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| NTERVETALW@00YER  Background of the Invention 1. Field @dicTiuse2/imeent i on
The present invention relates to formation of an internetallic |layer on a
metal conponent and, nore particularly, to formation of an internetallic

| ayer on 5 the airflow surface of a jet engine netal corrponePt3 JAN 006 ..
Description of Prior Art The surface - of netal conponents is often desirably
treated to forman internetallic | eat by which to protect the
underlyi ng netal conponent and m‘m‘mm‘mong its useful life. By way of
exanpl e, in the aerospace indus ! of the conponents in a jet
engi ne or other aspect of a plane ar#tovided with an al umi nide' |ayer-
to protect the airflow surfaces fromcorrosion. Over tine, the alumnide
layer will wear and need to be repaired. In those cases, any oxide |ayer
and remai ning alum nide or other internetallic |ayer on the conponent is
renoved -1 03 JAN 2006 WO Ommmmm / US02/ 17569 such as. 'by stri pping
in acid and/or grithblasting underlying surface of the netal
component. The netal component, W as a ni ckel - based or cobal t-based
superal l oy jet engine conponent, is then placed in a sinple CVD furnace,
for exanple, and exposed to a deposition environnment such as.near vacuum
and hi gh

INOCULANTS FOR INTERMETALLIC LAYER

Backaround of the Invention

1. Field of the Invention

The present invention relates to formation of an intermetallic layer on
a metal component and, more particularly, to formation of an intermetallic layer on
5  the airflow surface of a jet engine metal component.

2. Description of Pﬁor Art

The surface of metal components is often desirébly treated to form an
intermetallic layer thereat by which.to protect the underlying metal component and
thereby prolong its useful life. By way of example, in the aerospace industry, many

10  of the components in a jet engine or other aspect of a plaﬁe are prévided with e;n
aluminide' layer to protect thé airflow surfaces from corrosion. Over time, the
aluminide layer will wear and need to be repaired. In those cases, any oxide layer

and remaining aluminide or other intermetallic layer on the component is removed
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5 heat with appropriate activators and donor materials fromwhich to form
the intermetallic layer. Wiere the internmetallic layer is togheJahh 2006

al um ni de, W gyshoar. material may be alumnumin the for m,QP/US(,z,”;(,.)
chrom um al um num or cobal t-al um num chunklets, for exanple. In
deposition environnent, the alumnumfrees from the chunkl ets and forms a

ni ckel - al uni %@ﬁakﬁljl%{nﬁﬁné i?ledcrﬁ ai&b: 8 ?eﬁltllsf P(?F ebPan ‘]“@ s orﬁ] (rfg%é)h

| ayer may be referred to stnply as an~alum n ayer, The
al um ni de | ayer, j ncl udes a additive ortlo rovmn t war dl

ori gi nal netdl @L?Q@B%"%?t ﬁ’@”&@ﬁ{)‘?ﬁ’f%fgﬁ"%& B¢ 1} ’H&J% %Qh?&febﬁsﬁ tion
of alum num The alum nide |ayer nmay al so include a di ffu5| on portion

extendi ng pakpeallpy jetenginelrompemgot dthen miwmed|iy acimpleeCVBMainace, fohe
original surface and which 15 will have a high concentration of the

conponent Meteghmpi) GRdaspBbékR a daﬁusﬁlmlm%%%%écmyn% s d RgW

conponents after removal of the natural oxide l'layer which mght formon

t he conpagnen |rst nuf act.ured. The i terrret LIic layer is to
be forne orthﬁrg@&}w}htagpéopé@& ?%W%%?%ﬁpon?hm@ﬁ@ss @i h’@i‘ ﬁ’@
conponent, and especially its surface, to the dep05|t|on 0 environment
for a predet étainelallic laser.s Whare thenintarmetediotayerds kabern altreinidsghdidonot i me
necessary to run the sinple CVD furnace through aconpl ete cycle necessarily

linits the numetialofiapbe blintihain idahe RemPstRSHAN AN b abbJIHaRARRuiN 2
given period of time, such as a workshift. Shortenl ng the cycle time would

2 10 2 B T SR ORI
costs on 8 P a;z{;@ae%nS@fq#g%@“q“gm.ad@w;@%fm{&@ R e ™
10  component (which layer may be referred_ to simply as an aluminide layer, for

shorthand). The aluminide layer includes an additive portion growing outwardly of
the origina[_ metal surface of the component and which has a high concentration of -
aluminum. The aluminide layer may also include a diffusion portion extending
partially into the component inwardly of the level of the original surfacé and which
15 will have a high concentration of the component metal, such as nickel. This same
procgss may be used for new components after removal of the natural oxide layer
which might form on the component when it is first manufactured.
The intermetallic layer is to be formed or grown to a desired overall
thickness by exposing the component, and especially its surface, to the deposition
20 _.environme.nt for a predetermined time sufficient to form the layer. The length 6f
time necessary to run the simple _CVD furnace through a-complete cycle necessarily
limits the ngmber of parts that can be processed through that furnaée in a given

period of time, such as a workshift. Shortening the cycle time would be

2.



formthe desired thickness of the internetallic layer, efforts to
subst'anti aW@02ediBe 5 the time typically reqlidJAINISI r ebusnes Beo

vari abl e changes. Those process variable changes can prove undesirable
‘froma cost or safety standpoint and/or. froma product standpoint. Thus,

there remai nsadvantggotoin #dtaore pahecdila®ePrbcestbd BoM 2 WRHRRIH ?&J&TW%QES

to the process variables involved in the deposition environnmént.

o th ‘ e dep: vrronment. 0"
Form a mul t1 - ereaonearcins Fads 8 rP Bor obl ™ UnunelEb bl Wmptes [ayer

t hat includes a, -Bjnctional material other than kust fromthe donor (e.g.,
al umi num)  orvatiables srasbbreadiusied dn ways wibigh) migh skgtalyedfeostbadiné reduted yo f or
exanple, it has long been desired to include silicon, chrom umor platinum

in the al uni fore thagesiredshickisest of the iﬁfdﬁ@@@lidlh?erp@ffcfn% i@d‘u%@tantial%y reduce
characteristics. of the intermétallic coating layer. Current erforts to

i nclude i i ; i | e addi ti,on of chrom um
or plati num_ﬁggtlﬁggﬁbgélg?ﬁéwgﬁgg,gﬁ{eﬁ? rg?%%gggx@ﬁ\?ﬁﬂ}%e&- iISARORES tion  of
those material s Q@s been conpl ex and_cg%tly. By way of exanple, platinum
may be added2HpPRiChaNges BRHBYS ubderaplkdram aoshar stety stanslpeinkiant/opl at i num
prior to .20 exposing the part to the deposition environnment for the

formati on of fiow agirodudistedpbigeThus, thére remaingtt nddabto rddticen@ i e ®npesi tion
of the alum nide |ayer, the platinumatons free fromthe plating and

m grate intowithoudlndesithBR dhang§ds thRE PRYCEY @f{ﬂ%ﬁ}gnv vgc?gm' %%l%ifﬁ@%ggg \a/t\gd

dur abl e plati num al um ni de deposition | ayer. the -
02/ 099153 P 569 addition of the platinumprovides a desirably
i mpr oved netcgf'b{g%ﬁé%&ent in termns

10 In addition to the above, there are some situations where it is
desirable to form a' multi-component intermetallic Jayer, i.e., an intermetallic layer
that includes a functional material other than just from the donor (e.g., aluminum)
or the component (e.g., nickel). In the aerospace industry, for example, it has long -
been desired to include ;ilicon, chromium or platinum in the éluminide layer, so as

15  to enhance the performance characteristics of the intermetallic coating layer.
Current efforts to include silicon are largely unacceptable. And while addition of
chromium or platinum has been accomplished, the process involved in the addition
of those materials has been complex and costly. By way of example, platinum may
be added by first electroplating the clean metal surface with platinum prior to

20 exposing the part to the deposition environment for the formation of the aluminide
layer, It is‘thoughf that during the deposition of the aluminide layer, the platinum
atoms free from the plating and migrate into the aluminide layer thereby providing

a desirably strong and durable platinum aluminide deposition layer. While the
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of its durability and useful life, electroplating a product with platinum
I's an expensive and difficult procedure. Hence, there rergingan fms need to

easily and, Jnexpensively add an additional functional material to the
i nt er et al WO'B?%&{})&? to form 5 a nulti-conponent |ayer. SufFdfypoy}7569

I nvention The present invention provides an inproved deposition process by
which to for 1p) inh rnmetallic |ayer on a netal conponent which overcones
some  of the‘%@ﬁ%g gteeleiammewées Fslesimbly Bnprovad dnetal cayopenahfreteamns h t he
principles 10 of the present invention, an inoculant is first applied to

the surface ofitstheabititypand asefpldiiedlectfoptdtinga proguti el pRitiaubd § ahayer is to
be formed. The inoculant nay be applied to the entire surface or may be

appl i ed sel egtd e | net al

component . TREY ot ol FtERBrtRUaE HERR tBHinaR R bt R e e ana
then dried to forma pre-coat of the inoculant. The pre-coated 15 conponent
is then pl adéﬁxﬁerﬁ'ﬁ%(elyﬁif?%é‘@ééﬁthpaﬁl unctionsh materialite the intermetalliclayen talforne

| ayer is formed. It is found that the internmetallic |ayer grows or forns
mor e quiZkl ya matti-tdreppnentdeg¢red surface, than woul d have occurred wi thout
the inoculant. Thus, a thicker internetallic layer fornms in an area of the

conponent t@ﬁm%@ﬂmtﬁ% with the inoculant as conpared to an area

t hat was not pre-coatéed. a result, the 20 desired thickness of the
intermetallic |ayer be formed in a reduced perio f time as conpared
to a conventional depoStd PEeHIBEEON BrRY e?@%éfﬂ?“?‘i@a 40%’05@86 pregess by

advant ageousl y reduce the cycle tinme of the sinple CVD furnace which
provi des t ehigheto fosah drems¢imetallinlayes bn sanetabsompondritevhitik everdbines sanbvel v,
a thicker internetallic -4 0 3 JAN 2006
of the above-noted drawbacks. To this end, and in accordance with the principles
10 of the presént invention, an inoculant is first applied to the surface of the metal
componentﬁat which the intermetallic layer is to be formed. The inoculant may be
applied to the entire surface or may be applied selectively to one or more surface
portions of the metal component. The inoculant is advantageously épplied ina
liquid state and then dried to form a pre-coat of the inoculant. The pre-coated
15 component is then placed into the deposition environment where the intermetallic
layer is formed. It is found that the intermetallic layer grons or forms more quickly
at the pre-coated surface, than would have occurred without the inoculant. Thus, a
thicker intermetallic layer forms in an area of the component that was pre-coated
with the inocula.\.nt as compared to an area that was not pre-coated. As a result, the
20 desired thickness of the intermetallic layer may be formed in a reduced period of
7 time as combared to a conventional deposition process. That result may be used to

advantageously reduce the cycle time of the simple CVD furnace which provides

the desired benefits in cost savings and the like. Alternatively, a thicker intermetallic
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WO 02/ 099153 PCT/ US02/ 17569 | ayer may advant ageously be formed where the
éycle time is not substantially reduced with a pre-coated0cdRPIndf as

conpar ed onent that was not pre-coated. It wll 0
appr eci at te"&?dop?{gﬁ?%s used herein, the terminocul ant refer sl;(‘twlgsoéﬁmﬂeri al
. that when applied to a netal surface which is then exposed to a 5

