28 July 2005 COMVBI NED COAT, HEAT TREAT, QUENCH METHOD FORy&dy 208! NE

ENG NE CQYPONENTS BACKGROUND OF THE | NVENTI ON This invention relates to a
met hod:f.or" coating conmponents of gas turbine engines, such as by alum nide
coating, heat treating the conponents, and rapidly quenching the

conponents in a c i } i s/ 1s. To provide
prot ection agai nsmwgﬁt’mkimggﬂgw}ﬂw*josi on, conponents
of gas turbine engines such as turbine airfoils are subjected to, for

exanmpl e, diffusion alFOR GAETORBINBEENGINE CcOMPORENTAYS are inparted by a
thermal / chem cal reaction process typically requiring a reducing or inert
at nosphere at an_ el evat ed terrg(erature. A diffusion alum nide coating, for

exanpl e, BAGKEKROUYE OETHE INYESRIIPNI975F (1080C). Engi ne conponents are

often strengthened after diffusion coating by being subjected to aging. In
order to i t ing effect it is necessary.to first set the g' .
(gamma. oy effonsefiBs G ubhed fo Prlve SopbieRE S idinbiny pebe Feli®ne age
t enper at Wye aRintifiide kit Gehth AR MERbmPbAIYY Il rapidly fiéaemhg,thé hours,
at the alloy solution tenperature.” Heretofore, it has only been possible

t 0 achi ewempleacnjsisractombined npaetiorausing osisgle appgrays. phase by using a vacuum
" furnace. Such furnaces have not been enployed for coating operations
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phase. Diffusion coating furnaces have not Been capabl guenchi ng the

conponentadminidsetoating.h Diffysion teatiegsatrerisipstéd byiacthetnyal/ichpimitial readdon such,

al um ni de _coat ed. onents have been coated in a diffysion coatin
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held at that tenperature Tor the require ime period, then rapidly
quenched. 28 July 2005 SUMVARY OF THE | NVENTI ON
Engine components are often strengthened after diffusion coating by being subjected to

aging. In order to optimize these aging effects, it is necessary to first set the g’ (gamma
_prime) phase by quenching the components rapidly to below the age temperature after
holding the component steady for, for example, 4 hours, at the alloy solution temperature.

Heretofore, it has only been possible to achieve the quench rate nccessary to set the g’

phase by using a vacuum furnace. Such furnaces have not been employed for coating
- operations because the byproducts from such operations damage the furnace’s ability to
maintain desired vacuum level. Furnaces suitable for coating operations have not been

able to achieve the rapid quench rate required to set the g’ phase. Diffusion coating
furnaces have not been capable of quenching the components to below the age

temperature sufficiently rapidly. As. such, aluminide coated components have been

- coated in a diffusion coating furnace, allowed to cool, removed from the diffusion coating

furnace, placed in a heat treatment furnace, heated to the solution temperature, held at

that temperature for the required time period, then rapidly quenched.




According to an aspect of the present invention, there is pggyidggsa method
for inparting an alumnide coating to an alloy gas turbine engl ne
conponent, heat treating the conponent, and quenchi ng the conponent
conprising: coating the conponent by exposing the conponent to a source of
al um num at an elevated tenperature in a coating furnace to deposit an

al um nuRBRASARPOAFHPINPRTISK on the conponent, heating the conponent
in said coating furnace to a tenperature of at |east the solution
temperature of the alloy, and quenching the conponent by flow ng an inert
gas ar ouherordiag dergioameet of the peesensainyergiony thege ds trsodded at methodnfoonent from
the te bt ; : | 4 : to a
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al l oy gas tur% ne engi ne components, heat treating conponents, and
~ quenchi rigmeptocdappdiheh elymitwpbssd ayidatiinabdrrier o thsomwenmoentn heatingdhe i ng
vessel  QlonipofGitih @adfdaaﬁ?gm@&@hq?hg\?a@geg&f QQeééﬁﬁlét%hiuﬁé}?teﬁmg\é&hﬂém and the

engi ne conponents have a mass such t MassS o e conponents has a
rati o t ®fthsealloy.gand guenshingiile coswoneny by Slewing aptinesh gassarpesskthe kempertsotit 12
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source of al um num at an el evate erature In-'sald coating vessel to
deposi t sgRitignempemis o6 theodliayaloi d femparativer atowhich egasampoplease of Hbait i ng t he

