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1 A METHOD OF MANUFACTURI NG OR REPAI RI NG A COATING ON A METALLI C SUBSTRATE
.The invention relates to a nethod of manufacturing or repairing a coating
on a nmetallic substrate. 5 The search for increasing the efficiency of
turbomachines, in particular in the field of aviation, and for reducing
the fuel consunption and polluting em ssions of gas and non-burned
residues has resulted in wusing fuel in near-stoichionetric proportions.
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mention can be na%% a conseguence, the materials used in the turbine
must be adapted to such an increase in temperature by
15 developing techniques for cooling the turbine blades
{hollow bladeg) and/or by improving the abilities of such
materials to withstand high temperatures. That second
route, in combination with the use of superalloys based
on nickel and/or cobalt, has produced several solutions
20 including depositing a thermally insulating coating
termed a thermal barrier.

That type of ceramic coating fofming a thermal
barrier can create a thermal gradient across the coating
on a cooled part running under steady operating

25 conditions, with a total amplitude which may exceed 200°C
for a coating that is about 150 ym (micrometers) thick.
The operating temperature of the underlying metal forming
the substrate for the coating is reduced by the same
amplitude, which induces large increases in the volume of

20 cooling air required, reduces the service life of the
part, and increases the specific consumption of the
turbine engine.

Of the coatings that are in use, mention can be made
of a ceramic based on zirconia stabilized with yttrium

35 oxide.
Clearly, in order to improve the thermal barrier

properties, in particular those of binding with the




of a ceram c based on zirconia stabilized with yttrium 35 oxide. Cearly,
in order to inprove the thermal barrier properties, in particular those of
binding with the 2 substrate and/or of providing protection against

oxi dation of the netal of the substrate, s sub-layer can be provided

bet ween the substrate and the outer |ayer of the coating. 5 In particular,
It is known to use a sub- I'ayer made of a MCrAlY type alloy, Mbeing a
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the part to be Coated either using a projection technique (in particular
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Deposition", form.ng .a .coating deposit I n a vacyum evaporati on chanber
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based on zi rdomiiniice m;:daanmklgr picaﬂ:rmrprrrg ectieamlt Wed ected from
platinum, chromium, palladium, ruthenium, iridium,
osmium, rhodium, or a mixture of said metals, and/or a
15 reactive element selected from zirconium (Zr), hafnium
(HE) , and yttrium (Y). As an example, a Ni.PtiAl type
coating is used in which the platinum is inserted into a
nickel matrix. The platinum ig deposited
electrolytically prior to the thermochemical aluminizing
20 treatment.

Normally, ceramic coatings are deposited onto the
part to be coated either using a projection technique (in
particular plasma projection) or a physical vapor
deposition technique, i.e. by evaporation (in particular

25 EB-PVD or “Electron Beam Physical Vapor Depogition”,
forming a coating deposited in a vacuum evaporation
chamber under electron bombardment).

With a projected coating, a deposit of oxide based
on zirconia is made using plasma projection type

30 techniques, which results in the formation of a coating
' constituted by a stack of fused droplets which are then
shock quenched, flattened, and stacked to form an
imperfect densified deposit which is generally in the
range 50 micrometers (um} to 1 millimeter (mm) thick.
35 A coating which is deposited physically, in
particular by evaporation under electron bombardment,

produces a coating constituted by an assembly of small




30 techni ques, which results in the formation of a coating constituted by
a stack of fused droplets which are then shock quenched, flattened, and
stacked to forman inperfect densified deposit which is generally in the
range 50 microneters (rinm to 1 mllimetey (mm thick. 35 A coating which
I s deposited physically, in particular by evaporation under electron
bonmbardnent, produces a coating constituted by an assenbly of snmall 3
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treatment.

15 Further still, the Applicant uses a thermochemical
coating termed ClA formed by an aluminide coating
modified with chromium and resulting from repeatedly
carrying out two vapor deposition steps in succession: a
first step of depositing a 2 pm to 6 um thick layer of

20 chromium followed by an aluminizing step.

Said coating is used as a coating to protect parts
from oxidation or heat corrosion or, possibly, as a sub-
layer for the thermal barrier.