~deposi tion epybf A glr*d@ bbugd@ys ?cgl‘ﬂ{bd \Rlﬁ%‘rrl%r{ﬁé %'{l%]ﬁmle%' ﬁét dstu%slfaﬁf) at the

surface nore “quickly 0 a greater t ness an wou occC i t hout

t he i nocul ant . 9,6\§Iv<’3wtnta eousl| t he i noculant may be a silane material or a
met al - hal ogefFAUSEH WithaPre-cRated rempopgntas Forpagsdiena sompanerdhatiwas nas t he
foregoing, it is possible to formtwo different 10 thicknesses of

i nt er met al | i pre-copted. okt wilh thus drecappegiatad titat od eped Heregh, Wbotenntihetulaitaefeison
“thereof is pre-coated with the inoculant. By selectively coating the
conmponent, atoefiatarHl Yhat A j TRY: f t he areas
of the conponent which nme}gg a}(ﬂ%@ﬁ%ﬁ?%ﬁ%ﬁgﬁgkm 1|s{ﬂgenp<%3{g\'§|§%?%bgaa t hi nner
| ayer on a .l ess susceptible to dapage h, as fromcorrosion. In a
parti cul ar a%%aoﬁglgpi %W,“Oi?g‘ﬁé”ﬁ!“ﬁaaiﬂ hintg ﬁﬁ%@c L2581 todarmp &t thesugipee mosRy
surface(s) of a jet engine conponent (such as a blade) to subsequently
form a desi r@iFkly phiak aseaien thicknessdhan wguldodchesithoat thasnoddldntr portions of
t he bl ade, such as those which m ght abut other conponents in the engine

are not pre-AdaintsheanslysthethbiulsRsHhy Péﬁsﬂarﬁé‘iﬂéﬂﬁfal oighﬁtlém{a%edség%éuﬁyef in

those areas. 20 In accordance with a further aspect o e pr

i nventi on, aat&% i.ng. i gui d i nocul ant coating may be done sinply by

di ppi ng the. par%ﬂag%l%%ds\ﬁrgg??ﬁﬁy%ﬂébrushi ng the liquid inoculant onto the
part, either conpletely or selectively, which thus allows for application
of coating not only tdnasditiontedba foregaing iy iswassiblel te form two different

10 thicknesses of intermetallic layer on the same component, depending upon which
portion thereof is pre-coated with the inoculént. By selectively coating the ;
component, a desirably thick intermetallic layer may be formed on the areas of the |
component-.which' need the most protection, while providing a th:inner layer on
areas less susceptible to damage such as from corrosion. In a particular application,

15  the inoculant may be applied to the air flow surface(s) of a jet engine component
(such as a Blade) to subsequently form a desirably thick aluminide coating in these
areas. Other portions of the blade, such as those which might abut other
'components in the engine are not pre-coated and so will result in a thinner
intermetallic layer in those areas.

20 " In accordance with a further aspect of the present invention, applying
a liquid in'o;ulant cdating may be done simply by dipping the part or by spraying or

: )

brushing the liquid inoculant onto the part, either completely or selectively, which

thus allows for application of coating not only to the exposed, readily viewable

5.



-5 0, 3 JAN 2006 WO 02/0991513 PCT/ US02/ 17569 surfaces, but _al s&) E?ant he
internal surfaces, such as a hollow interior of a cool I ng ﬂ N passage

in a jet e%(;}ﬁ,g.mgde As a consequence, the inoculant canp ,U@(,g]\%ﬁ)ed on
i nternal surfaces otherw se not readily plated to thereby en ance t
gromh of the internetallic layer thereat to thus protect those surfaces

and prol ong tsbﬁadt'éeéd’t'al%eolthg%’c@ifnaiﬁﬁf §‘§hcl’?9ﬂ£ﬂBﬁ&k ml{eﬂg?&frﬁ;&ge use. t[}oa

yet further aspect present 1 nvention I nocu

easily and inexpensively add, a opal functi onal to the

ht er et al || O PRFERe 1A ot GDOIEHPRe Ao COBRGHEDGE the INpghlant caspoPgvided

| ayer. Thus, where the inoculant is a silane material, siliconis

advant ageousloy idi@rril fifaced otimeraise met reddiy mited td tl:\elfeiweznmmcé tiee gromttmof on i n
t he deposition environnent. Simlarly, where the innoculant is a

net al - hal Oge%é—ﬂVérﬁle?&licCiagéMe%E & tthBrd?éctttﬁt?se shﬁ%& d SrolBhg th@ udéiuect ed

for its beneficial proper I es 1 n connection I nternmetal lic layer.
Thus, for ?{Lp & ?lLevvls achd may be CrCI 3, PtCI4, ZrCl4i or ZrF4 to
thus i ncPude e l?% AiBHPBEDY| t her chronium platinum and/or zirconium
15 as the additional functional material in the internetallic |ayer. Wen
the part with such a lreagoordasic withor uetdurthertraspectofitie thseateuvemlomhdwe
deposition environnent, it is believed that the halogen (i.e., the

chlorine or fd&urahﬂﬁbay%qm&ol@aﬁry #Md lhbﬂoéneﬁegraaad adtfiffional héhdtidgachr om um
pl ati num and/or zirconiumions, for exanple, wll free from the i nocul ant

o e Lk AR AR b Rt ke
al umi ni de, plagte_g. rnsal;v rg-en':h%ennogjrl]adr{t?; a éxllarngorgétgxtpalalslﬁcr:gnn:s%?:lvlag aggodglgs h 't S
10 diffused into the intermetallic layer during formation in the deposition environment.
Similarly, v_yhere the innoculant is a metal-halogen Lewis acid, the metal ion of the
Lewis écid may be selected for its beneficial properties in connection with the -
intermetallic layer. Thus, for example, the Lewis acid may be CrCl,, PtCl,, ZrCl, or
ZrF, to thus include the metal ions of either chromium, platinum, and/or zirconium
15  as the additional functional material in the intermetallic layer. When the part with
such a Lewis.acid inoculant thereon is exposed to the deposition environment, it is
believed that the halogen (i.e., the chlorine or flourine) becomes part of the reactant
gas, and the chromium, platinum and/or zirconium ions, for example, will free from
the inoculant and migrate into the intermetallic layer, such as an aluminide layer,
20  being formed on the metal component to thereby produce a desired chromium

aluminide, platinum aluminide, and/or zirconium aluminide layer with its

advantageous properties. However, the Lewis acid inoculant is applied more easily



-advant ageous properties. However, the Lewis acid inoculant is a%&gi ed nore
easily -6 03 JAN 2006 WD 02/099153 PCT/ US02/ 17569 and th\ljﬁg aaN pensi vel y

t han .a pl W@a@@%ﬂél chromum plating, and is also a nuch gws?ﬁ&'%‘)nocul ant

mat eri al ati numor chrom umused for plating.
is a Lews acid of the netal - hal ogen type, there nmay be sone netal

' Tho depodE o i EERRLHE 1640 S BB ACHC R Breelr af o msh (he

present invention, the advantage of the Lewis acid inoculant may be

obtai ned wQWICsEmaterit Hian ipplatiomyorshynisme usad fepplatiogt i on of a fine
powder of the desired donor netal to the Lewis acid on the conponent while

still in the liquid $Visdre th&hovanol abeWipbeld AHHETHRHIThERAER lyfBhddE
sprayed onto the liquid Lewis 10 acid on the surface. \Wen the conponent

ith the Lew id i I . . metal.is in.the osition
envi ronnent TP sind RREH iRl TG wIEBARLE IR G Sotl ety B
urther aspect of the present invention, the

accordapce with still ) _

i nocul aPor m?ys‘-'ﬁgc%éﬂ @@tJG\P@PWO%BWW?@- dBaseqydercecwith g fether aspert of
particularly jet 15 engi ne conponents such as bl ades; shrouds, and vanes
to name a f e presert ircemiongthe adbavageof thedrsvieaqd frastulant hity b taipedssur e
air flow path of the engine where an internetallic |ayer, and a possibly

mul ti-co i I h| i i X . ti e, other
porti onsrrg?@ ? ﬁ%%ﬂeﬁggrg g@é?ﬁé‘hg% oﬁfélﬁ{ﬂ s‘?sogr%ﬁlﬁﬂllcc)%t@]no@ ﬂ'géé?\?i%ﬁgﬁh%?t h andt rs]o
0 situations, e

arowth of - mUeHFARoE Maifo fhe Brls e ot hedpbmangn! walagdl prbe lighg
state. By way of example, aluminum powder may be sprayed onto the liquid Lewis
10  acid on the surface. When the component with the Lewis acid inoculant and added
donor metal is in the deposition Ienvironment, the grain boundary problem is
* reduced or minimized.
| In accordance with a still further aspect of the presen.lt invention, the
inoculator may be selectively applied to aerospace components and particularly jet
15  engine components such as blades, shrouds, and vanes to name a few. Such
components héve portions exposed to the high-pressure air flow path of the engine
where an intermetallic layer, and a possibly multi-component intermetalli(-: layer, is
desired. At the same time, other portions of those aerospace components are not in -
- the air flow path and so do not need the same level of protection in use. In some
20  situations, the growth of more than a thin intermetallic layer can be detrimental,
particularly with respect to those portions of the component that contact other
)

engine components and must thus fit together in close tolerances. In such

situations, the inoculant may be selectively applied to those portions of the

-7-



particularly with respect to those portions of the conmponent that contact

ot her engi n&omommasent s and nust thus fit togetjey JAR BigOSEPCTUSI2ZUTS®S. | N
such situations, the inoculant may be selectively applied to those portions
of the -7 WD 02/099153 0 3 JAN 2006 PCT/ US02/ 17569 conponent adapted to be

exposed to th&ripgienpaeagieddo delexpbsat, toshe afght Prepir8hair flogr, aviab t® beirhie
desirable thick and/or nulti-conponent internetallic |layer on those

portions. The., L ' ) i ' ed as
conventi onal eg‘é%rﬂﬁgﬁr}ﬁ% ﬁ%gg%lgﬂg%%&yﬁpﬁ}@g@nﬁ? gﬂ%ﬁﬁéﬁ?’eﬁgfr&m 1?@% c\;/ﬁﬂhﬁké’ '
however, be 5 thinn than that forned jn the pre-coated agreas dque to the
| ack of the d?cé'i“é'&%lﬁ %rerﬁ?minﬁd@ﬂ‘%ﬁg}tth%F%HQgW Ry eitler, esth*?égq!‘g?%goi ng,

there is thus provided an i nproved deposition process by which to form an
i nternet al | i ccanagetiorsl, orgtaaimittoitparewtas. intefinetedlicdageroviien walhjheviesren e
advant ages of the present invention shall becone 10 apparent fromthe

acconpanys ng tﬁ_{@‘éﬁr 1es) thah@rhbe gfﬁﬁ&;&&bk&ﬂ atrgé's' &4 to thBTAK of S BFé-P%Ag@:@ of

t he Draw ngs e acconpanyi ng aw ngs, which are I ncorporated’in
constitute a part of tEi s specification, illustrate enbodi nents of the
i nvention and, m?‘iﬁ'gaé'ltﬁ $e@t h the general description of the invention
gi ven above and the detailed 15 description of the enbodi nents given bel ow,
serve to explain the prBwnvirgkef thef forégoing tieare it thuspeoitiderhan fingroved i s a
partial, cross-sectional, schematic view of a representative netal
forrponent ,  FidepokiBos pewsest Be widioefenh adfinfeltetall®d ¥ddribrametal t&PBhehts] C

ayer

These and other objects and advantages of the present invention shall become

10 apparent from the accompanying drawings, and the description thereof.