~ componensyidkcb i tle A8} i ssfehi AR | Quimgirper ature of at [ east the

solution tenperature of the alloy; quenching the conponents by flow ng an
i nert gas arqund the conponents in said coating furnace to cool the

conponerft&ordighio appthercaspest o (he prsenitinyension, e isarevideshatesthed af ure of

the all %ﬁp_ﬁu‘ﬁn? ahSIMRAIAdERtRE to WY BaduB3iE Bn iR 888pRHentsD Re He%fn%s set in
the alloy in I'ess than about 10 m'nOtes. According to anot her aspect of

the predBnheomprasnts #l quenehiagithe gnmerangelg campeisneUPipeing cpypaRaenthist ain
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conponents, heat treating the corrgonent S, uenching the conponents
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bet ween sai d coml))onent S, coating and heat )

components by exposing the components to a source of aluminum at an elevated

temperature in said coating vessel to deposit an aluminum-based oxidation barrier on

the component; heating the components in said coating furnace to a temperature of at

least the solution temperature of the alloy; quenching the components by flowing an

inert gas around the components in said coating furnace to cool the components from

the temperature of at least the solution temperature of the alloy to a temperature at

which a gamma’ phase of the alloy is set in the alloy in less than about 10 minutes.

According to another aspect of the present invention, there is provided a method for
imparting an aluminide coating to a plurality of Ni-based alloy gas turbine engine
components, heat treating the components, and quenching the components comprising;
arranging the components irregularly with respect to each other in a coating can in a
coating furnace to reduce reflection of heat between said components; coating and heat
treating the components simultaneously by heating the components in said coating
furnace to a first temperature of at least the solution temperature of the Ni-based alloy

in the presence of source of vapor phase aluminum; maintaining the components at




treating the conponents sinultaneously by heating the conp Q‘?ﬁ'lgﬁzobﬁ said
coating furnace to a first tenperature of at |east the so ut|

tenperature of the Ni-based alloy in the presence of source of vapor phase
al um num mai ntai ning the conponents at 2 28 July 2005 said first
tenperature to deposit an al um num based oxi dation barrier on the

conpone ol ts t C t t ich a
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2 is a dsotremetitg the tmmmﬁnismwchfsamihecmﬂaempgamm of the coating and
quenching apparatus of the invention. Fig. 3 is a schematic side view of

t he coat WPREN off igon Fig. 4 is a schematic top view
of the c%lg%ﬁllggtggg\e supp{gfgtTI_hL‘f1 e |n§ent| on. 2a 28 July 2005 DETAILED
DESCRI PTI ON OF THE | NVENTI ON Th| s invention is drawn to a process for use

i n i nparkigrigs aschematic Hugeation af thegoatingand quenchiop ppsrates ofdhe wyerionent , heat
treating the conponent at the solution tenperature, and rapidly quenchi ng
the conpgpents t:0sdhgmant iifBHaGsh LETRE LaltieCedCof ffe EMGing anB ARRehidpe gas
turbine engine conponents coated and quernched in accordance with this

i nvent i GBP&ABIS of fhsiigwintigns ur bi ne airfoils, including nozzles and bl ades,
manuf actured froma varjety of = alloys |ncI udi ng Rene' N4, Rene' N5, Rene'
80, Rendig 13412358%11493?91%83“’9515113@,@3%% e suppath eF thejiaventipigi st er ed t r ademar k
owned by  Tel edyne I ndustrjes,_ lnc. of Los Angeles,. California, USA Wth
refer encFégt‘blsialslj ematicitpp Vigwfithe eRating t‘i&@ﬁ‘ilmoétd’ fiasiaventiop. i n schematic form
and includes a furnace shell 10, a furnace shell argon inlet 14, a can
argon inlet 16, a furnace
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shel | exhaust 18, a can exhaust 20, a workl oad support 22,2? y306an 24.
The can 24 of the apparatus is further depicted schematically’in Fig. 2
and includes support platform 26. Donor alloy pellets 28 are depicted in
the can, and an activator conpound such as alumnumfluoride as is known
in the art is also present. The furnace is top-loading, about 30 inches
(75 cm) i PEJAAREDDESGRIPHON OFCTHRINYENTIONC) deep. The can is about 12
inches (30 cm to 15 inches (38 cn) in dianmeter and about 10 inches (25 cm
t o about 8ﬁZ.inches.B cm tall. There is a support tree 30 shown in Figs.
3 and 4 fof*SIBFPEPEithEra™a forhprogessior Pse Hclwrpiigca! glominide ceatingtersni on, a
di ffusiong; ' ' ' bi.ne, enai ne conponents
at ' an el o d Dk SormRlent ek i e ORISR b MIbOE A Ge ane .t ho

