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SUPERAH-OY—COMPONENF—W-TH A PROTECTIVE—_COATL NG..SYSTEM The inventian

relates to a superall oy conponent which has applied thereon a
protective coating systemw th various 5 |ayers. U. S. Patent Nos.
4,055,705 to Stecura et al.; 4,321,310 to Uion et al., and 4,321, 311
to Strangnaqnﬂk%%lgse coati ng systens for gas turbine made
from ni ckel cobal t - based superal |l oys. A coating system descri bed
conprises a thermal barrier layer nade fromceramc, which in

particular has a col umar gralned structlre, placed on a bondi ng | ayer
or bond coating Wbeha}fiob | Couiiinr® whCK SeRrecTTVe | RoAIRE! Skeragd bonds
the thernmal barrfet—tayer—to the T

froman alloy of the MCrAl'Y type, nanmely an all oy containing chron1um
al um num qﬂ@dlﬁvéﬁwoﬁafétw@é #o %us’apaﬁayiéy | stRpchedtD#Be cRORRE| Si Ny
at | east one of _.iron, cobalt ni ckel . Further elenent,s.can . al so be
present in afPREAgAYVEREFEgR %)&Eﬁﬂeé’éugﬁecﬁ?Géﬂg DRYRRE™ 35 EhANaxriBYst ant
feature of thayeesding layer is a thin |ayer devel oped on the MCrAl'Y
al l oy and used for anchoring the thermal barrier layer. This | ayer may

be al um na or al unm na )
U.S. Patent Nos. 4,055,705 to Stecura et al.; 4,321,310 to

Ulion et al., and 4,321,311 to Strangman disclose coating
systemé for gas turbine components made from niékel or

10 cobalt-based superalloys. A coating system described
comprises a thermal barrier layer made from ceramic, which in
particula: has a columnar grained structure, placed on a
bonding layer or bond coating which in its turn is placed on
the substrate and bonds the thermal barrier layer to the

15 substrate. The bonding layer is made from an alloy of the
MCrAlY type, namely an alloy containing chromium, aluminum
and a rare earth metal such as yttrium in a base comprising
at least one of iron, cobalt and nickel. Further elements can
also be present in an MCrAlY alloy; examples are given below.

20 an important feature of the bonding layer is a thin layer
developed on thé MCrAlY alloy and used for anchoring the
thermal barrier layer. This layer may be alumina or alumina
mixed with chromium oxide, depending on the composition of
the MCralY alloy and the temperature of the oxidizing

25 environment where the layer is developed. Eventually, an
alumina layer may be placed purposefully by a separate
coating process like PVD.

U.S. Patent No. 5,238,752 to Duderstadt et al. discloses a
30 coating system for a gas turbine component which also
incorporates a ceramic thermal barrier layer and a bonding
layer or bond coating bonding the thermal barrier layer to
the substrate. The bonding layer is made from an
intermetallic aluminide compound, in particular a nickel



m xed with chrom um oxi de, dependi ng on the conposition of the MCrAl'Y
alloy and the tenperature of the oxidizing 25 _environment where the |ayer

i s devel oped. Eventual L.y, an al umi na | ayer may be placed purposefully
by a separate coating process |ike PVD. U. S. Patent No. 5,238,752
to Duderstadt et al. discloses a 30 coating systemfor a gas turbine
conponent whi ch al so I ncorporates a ceram c thermal barrier and
a bonding WO%3412r or bond coating bonding the thernal FIrr‘!EE?"q %er to
the substrate. The bonding layer is made from an |nternetaII|c

al um ni de conpound, in particular a nickep WD 96/ 34129

PCT/ EP96/ 01565 nlde

al u
pl ati num al unRANBENige OB o PIRf IniFe AlNMiRife s he b&’nfil’rf‘ﬁ g‘Fﬁﬁfnﬁ 2
whi ch serves {otaRahQIuhiga t IWfeiwhich Bakvesrtd amthor the th&rm&atent No.

5,262,245 to #EIOH et _al. describes a result of an effort to sinplify
coating syst ePRTFRES: hBYSEFt ng thermal barrier layers for gas turbine
conmponents by avoi di ng a bonding | ayer to be placed bel ow the thernal

barri er Iageru.s_ Patent No. 5,262,245 to Ulion et al. describes a result

of an effort to simplify coating systems incorporating
thermal barrier layers for gas turbine components by avoiding
a bonding layer to be placed below the thermal barrier layer.
To this end, a composition for a superalloy is disclosed

10 which may be used to form a substrate of a gas turbine
component and which develops an alumina layer on its outer
surfaces under a suitable treatment. That alumina layer is
used to anchor a ceramic thermal barrier layer directly on
the substrate, eliminating the need for a special bonding

15 layer to be intefposed between the substrate and the thermal
barrier layer. In its broadest scope, the superalloy consists
essentially of, as specified in weight percent: 3 to 12 Cr, 3
to 10 W, 6 to 12 Ta, 4 to 7 Al, 0 to 15 Co, 0 to 3 Mo, 0 to
15 Re, 0 to 0.0020 B, 0 to 0.045 C, 0 to 0.8 Hf, 0 to 2 Nb, 0

20 tolV, 0 to 0.01 2r, 0 to 0.07 Ti, 0 to 10 of the noble

metals, 0 to 0.1 of the rare earth metals including Sc and Y,
balance Ni. '

U.S. Patent No. 5,087,477 to Giggins, Jr., et al. shows a

25 method for placing a ceramic thermal barrier layer on a gas
turbine component by a physical vapor deposition process
comprising evaporating compounds forming the thermal barrier
layer with an electron beam and establishing an atmosphere
having a controlled content of oxygen at the component to

30 receive the thermal barrier layer.