Thus, parts are obtained with long service lives as

25 regards high temperature thermal fatigue.

Conventionally, coatings forming thermal barriers
thus create a thermal conductivity discontinuity between
the outer layer of the mechanical part, including said
thermal barrier, and the substrate of sald coating

30 forming the constituent material of the part.

However, such coatings, whether of the thermal
barrier type or which protect against heat corrosion or
oxidation, are obtained by methods (projection and/or
physical vapor deposition and/or electrolytically) which

35 are complex and expensive.

Further, in the event of leocalized damage to such

coatings, whether during manufacture or during operation,




Conventionally, coatings formng thermal barriers thus create a thermnal
conductivity discontinuity between the outer |ayer of the nmechanical part,
including said thermal barrier, and the substrate of said coating 30

form ng the constituent material of the part. However, such coatings,

whet her of the thermal barrier type or which protect against heat
corrosion or oxidation, are obtained by nethods (projection and/or
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wear in particular zones, in particular at the leading
15 edges and trailing edges of blades in the field of
aviation, whether they be fan blades, compressor blades
and/or turbine blades of a turbo engine.

In that case, cracks may be produced where the outer
layer or even the sub-layer disappears locally, causing

20 oxidation of the part. Such deterioration may require
total repair of the part, which consists in removing the
old coating, c¢leaning the part, reconstituting it, and
rebuilding a new coating. Although they are very
expensive, those operations are nevertheless carried out

25 because the overall cost of the part i1s very high.

In some cases, said coating (sub-layer and outer
layer in the case of a thermal barrier) is mechanically
removed as well as reconditioned over a portion only of
the part, but over an area which is generally quite

30 large.

The aim of the present invention is to provide a
method which can overcome the disadvantages of the prior
art and, in particular, can offer the posgsibility of
repairing a coating without having to remove it entirely

35 or to remove a large area thereof.

To this end, the present invention provides a method

which is. characterized in that said coating is produced




old coating, cleaning the part, reconstituting it, and rebuilding a new
coating. Although they are very expensive, those operations are
neverthel ess carried out 25 because the overall cost of the part is very
hi-gh. In sone cases, said coating (sub-layer and outer |ayer in the case
of a thermal barrier) is nechanically renoved as well as reconditioned
over a portion only of the part, but over an area which is generally quite

30 large. Theaigmaf; 29 NN dip e ROVide B Jeiod whi oh
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or rutheni upydHediRis, manner, it will be understood that nmerely by 10
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al | of the probl end e R cdmprieid st uie Has e dthiadn merEler by
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deposition and/or electrolytic deposition) used until now
to deposit said selected precious metal which forms part

15 of the coating, are overcome.

This solution has the additional advantage, apart
from manufacturing the coating, of also allowing it to be
repaired locally in a zone which is strictly limited to
the zone that is damaged, without modifying either the

20 surface characteristics or the continuity of the
properties of the coating.

Overall, by means of the solution of the present
invention, it is possible to overcome many of the
limitations and disadvantages due to the complex

25 deposition techniques used until now for depositing the
selected metal, either directly onto the substrate as the
first step, or onto a sub-layer of the coating which is
itself placed directly on the substrate, during the
method of manufacturing or repairing the coating.

30 Said deposition of the metal of the pre-layer of the
coating using a paint may be carried out by applying said
paint using a brush, a spray, a pad, and/or by immersion
(dip-coating) .

Other advantages and characteristics of the

35 invention become apparent from the following description

of non limiting examples of applications of the method of
the present invention.




repaired locally in a zone which is strictly limted to the zone that is
damaged, without nodifying either the 20 surface characteristics or the
continuity of the properties of the coating. Overall, by neans of the

sol ution of the present invention, it isgpossible to overcone many of the
limtati ons and di sadvant ages due to the conpl ex 25 deposition techni ques
used until now for depositing the selected netal, either directly onto the