conponent sipallpqwinthiag @k ctintginent tb delanthefagé f&ﬁgﬁ%&i@t&iﬁﬁ tHd PMasPPAeat US
and the can and the furnace chanber are purged with argon.” The purge to the
can is dESOYRINERNSAC SHAPenALoatsE Artauenghed T8 agsprianesivithothisipentiphars e '

Fange of SPERLFRRE kil SheaRle B End BRAS bRy Pl B a0 SBGE (10650
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vapori zed, The apparatus is then naintai ned at that tenperature tfor about
3 to aboufRegeHidsrgegisiered tademerkapiviyed by Telodyrte Induntrigss Inct of hozAnpélessh
coat-ing.é\é]i Icywégqge i s maintai ned on the furnace chanber during the
coating pro o ‘er 3 28 July 2005 coating, the can and the furnace
chanber are both purged with argon at a flow rate of about 50 ft3/hr (1.5

m8 / hr) WEheeRAMPONEPIS 1Brike kpRRa0Pd a8Rkky géh@mﬁrﬁgc'hfe&aiierf{ﬂ%né‘e@t.

treat ment. by nalntalnlnﬁ them'at the heat trfeat tenperature tor additiona

time. Aftesludesatfimgesthelfl0ea furhdcs sheli angnminletfldy 4 trararpesiniet 1 63 folnke t he
accaonpl i shed by
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i nt o -t he Rener atiog pelloiw 28atre depidteskeint the can, and an activator compound such as

aluminum fluoride as is known in the art is also present. The furnace is top-loading,

about 30 inches (75 cm) in- diameter and about 30 inches (75 cm) deep. The can is about

12 inches (30 cm) to 15 inches (38 cm) in diameter and about 10 inches (25 crﬁ) to about

12 inches 30 cm) tall. There is a support tree 30 shown in Figs. 3 and 4 for supporting

- airfoils 32,

In accordance with this invention, a diffusion coating is applied to one or more gas
turbine engine components at an elevated temperature. In one particularly preferred-
embodiment, the components are situated within the can of the above-described apparatus
and the can and the furnace chamber are purged with argon. The purge to the can is
discontinued and the components are subjected to vapor phase aluminide (VPA) coating
by heating the apparatus to a temperature in the range of at least about 1950°F (1 065°C),
preferably from about 1950°F (1065°C) to about 2000°F (1095°C). Aluminum from the
donor alloy pellets is vaporized. The apparatus is then maintained at that temperature for
about 3 to about 8 hours, most preferably for about 4 hours, to accomplish coating. A

slow purge is maintained on the furnace chamber during the coating process. After
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gas into the can and into the furnace is preferably at Ieaﬁhﬂpgy@ 40 7
vol une changes/hr. The flow rate of argon into the can and around the can
in one particularly preferred enbodinent is in the range of about 40

vol ume changes/ hr t.o about 50 volume changes/hr during quenchi ng.