Brief Description of the Drawings

The accompanying drawings, which are incorporated in and
constitute a part of thg's specification, illustrate embodimenté of the invention and,
together with the general description of the invention given above and the detaﬂed

| 15  description of the embodjments given below, serve to explain the principles of the
present invention.

Fig. 1A is a partial, cross-sectional, schematic view of a representative
metal component;

Fig. 1B shows the component of Fig. 1A with an intermetallic layer

20  formed thereon after a time T, in a deposition environment in accordance with a
prior art process; |

Fig. 2A shows the component of Fig. 1A with an inoculant applied to

the surface thereof in accordance with the principles of the present invention;

-8_



20 forned thereon after a tine Tr in a deposition environnment in amrdance
wWith'a prior art process; Fig. 2A shows the conponent of Fily3 SN h an

i nocul ant wappljeedst o the surface thereof in accordance vvipg /ﬁshglﬁﬁ‘j nci pl es
of the present invention; 0 3 JAN 2006 WD 02/099153 PCT/ U 17569 Fi gs.
2B and 2C show the conponent of Fig. 2A with respective internetallic

| ayers formed thereon Rigs.€B &6¢ PEShbYANE icBRHoRenfBOFiIG22A Ruifh @§RREVd | ON
environnment in accordance with a process of the present invention; Fig. 2D

i th 5 ot ol SR EdaerE YoflectnBBOhiAR: fspbiGRies T T b adtwoannaar y

problens; Fig. 3A shows the conponent of Fig. 1A with an inocul ant
“sel ectivel y enypnmegt inaqoredange withea prasessoil theprgsegBngention;t he conponent of
Fig. BAwith a variable thickness 10 internmetallic |ayer forned thereon

after a tine in a depddgtZDis ®greatlpBnrded view af aqsctioe of et ddnspdieftsss of
the present invention, Fig. 4 is a schematic view show ng conponents,

present i nventi o . atic | net
anwi onrent ot o wiPmelfipobi edfonBhtly e hactfynt d FAREREh: 1o

principles qf the reg nt invention; 15 Fig. 5 is a perspective view of a
j et engi ne BI%HEABONO » showing a liquid inoculant being selectively
applied thereto in accordance with the principles of the present
invention; Fig. 6 is &igidfeshevestheicomplonentof Kif. 1Aevith adimoetilafi @lechvdlp
partial cross-
applied to the surface thereof;
Fig. 3B shows the component of Fig. 3A with a variable thickness
10 intermetallic layer formed thereon after a time in a deposition environment in -
accordance with a process of the present invention;
Fig. 4 is a schematic view showing components, such-as that from
Fig. 1A, Fig. 2A, and/or Fig. 3A, in a deposition environment of a simple CVD
furnace for purposes of explaining the principles of the present invention;
15 Fig. 5 is a perspective view of a jet engine blade component showing
a liquid inoculant being selectively applied thereto in accordance with the principles
of the present invention;
Fig. 6 is a side elevational view of the blade of Fig. 5 in partial cross-
section along lines 6-6 thereof after being exposed to the deposition environment;
20 . Fig. 7 is a perspective, partially cut-away view of a vane of a jet

engine showing a selectively applied pre-coat in accordance with the principles of

the present invention; and



sectjon along lines 6-6 thereof after being exposed to the dep8siAN @6
environnent; 20 Fig. 7 is a perspective, partially cut-away view of a vane
of a jet eMYPHE ¥R ng a sel ectively applied pre-coat in aP€BPERAIEIWI t h
the principles of the present invention; and -9 0 3 JAN 2006 WD 02/ 099153
PCT/ US02/ 17569 5 Fi g. .1s,a perspective, partially cut-agway view of a
shroud of a jet engin ‘%%Warfber%lﬁ’scg'l’%d:tai"\@@’f”é‘ﬁwqye‘ﬂe‘ﬁPZ-ac%BRUdi(\P,\f a jet
accordance with the principles of the present invention. Detailed

Descri pti on ehgineshbwitvg agelettively apdlied ene-eoatinRicgordbAce hathethe priatiplas of n
cross-section a i representative section of a netal conponent 10. Conponent
10 is conpri giednRbed int&itRn. Or alloys of netal, as is conventional, and has
a surface 12 to be protected such as from corrosion and/or high
tenperature i .dati,on. Syrf.ace be visible to the naked eye or may
be hi dden be%ﬁ&%@%&g&%@%@ﬁﬁ the 10 conponent. Hence, it

w Il be appreciated that the conponent 10 of Fig. 1Ais nerely exenplary
of any métal conponent Widlviefereooetaoignbh éhenaris slumsn iPcross-bettiopaot ect ed. To
protect surface 12, the follow ng have been conventional . Hirst, _one or
mor € conponeRpresktafiR sebisHSCh hfetd] @BRIBNRAY1OX (e Enedk N6Nis sHSHHST a5
material (not shown) from surface 12 of each conponent so as to expose the
bare

metal or alloys of metal, as is conventional, and has a surface 12 to be protected
such as from corrosion and/or high temperature oxidation. Surface 12 may be |
visible to the naked eye or may be hidden below other structures or parts of the
10 component. Hence, it will be appreciated that the component 10 of Fig. 1A is
merely exemplary of any metal component having one or more surfaces 12 to be
protected. |
To protect sur-face 12, the following have been conventional. First,
one or more components 10 are cleaned to remove any oxide or other undesired
15 material (not shown) from surface 12 of each component so as to expose the bare
| metal thereof at the level 14 of surface 12 (level 14 may define a plane if surface 12
is planar). Component(s) 10 is then placed into the chamber 20 of a simple CVD
furnace 22 as shown schematically in Fig. 4. The CVD furnace 22 produces partial
pressures and high heat within chamber 20. Also includéd within chamber 20 may
20 be an activator 21 such as ammonium biflouride and a donor metal 24 as well as
positive pressure of argon (not shown). Where component 10 is comprised of a
nickel-based superalloy, donor metal 24 may be aluminum which can be prévided

-in the form of chromium-aluminum, cobalt-aluminum or vanadium-aluminum

-10-



netal thereof at the |level 14 of surface 12 (level 14 nmay define a plane if
surface 12 is planar). Conponent(s) 10 is then pl aced intoot"ﬁe’A&‘hZﬂB&)er 20
of a si npMWO @A¥1PBur nace 22 as shown schematically in Fi g.PCF/USPR/&7TSEVD
furnace 22 produces partial pressures and high heat w thin chanber 20.

Al so incl ude i thin chapber. 20 may 2% be ap_ activator 21 such as ammoni um
biflouride & Hmdefa&mo 5 forexagpleel he gasultinggrartialerpssues apd high beajon (not
~shown). Were conponent 10 is conprised of a nickel-based superall oy,
donor net al cgzbteraylepesitibnenvivonment@® whichlrelepsad\dletathun frotrhibe fchunklet 24
chrom um al um num cobal t-al um num or vanadi umal um num-10 0 3 JAN 2006

VD 021 099153, L5020 08 P Sh Sl PSSR orcl 8 A

. _ 8210?!“&. §
resulting partial pressures crea n envi r onment
26 whi ch rel eases unm,gum from t he chunkl ets to create a vapor having
al um num t h&XBP%% S(J?écghgiteéleeealuﬂynw t pagtaly gﬁlﬁ‘i@épo%&%?élé“%'ﬂ@f“ace 12 to
the al um num donor netal. That exposure results in an 5 internetallic |ayer
30 in the fotemodtaliit iayienB8én the foommfalusinidaiefot® aifudanpbhefrdompdhenhi ch
| ayer 30 then serves to protect surface 12 (Fig. 1B). Depending on the tine

(1), duri nGOWHiENI:BRMBOR ochles/5 R3OS kack 421 (1, deposi t1 on envi r onment,

the intermetallic layer 30 w typically formto~a specific depth W
mner st extent 34, DRDERdisg {i PP st ehndnehiacompongual T et ve
portion 36 extending outwardly from or above the |evel 14 of original
surface 12 tatheglepesifioseneitormentthe intareetadiicalayec30 ayletypBallndymabso i ncl ude
a diffusion portion 38 extending inwardly fromlevel 14 and into conmponent
10 to i nner gmetficeidpeintV,3fAeasured between its top or outermost extent 32 and its bottom
10 orinnermost extent 34. Layer 30 will typically include at least an additive portion
36 extending outwardly from or above the level 14 of original surface 12 to
outermost éxtent 32. Intermetallic layer 30 may also include a diffusion portion 38
extending iﬁ@ardiy from level 14 and into component 10 to innermost extent 34
which is usually below level.14 but could be coextensive therewith if no diffusion
15- portion 38 is formed. Thus, most of layer 30, if not all, is in the additive portion 36,
but that is not réquired or essential, and the dynamics of the material and process
conditions involved will dictate the extent of the respective portions of layer 30.
Additive portion 36 will typically include a high concentration of the donor metal 24
such as aluminum, and may include some of the metal from component 10, such as
20  nickel if component 10 is comprised of a nickel-based superalloy, for exarhple, due
to outward diffusion of the metal from component 10. By coﬁtrast, diffusion

portion 38 will have a lower concentration of the donor metal 24 and a high

concentration of the metal of component 10.
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which is usually below | evel 14 but coul d be coextensive the %Wdt&ltfzqs
diffusion 15 portion 38 is formed. Thus, nost of | ayer 30, not a

in the addiwowsopesst i on 36, but that is not required or esmﬁg@hgs@nd the
dynam cs of the material- and process conditions involved will dictate the
extent of the respective portions of layer 30. Additive portion 36 wl|

typically include a hi ghisciesigehio fatrh @i iferineRllRABgsr tB®ledithefsutitilliafs
al um num- and nmay include some of the netal from conponent 10, suclh

xampl e, duo MR e Vo T PP RAB AT, Pol ipRiretPafe cSnBRih e Mionragy G

contrast, diffusi O%jg portion 38 will have a | ower concentration of the
donor netal 28 @9 wcigtﬁnte&hﬁewamth@hneﬂs Whbuhfer substantielyfessitinte 10. - 11
0 3 JAN 2006 WO 02/099153 PCT/ US02/ 17569 It is desired to forman

Cintermetalli¢T) &ayRi of expusued tohhe depbsitieinehdtdrimendtPec Eﬂfmﬂteﬁf‘su%@antépr the
sane tinme (T1l) of exposure to the dep05|t|on envi ronment 6,

subst ant izal | Maﬁﬁﬁ)nsi"f\nfﬁeygl'\& 6853s Whriduds 4 1e§ Tg?@&%éo h%ﬁ? Sglt | gl? 4Rt | al< 5