U.S. pPatent Nos. 5,154,885; 5,268,238; 5,273,712; and
5,401,307, all to Czech et al. disclose advanced coating
systems for gas turbine components comprising protective



To thiss end a conposition for a superalloy is disclosed 10 which may be

USed—t-o—f orma—substrate of a gas turhine conponent and which devel ops.
an alumna |layer on its outer surfaces under a suitable treatnment. That
alum na | ayer is used to anchor a ceramic thernmal barrier |ayer
directly on the substrate, elimnating the need for a special bonding
Iayer t t er posed between the substrate and the t
barrler @Pg&?ﬁgﬁts br oadest scope, the superalloy consis 1565
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advanced coatin stenms for gas furbine conponents co n
protective 1ng£art1cu ar is showngto be a very Jg%antageousngéﬁ 1&%

2ll MCrAlY alloys shown are also very suitable as bonding
10 layers for anchoring thermal barrier layers, particularly in
the context of the invention disclosed hereinbelow.

The afore-mentioned U.S. Patent No. 5,401,307 also contains a
survey over superalloys which are considered useful for

15 forming gas turbine components that are subject to high
mechanical and thermal loads during operation. Particularly,
four classes 6f superalloys are given. The respective
superalloys consist essentially of, as specified in percent
by weight:

20
1. 0.03 to 0.05 C, 18 to 19 Cr, 12 to 15 Co, 3 to 6 Mo, 1
to 1.5 W, 2 to 2.5 Al, 3 to 5 Ti, optional minor additions of
Ta, Nb, B and/or Zr, balance Ni.

25 2. 0.1to0.15C, 18 to 22 Cr, 18 to 19 Co, 0 to 2 W, 0 to
4 Mo, 0tol1.5Ta, 0 to 1 Nb, 1 to 3 Al, 2 to 4 Ti, 0 to 0.75
Hf, optional minor additions of B and/or 2r, balance Ni.

3. 0.07 to .1 C, 12 to 16 Cr, 8 to 10 Co, 1.5 to 2 Mo, 2.5

30 to 4 W, 1.5 to 5 Ta, 0 to 1 Nb, 3 to 4 Al, 3.5 to 5 Ti, 0 to
0.1 2r, 0 to 1 Hf, an optional minor addition of B, balance
Ni.
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3 coatings of MCrAl'Y alloys. The MCrAl'Y alloys disclosed have
careful |y bal anced conpositions to give exceptionally good resi stance
to corrosion and oxidation as well as an exceptional ly good
conpatibility to the superalloys used for 5 the substrates. The basis of
the MCrAlY alloys is fornmed by ni ckel and/or cobalt. Additions of
further el en®f 1% particul ar silicon and rheni um = arRETHPIYOISES

di scussed. Rhenlun1 in particular is shown to be a very advant ageous
additive. Al MXA'Y alloys shown are,al so very suitable as bonding 10

| ayers for anchoring thermal barrier |ayers, artlcularI§ I n t he
context of thel . nvebousn0dR2EcEostd trerdd f8el 30, to 11 Niphd £CoBe¥nefitFOrkd

U.S: Patent Nopy 5.4Q@b 303 ab$00COHI@INIZ 0 toSHLFEHr OV dptaohalll myfiophi ch
are considered useful for 15 fornmin s turbine conponents that are
subj ect to hi pfdition.of; By ket %ﬂﬁetéhégiﬂ | oads during operation.

Particul arly, four classes of superalloys are given. The respective:

super al | oy% cojg_\}s)éés%“a%’ssent iall X%gii%a% eC| fbﬁggw?g eégfggagﬁ%uH% wei ght

1. 5 W 2 to 2.&ludinad dompbuiids dppedmdthnm@roaémtlamvaﬁflable Fxom\sn B
S, W o Gy y cne’nvEntor St 101k UpchichBeluidefingdtf 13 10
to 0.75 Hochtemperaturanwendungen in thermischen Maschinen® {coating
developments for high temperature applications in thermic
10 machines] and published under *"Fortschritts-Berichte VDI,
Reihe 5" ([progress reports by VDI, series no. 5], ser. no.
345, VDI-Verlag, Dusseldorf, Germany, 1994. That essay also
contains information about processes to deposit such alumina
compounds in the form of layers.
15
Further information on modified alumina compounds may be
derived from an essay by L. Peichl and D. Bettridge entitled
"Overlay and Diffusion Coatings for Aeroc Gas Turbines" and
contained in a book entitled "Materials for Advanced Power
20 Engineering, Part One*, edited by D. Coutscuradis et al.,
Kluwer Academic Publishers, Dordrecht, Netherlands, 1994,
pages 717-740, and from an essay by O. Knotek, E.
Lugscheider, F. Ld&ffler and W. Beele, published in: Surface
and Coating Techniques, Vol. 68/69 (19%94), pages 22 to 26.
25
A standard practice in placing a thermal barrier coating on a
substrate of an article of manufacture includes developing an
oxide layer on the article, either by placing a suitable
bonding layer on the article which develops the oxide layer
30 on its surface under oxidizing conditions or by selecting a
material for the article which is itself capable of
developing an oxide layer on its surface.That oxide layer is
then used to anchor the thermal barrier layer placed on it
subsequently.



Hf , optional m nor additions of B and/or Zr, balance Ni. 3. 0. 07
t 0—3t—-G—42to-16-C~—8 to 10 Co, 1.5t 2 My 2 5 30 to 4 W 1.5to 5 Ta,

Otol No, 3to4 A, 3.5t0o5Ti, O0to 0.1 Zr, O0to 1 Hf, an optional
m nor addition of B, bal ance Ni . MO 96/ 34129

PCT/ EP96/ 01565 4 4. about 0.25 C, 24
to 30 C, 1 Ni, 7to 8 W O0to 4 Ta, 0 to 0.3 Al Ti,

to 0.6 Zr, g‘r’laop |3nal m nor addi tion of B, bal ance coba‘1.l?“lI’a0§653

I nformati on on nodified al um na conpounds, in particular al um na
conpounds doped with nitrogen _i's avail abke from an essay by the

I nvent or entihlﬁg "Schi ch ﬁb%%%an for Hocht, er at ur apwenpdungen
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conmpounds &n BRsFAEPLE! mbPVifigrate through the oxide layer and into the

thermal barrier layer. The diffusion active chemical elements
may cause damage to the thermal barrier layer by modifying
and eventually worsening its essential properties. That
applies in particular to a thermal barrier layer made from a
10 zirconia compound like partly stabilized zirconia, since
almost all zirconia compounds must rely on certain
ingredients to define and stabilize their particular
properties. The action of such ingredients is likely to be
imparted by chemical elements migrating into a compound, be
15 it by diffusion or otherwise.

