A nmethod for the manufacture of a coaling The invention relates to a
met hod for the manufacture of a coating in accordance with the
pre-characterising part of claim1 and also to a body coated with

t hirs met hod. Large areas can be uniformy provided with thin | ayers
usi ng a special LPPS process ("Low pressure plasnma spraying
process"), namely using a LPPS-TF process ("LPPS - thin film
process”) which is known fromUS-A-5 853 815. This process is a
thermal | ow pressure spraying nethod with which | ayer thicknesses in
the m croneter range can be produced. The manufacture of a uniform
coating is attained by neans of a spraying gun, whichis
geonetrically suitably designed, with it also being essential that a
sufficiently large overpressure prevails in the spraying gun. The
surface to be coated is brought into a process chanber, in which a
pressure |ower than 10kPa is generated, while in the spray gun for
exanpl e a pressure of approximtely 100kPa, in other words

appr oxi mat eA ynehidr fon rastrabnpf-essty 6f Pcexdhks. The | arge pressure

di fference between the inside of the spray gun and the process
chanber has the effect that the thermal process beam expands to a
broad beam+ 1.Chs i i ief 43, ino i -
di stri but e AT e e o SR E R BT il bating in e
honogeneouscqdeves svibedhe paetchiacketerisveg part of dlaing Jeaind jalso to a body
characteristics cagvgﬁ.intﬁgaionally produced by means of nultiple
applicatioﬁx%?eggv SRS kind.” 2 A coating of this kind can be
used as a functional layer. A functional |ayer can be applied to a
nmetal lic base body, which forhs the substrate to be coated, and is as
a rule a midigglAECARFaR nyg%fﬂ:rl#st chafﬂ%iw@m Fncapos BamgR FPF"&?Er S
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adjusted in relation to désired val des using nea data gainéd in
this way. Abiskgat.ds these desired val ues, which correspond to a




3 specified proportion of vapour or proportion of the condensed
phase, a regulation of the intentional manufacture of the nultiple
'ayer systemis carried out. Using the Aybrid coating nethod a heat

i nsulating | ayer can be nmanufactured with a columar m crostructure.
This deposit or layer is conposed approximately of cylindrical
particles or corpuscles, the central axes of which are directed
perpendi cul ar to the substrate surface. Transition regions, in which
the density of the deposited material is smaller than in the

corpuscl es, bound the corpuscles at the side. This columar |ayer
with ani sot opatingrot thistiing caneb¢ ssedlasrafinatipnsl dayest dofngitional layer
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In a special LPPS-TF process, a hybrid coating is carried out with the
thermal process beam. This process, which is known from EP-A-1 034 843
(=P.7192) or EP-A-1 479 788 (= P.7328) permits the combination of ther-
mal spraying with a vapour phase deposition and thus possibilities of
combining the two methods. The characteristics of the process beam are
determined by controllable process parameters, in particular by the pa-
rameters pressture, enthalpy, composition of a process gas mixture and
composition and also the application form of the material to be sprayed.
The coating material is partly vaporised in dependence on the controllable
parameters. The phases of the coating material present in vapour form
and condensed form, i.e. in solid or fluid form, are at least partly depos-
ited on the substrate. The relative proportion of vapour and/or condensed
phase for the material transported in the process beam is determined by
means of a diagnostic measuring method. The controllable process pa-
rameters are adjusted in relation to desired values using measuring data

gained in this way. As regards these desired values, which correspond to a



4 LPPS-TF process. The substrate contains at | east one netal M. At
an adjusted reaction tenperature of the substrate and.in the presence
of reacfive oxygen, an oxide which resuBts reactively with netal M
diffused onto the surface, is produced as a ceram c internediate

| ayer. The ceramic layer is deposited on this internediate |ayer. The
dependent clains 2 to 11 relate to advant ageous enbodi nents of the
met hod in accordance with the invention. A body coated using this
method is the subject nmatter of the clains 12 to 16. The invention
will be explained in the following with the heIP of the draw ngs,

whi ch showsSPerHiedipropsetion of FrrguE GAIRrARCr AN ehthecordrsed: RR@F: i ng
t he met hod 4 ol TR ' | ' : tod :
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carried out.