substrate as the di/iSt.3t8R ?re%tr‘}e"i‘i thags Bhd %tﬁ%@ﬁ:‘ nggpich is
itself placed directly on thg ubstrate, during the nethod of
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said paint usin brush,. a spray, .a pad, and/or Dy i mrérsion
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applications t et Q the present invention. 6 Particularly
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the part is Ilewapordtted shird ngpridhe sthfaamitienglsingigim AF aheedrtt, is
evaporated during the chromizing stage. As a result,
repairing a ClA coating is currently not possible, except
15 by depositing a simple coating of aluminum, with reduced
performance in particular as regards heat corrosion.
In the present invention, a pre-layer of platinum is
locally applied to the bare substrate, replacing the
first deposit of chromium by applying one or more layers
20 of a paint containing platinum. Subsequent aluminizing
followed by diffusion heat treatment result in the
formation of a coating of platinum aluminide with
performance that is far superior to a simple aluminum
coating.
25 More generally, in this first application of the
method of the present invention, a repair method is
carried out, characterized in that said coating to be
repaired is of the ClA type obtained by prior deposition
of chromium onto the substrate followed by a step of
30 vapor aluminizing onto the chromium, and in that the
following steps are carried out in the zone or zones of
the coating to be repaired:
a) completely removing the spoilt coating down to
the bare substrate;
35 b) forming said pre-layer on the substrate by

applying one or more layers of a paint containing at




repairing a ClA coating is currently not possible, except 15 by depositing
a sinple coating of alumnum wth reduced performance in particular as

regards heat corrosion. In the present invention, a pre-layer of platinum
is locally applied to the bare substrate, replacing the first deposit of
chrom um by applying one or nore |layers 20 of a paint containing platinum
Subsequent alum nizing followed by diffusion heat treatnment result in the
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invention, t hevehdaliencoatlimnghiiey ch@e, the manufacturing method is
characterized in that said coating comprises an aluminide
of the selected metal resulting from the following steps:
15 a} forming a pre-layer on the substrate by applying
cne or more layers of a paint containing at least one
metal selected from the group constituted by platinum
class metals (platinocids) and chromium; and
b) vapor aluminizing onto the pre-layer, to obtain
20 said aluminide of the selected metal.

Optionally, and in complementary manner, an
additional step c¢) of diffusion by heat treatment may be
carried out.

Secondly, the coatings may act as a thermal barrier

25 with a sub-layer.

Said coating then comprises a binding sub-layer
which is produced by forming said pre-layer by applying
one or more layers of a paint containing at least one
metal selected from the group constituted by platinum

30 class metals (platinoids) and chromium.

Occasionally, for coatings with a binding sub-layer,
gaid binding sub-layer results entirely from forming a
pre-layer on the substrate by applying one or more layers
of a paint containing at least one metal selected from

35 the group constituted by platinum class metals
{(platinocids) and chromium, then by diffusion heat

Lreatment.




manuf actured ab initio using the solution of the present invention. In
this case, the manufacturing nethod is characterized in that said coat.ing
conprises an alumnide of the selected netal resulting fromthe follow ng
steps: 15 a) formng a pre-layer on the sybstrate by applying one or nore
| ayers of a paint containing at | east one netal selected fromthe group
constituted by platinum class netals (platinoids) and chrom um and b)

vapor al uni ni i ng 18l Atk RESHANRN o 0. 00LAIN 2 QuBaiid ARl of the

selected nmetal. Optionallly, In conp errent ary tional
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layers is intended to form a layer similar to a layver of
adhesive for the ceramic coating and has a substrate

15 protection function. Adding a precious metal such as
platinum to the protective coatings and/or to the
coating/thermal barrier sub-layers has the effect of
improving the quality of the sub-layer formed and
promoting adhesion to the metal. '

20 In this case, in a first variation, said binding
sub-layer results from the formation of a pre-layer on
the substrate by applying one or more layers of a paint
containing at least one metal selected from the group
constituted by platinum class metals (platinoids) and

25 chromium, then vapor aluminizing onto the pre-layer and
optional diffusion heat treatment.

