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

b .aroduct.s f ti d he f ' bility t
i nt it n RO REBOEl ik SR P RERDL. SRe R Pol PG BRR R  ons
have not Jseefturkint engife6fthaN dubiif Jiﬁﬁilﬁaﬁ%ﬂﬁae&%,%f@)&Higj]]&qjiffﬁsi t the g

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. _
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.




28 July 2005 SUWMMARY OF THE | NVENTI ON According to an aspgg:yulgfzo?:he
present invention, there is provided a nethod for inparting ah alum nide
coating to an all oy gas turbine engine conponent, heat treating the
conponent, and quenchi ng the conponent conprising: coating the conponent by
exposi ng the conponent to a source of alum numat an el evated tenperature
in a CO%&NWA&W@?“I%IEE\I\?EQ‘?%N an al um num based oxi dation barrier on the
conponent, heating the conponent in said coating furnace to a tenperature
of at least the solution tenperature of the alloy, and quenching the
conponenfcdoydipg dai aig agpeet Abhe gepsentrivuentionh here rip amevided iannmthedcgat i ng
furnace ; aﬁﬁ%| t Faalyeolola f ner.at: I :

sol uti onﬁl‘%berrpera(?lltélij'rﬁ‘lé1 of thg&a?ﬂ{é’f/dq"g%gs %‘gﬁ‘]@g? a 5?2"‘2{"’%%&%@35%%' phase
of the the cogrpprensand;qyenthingihegipmpenert omphisingabesting 1e pempensst bAccor di ng
to anot Nepodfpafelcoffpohlif (Ph SRR of AP anldEhRd tengdlMih AflcRnEt hod of
imparting an alum nide coating to alloy gas turbine engine conponents, heat
“treatin protocdsppaihath elyminwmbaged pxidptian bavdercemihsreomponednpedtiverthe pl aci ng
‘conponendopofledt in S8 oREhe RESRE 104 téingé}éﬁﬁé“gf ét‘iﬁd%@ﬁ]@ U5 Pleh E{%ﬁnﬁoat I ng
vessel has a volune and the engine conponents have a nass sgc that the
mass of afifie Alewyrod anenshingshecomponent by flowing andhertrgassirowtsicthe gempergnt essel

whi ch | Snl{8 ok G@RRN! 10 100l Y EBh6n o BRAIMIIRDIE orcaNRARGALS DY

exposi ng the conponents to a source of alumnum at an el evated tenperature

i n sai d Sebiienrigmpertier of shedellasiora samperainienainw sk adgamxmalaphase ofdhe i er on
the COMPARGM set Ak ISy 118 AREPARENI riflugal d coating furnace to a
tenperature of at | edst t%e solution tenperature of the alloy; quenching

t he conponents by flowng an _inert gas around the conponents in said

coat i ng A%PriRS td anethes asperd of dhg Bresent dnvengian, e isarpdded ameetbed gf | east

the sol lihl{p@ﬁ!in@%ﬂ%ﬁﬁﬁﬂeecdﬁﬁné bealdy 0% fufbife LRIREERhPSRNAL hedMliiealing gamMma’

phase of the alloy is set Inthe alfoy in Iess than about 10 m nutes.
Accor di e sempensatseandigyraching fhe eranpnesis pompriviagt plesing cpapengnss iravi ded a

et hod fc@ﬁting 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 Ibs/cubic foot; 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 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




inparting an alumnide coating to a plurality of N -based QEIJQI @9s§ turbine
engi ne conponents, heat treating the conponents, and quenc mé' e
conponents conprising: arranging the conponents irregularly with respect
to each other in a coating can in a coating furnace to reduce reflection
of heat between said conponents; coating and heat treating the conponents

sinmulta ng,. t } i_n .0 a
first gs%&]eféar tulr?ée( %%M Iq%as 0 lge s%ﬁf&bﬁlgﬁl aesg%era afJHrOé1 %fm—{ﬁ &ﬁl “Based

al | oy icontpgoseqts;esmhing thé conpooatoto \aaf@oonq:) Itmws@rahmtnwluchrmlgmmam ng the
conpone Jul i 0