To assure that a thermal barrier layer placed on a substrate
containing diffusion active chemical elements keeps its
essential properties over a time period as long as may be

20 desired, it is therefore material to prevent migration of
diffusion active chemical elements into the thermal barrier
layer.

That aspect has, however, not vet received attention by those
25 working in the field. Heretofore, only oxide layers have been
given consideration to anchor a thermal barrier layer on a
superalloy substrate regardless of their transmission of
diffusing chemical elements to the thermal barrier layer.

30 It is accordingly an object of the invention to provide a
superalloy component with a protective coating system, which
overcomes the hereinafore-mentioned disadvantages ef the
heretofore-known devices of this general type and which keeps
to a minimum or prevents the transmission of diffusing



15 « Further information on nodified alum na conpounds may be derived
froman essay by L. Peichl__and D. Bettridge entitled "Overl ay and

Di ffusion Coatings for Aero Gas Turbi nes" and contained in a book
entitled Materials for Advanced Power 20 Engineering, Part One", edited by
D. Coutsouradis et al., Kl uwer Academ c Publishers, Dordrecht,

Net her | ands, 1994, pages 717-740, and from an essay by_0. Knotek, E.
Lugschei der W96 | or and W Beel e, published in: Surfac®CTEPSMNSHati ng
Techni ques, Vol. 68/69 (1994), pages 22 to 26. 25 A standard practice
in placing a thermal barrier coating on ag substrate of an article of
manuf acture i ncl udes devel opi ng an oxi de layer on the_ article, either
by placing a siemepte throughran mpcheyingopayee &9 @& dhermalchasEder ops t he

oxi de | ayer 3Q,yQ8 biSmods FRaky WHE anenodiAbNYayendidiitabiyQr by selecting a
material for the article which is itself capable of devel opi ng an
oxide layer on its surface. That oxide |ayer is then used to anchor the

thermal barri @ichayBe pb2égsimd darid othersubgequenin wiew there is WO
26/ 341l2JgdeF t REPYAReRoadm AFFPTRNGE &?&gegggslwgéﬁg%gfjrg}l\?mg? Ligiengt
article. In paanufacanredi Eobmsyrisingt i ve subshrate foxmashiof a nickel or
cobalt-based superalloy; an anchoring layer disposed on the
substrate, the anchoring layer comprising an oxide compound
doped with nitrogen; and a ceramic coating disposed on the
10 anchoring layer.

In accordance with a preferred feature of the invention, the
oxide compound comprises alumina and/or chromium oxide.
Particularly, the oxide compound consists essentially of

15 alumina.

In accordance with an added feature of the invention, the
article includes a diffusion active chemical element covered
by the anchoring layer. The diffusion active chemical element

20 is preferably an element selected from the group consisting
of hafnium, titanium, tungsten and silicon. In particular,
the diffusion active element is contained in the substrate or
a bonding layer disposed thereon.

25 In accordance with another feature of the invention, the
ceramic coating includes ZrO,. In a further development, the
ceramic coating consists essentially of 2r0O; and a stabilizer
selected from the group consisting of Y:0;, Ce0O;, LaO and MgO.

30 In a preferable embodiment, the anchoring layer has a
thickness of less than 3 um.



i ke hafnium titanium tungsten and silicon which form - constituents of
-articles S considered may mgrate through the
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modi fyi ng and eventually worsening its essential properties. That
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Si ng
bonding layer disposed thereon.

In accordance with again an additional feature of the
invention, the anchoring layer is doped with a further

15 chemical element, and the further chemical element is also
present in the ceramic coating.

In accordance with again a further feature of the invention,
the article is provided with a bonding layer interposed
20 between the substrate and the anchoring layer.

In preferred embodiments, the bonding layer is formed of a
metal aluminide, or it is formed of an MCrAlY alloy.

25 1In accordance with yet another feature of the invention, the
anchoring layer is doped with a further chemical element, and
the further element is also present in the bonding layer.

In accordance with yet an added feature of the invention, the
30 substrate, the bonding layer (if present), the anchoring
layer and the ceramic coating form a gas turbine component.
In particular, the gas turbine component is a gas turbine
airfoil component comprising a mounting portion and an
airfoil portion, the mounting portion being adapted to
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6 el ements thraough an anchoring layer to a thermal barrier | ayer by
nodi-fyi ng the anchoring | ayer suitably. Wth the foregoing and ot her
objects in viewthere is 5 provided, in accordance with-the invention, an
article of manuf acture, conprising: a substrate fornmed of a nickel or
cobalt-baseQBEF ﬂgloy; an anchoring | ayer disposed on the substrat e,

t he anchorin Q% conpri sing an oxi de conpound doped lfﬁl’l‘{"ﬁ'!“fﬁ'‘r"?"ogen;
and a cerami c coating disposed on the 10 anchoring | ayer. In
accordance wth a preferred feature of theg invention, the oxi de
conpound conpri ses alum na and/ or chrom um oxi de. Particularly, the

oxi de conmpoundixeddysheldsthat componest in oppyatien and the gixfedddance

with an added dgatidhe bainghgahprédtidbe hposea €6td e is'%%'ééﬂﬁ%ti‘eaming
di ffusion active chem cal el enent, covered, \
along the component in operation, the anchoring layer and the

ceramic layer being disposed on the airfoil portion.

With the above-mentioned and other objects in view, there is
also provided, in accordance with the invention, a method of
applying a ceramic coating to an article of manufacture
having a substrate formed of a nickel or cobalt-based

10 superalloy. Particularly, the substrate may have a bonding
layer placed thereon, as described hereinabove. The method
comprises the following steps: '
- placing an anchoring layer compfising an oxide compound
doped with nitrogen on a substrate formed of a nickel or

15 cobalt-based superalloy; and

- placing a ceramic coating on the anchoring layer.

