1 PROTECTI VE -COATI NG The present invention relates to the provision
of protective coatings, on substrates. Such coatings are 5 enpl oyed
on conplYRMSI[hhich are subjected to high tenperatur PEHFBISMATSNt S
particularly where corrosion and/or erosion is likely to occur. The
primary but not necessarily sole application of such coatings is to parts
.of” gas t ur bi ne engi nes, particul ariy superal | oy 10 . conponents
t hereof, such as gas turbine shafts, rings, disks, conbustion can ware,

~ staator and rotor blades and guide vanes. The invention also relates to

such parts, and to machinery and BROTHOTIVE COATING nstal | ati ons which
. incorporate such parts. 15 It has  |ong been recogni sed that conponents of

gas turbines, :particularly the internal conponents thereof in the vicinity
of “and domstrgg’rﬁ_ ofPHafRet o middiEsit iomeg@lagesxhitsi t theghpProvéggen and

corrosion resi gheftertitvdidatihgs, de BN rHas !t | SukROWBat OngEONEde
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temperature environments, particularly where corrosion
' and/br erosion is likeiy to occur. The primary but not
 _nedessari1y sole application of sﬁch coatings is to parts
o of gas turbine eﬁgiheé,"'pérticularly superalldy

10 - components thereof, such as gas turbine shafts, rings,

' disks, combustion can ware, stator and rotor blades and
guide vanes. The invention also relates to such parts,
-and to machinery and vehicles or fixed installations

- which incorporate such parts. '

15 o SRR

‘It has long been 'fécognised that components of gas
' turbines, particularly the internal components thereof in
the vicinity of and downstream of the combustor, need to
- exhibit high strength and corrosion resistance at high
20 temperature. ' ' B '

It is known to provide such components with a load

) _ _beafing structure of sgperalloy ‘material, to Dprovide
| sufficient high temperature strength. Typical

25 'l'superallbyé used (examples are those known under the
'~ trade designations IN100, IN718, IN738, MAR-M002, MAR-
' M247, CMSX-4, PWA1480 and PWA1484) are the Ni, Co and Fe

base supéralIGYs, . dependent upon the particular

| ‘application reQuiréméntsQ' Fe and Co base superalloys are.
30 often solid solution ét:éngthened; 'Ni base alloys have
' Ni as the major constituent and often contair amounts of
Cr Co Ee M6 W or Ta,wénd are often solid solution or
precipi;atiqn strengthened. Precipitation ‘strengthened

Ni base alloys are Widelyfused'for'gés"turbine components



~sufficient hi.gh temperature  strength. Typical

superall o (exanpl es are those known under the tradepgﬁ Jons

| N100; IN7 g@@ﬁ%g%S MAR- MD02, MAR-- M247, CMBX-4, PWA1480 an ébg@@gﬁ5 are
‘the Ni, Co and Fe base superalloys dependent upon the particular
application requi renents. Fe and Co base superal I'oys are 30 of-ten

solid solution strengthened. N base alloy% have Ni as the maj or
constituent and often contaln anDunts of & Co Fe Mo Wor Ta, and are often

solid solution or re i tation, st g1 henegd. PreC|8|tat|on strengthgned_
Ni base alloys rg, ‘E%’etcf”frbri'g 't b ABfesa PTSCIRGtEF
contain Al Ti orseNtoxtd) pmaxéuaex a:l'm e:uumsteabédassumludbptleaheatntrhatmentse of -

‘a.suitable heat drs Jp<ampyses ba%urb Eeczﬁ%‘%‘it; B ecsgér%‘?étﬂgned

st rengt hened -supéra oys used for gas SRents are
known under the sumld@yngnnaw@ngom@xasrlsursmeoeommnms R Mehose

igg M:EdMe?(jr?Tpl eksr@gﬁfmlrfa%v‘)ftt@ ke S&Eﬁ@:&é@i’&t@rﬂv&\%% P08- 286 Hayges
- 100, MAR-M 200, and MAR-M 247 _ Examples of Co base
superalloys are MAR M 509 and Haynes 188 and examoles of
Fe base superalloys are Incoloy 802 and Incoloy 903.
ISuperalloy gas turblne components are sometlmes wrought
10 or cast and, for the more extreme operatlng concltlons,r
- may be dlrectlonally Solldlfled or in the form of single

. crystal structures.

It has become common practlce' to coat superalloy

is components with corrosion resistant materlal since the
superalloy 1tself will _not normally be capable of
withstanding -the corros;ve/oxldatlve infservice
atmosphere. L

20 One practlce is to alumlnlse the superalloy ' This is
usually accompllshed using a so-called pack alumlnlslng
process, or by phy51cal vapour depos1tlon _ These

processes 1nvolve dlffu51on of Al into the superalloy to .
form alumlnldes such as NlAl ln the case of Ni base
25 superalloys. In service, a surface layer of Al;h forms
to protect the materlal beneath and thlS tends to
exfoliate. due to thermal expans1on and contractlon This
is gradually repalred by outwardly dlffu51ng Al and
-flnally, when there is no longer sufficient Al to replace

30 exfoliated _materlal at a partlculari locatlon,_ the
'suneralloy component w1ll be liable to rapid localised
corrosion. . Chromlum and 5111con elther together or

~ singly and alone or in addltlon to alumlnlum may Likewise
. be diffused into the superalloys to form a surface layer



Fe base, superalloys are Incoloy 802 and Incol oy 903. Superalloy gas

t ur bi ne conponents ‘are_soneti nes wrought 10 - or cast and, for the nore
extrene O¥@IEHINAY conditions, may be directionally solidi f PETIGBYS/I1M4S he
formof single crystal structures. It has becone .commopn practice to

coat superalloy 15 conponents wth corrosion- resistant material since
the superalloy itself wll not normally be capable of w thstanding

t he corrosive/oxidative - in-service atnosphere. 20 One practice Is
to al umini se the superall oy. This is usually acconplished using a

so-cal | ed packiakdmdingi rchoniciss, ororsiid it .cal m&pwl I g}ﬁeia@,géf ;)fé@a_:b

Th rocesse valLV f erallo

al 3fnen:odes suc?{ %g Elle tﬁagé %#gé%{a}:s‘%oréﬁlybage gmz. 1508 \rlﬁl ?B?/‘éi‘gnl??l
service, a suriPBREerssped thaplsoghf vefierencesoshouldtbhe :me:q:rated kesneat h
and this" tendstetraaexiehi, atf‘eﬁé‘frhg% W E‘?d &ﬁ%{ﬁvﬁgn
This is raduall rep ed by outwar Uusl

t here is no Ioﬁﬁé/°§uFFi&F@ﬁ%SAP9to replace 30. exfoliated naterlal at

a particular - |ocation, the superal | oy conponent will be. liable tq rapid
.l ocal i.sed A further practice is to coat the superalloy with an
overlay of, for example MCrAlY MCrAlHf, MCrAlYHE,

MCrAlYHfSi and MCrAlTaY where M is Co or Ni or Fe or a

10 mixture thereof. The addition of Y -Si_ or Hf helps to
' prevent exfoliation of Al,0, from the surface and thus
extends the life of the component . These overlay

materials may be applied by plasma spraying; or by a co-
‘deposition process, such as the process we describe in

15 . our patent GB-B-2 167 446. = It is usual to coat a
component with these materials to produce a layer 75 to

200 um or more in thickness. The coating processes are
expensive and coating @components to this order of
thickness gives them a life long enough to justify the-

20 - cost. quever, as loads on gas turbine components
- continue to increase, it is becoming increasingly more
‘undesirable to  coat components. thereof such as rotor

) ) blades with what is effectively non-sti‘uctural --'material.

25 A further problem with layers of this order of thickness
is that they tend to be susceptible, as in-service
conditions become graduaily'more extreme in more modern

'gas turbines, to thermal mechanical fatigue cracking and
this is highly undesirable, particularly if the coating

300 is applied to a thin-walled hollow superalloy component

' such as a turbine: blade, since the cracking of the
coating can cause bléde failure.

- US-A-4 933 239 describes plasma spraying of a 0.001 inch



corr osi on. Chromi um and silicon either together or-singly and al one or in
addi ti on WO 2%/03%a5ni um may | i kewi se be diffused into the suBET&BINYN4S o form
a surface layer - 3 including chromdes or silicides. Al t hough reference
will be nmade hereafter mainly to alumni'sing it should be understood that
such references should be interpreted as @ ternatively referring _
nmut ati smutandis to chromsing 5 and/or siliconising. A further practice .
is to coat the superalloy with an overlay of, for exanple MrAY, MrAl Hf,
MOr Al YHF, MOr AlGRS-& el MPYeasay whefe WPFEAEESHHIN o8r @ o 1pase
m xture thereofgyperBlaciddi ti qFtelhr Yplsi SbpbeiPsoh) RhevVaatdHpliation
of [err] fTon1%§§E;¥rfac and t hus %éésnds the Jife of the conponent.
“These overl ay : a}P%a Pe68SGpp 132155 PR pRaARS  CFMEREATER
deposi ti on progdseuraychand tie, pfdnaddwe pescridrough 18iffusdon padnt -
GB-B-2 167 446, 1t 0 s,usu 0 e t widhL these. jals to
of oduce & |ayeP”ﬁ§HR&F5%fgiéﬂeét €8k Rk BREEE! fﬂé £5§éi£?ﬁ§%iéﬁ
‘indicates that the preferred method of applying the
CoCrAlYSiHf coating is by plasma spraying, but the
specification also makes a general statement that the
overlay coating can be.applied by, e.g., plasma spraying,
‘10 - electron beam evaporation, electroplating,'sputtering, or

' slurfy depoSition. One reason for the peening operation

'~ in the prior art is thought to be that the as-deposited
' MCrAlY is not particularly smooth.