al um nuﬁ%%%é%ﬂ%xaﬁggt ggérgt %gﬁ(?wm%aingﬂ £§}ou§1§@? &é&n%n{s lPdsgﬂ %ﬁ&m onponent s
to a sedormce entpghacamporantswrichsaid sgmndﬁbmpq:l’am of the alloy is set by
flowi ng inert gas around the conponents in said coating furnace until the
Corrpone BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. %ﬁyﬁﬁggﬁﬁﬁﬁgmgw ?he coati ng and quenchi ng appar at us
of the i nvention. 2 is a schematic illustration of the coating can of
the coatHigid @ﬁ@cm@h@amﬁgahoapﬁ&ﬁ@mg@d ghenching epparatvs ofthginventios. a
schematic side view of the coating tree support of the invention. Fig. 4
s a SCVI&gﬂQ' i€ ol RMeMbOWilAlstrhfich 6Pahd @Qatfrfée@ansb'@%r boafihg I8 qu¥ERhEON. 28
28 July 2005 DETAILED DESCRI PTI ON OF THE | NVENTI ON Th| S invention is drawn
to a prcPeaEtusef thedaveniionnparting an al uni nide coating to an airfoil or

ot her corrponent heat treating the co onent at the solution tenperature,
and ra@&ﬁy hepaticgidedew ehPwrreating emwnvﬁpﬁ@ea@‘@nﬂmer ature to set

the g' phase. The gas turbine engine conmponents coated and quenched in
accord aer% %stawc]geﬁp 1C; tPR BiSW ¢fith %gcgltmg tree support of the invention.
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typically turbine airfoils, including nozzles and bl ades, g@@,ﬂg%@yred from
a variety of alloys including Rene' N4, Rene' N5, Rene' 80, ne" 142, and

DRS 108, for exanple. "Rene"' is a registered trademark owned by Tel edyne
I ndustries, Inc. of Los Angeles, California, USA. Wth reference to Fig.

1, the apparatus is depicted generally in schematic formand includes a
furnace sPHTAILBD RESORIRIION OFI THRINVENTIOR 14, a can argon inlet 16, a
furnace shell exhaust 18, a can exhaust 20, a workload support 22, and a
can 24. The can 24 of , the apparat ufs is further depicted schematically.in
Fig. 2 and™PdRYsnien isdssar o Hpmces ier 2ee in inyasingan dympeite spalinggoane

depi cted i; - | h.a | um num f l.uori de
a5 i 5 knounle® P eorheR nB kel CORREHAR A EHE HiPon Bplistifrp " about
30 i nchesrapidtly qudnching dicasoii@inenttd baloakithe 30e {eRfpffure (Psét e £19RRse. TR Can is
about 12 inches (30 cm) to 15 inches (38 cm in dianeter and about 10

i nches ( 28AS&WPMESNERS Gempanentsfered andquarphedan accomaneeavitlsthis isveption sret r ee 30
shown in [Fj fQr. Qrti airfoils 32. In cordance with this
i nvent i on@’%ﬁlgﬁ &l{ lEﬂs}lgl 81?}‘1‘0(1:1%,2&1{1 fs'frﬂllg%lgsno&ggf F%‘#j{’]?gesoﬂ’émgﬁac ER Va{‘ﬁWb}\?Ane

engi ne calpgsRRhAIMRER’ NICRHE NI, REAST Y, Rehe’ 14D @ﬂ%f@@ﬁ?f;'?ﬁllé{ah%]&rﬂ erred
enbodi ment, the conponents are situated within the can of the

above- des&npEds appeistancd dradgmeark orenerhby Relddyriednfustriesc bncc bAlbeAngeles, pur ged
with arg?.]i (‘)I'he orge to the can is discontinued and the conponents are
subj ecte 1 Wéap Abhase alum nide (VPA) coating by heating the apparatus
to a tenperature in the range of at |east about 1950F (1065C), preferably

from abouWith 36Rfencd @5 Pt. I, Ah@BPHratdd O HeldidBd 2eeraly HTEMHLRatE 300 Iﬁﬁd donor
alloy pellets is vaporized. The apparatus is then malntained at that
t enper at drdudesp fumpershel 10pa fitsnace sBelhangns jnletddt a pmafrgorsinley 16,0rfunhost 4
hours, tq C l.i,sh_ coati.ng. sl rge is maintained _on the furnace
o AR S e B RSl Ba B S 0 A5

