the first preselected flow rate is about 200-300
SCFH for the first preselected time of about 30 minutes.

9. The process of claim 1 wherein the second preselected flow rate is 100-300
SCFH.

10. The process of claim 9 wherein the second preselected flow rate is 200-300
SCFH.
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11. The process of claim 1 wherein the third preselected flow rate is 200-300 SCFH
and the second preselected time is about 30 minutes.

12.  The process of claim 1 wherein the third preselected time is about one minute.

13. The process of claim 1 wherein the fourth preselected flow rate is about 400
SCFH and the fourth preselected time is about 30 minutes.

14. The process of claim 1 wherein the halide containing gas is hydrogen fluoride.

15.  The process of claim 1 wherein the fifth preselected flow rate is 40-60 SCFH and
the fifth preselected time is about 30-60 minutes.

16.  The process of claim 1 wherein the sixth preselected flow rate is about 400 SCFH
and the sixth preselected time is about 30 minutes.

17. The process of claim 1 wherein the step of pulsing by reducing hydrogen gas
pressure in the retort includes reducing hydrogen gas pressure to about 73326 - 79992
Pa (550-600 Torr).

18.  The process of claim 1 wherein the step of pulsing by reducing hydrogen gas
pressure in the retort includes introducing hydrogen and hydrogen fluoride in the ratio of
seven parts hydrogen to one part hydrogen fluoride (7:1).