Using the hybrid coating method a heat insulating layer can be manufac-
tured with a columnar microstructure. This deposit or layer is composed
approximately of cylindrical particles or corpuscles, the central axes of
which are directed perpendicular to the substrate surface. Transition re-
gions, in which the density of the deposited material is smaller than in the
corpuscles, bound the corpuscles at the side. This columnar layer with
anisotropic microstructure is tolerant to elongation with respect to chang-
ing stresses, which result due to repeatedly occurring temperature chang-
es. The coating reacts to the changing stresses in a largely reversible
manner, i.e. without a formation of cracks, so that its natural life is in-
creased considerably in comparison with the natural life of a coating,

which has no columnar microstructure.

It is the object of the invention to provide a method for the manufacture of
a coating on a substrate with the coating composed of a ceramic, multi-
layered functional layer and with an improved transition between the sub-
strate and the coating in comparison to known functional layers. In this
connection ceramic coating material is to be applied to the substrate with
a LPPS and/or LPPS-TF procesé as a functional layer, which includes a
columnar part layer in particular. This object is satisfied by the method

defined in claim 1.

With the method a coating is manufactured on a substrate, which forms a
surface of a base body. The substrate is in particular a bond layer. In this
method in a layer with ceramic coating material is applied to the substrate

in a process chamber using a plasma beam and utilising an LPPS or



cefamic internediate |ayer, Fig. 3the si de view of a process beam
which is drawn in accordance with a phot ographi c i mage, wherein

I ndi vidual regions are illustrated wt h*broken lines, and Fi g. 4a
schemati c perspective view of the process beamof Fig. 3. A
functional layer, nanely a coating 1, as is illustrated in Fig. 1 in

section, includes, on a substrate 2, a |layer 3 nade of ceramc
coating materi al and a ceramc |nterrred| ate layer 4, which is
manuf act ur ed |n accordance with the invention using the nmethod

|IIustratei tlcaII | 'I;%e substra ated on

the' sur f actPH L RPOTTS- T S BB E Ty of least oné métal #E Ak a-
justed reaction temperature of the substrate and in the presence of reac-
tive oxygen, an oxide which results reactively with metal Me diffused onto
the surface, is produced as a ceramic intermediate layer. The ceramic

layer is deposited on this intermediate layer.

The dependent claims 2 to 11 relate to advantageous embodiments of the
method in accordance with the invention. A body coated using this

method is the subject matter of the claims 12 to 16.

The invention will be explained in the following with the help of the draw-

ings, which show:

Fig. 1 a section of a coating, which is manufactured using the

method in accordance with the invention,

Fig. 2 a schematic illustration relating to the manufacture of a thin

ceramic intermediate layer,

Fig. 3 - the side view of a process beam, which is drawn in accordance
with a photographic image, wherein individual regions are il-

lustrated with broken lines, and
Fig. 4 a schematic perspective view of the process beam of Fig. 3.

A functional layer, namely a coating 1, as is illustrated in Fig. 1 in section,
includes, on a substrate 2, a layer 3 made of ceramic coating material and
a ceramic intermediate layer 4, which is manufactured in accordance with
the invention using the method illustrated schematically in Fig. 2. The

substrate 2 is located on the surface of a not illustrated base body.