Here, as in the majority of cases, the metallic
substrate is a superalloy so that reaction with the
nickel of the substrate produces a binding NiAl type sub-

30 layer with an intermetallic structure, forming compounds
defined as 50 atomic % of nickel and aluminum. Because
the pre-layer contains at least one metal selected from
the group constituted by platinum class metals
(platincoids) and chromium, a coating of aluminide is

35 obtained which is modified by a precious metal and is of
the Ni(;.xPti Al type. In particular, if the selected




di ffusion heat treatnment. Coatings with a binding sub-layer include
sub-layers based on alum nide. These are known as al um no-forner 10
systens, i.e. form ng an adherent protective alumna film by oxidation,
which isolates the netal fromthe oxidizighg environment. The fil m of
alumna formed by the sub- layers is intended to forma layer simlar to a
| ayer of adhesive for the ceram c coating and has a substrate 15
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appl yi ng one 1B 1H6Ee 3 Sp6PRbay iakilon iowtdch fgidt PRBEdP9ofEPret al

sel ect ed & r ohatylee drsowp addrst icfutcee by rpliat itgwe, cMabeinet al sefpliat i noi ds)

and 25 chromum Ahen AaRot AU Nizkg Onto.the pre- Layer and, gatjonal
i ffusion heat treatnment. ﬁere, ds Tnthe majority of cases,” the metallic
substrat e i s metsdper #lalicy ssd -tlraterr dbmdmicomodiitfi edhdy dioskéhngofsatide
substrate proguc ipdis ' e s AVE L W ey graetal lic
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al umi num Be®fuse Pl sicatisdydnc Giit diafe tarnee st adnehecar s el ed from
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and 1570f {HETRPORSEARTES SR Py (SR 4, 3 AHe e olea o meral 1
pl ati num a Strasttmegme.i s obtained in which the platinumis inserted into
the nickel latticey, Qatdngs Wiy 30NN SUPPAYRIG RATED 91 AljuDni de
in the range 1 pm to 30 um, preferably in the range 2 um
15 to 10 um.

By definition, the paint used is a suspension of
solid materials in a liquid, the solid materials being
formed by particles (metal powder) of metal selected from
the group constituted by platinum class metals

20 {(platinoids) and chromium.

The liquid may be water-based, leaving no deposit
after drying, or oil- or resin-based, or based on any
other hydrocarbon (mixture), or an oil-water emulsion;
heating to a high temperature in the firing step during

25 manufacture or during the initial operation of the part
degrades all the compounds apart from the metal.

Various trials have carried out which have
satisfactorily implemented the method of the present
invention; these included the following example.

30 This test was carried out to repair a Nig.PtiAlL
type coating. Instead of depositing the platinum
electrochemically, the deposit was produced by applying
the paint described below, before the thermochemical
aluminizing step.

35 A paint from HERAUS was used, containing 8% by

weight of platinum in powder form (mean diameter of the




i nclude a second variation in which said binding sub 5 layer is an alloy of
the MCrAlY type, Mbeing a netal selected fromnickel, cobalt, iron, or a
m xture of said mnetals, said sub-layer being nodified by form ng said
pre-layer on its surface, by applying onggor nore |ayers of a paint
containing at |east one netal selected from 10 the group constituted by

pl ati numclass netals (platinoids) and chromum then by a diffusion heat

treatment. |n.gerecd 2 $@hd Pkl dis ifsowéﬁg Wi ot BihekResrokickhe
range 1 dimto 30 pm preferably in the range pm 15 to 10 pm By
definition, tfedp&ickPetSetinges disseisitdprofin sbbed FL¥ER&Es in a | i quid,
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sel ected from th]e %roup constituted by platinumclass netals 20

(pl ati noi ds) “ATE*EFYomi um The |iquid may be water-based, |eaving no
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hydr ocar bon Xt ure): 8 -il-%iqr l.si_on; ating.to. i.ah . _
t enperature F'Jr?t;ﬁhleénf ilﬁt(r%dm%{aé%t&url gngrﬂr%alﬁu a(?tfu:lg) E)tro guEr ﬁ‘&g‘“{%ﬁ% A ti al

operation of aiffe fdien degr AWdPlate e 268 iso firds Sapdmutiesomche net al .