In accordance with an additional mode of the invention, the
step of placing the anchoring layer is performed by a

20 physical vapor deposition process. Preferredly, a physical
vapor deposition process including sputtering or electron
beam evaporation is used.

In accordance with another mode of the invention, the step of
25 placing the anchoring layer comprises:
- 'placing a layer comprising an other oxide compound
essentially free of nitrogen on the substrate;
- establishing an atmosphere containing nitrogen around the
layer; and .
30 - creating the anchoring layer by subjecting the layer and
the atmosphere to an elevated temperature and diffusing the
nitrogen into the layer.



by the anchoring |layer. The diffusion active chemcal element 20 is
prefe+ably—an—eterenrt—select ed fromthe group consisting . of _haf ni um

titanium tungsten and silicon. In particular, the diffusion active
el enent is contained in the substrate or a bonding | ayer disposed
t her eon. In accordance with another feature of the invention, the

ceramc coat udes Zr2. In a further devel opnent, t am c
coating con5|s?a&essentially of ZrQ2 and a stabilizer q@%?%%?% rom
the group consisting of Y2 err], Ce®, LaO and MygO. =~ 30 In a preferable
enbodi nent., the anchoring |ayer has a gt hi ckness of | ess than 3 pm
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anchori ng | ayephysitailnyapopnddpdsitlionat(@NDpepretesf ni trogen, and
preferably from2 to 5 atom percent. 5 1In accordance with again an added
feature of the invention,

Other features which are considered as characteristic for the

5 invention are set forth in the appended claims.

Although the invention is illustrated and described herein as
embodied in a superalloy component with a protective coating
system, it is nevertheless not intended to be limited to the

10 details shown, since various modifications and structural
changes may be made therein without departing from the spirit
of the invention and within the scope and range of
equivalents of the claims.

15 The construction of the'invention, however, together with
additional objects and advantages thereof will be best
understood from the following description of the specific
embodiment when read in connection with the accompanying
drawings. In the drawings,

20 |
Fig. 1 is a fragmentary cross-sectional view of a substrate
having a protective coating system incorporating a ceramic
coating placed thereon:'and

25 Fig. 2 is a perspective view of a gas turbine airfoil
component comprising the substrate and protective coating
system shown in Pig. 1.

Refefring now to the figures of the drawing in detail and

30 first, particularly, to Fig. 1 thereof, there is seen a
substrate 1 of an article of manufacture, in particular a gas
turbine component, which in operation is subject to heévy
thermal load and concurrently to corrosive and erosive
attack. The substrate 1 is formed of a material which is



t he anchoring layer is also doped with a further chem cal el enent, the
further chem cal el enent being also covered by the anchoring layer. In
one enbodi nent of the invention, the further chem cal elenent is
chromum In particular, the 10 further chemcal elenment is contained in
the substrate or a bondi ng | ayer di sposed thereon. I n accordance
W th againaﬂ* Itional feature of the I nvention, the anchoring |ayer
is doped wit her 15 chenical element, and the furthBFTERNSH

el enent is al so present in the ceramc coatlng. I n accordance
with again a further feature of the inventiyon, the article is provided
w th a bonding |ayer interposed 20 between the substrate and the anchoring
| ayer . snitpkie b Pravide stresgth andataus§ura) eptabiFynmahes o
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t ur bi ne conponeabalt-baséd superiaddoyr., the gas turbine conponent is a gas

t ur bi ne ai rfoil conponent conprising a nmounting portion and an

airfoil portion, the nmounting portion being adapted to
In order to limit the thermal load imposed on the substrate

1, a thermal barrier layer 2 is placed thereon. The thermal
10 Dbarrier layer 2 is made from a columnar grained ceramic, in
particular consisting essentially of a stabilized or partly
stabilized zirconia, as explained above. The thermal barrier
layer 2 is anchored to the substrate 1 by means of an
intermediate layer 3. The intermediate layer 3 is made by
15 placing a bonding layer 4 on the substrate 1, which bonding
layer 4 consists of an MCrAlY alloy and preferably of an
MCrAlY alloy as disclosed in one of U.S. Patents 5,154,885;
5,268,238; 5,273,712; and 5,401,307, and developing an
anchoring layer 5 on the bonding layer 4, as explained
20 subsequently. The bonding layer 4 has certain functions in
common with a bonding layer as known from the state of the
art and in particular has a tight bond to the substrate 1.
The anchoring layer 5 serves as an anchor for the thermal
bairier layer 2. Both the bonding layer 4 and the anchoring
25 laver 5 form the intermediate layer 3.

The drawiné is not intended to show the thicknesses of the
layers 4 and 5 to scale; the thickness of the anchoring layer
S might in reality be very much less than the thickness of

30 the bonding layer 4 and amount only to a few atomic layers,
as specified hereinabove.

The anchoring layer 5 essentially consists of an oxide
compound, namely alumina, doped with nitrogen. The nitrogen
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adapted to be exposed to a gas stream streani ng al ong the conponent in
operation, the anchoring | ayer and the ceram c | ayer being di sposed on
the airfoil portion. 5 Wth the above-nentioned and ot her objects in
view, theregy, aI so provided, in accordance with the i rp@lﬁ?,

! 96/3412:
nmet hod of appfylng a ceramc coating to an article of manutac ure
having a substrate forned of a nickel or cobalt-based 10 superall oy.

Particularly, the substrate nay have a bqnping | ayer pl aced thereon, as
descri bed herei nabove.

