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TURBI NE ENG NE COVPONENTS BACKGROUND OF THE | NVENTION This in

relates to a nethod for. coati ng conponents of gas turbine engines, such as
by al um ni de coating, heat treating the conponents, and rapidly quenching
the conponents in aCOMBINIGYCOFER,HEAT TREAL GUENGHI MEABISHD at us. To

provi de protection agai nst high tenperature oxidation and hot corrosion,
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I nparted by a thermal/chem cal reaction process typically requiring a
reduci ng or giArs GRAOUNS DIETBEANVENTRORVat ed tenperature. A diffusion

al um ni de coating, for exanple, naybe Inparted at roughly 1975F (1080C).
Engi ne conponents are often strengthened after diffusion coati'-ng by being
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rate necessary to set the g° phase by using a vacuum furnace. Such
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conmponent s procéstypicallyeequiing ¢ edpangotinert smfdsph)ereattalnplevated thryperdtares ich,

al um ni de cogated conponents,  haye been coated in sign ¢ tip
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pl aced in a heat treatment furnace, heated to the solution tenperature,
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aging. In order to optimize these aging effects, it is necessary to first set the g’ (gamma

prime) phase by quenching the components rap_idly to below the age temperature after
holding the component steady for, for example, 4 hours, at the alloy solution temperatur.e‘
Heretofore, it has only been possible to achieve the quench rate necessary 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 suifab]e 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 quenéhing 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.



SUMMARY CF THE | NVENTION Briefly, therefore, the invention is directed to a
met hod for inparting an aluminide coating to an alloy gas turbine engine .
conponent, heat treating the conmponent, and quenching the conponent by
exposi ng the conponent to a source of alum numat an elevated tenperature
I n a coati nFUMMBRCYE OFTKE PIYENTAONal um num based oxi dation barrier on the
conponent, heating the conponent in the coating furnace'to a tenperature of
at least the solution tenperature of the alloy, and quenching the.
conponent b¥riellpibergfare the deventigmds direstesdtor s enathndofon dmpantingtancaluminideng
furnace to | _the c onent,fromthe te rature of at |east the
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of the all oyudnghinglthé Borhfishe tﬁ&?c@inh%@ cbififtheRP M4 schfRod Huffun Bt & 0! her
aspect, the'invention is directed to a nethod for 1nparting an alum nide
coating to elevaed igmpetatrbinpecoeting fuenacotytepesit : alimiatmtbasat dxidptivh barrier
conponents, apd uenchi ng .the conponents, all in _a coating vessel of a
coating fur%@\? cgﬂg)ﬁn?rﬁ,ehe%p%ﬁ*eé:pmongﬁ 17 the cpating fymace 10 2 PSHEHESTEL t he
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i mparting amenr|gasranounkd theairipogerit dn the dobtiigfuriace @ dbol irscshpunkmyfr@ashd ur bi ne
engi ne conponents, heat treatipng the conponents, and quenching the
conponent s CHPRIRTER of Mdeasbhssalinen temnerafpneof theplloy t@ g tamepergiusgiaf whiches pect
to each oth ' \ 9 o I r t : e reflection of
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DESCRI PTION OF THE DRAWNGS Fig. | is a schematic illustration ofthe

coat i ng andnoanethehiaggecs haimtentonis diecctedviond imethod for gmpating af Ahehibidd | C
illustration Qf the _coating can of the coating and quenching apparatus of
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of the mass of the components to the volume of the coating vessel is less than about 12
Ibs/cubic foot (200 kg/cubic meter).

The invention is further directed to 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 in which the components are arranged irregularly with
respect to each other in a coating can in a coating furnace to reduce reflection of heat

between said components, thereby facilitating rapid quenching,
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic illustration of the coating and quenching apparatus of the invention.

Fig. 2 is a schematic illustration of the coating can of the coating and quenching

apparatus of the invention.
Fig. 3 is a schematic side view of the coating tree support of the invention.

Fig. 4 is a schematic top view of the coating tree support of the invention.