15 ' Furthermcre, the morphology =~ of the  overlay is
| signifiéantly altered by the aluminising process which
appears intended to diffuse aluminium completeiy through |
‘the overlay and into the superalloy substrate.

20 ‘Another problem is .that it is difficult to ensure that
the key elements Y, Si, and Hf, originally present in the
overlay, are provided in a relatively_large:proportion
conveniently close to ‘the exterior surface of the
finished product.

25
| 'The present invention aims to alleviate tlie problems of
. the prior art.
Accofd'i’rig ‘to a first aspect of the present invention
30 -  there is provided a method of producing a coating on a

substrate which comprises aluminising "y chromising . or
' siliconising the substrate, and depositing bn‘the treated
substrate by électrolytiC'Qr electroless deposition a
metal matrix M, from a bath particles of CrAlM, so as to



200 [err] or nore in thickness. The coating processes are expensive and
coating conponents to this order of thickness gives thema life | ong enough
to justi MPR6MAS350 - cost. . However, as loads on gas PEREBISOFESponent s
continue to increase, it is becom ng increasingly nore undesirable to coat
conponents thereof such as rotor blades with what“i's effectively '
non-structural material. 25 A furtherSproblemw th | ayers of this order
~of thickness is that they tend to be susceptible, - as .in-service

condi tions becone, gradual Iy nore extrene in nore nodern gas turbines, to

‘t her mal mcharﬁ%‘aﬁe%%ﬁ%rg_tféy%r%%w%ﬁid’kw sthes AR, d&d%inabl‘]é, or

parti CH arly ido tdleimair'hrtgvcﬁ(bz{ all Soﬁﬁq{é;jééj él%nﬂaﬁi{ﬁ T&rmi'bllzﬁﬁeﬁﬂblc ?}E’Vh
superal | oy congon s a turbine_blade,.since the cracking. 0 e
coating can ce;rgtjls'ee]g]r’aégﬁf af?u?lg}." n BLo33 §§§ed8§6FEb8ie}5‘F§§ Tsp¥ayi ng
of a 0.001 incir more (X5 thedecrellemermmearl ay .of CoCrAlYSiHf on to Ni
base superal | oy. After plasma deposition, the coating is :

One advantage of the prje'sé'nt inire_'ntion' is ‘that it does

not incorporate, as an essential feature of the coating

' _proce_s's, a pPeening step. Another ad\"fantage is that key
elements, such as Y, Si and Hf may be conveniently close
10 to the exterior surface of the finished product. A
furtl_;_er advantage is that the M,CrAlM, does not have to be
subjected to further aluminising and a far superior
morphology thereof is obtainable in the finished product.

15 The substrate may be aluminised according to one of many
different aluminising process, such as processes
c'bmprising'_or including pack'_aluminising, physical vapour
_phase or - flame spray aluminising, sputtei:ing or

. electroplating. Preferably, the substrate is aluminised

20 by a pack aluminising process. similarly, chromising or

' siliconising Cén_ be 'achi‘evé‘d by equivalent processes. |

In a preferred embodiment, the substrate is platinum
. aluminised. This may comprise depositing a layer of
25 platinum, such as by electroplating,_ before or after
~ aluminising. The platinum layer deposited may be about
5 or about 10 um thick. Palladium or ruthenium could be

used instead of or as well as platinum.

30 _Before co-depositlion b;E the 'M1CrAlM2,' a heat treatment may
be incorporated into the coating process.

In a particularly preferred embodiment, whether or not a
heat treatment is incorporated before co-deposition of



gl aSs bead peened, alum nised wth a pack cenmentation m xture, and is,

finally, wﬁ'ékloisag ough diffusion and 5 precipitation h JERARATRNT
st eps. e specification indicates that the preferred nethod of applying

the CoCrAl YSIHf coating is by plasma spraying, but .the specification
al so makes a general statenent that. the ov rIay coating can be applied by,
e.g., plasnma spraying, 10 el ectron beam evaporation, electroplating,
~sputtering, or slurry deposi tion. One reason for the peening operation in

the prior art ichd HRRGRNML O BenbUB s RRnlonds due MY Aot ISed co-

- particularly srmo
overlay is si giﬁpqutiémqu of t &hed l‘hFrNIMz apamias s¢<hgcprl§§e@ destrablpears

intended to di frémeal $# Bk a&abe&shy dEr gudhglibeugyehl Berdubd Ntre t he
superal | oy substrate. 20 not her_problemis that 1t is dlffICU|t to

ensure that th@L@yndisifgn: and YCr HF°aGF~F1§FnaI | yPEREeERPLY n TR
overl ay, sare praqvmieﬂsmgalsebytpa@k wlxﬂxrmsmnyaert 3 9preﬂmmaaewt9(y0°cl ose
to the- exterlfl?J surf c ﬁl h16 | nished %r% irl g 5tThe Rresent h
| nventi on ai s 505 ZPPEGRATECERY. B BRHERERA © ed acmosphere suc
. . as argon or “helium.. Thereafter, the component may be
.subjected to a post d:.ffus:.on treatment at approxlmately
_ -1100°C for approxlmately one hour in vacuum and the
10 coating then . aged at approx:.mately 870°C for -
approxlmately 16 hours in vacuum Alternat:.vely or in
.addition, t_h_e , component may be subjected after
.deposition of the M CrAle layer over the alum:.n:.sed layer
to a heat treatment at approx:.mately '1050°C for
15 approximately 2 hours in vacuum..

-We £ind .that the .Ml'CrAiM.z layer' provides a particularly
-suitable bond coat  for. the subsequent appllcatlon of a
layer of thermal barrler materlal such as zirconia ‘which .

20 . may be stab:.l:.sed (e.g. llme or yttr:.a stablllsed) The
. thermal barr:.er materlal may be deposn.ted in the form of
a columnar material. Preferably the thermal barrier

layer has a thickness greater than 25 pm and may have a
thickness- between 100 and 250 pm.
| The -thermal _barrier is prefe_rabiy applied By electron -
beam physical vapour .deposition_ or plasma sprayed_ in air.

In this invention, we preferma current 'density during
30 . M,CrAlM, deposition of less than 5, _more_l preferably less
| than 3, and yet more preferably less than 2.5 mA per
square centimetre. A current density' of about 2 mA per
square Centim_etr_e_. is even more preferable in some
circumstances, a current. density_of about 1 mA per sguare



the prior art. According to a first aspect of the present invention 30 -
there is &{0V|ded a net hod of prodUC|ng a coating on a substrate which
conpri sesWRIMMMSsi ng , chromi sing or.siliconising the subBCT/ABISOLIAS
depositing on the treated substrate by electrolytic or electrol ess
deposition a netal matrix [err] froma bath partigles of CCAIM2 so’as to

5 to-deposit the particles with the natr|x7 [err] being Ni or Co or Fe or
two or all of these elements:-and M2 being Y, Si, Ti, Hf, Ta, Nb, M, Pt, a
_rare earth elenent or two or nore of these elenents 5 One advantage of the

present inventicentimdtwd bdintpemeaixdnple.porate, as an essential feature
of the coating process, a-peening step. Another advantage is that key

el enents, such as Y, Si and Hf - may be conveniently close .10 to the

- exterior surfade otheherdliatiistedd’ ptoducurrent fdemsretleslvwhu.age niay that * t he

[err] does not eﬁﬁﬁbyédtfh this invention, we note a tendency for the
5 constitution of particles on the as depos1ted coating to
differ from the constltutlon ;n the bath, in that smaller
particles are preferentially deposited_(eg using <15um
powder, the >10 pum particles do not plate so
_ preferentially as the <10 pum particles). This 1is
10 particnlarly surprising eince, in theory based upon
| Faraday s Law and Stokes' equatlon (see Transactlons of
~the Institute of Metal Flnlshlng, article entltled "The
_Productlon of Multi-Component Alloy Coatlngs by Partlcle
CoDepos1tlon," by J. Foster et al, pp 115- 119 Vol. 63,
15 No. 3-4, 1985) assumlng sultable condltlons 'of current
| den51ty and agltatlon are used, the larger the ~particle
size the smallerxr the bath loadlng needs to be to achieve
a particular fraction of powder lncorporated in the as-
, dep051ted coating. - One would therefore expect larger
20 particles to be preferentlally plated, but we have found -
| ' that at relatlvely low current den51t1es, the opp051te
‘occurs.