5 The coating nmethod in accordance with the invention was devel oped
for a functional |ayer which included a col umar |ayer 3, wherein
this col unmar | ayer 3 was to be applled to a special substrate 2,

whi ch contains a netal Me which can be oxidi sed under suitable
reaction conditions. The suitable reaction conditions include a
reaction tenperature, at which the netal Me diffuses to the surface
of the substrate 2, where it can be oxidised. One finds, in
retrospect, that this nethod can be applied nore generally, nanely
al so on cerami c functional |ayers whose |ayer 3 has no col umar
structure. The substrate 2 is the surface of the base body; or it is

a bond | ayefhe Wity h‘ﬁetﬁ@@ lihe@cerddi® wanahkadyention thes gxanpb&l for a
illustrated in Fig. 1, a ceramic layer 3 which is columar but which
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| east the rtﬁhaiaﬂ\m:rutmmhl ch the reference nuneral 24 is assigned in
Fig. 2. Inthe formation of the TGO | ayer, oxygen 02 - synbolised by
particle 64 - reacts with the metal Me or also with a plurality of

metal s. TherixygestrRe 2 3s P& saback I the bars@my ehariRes bbnWilbferd
pr edet er m ned rtial pressure. This is in the range of 0.01 nbar to
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particul ar Gahufadtubeddl a TGO layer (thermal grown oxidej on the substrate 2,

see Fig.2. The use of a LPPS process instead of the LPPS TF process or in

combination with this is also possible.

The substrate 2 contains at least the metal Me, to which the reference
numeral 24 is assigned in Fig. 2. In the formation of the TGO layer, oxy-
gen Oz - symbolised by particle 64 - reacts with the metal Me or also with
a plurality of metals. The oxygen 64 is present in the process chamber 6

with a predetermined partial pressure. This is in the range of 0.01 mbar to



The-reaction tenperature of the substrate 2 necessary for the

oxi dation depends on its conposition. It can be produced by nmeans of
an energy input by the plasma beam or b$ an additional source. The
addi ti onal source can be arranged inside the process chanber 6 or
outside this in a transfer chanber. This source is, in particular, an
infrared heater, a |l aser or an el ectron beam generator. The netal M
I s advant ageously al um nium Al ; however, further netals can al so be
involved in the formation of the ceramc internediate |ayer 4. The
reaction tggPerature of the substrate 2 has, in ggrticular, a val ue

in the rangd Bbagoderending a thy WoTkiggRr AR AR H1p ETRFSH EATAR Ran,
for_exam! GyithtRe RANEER Aot MfintdYdre bl b1 By angOdRbivs es

a metallic alloy, in particular a nateri fromthe group of the
MOr Al Y al | aggylatptshfovlexaNiple CBhe Chifparsial pecssuredafiughees tive goawph se

an alum nide, for exanple Pt or Pt N Al .or Wnternetallic e,
For “exanpl ovsr e SERpGsat: torriorviaki] of e RRETRFErE: Bhte s 8
substrate Znéft MRasdeetor tHs RGiddtide &5 hrigaetiensiostrated? $ebs. tolte t hi s
arrangenent. t he sensor can be an_infrared pyronet e{), a ther {_Tal canera
or a ther m@Irovight ¢ the above-named reaction temperature by means of an energy
input, for example by irradiation with infrared, which is symbolised by
waves 60. Metal 24 diffuses at the reaction temperature of the substrate 2
to its surface and also to the surface of the intermediate layer 4 which is
forming. This layer 4 represents a suitable foundation for the layer 3
which is subsequently to be deposited because it establishes a transition
from a metallic material to a ceramic material. The ceramic intermediate

layer 4 has a thickness the value of which is in the range of 0.001 - 2 um,
in particular 0.1 - 0.6 um,

The reaction temperature of the substrate 2 necessary for the oxidation
depends on its composition. It can be produced by means of an energy in-
put by the plasma beam or by an additional source. The additional source
can be arranged inside the process chamber 6 or outside this in a transfer
chamber. This source is, in particular, an infrared heater, a laser or an

electron beam generator.

The metal Me is advantageously aluminium Al; however, further metals
can also be involved in the formation of the ceramic intermediate layer 4.
The reaction temperature of the substrate 2 has, in particular, a value in
the range of 900 - 1150° C. This range can also be greater and can, for
example, lie between 800° C and 1200° C.