Dependi ng on the size of the furnace and the mass in the furnace The
conponent soading, thhenr ayd duefueieed chamber e boihypulSbwith 280G a fRwlRAROsT (6500
within six mnutes. The .flow of argon is continued until the conponents
reach ro@W?OMFQ@S‘C)/,hT)at which time the furnace automatically opens.
The flow of argon is discontinued, and the conponents are cool enough to

handl i ! P i | b i bl.e.t
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Such furnaces are especial ly expensive, and not suited to coating
oper at i onBirthen hepd deeptment; Ay eompeneptsaaienspbisséadata oapsd uenchingt Bbmsnisabl e t o
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vessel, which in this enmbodiment is the coating can. | t hat _
previ ous aopa®Eeremd sbavadl A°C aintoothe furpermmndento thesa. t Thef flowmeateofimenime whi ch
r.ed enbodi i nvention, therefore, the

was too high. . In the prefer ment of th
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10 | bs/ cueitedimatt i§ biet theerangb oiitab80t 40 dvohinae tchafgks/hk g6 cAbbut S0ekdhithe 4 28

July 2005, These .obstacles, to _rapid quench with a coating_ apparatus have
been overBHRES d’t“Pl‘F%q“‘i“ﬁﬁlé'ﬁt Pspending,en thesized thefomsge ?ﬂfP he@asyintheul ar
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particular theory, 1't ist ano _ achi'eving
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for the coati . In rticular, it is thought that in arrangenents
such as f E)ﬂ?@)@f g@&;g),iah\er&cghme the ﬁlmaceautomatacg]]yopens. The flow of arg_on

is discontinued, and the components are cool enough to handle in about 20 minutes.

In the past it has only been possible to achieve the quench rate necessary to set the g’
phase by using a vacuum fumace such as is available from Ipson Abar of Rockford,
Iinois, USA. Such fumnaces are especially expensive, and not suited to coating
operations. Furnaces suitable for coating operations have not been able to achieve the
rapid quench rate required to set the g’ phase. One significant aspect of the method of the
invention is the ratio of the mass of the components being coated/quenched to the volume
of the coating vessel, which in this embodiment ié the coating can. It is thought that
previous arrangements had a ratio of component mass to furnace volume which was too
high. In the preferred embodiment of the invention, therefore, the ratio of component
mass to furnace volume is maintained below about 12 Ibs/cubic foot (200 kg/cubic
meter), preferably below about 10 Ibs/cubic foot (160 kg/cubic meter), and most
preferably between about 6 and about 10 Ibs/cubic foot (between about 90 and about 160
ke/cubic meter), |




Pat. No. 5,910,219 Fig. 2, where the donor alloy pellets asgepjpaeb9se
proximty to the conponent being coated, the portion of the donor pellets
whi ch .are not consuned during coating have a di sadvant ageous effect of

refl ecting heat back onto the conponents during quenching, thus slow ng

t he quench rate. In this_invention, therefore, the donor alloy pellets are
pl aced i nThese abstaclsmtarapidhauangh withearovatingrapparatus heve beenesvenfonidiey thismponent s

bei ng coated...or. at leas ufficiently renote to gvoid this type of
reflectioff g'f'tfonl gy s %8@%’?1?%@?13?‘%? la paramete §ea§W8ﬁH§9§“P?fg@quei n US’
Pat. No. ®ifbtBekfe BAthdab Ahrj lRBRS § of
airfoils or] ot her i%:orrponent%imlidr%ra‘r%‘(ta’ﬂgegli’%rnf'jlg g}%gg@gﬁa%g?tpgﬂggﬁéﬁf&&%gﬁgeach
conponent theakqujredi qrienelr rate o therspedfic arahgenian and specificibdmbpénenieft thebei ng
refl ected b(tat ween .t he | i\%g urfaces of the adjacent conponents, thus
sl owi ng t FREINg Gk JR Pacticular.jyis fopght thatde amangemgatsspehas that disslosedin 5Bnv ex
surfaces o] hé eat .t g concave. surf.aces, for
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adj acent conpopents are therefore positioned irregularly with respect to
each ot heathghaveqisadyasageens eifech pf 1sdaetingdichtdock onto thespmipenenteduringnd t 0

i ncrease . tdi SS] jon. Jn.one.preferred odi t, each
conponen t&l{ggc%l@%’g]t]%sgglg etgg tqﬁéﬁac@%tﬁ{e' 38 t*"ﬁ '%‘6‘3??88’&%?8 fqr‘&r{',ﬁe B?Orglgﬁp le,
around a petletsiaceplacedi i thabdtiont 651R6 hn, rémbleSroM tHe suFBeReFhd éo?nrﬁﬁkﬁ:%e“t
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conponent or conponents. To _achi eve an arrangement of conpone In
accor dand¥ing qoatedner 3t deashtufBeiently rmspiota avoid this t3pe bbreflsctipmor t i ng t he
conponents to be coated is provided as depicted in Figs. 3 and 4. This
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illustrated in Fig. 3. 5 28 July 2005 The can used in the apparatus of the
- i nvent | odTPREHRGRY Mitbeaeleeprppanentbeing imilatly ehiented tndbe fiandveatsudtsioheat i vi ty of
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quenchrate. With the present invention, therefore, convex surfaces are not positioned so