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 coxﬁpound 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 cm) 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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coating, the can and the furnace chanber are both purged whg hllﬁlﬁg??‘l at a
flowrate of about 50 ft3/hr (1.5 nB / hr). The conponents are then
optionally subjected to further heat treatnment by maintaining themat the
heat treat tenperature for additional tine. After coating or after this
optional further heat treatnent, the conponents are subjected to rapid
quenchi ngcoatingsth $an and depfurisdte dhiwpbeti ;e bothi purgdliowith ergopnt b CRW @k &f beat
to the furnace, and flow ng argon which has been chilled to a tenperature
bel ow at P@ééog’d@ﬁﬂj%é g5pr eferably to between about -60C and about
-100C, into the furnace and into the can. The flowrate of inert gas into

th ' J | | east 40 val.
changos; hre tdforcfts &b IRACHAbRIRTSHRERA 'Y pttne: B85 ncAiRtt REmaie | 1 one
par ti cul athen apthefhear et tepifeadirediaddRional the ARBIRDahg aadiel thikbprishane

changes/hr to about 50 vol une changes/hr during quenching. Depending on
the size Wrthembedt yreptmentathe components pre subgectddutonsapid Thencbingpodbist s ar e

t hereb f . hl. 975F. (1080 2Q0F 65 W t hi [
it oo, RERPfhe b5 BiieBHin it AE AP GEA arbed o HE BRSO REHIGINEAM { ough y
200F ( 95G hicRhasWbe BhilleA® 4 Rfpkria 68 0aM RITRLH6a] -B?”(f;ﬁ%%%b]{ fo%eh eof

argon is discontinued, and the conponents are coo0 o han I n
about 20 aboRuGEY: andthahdwe - HHEE, into the Suruadeyariddetw the sai. bTte flov athioBinertt he
guench rate.necessary .t.o set .the @' hase by using a vacuum furnace such
as 15 v AP DG B Rt R Bpacss prlschgy @l Teaptabpifuvolumachasgehr. ur naces
are especfipl v SHBITHYSh iR the 'O FHd CQat| ' rnaces
suitable for coating o%er:ations_ ha@lé!| atgglf[iln ggn&gﬁrgﬁfggggﬁfagb@}?%ggﬁrapi d
quench r amdodegeitriedint thesmnge lé ahoutpHaseluta ehangnink itc abouasperilu@é t he
met hod of .the invention js the rajio of the mass of the conponents being
coat ed/ qUFSHRESSHT YRS gueRshinge Depsndingon thesizspt Hiestieace and the mass inthe
“enbodi mefphse T N | BeM| ment s
had a ratirg of cor?p nen)?lgggﬁgcrfié}?ﬁu@ﬁ%@%%dr@%%@hﬁmggﬁggg{ I'gh. In the
pr ef er r eq6 ¥ 6y dithbrtix ofintthe TheMow bbargoh hesoptintial uiti tha hiponadits faBponent

mass to furnace [ u S i nt ai ned bel ow about 12 | bs/cubic foot (200
kg/ cubi ¢ rough?y 300 (95“8), at w}ql%h time the furnace automatically opens. The flow of argonr(

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), |




meter), preferably bel ow about 10 |bs/cubic foot (160 kg/ cepigypeéer). and
nost preferably between about' 6 and about 10 | bs/cubic foot (%et ween about

90 and-about 160 kg/cubic neter). 4 28 July 2005 These obstacles to rapid
quench with a coating apparatus have been overcone by this invention in
part by selection of the particular paraneters and features described
above. = Whessbstgeles o mﬁﬁquemh avithea toatingaapparates hyye beeni averdomegiy thishat

anot her factor in _achievin the requiyed quench rate is_the specific

ar r angeneft S lgr?é"gti%fyis ie&%%%ﬂgﬁf’@%ﬁfﬂ"?ﬂ e'@ﬁ‘a*\“ﬂ%@a“éréﬁﬁeﬁcﬁb ahoveul ar, it
i s t houghwwittat béifle BéwrAN i iR baProtinichidvile  NO-