The substrate 2 comprises a metallic alloy, in particular a material from
the group of the MCrAlY alloys, with M = Ni, Co, CoNi or Fe. It can also



|f..the substrate 2 is a bond |layer, then after the manufacture of the
bond | ayer, the base body to be coated can be introduced into the.
process chanber 6. The base body is howdver advant ageously first
coated with the bond | ayer in the process chanber 6 by nmeans of the
LPPS process, the LPPS-TF process or a PVD nethod. At the beginning
of the coaling nethod the surface of the base body can be cl eaned
with the plasma beamor a different energy inputting neans, for
exanple by a transferred arc fromthe plasnma beam source

("transferred arc cleaning”). Fig. 3 shgws the side view of a process
beam 30, wfioRPYige apaﬁtﬁnrlﬁl%aéﬁrf a&%ﬁ%f%&%%%ﬁ%\%ﬁg& APHPLETmREIGac i ¢
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process beam 30 visible. One recognises in particular - even if
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greater thdRmetes 2 enaRlRRne@yPhA tBermath SehsYor ders on the surface
30'. Between the core regions 31, 34 and 35 and the region 33 there
are transition regions 32, 32', 32" with average densities. The
process bedintB® supsats 2data bdnd daseri dadn piter the shekiagtiyessof dyenbornd
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9 stoichionetric conposition but also the growh and the structure of
the columar layer 3. In this connection the working pressure in the.
process chamber 6 is in the range of 0.81 -20 nbar, preferably 0.05 -
5 ttbar and the 02 partial pressure is in the range of 0.01 - 2 nbar,
preferably 0.05 - 1 nbar. A typical enbodinment will be described in
the followng: A netallic bond | ayer of PtAl (wth an EB- PVD net hod)
or of MCrAlY (with an LPPS nethod) is applied on to a conponent (base
body), wherein the roughness of this coating should have a val ue | ess
than 1 to 2 Eﬁl In the process chanber 6 the conponent is heated up

to the starfterggpendiqivectithe SHETQUMGELHAIRRECrD aNfohe) PIAGeRR BR_ b
the pl afs : o ans
R R L T el S et
appr oxi mat etapot60s praportnr@ i Heagetendl ppe ozhied minyai@s frappedipmnle

t hi ckness fornms with, the addition of .02.to the envir nt.al W th
 bart o precSuiecs a0 HE il begrPtied et Baseur RdER SR B T Tt ety
10 - 15 minutes. In this arrangenent, the conponent is held at the
wor ki ng tegBe_rature by neans of a process plasma beam The

t enper at ur et GiRg PRemedkp it Pagingieg ofi tlee arecqssiicagn Sonsthamozzt gus-
In a contrqllegds MRARET 1,8 -%Qbﬁof"i‘é %?g%ﬁi@&t ftﬁe&ﬁbH cdrYH, dih
g?- ayer HWth a I C of

"thermal barrier coatin ness
appr oxi mat elgwd 00 the d2e@6timicf thheraxipphiceshomt ovithehaombottedtribygs. The
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appr oxi nat girgt Podst m Gufe, BbAIpoLE pratidla(anesh anthol@nilkpistdcsited aga e

entire Coatslitr}gnrg ?rfaerizd by a small circle in cross-section a and rnoves further on
a curve 14 through a position B at the beam surface 30', through a posi-
tion C at the cross-section ¢ and through a position D at the cross-section
d. This vapour particle has a longitudinal speed component vz in the flow
direction (ultrasonic) and a transversal or radial component vr, which is
smaller than va. In the position A vy = vr(A) > 0. Through the interaction
with the gas from the environment 6, the vy reduces until this speed com-
ponent in the position B changes direction. In position C is v; < 0 and the
vapour particle approaches the z-axis. After a transit through the middle
of the process beam 30 vr > 0 is valid again at the position D. Through the
interaction with the environment 6, the vapour particle thus makes a
wave motion within the boundary surface 30' of the process beam 30. This
largely applies for all vapour particles. The vaporised coating material re-
mains held behind in the process beam 30 with the surface 30' appearing

as a barrier. The vaporous phase can, make its contribution to the compo-

sition of the columnar layer, since it does not leave the process beam.