T1) of exposure to the -t1on envi ro

variation in cess Vv |abI applied tqg the deposition
envi r onnent EQQEQ 'ﬁﬁeg'é Hhifgor 1ae f”rﬁt E@Flﬁﬁlﬁgé%h%meﬁ@tpﬂvmﬁopl guchof

the present invention, such results are found to be possible by first
appl ying a pr@ulcﬁ)emﬁﬂgndﬂo baposdilde by Fitst tapplying & pﬁ@cda?hn@l%bfgnoolﬁént Soetbor e
conponent 10 is placed in the deposition environnment I nocul ant 50 |s

advant ageoussufRBRI (B, IA)! BéfEtd donystdnAD8s fol?géﬂ th thg cﬁ}a@%ﬁﬂ %HH;%? il oc{ﬁ ant

to forma pre-coating. Thereafter, conmponent re-coa
50 thereon '?6.pkn%% E\nt %Otlp gdxgae aogselohlslgnapleop o lrnorreggxly avallagEa liquid }drm and

10 then dried to form a pre-coating. Thereafter, component 10 pre-coated with

inoculant SQ thereon is placed in the deposition environment 26 (Fig. 4).
With reference to Fig. 2B, after component 10 is in deposition

environment 26 for the previously predetermined time T, and under substantially
the same process variables, an intermetallic layer 60 will form at surface 12, but to a

15 thickness W,, which is anywhere from 20% to 80%, and typically about 40%,
greater than thickness W,. Layer 60 includes an additive portion 66 which extends
to outermost extent 62 which is farther from level 14 than was outermost extent 32
of additive portion 36 (Fig. 1B). The diffusion portion 68 may also e;ttend into
component 10 by more, less, none or the same amount as did portion 38

20 depending upon the inoculant 50, for example. The result, however, is that a
thicker intermetallic layer 60 (W, > W,) is grown by exposure to the deposition
environment 26 for substantially the same time span T, by virtue of the inoculant

pre-coating 50, than was possible without the pre-coating.
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Wth reference to Fig. 2B, after conmponent 10 is in deposition envjrapment
26 for the previously predeterm ned time Tl and under subst an? ﬁaM"‘{/ZéﬁEhe
sanme proce¥ WHPHS es, an internetallic |ayer 60 will formpaatusuifsace 12,
but to a 15 thickness W2, which is anywhere from 20%to 80% and typically
“about 40% greater than thickness WL. Layer 60 includes an additive portion
66 which extends to odilermativelyewhenstit 8 2lesikicdcto grow @it inkermetallmalevEd (FBd

t han was outernost extent 32 of additive portion 36 (Fig. 1B). The

diffusion pogO)emiéBhazy tiatimesewk et BlsQostadHNOREL hankkndRig, of 55, none

or the same anount as did portion 38 20 dependi ng ‘upon e 1Thocu

for exanpl e. ofh t, ho er,. i.s, th a thicker intermetallic |ayer 60
(V2 > W) is3gr g‘m%qc(éé{’ﬁa&%&‘ﬁ%e pHn¢iples Bg%ﬁfﬁ?%\%mV@ﬁWMryﬁ@ﬁtm%f ther
substantially the same tine span Tl by virtue of the inoculant pre-coating
50, than wasSipude il tunacetd maydestbstantiallymgducetitot: Bma Al @RRA is WO

02/ 099153 PCT/ US02/ 17569 Alternatively, where it is desired to grow an

i nt er et &l | i subsearially Rsé fHiag.the ke Wﬂﬁaﬁsa@%%ﬁﬂ ilzsglfail%@%s‘é%gw@ id%&rfb%ﬁi by

substantially equal to thickness ayer 30, I'n accordance wt
principles o [ ngi l.e ti of the  sinple D furnace
22 may be su%tslté%‘r%]ta Pgﬁfgﬁ%&ﬂﬁg’éﬁ P gﬁgﬂ g?%’ébﬁt%&ﬁnglgg Hhesanplicable ipapdess | ess
than the tinme T, ne s%&{y to formlayer 30 as above described (by at
| east about RPlesy; koBixensk remmrpaentsihwitla inacalany 56 maergbatgd thereapid i cabl e
process variables. To this end, conmponent 10 with inocul ant 50 pre-coated
thereon i s phcaskin tha dehesitiepesiitanaiert @6i (FRNIPAR $%pédetido tH dapshitposed to
the deposition environnent for the time T2 (< T,). After renoval fromthe
CVD furnace etdirohineft fdr the time T, (< T,). After removal from the CVD furnace 22, it will
10 be found that the intermetallic layer 70 formed at surface 12 is substantially similar
(W5 = W,) in thickness to layer 30. However, additive portion 76 of layer 70 may
actually be thicket than additive portion 36 of layer 30 whereas diffusion portion 78
of layer 70 may be thinner than diffusion portion 38 of layer 30 due to the
dynamics of the deposition process and the time in which the component 10 was in
15 the deposition environment 26.
In accordance with a further aspect of the present invention, and with
reference to Fig. 3A, it may be seen that component 10 may be selectively provided
with inoculant 50 such as by pre-coating same over only a selected portion 12a of
surface 12 leaving portion(s) 12b without a pre-coating. After inoculant 50 on
20 portion 12a is dried, component 10 with the inoculant 50 on portion 12a may be
placed in deposition environment 26 as described hereinabove (Fig. 4) in order to
)}

form an intermetallic coating 100. However, as seen in Fig. 3B, intermetallic

coating 100 may have two different segments 110 and 120 of different thickness.

13-



.10 be found that the internmetallic layer 70 forned at surface(l JAR 2006
substantially simlar (W ~ W) in thickness to | ayer 30. However,

addi tive pBY%"tS‘W”'T’é of layer 70 may actually be thicker tHFT/B¥dil7i6%e
portion 36 of |ayer 30 whereas diffusion portion 78 of |layer 70 may be

t hi nner thanediffusi ortiop 38 of layer 30 due_to the _dynam cs of the
deposi tion p§8%r8§'§ﬂaﬁg°$ﬁé”?q nay %r%f%@@e%ééaﬁ%swéa will have a he
deposition environnment 26. In accordance with a further aspect of the

present i nvefitst, smallahigkndgss W,, ned eegmere 126 dielyir@yportion 8y dieuseenl 2 hat
conponent 10 may be selectively provided wth inoculant 50 such as by

pre- coating W%ﬁbr@@bé‘te@ﬁ@:‘ iﬁé&lﬂgnt%)t\i/iﬂ%géglsg{?tific%gﬁ%zé}%']@prodr' ;%14{'- ng

portion(s) 1 thout a pre-coating. After in oh 12a

is dried, co nt . W t i nocul.ant 50 portion y be | aced
in depositioﬂﬁcg(ﬁgfsrvg;g‘e%ﬁg@ Q@”d@éfe?fiﬂsé'af%?@é}ﬂ%a%w(lﬂi  ofpeamgnbleer to
forman internetallic coating 100. However, as seen in Fig. 3B,

i nt er met &l | i @ carapared do ﬂm}adéﬁ\'%m@ionvldﬁcbﬁstagmnt 1@ gtbatespediveadiffusia® of
different thickness. -13 0 3 JAN 2006 WO 02/ (099153 PCT/ US02/ 17569 Segnent

110 overlyi ngoitibgs 124 apd 6149848 Be ROEIBsRYialig BaQAl thitkh &S Calidudhi
first, small thickness W4, andyesegment 1210 %vgrl yi ng po’rt%ﬁ%égtﬁgggagf ace

argor o dea e CpRRRRAed 1S, P Al Rtpdithy om pal ke ipRertnariian v e
portion 126 gf sggrrent 1t20 5' 'as conpared to the additive portion 116 of
segment 110.9epgBAinginai the eaiire of theapre1apap 60t iAsiascorzaquende]it 4 pasyiblestoof
substantially equal thickness, although in the areas '
apply thicker intermetallic layers to selected portions of a component while leaving
10 the remaining surface areas to grow relatively thinner intermetallic layers (or no
layers if the area is shielded, not shown).
In accordance with a yet further aspect of the present invention, the
inoculant 50 may be applied as a liquid and then dried to form coaﬁng 50. One
liquid form of the inoculant may be a silane material. The silane suitable for use in
15  the present invention may have mono, bis or tri functional trialkoxy silane. The
silane may be a bifunctional trialkoxy silyl, preferably trimethoxy or triethoxy silyl
groups. Also amino silanes may be used, although thio silanes may not be desired
due to the sulfur content therein. Bisfunctional silane compounds are well known
and two preferred for use in the present invention are bis(triethoxysilyl) ethane and
20 bis(trimethoxysilyl) methane. In both of these compounds the bridging group
between the two silane moieties is an alkyl group.

Additional commercially available silanes include:

1, 2- Bis(tetramethyldisoloxanyl) Ethane
1, 9- Bis(triethoxysilyl) Nonane
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.of pre-coated surface 12a, the diffusion portion 124 may be t'@'gnj‘nAeb[ 2[%
nhonexi stent dependi ng upon the nature of the pre-coat 50. As

consequend® 0249918 possible to apply thicker internetalliRCT/E$RAZG6 O

sel ected portions of a conponent while |eaving the renaining surface areas
"to grow relatively thinner interpnetallic |layers (or no layers if the area
i s shielded, not shown). | rBisltithexsysilel) (dctanea yet further aspect of the
present invention, the i noddis(@imet@xysily! Bthaappl i ed as a |iquid and then
dried to formcoating 50. (h&- Bis(tritheth{lsitarypfl, BhPimeibgLDRibxamey be a sil ane
material . The silane suitalpiguifeitiEfoky) ERyltiRGePr esent invention may have
nmono, bis or tri functional ig('['riirﬂeﬁf@ﬁ}i .ll\?é'{ﬁ'lsi-gn'l"\% silane may be a

bi functional trial koxy sil yiﬁa r EEQ trl%ﬁ{ Px%‘kg_lr {3” et hoxy silyl
groups. Al so amino sil anes -98%§08§§  Chemefatignbt EPRHRRY may not be
desired due to the sulfur content therein. Bisfunctional silane conpounds
are wel |l known and tvdepilahemaydd appliedmert; as ho aguesensolitinrg ot eoanar e

bi s(triethoxysilyl) ethane and 20 bis(trinmethoxysilyl) methane. In both of

these conpouwgdeoidislcdlidideivent iwidh. Ds ysesht 5ORLENWIBEORER FBh@bbes1J S an
al kyl group. Additional comrercially avail able silanes include: 1, 2-

021 099153 5 0° 30 YRS BETOBDS rhued Bl MM e birickRiRRRe ¢

10 alower alcohol such as methanol, ethanol, propanol or the like. Ethanol and

methanol are prefefred. The solvent is combined with the silane and generally
acetic acids to establish a pH of about 4-6. The concentration of the silane
compound is not relevant as long as the silane remains in solution during
application. Generally, the solution will have about 1% to about 20% silane (which

15 may be measured either by volume or by weight in this range).