This invention is drawn to a process for use in inparting an alum nide
coating to an airfoil or other conponent, heat treating the conponent at
the solution tenperature, and rapidly quenching the conponent to bel ow the
age tenperature to set the g phase. The gas turbine engine conponents

coated and PEMOINED DESEROTIIONOR TME INVENTIONvention are typically
turbine airfoils, including nozzles and bl ades, manufactured froma variety

of alloys including Rene' N4, Rene' N5, Rene' 80, Rene' 142, and DRS 108,
for exanpl eThis'imeension is draaviy oo Broeess dox PasdiaBIPRITIBEE AlWYInKe coglpg to an
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can 24. The gastorbidek anginetchmpeappiy @aied andqdenchaddan aogendanceadthdbin arventianare y in
Fig. 2 and i nc¢l ydes, suppar. | at.f orm 26. nor allo el.lets 28.are
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inches (25 cm), to about 12 inches 30 cm tall. There is a support tree 30

shown in Fi §8lifosuigdSA. f or supporting airfoils 32. In accordance with this
I nvention, a diffusion coating is applied to one or nore gas turbine

engi ne COWP%ﬁme?a%ﬁceafa ﬁg.eY,aﬁa%da %r'étdﬂéi‘étedl %éné}ﬁﬁy RPEdHem4tia toin BAET er red
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tenperature for about 3 to about

. . 8 hours, nost preferably for abqut 4
hours, to aB®BHBIT éhl086%.?$ 1known ig|theags d¢ glso ipgesﬁ‘gi ﬁrthﬁlfﬁ@ag"oﬁ tP]Pnga%m&’l ace
charmber dur gy 56 6cHEATS Wh) i BGRERr add 4604t 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 (1065°C),
preferably from about 1950°F (1065°C) to about 2000°F (1095°C). Aluminum from the
donor alloy pellets is vaporized. The appafatus 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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3 coating, the can and the furnace chanber are both purged with argon at a
flow rate of about 50 ft3/hr (1.5 nB8 / hr). The conponents are then
optional |y subjected to further heat treatnent by maintaining themat the
heat treat tenperature for additional tine. After coating or after this

optional f gbdtigr theaah ahd @l fitbriace chausbes argisoile plugedmdthsmigreattzefiow cate @pi d
quenching. This 1Is accorrgl I shed by discontinuing the application of heat
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In the past it has only been possible to achieve the quench rate necessary to set the g’
phase by using a vacuum furnace such as is available from Ipson Abar of Rockford,
Illinois, USA. Such furnaces are especially expensive, and not suited to coating
operations. Furnaces suitable for coating opérations have not been able to achieve the
rapid quench rate required to set the g’ phase. One si gnificant 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 is 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

kg/cubic meter).



preferably between about 6 and about 10l bs/cubic foot (between about 90 and
about 160 kg/cubic neter). 4 These obstacles to rapid quench with a

coati ng apparatus have been overcone by this invention in part by
selection of the particular paraneters and features descri bed above.
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It is alsothought th in arrangenents such as Fig. | in US. Pat. .
5,910, 219 ancatingtheve a disalvantages eﬁ“ageﬁmﬂteet;ngthw bpclam@npomporwmsfd@nng or
ot her conponents. in.regul ar, .order ar erren nt bei ng
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rate. Wth the present invention, therefore, convex surfaces are not
posi ti oned beingasated) ourefHeeﬂﬁuﬁmmtlymm@a@aw\@ld;ﬂns‘iapeef reflegtionxanpl e, and
simlar arrangements which simlarly involve generally parallel surfaces

f h. ot h d nt |
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di ssipation. In one preferred enbodi ment, each conponent is fotated at
| east  abouarr@@emenswite cathroonipooent being smnlmtyloaeniad outhd fiarnaeeresudta Im heat S,
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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 lntematibnal, Inc. of Huntington, West Virginia, USA.

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



4. Thi_s" tree is preferably constructed fromlInconel 600. "Inconel" is a
regi stered trademark owned by Inco Alloys International, Inc. of

Hunti ngton, West Virginia, USA. There irregular arrangenent of the

adj acent cor&ponents is illustrated in Fig. 3. 5 The can used in the
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Fig. 1. The can was purged with argon. The conmponents were subjected to
al uni ni de c&arsferg for 4 hours at a tenperature of 1975F (1080C) in the

apparatus depicted in Figs. | and 2. The source of alum numwas chrom um
al um num pe‘IE 05 aced in the bottomofthe can. Argon at ‘a tenperature of
about -60C wed at a rate of about 60 ft3/hr (1.7 nB/ hr) into the

furnace chanber during coating. Heat was discontinued to the furnace, and
t he conponeHigh presRretuehiadigskziy nidde Worgmonb %rhll%k wtrd STRREdbH iife s%}:aﬁr!?o‘“
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-60C and a flow rate of about 50 vol ume changes/ into the can, ile
f1 owi ng ar gB#e depiefed émBier 3tand elased wisistetthe o lephetedinf Figwa ruhich ofas plawed 50

ft3/hr (1.5; / i nt,o .t he.f.urn chanmber. This _was cqati nued for about
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which time the furnace opened with™ the conponen avi ng reached
t enper at ur eth§fapppiatns depired ipBigs. 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 c;ontinued 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.