In one embodiment, the M, comprises Co. This helps to
25 ~ promote a particularly smooth ‘coating. CIf it is
desirable for Ni to be present 1n the coating, a flash of
.Nl may be electroplated either on top of the co- -deposited
'mater1a1 or dlrectly onto the aluminide coatlng before
_ _ 'the co- dep051tlon step. The flash of Nl may be about 2
30  um thick.

T It is preferred for the metal' matrix material and
partlcles to be co- dep051ted to form a layer less than 50
- or, more preferably, less than 25 pm thlck - In a



subjected to further' alunminising and a far superior norphol ogy thereof is
obtainable in.the finished product. 15 The substrate g@‘_@? 1 I ni sed
accor di n}/Q W3S of many different alum nisi ng process, ﬂgég‘ '
processes conprising or including pack alum nising, physical vapour phase

or flanme spray aluninising, sputtering or electroplating.. Preferably,
the substrate is alum nised 20 by a pé&ck al um ni sing process. -
simlarly, chromising or siliconising can be achi eved by equival ent

processes. 1n a efe red enbo t I

al um ni sed. lﬁ’é a’ég f%g %%%%sﬂﬁ %Eg‘ingqﬁ':{ rt%teeilbggg ‘?‘é&wabr?&r%

such as by el eﬂ:Sr(u.pi atthngi b &loweyea, d:fheerlaYGrh mayi ke Iees pféhﬁnnl}rﬁ 1 ayer
deposi ted rmay o] ggﬂgt S, jQ, aboud, \:_LO ,]. t I3 %1 Ogali@ég ugpoar r.-lHetyaem um.

coul d be used I nstea or ‘as. we at| num 30 Bef ore-
.co- deposi tj on BRleas [*er*rnjg ﬁxﬁ@ﬁlefreatﬂ%t TRgy RPR SR HRT edif ndS the
‘coating 9roceS§referabpar£¢iaL&1@é |Jyay%1€ftes’ rbednoadeoelhannbr d\@ﬁi’leio @ pmﬂt a

heat treatnent nc orate re c
: h ci: e pre(feratb 4 st(llq.epfo le' tft‘? ntgf be more than or
equal to 10 p.m thJ.ck ) However, the layer may, for some
_ appl:.catlons, be more than 15 um th:.ck

10 It is preferable'for'the'co deposltion to be carried out
at a bath loadlng of less than 40 g/l of the partlcles

'More preferably, a bath loadlng of about 30 g/l or less

'than 30 g/1, is used More preferably Stlll a loadlng'

| _of about 20 g/1, or less than 20 g/l is used In a

15 '; partlcularly' preferred embodlment a bath 1oao ng of
' ”about 10 g/l is used, although lower loadlngs, such as
) about 1 g/l are env1saged These relatlvely low bath
| loadlngs ensure that the depos1ted coatlng does not bUlld

up in a porous manner

20 _ : y
' The_part'ioles may be spherioal', and 'may be formed using
an atomiser, such as a nozzle atomiSer.'
- Preferably the partlcles in the bath comprlse <15 um <12
25  pm, or <10 pm powder -

_In one preferred embodlment the partlcle dlstrlbutlon in
' the bath con51sts of 25% between 15 and 12 um, 45%
_ between 12 and 10 um, and 30% less than 10 pum. We have
30 found, surprisingly and unexoectedly, that platlng at
| relatively low current densities results in' small
.partlcles belng preferentially dep051ted when powder

w1th this in- bath dlstrlbutlon 1s used a dlstrlbutlon in -
the as- o.epo51ted M. CrAqu coat:Lng (as a welght percentage



6 the [err] a heat treatment is carried out after co- deposition of the
[err] so as to cause a desirabl e anount of: hormgenl sation of and diffusion
bet ween WR®6AISIHi nising and [err] coatings. . Pref er aBEI/GBIHAS
aluminising is by pack al uni ni sing at approxi mately 900[err] C for

appr oxi mately 6 hours in a“controlled atnnosphere - such as argon or helium .
Thereafter, the conponent may be subjectegl to a post-diffusion treatnment at
appr oxi mat el y 1100[err]C for approximately one hour in vacuumand the 10 °
‘coating t hen aged at  ~ appr oxi rrately 870[err].C - for approximtely
16 ‘hours in. vasfuurhe #dhtennabfvebyder in add tdepysit)t kef 4£Bhpebenum, nay

be subj eCtedhseSﬁaé%rea%?pfé'éﬁé’”lﬁ’fmié‘foﬁserr%né%{&%ft\!@é?ﬁhfzaéﬂ@ jised

| ayer to a ment appr oxi nat

appr oxi rratelymnmihfsr@‘-’rﬂlﬁa-cuum W find that the [err] layer provides a
particularly suitable bond coat for the subsequent application of a layer
of thermal barrier. mterial, such as zirconja Wmch 20 may be

stabili fed (e Erceilfntor. FPRELBIS: a1ATS se@Fhievablene Width baPFPEFSﬁﬁFerl al

may be deposi t@fbdrpdiir iy nthisa redinEhenteétdp ahnd, RFadferddiy t ha

thermal barri er.[eflnement step is included in the co-deposition step

In an especially preferred embodiment , ‘a layer of

10 protective M,CrAlM, méte__rial is deposited which comprises

o only a mono-layer or duo-layer of particles. For
._example,' when <15 um powder is suspended in the bath, due
‘to the refinement, it is possible to put down, as
desired, a substantially continuous 12 or 10 um mono- .

15 layer of particles (the largest as-deposited particles

. being 12 or 10 um in size re'spectively) . In another
preferred process, 4 f.o 8 um 'powder may be used to
provide a duo- layer or trio-layer substantlally 10, 12,

~ 15 or 20 microns thick, as desired..

20 _ ‘ _ _ _
Thus, we only need a relatively small or thin amount of
M,CrAlM, to provide useful elements such as Y, Si or Hf

| . which assist in preventing exfoliation of Al,0,. This is
’ highly desirable for components of gas turbines such as

25 rotor blades since the total thickness, and therefore
weight, of coating materials on a substrate (such as a
rotor blade), may be reduced without reducing the level
of corrosion protection. Hence the rotor blade is
'stronger relative to its weight and is capable of

30 'sustaining higher rotational or aerodynamic forces,
"resulting in increased gas t_:ur-bine performance.

The aluminide layer may'ihitially have a thickness of 30
to 60 um (50 um typical) and ‘the 'M,CrAlM, layer may



| ayer has a thickness greater than 25 [err] and may have a thickness

bet ween MOIPIFIDS0 [err]. 25 The thernmal barrier is pref RCHEHISPIMS ed by

. el ectron beam physi cal vapour deposition or plasma sprayed in air. In this

i nvention, we prefer a current density during 30 [err] deposition of

~less than 5, nore preferably less than 3,1@and yet nore preferably | ess than.
2.5 mA per square centinetre. A current density of about 2 mA per square

centimetre is even nore preferable in sone circunstances, a current

density of aboimitiailyehaveus ethicknesst ofet¥® bei 5§ e afhepl deast the

relatively | oW guRffDhe denspd | eg1he £fadrey fife 2 TRE0MEd Havd hisy, | Bygabi on,
we no;e.a_tenQencg for the -, .constitution of partlplgs on the as
deposi ted coat@hETEBLIENf FEREf WaAD: He JOARAY (IARATGIREIRD 1ok hAli Andhat
smal | er partictiescinies®ref e1entd ald yumlenbidrebyed Woned with ehibheewder,
the >1OS [errcl:origgzgtt_lrgtlzfosr: gf Afoattnd'pall attl'?iclgnoess of 20 to 40 um. The
thickness of the M,CrAlM, layer is substantially
unaffected by heat'treatmént.' Ratios of the thickness of
the'alﬁminide'layér to that of: the D@CrAle layer is
- preferably between 4 : 1 (for example with a total
10 thickness of Sozﬁm)'and 1 '+ 1 '(for example with a total
| thickness of 110 um).  The thickness referred to will
all be increased where & thermal barrier layer is
included; such a layer might have a thickness in the
range 100 to 250 gm. K -

'~ 'In one embdaiment; ‘the - substrate onto which the
aluminising material - is applied comprises a superalloy
which may comprise a component of a gas' turbine.