One silane solution 50 may be an organofunctional silane such as

BTSE 1,2 bis(triethoxysilyl) ethane or BTSM 1,2 bis(trimethoxysilyl) methane. The
silane may be dissolved in a mixture of water and acetic écid at a pH of 4, then in
denatured alcohol to establish the silane solution 50. The solution has about 10 ml

20  of distilled, de-ionized, RO water, 190 ml of denatured alcohol (mixture of ethanol
and isoproponol, N.O.S.) and glacial acetic acid with approximately 10 ml of the
BTSE obtained from Aldridge Chemical. Silane concentration is between about 1%
and 10% by volume and advantageously about 5% by volume. This readily forms
the more or less hard pre-coating 50 at temperatures readily achieved.

25 The silane solution 50 is applied liberally and any excess is poured off
as it is applied, or it is applied by brush B (Fig. 5) as if being painted. The
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Bi s(trimethoxysilyl Ethane 1, 3- Bis(trinethylsiloxy)-1, 3- D nethyl

Di sil'oxane Bis(trinethylsiloxy) Ethylsilane Bis(trinethylsilloXwAN 2008

Met hyl si | ar¥OARABDI3 f rom AG Chenetal |l in Frankfurt Gernany REBHUSOYHAE nay
be applied neat, as an aqueous solution, or as an aqueous/al cohol sol vent
solution. The solvent solution will contain fromabout 1- 2% by volune to
about 30% by eompwsentel bwithédomdam50intthe fdim ofensilandeolulion igalldiveat fociver

al cohol such as nethanol, ethanol, propanol or the |like. Ethanol and

met hanol are phEktee Bshted BECHSS WARE Hett GATHIIGHoWN], Bribhen #i & 2BBvaidnal |

generally acetic acids to establish a pH of about 4-6. The concentration

of the silane LS. not r \V 3 ong a he,sil.ang remains in
sol ution duri R&gggﬁggﬁggbf%&%%ﬁfwl éhé’@gloﬂﬁ‘%ﬁ) g\ﬁl"l“nHééetogﬁHUta 1%t o
about 20% sil ane (which 15-may be neasured either by volune or by weight in
this range). baeg @‘ﬁ’r@ﬁén@éﬂutﬁ;m t6 thenleaatipg, tha solugian ahagnfitst beallowed sndrysuch
as BTSE 1,2 bis(triethoxysilyl) ethane or BTSM 1,2 bis(tri nmethoxysilyl) "

met hane. Bhe tHorddnsuchay tirlethdasio hVAHp i(RotdhBivi) UHRaBhg YRR soRABNA6Fbing aci d
at a pH of 4, then in denatured al cohol to establish the silane solution

50. Th | ut] of distill -ioni , 190
i of denat ur B S5 RRR SR ey bR sPLoBBisied i dieatiithe EGppaRuRal ik ISR g
glacial acetic acid with approxjmately 10 m of the BTSE obtained from

Al dridge ChenfQ4ion iereqn. B’Fﬁ}@h}{’ atmeshcqading 0 willibedhBlito 28 g/aﬂg of eg¥ase.

vol une and advant ageously about 5% by volune. This readily forns the nore
or | ess hard Muttiproatchropatingab0 treydsr ajplied 2atle dding\drrdrireMeshte 2befbhethei | ane
solution 50 is applied liberally and any excess is poured off
next c.oating. In one example, three applications of 10% BTSE are applied by
10 handpaintiné a grit-blasted surface portion 12a of one or more components 10,
each with intermediate heating cycles at 250°F (121°C) for 15 minutes. The
selectively pre-coated components 10 (with the three applications of silane
inoculant) .are placed in a deposition environment 26 for a cycle consisting of 4 ¥
hours of soak at 1960°F (1071°C) using ammonium biflouride aé the activator (not
15 shown) and Cr-Al chunklets 24 to form intermetallié layer(s) 100 (of layer 110 and
layer 120). Thereafter, the component 10 is removed from deposition environment
and washed with Dial soap and hot water to remove any soluble flouride deposits. |
The result is that thé intermetallic layers 120 (Fig. 3B) in area 12a are, in many
cases, significantly deeper or thicker than intermetallic layer 110 in areas 12b of
20 each component 10. For this example, one side is surface 12a and the opposite
side is surface 12b.

Alternatively, the pre-coat 50 may be a colloidal silica, such as

LUDOX®-AS of E.I. du Pont de Nemours which is available as a 30% by weight
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as it is applied, or it is applied by brush B (Fig. 5) as if mgiw E)Uai nt ed.
The -15 03%%\”&?&9 WO 02/ 099153 PCT/ US02/ 17569 conponent 10 With 06

i nocul ant inthe formof a silane solution is allowed t ECERPIYHAN t hen
heated such as with a heat gun (not shown), or even in a conventional oven

not shown) to, about 250F (121C) f about 15 to 25 mnutes, to forma
gar d pre- coatsplr"l‘go‘?)é{f S‘Iﬁ?? 8t &’Ft?r?‘ﬁé" a{détch dremil as 6plutipg muer 12r083-Be The
allowed to dry 5 thereon such as underneath a |anp (not showp). Heating of

the sol uti onsolatibnispoyred-ontasurfmedI2 ofaympreat biahd shied Wwith H8a4t it (e
component 10 with the silane solution thereon. Generally, fornmed coating

50 will be O i C oati.ngs 50..may be
appl i ed eachsﬁéeviu'tr}lgarﬁjr ?’eeg/ %ﬁ%oﬁ&ﬁ%&j c%gﬁ%gregWhéheh§§$%%§ﬁ t%.““?ﬁ“%ﬁg'c
exanpl e, thrf:e appljcations of 10% BTSE are applied by 10 handpainting a
grit-blasted @GFEQ’CZ&BBWGW 12a of one or nore components 10, each with
internedi ate heating cycles at 250F (121C) for 15 minutes. The selectively
pre-coat @ conponents Tbe(iknesdlition tredorlapsilicadoletivn ©hppliédaieectlynoehd ant )
are placed in a deposition environnent 26 for a cycle consisting of 4 1/2

hours of soaldeat shBLBRf(CbRpHrknt 30 B A8 B AW hag c%%ﬁbgég?gc%a\(%gr

(not 15 shown) and Cr-Al chunklets 24 to formintermetallic |
Gepos & 1 on erTPaRsArl™S ST imated e deostiof sEEFaRTHENAAO o8P 6 1 emove
any soluble flouride deposits. The result is-that the internetallic layers
120 (Fig. 3Byesrgdntermetaflicdawer 60n7hen 00ckis ey of examplec st hgvaitmeesf the
thicker than internetallic layer 110 in areas 12b of 20 each conponent 10.
For this exasifahe or sitieors tolividal insdulaieis ¥ra tRO SilitHEnRRRRS tHePein will tend to
10 migrate or disperse into the intermetallic layer 60, 70 or 120 (and possibly into
areas of layer 110 adjacent to layer 120 where the part has been selectively
pre-coated) to thus provide a multi-component layer having not only donor metal
24 and meial(s) from component 10, but also a functional material, as at 130 in Fig.
2B, 2C and 3B, which in this case would be silicon. Where the component 10 is a
15 nickel-based superalloy and donor metal 24 is aluminum, the intermetallic layer
may be a silicon nickel aluminide, thus providing the desired added benefit of
silicon in the protective layer. Advantageously, at least a 2.0% by weight level of
silicon is desired in the additive layer 36, 66, 122.
Inoculant 50 may alternatively be comprised of a metal-halogen
20 Lewis acid which is in powder or liquid form (and applied neat, not mixed, if a
liquid) when applied, then dried and heated in a manner similar to the silane

inoculant, Such Lewis acids are characterized in that they have a metallic ion which

is advantageously beneficial to the intermetallic layer 60, 70 or 120 and a halogen,
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side.is surface 12b. Alternatively, the pre-coat 50 may be a coMi &@I
silica, such as LUDOX -AS of E.lI. du Pont de Nenours which 98 i3bl e as
a 30% by wWed@h9991386 WO 02/ 099153 0 3 JAN 2006 PCT/ US02/ 17B@RuUS@/1asdoon of
silicain water from Al drich Chem cal as sol ution nunber 42,083-2. The
solution is poured onto surface 12 of conponent 10 and dried wth a heat

gun (not  shewmipladsf whrkA uml@&@@ramg,tmglemeu2@4,%121 RHTIEMCI2 R, f or m t he
internetallic layer 60, 70 or : e si'l ane’sol Uti on or coIIO|daI

silica solut S e ectl 0 t,h urfaeaf C nent 10
2nd then hoes St End B oM i e%;ﬁifa stfe b BRRRHEL B R TBRENSE,
exposed to the depgsition environnent 26 to formthe desired internetallic
| ayer 60, 7mPlatinuwpdasey Lawis asid tanprel; onkiCldy therathe roetat lon wailddreeither
silicon colloidal inoculants is that the silicon material therein will tend

to 10 m graftromiurflics piti@m.Nirtthbbecdses i@t ahd inbcliRwels B0swié@cRl thakl (and
possibly into areas of Iayer 110 adj acent to layer 120 where the part has

navi ng ot ONy SRR Pestgt s Qg%e?%f’%@jﬁ?%”“’ SERERERe bit "2l so o

functional materi al 65 at 130 in Fig 2B, 2C and 3B, which in this case
woul d be si IS08RENRhe &ltmf@eé@w%ﬁ@ﬁmrqﬂomsﬁhthfseqn isiplaceg dntocth s dgepsitiony
and donor netal 24 is alumnum the internmetallic layer may be a silicon
ni ckel al umenvitenntent26 Figv4 i ivs believetbihiat b lvaldgeh bftheflidwiohcid becbses i n
the protective | ayer. Advantageously, at |east a 2.0% by wei ght |evel of
part of the reactant gas in the deposition environment 26, and that the metal ions of
the Lewis acid will migrate or disperse into and become part of the intermetallic
10 layer 60, 70, 100 or 120 (and perhaps fringe portions of layer 110 adjacent layer
120) again as at 130. The result is, for example, a platinum nickel aluminide or a
chromium nickel aluminide depending upon the Lewis acid selected. Similarly, if
the Lewis acid is iron or zirconium-based, then 130 would be iron or zirconium,
respectively, which will produce an iron nickel aluminide or zirconium nickel
15 aluminide.
To avoid grain boundary problems at surface 12 due to the Lewis
acid inoculant 50, a metal powder 135 (Fig. 2D) may be included with the Lewis
acid 50. Advantageously, the Lewis acid 50 is first applied as a liquid to surface 12,
and then the metal powder 135 is applied thereon as a fine coating before inoculant
20 50 is dried. The metal powder 135 is desirably a pure form of the donor metal 24.