S sthefolhwmn st eps: -
pl aci ng an anERBFERG P%?g “?ﬁnﬁﬁ %ﬁrﬁghéﬂ ox?ﬂg R IHFFeeEn <o gﬁBEdggﬁ?h
ni trogen on afeubatbﬁtpefé&ﬁ&xhsﬁcdhsﬁuekeb oo B effieittiveased superal | oy;
and- - placing a ceram c coating on the anchoring | ayer. In
accordance with an additional node of the invention, the step of

pl aci ng t he affblkeoetfiget agfrthe nidiicgemedopyna 0 ghey @nshioniagolapepoSiti on
o ter: ngsg{ 2ei26bYon 2 REVELEP that tHRPALCEEOR! didhl RIETIbuLEE' B4 e
oxide crystals, which are ion crystals made from positively
charged metal ions and 0* ions, introduce imbalances into
the distribution of electric charges in the ion crystal and
thus hinder diffusion of atoms through the ion crystal. It
10 can be said that an addition of a minor quantity of atoms
effectively different from the atoms or related ions making
up the crystal introduces irregularities into the crystal and
renders it opaque or impenetrable for diffusing atoms, which
no longer experience a regular pattern of constituents
15 essential for easy penetration through a crystal. An addition
of nitrogen in a considerably large amount and far beyond any
addition which might be considered to be a doping could of
course give rise to a complete restructuring of an oxide
crystal into a crystal consisting of a regular pattern of
20 metal, oxygen and nitrogen constituents.

The anchoring layer S5 can be made by several méthods, in
‘ particular by a physical vapor deposition process like
electron beam PVD, sputter ion plating and cathodic arc-PVD,

25 or by thermal treatment of an oxide compound layer in a
nitrogen-containing atmosphere. Such thermal treatment is in
particular carried out at a temperature within a range
between 700°C and 1100°C. A nitrogen-containing atmosphere
may also serve to provide the nitrogen for a PVD-process,

30 which comprises evaporating the reguired metal and oxygen
compound from a suitable source and adding the nitrogen from
the atmosphere. Particularly, the nitrogen-containing
atmosphere essentially consists of argon, oxygen and
nitrogen, at a total pressure between 10°? Pa and 1 Pa.



beam evaporation is used. I n accordance with another node of the
invention, the step of 25 placing the anchoring layer conprises: -

placing a layer conprising an other oxide conpound essentially free of
nitrogen on the substrate; - establishing an at nosphere containi ng
nlgrogfn aroEndlthe 4 | ayer; and 30 - creating the anchoring | ayer by

subj ecting the |ayer an the atnosphere to an el evatedt ure and
di f fusi ng t (fE096/3412%j t r ogen into the | aSer. VO QGIPQW&&S

PCT/ EP96/ 01565 9 The ceram c coating
may_al so be placed onto the system by hysi cal vapor deposition (PVD)
pr ocess. O her features which are considered as characteristic for

the 5 inventioRig: e2 sshowsrithe ioom_rletapges]dmmﬂr@i gomponent , /RAMRKY R (GRS
Lnventon 1S | L HBLAS! S AK) ARRIonBRE BO! £ Thditicula@TBOCLPBIAE Klade.

superal | oy conponen ctive coating |, X ) ,
The component has an airfoil portion 7, which in operation

forms an *active part* of the gas turbine engine, a mounting
S portion 8, at which the component 6 is fixedly held in its
place, and a sealing portion 9, which forms a seal together
with adjacent sealing portions of neighboring componénts to
pfevent an escape of a gas stream 10 flowing along the
airfoil portion 7 during operation. '
10 '

The section of Fig. 1 is taken along the line I-I in Fig. 2.

Referring again to Fig. 1, particular advantages of the novel
combination of the anchoring layer 5 and the thermal barrier
15 layer 2 can be summarized as follows: As the anchoring layer
5 has a high content of compounds made up of metal and
oxygen, whereof an exact chemical formula can hardly been
given due to the distorting action of the nitrogen also
present, it is indeed very suitable for anchoring a thermal
20 barrier layer 2. That thermal barrier layer 2 may expediently
be deposited on the substrate 1 immediately after deposition
of the anchoring layer S5 and in particular within the same
apparatus and by using as much as possible installations
which have been already in use for depositing the anchoring
25 layer 5. The combination of the anchoring layer 5 and the
thermal barrier layer 2 thus made has all the advantages of
such combinations known from the prior art and additionally
features a substantially prolonged lifetime due to the
suppression of migration of diffusion active elements into
30 the thermal barrier layer 2.



system it is nevertheless not intended to be |imted to the 10 details

S - icati ans—and_structiral changes may_be nade
therein without departing fromthe spirit of the invention and within
t he scope and range of equi val ents_of the clains. 15 The

construction of the invention, howeveg ' THIS SHEREHAY BEEN addi ti onal

obj ects and ges thereof will b est erstpod frg

fol |l owi ng dg}y&?“g z?on of the specific ——eﬁ%%-cﬁ@gt—mbn FE&X {;,ﬂ?u
connection with the acconpanyi ng drawi ngs. In the draanggL\gg____ﬁflg;_
1 is a fragnentary cross-sectional view 5 a substrate  having a
protective coating systemincorporating ceramc coat“m

thereon; and Cl&fmsfig. 2 is a perspective view of a gast ,H

conmponent congrlﬁlh{n%éfglé%sv%%thEgg{groé \éqt Qating * tsystem EMM

in Fig. 1. errirng no € drawing in detail and
30 first, parti@usubsyrate ﬂqrgtedloﬁherwkelmsqhglsebnsa supexmkiowi e 1
of an article-ofy REEHS 1&9&:%&&&;8&&&%& &?ﬁi subsi:%éé“esﬁﬁpo“e“t

which in operation |s sub ect heavy hermal | oad and concurrently to

corrosive ndaBehReriRg aY%R tCRMPrisABosansexide compoung, depediwithmt eri al
which is nitrogen; and

- a ceramic coating disposed on said anchoring layer.

2. The article according to claim 1, wherein said oxide
10 compound comprises alumina and/or chromium oxide.

3. The article according to claim 2, wherein said oxide
compound consists essentially of alumina.

15 4. The article according to one of the preceding claims,
including a diffusion active chemical element covered by said
anchoring layer.

5. The article according to claim 4, wherein said diffusion
20 active chemical element is an element selected from the group
consisting of hafnium, titanium, tungsten and silicon.