5 910,219 Fi g AN ?ﬁeﬁggﬁﬁ%f’g?%gﬁ%t stﬁigragéiﬁgr% Sg‘ensaﬁ}“oe%ﬁ{r% ty to

the conpranquitedi quynclomteds thetspegific tairangeafent bnd geuific pahp@ieatsol ¢l are not
consunmed dur.in oating, have a dj sadvantageous effect of reflecting heat
back ont o®4aHae g@h‘BBH@WPg]aHd?IFH@“ Batdnpmgpzemsols saehoagithay disploseinhh r at e.

In this i i r pellets are placed,in the
bottom of%ﬁgbbg’g?o’?gﬁot '(Qf rQV(%lrﬁ. e{]ﬁgc@ﬂ% %1]28@)56) %lfe tstaﬁ% l%gﬁﬁﬁ%ﬂré)ﬁ‘?]gﬁy E‘ém‘?g

- coat ed, ovongtonkstdeingushfedrthe pottivn b HeidenbCpele@ivthiéHirs nbttdBsithed &frngCt i on.
It is also thought that in arrangenents such as Fig. | in US. Pat.” No.
5, 910, 219oatee bfveadisadyaniagseys effechafiefieeting heatbackonte thesnmpohents durimigl s or

h ' ] h t bei
Gi i ar | Rk 60 e sBGHE R, RIGRINAEG Mg e APertmvbet woen

the mati ngllswataplaseddh thdlsotiehh SLMBB cak FEMBIRETYNS thelsHics PN\ DrtRfenduench
rate. Wth the present invention, therefore, convex surfaces are not

posi ti ond@ingsoated, eratleast aficipetly remote rweidthisuypeactsfleétom. exanpl e, and
simlar arrangenents which simlarly involve generally parallel surfaces

on conpoR ' % r,..ar .oige } dj conponents are
t her ef or eﬁgggf’{“?"g"r‘%gg'h??ﬁg&%ﬁ[‘ ?’Teflltﬁ/ﬁu?}ﬁa?aégp lé’tcb§ : zﬁ'e@%lf’?%‘th:%lrg, a"gé?ﬂ’reéduce t he
anount ofprdéas anehbenditgihd ateahnt YR8l ARbIP cbRE6RAREN HRIA A Bere@! heat
di ssipation. In one preferred enbodi ment, each conhponent I'S rotated at
| east arrangement with each component being similarly oriented in the furnace results in heat

being reflected between the mating surfaces of the adjacent components, thus slowing the

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.




about 30 in sone direction, for exanple, around a vertical@xhSpoad th
respect to its with respect its adjacent conmponent or conponehts. To

achi eve -an arrangenent of conponents in accordance with the i nvention, a
support tree 30 for supporting the conponents to be coated is provided as
depicted in Figs. 3 and 4. This tree is preferably constructed from

| nconel 68H¢ can yigd ieihe apparatys pithe inventien ismantfastured Somaandssrial mbichMas oy's

' iaf ' , t Virginia, USA.  Th ' ul ar
ar r angenenneaopfiiculy oEAEAd Shall o Vi el pfeiabian herenpgor woue®s i
2005 Thew/andesad th mbbhie 98PRamaddss KOf Iﬁhﬁeiﬂﬂ?&!f?ﬂ%ﬂ%ﬂoﬁi ‘gh@gw{ §d froma

mat eri al which has a heat conductivity of 1l east about m deg K,
pr ef er abl yapwfacteed faom dsosfatietiyumokied uWari}ig?egurKyﬂegsaquZO ﬁ}ﬁn\éfm?cdﬁ@ﬂ( I n
the preferred. enfyodi nent., the .can i manyf act ure romisostatically