- as to reflect heat to concave surfaces, for example, and similar arrangements which

| similarly involve generally parallel surfaces on components facing each other, are

avoided. The adjacent components are therefore positioned irregularly with respect to

each other, to reduce the amount of heat reflection therebetween, and to increase the rate

of heat dissipation. In one preferred embodiment, each component is rotated at least

about 30° in some direction, for example, around a vertical axis, with respect to its with

respect its adjacent component or components.

To achieve an arrangement of components in accordance with the invention, a support
tree 30 for supporting the components to be coated is provided as depicted in Figs. 3 and
4. This tree is preferably constructed from Inconel 600. “Inconel” is a registered
trademark owned by Inco Alloys International, Inc. of Huntington, West Virginia, USA.

There irregular arrangement of the adjacent components is illustrated in Fig. 3.




manuf actured fromisostatically nolded ultra high purity (beggybbgn 20 ppm |
ash content) graphite. This particular graphite has a heat co%ductivity on
the order of about 85 Wm deg K. In contrast, |ess pure graphite can have
a heat conductivity of, for exanple, 40 Wmdeg K, likely due to
inmpurities in the graphite and their interference with heat transfer.
EXAVPLE g Rarpesed 1ihe appareip el the inpveatiomis arantifagredbiiom Snadériad whivhihas

Gepicted et GdURioral (T B8 pidbek. SrofEoblim B eben ptabent o 7 g

1. The caWmpde W 96hboi D5aNIRegTRE QRNRO NS efed WaTHOIRHENE -
al um ni de coatig;g for 4 hours at ag t enper at Errﬁe of 1975F§-l(-1%88 lggiﬂ%qsthe

appar at usmdapiaguead from Fogtaticallyamdldad ulkreehi glopurity (le$s thhni2é pprmaglacortéitpm um
of the can. Argon at_ a tenperature of

al um num pel ] et | aced .in the Rottom

“about -60%@6@%3?&% C'gf'r@a{;lﬂ{ a@ﬁ?lggt&gpd%@lvﬂygpﬂpe gerpfghoyt 83 W/mnt o t he
furnace chgimRenn dbid3f lesQRkd ; ' j furnace, and
t he conponents 1\3\/ere qge%c%gd %gp]?lrég%nnﬁg@égﬁsgﬁ&gﬁwg%gr?%’gﬁog?hﬁarmﬁ&&gbout
-60C and W/in-dag Katikelgfdualioimpbfitisoinuie ghsngesidhtheir iterferehé: %aA heghi | €
flow ng ar og@at a tenperature of about -60C and a flow rate of about 50
ft3/ hr (1t_r S8/ hr) into the furnace chanber. This was continued for about

6 mnutes, at which tinme the conponents reached a tenperature of about
1200F (650hmpiese conditions were continued for about 20 mi nutes, at

“which time the Turnace opened with the conponents having reached a
t enperature of about 250F (120C). As various changes could be nade in the

above entidighmeesserewinbiveuiozdies ardde fignt monv Ncalloyonge aghingdedon thy Sifpogtn, it is
i nt ended t hat all ]{57'2‘_[1 e§ ((;(gn%ai ned, jn the above description shall be
i nt er pr et'&F 4R199d Wstirat pYEPLRer mstdeithe san denietedip Eigndewhshomasnlaged2005
CLAIMS:  Tngife BRI cd 88nidiBPHY Hil alym.ni ting ta an alloy gas
Curbine o di A corrp% - d r?t} k"0 Pk &n%sryugg%d% A3, '?he Components

were subjected to aluminide coating for 4 hours at a temperature of 1975°F (1 080°C) in

‘the apparatus depicted in Figs. 1 and 2. The source of aluminum was chromium- -

aluminum pellets placed in the bottom of the can. Argon at a temperature of about -60°C

was flowed at a rate of about 60 ft*/hr (1.7 m’/ hr) into the furnace chamber during

coating.