20 ‘The substrate may comprise any gas-washed substrate of a

gas turbine component, such as the aerofoil, root or
' shroud portions of a blade. '

‘After co-deposition, - the co-deposited material. may
25 consist of m¢re than 40% (by volume) -of the particles,
' and in some'applica;ions, 45% may be exceeded:

' During the co-deposition process, gas, such as air or an
inert gas, may be admitted to the-bath-at'a.locétion to

30 'produce circulation in the solution generally upwards in
‘one zone and generally downwards in a second zone, the
substrate being located in the second zone during co-
deposition. The substrate (or component of which it
forms part) may be rotated about an .axis which is



preferentially as the <10 Am particles). - This is 10

particul arl surprising since, -in theory based upon Faraday' s Law and

St okes' éﬁ’ﬁ@?ﬁ(see Transactions of the Institute of MtEFV/EBIYUMS g,

~article entitled: "The Production of Ml ti-Conponent Alloy Coatings by
Particle CoDeposition," by J. Foster et al, pp. 115-119, Vol. 63, 15

No. 3-4, 1985) assumi ng suitable CondItIODE of current density and

agitation are used, the larger the particle size the smaller the bath

| oadi ng needs to be to achleve a particular. fraction of omder i ncor por at ed

in the as- depbSrigansaati®ly. hasna vRerieemerbi mm AuréBe XP-

particles to baepbg&e&eﬁt i a‘swcefaaeﬁosbeioweaﬁgaeaéayrulstaeécﬁibéelﬁt ively
| ow current densiti-es, 8 gi 58 ccurs, In one enbodinent, the [err]
Po 2518 5§

conpri ses Co. °?F|?aﬁépﬁs r BA¥t Be yse articularly smooth
coati ng. If it is desirable for NN to be present in the coating, a

flash of N| may_be el ect.ro eifher o op of de

mat er i aI or %Peﬁsﬂ“g? O%rcq{n% ea%ceérﬁt @?%t ?’ﬁg dogp' o%ra é%g't ep&c?%ll%‘?go%?"c i on
st ep. The fIadprEINlonaytbenﬂﬁﬁﬁeZIHE)SUbSFEat$ ghouk. al tfinsr mwierred
for the ”Etalhagﬁhb'xa ”%b%&b%hta@ndcomponent, and to ‘rotate the

substrate about a second axis which is non- parallel with
the first. The cycle of rotation about the first axis
10° . may include perlods of higher angular veloczty and
periods of lower angular VGlOCltY ‘The second axis may
be perpendlcular to and/or 1ntersect the first axis. The
cycle of rotation about the first axis may be alternately
stop and go. When the substrate is only rotated about
15 one axis havxng a horlzontal component, the rotational
| cycle may include perlods of higher angular velocity and
perlods of lower angular veloc1ty, and rotation may also
be alternately stop and go. Manlpulatlon of the
substrate may be in accordance w1th the process descrlbed

20 '1n our patent GB-B-2221921.

According to a second aspect of the present invention
. ' there' is prov1ded a method of manufacturing or
) ' overhauling a gas turbine component which includes
25 -.. coating a substrate of the component_according to the
7 first aspect of the invention.

'Accordlng to a third aspect of the present invention

there 1s prov1ded a gas turblne component or a gas

30 turbine lncludlng a component manufactured or overhauled
according to the second aspect of the invention.

According to a fourth aspect of the present invention
‘there is provided a vehicle or a fixed installation



par}iclgf to be co-deposited to forma layer |less than 50 or, nore -
prefera ~than 25 [err] thick. In a 8 particu rred
enbodi rren?",(')'s:‘t‘5 'g ayer nmay be about 15 [err] thick. aowever?é? %@zesf

be less than 15 microns quick, about 12 or 10 [err] or less than these

val ues bei ng exanpl es. For 'nost appllcathpns it is 5 preferable for
the layer to be nore than or equal .to 5 [err] thick, nore preferably stil
for it to be nore than or equal to 10 [err] thick. However, the |ayer may,

for some appli CAL RIS tg%g@ﬁré e diddaiy T thd thizht aspepteberable.

071 of the pal(¥es CSIVARIAOTDY oPevaBiF e aBaPRAIBACE A S ARRRCDGTGPRS or
-I/elss g?alnegg ?%zhv%:gtmdmay Nemgrmse}ietawlxgzﬁmdﬂe, and oTa.-tlrfngaﬁ abpuh 20
.gnbodi ment, a YRk ?\rl%‘ad}?b‘?o‘fégﬁb%]tﬁ 18 Su is usggrtalcghgtzgh Fz)\i/]ere”ed
'Ioadlngs,ssuch as about. 1 g/l, are enV|saged These relatlvely | ow bat h
' _ The 1nventlon may be performed 1n varlous ways but one
'_method of coatlng w1ll now be descrlbed by way of ~example
w1th reference to the accompanylng dlagrammatlc drawings,

1n whlch
o . . |
' Figure 1 lS a perspectlve v1ew of a coatlng apparatus,
Figure 2 ls a 51de elevatlon of the apparatus,
"?igure 3 is a front elevatlon of the apparatus, ‘and
o Flgure 4 1s a perspectlve view of a ‘jig on which the
lS ) artlcles to be plated are suspended

A series _of gas turblne blades (42) of superalloy
materlal are to be coated w1th protectlve materlal in a

: process whlch 1nvolves the depos1tlon thereon of two or

20 three layers of materlal The blades are first pack
aluminised and are subsequently coated using the co-
deposmtlon apparatus shown in the drawings. As an
optlonal third step, a layer of thermal barrler material

is subsequently depos1ted

25
The apparatus shown in'the'drawings,-comprises.a_vessel
' or container 1 having a parallelepiped ‘shaped upper
portlon 2 and a downwardly tapering loWer ‘portion 3 in
the form of an 1nverted pyramld whlch is skewed so that
36 one side face 4 forms a contlnuatlon of one 51de face 5

of the upoer portlon

The vessel 1 contains a partﬂtlon 6 which lies in a
vertlcal plane parallel to the s1de faces 4 and 5 of the



‘I oadings ensure that the deposited coating does not build up in a porous
manner. 20 The. particles may be spherical, and nay be forned using an

at omi ser WR@IISIs a nozzle atonmiser. Preferably the parti RGRGBISIOIMS bat h
conprise <15 [err] <12 25 . [err], or <10 Am powder. In one preferred
enbodi nent, the particle distribution in the bath consists of 25% between
15 and 12 [err], 45% between 12 and 10 [et3], and 30% | ess than 10 [err].
W have 30 found, surprisingly and unexpectedly, I]that plafingbat

rel ativel low current densities results in -small particles being
pr ef er ent ?/al | yVBEpB8si aBE; makpen CPBRAEE @t Ftehisddensoae® di And Rutiidih i s
used, a distribhel adjakehe vagrtdepasidedl §E6ping0Bhbas ©FS thebidElel .

35 9 of . the amount of pomder_%g t.he de o%%%? of 45%
AP afid “BF9

percent age 961035
0 Torr T, 5508 B8e AT -Ohg b5 S EHISs arieooyeae &
_ - working zone 9 and a smaller return zone 11. At its -
5 bottom, the partition 6 terminates at a horizontal edge

12 above the bottom of the vessel to afford an
- interconnection 13 between the working zone 9 and the

return zone 11. At its top, the partition 6 terminates -
atla'hOrizontal edge 14 below the top edges of the vessel
10 1. ' ' '

At the bottom of the return zone 11 there is an air inlet
15 which is connected to an air pump (not shown).
'Mounted in the working zone 9 is a jig 21. to Which_the

15 - w¢rkpieces to be coated are mounted, the jig 21 being
arrahged to move the workpieces within the vessel in a .
manner to be described in'greater detail below.

When the apparatus is to be used for electrolytic
20 plating, conductors  are provided to apply a voltage to
|  the workpiece mounted on the jig 21 relative to an anode
which is suspended in the working zone. '

To use the apparatus, to co-deposit a coating on the

25 - workpieces, the workpieces are mounted on the jig 21
- which is positioned 'in the vessel as shown. Before or
after the positioning of the jig, the vessel is filled to

a level 17 above the top edge 14 of the partition 6 with

a plating solution containing particles to be co-

30 deposited. Air is admitted to the inlet 15 and this
rises up th¢ return zone 11, raising solution and
entrained particles. At the top of the return zone, the

air escapes and the solution and particles flow over the

broad crested weir formed by the top edge 14 of the



[err] may result. 5 Excellent coatings are achievable wth

processes inccE orating this refinement step and, preferam GB&&ﬁﬁ%inenent
step-is.mcTuded in the co-deposition step. In an - especially preferred
enbodiment, a layer of 10 protective MCrAI'M2 material 'is deposited
whi ch conprises-only a nono-layer or duo-layer of particles. - For
exanpl e, when <15 Am powder is suspended 14 the bath, due to the
refinement, it is possible to put down, as desired, a substantially
continuous 12 or 10 [err] mono- 15 | ayer of particles (the_ |argest

as- deposi ted ppA¥Féreenbandg figwodown [RasY the syorkpigpest PRelpr. Jidin

gnOt Iher pref e{'-ﬁ_@d FA@CQ&& bctﬁtbfﬂ. &fl[-ehtle]-wa%i_ 2 8 S%heg%,-um tpaxltferife\li?@e a

- - duo-layer or trio-layer substantially 1Q, . .15 .0r cr.ons thick, as
~desired. 20 Tht€ndwk oﬁP§tEEean§ FéPéFY88V9 §PﬁlP“&}lpﬁghséﬁﬁﬁnPQthFerr]
to provi de usefessel ermmuardaucthas ihteScomneldt ivh ci3 asdiexle | they ewsert i ng

-exfoliration of _ferr]._.JThis_ks..hi Y. | £ abl or.. . .caonmppnent s, of S

t ur bi nes® such 3¥%%8 entr?%ﬁ%é i‘)‘?a%gés ssdﬁ‘iﬂel?qﬁeaq}%tcaa}rrt r%:&gl{%é“é’? %gaaﬁ%.

therefore weight, 'of coating materials on a substrate (such as a
| As ‘the downWardly trévelling}particlesfin the working
zone 9 encounter_thé workpieée;'they tend to settle on
- the workpiecé:where-they become-embedded in the metal

16 which is being simultaneously pléted out.