o dod ol EPETS oS ey agt s hoo! Copi vy o8 fhastdsy of gapiod merh s
‘parti-cul aphi Rﬂégﬁt' ' - der, out @5 m
Se‘g K. Iﬁa%%%i Pﬁﬁ@rz{ggzes@ﬂf‘iﬁéﬁp |teﬂa\gg%mﬁ%gkg‘?ﬁfe}g&%&tﬁgSC{W@FT of, for
exanpl e, Wim-WaKdlikell dueithdmpurtes imothengaptitei 2@ thair ifterfereadivitR 1rad t heir
interference with heat transfer. EXAMPLE Hi gh pressure turbine nozzles
made fromHBHS N5 al | oy were arranged on the support tree depicted in Fig.
3 and pl aced inside the can depicted in Fig. 3, which was placed inside
the furnacgaggmigted in Fig. 1. The can was purged with argon. The
~conponent's Wwere subjected to alum nide coating for 4 hours at a
tenperature of 1975F (1080C) in the apparatus depicted in Figs. | and 2.
The sour ddighfpresisuneitnabmenezzich modke drom alonoiNfatlogeddre kS aided@@dhé Bugpogs bot t om

of the can. Argon at_a tenperature of about -60C was flowed at a rate of
about 60 ‘f“t‘%‘ﬁ? ciqdinzFige3 and, placechingiderthe et depieted imbige 8, whichriwas placedi ng. |

inside the furnace depicted in Fig. 1. The can was purged with argon. The 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 was discontinued to the furnace, and the conponents wgg@ulg?g@hed by
flowwng argon at a tenperature of about -60C and a flow rate about 50
vol ume changes/hr into the can, while flowi ng argon at a tenperature of
about -60C and a flow rate of about 50 ft3/hr (1.5 nB / hr) into the
furnace chanber. This was continued for about 6 m nutes, at which tine the
conponents reached a tenperature of about 1200F (650C). These conditions
were continued for about 20 m nut €,ABMSwhich tine the furnace opened with
t he conponents having reached a tenperature of about 250F (120C). As

vari ous anges.coul d _be made i.n.the _.above enbodi pents w.t hout departing
from' el @%‘ﬁi & E@P%%%ﬁ?mﬁmzé% Hadiodea @E‘;{?@ siighiEont af neo
In e akeme:atdeste &{ént,ﬁﬁtﬁcéen m%rﬁ&kﬁﬁho%ﬁ:risus rative and not in a
limting sense. 6 28 guly 200 CLA%I\/S: 11.5 A met hod for inparting an

al um ni de coating to an alloy gas turbine eng;rge conponent, heat treating

t he conpoadrg theapempaisAt Y r¥Poties denpempenent dmpr sosirgsgel elyainyg af e
ing . ! t . . ] .at, an_ el evat ed
Compar ardelied RABRAGR ih A% SAIPRARN o Reofe B Uil BUUTL DU oy © Oh el ©

barri er ondhe é¢dmpopedtponent ; heating the conponent in said coating furnace to
a tenperature of at |east the solution tenperature of the alloy; quenching
t he conponent by flowi ng an_. inert gas around the component in ?aj d coating
fur nachF?au%@F COPBORTH R Adfh tcof e {QAfenReeReE of atdeast digstolytgr sol ution
t enper atquf, e dritf MLLoy to a tenperature at which a gamma' phase of the

alloy is set 1n the alt’

oy in less than about 10 mnutes. 2. The nethod of
claiml1l wherein said inert gas is chilled. 3. The nethod of claim2 wherein
sai d i neuendying the cohpéreatby Bowingempiaer tgus erobml the @bipohent in said coating

furnace to cool the component 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.
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).