Various trialshave Gaf Hedvid fMY ol have3at isf aplerd |y 1 npl emented the
nmet hod of the present, .nvention; these included the follow n%nexarrpl e. 30

This test was car i 6000 tFFepas BMGIAd ouh & 744 5e f&Fati®ng. | nst ead
of deposidi ngilthe gy afr rUPuwelaeedrochem cally, the deposit was produced by

SFep’ 35 A pai nt PSS HE JUaE, WEOnCaTh oG Gy G SOt | num
in powder forhmyuearsidiamdterfdflahiend procedure: the sample was
placed in an aluminizing chamber containing the aluminum
donor cement, and a sufficient quantity of NH,F wag added.
15 The diffusion step then consisted in placing the
sample at 1050°C for one hour.

After analysis, aluminizing was confirmed by the
presence of an outer layer of aluminide 10 pum to 15 um or
even 20 um thick on an inner layer of intermetallic

20 compounds which was of the order of 10 um thick.

Thus, it is possible to produce a coating of

aluminide modified with platinum from a paint producing

the platinum deposit.




order of 2 un). Said paint is very fluid and is produced in a terpene
binder in solution in other solvents. Paint of that type is routinely used
to decorate crockery. 5 Twenty |ayers of paint were applied using a brush
wth an internediate drying period of 10440 15 mnutes in air, then on a
hot pl ate at 200C for 5 mnutes and finally in an oven for 15 mnutes at
600C. Afiring step was carried out at 700C for 15 10 mnutes in a
furnace. Thecahyisni zi ng step was carried out at 1050C for 5 hours using
the follow ng procedure: the sanple was placed in an alum nizing chanber
cont ai ni ng tgre & BRthem cdoRgPuéemtnEingn@rarspirdnent §aaktnty of NHAF

was added. 150§hﬁn§lEfu&meaatﬁar&H%& %@n%l&b@ﬂl&&cpbaﬁbﬁgataefo&ﬁ&ﬁ'e at
1050C for hour. After ﬁnalys , alunlnlén?g s confirned b
ot

he
presence of ﬁoﬂuﬁeﬁupgféﬂ &F ' aFURTRCGET 16 CURFEAUCETER ?% um t hi ck
on an i nmer baydrcohtungemmmpahbe& E&r@dmgoun@Sewﬂayhrwaa ahet he order of

10 um thi ck. eubBisaddt drs ROSS bk Lo adue 2 eaatind Ghecal il aide

modi fied with pratinamfrom a pai nt "produci ng num depos
CLAIMS 1. Aswbsigatel bynspbdating @gleouorr m@@ger |1ﬁg'earsc@ét engaingrmng a

thermal barr 'c%t%&n%n@e%@ hieG et Qﬁlter He® s 01TRL o £l0 'f‘r%ms YREr ahbay,

characterized in th producti on of sald coatlng onpri ses fornlng a
pre-| ayer onqgﬁ§tl§ﬁﬁ§@réﬂépéﬁtd#q@ §G@ﬁﬁa9€¢aéﬁ tpd 2aE3R0IAG ) praCed on t he
substratie by g one or nore |ayers of a paint containing at |east
one netal selected fromthe group constituted by platinumclass netals
(platinoids) and 10 chrom um

2. A manufacturing method according to claim 1,
characterized in that sald coating comprises an aluminide
of the selected metal resulting from carrying out the

15 following steps:

a) forming a pre-layer on the substrate by applying
one or more layers of a paint containing at least one
metal selected from the group constituted by platinum
class metals (platinoids) and chromium; and

20 b) vapor aluminizing onto the pre-layer, to obtain
said aluminide of the selected metal.

3. A repair method according to claim 1, characterized in
that said coating to be repaired is of the ClA type

25 obtained by prior deposition of chromium onto the
substrate followed by a step of vapor aluminizing onto
the chromium, and in that the following steps are carried
out in the zone or zones of the cocating to be repaired:

a) completely removing the spollt coating down to

30 - the bare substrate;

b) forming said pre-layer on the substrate by
applying one or more layers of a paint containing at
least one metal selected from the group constituted by
platinum class metals (platinoids) and chromium; and

35 c) vapor aluminizing onto the pre-layer, to obtain
said aluminide of the selected metal.