As shown in Figure 4 and as described in GB-B-2 254 338,
‘the workpieces to be coated are mounted on-a jig 21 which
is suspended in the vessel 1. The=jig is_shdwﬁ in
15 . simplified " form: in Figures 2 and" 3 but omitted £rom
Figure 1 for reasons of clarity. The jig 21 comprises a
deck 22 which fits over the top of the vessel 1, a
depending pillar 23 towards one end and a pair of
depending guides 24.at the other end. The guides 24 have
20 facing guideways in which slides a cross-head 25_cafrying
a vertical rack 26 which passes upwards through a hole 27
in the deck 22 and meshes with a pinion 28 driven by a
reversible electric motor 29. The deck 22'suppofts a
second electric motor 31 which drives a vertical shaft 32
25 carrying a bevel pinion 33 which engages a crown-wheel 34
fixed to one end of a spindle 35 mounted in the pillar
23. The.other-end_of the spindle 35 is connected by a
universal joint 36 to one end of a shaft 37 the other end
'bf which is carried by'a.spherical_bearing_38_in the
30 cross-head 25. .

The shaft 37 carries a plurality of épu_rs- which are
'rigidly attached thereto, only one spur 39 being shown in
Figure 4. The spur 39 extends in a plane containing the



rotor blade), may be reduced wi thout reducing the level of corrosion
protection. Hence the rotor blade is stronger relative ta its weight
and is WOH6M8838 of 30 . sustaining higher rotationaPCT&BISBIFaHdynam c
forces, resulting in increased gas turbine performance. The al uninide |ayer °

may initially have a thickness of 30 to 60 [er Tdl-) and the
[err] layer may 10 initially have a thisknegsrtss SHEET & Y] after
heat treatnment, the alum nide |layer will have [ ' zone wWith

a.Lesser.concentfatlon of Al and a thickness oF=f6-to 20 [err| and an outer
zone with a higkés 6f thecahadmt rit iwithitire deungitudinahesxisf of0 the 40

[err]. The théﬁﬁPeﬁﬁk;ﬂb dﬂ“%néfgr& whaue&héfaxfgﬂuiaeﬁeahhxfeneﬁfected

by heat treatnent. of the thickness of the al un1£|de | ayer to that
of the [err] I%?EFtﬁé BPeF@PaﬁEqui%wéﬁﬂ45Pa°§d thsrea SﬁgléIWIH?QEQ(neﬂ
10 t hi cknegas oiuﬂenﬁe 'bladed 2l to bel a‘:eateaanﬂaim vilie) lbrigdtealdinailckness

_.O 110 [§ rlr].) axes ef Qth%efsdeg f eerxrtee%dt:\.%g\M %.rlx the said plane and
' perpendlcular to the longltudlnal axis of the spur 39 so
that the longltudlnal axes of the blades make angles of

(90-x)® to the axis of the shaft 37.

10 _-_'An electronic motor oontroller 43 is mounted on the deck
22 and is connected by iihes 44 and 45 to ;he'motors 28
end_31. The controller 43 is designed to drive the motor

31 in one direction only but with a stop so as to rotate
.the shaft 37 about a nomlnally horlzontal axis (the x-

15 lEXlS) The controller 43 is de51gned to drive the motor

29 alternately in opp051te d1rectlons to reciprocate the

cross-head 25 and so superlmpose on the rotation about

‘the x-axis an osc111atory rotatlon about a rotatlng axis

_ _1n the universal joint 36 (the y-axis) .

20 o |

. _The angle « and the parameters of the cycles executed by

the motors 29 and 31 are selected to suit the workpiece

_ being coated so as to ensure that all surfaces to be

) : . coated spend sufficient'time.facing generally upwardly to

25 receive an adequate loadinglof deecending particles to be
incorporated in_the plated metal ae it'is_deposited.
One particuiar.eXample'of a coating and the method of
production thereoﬁ will _uow be described by‘ way of

_ . example. ' -

30 _. :

EXAMPLE
The coatlng is to be produced on a gas turbine blade 42
having an aerofoil section 43 w1th a root portion 44 at

\\\\\\\\\\\\\\\\\\\\\\\\\



all "be increased where a thermal barrier Iayer I's included; such a

l-ayer g{}b % Bsa t hi ckness in the range 100 to 250 [err]l,c,?l,én§§70174y1e
enbodi e the” substrate onto which the aluninising material.is

appl i ed conprises ‘a superall oy which nmay conprise a conponent. of a gas.
turbine. 20 ~ The substrate nmay conprisggny gas- washed substrate of a
gas-turbi ne conponent;  such.as:the aerofoil, root or shroud portions of a-
_bl ade. ﬁdterf co-deposition, -the .co- dep05|ted material. may 25

Confl st . of nor ;e%r%;a@nég%/hﬁb& \égir&@mﬁréﬂﬁl Past b¢l @he taﬂi:hézn &'E  the
appl i cati ons, 0 e ri,n e eposi:ti'Qn process, gas
~ such as air or %‘l @aét%ﬁay%*é andi ‘Fcc}’qtﬂ'é xHeRAINg, a#o%%??-%%
- 30 produce «f ra:pﬁﬁxmuemy m)°sebuthenasesebﬁl tneuaemﬂsn nponelmne '
' and generally e, the | 0o ate
- the second zonea’\#]vﬁh 8gtdg§%g?€|goré\?ﬁ Lsﬁgq‘l %Iet](c%fr&g%

whi ch it Sforns. fzges Whaqhbextlemiatam abepectanehxl $0°vilandh 408 to the
circumference of the ring of whlch ‘the blade forms part.
For blades of this geometry the angle @ is 70°

| It is intended'to.produce on the aerocfoil and platform

0 portlons of the blade an alumlnlslng coating followed by

. a coatlng contalnlng 18 32 welght percent cr, 8.25 weight

percent_Al, 0. 457 we1ght percent Y and the remainder

cobalt.  To produce the latter coating the bath is filled

: with a cobalt platlng solutlon compr1s1ng 400 grams per

15 litre of CoSO,'HQO 15 grams per litre of NaCl and 20

' grams per lltre of boric acid H,BO,. The bath is

maintained at a pH of 4 5 and a temperature of 45°C. The

bath is loaded w1th powder to a concentratlon of 10 grams

per lltre,_the powder hav1ng a size dlstrlbutlon of 5 to

20 15 micrometres and belng composed of 67.8 welght percent

_chromlum, "30.1 welght percent aluminium and 1.7 weight
percent yttrlum

Flrst, the aerofoxl and platform portlons of the blade

25 are alumlnlsed by a pack alumlnlslng process at 900°C for
6 hours in argon. The alumlnlde layer is then post-
diffused for 1 hour at 1100°C 1n vacuum and aged for 16
hours at 870°C in vacuum

30 Prior to coating with the CoCraly material the parts of
the root and shroud portions which are not be plated are

given a wax mask and the remaining surfaces are given the

conventional preparation treatments appropriate to cobalt



hori zontal or has a horizontal conmponent during co- deposition.

'El ectrodeposition apparatus as described in our patent GB-B-2182055 may be
used. 5 WO%MISIpne circunstances, it may be desirable, dUPCTIGBLSNI74S
deposition, to rotate the substrate about a first axis having a . _
hori zontal conponent, and to rotate the substrate about a second axis
which is non-parallel with the first. Th&7cycle of rotation about the
first axis 10 may include periods of higher angular velocity and
peri ods of - ['ower, angul ar veIOC|ty "~ The second axi-s- may be perpendi cul ar
to and/or intePd@&iNShe first axis. The cycle of rotation about -the first
axis may be alternately stop and go. Wien the substrate is only rot at ed

i e
oy | nol ude porPSdE LB Ao EAXE RGP AR JaFoSD JLRAALbE FEUE bPOF FATURRQUI ar
vel ocity, and Wit @&t @0°may aheoxbaxia tof rt&'teelj}/:agamlgik:va ?:F]@'th@ﬁzontal
doscri bed 20  Purihl AR Rl 84 bR ISR g L Ealid Pl o o
of the presentamdvganGnZBﬂeaboutsth@rmvaﬁed whaichrei sigperpénd eul dmctair i ng
or the x axis with a cycle time of 3 minutes.