Where the donor metal is aluminum, the powder 135 may be -325 mesh powder

sprayed onto inoculant 50 such as with a baby’s nose aspirator (not shown) or the
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silicon is desired in the additive layer 36, 66, 122. Inocul ant 50 nag
alternatively be conprised of a netal-halogen 20 Lewis acid vhjchAN 3
powder or WoyRkiodosar m (and applied neat, not mixed, if a Ipicauisod/imsken
applied, then dried and heated in a manner simlar to the silane

I nocul ant4 Such Lewi s acids are characterized in that they have a netallic

i on which ilkkeadirasunagedtsd metet pefidet 285 isthdliaged ¥ gvdE ihibbuha’d%/f 60, 70
or 120 and a hal ogen, -17 D 3 JAN 2006 WD 02/099153 PCT/ US02/ 17569

Ricl s, - coct O ﬁgktf%&??%ﬁ s P it fleHerbhiofienfibimel e er 2

chrom um based or a at| num based Lewi s acid (e.g., CrC13 or PtCl4), then
the metal ion would be %’"’?Lﬁét‘rcr bANGIRG 6PMPrAEHtA IAY b Prerecated withs, wher e
the inoculant is a Lewis acid that is 5 pre-coated onto all or part of -
surface 12, iabcdanttIf:(indwdingacetdl pavdbyilSd, iftdesiredidoiome aesitdblaMrtdimiealid ew s
acid pre-coat 50 thereon is placed into the deposition environnent 26

(Fig. 4)5 Itiadepebi pyast Id@fn ddesrdaakodsh RE tlh Ple%‘é&f?héaélle?ﬁ qﬁ\?{iﬁ’gn a?art

of the react ant gas I n the ep03|t|on envi ron
lons of the_, a|d ate or(%:d gcésglnto and becone part of
the inter met¥ InP Eb ?Sét}' ren_ngdo WiV ayerfiexsay i3igeensing i ons

of layer 110 adjacent |ayer 120) again as at 130 The result is, for
exanpl e, a pilade camponaritdi0adFigsi maoe 6pinchudes mnaritfoisaynodre| 144 dmtglnedi&a
dependi ng upon the Lewis acid selected. Simlarly, if the Lewis acid is

L0, £ T8 istetben oot b ety S il
ni ckel 15 a'sE§ﬂn8.thf‘40 includes upper and lower airflow surfaces 144, 146 extending from tip
10 edge 148 and joining at curved foil tip 150 (which includes arcuate portions 144a
and 146a of surfaces 144 and 146, respectively). Airfoil segment 140 .and its
surfaces 144., 146 are integrally supported on a root 152 used to secure blade
'component iOa to the turbine disk (not shown) of the jet engine (not shown)..
Surface cooling holes 154 on surfaces 144 and 146 communicate interiorally of
15 segment 140 via cooling channels or passages 156 (Fig. 6) to edge cooling holes
158 formed along edge 148 so as to permit cooling air to pass through the interior
of segment 140 while blade 10a is in use.
In accordance with the principles of the present invention, it is
desirable to protect at least airflow surfaces 144, 146 and perhaps the upper surface
20 160 of root 152 all of which may be exposed to high-pressure, high heat airflow as
at 142 (Fig. 5). Accordingly, inoculant 50 may be applied to surfaces 144, 146 and

160 such as by hand application with a paint brush B (Fig. 5) with inoculant 50

being applied in a liquid form and then dried as above-described. Alternatively,
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.To avoid grain boundary problens at surface 12 due to the Lewis acid
i'nocul ant 50, a metal powder 135 (Fig. 2D) nmy be included wift§ JANE bW S

acid 50. \3abAageously, the Lewis acid 50 is first appli iquid to
surface 1@,6 anﬂ then the netal powder 135 is applied the?gglﬁg%zzng‘l’gfi ne

coating before inoculant 20 50 is dried. The netal powder 135 is desirably

a pure for t : . L nor,.metal .j.s..al um num the
powder 135“@3{‘/1%1? -%%ggﬁégﬁérgégv\%’;hrdlp pgé@&t?r%rﬁgg“?ﬁf&E?WZﬂf l’%gf‘tj?g]% as with
a baby's nose aspi at or (ngt shown) or the -18 03 JAN 2006 WO 021099153

PCT/ US02/ 17 5¥8Y ainﬁé. el he erigyed mathdiguid-stateineeulanis5Q efoed dwingrnd avoi d

grai n boundary - problems at surface 12 during exposure to the deposition

envi r onment h@gingvalf irmeslaat 601is4 mdtalt hadognicewis ARk e ESS Pay PeaptfrHed
with inoculant 50 (including nmetal powder 135, if desired) to form

desirabl e i Me?écm;,‘tﬂd bifor to%r%igﬁ%ﬁﬁ?eagg% ?’Peregﬁerlgpe--&&tgﬁ §§§g%@§ﬁw¥¥é h the

principles of t present i tron a now be descri | erence
to Figs. 5-8. By way of exanple,, a jet engipe blade conponent 10a (Figs. 5
bnd 6) Pro UBSSUHARAGRPUTY NEChaEked aag itebidgmay boplapes ink theclepositon

hi gh-pressure, hot airflow path (as indicated by arrows 142). Airfoil
segnent 140envirdnmiers A0p(Féy. 4mderavmm thenfiteonetallicfsplagsr 63,470 dAROEWiEReli Ng
fromtip 10 edge 148 and joining at curved foil tip 150 (which includes

arcuat e porfonfBg okidtafaceiud. 46w Hid $60 {RGRee R4 ﬂﬂ&n%%@éhi&f@@%%% SFY) -

Airfoil segment 140 and its surfaces 144, 146 are integra S orted on
AR ST N N LR SR
surfaces 144 and 146 communi cate interiorally of
interfit with other components of the turbine dis{ (not shown) are advantageously
10 either shielded so that no intermetallic layer forms thereon or are permitted to form
a thinner ir_xtermetallic layer (e.g., layer 110) which may be removed by
- conventional means before blade 10a is placed into the turbine disk (not shown) for
deployment in the engine (not shown).
Additionally, and advantageously, the interior channels 156 (Fig. 6)
15 ofblade component 10a may be protected. While previous efforts to provide an
intermetallic layer on the interior channel 156 have generally been met with little
success, in part due to the limited throw of the deposition environment, it is possible
to provide inoculant coating 50 to the internal surfaces of channel 156 such as by
dipping airfoil segment 140 into a bath (not shown) of liquid-state inoculant 50.
20  The liquid inoculant will then migrate through cooling holes 154 and 158 into
channels 156 to thereby provide a pre-coating onto the suifaces of channels 156

and the surfaces defining holes 154 and 158. Thereafter, the blade 10a may be

dried such as in an oven to the desired temperature which will cause all of the
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‘15 segnent 140 via cooling channel s or passages 156 (Fig. 6) t3o % 6
cooling hole 158 fornmed along edge 148 so as to permt cooP

pass thr%@l‘wf’??é Jnterior of segnent 140 while bl ade 10aPGKU ?"ﬁ L"é In
accordance with the principles of the present invention, it i s deS| rabl e
to protect at Ieast airflow surfaces 144, 46 and p er surface
20 160 of rlisstidstege noculgnt tgfosm anpip-a9atiag B §é‘cFUff§C¢ﬁ %ﬂfgﬂés aFﬁsgh heat
airflow as at 142 (Fig. 5). Accordingly, |nocul ant 50 may be appl ied to

surfaces ladefinldPcaolihg Hdés Ko4; 1 58samy chenmzl apfaces 256.0Thadebfieraplaaemenr ush B
(Fig. 5 with inoculant 50 being applied in a liquid formand then dried

as above-de t

PCT/ US02/ 17@2‘5}3 E’F 80%%%%% ]!%eh?ﬂﬁ%g&‘?osg M&ﬂ%t 2%9%@% f{é( not shown)
of liquid-state  inpgcul ant 50 or may be s uj d- st at e i _nocul ant
50 before driprmglidaveisite REW pp nohoplisH @C%Sl%saref 1% Bt e sormstitin <
acid, powder 135 nmay be sprayed thereon, also prior to drying and heati ng.

Ther eaf’ er , inmaasingabved lébeh dEintdranetalli laher&orfmyn ad\the tufpees of gharinelst186e dri ed
and heated may be placed into the deposition environnent 26 (Fig. 4)

Wwher eupon they bx”&fdhﬁt}ﬁallés' %S B%f ﬁ{erér}g) dprB@ld%r r@:ﬁ@h&‘n LA th%?e afedk B?Q/eﬂ’n

surfaces 144, 146 a 160 to t e desi t hi ckness I ck layer 120 of
| ayer 100 being sho (')tP‘ 429 ? | nj n rt| ons of roott ﬁgZ whi ch
are to interfit wth“4tH& etfl‘f s ‘ﬂ'é"e 1veng Qmpaisnt 886n)  are
advant ageously 10 either shlelded so that no internetallic la er forns
t her eon or shownpdfarie casapenent dPmindudedsiimmesrandrauderascuate bents
| ayer 110) which may be renpved by conventional nmeans before blade 10a is
pl aced i nt ukibl midyr the Sentlinikof 8hg 5PN bel @ntinuous (the former shown in Fig.
10 7). Mounted between bands 200 and 202 are a plurality of spaced-apart vanes 204
with three vanes 204 being illustrated in the exemplary vane segment component
- 10b shown in Fig. 7. Each vane 204 has a suitable airfoil configuration defined
‘between a leading edge 206 and a trailing edge 208. Each vane 204 thus defines
between leading and trailing edges 206 and 208 vane surfaces 210, 212 which are
15 1o be protected in use. To this end, inoculant 50 (and powder 135, if desired) may
be applied to surfaces 210 and 212 as well as exposed inwardly directed planar
" surfaces 214 and 218 of outer bands 200 and 202 and upon which the intermetallic
layer(s) 60, 70 or 100 is to be formed in the deposition environment 26. Further,
vanes 204 may also include hollow interiors 220 communicating through cooling
20  holes 222 at leading and trailing edges 206 and 208, respectively (only cooling
holes 222 at leading edge 206 are shown). Interior hollow segments 220 may have
)]

their surfaces coated by inoculant 50 by dipping vane segment component 10b into

the liquid form of inoculant and then drying same in an oven prior to exposure of
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.depl oynent in the engine (not shown). Additionally, and advant@lge ?‘m t he
interior channels 156 (Fig. 6) 15 of bl ade conponent 10a may ‘gﬁrﬂg ect ed.