2. A manufacturing method according to claim1, characterized in that said
coating conprises an alumnide of the selected netal resulting from
carrying out the 15 following steps: a) formng a pre-layer on the
substrate by applying one or nore |ayerg,of a paint containing at |east
one netal selected fromthe group constituted by platinum class netals
(platinoids) and chrom um and 20 b) vapor alumnizing onto the pre-|ayer,

to obtain sg d Aa'rﬂéﬁﬂ}ioﬁ%&fortdl% g!oe%tf‘atqhmt,a'c:h FacR L 9RAl igiek%%% . .
according to claim1, characterized 1n  that salc?coatlng to be Tepaired is
of the ClA t e DF@Htigicha®mprisdsor dapehind ewlofl ayero rihenpeawdsiction

substrate foldouwsd 3y i ShRR O MYy Al Nz Ng,Q¥ 0 the chronium and
in that the followi ng steps are carri'ed out in the zone or zones of the

coating to be repaired: a) conpletely renoving the spoilt coating down to
30 the bare fubgt mattiod)adyriing sl GI1RNEr [48Y @Ihal dthe- iswas tikatg by

appl yi ng one Kol ri%(#s,}/ers of aepai nt ntal ning at . | east one netal

sel ected frofitife Grotps ot iided Wuﬁ%sat I S St RS (HIYA noi ds)
and chrom umorardhe3Budstuapnr yt wnpiiyzing ort on hener ddvayer oft @ obt ai n
sai d al um ni gﬁiﬂ{t télﬁlt%‘%dzﬁgfgedawﬁte%lst I ndt SN c?]cge%orf‘ilqw e claim1,

characterize n that sald™coating conprises a bindi sub-Tayer_ the
production &FFMR @Pnsicituted fut mivg iSwind Prasd apdalss B Llak imesridsd

accor di ng t 0 #HaidArbmiGhar ad1rdwed i 4 haterntal Gl mdiing: Sk ayer results
fromformng a pre-layer on the substrate by applying one or nore |ayers
of a paint containing at | east one netal selected fromthe group

constituted by @ atethod cdasscdipicaltso (qlsaitn noi dfarbdtand ey an whatf ol | owed
by a thermal égfélﬁﬁﬁakﬁgeghb-layer results from forming the pre-layer
'~ on the substrate by applying one or more layers of a
15 paint containing at least one metal selected from the
group constituted by platinum class metals (platinoids)
and chromium, then by vapor aluminizing onto said pre-
layer.

20 7. A method according to claim 4, characterized in that
said binding sub-layer is an alloy of the MCrAlY type, M
being a metal selected from nickel, cobalt, iron and a
mixture of said metals, said sub-layer being modified by
forming said pre-layer on its surface by applying one or

25 more layers of a paint containing at least one metal
selected from the group constituted by platinum class
metals (platinoids) and chromium, then by diffusion heat
Creatment.

30 8. A method according to any preceding claim,

characterized in that said metal is platinum.

9. A method according to any preceding claim,
characterized in that said pre-layer is formed with a

35 thickness in the range 1 um to 30 um, preferably in the
range 2 um to 10 pm.




6. A method according to claim4, characterized in that said binding
sub-layer results fromformng the pre-layer on the substrate by applying
one or nore |ayers of a 15 paint containing at | east one netal selected
fromthe group constituted by plati num glhass netals (platinoids) and
chrom um then by vapor alum nizing onto said pre- layer. 20 7. A nethod
according to claim4, characterized in that said binding sub-layer is an
al l oy of the MO A Ydowe A\élcc%l L%eé Qi ckel, cobal t,
iron and a mxture of said netals said S Iayer eing nDdified by
forning sai d SHEEACKRSLZ6H i LAt el bypraialiaty iehEmess bibre | ayers of
a paint cont aipplRdn dJLa8p0Rt nmlaﬂ salw.eied afr@g J‘Q_;LQT oy wsti tuted
by platinunickgﬁs tals ggLatin ds and, cnronluni t hen by di ffusi on heat
t r eat ment [ t'eceding claim characterized
in that said netal |s platinuni 9. A nethod according to any preceding
claim characterized in that said pre-layer is formed with a 35 thickness
inthe range 1 pmto 30 um preferably in the range 2 umto 10 um 13 10.
A nmet hod according to any preceding claim characterized in that said
pre-layer i's forned by applying said paint using a brush, a spray gun, a
pad, and/or by imrersion (dip-coating).