60C. 4. The nethod of claim1 conprising: coating and heatzgﬁagbb@g t he
"conponent by heating the conponent in said coating furnace to"said first
tenperature, wherein said first tenperature is at | east about 1950F (about
1065 C), in the presence of said source of vapor phase al um num

mai nt ai ni ng the conponent at said first tenperature for a period of at

| east about three hours to deposit said alum num based oxidation barrier
on the conponent; cooling the conponent to said second tenperature at which
said gamma' phase of the alloy is set by flowing chilled argon around the

conpone til C o) t _reache ai seco?](g) tenper at ure, wWherein
o 8 secrilt b & SR ok 0 eBalR SomBER WniBIREE R L0
2005 5. terhperanied bedehy @bot|-60°M Aovddehe compaictt &OTbWGate QIR je8R AbHUtAIG Ng ar gon

chilled to a tenperature bel ow about -60C around the conponent at a flow
rate of vplumechangesdssechsbat thegompener senghes/spid ssennd terpgratargdn Gommbaeint
reaches @mlsﬁ DGRt ure in fromabout 5 mnutes to about 10

m nut e’s.éS : Z&%@tqh%@ o#egl aimb5 wherein said conponent is coated, heat
treated, and quenched in conjunction with a plurality of simlarly shaped
conponenrd. Thancktivdiof claonmporiendis sAd eomponeatig ecated) heaitdatbdirand gaenshédinadj acent

conponents. oriented irregqularly with respect to each other to reduce
ref | ect i GAVBFiReYHh tahE’PB‘%B’L aéélmﬂaﬂy shpednsormnenenss apd sfidh QMPRRSES Artadj acent

Conponent:snaien kAh flrfsbe Wit hdj R LAY W 30 . 8.
The net hod %é;d cl a?m 7 wher gdi]a %ﬁ%%g%‘%nﬁ?%gtﬁgm ??g“}r@?g#g%qg\ngécﬁ respect
t o each ol hreredade réfbation afteat thdebawemnd a vertical axis. 9. A nethod for
inmparting an alum nide coating to alloy gas turbine engi ne conponents,

7. The method of claim 6 wherein adjacent components are rotated with respect to each

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




heat treating the conponents, and quenching the conponentszgaﬂgﬁkﬁgng:

pl aci ng conponents in a coating vessel of a coating furnace rein the

coating vessel has a volunme and the engi ne conponents have a mass such

that the mass of the components has a ratio to the volune of the coating

vessel which is less than about 12 |bs/cubic foot (about 200 kg/cubic

neter); coating the conponents by exposing the conponents to a source of

al umi nunthatllento eiempatabye alewhich atgamma’ phasaiod theoaloy ng st és felallpy idkegosi t an
idation barrier on the conmponent; heating the conponents

aluninun%pa %p ﬂ? J
in said CBAFIWE YU HSSe to a tenperature of at |east the sol ution
tenperature of the alloy; quenching the conponents by flowi ng an inert gas

around t G The MRvEYfelaih 9Sahelif @t fafig of fhld RE 6f the c6ARdnehiIGo BRPARRNt S from
~the tenperature of at |east the solution tenperature of 8 28 July 2005

the al | off thecontingygses! it lessdhamtabom LoHbculimfret (alpvh 460 kgy/cubkometetoy i s set in

the alloy in less than about 10 m nutes. 10. The nethod of claim9 wherein

the rati t I i ng
vessel 1 - [the HefolRe S 16 WheRRRERER Y piud SR Bope s A BE SRR CF) . 10
The et hafdhofoatihgiersd s bidvesani aboitieelby/aibiofoof (abhig Ikgrubik nidke) aagbotent s to

t he vol % of .the coati n@ vessel is between about 6 | bs/cubic foot (about
96 kg/ cullt lbs/mubictopt (hept A6@ke/ cublomelss) cubi ¢ foot (about 160 kg/ cubic neter).
12. A method for inparting an alum nide coating to a plurality of N -based

al loy gap A aﬁe@idaefo?m@an%mﬁﬂﬁmcﬁm%ﬁ td 5@3&%1&2 &fﬁ@i-l&‘a%@%ﬁ(%ﬁ%&s’ and

quenchi ng the conponen onprising: arrangl conponents “i Fregul arly
W th redpebate enginedoimpondnés; héah treatigathe ngmparnisparal quenctingthe feompanaitst o r educe
refl ect io%gnp(r)iging_eat bet ween sai d conponents;