6. The article according to one of the preceding claims,
wherein said ceramic coating includes ZrO0,.

25
7. The article according to claim 6, wherein said ceramic
coating consists essentially of 2r0; and a stabilizer
selected from the group consisting of Y.0;, CeO;, LaO and MgO.

30 8. The article according to one of the preceding claims,
wherein said anchoring layer has a thickness less than 3 um.

_—
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subj ectod to & heavy Chermar Toad and eventual Iy an . aﬁ‘LHﬂlﬂﬂ@ﬁ%ﬂéﬂ H_Il%!lll 1]
teri

*

mechani cal | oad by severe forces |ike centrifugal f orces.

which is widely recogni zed and ch a purpose in'a gas
turbine engine is a nickel or THiSBHEET HAS HFE eral | oy. | n_order
to limt th&"PPRM | oad i nposéd on RERLAEEBSt r at 1, XEREISvarrier

| ayer 2 is placed thereon. The ttrermar I0 Dbarrier layer 2 is nmade froma
col umrmar grained ceramc, in particugﬁ consisting essentially of a
stabilized or partly stabilized zirc a, as expl ained above. The
thermal barrier, The bayetld aocordimyg ab onet b shéprededihghbylapass of an

bondi ng. | ayer “RaRFPhERa,eppEPEEES Vel EBhndhg £AF Lo 1p BERE 007

*

an MCrAlY al | @exxesitpodf sibbbgeni an MCrAl'Y alloy as disclosed in one
of U S. Patents 5, 154, 885; 5,268, 238; 5,273,712; and 5,401, 307, and
devel opi ng an anchoring layer 5 on the bonding |ayer 4, as explained 20
subsequent By. Xthe %mrﬁgcggyeﬁcqrw & (CARA™ AncYiexRin Paid apghepingi t h

a bondi ng | ayeyavas ke ihsORrbiie2 St&ts Lol Percent a6t miitkdgennarti cul ar
has a tight bond to the substrate 1. The anchoring | ayer 5 serves as an
anchor for the thernal barrier layer 2. Both the bonding | ayer 4 and

the anchoring 25, ayarticler actbeding aroredieaé thyepréceding claims,
wherein said anchoring layer is also doped with a further
10 chemical element, said further chemical element being also
covered by said anchoring layer.

12, The article according to claim 11, wherein said further
chemical element is chromium.

15
13. The article according to one of the preceding claims,
wherein said anchoring layer is doped with a further chemical
element, said further chemical element being also present in
_ the ceramic coating.
20

14. The article according to one of the preceding claims,
comprising a bonding layer interposed between said substrate
and said anchoring layer.

25 15. The article according to claim 14, wherein said bonding
layer is formed of a metal aluminide.

16. The article according to claim 14 or 15, wherein said

bonding layer is formed of an MCralY alloy.

30 '
17. The article according to one of claims 14 to 16, wherein
said anchoring layer is doped with a further chemical
element, said further element being also present in the

bonding layer. —”’f’”i,,,,—f~—””’

y



The drawing is not intended to show the thicknesses of the——Jlayers 4 and
5 . thickness of the anchoring layer 5 m in reality be
very much | ess than the thickness of 30 the bonding |ay Eimmm"mwu”
only to a few atom c | ayers, as specified herei naboveg™¢ "} ! "’
anchoring |l ayer 5 essentially co conpound, ‘harfel y

or i n ! _ R SueE BEEN |
al um na, do%aﬂﬂz@ nitrogen. The HE%[%&E e 11 V\Dgg{mﬁen

PCT/ EP96/ 01 ACED N&%¥d not
be very high, and a nitrogen content of a few atom percent is
congidered to be effective. The eff.ect of the nitrogen doping in the
anchoring layer 55 relies on the fact at the nitrogen atons distributed
in the oxl8e Thesarticlevdicdordiegi bo cng falthenpgeckdingpobaimnsel vy

charged netal i : ' . oghiGisod iHe hAt Qai i
di stribution vc#lgg%e!?[%%c l‘gﬂrs;g%%?’rﬁ kﬁ%&i on crylgitégl %g%?aha fgﬁtds %élirﬁlélrc
di ffusi on of geawitng hHEouyR IS tawbdppseerpPonentl) can be said that an

addition of a mnor quantity of atons effectively different fromthe

atons or related ions making up the cri/stal d’ntroduces i'r.regul arities
into the c§ys@§r The article according to claim 18, wherein said gas

turbine component is a gas turbine airfoil component
comprising a mounting portion and an airfoil portion, said
mounting portion being adapted to fixedly holé the component
in operation and said airfoil portion being adapted to be

10 exposed to a gas stream streaming along said component in
operation, said anchoring layer and said ceramic layer being
disposed on said airfoil portion.

20. A method of applying a ceramic coating to an article of
15 manufacture having a substrate formed of a nickel or cobalt-
based superalloy, the method which comprises:
- placing an anchoring layer comprising an oxide compound
doped with nitrogen on the substrate; and
- placing a ceramic coating on the anchoring layer.
20
21. The method according to claim 20, wherein the step of
placing the anchoring layer is performed by a physical vapor
deposition process.

25 22. The method according to claim 20 or 21, wherein the step
of placing the anchoring layer comprises
- placing a layer comprising an other oxide compound
essentially free of nitrogen on the substrate;
- establishing an atmosphere containing nitrogen around the
30 layer; and
- creating the anchoring layer by subjecting the layer and
the atmosphere to an elevated temperature and diffusing the

nitrogen into the layer. ~’~_,,,,-~f"”””

1a
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renders it opaque or inpenetrable for diffusing atons, M

experience a regular _pattern of constituents 15 essenti i"

penetration through a crystal. An addition " of nitrog ' '”I 'ﬁﬂ l’”!)ml
L Ml

considerably | arge anmount and far beyond any addi ti:on*whf cht

considered to be a doping could of rnnrsg_E_N?.i.ve rise to a conplete _
restructuring of an oxide CTHIStSHEETrHAS 8EEN st al consi st f

regul ar pat ¥53812920  netal , xygelﬂEamCE[}trogen constltu«i’?fl‘@g"ﬁm‘i§ The
anchoring layer 5 can be made by—severat—methods, in particular by a
physi cal vapor deposition process |ike el ectron beam PVD, sputter ion

pl ati ng and cathodic arc-PVD,» 25 or by th€rmal treatment of an oxide
conpound | ayer23 N The method agedradnd addidig dEnesaies 20 I 22, haherkin

bt woon 700] erjec S ProgLePipb thé Ferhien colnt BFr pek bl © 7oy

al so serve to physiadd tvapori depgenatiom. a PVD-process, 30 which conpri ses -

evaporating the required netal and oxygen conpound from a suitable

source and adding the nitrogen from t he atnosphere. Particularly, the

ni t rogen-cont ai ni ng at nosphere essentially consists of argon, oxygen

and nitrogen, at a total pressure between 10[err] Pa and 1 Pa.