Heat was discontinued to the furnace, and the components were quenched by flowing
argon at a temperature of about -60°C and a flow rate of about 50 volume changes/hr into
the can, while flowing argon at a temperature of about —60°C and a flow rate of about 50
ft’/hr (1.5 m°/ hr) into the furnace chamber. This was continued for about 6 minutes, at
which time the components reached a temperature of about 1200°F (650°C). These _
conditions were continued for about 20 minutes, at which time the furnace opened with

* the components having reached a temperature of about 250°F (120°C).

As various changes could be made in the above embodiments without departing from the
scope of the invention, it is intended that all matter contained in the above description

shall be interpreted as illustrative and not in a limiting sense.




heat treating the conponent, and quenching the conponent cggp@&gb@g:
coating the conponent by exposing the conponent to a source of “al um num at
an elevated tenperature in a coating furnace to deposit an al um num based
oxi dation barrier on the component; heating the conmponent in said coating
furnace to a tenperature of at least the solution tenperature of the

al l oy; quenching the conponent by flowi ng an inert gas around the conponent
in said coating furnace to cool tHeABdBponent fromthe tenperature of at

| east the solution tenperature of the alloy to a tenperature at which a
gama' se of the alloy is set..in t.he all in ss than about 10

ot es 13 el Rk TmBarigy of kol telipe e ity o bRioe sl RO LG, 3. The
met hod  Gfeatiteaiing e WBrepaicht, 8d Ghehihd the @dmponealUoiiling0 a tenper ature bel ow
about - 60C. 4. The nethod of claim1 conprising: coating and heat treating
t he conponent by heating the conponent in said coating furnace to said
first teopdngths eomppieneby exapeing ithe comporsal 4 arwures of aluadrym Mt 1950F
(about i r aj i num

i nt i MR hemidatdta B SR RBle RAUGPORPUL Bl BREA ROAR, S, "1

| east alathe édmipp@enthours to deposit said al umi num based oxi dation barrier
on the conponent; cooling the conponent to said second tenperature at which

said ga ' phase of the alloy . is.set by flowng chilled argon around the
-corrponeﬁ{ég%ﬂgt P OMBORTHBR saifh Coptingcfraace 40 @ terapraife ¢ 8?‘35% wlutigher ej n

sai d seggp mﬁ%taﬂ?ﬁ is less than about 1200F (about 650C). 7 28 July
2005 5. e nethod of”claim4 wherein said cooling conprises flow ng argon
chilled to a tenperature bel ow about -60C around the conponent at a flow
rate of guendhamgsthe abmponedOby Howingeancinent ges Atonnd thetconipanert e said npaingnt

reaches said sec t enperature_ in from abaut .
fihace o oo&rhqe component from the temperature o?' at least the solution temperature of

the alloy to a temperature at which a gamma' phase of the alloy is set in the alloy in less

than about 10 minutes.
2. The method of claim 1 wherein said inert gas is chilled.

3. The method of claim 2 wherein said inert gas is chilled to a temperature below about -
60°C.

4. The method of claim 1 comprising:

coating and heat treating the component by heating the component in said coating
furnace to said first temperature, wherein said first temperature is at least about 1950°F

(about 1065°C), in the presence of said source of vapor phase aluminum;

maintaining the component at said first temperature for a period of at least about three

hours to deposit said aluminum-based oxidation barrier on the component;

cooling the component to said second temperature at which said gamma’ phase of the alloy
is set by flowing chilled argon around the component until the component reaches said
second temperature, wherein said second temperature is less than about 1200°F (about
650°C).