The formation of the columnar layer 3 likewise advantageously takes place
by regulation of a defined O2 partial pressure in order to guarantee an

adequate saturation of the layer with Oz, since this not only influences the
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chamber 6 is 1n the range of 0.01 - 20 mbar, preferably 0.05 - 5 mbar and
the Oz partial pressure is in the range of 0.01 - 2 mbar, preferably 0.05 - 1

mbar.
A typical embodiment will be described in the following:

A metallic bond layer of PtAl {with an EB-PVD method) or of MCrAlY (with
an LPPS method) is applied on to a component (base body), wherein the

roughness of this coating should have a value less than 1 to 2 pm.

In the process chamber 6 the component is heated up to the start tem-
perature {in the range of 900°C to 1150°C) by means of the plasma beam
of the LPPS method (process gas Ar with an addition of Hz or He} at a

pressure of the surrounding atmosphere of approximately 100 mbar.

A TGO layer of approximately 0.1 - 0.5 um thickness forms with the addi-

tion of Oz to the environmental gas with a partial pressure in the range of

0.05 - 5 mbar during approximately 10 - 15 minutes. In this arrangement,
the component is held at the working temperature by means of a process
plasma beam. The temperature and the O2 partial pressure are kept at

constant values in a conftrolled manner in this arrangement.

A columnar layer {TBC, "thermal barrier coating") - layer 3 - with a thick-
ness of approximately 100 to 200 pm is then applied onto the component
by means of the LPPS-TF process at approximately 0.5 - S bar (in accor-
dance with EP-A- 1 034 843}, wherein the Oz partial pressure of approxi-
mately 0.05 - 0.5 mbar is maintained and monitored during the entire

coating process,



c)-The layer 3 consists of a multiple |ayer structure which includes
a conbi nati on of columar and non-columar part |ayers and which
includes in particular alternately a thi®h columar part layer, a

noh- col umar part layer and at |east one further |layer with a
columar structure. In a further enbodinent the ceramc |ayer 3

i ncl udes a conbi nation of two netal oxides, which formtwo col umar
part layers. The first netal oxide is in particular a part stabilised
zi rconi um oxi de and the second netal oxide is, for exanple, zirconium
oxide which is fully stabilised with dysprosium The second net al

oxi de can al so be a | anthanum zirconate or an A2E207 pyrochlori ne,

wherein A i%@&fét%&% :ﬁ! SRMIOEJIES ih %géé;fg?gfﬁ RRLI @mbé&r and

parti cul ar gadol i ni um a E IS zI rconl um oxides 11 can
have a per awskédted fiysae Agratmaspheet. phase. The ceranmic |ayer 3 can
al so be formed froma nmultiple application of the conbination of the
two netal oxides. Patent Cains

A body which is manufactured from a metallic material can be coated us-
ing the method in accordance with the invention. The coating 1 of such a
body has a thickness of the ceramic intermediate layer 4 which is between -
0.001 - 2 um. This thickness is advantageously between 0.1 - 0.6 um. The
ceramic intermediate layer 4 can be homogeneously formed over a height

of greater than 0.05 ym.

The ceramic layer 3 applied onto the ceramic intermediate layer 4 is, for

example, formed in accordance with one of the following alternatives:

a) The layer 3 has a non-columnar structure thermally sprayed on by
means of the LPPS-TF process. |

b} A thin columnar part layer becomes a non-columnar part layer in the
layer 3.

c) The layer 3 consists of a multiple layer structure which includes a com-
bination of columnar and non-columnar part layers and which includes in
particular alternately a thin columnar part layer, a non-columnar part

layer and at least one further layer with a columnar structure.