WD 96/ 34129 _ PCT/ EP96/ 01565
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12 « Fig. 2 shows the conplete gas turbine conponent, nanely a gas

t Wbi-re—ai+foidl—eonponent 6, in pacticular a tyurbine bl ade. The
~component 6 has an airfoil portlon 7, which in operation fornms an
"active part" of the gas turbine engine, a nounting 5 portion 8, at which
the conponent 6 is fixedly held inits place, and a sealing portion 9,

whi ch for meg, t oget her w t'h adj acent sealing port Eﬁfﬂﬁ@

nei ghbori ng coﬁ%@%ents to prevent an escape of a gas s#rean1 Ewﬁlomﬁng
al ong the airfoil portion 7 during operatlon 10 The section of
Fig. 1 is taken along the line I-1 in F1r1 Referring again to Fig.

1, particul ar advantages of the novel conblnatlon of the anchoring
| ayer 5 and the thernmal barrier 15 |layer 2 can be sunmari zed as foll ows:

As the anchoring | ayer 5 has a high conbent of conpounds nade up of
nmetal and oxygen, whereof an exact c cal fornmula can hardly been
given due to the distorting acti Qg of s o- al so present, it is
i ndeed very suitable for anchori i er layer 2. That

ed on the substrate 1

br 5 and in particular

AS| possi bl e

MEPositing the

iAng layer 5 and the

jes of such
features a

ession of mgration

er lgayer 2.

thermal barrier layer 2 may exped
i medi ately after deposition
within the sane appar at us ang
installations whi ch have bee
anchoring 25 layer 5. The conbi
thermal barrier layer 2 thus madd
conbi nati ons known fromthe i A
substantially prolonged lifetine
of diffusion active elenments intg

9
7
|/
b
FIG 2
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VIO 96/ 34129 PCT/EP96/01565 _ . Glai MBI, L., 4y easa

13 1, RETAEF Q16d Oof-6Fanuf act ur e, conprisings.y - & substiate.forhea .
of afnickel or cobalt-based superall oy; - an anchorrng,layea d;spoaed

on said substrate, said 5 anchoring |ayer conprising an oxi de conpound
doped- with nitrogen; and - a ceggmc coating disposed on said

anchoring | ayer. 2. The article according to claim

oxi de 10 cQipdmsd conprlses al um na and/ or- chrom um oxi de "" mIWH“"Hﬂt “"
article ac orgn g %\ | ai p 2, erein said oxide conpoundcconsists *
essentlaII§ aPt & oljgany aﬂﬁ?ﬁﬁ¢|?ﬂ@?€&§kﬁ&ﬁng to one of the
precedi ng ¢l agngyp Claddindt f | cal . el ement. covered
by said anchgr |Srt1:graﬁt%yer %fdfg rﬁiﬁél&% ﬁ:leeloeoag%gig '%gd O R ]nf

wher ei n sard dnf ﬁ.nsem'memat@cmamzchhmpzﬁedalcﬁﬂmﬁld Ssxﬂfhtﬁﬁéif@”taﬁ' ected
- fron1the rou
gL _g ceramic coating disposed on said anchorlng layer,

wherein said intermediate layer-cqmprlses an anchorlng
layer and optionally a bonding layer intérposed between
said substrate and said anchoring layer;. |

= said anchoring layer comprising an ox1de compound doped

© s

10 7 ‘with nitrogen.

2. The article according to claim 1, wherein said oxide

compound comprises alumina and/or chromium oxide.

15 3. The article according to claim 2, wherein said oxide
-compound éonsists essentially of alumina.
4. The article according to one of the preceding claims,
including a diffusion~aétive chemical element covered by said

20 anchoring layer. 2,
5. The article according to claim 4, wherein said diffusion
active chemical element is an element selected from the group
consisting of hafnium, titanium, tungsten and silicon.

. : _ .
6. The article according to one of the preceding claims,

wherein said ceramic coating includes Zx0,.

AMENDED SHEET



consistinQQ§ %%ﬁ%ﬂ%ﬁ%zt?taniunl tungsten and silicon. The article,,
accor di ng PCTYEP ofé Adwe-48 ecedi ng -cl ai s, | “u“ﬂ‘“c“‘ @ i ¢ goating .
i ncludes Zr2. 25 7. The article according \ “I i in,gaid s 3
ceramc coating consists essentially of Zr2+rand & stabilizer

sel ected fromthe group consisting of Y203, CeQ, LaO and MyO. 30 8. The
article according to one of the preceding cl ai ns, ~wherein said

anchoring Pay@hehasrtaidle cddessdingstbhaladmPg), wherein saidPe3e/mi4l29

PCT/ EP96/ 01565 14 9. The article

accor di ng COASHADICAHEL e RUPPRE ERALWsOE Zronhandia stabibhzaoring | ayer

contains fr 1.t ercent of nitrogep. 5 10. The article

accor di ng ts%_rfajcéﬁe% ét?ro\%#lce{{rﬂeel r?zs.‘glll% SRERGPFRES 3t ?a?/%r rafRe AENMEQ 0 5

atom percent of nitrogen. | - | : : : e
5 8. The article agcording to one of the preceding éiaims,

wherein said anchorihg layer has a thickness less than 3 um..