5 mnutes to about 10 mnutes. 6. The nethod of claim5 mhgggmgz@ggd
“conponent is coated, heat treated, and quenched in conjunctio

plurality of simlarly shaped conponents and said conponents are arranged
in said furnace with adjacent conponents oriented irregularly with respect
to each other to reduce reflection of heat therebetween. 7. The net hod of
clai m 6 wherein adjacent conponents are rotated with respect to each other
at | east about 30 . 8. The nethod of claim 7 wherein adjacent conponents
are rotated with respect to each other at | east about 30 around a verti cal

_ ; r
ani ne. ComrERped ‘el PF bhiclh, 8 o LS ol e Rl B "

CoNponentApaafiy betdw gboyl-68 TNGoedhe baipsnchatda f1OR ritd @f WERalabolt 40 coat i ng
furnace wher el n the coating vessel has a volune and the engl ne conponents

have a nédumechangesfhssuehibat myppnery scaghgssaidsacond temaperapure dn fromtabotthe vol ume
of the @@H t(%’ %g ufég is less than about 12 | bs/cubic foot (about
200 kg/ cubi er coa I'ng the conponents by exposing the conmponents to a
source of alumnumat an el evated tenperature in said coating vessel to
deposi t @Thamethodwiichas Sdviexdin edid oomjnarent i@ Coatad) htdiereatodipad guérichédiat | ng t he
conponents,in, said coatin rnace to a terrperature of . at least the

sol ut i orfong atth@eglsrﬂlgheyawlagly Sg neHs apd §HE FOHPENS AlCowi ng an

inert g he
conponeﬁa?fsﬁr@?#é‘ngrﬂ RO ot g’é‘méﬁieﬁfsit’??ﬁt regb AR el ae o
28 Jul y dlieh o retiine refldctign dheat themalptwednur e at V\/m ch a gamm' phase of the
alloy is set inthe alloy in less than about 10 m nutes. 10. The method of
claim?9 re| the. rati év%thhe mass of the conponents tothev umre of

t he coat’ of; aijny Feihadigss i coppongls atsgiortadowith respyth{o kg/ cubi ¢

Met er) . other at least about 30° .

8. The method of claim 7 wherein adjacent components are rotated with respect to each

other at least about 30° around a vertical axis.

9. A method for imparting an aluminide coating to alloy gas turbine engine components,

heat treating the components, and quenching the components comprising:

placing components in a coating vessel of a coating furnace wherein the coating vessel has
a volume and the engine components have a mass such that the mass of the components
has a ratio to the volume of the coating vessel which is less than about 12 lbs/cubic foot
(about 200 kg/cubic meter);

coating the components by exposing the components to a source of aluminum at an
elevated temperature in said coating vessel to deposit an aluminum-based oxidation barrier

on the component;

heating the components in said coating furnace to a temperature of at least the solution

temperature of the alloy;

quenching the components by flowing an inert gas around the components in said coating

furnace to cool the components from the temperature of at least the solution temperature of

8




11. The nethod of claim 10 wherein the ratio of the mass ofhgtilif fpgPronents
. . 281y @r
to the volune of the coating vessel is between about 6 | bs/cubic foot
(about 96 kg/cubic nmeter) and about 10 | bs/cubic foot (about 160 kg/cubic
meter). 12. A nethod for inparting an alumnide coating to a plurality of
Ni - based all oy gas turbine engine conponents, heat treating the
conponents, and quenching the conponents conprising: arranging the
conponenths alley tqutempesatung athwhiek pgatma) pbasetof thawdloyiinsa it twtallng ickss i n a
coating '&urgba?cg 6o.r§duce reflection of heat between said conponents;
coating A é‘% PHREEE ng the conponents simnultaneously by heating the
conponents in said coating furnace to a first tenperature of at |east the

sol ut i on1g. amp eicittodrof cRim Ohehdiin tRaaes oflhk Mast Of thé BoRp&REREE tiRfvoRaw ce of
- vapor phase al um num__rmai ntaining the conponents at said first tenperature

to depostitheepatingvessal if Ipwdlan abow 1@dby'enbidiapt(Raut $60 ksiembéompienent s; cool i ng
the conponents to a second tenperature at which a gamma' phase of the all oy
is set hy i [ : i i i furnace
nti 1t e The bkiad o Ol 193 ReRHE ok oF i IRBEDER Sl Byt BRVbile 7

cl ai m 12ofiktheccating eeta debtwenrapontaribs cubiefooDiabbe 96\Melchbit @5pa¥ ind dboarc h