Simultaneously, the jig is rotated about the X axis

unidirectionally and through 360° with a cycle time of 10

10 ‘minutes for a complete revolution. However-the rotation

' aboﬁt'the x axis is intermittent with 10 second stop
periods being.intersperSed'with 3 second go periods.

. Plating is carried out with a current density of 1.5 amps
15 per square centimetre for a period suff1c1ent to produce
a coating thickness of substantlally 12 um.

A coating of excellent qualities is p:oduéed covering the
aerofoil portion and the root and shroud platforms and
20 having a weight fraction of incorporated powder of 0.27.

The smaller particles are plated preferentially and
_ _  substantially none of the as-deposited particles are >12
’ pm in size, the larger particles remaining in the plating
25 solution (ie those between 12 and 15 um). After removal
of the coated blades from the 3jig, the masking is

removed. '

: The blade is then heat treated at 1050°C for 2 hours in
30 vacuum

Particularly preferred M, elements are Y, Hf, and Si.

Coatings produced in accordance with the invention have



overhauling a gas turbine conponent which includes 25 . coating a
subst r at awobed3zss conponent according to the first aspect GICH/GBISIOAASNt i on.
According to a third aspect of the present invention there is provided a
gas turbine conponent or a gas 30 - - turbine including a conponent

- manuf actured or overhaul ed according to t hgg second aspect of the invention.
According to a fourth aspect of the present invention there is provided a
~vehicle or a fixed installation 12 including a gas turbine according to
the third aspecdodd d}iQdenei) re@istafckehhal Ehérral Fatdidhie aiss stapee! of
the invention nay conprise, for exanple, an aircraft, or a water or |and

vehicle. 5 The invention nmay be performed in various ways but one nethod of

coating will now be described by way of exanple with reference to the
acconpanyi ng di agranmatic drawi ngs, in which: ¢ ' - o



10 Figure 1 is a perspective Wew—of——a—e—eat—l—ng—apparatus Figure 2 is a

si.de el evation of the apparatu Fi gure Is a front el evation.of the
-appar at uUsyo sgnissds gure 4 is a pB!ﬁ mmﬂ"'ﬂmri f ajig onpeicEysiimsls
of gas turbine blades

articles to be plated are susp _
(42) of superalloy material are to be "codt el wWith protective material in

a process whi ch-.i nvol ves .t he deposition thereon of two or 20 . t hree

| ayers of material. Th_e bl ades are firs pack _ e [
subsequently coated using the co- deposition app Etﬂﬁsséﬁﬁmﬁ%ﬁe
drawi ngs. Ascmlqgtlonal third step, a |l ayer offither EP terial

i s subsequently deposi ted. 25 The apparatus showtn in the draw ngs,
conprises a vessel or container 1 having a parallelepiped. shaped upper

portion 2 and B. dovmwestthod to?ﬂoplrbwd:ﬂge& eeauag énid gmaﬁea %1@?1
i nvert.ed pyranid which is.skewed.so t - 0One side face 4 forns a
cont i nuat i on o‘?O%El%?%e 3Lymind sing, heaﬁ’ﬁ?}é}sbﬁﬁ iGn. 5#%bc9%§§b11191té16nt ai ns

a part|t5 on 6 substritesand adepositing on the treated substrate by
electrolytlc or electroless deposition a metal matrix M,
from a bath conta:.n:.ng particles of CrAlM, so as to co-
depcs:.t the particles w:Lth the matrix, M, being Ni or Co
or Fe or two or all of these elements and M, being Y, S.‘L,.

10 Ti, Hf, Ta, Nb, Mn, Pt, a rare earth element or two or
| more of these elements. .'

2. A method as claimed in claim 1 which includes
platinum aluminising of the substrate. | |
15 | |
3. A method as cla:.med in cla:.m 1l or claim 2 which
'.1ncludes depos:Lt:.on of palladlum or ruthen:.um

4. A method as claimed in any one of the preceding
20 claims which” includes a heat treatment before co-
depos:.t:.on of the MICrAlM2

_ ) - 5. A method as claimed in any one of the precedihg
claims which includes a heat treatment after co-
25 deposition of the M,Cralm,.

6. A method as cla:Lmed in any one of the precedlng
claims in which the aluminising, chromising or
s_ilicon_ising comprises aluminising at approximately 900°C
30 for approximately six hours in a controlled atmosphere.

7. A method as claimed in any one of the preceding
claims which, subsequent to deposition of the M,CrAlM,,
includes the application of a layer of thermal barrier

Sheet Has Been Replaced
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~larger working
-the partition

vessel to aff
return zone ;
14 bel ow t:hé’
zone 11 there
(not shown).

wor kpi eces to
wor kpi eces wi
bel ow. Wen

5

10

15

20

25

vertical plane parallel to the side faces 4 and 5 of the 13 vessel
makes co its side edges 7 and 8 with the adjacent nd
sl opi ng ;W@gém%?s ﬂ@f&ﬁ%ﬁl 74

the wnccnl' .The partition thus divides the ves I'nt

zone 9 and a snaller:return zone 11. At its 5 ‘bott om

6 tjm" e*mi Hjﬂl”mr}l zontal edge 12 above. the bottom of ‘the
ord 13 bef@een ! 2. 0._and the
1. At its top, t he partition 6 teriffi tal edge
top edges -of “t-he vessel 10 B P return

M?99¥%§% i'nl et 15 which con

- ’ nmp
Mount ed i n t He* wor ki ng zone 9 Is ajig 21 to mhlch the 15

and

0O a

d h b d
(B R DREREE P £ TR 15 50Yaceld 5B ﬁ%?g%@%%) ol

tlmdamxspa:raiols icludes dmedsmitlfwr ofeltehet MECyRLH, at a
current den51ty of less than 5 mA per square centlmetre

9. A method as clalmed 1n clalm 8 whlch lncludes co-
'_dep051tlon of the RLCrAle at a current denSLty of less

than 3 mA per square centlmetre

10. A metho_d'as ¢laimed in’ any one of the preceding

claims in which the co- deposition'of'the metal matrix

mater1a1 and’ partlcles forms a layer less than 50 um
thick. '

11. A method as clalmed 1n clalm 10 1n whlch the co-

depos1tlon of the metal matrlx materlal and particles
forms a layer less than 25 pm thick. '

12. A method as claimed in claim 11 in which the co-
‘deposition of the metal matrlx materlal and partlcles
forms a layer less than 15 um, preferably less ‘than about

12 um thick.

13. A method as claimed in_any“one of the preceding

claims in which the co-deposition of metal matrix
material and partlcles is carrled out at a bath loading

of less than 40 g/l of the partlcles

30

_ partlcles

14 Almethod as claimed in any one of claims 1 to 13 in
which the co- depos:LtJ.on of metal matrix materlal and
partlcles forms only a mono- layer or duo- layer of M,CrAlM,

This Sheet Has Been Rerlaced
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20 ~  plating, conduc%efs—aee—pLodeed to apply a voltage to the workpiece
nounted on the jig.2 i ve to:an.anode which is suspended in the

wor ki ng w0 e6/03835 usejﬂlﬁ Mj’ , L”"Lo co-deposit a coatiPCrGBRISIH1P4525

wor kpi eces, - the wor don the jig 21 mhlch is positioned

in the vessel as shown. Before or after the pc-—-—y"ﬁﬂ- 19 t he
vessel is filled to a l'evel: 17" above the-ng eooéHEﬂSUI'fﬁgﬁ i ffion 6
with a plating solution. contalnlng particles tajbe c REPEHC deposi t ed.

Air is admitted to the inlet 15.and this rises “ap_ the return zone 11,

raising solutign anthethddi Bed dlalined esn ably tdiget BE fhd &8L&{Rg Z0One,
the air escapes and t he, soI%%Hgﬁ*anﬁggartlﬁ]es fl ow over .t he ,broad crested

wei r forned by tRE™Eop Hige M afdTPMGRi88wn Past
t he wor kpi ecessddicrbaijsigg?2lformg ahe dlointionidd, t bhremidengrzostl Doidde

particles tend igeselblerand;sliuds, oy Leaehedgor’ 96°e8' cbMfiny oSS!

toowar ds the i nterconnection

16. A method as claimed 4 or cla;m 5 or any one of the
preceding claims which is dependent upon claim 4 or claim
5 in which the aluminising, chromising or siliconising
o forms an aluminide, chromide or silicide layer which,
10 after heat treatment, comprises an inner diffusion zone
with a lesser concentration of Al,Cr or Si and a
thickness of 10 to 20 um and an outer zone with a higher
concentration of Al,Cr or Si and a thickness of 20 to 40
pm. ' |
15 .
17. A method as claimed in any one of the preceding
claims in which the aluminising, chromising or
siliconising forms a first layer of aluminide, chromide
or silicide and the co-deposition forms a second layer of
20 ‘M,CrAlM,, the ratio of the thicknesses of the first layer
to the second layer being between 4:1 and 1:1.