In a further embodiment the ceramic layer 3 includes a combination of
two metal oxides, which form two columnar part layers. The first metal
oxide is in particular a part stahbilised zirconium oxide and the second
metal oxide is, for example, zirconium oxide which is fully stabilised with
dysprosium. The second metal oxide can also be a lanthanum zirconate or
an AsE207 pyrochlorine, wherein A is preferably an element of the lantha-

num series, in particular gadolinium and E is zirconium. The metal oxides



1. -A nethod for the manufacture of a coating (1) on a substrate (2),
which is located on the surface of a base body, in said nethod a

|l ayer (3) with ceram c coating material l§s applied to the substrate
in a process chanber (6) using a plasma beam (30) and using an LPPS
or LPPS-TF process, characterised in that the substrate contains at

| east one nmetal Me, in that at an adjusted reaction tenperature of
the substrate and in the presence of reactive oxygen, an oxi de which
results reactively with metal Me diffused on the surface, is produced
as a ceramc internmediate.layer (4) and inn that . the ceram,c |ayer (3)
1o Che | et BT A HoravOaraRRast 6h e S php ar st 1 TBROE 1B DR &
i nt er medi atgsé debrmad ot Aadtiblk éﬁg@é&?&?@f hd Boglbahdbidn of the two
characterised in that the substrate (2) is the surface of the base
body or a BBARI0HAS applied to the base body and in that the
reaction tenperature of the substrate, which depends on its
conposition, is produced by neans of an energy input (60) by the

pl asma beam or by an additional source. 3. A nethod in accordance
with claim?2, characterised in that the additional source is arranged
i nside the process chanber (6) or outside this in a transfer chanber
and in that this source is in particular an infra red heater, a |aser
or an el ectron beam generator. 4. A nethod in accordance with any one
of the clains 1 to 3, characterised in that the reaction tenperature
of the substrate (2) has a 13



vakue in the range from800 C - 1200 C, in particular 900 C - 1150

C, with the netal Me being at |least partly alumniumAl and thus the
substrate conprising an aluniniun}conta'%ing conpound and in that a
ceramic internediate layer (4) is, in particular, formed which
conprises a-Al 203 up to nore than 90% 5. A nethod in accordance with
any one of the clains 1 to 4, characterised in that the ceramc | ayer
(3) is or includes a columar part |layer, which is sprayed on with
the LPPS-TF process by neans of the application of a plurality of
uniformand thi,n layers onto the substrate (2), wherein a hybrid
method is used in particular, in which the vaporous and condensed
phases of the ceramc coating materials are applied. 6. A nethod in
accordance with any one of the clains 1 to 5, characterised in that

t he substrafaleppflainsmde of a netallic alloy, in particular of a
material fromthe group of the MCrAlY alloys, with M= Ni, Co, CoN
or Fe, or in that the substrate conprises an alum nide, for exanple
PtAl or PtNLA , Homahoddor ttemetdbttorepifasepating (xanplsabstragn (B), Al

conpound. 7. A nethod iin accordance with any one of the clai to
6, charact erisegvet?lﬁ lﬁal?catﬁé%g'betfyﬁ’\l%‘a?fé Qﬁﬁsﬁre%o‘%'f’ l?r?‘éuciﬂbésgﬁpétae
(2) is measured lapst @fiitt e€rdificnébatingd RRASEriANG HRPIRA tafih subaifidlin
the sensor is an infrared pyronmeter, a thermal canera or_a thernal

sensor. 8. A nethBEPachs sbestpi b Uit MgsBAdL M (3 andigingand-PES

characterised in.t ) rate (2) is a bond layer and in that
t he base body is%rilhil’ﬁirsogﬁ?%@%lpﬁgf’o t he process chanber (6) after

manuf act ure 14 characterised in that the substrate contains at least one metal Me,
in that at an adjusted reaction temperature of the substrate and in
the presence of reactive oxygen, an oxide which results reactively
with metal Me diffused on the surface, is produced as a ceramic in-
termediate layer (4) and in that the ceramic layer (3} i.e. the layer
with the ceramic coating material is deposited on this intermediate

layer.