VWil e prei@isosfstorts to provide an intermetallic |ayer lhterior
channel 156 have generally been net with little success, ﬁ/%%?/tﬁ%%e to
the limted throw of the deposition environnent, it is possible to provide

I nocul ant cgat ] e internal surfaces anpel 6 ,such_as by

di ppi ng ai r?’%i 40 eogl%@m Oligcbﬂ}er#egogﬁgggﬂwmwegﬁ%@@?xgo@.|Iingfg? geresttion

i nocul ant 50. 20 The liquid inoculant will .then mgrate through cooling
hol es 154 afevimssndnitipterpgiaflicdauers66, 1dandvor 480 wiﬁgmimlet thegrecoatetli ng ont o
the surfaces of channels 156 <and the surfaces defining holes 154 and 158.
Ther eaf t er, surfaeed)| ade 10a may be dried such as in an oven to the desired
tenperature which will cause all of the -20 WO 02/099153 03 JAN 2006

PCT/ US02/ 17569 i qui d=.state i,nocul ant tq forma pre-coatjng 50 on surfaces
144, 146, the surfachslﬁal PP rg%(g?rixqg Orl:?ﬁ?'(ra% aﬂgggnqggﬁh@g@ CORmanent
surfaceg 15§ Thereafter, placenent of the pre-coated blade 10a in the
deposi t Pon LPf/s slapte Hthichshagi an uppen serfacee300 whishnesimamiuinicatesytmough & o gr ow on
not only surfaces 144 and 146 but may al so assist 5 in causing sone |evel

of i nt er met klloiscinteaipe 802 wid coaing hold3S OBl sagfase 800 chaiés30EH frartddge
cooling holes 154, 158 to thereby provide protection in those areas as

1. j f | | ' | \ 10b i
Shovn. Vane Conseeotgh ) e pipded Sle b e ERB-BERRIAED0, 202 °

whi ch may be s ts ,of. ring o be conti nuous (the forner shown in
y powcrég %g, Edesnre ) thergon {or r}grymation ot the intermet(allic layer at surface

Fi g.
300 in deposition environment 26 in accordance with the principles of the present
10 invention. Further, shroud component 10c may be dipped in a liquid inoculant to
form the pre-coating 50 on the surfaces of hollow interior 302, so as to facilitate
formation of a protective intermetallic layer 60, 70 or 100 thereon as well.
In use, inoculant 50 is applied as a pre-coating to a surface 12, or
surface portion 12a, of a metal component 10. Where metal component 10 is
15 selectgd to be a jet engine aircraft component such as a blade 10a, vane segment
10b, or shroud 10c, the inoculant 50 is formed on one or more of the airflow
surfaces and/or the 'surface(s) of a hollow interior. If desired, metal powder 135
may also be included with or applied to inoculant 50. The pre-coated component .
10 is then placed in a deposition environment 26 for a desired time and an
20 " intermetallic layer 60, 70 or 120 is formed on the pre-coated surfaceé as well as a
lesser extent of intermetallic layer 110 on any unshielded and non pre-coated

portions 12b of metal component 10. Where the inoculant 50 is either silane or a

colloidal silica, silicon 130 may form in the intermetallic layer 60, 70 or 120.
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10 7). Mounted between bands 200 and 202 are a plurality of spaced3apat 2008
vanes 204 we binvviszee vanes 204 being illustrated in the exxefalgsyrsyane
segnent conponent 10b shown in Fig. 7. Each vane 204 has a suitable
~airfoil configuration defined between a |eading edge 206 and a trailing

edge 208. EaginikaReif?hs idd2UBnfs i e metdtPhIRen 1l6AMlag BE%h Akl iges60es
l\'?\’}n Y%g 1":? to ‘ge P e

206 and 208 vane Surfaces 210, 212 Ich a rot ect I|nduse. To
this end, ingculant, 50 (and powder 135, if _desired) ns he appljed to

sur f aces 210”’:9{‘4(?%?*"‘5%’4’\/\%13 ¥ pBeumy iRy PP ,Mgﬁglbwﬁbqaa%plqﬂgum aces
214 and 218 of outer bands 200 and 202 and upon which the internetallic

| ayer (s) 60, cromiumidGiicenium b foformdnitie bernddipdaydrietn 76rotii20nment  26.
Further, vanes 204 nmay al so include hollow interiors 220 comruni cati ng

through cooling 20 hol By v3a% Gitthé &3 '&ag,qp&etigmdsygggegggﬁ i g%ﬁﬂd 208,

respectively (only cooling holes 222 at |eading shown) .
I nterior.hol Low segnents 220 rra h%\é% t heir sgllf ces coat eci by i nocul ant 50
by di ppiRg vﬁwsﬁé’grﬁﬁfﬁém fo gr,inger G 1YL B! 6PMPRBeMS ant  and
then drying sane in an oven prior to exposure of -21 0 3 JAN 2006 WO

02/ 099153 PCT/ US02/ 1758ilelike preagrdieyventioothas bee dludiegted byitbe destviptionwént 26
(Fig. 4). In the deposition environnent, internetallic |layers 60, 70

and/or 120 wérhbodieehtathetdis, ddowhRAtheemisoHifnRABhavEiRah ¥scrived i th
reference to Fig. 8, a jet engine shroud conponent 5 10c is shown which

has an upper f 2 Wht C njcates through a hollaw interigr 302
via cooling ﬁ@?@g %%alg%d%ﬁngégﬁ%da o CHOFY B GRY Was i ee?flage °§g’§. (and
Sur f 300 is tq be protected such as by application of inoculant 50 (an
urrace appendeg claFi)ms to such detail. Additior¥al ag\eantages and modifications will

10 readily appear to those skilled in the art. For example, yttrium chunks (not shown)
may be added to the deposition environment 26 to provide a shiny part, especially
where inoculant 50 is a colloidal silica. Also, while certain jet engine components
are shown fn the presentation of the process of the present invention, the present
invention may be beneficially applied to other aerospace, and indeed any other,

15 metal components. Further, while the present invention has been explained in
connection with the deposition environment 26 of a simple CVD furnace, it will be
appreciated that the invention is equally applicable to the deposition environment
created in any CVD furnace, including dynamic CVD processes in which the surface
is exposed to the donor metal in the form of a gas carried into the deposition

- 20 environment, either in a vacuum or partial pressure, and/or also in above-the-pack
or in-the-pack coating processes. Thus, the term deposition environment will be
understood to refer to any of the foregoing and not just to the environment created

in the simple CVD furnace. The invention in its broader aspects is, therefore, not
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powder 135, if desired) thereon for formation of the internetallic |ayer at
surface 300 in deposition environnent 26 in accordance with t hegy U i2006es
of the presghldfddsnvention. Further, shroud conponent 10c ﬂ@MUgQAQh@ped in
aliquid |nocufant to formthe pre- coatlng 50 on the surfaces of holl

interior 302, so as to facilitate formation of a. protective |nternetalllc

| ayer 60, 70 lﬂ{nté@% t{ha%gsqﬁc aétan@'r%}orfegéhtma ﬁw%ga& n?&hb& e?rRPx'llhﬁfbtﬁé a

pre- coati ng to sur ace portion a mnetal corrponent

10. Were netal corrponent 0 1is 5 ted en e.aircraft
conponent suc®kagapl gslbcpuéla@n%@gscr é@@éﬂ@lyi "FLB?S@ Qﬁdg?‘%cfm?‘rﬁémﬁ
inoculant 50 is fornmed on one or nore of the airflow surfaces and/or the
surface(s) ofdetaisokitlooutidepartingrironh thelssirir @dscope toh thepoemdel ik@htiveragnedpso be
included with or applied to inoculant 50. The pre-coated component 10 is
then placed in a deposifyang HRYLIRAMREIn2RbRI whatiEelalfie I e and an 20
internetallic |ayer 60, 70% 120 is orrre %e pre-coated surfaces as
well as a. lesser extent of internetallic Iayer 110 on any unshi el ded and
non pre-coated portions 12b of netal conponent 10. Were the inocul ant 50
is either silane or a colloidal silica, silicon 130 may formin the
internetallic layer 60, 70 or 120. -22 0 3 JAN 2006 WO 02/099153

PCT/ US02/ 17569 Simlarly, if the inoculant 50 is a netal -hal ogen Lew s
acid, the netal ion thereof may be platinum chromumor zirconium for
exanple, which will cause platinum chromumor zirconium 130 to formin
the intermallic layer 60, 70 or 120. By virtue of the foregoing, there is
t hus provided an inproved 5 deposition process by which to form an
internetallic |ayer on netal conponents.



VWil e the present invention has been illustrated by the descri pUiSOUAIQfZUUB
enbodi MR ¥/PPEeof, and while the enbodi ments have beerrcdasozitsed | n

consi derable detail, it is not intended to restrict or in any way limt the
scope of the appended clains to such detail. Additional advantages and
nmodi fi cati ons whhtistlaimedds:| y appear to those skilled in the art. For

exanpl e, yttrium chunks (not shown) nay be added to the deposition
environnment 26 to provide a shiny part, especially where inoculant 50 is a

col | oi dal sl.Ii cah dépssitiormpidcessaonipising 1slacifg 8irétaCaUrReaRM: $10)ar & Shown in
the presentation of the process of the present invention, the present

i nvention .4 oA i r Qs .and, i ndeed any
ot her, 15 %gl ﬁ%@%ggﬁ%ﬁj@é @Sﬁ%ﬁgr\?ﬁ\l’é}iﬁﬁgﬁ{lﬁlecogr?é%%eﬁﬁf‘fm\}%%dtp%n has been
expl ai ned idw connect,jon w tg Lhe deposi tion environnent 26 of a sinple CVD
furnace, i t2eRPPIFORgNVisPeRt (26L expasing ehleastnasriare portiondddal toy domori cabl e

to the deposition environnment created in any CVD furnace, including

dynam ¢ Cvimgedaldg4kfor iartin (THo tforen anifitermetallis lagxp (66 F0, 0204 tHO s @EBet al
in the formof a gas carried into the deposition 20 environnment, either in

a_vacuun ofpopadii (12) RicREwY Mt Dot cithr i@l (2a ) MR thar Qotdl i1e- Pack

coating processes. Thus, the termdeposition environinen

under st ood g r to._any,._of or egoi n nd t. just to the environnent
creatod 1 i ABRUFa A B R Sb R R dofionshoe )t be et saporspect <

i's, theref ?{:& ngd_l -23 0 3 JAN 2006 WO 02/099153 PCT/ US02/17569 limted to
the speci filtV)qaddhen expesingtherinegulated aprfagespartion (LRayds Heodormrdnatetialst r at i ve
exanpl e shown and descri bed. Accordingly, departures may be nmade from such

detail's wi (2un tobegepdsition dnvironineat (8)  whereby SROPRrAfetdIRGGETE0 210 | NVent i ve
concept. ’

120) forms at the inoculated surface portion (12a) to a thickness (W,) greater than
10 would have been formed had the surface portion (12a) been exposed to the donor
material (24) in the deposition environment (26) for said time (T) without the

inoculant (50) having been first applied thereto.

2. A deposition process comprising placing a metal component (10)ina

15  deposition environment (26), and while the metal component (10) is in the
deposition environment (26), exposing at least a surface portion (12a) to a donor
material (24) for a time (T) to form an intermetallic layer (60, 70, 120) at the surface
portion (12a) including metal from the donor material (24) therein, characterised by
first applying an inoculant (50), selected ffom the group consisting of a metal-

20 halogen Lewis Acid, a silane material, and a colloidal silica, to ihe surface portion
(12a) of the metal component (10) and then exposing the inoculated surface

portion (12a) to the donor material (24) in the deposition environment (26).
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Havi ng described the invention, what is clainmed is: WO 02/099153 0 3 JAN
2006 PCT/US02/ 17569 what is clained is: 1. A deposition proces SOJAN bﬂﬁé ng
pl acing a nmetal conponent (10) in a deposition environnent (2.6 Sg and

whi l e the ?@5/0.@9@)0nent (10) is in the deposition envi r%ﬂﬂ?&%’or .

exposing at least a surface port| on (12a) to a donor nmate

time (T) to fogm any rbédss Egﬁl%[naécm re&gcﬂ g%wggw éc?rﬁlgrléng

portion (12a) rIhcludin rret aI rom onor eria rein,
characteri sed by f| rst applying an_inocul 0) to the surface portion
(12a) of the nédlagting gilane@sghe ipeut m&fg@xwggrengammmgrtb%moatll@at @t ace

portion (12a) to the donor material (24) in the deposition environnent
(26), whereby inchidesplaciretthk liqaid sigge oaflthe d0faceljzfi}iof ¢12a) aid drbing the
i nocul ated surface portion (12a) to a thickness (W2) greater than 10 woul d

have been for ”.ﬁ%“%ﬁa’%@os.%‘fd?‘@ ngﬁﬁ%m( 12a) been exposed to the donor

mat eri al (24) the n envir nt (26) for said time (T) wthout
the inoculant (50) having been first applied thereto. 2. A deposition
process cohprising pl acing a netal conmponent (10) in a 15 deposition

envi ronment (26), and while the nmetal conponent (10) is in the deposition
environment (24), eAptepobsiioaproessas cdaimad iaddaipoi tar@iai(rl 2 dyither cantgwising
material (24) for atine (T) to forman internetallic layer (60, 70, 120)

at the surf acescipafqAslRaboLOELi R SPSindT (69, IBRIn B ,Issfr icAhe (24)

therein, characterised fiTst app y| ng an i1 nocul ant (50), ected from
t he group consj sti,n en Le a SI terial,
and a col | o daﬁlwgvlﬁﬁ‘é@b %Vei?a plesmeBe TRk 2 ohto e surfed hatRg (I7a)
conponent (10) and then exposing the inocul ated surface
10 | 5. A deposition process as claimed in Claim 4 further comprising selecting the
Lewis acid in a liquid form, applying the liquid form of Lewis acid to the surface

portion (12a), and drying the liquid Lewis acid to a hard pre-coating (50).