’ 18. A method of manufactuting or overhauling a gas

turbine component which includes coating a substrate of

25 the component as claimed in any one of the preceding
“claims.

19. A gas turbine component which is manufactured or
overhauled as claimed in claim 18.

30 |
20 A gas turbine which includes a component as claimed
1n claim 19.

21. A vehicle which includes a gés turbine as claimed in
/
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\\Il\l\\ NN



" 5. again entrained in the solution and carrled round agaln As the
domnmard % ling particles in the working zone 9 encqighicHsshinas

wor kpi ece, ey tend—Le—seLLLe~en—%he—morkplece where they becone enbedded
in the neta i s being sinultaneously plated out. As shown in
‘Figure 4 and as desj ufﬂﬂug54.338,'the workpi eces to be coat ed
-are nmounted :on a ji ended2i n " - jig is.
shown in 15 S|an|f|ed forn1|n Figures 2 endH§5%HEEBHﬁWF@ENf om Figure -
1 for reasons of clarlty The-jig 21 conprisgp a JBEPLASE its over
the top of t he Gt@d&e 20, a depending pillar 2 owar ds. one end .and a pair

of dependi ng gui des 24 at the other end. The QUIdeS 24 have 20 - facing

gui deways in i.des:.a.crps a whi ch
‘passes upMardgg@h %gﬁ & Ro?gsgaf}ggﬁﬁnzghc ; an negﬁéégmkfﬁsgﬁﬁﬁﬁﬁon 28
driven by a rewvdrdmede il ed@dmc 290t or 29. The deck 22 supports a second
celectricznotor 31 which drives a vertical shaft 32 25  carrying a bevel

5_ pi ni on 3§ whi ch engages a crown-wheel 34 fixed to one end of a spindle 35

mounted in the pillar 23. The other end of the spindle 35 is connected by
a universal joint 36 to one end of a shaft 37 the other end



of which is carried by a. spherical bearing 38 in the 30 cross-head 25. .
The shaft_37 ﬁﬁ ries a plurality of spurs which are rigidly attached _

t heret o, 3P spur 39 being shownin Figuré 4. The spRCTR&39s0tgnds in
a plane containing the axis of the shaft 37 with the |ongitudinal axis
of .the spur nmaking an angle [err] with the axis of the shaft 37. Munted on
the spur 39 and spaced therealong are three gas turbine blades 42 to be '
coated, with the longitudinal 5 axes of the blades extending in the

sai d plane and perpendicular to thgﬁ itudinal axis of the spur 39 so .
that the |ongitudinal axes of the (éﬁgg make angles of [err] to the axis

of the shaft 37. 10 - An electronfc notor controller 143 is nounted on
the deck 22 and is connected by lines 144 and 145 to the notors 29 and 31.
The controller 143 is designed to drive or 31 in one direction only
but with a stop so as to rotate th ?LLfS?-ahgg_- inally horizontal
axis (the x- 15 axi s) . Ier:143 is’ gdd to drive the
not or '
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29 alternately in opposite directions to reciprocate the cross-head 25 and
SO superinpose on the rotation about the x-axis an oscill %?ég%?ﬁtion
about awo®6e03say axis in the universal joint 36 (the y-a>3'|' ; e angl e
[err] and the paraneters of the cycles executed by the notor 9 and 31 are
selected to suit the workpi ece being coat ed (s ’i al |
surfaces to be coated spend sufficient tine | fwardly to 25
recei ve.an adequate | oadi ng of -descengdi ng pajfticl aeatporated in
the plated netal as it is depositf ? par urar exanple of a coating
and the nethod of production ther |l now be described by way of

exanpl e. 30-The coating is to be produced on a gas &¥rPhne bl ade 42 havi ng
an aerofoil section 43 with a root portion 44 ?6 1{$ jone end and a
shroud portion 45 at the other end, the

7
2
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2
23— L§
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~
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70[erx]” to the axis of the aerofoeit—portion and the CRBP

shroud portion havi es which extend af r e
and 40[err] to the',m"ﬁ J IEME ﬂj‘the ring of whi dhDekd

For bl ades of this geone e [edd is 70[e
0

produce on the aerofoil and platform 10 por
al um ni sing cogating followed by a coating conta ) ST percent
Cr, 8.25 weigh $’é§%ent Al, 0.457 weight perce - jder

cobalt. To produceatieticd o produciggt Aecbat Hrirsodhia bR ;

pl ati ng sol uti |, S} 40 1 Jktre of [ =15 _arans
per litre of hﬁ%ﬁgir%é%ofggghQ%g%ﬂ???g&bf égg?'l"%ség‘gdofers r)’F'.l R %ath is
mai ntai ned at sajpH ehbstyated dhempiepcsiting o8] e3aidC. subberabeh by
1oaded Wh pasigle Lo f fONGRRI N il HiBATRE! ol REERL hilErPR WO

having a size distri on of 5 to 20 ) m cronetres an el ng conposed
of 67.8 wei ghtf¥¥Rcanbathr 6RREALNEDT 1 PRELdELeSePEefrAdManfRi 8f &Rd CP-7

wei ght percentqapdsitMmnEl paktithesagiehoiheanftiiad,f QMBreant iQNgsohtt he
blade 25 af g 8l UlLD' S8dnd 2sBPCE: 85 FLORS LR BLOSES Sé_o%tsigs(tj:%g e for
Ni, Co, and Fe and M, is at least one element selected
10 from the group consisting of Y, S8i, Ti, Hf, Ta, Nb, Mn,
‘Pt and rare earth elements.

2. A method as claimed in claim 1 which further
-includes a heat treatment either before or after co-

15 deposition of the M,CrAlM,, wherein if said heat treatment
occurs before said co-deposition, said treatment:
comprises subjecting said aluminised, chromised or
siliconised ' substrate to approximately 1,100°C for
approximately one hour under vacuum, and wherein if said

20 heat treatment occurs after said co-deposition, .said
treatment comprises subjecting said co-deposited material
to about 1,100°C for approximately one hour under vacuum
conditions.

25 3. A method as claimed in any one of the preceding
claims which, subsequent to deposition of the M,CrAlM,,
further includes the application of a layer of thermal
barrier material.

30 4. A method as claimed in any one of the preceding
claimg wherein said co-deposition of M,CrAlM, is at a
- current density of less than 5mA per square centimetre.

—'—/.
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6 hours 4n argon. —The—atumnide—tayer is thenl/post- 7 \ 1 hour

at 1100[err]Cin va 5 . for 116 hours at=$FQLe 30
Prior to coating m'ﬂmnbgﬂ&laﬂgﬂﬂj&teri al the pa it shr oud
portions which are ne L gi vepgya wax i it ng
surfaces are given the conventional preparation tie ' Jopr-t-afe to
cobal t 17 plating. The blade is fixed to a jig 50 wth 1ts axis (see

Figure 4) at 28Lerrh tifediify XaBXicdh Andd1®ih | UnPhi Gl | 8N Ue? Wb BLegPog
During plating the x axis of the,jig Is oscillate 1glus an nus rr]
about the y axFiaM?cWﬁT%r‘ifé} pEREfc fesdepesifdony ofixthe WetRl anatytxe

time of 3 nmaueeialSiand tpaeeielys fioitms I8 layeo! ateh abayh Hhe pmaxis

unidirectionalkﬁiggd through 360[err] with a cycle tine of 10 10 _

m nutes for a cofpléte revolution. However the rotation about the x axis

is interRittent with 10 second stop periods being interspersed with 3 ¢

second g0 perigds. a pethod as claimed in any one of the preceding
claims wherein said co-deposition of metal matrix
material and particles is carried out at a bath loading
of less than 40 g/l of the particles.

10
7. A method as claimed in any one of the preceding
claims wherein said aluminising, chromising or
siliconising forms an &dluminide, chromide or silicide
layer respectively, having a thickness of 30 to 60 pu.

15 '

‘8. A method as claimed in claim 2 or any preceding
claim which. is dependent upon claim 2 wherein said
aluminizing, chromising 'or siliconising forms an
aluminide, chromide or silicide layer which, after said

20 heat treatment, comprises an inner diffusion zone with a

comparatively lesser concentration of Al, Cr or Si and a

thickness of 10 to 20 um and an outer 2zone with a

comparatively higher concentration of Al, Cr or Si and a

, thickness of 20 to 40 pu.

25
9. A method as claimed in any one of the preceding
claims wherein said aluminising, chromising or
siliconising forms a first layer of an aluminide,
chromide or silicide and said co-deposition forms a

30 second layer of M,CrAlM,, wherein the ratio of the
thicknesses of .the first layer to the second layer is
between 4:1 and 1:1.