As various changes could be nmade in St ments w thout departing
fromthe scope of the invention, itl Elll it If ﬂt all matter contained
in the above description shall be i A G lustrative and not in a

limting sense. 6 | 11012t el el 1rhid 1111117 CL MCLAI M 1. A
met hod of inparting an alum nide coating to one or nore alloy gas turbine
engi ne conponents (32), heat treating tGlcAlMS each conponent (32), and
guenching the or each conmponent (32), conprising: coating the or each
conponent (32) by exposing the or each conponent (32) to a source of
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the or each engipeneomposentsi §32)ai heatotreating fthenat ceach xompanent t @2erandur e
of at l|least the sol ug‘iﬁon t enperat ure gé t he aI.I.o§; cooling the or each
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conponent ( 33YENRNING tG o path campenedt {32), COMRTBIAG" o each conponent (32)
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tenperature of at least the solution tenperature of the alloy to a second
t enper at ur e §2)Whiacsource afratumipiias at en alenated tepperatwetinianceatingfurnace fon

and heat 1 ng. Seir 4 FLRbER:pased BRalion RrBrafisfe Bt sac EhBbfientdato) 1
sai d coating furnpegtirigotisetiof ddchs toinpoREntal3R)ein saidt beatingefanass tofa st
source of alum nium and maintaining the or each conponent (32) at said
first tenpertemperatuse ohapleastitredmolution temperatbrn.ef the@lleYnours to deposit

said alumniumb Lgat] ' ga&ﬂ ; yand
the cooling step ?ﬁ@ﬁ%é%%ﬁs@ﬁ%%ﬁq@gzi%ﬂ%n ac ' coggggngmu 5 3@ ?I‘g
sai d second eacthpeomponenta2) irosaid goatingl fumace tgasoldhewrdachecommparent (32)
component from the temperature of at least the solution temperature of the alloy to a second
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

the coating and heating steps further comprise heating the or each
component (32) in said coating furnace to said first temperature, in the presence
of said source of aluminium, and maintaining the or each component (32) at said
first temperature for a period of at least about three hours to deposit said
aluminium-based oxidation barrier on the or each component (32); and

the cooling step further comprises cooling the or each component (32) to
said second temperature by flowing said inert gas around the or each component
(32) until the or each component (32) reaches said second temperature.

3. The method of claim 1 or 2, wherein said coating, heating and quenching
are performed in a coating vessel of the coating furnace, wherein the coating
vessel has a volume and the or each engine component (32) has a mass such
that the mass of the one or more components (32) has a ratio to the volume of
the coating vessel which is less than about 200 kg/cubic meter.
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respect to each other to reduce reflection of heat therebetween. 5. e
met hod of cl B cﬁrﬁﬁ?‘?tl?é‘r {Jﬁﬁ%ﬁ?%ﬂ?m-step of: arranging a plurality of
sai d conponents (32) irregularly with respect to each other in a coating
can (24) in the coating furnace to reduce reflection of heat between said
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(32); and
the cooling step further comprises cooling the components (32) to said
second temperature by flowing the inert gas around the components (32) in said

coating furnace until the components (32) reach said second temperature.

6. The method of claim 4 or 5, wherein adjacent components (32) are rotated
with respect to each other at least about 30°.

7. The method of claim 5 or of claim 6 when dependent on claim 5, wherein
said cooling comprises flowing said inert gas into said can (24) at a rate of at
least about 40 volume changes/hr while flowing argon around said can (24) at a
rate of at least about 40 volume changes/hr until the components (32) reach said
second temperature.

8. The method of any one of claims 1 to 6, wherein said cooling comprises
flowing said inert gas around the or each component (32) at a flow rate of at least
about 40 volume changes/hr such that the or each component (32) reaches said
second temperature in from about 5 minutes to about 10 minutes.



rate of at |east about 40 vol une changes/hr until the conponents (32) reach
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chilled to a tenperature bel ow about -60C. 11. The nethod of any one of
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temperature is at least about 1950°F {1065°C).

12. The method of any one of the preceding claims, wherein said second
temperature is less than about 1200°F (650°C).

13. The method of any one of the preceding claims, wherein said inert gas is

argon.

14. The method of any ohe of the preceding claims, wherein said alloy in a Ni-
based alloy.

15. The method of any one of the preceding claims, wherein said source of
aluminium is a source of vapour phase aluminium.