ot her at_|east .about. 30'. 9 28 July 2005 14. The nethod of claim 13

wher ei n %ﬁ%ﬁ‘é’h‘f opbRPeH AR ke/syic msteRk ed with respect to each other at

| east about 30 around a vertical axis. 15. The nethod of claim 12 wherein
said fir SABRRIREH i Sip | fisih 1 : = : wherein
sai d coolﬁzit'r{g congr%gggp%rlﬁ%%%?]; chi dI%e Hg?%gﬁgip}]ﬁﬂgg{fc}ﬁ?%gég@@pg?sate of at
| east abubineddgine|compomdnisn hess teatinghthe eohpawhisgarslr gpenchamgthe cospbakntsan at a
rate of at |east about 40 volunme changes/hr until the conponents reach

sai d secOHE™ P 8nper at ure, wherein sai d second tenperature is |less than
~about 1200F (about 650C). 16. The nmethod of claim 15 wherein said argon

flow i nte@rafidhgl kA BorhPorhts ArrbguPty @t r@fpebt @Rach other in a coating can in a

coating furnace to reduce reflection of heat between said components;

coating and heat treating the components simultaneously by heating the components in
said coating furnace to a first temperature of at least the solution temperature of the Ni-

based alloy in the presence of source of vapor phase aluminum;

- maintaining the components at said first temperature to deposit an aluminum-based

oxidation barrier on the components;

cooling the components to a second temperature at which a gamma’ phase of the alloy is
set by flowing inert gas around the components in said coating furmnace until the

components reach said second temperature.

13. The method of claim 12 wherein adjacent components are rotated with respect to each

other at least about 30",




about 40 vol une changes/ hr to about 50 vol une changes/ hr aggh\gg%?gn said
argon flow around said can is at a flowrate of from about 4 une
changes/ hr to about 50 volunme changes/hr. 17. The method of claim 12
wherein said conponents are cooled to said second tenperature in about 6
m nutes. 18. The nmethod of claim 12 wherein said coating, heat treating,
and cooling are carried out in a coating vessel wherein the coating vessel
has a volduibe method 9E cleing il avhersirpastiosniscomipanentparpueiated with respeet to Rechmass of

the compgpe at .t yol ume of the coating vessel which is

| ess than a%%%?&%%u?%é%%%%dg%feg%?‘ gsbout 160 kg/cubic neter). 9a 28 July
2005 COVBI NED COAT, HEAT TREAT, QUENCH METHOD FOR GASTURBI NE ENG NE
COVPONE ABSTRA E.Dl SCL RE, A net hod for inparid | um ni de
coat i ng To THAPEITET sn | & T Bt FcgvpaHe 2t estAPoah sp%; Bt g ¢ he
conponento6t€)and avitréinl 8RiANE0dENE REMPASROMAHhg (Baled afféh 1#OIRBNAAtt G32) S
exposed to a source of alum num at an el eva%ed tenperature in a coating

f ur nace 1% ai@plsastabent 481 viohimeichapgesdy vl diemingarigon pijound said caneat@antsonent

(32), h ed _i.nth oating furnace to.a.tenperature of. at.|east .the
Sol 1 ot EnRitotiE 47 P GHBRsh: kol ol ERBRMAS e i, SR q 1 ner
gas ar ouadpérarirs; ahpRiedaid dedehd terﬁférﬁtare i€ a4 thiatiout IT0EF (aBo@8h°"(hhe conponent
(32). fromthe tenperature of at |east the solution tenperature of the

alloy to a tenperature at which a gamm' phase of the alloy is set in the
al | oy i 6 Tasmethadobdain 15 whereinseidereon; fing itasaidean is at a flow rate of from

about 40 volume changes/hr to about 50 volume changes/hr and wherein said argon flow
around said can is at a flow rate of from about 40 volume changes/hr to about 50 volume

changes/hr.

17. The method of claim 12 wherein said components are cooled to said second

temperature in about 6 minutes.

18. The method of claim 12 wherein said coating, heat treating, and cooling are carried out
in a coating vessel wherein the coating vessel has a volume and the engine components
have a mass such that the mass of the components has a ratio to the volume of the coating

vessel which is less than about 10 lbs/cubic foot (about 160 kg/cubic meter).
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