2. A method in accordance with claim 1, characterised in that the sub-
strate (2) is the surface of the base body or a bond layer applied to
the base body and in that the reaction temperature of the substrate,
which depends on its composition, is produced by means of an en-

ergy input (60) by the plasma beam or by an additional source.

3. A method in accordance with claim 2, characterised in that the ad-
ditional source is arranged inside the process chamber (6) or outside
this in a transfer chamber and in that this source is in particular an

infra red heater, a laser or an electron beam generator.

4, A method in accordance with any one of the claims 1 to 3, charac-

terised in that the reaction temperature of the substrate (2) has a



of -the bond layer or in that the bond layer is only deposited on the
base body after the introduction by neans of the LPPS or LPPS-TF
process. 9. A nethod in accordance withany one of the clains 1 to 7,
characterised in that at the beginning the surface of the base body
is cleaned with the plasma beam (30) or with a another energy
inputting nmeans. 10. A nethod in accordance with any one of the
claine 1 to 9, characterised in that for the formation of the ceramc
internediate | ayer (4) a value in the range of 0.01 - 20 nbar

preferably in t%ﬁ@ﬂgﬂl%a\{? ORom BofPH &%géeb f'ﬁrpatrggufa?%&eé—
oxygen partial pressure’in e process chanber (é and 1S, 1n
particul ar, chedke®d UGy with thenenal Me pringes deastipardiynait tuoithiim Al and

accordance with gclaim5 an ny one.af the clains 1 to 9,.

Char act er sed. | AERAACrDSLHLE SERTAE AL BB ERat g compound
structure a sui t3R] B XMILReRFhC IPEETREHIALd hiyeRgq) BNGS pattiSulE, fordied
nbar, preferably in the range of 0.05 - 1 nbar is_set in the process

chanber during appichcamnprises etHeOs gimmaorpdhan % and is, in
particul ar, checked during the entire process. 12. A coated body,
which is manufactured froma netallic material and the coating of
which (1) i8S appl redhodiingctbedaretehwithi anyaone of dhe elaintshl cod, charde

clains 1 to 10 characgterjsed in that the i.cknes f the ceramc

it ermedi ate | ayBRsgay Faap e BaTRCaRIeT (3 5T TRBRED § CRgaT bart

thickness is adygpdraegauBliy spRAMRESN Kith the LEPBITRRFHEEsd B nt@irA b

intermedi ate | ayer is _honpgeneously formed over a_hejght greater than

0.05 pm 15 the application of a plurality of uniform and thin layers onto the
substrate (2), wherein a hybrid method is used in particular, in
which the vaporous and condensed phases of the ceramic coating

materials are applied.

6. A method in accordance with any one of the claims 1 to 5, charac-
terised in that the substrate (2) is made of a metallic alloy, in par-
ticular of a material from the group of the MCrAlY alloys, with M =
Ni, Co, CoNi or Fe, or in that the substrate comprises an aluminide,
for example PtAl or PtNiAl, or of an intermetallic phase, for example

of an NiAl compound.

7. A method in accordance with any one of the claims 1 to 6, charac-
terised in that the reaction temperature of the substrate (2) is
measured and adjusted using at least one sensor and, wherein the
sensor is an infrared pyrometer, a thermal camera or a thermal sen-

S0T.