[
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Pl atlng o S carrled out with a current density of 5 a8 Fent squar e

centi-métfe for a-period-sufficient fo produce a cq;;gpmmmm

substanti al | y 12 [ f excellent qufliti S q?mp
covering the aer of “‘ IM (mmlmﬁ ﬂhe root and shep] at

havi ng a wei ght fr M neor por at ed Fowder o =
particles are plated preferentially and substantially
as-deposited particles are >12 [err] .in size, the |ar
remaining in th&8:pl EPFn@e’é?’é [5 sQEdmse @ IR ENBeP

[err]). Afterclaimgalwhetetihetheabadsbiradesitr eplekted Fromharmdddip
renoved. The bl ade.i t hen.heat trea ed at 1g§O[er

oo oarti oEPaFibtipards ¥ Yad HitbRe tnaRell SIS ol ” I r%%ff ngs

produced in accendaree wi shatbe bijadlet,l arotewebladéd gnoiexivdaei orgas
resistange andtﬁ?ﬁ&ﬂ@' bflﬁtd'eglé%xro%ﬁt Hdtion, gas turbine blade root’

portion and gas turbine blade shroud portion.
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» whi ch conprises firsti_gl um nising, chromsing or si
substtrate, then depositing on said substrate, by electrohétic or
el ectrol ess deposition, a netal matrix [err] froma bath
particles of [err] so as to co-deposit the paffticl %%
C

wherein [err]

Ni, Co, and Fe and M2 is at |east one el ement

conS|st|ng of
wherein said

&flc?ep%g-r{:?ﬁnsg‘?‘-g?erar’%b "l’mt Eg ﬂ

W
E

REPLACEMENT SHEET 19 1. A net hod of producing a co?Ling on a substrate

£oni sing ‘said

NTOSHEET,

rix,

e

c
ron1the

is at | east one el ement sel¥%tef ??b
roup

t

5mA per squar espoentmaking. aﬁ ang&amthwdthstmbammmﬁ|cf(ﬂhan3&aﬂhleh

further |ncIu

the [err], wher el n thaé%f %?E r eat hgﬁ?bségégdsoéhé%érg%ﬁ dgggog Ic?ofnt ?I)n,

sai d treat nentgasoiwabiae bledes 42gtoabe avanedi seith the longitudinal

5

10

1s

20

25

30

axes of the blades extending in the said plane and
perpendiéular to the longitudinal axis of the spur 39 so
that the longitudinal axes of the blades make angles of
(90-x)° to the axis of the shaft 37.

An electronic motor controlle;;ég'is mounted on the deck
22 and is connected by lines 144 and145 to the motors 29
and 31. The controller 43 is designed to drive the motor
31 in one direction only but with a stop sé as to rotate
the shaft 37 about a nominally horizontal axis (the x-
axis). 'The controller U3 is designed to drive the motor
29 alternately in opposite directions to reciproéate the
cross-head 25 and so superimpose on the rotation about
the x-axis an oscillatory rotation about a rotating axis
in the universal joint 36 (the y-axis).

The angle = and the parameters of the cyclés executed by
the motors 29 and 31 are selected to suit the workpiece
being coated so as to ensure that all surfaces to be
coated spend sufficient time facing generally upwardly to
receive an adequate loading of descending particles to be
incorporated in the plated metal as.it is deposited.

One particular éexample of a coating and the method of
production thereof will now be described by way of
example.

EXAMPLE

-
-

The coating is to be produced on a gas turbine blade 42
having an aerofcil section 43 with a root portion 44 at

sisting of

FP s§hFhan



chromised or siliconised substrate to approximately 1,100[err] C for

v approxi mately one hour under vacuum and wherein if s
~occurs after said co-deposition, : '
co-deposited material to about 1,050[err]C fdrpaPicRimeset Shket

20 3. ' |
subsequent to deposi{

i ncl udes the application of a |ayer

f
method as clainmed in any one of thng/gzr
mat ri x

under vacuum condi ti ons.
precedi ng -ckai ns whi ch,

co-deposition of the netal

than 50 [err] thick. 5.

carried out at a bath | oadi ng of

A nethod as cl ained i
cl aims wherein said co-deposition of netal

said treatnme

r SURETENt
Ntr?‘iﬂng'said .

) hours
A net hodilas cl ?EEE y {bne of the
o0l hE BB, [ur her
er mib—harri-er—nmaterialli 4. A
eding clains wherein said

maferial and parti€d

mat r %éan 5

| ess than 40 g/l
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[ 3

forms a | ayer | ess

bl and particles is

‘ Xarticles.




6. "~ A nethod as claimed in any one of the precedlng cl ai ns

alun1n|5|ng

c

ny preceding claimwhich is dependent upon

silicide Iayer. ,ng a thickness of 30 to 60 [err]. 7.
met hod -as clalmsim ‘ I
claim 2 wherein sal t alw nn , chroni,sing or 5|I|con|5|ng forns an

al um ni de, chrom de or SI|ICIde | ayer ich, after|sarg thea TTeatnb t,

conprises an A

of Al, Cr or

conparatively higher concentration of Al, C or Si
21 8. A nmethod as clainmed in any one of the preceding clains
B unikiredthed obf @icdueing 3i¢ozoingi oy doswestratest |ayer of

40 [err].
wherein said

- an al um ni de,

| ayer of McrAf

i“"and a thickness of 10 to 20 [err] a;%&gn
: athirckness o

chromde oy siljicide d sai d. co-deposition forns a second
VB Rt Tt het FERT G BimEpLs10g, cheonisfig

siliconising said substrate, then depositing on said
substrate, by electrolytic or electroless deposition, a
metal matrix M, from a bath containing particles of
CrAlM, so as to co-deposit the particles with the
matrix, wherein M, is at least one element selected
from the group consisting of Ni, Co, and Fe and M, is
at least one element selected from the group consisting
of ¥, 8i, Ti, HE, Ta, Nb, Mn, Pt and rare earth

elements, wherein said co-deposition of M,CrAlM, is at

a current density of less than S5mA per square

centimetre.

2. A method as claimed in claim 1 which further
includes a heat treatment either before of after
co-deposition of the M,CrAlM,, wherein if said heat
treatment occurs before said co-deposition, said
treatment comprises subjecting said aluminised,
chromised or siliconised substrate to approximately
1,100°C for approximately one hour under vacuum, and
wherein if said heat treatment occurs after said

co-deposition, said treatment comprises subjecting said

co-deposited material to about 1,050°C for

approximately two hours under vacuum conditions.

i sing forms an al um ni de, B@ﬁﬁ@ﬁMﬁﬁf§Fgff

diffusion zone with a conparati @"?Lﬁgﬁ ETP ntr at i on
t Z



t hi cknesses of_the first | ayer to the second Iayer I's between 4:1 lf
9.  The method as clained inmany one of the precedi ng cl alﬂEPLAﬁE‘dBﬁmSHE%

substrate is se roup consistinglmo as turorne_ghaft,
ring, disk, n’l)ﬂﬂ"mm mm“ﬂ stator bl ade, roB’é‘?L‘%?ﬁig@q ﬁg@E yane, gas
t ur bi ne- blade aerofblltsectwonr gas tuaglne bl age r oot p r E nd| gas

t ur bi ne bl ade shroud portion. clai m*°20. 22. || B%®ixed installat)ion which

includes a gap turping 3S4chg IPgidda o2 Pne of the preceding

claims which, subsequent to depositibn of the M,CrAlM,,

further includes the application of a layer of thermal

barrier material.

4. A method as claimed in any one of the preceding
claims wherein said co-deposition of the metal matrix

material and particles forms a layer less than 50 um

thick.

5. A method as claimed in any one of the preceding
claims wherein said co-deposition of metal matrix
material and particles is carried out at a bath loading

of less than 40 g/l of the particles.

6. A method as claimed in any one of the preceding
claims wherein said aluminising, chromising or

siliconising forms an aluminide, chromide or silicide

layer respectively, having a thickness of 30 to 60 M.

7. A method as claimed in claim 2 or. any preceding
claim which is dependent upon claim 2 wherein said
aluminising, chromising or siliconising forms an -
aluminide, chromide or sgilicide layer which, after said
heat treatment, comprises an inner diffusion zone with
a comparatively lesser concentration of Al, Cr or Si

- and a thickness of 10 to 20 pm and an outer zone with a
comparatively higher concentration of Al, Cr or Si and

"a thickness of 20 to 40 p.
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8. A method as claimed in any one of the preceding
claims wherein said aluminising, chromising or
siliconising forms a first layer of an aluminide,
chromide or silicide and said co-deposition forms a
second layer of M,CrAlM,, wherein the ratio of the
thicknesses of the fifst'layer to the second layer is

between 4:1 and 1:1.

S. The method as claimed in any one of the preceding
claims wherein the substrate is selected from the group
consisting of a gas turbine shaft, ring, disk,
combustion can Qare, stator blade, rotor blade, guide
vane, gas. turbine blade aerofoil section, gas turbine
blade root portion and gas turbine blade shroud

portion.