6. A deposition process as claimed in either Claim-4 or Claim 5 further

15  comprising including a metal powder (135) with the Lewis acid (50).

7. A deposition process as claimed in any of claims 4 through 6 further
comprising selecting the Lewis acid to have a metal ion (130) desired to be
incorporated into the intermetallic layer (60, 70, 120) to be formed on the metal

20  component (10).

8. A deposition process as claimed in Claim 7 further comprising selecting a

Lewis acid including a platinum ion.
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portion (12a) to the donor material (24) in the deposition environnment
(26). -25 0 3 JAN 2006 WD 02/099153 PCT/ US02/ 17569 3. A deposition process
as claimed in any preceding Caimfurther conprising selecting m3IJAgdea
silane as the inoculant (50), wherein applying the inoculant (50) includes
pl aci ng t NeOPBIF sil ane onto the surface port| on (12a) aad/uRNyiiTRget he
liquid silane to a hard pre-coating (50). 5 4. A degoleon process as
clainmed in O &m 1Acﬂem5§i%r2‘0€@ﬁtaﬁélﬂlr@%m@§img fugbereampiising sebacting hal ogen
Lew s acid as the inoculant (50), wherein applying the inoculant (50)

i ncl udes pl acilegistdeR] inelidings cHrofiuth bhe surface portion (12a). 10 5. A
deposition process as clained in Caim4 further conprising selecting the
Lewis acid in a liquid form applying the liquid formof Lewis acid to the
surface portion (12a), and drying the liquid Lewis acid to a hard
pre-coating (9Q). 6. A deposition process, as clal med in either daim4 or
‘Claim5 furt hgg 15Aé%9@95¢@nri§0¢q5&ﬁ%@lawdamr@@m 7 deilrsrcoppingselestintie Lewi s

acid (50). 7. A deposition process as clainmed in any of clains 4 through 6

further &onpLewisrgidsialein dq‘@zntdmdm%rs acid to have a netal ion (130)
desired to be incorporate nto the internetallic |ayer (60, 70, 120) to

be formed on the netal 20 conponent (10). 8. A deposition process as
claimed in aim?7 further conprising selecting a Lewis acid including a

| ati numion. .- 26 o . . '
P 11.7" A deposition process as claimed in Claim 1 or Claim 2 further comprising

selecting a colloidal silica, wherein applying the inoculant (50) includes placing the
colloidal silica onto the surface portion (12a).

10
12. A deposition process as claimed in any preceding Claim wherein the metal
component (10) has an entire surface (12) including the surface portion {12a),
wherein applying the inoculant (50) includes applying the inoculant (50) to the
_entire surface (12). |

15
13. A deposition process as claimed in any preceding Claim wherein the metal
component (10) has an entire surface (12) including the surface portion (12a),
wherein applying the inoculant (50) includes applying the inoculant (50) to a
selected portion (12a) éf the entire surface.

.20

14. A deposition process as claimed in any preceding Claim further comprising

applying the inoculant (50) in multiple layers.
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0 3 JAN 2006 WD 02/099153 PCT/ US02/ 17569 9. A deposition process as
claimed in daim?7 further conprising selecti ng a Lews acid including a
chrom umion. 10. A deposition process as clainmed in Caim?7 ﬁgrl\%m%ms
conprisin Lng a 5 Lewis acid including a zirconiumion. .
deggsi ti oﬁvgﬁ%@g]éé as claimed in daim1 or daim2 fur PREUSEMYI si ng

selecting a cd | oi bd r ei. ing the inocul ant (50) .includes
pl aci ng the 1(:%dl I (ﬁj gé?ﬁlgllow)gbac egx)gth é:%"ﬁgﬁs)rﬁérﬁla%gceﬁ@d 1% ﬁB&nh (12 ?lc‘fr%g)'sﬁ af\

It edi n ai
Sﬁf’rﬁi'nte}]? r]( %ﬁgf%ﬁs"@ﬁg @%ﬂarlﬂge f’g&gﬁhﬁ@ t@@gﬁomrﬂ:@greap Agnsisiag stiet ergingror ti on
(12a), wherein applt}s/ilr}? the inoculant (50) includes applying tgg L_lrlg;:lé;gnt
(50) to the cogmoneeis§lfa ddle 10tR). 15 13. A deposition process |
in any preceding Caimwherein the netal conponent (10) has an entire
surface (12) including the surface portion (12a), wherein applying the
I nocul ant (50) includes applying the inoculant (50) to a selected portion

(122) of the 10t 1 ARichtian Srocd of hainfeIRRAD LR CIRE AR hakaRd 1 anY

preceding Claimfurther conprising app e-inocu
mul tiple laygrg providindthd cggx%gnent (10) havifig metal comprised of a nickel-based

superalloy,

17. A deposition process as claimed in any preceding Claim further comprising
first providing the metal component (10) having metal comprised of a cobalt-based

superalloy.

18. A depqsition process for a jet engine component comprising selecting a jet engine
component (10a, 10b, 10c) having a metal surface (144, 146, 154, 156, 158, 160, 210,
212,214, 218, 220, 222, 300, 302, 304, 306) and forming an intermetallic layer at least
on a portion (12a) of the surface (144, 146, 154, 156, 158, 160, 210, 212, 214, 218, 220,
222, 300, 302, 304, 306) from a donor material (24), characterised by first pre-coating at
least the surface portion (12a) of the metal surface (144, 146; 154, 156, 158, 160, 210,
212, 214, 218, 220, 222, 300, 302, 304, 306) with an inoculant (50) before forming the
intermetallic layer (60, 70, 120) and in that the donor material is separate from the

inoculant before the intermetallic layer is formed.

19. A deposition process as claimed in Claim 18 further comprising selecting an
inoculant (50) having a desired functionai material (130) for inclusion in said

intermetallic layer (60, 70, 120) and forming a multi-component intermetallic layer

8.



‘WO 02/ 099153 PCT/ US02/ 17569 15. A deposition process as clained in any
preceding Caimfurther conprising first providing the netal @orrponent
(10) froma group consisting of jet engine conponents (10a, 1 19 JA 908 16.

A deposi Wesy@hgess as clainmed in any preceding Aaimfyriher conprising
first providing the netal conponent (10) having netal coiﬁ&(@ga%’g‘})a

ni ckel - based(60s U1 20) B Yhe dutfacéd peaRISI1ER j i ny
T e T bfocd PRI IDLPRLIC A, R dEbied RincliGnd

preceding Caimfurther conprising conponent

(10) having |.se f cobalt -based s ralloy. 18. A osition
process for rgﬁfegikj @?’g? ﬁé%c%ﬁgB%C@ﬁn?g%i ?W%@F@@ﬁ%ﬁﬁeﬁa&@ l%?&@
conponent (],%g, éOb, 10c) having a netal surface (144, 146, 154, 156, 158,
160, 210, 24h12 2L4, 218, 220, 222, 300, 302, 304, 306) and form ng an
internetallic layer at least on a portion (12a) of the surface (144, 146,
154, 156, 158, 160, 210, 212, 214, 218, 220, 222, 300, 302, 304, 306) from
a donor material (24), characterised by first pre-coating at |east the

sur f ace gor tdrpn t I rfaceg, (1 146, 154, 156, 158, 160,
210, 2153, %)1, %@éﬁof%’“ @@5&%86‘3?@6‘% i @@i’" het samarising seledtiagithg 50)
before form.n g\r‘g%&ntgﬁmﬁallig | ayer (60, 70, 120) and in that the donor
material is "%‘gcpl {R0kasdavinga desigd firagtionsbmetasial HS0) selected fad the growyer i s
- formed. 19. A deposition process as clained in Caim18 further conprising

sel ecti ng awonsistimguifaietinlibd) )chfmniung siicogsarndgrdonnghi onal material (130).
for inclusion in said internmetallic layer (60, 70, 120) and forming a
mul ti-conmponent internetallic |ayer -28 0 3 JAN 2006

21. A deposition pfocess as claimed in any of Claims 18 through 20 wherein
10 forming the intermetallic layer (60, 70, 120) includes exposing at least the pre-

coated metal surface portion (12a) to a deposition environment (26) for a period of

. time (T).

22, Adeposition process as claimed in any of Claims 18 through 21 further

15  comprising selecting the inoculant (50) as a silane material.

23. A deposition process as claimed in any of Claims 18 through 21 further

comprising selecting the inoculant (50) as a colloidal silica.

20 24. A deposition process as claimed in any of Claims 18 through 21 further

comprising selecting the inoculant (50) as a metal-halogen Lewis acid.
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‘WO 02/ 099153 PCT/ US02/ 17569 (60, 70, 120) at the surface portion (12a)

whi | e causing the desired functional material (130) fromthe inocul ant

(50) to disperse into the internetallic |ayer (60, 70, 120). éi@% 2@ :
deposition process as clained in Caim19 further conprising g I [ 8 the
i nocul ant (50) as having a desired functional material (130) selected for

t he grouwo @unmsisadti ng of platinum chromum silicon, andCayuSownisem 21 A
deposition process as claimed in any of O ains 18 throu h 20 wherein

formi ng the £»t erfrsteapsitien prgoess qse@alrrm inQlgim Zﬂéu@la@@@am@mgngc a@lmB@ast
the pre coated netal surface portion (12a) to a deposition environnment (26)
for a peri odmefal pbivder (1B5) with. thé irtaeiit (5OrbdisRdeffingthe irermedallitlagey of
Clainms 18 .througﬁ 21 further 15 conprising selecting the inoculant (50) as
a silane mat@ zb 122@ A deposition process as clainmed in any of Clainms 18
t hrough 21 further onprising selecting the inoculant (50) as a coll oi dal
silica. 20 24. A deposition process as clainmed in any of Cains 18 through
21 further conprising selecting the inoculant (50) as a netal -hal ogen
Lewis acid. 03 JAN 2006 WO 02/ 099153 PCT/ US02/ 17569 25. A deposition
process as claimed in Claim24 further conprising including a netal powder
(135) with the inoculant (50) before fornming the internetallic |ayer (60,
70, 120). .