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 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",




coating and heat treating the conponents sinultaneously byzgﬁagb@ 5t he
conponents in said coating furnace to a first tenperature o t least the
solution tenperature of the Ni- based alloy in the presence of source of
vapor phase al um num rmaintaining the conponents at said first tenperature
to deposit an alum num based oxidation barrier on the conponents; cooling
the conponents to a second tenperature at which a gamma' phase of the all oy

is set YyThessthad of gleim 13 sderpirdinsentromponginan refated withirespedde £as f ur nace
until t of i ond tenperature. 13. The net hod of
claim 1%%&%&2%@%%&?3&%@%&?@%‘ are rotated with respect to each
other at |east about 30'. 9 28 July 2005 14. The nethod of claim 13

wher ei n adiacent. conponents .are rofat wWth respect to each, her at

| east ab%?ﬁ%@egp@&ﬁg&én\%me&eg} Saéiﬁ’ég?gefg’era?‘ﬁ lsrfﬁﬁ%tda ot @Qiﬁr&&%‘ﬁv\her ein
sai d fi rss6s5iC9nne wiicwis shid @folih@%@ﬁpﬁﬁ&tﬂov&iﬁé%ﬂfeﬁb&gﬁn int® 8&)can e awher ei n
said cooling conprises flowing chilled argon into said can at a rate of at
| east aby8gtotadlogssiabors 40valnmessehangesthr wdhile (flowingargey anound srithdarsatiadaiean at a

rate of S opit vol unme an Lhr until the ¢ opent s .reach
sai d secogﬁ%t ie?‘grr%bé)?igt@r 3?4’]0 fe fiﬁnﬁesg% Hg@(sagl?nﬁo?lg%eé‘&safﬁpgn%%d1lsgc§)§’dt han
about 128@perame) whebdald sedbnd t&hiferifatd 19 sHthac i 20D MaBsRIGB0EHI d ar gon
flowinto said can is at a flowrate of from about 40 volunme changes/hr to

about 50 vol une_changes/hr and wherein said argon flow around said can is

at a fl o Fegwehed pf dainnbowhergn spid|agnn flonnintesidheantis atapBew r@eof/Gemme
h / 7 ' ' ' | ed
Lo oar d "Dl brvon e BLA (b Bb Wit S AnERIPARCHNS, B 100 ™7

wher ei n as@ind saidahn Boat alfmt rdlg ebfréri @bo A0 volupdd d@ngosiir e ibioue sl eolime
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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in a coating vessel wherein the coating vessel has a vol ungg ang2bhse engine
conponents have a nass such that the mass of the conponents has a ratio to
t he volune of the coating vessel which is |ess than about 10 | bs/cubic
foot (about 160 kg/cubic nmeter). 9a 28 July 2005 COVBI NED COAT, HEAT
TREAT, QUENCH METHOD FOR GASTURBI NE ENG NE COVPONENTS ABSTRACT OF THE

DI SCLOSURE A met hodOMBINEIP@GATHBA TR EAT JEENGY METLHOR 2l | oy gas
t urbi ne engi ne conponent (32), heat treating the conponent (32), and

guenchi ng the conponent (32). The conponent (32) is exposed to a source of
al umi num at an el evat @R &fdeTHRBINE ENGINE COMRONENTSce to deposit an

al um num based oxi dation barrier on the conponent (32), heated in the
coating f K at | east the solution tenperature of
the all o@gzﬁ%dﬁgﬁcﬂzﬁéa‘hﬁ&% a chilled inert gas around the o
conponent (32) in the <coating furnace to cool the conmponent (32) fromthe

t enper at ug eneodfor ifipsiting Be aeRlinide CBatidABRE ALY ER Bfbidd\esild Dnfdeft
tenperature at which a gamm' phase of the alloy is set i'n the alloy in
| ess t har{33hdigat w@atingntheeenmiringot €323, 181d quenching the component (32). The

component (32) is exposed to a source of aluminum at an elevated temperature in a
coating furnace to deposit an aluminum-based oxidation barrier on the component (32),
heated in the coating furnace to a temperature of at least the solution tcmﬁerature of the
alloy, and quenched by flowing a chilled inert gas around the comporent (32) in the
coating furnace to cool the component (32) 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.

Figure 3

10