8. A method in accordance with any one of the claims 2 to 7, charac-
terised in that the substrate (2) is a bond layer and in that the base

body is introduced into the process chamber (6) after manufacture



13- A coated body in accordance with claim 12, characterised in that
a ceramc layer (3) is applied on the cg{anic I nternedi ate | ayer (4),
mhlch Is fornmed in accordance with one the followi ng alternatives:
a) the ceram c |layer has a non-columar structure, thermally sprayed
on by nmeans of the LPPS-TF process; b) a thin columar part |ayer
(3) goes into a non-columar part layer in the ceramc layer; <c¢) the
ceram c | ayer conprises a nultiple layer, which includes a

conbi nati on of columar and non-col ummar part |ayers and which

alternatingly in lcu t.hin [

non- col umar Pfh'? géndgng {’ h% L% r?eb rﬁdr fa%gg"ggnépamﬁ?%@mn the
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claim 13, character- ised in that the ceramc layer (3) includes a
conbi nati on of ®RBCSHEt al oxides, which formtwo columar part |ayers
and in that in particular the first netal oxide is a partly
stabilised zirconium oxide and the second netal oxide is a zirconium

oxi de ful | yO.st aldi megb@dmwcmmmw en¢ ahtheniaims ¥ tofackamc-an

A2E207 pyr ochl or| e refer - I .
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cIcaned w1th the pIasma beam (30) or with a another energy input-

ting means.

10. A method in accordance with any one of the claims 1 to 9, charac-
terised in that for the formation of the ceramic intermediate layer (4)
a value in the range of 0.01 - 20 mbar, preferably in the range of
0.05 - 5 mbar is set for the required oxygen partial pressure in the
process chamber (6) and is, in particular, checked during the entire

process,

11. A method in accordance with claim 5 and any one of the claims 1 to
9, characterised in that for the defined formation of the layer struc-
ture a suitable oxygen part pressure in the range of 0.01 - 2 mbar,
preferably in the range of 0.05 - 1 mbar is set in the process cham-
ber during application of the columnar part layer and is, in particu-

lar, checked during the entire process.

12. A coated body, which is manufactured from a metallic material and
the coating of which (1) is applied using the method in accordance
with one of the claims 1 to 10 characterised in that the thickness of
the ceramic intermediate layer (4) is between 0.001 - 2 ym, wherein
this thickness is advantageously between 0.1 - 0.6 um and/or the
ceramic intermediate layer is homogeneously formed over a height

greater than 0.05 pm.



15" A coated body in accordance with claim 14, characterised in that
the netal oxides have a perovskite phasg or a spinel phase. 16. A
coated body in accordance with claim 14 or claim 15, characterised in
that the ceramc layer (3) is formed by a nmultiple application of the
conmbi nation of the two nmetal oxides.

13. A coated body in accordance with claim 12, characterised in that a
ceramic layer (3) is applied on the ceramic intermediate layer (4},

which is formed in accordance with one of the following alternatives:

a) the ceramic layer has a non-columnar structure, thermally
sprayed on by means of the LPPS-TF process;

b} a thin columnar part layer (3) goes into a non-columnar part layer
in the ceramic layer;

¢) the ceramic layer comprises a multiple layer, which includes a
combination of columnar and non-columnar part layers and which
alternatingly includes in particular a thin columnar part layer, a
non-columnar part layer and at least one further layer with a co-

lamnar structure.

14. A coated body in accordance with claim 12 or claim 13, character-
ised in that the ceramic layer (3) includes a combination of two
metal oxides, which form two columnar part layers and in that in
particular the first metal oxide is a partly stabilised zirconium oxide
and the second metal oxide is a zirconium oxide fully stabilised with
dysprosium or a lanthanum zirconate or an A2E;07 pyrochlorine,
wherein A is preferably an element of the lanthanum series, in par-

ticular gadolinium and E is zirconium.

15. A coated body in accordance with claim 14, characterised in that the

metal oxides have a perovskite phase or a spinel phase.

16. A coated body in accordance with claim 14 or claim 15, character-
ised in that the ceramic layer (3) is formed by a multiple application

of the combination of the two metal oxides.