9. The article according to one of the preceding claims,
wherein said anchoring layer contains from 1 to 10 atom

o e LY

10 percent of nitrogen.

10. The article according to claim 9, wherein said anchoring

layer contains from 2 to 5 atom percent of nitrogen.

15 11. The article according to one of the preceding ‘claims,
-wherein said anchoring layer is also doped with a further
chemical eleément, said further chemical element being also

.covered by said anchoring layer.

20 12. The article according to claim 11, wherein said_further

chemical element is chromium.

13. The article according to one of the preceding claims,
wherein said anchoring layer is doped with a further chemical .
25 .element, said further chemical element being alsc present in

the ceramic coating.
14. The article according to one offthe_preceeding claims,

wherein said bonding layef is formed of a metal aluminide.

30
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anchorlngIEQW%EBsﬁﬁﬁaxbﬁﬁped with a furfher

GR 95 P 3302 P edrn// . .
11. The article according to one of the prec g clains ‘EereJn sal

further

chemi cal el ement being al so covere E W
12. The article according to claim 11, mhereln urtﬂer cheni cal

is chromum 15

el enent

precedi ng cl ai s,

cheni cal

,osal da
g -lLayer.,

13. The artiyg e according to one of the
wherein said anchoring layer is doped with a furthe

15.eiBremrticle decohdinghtai onk eEethat phecegdahso clmgsent in
t'he ceran c coat,n -

precedi ng &SRR n'Saf Cgcﬁﬁﬂ‘?"sﬁ“-ﬁg layepndf n§oras

substrate

14. The article acgording to one of the
é ofneBr P63Bd Yhadeh said

and sai d -anchoring | ayer. 25 15. The article according t

claim 14, wherein said bonding | ayer is forned of a netal al um nide.
16. The arﬂwd(&hﬁxarmﬁ¢mﬁtancéﬁdﬂn§4toroﬁ5 ofhehei preaedding A/

| ayer

t he

Is formed :of an, MCr AlY all oy.
one of 2 a"herein saj pchering 1aY§§|HSaﬁ@E§ﬂ|Wgtha?eﬁur§h@0p@¢emn¢ah

further Ch% ?r?ént] a Sal(i efIFfEhe§aéfe(rng{1£ hgell'ellgegﬁgg B%leggn%l in %r eese.r.]t ?_n

bon

10

15

20

25

-30

17. The-article accordlng 1.0

bonding layer

17. The article according to one of the preceding claims,

P

d,.

»
[ ]

r-

(0]

wherein said substrate, said anchoring layer and said cderamic

coating form a gas turbine component.

18. The article according to claim 17,-Wherein said gas
turbine component is a gas turbine airfoil component
comprising a mounting portion and an airfoil portion, said

mounting portion being adapted to fixedly hoid the component

" 'in operation ‘and sdid airfoil portion being adapted to be

exposed to a gas stream streaming along said component in

operation,  said anchoring layer and said ceramic layer being

disposed on said airfoil portion. -~

19.'A method of applying a ceramic coating to an article of

manufacture haVing.a substrate formed of a nickel or cobalt-

based superalloy, the method which comprises:

- placing an intermediate layer on the substrate; and

- placing a ceramic coating on the anchoring layer,

 wherein said intermediate layer comprises an anchoring
layer, comprising an oxide compound doped with nitrogen,
and'optionally a bonding layer being interposed betﬁeen

said substrate and said anchoring layer.

AMENDED SHEET
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15 18.%?%£/%§t?§(%‘éﬁﬁbrding to one of the pre G el ai ms, | ' s "l W
wherein said substrate, said anchoring | ayer said 'vw“ "odating
forma gas turbine conponent. 5 19. The arti \Mﬂm\ cl aim 18,
wherein said gas turbi ne conponent i a ga “ﬂ“\ } irtoil conmponent
conprising a nounting portion and an airfoil porticdn, said nount i ng
portion being adapted to fixedly hold the conponent in operation and

sai d a!rfoqo}xﬁﬁé_ @ﬁb@ga@gagaﬁﬂgtEObgléQm_§§90§ﬁgggﬁnatg%Ss§FE9%@
stream ng al ong said conponent iIn operation, sail anchorlngelayer and

sai d cerampldaimy tieenanchorihgpbagdrodsspedifarmed bypar phygical vaptk A
met hod of applying, a ceramic coating to an article of 15 nmanufacture
having a sﬁ&ﬂ?%&%ﬁ?%rﬁﬁﬂc%$sa,nickel or cobalt- . based superall oy, the
met hod which conprises: . . - placing an anchoring l'ayer conprising an

oxi de-conpound. =~ doped with nitrogen on the: substrate; and - placing
a ceranic cral iThe Gethed aaebetinggl apetlaid 19 ozl20TheneRhed tder Ydigg
to claim20, wherein the step of pl aci hg the anchoring |l ayer is .
per forned f Plybngatheapechoringepsyeti gamprisess.

- placing -a layer comprising an other oxide compound

‘essentially free of nitrogen on the substrate or on said
10 - .optipnally9disposed bonding layer; -
| - establishing an atmosphere containing nitrogen around the .
layer; and _
- creating the anchoring layer b§ subjecting the layer and
the atmosphere to an elevated temperature and diffusing

15 the nitrogen into the layer.

- 22. The method according*to*one'df claims 20 to 22, wherein
the step of placing the ceramic coating is performed by

physical vapor deposition. .

o --'"EN'\?“.';-.QHEET
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25 227 The method according to claim 20 or 21, wherein the stef WMps of

pl aethRg—the—ahechori-nglayer conprises - nlarlnﬂ a layer. conpri

ot her oxi de conpound essentlally free of nltrogen on the substrat e;

- establishing an at nosphere containing nitrogen around the 30 |ayer; and
- creating the anchoring | ayer by subjecting the | ayer and S

at nosphere to a evated tenperature and d|ffu3|r§kthe
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- (57) Abstract

A nickel or cobalt-based superalloy substrate (1) is covered with a prowcuve system resistent to thermal, corrosive and erosive attack.
An anchoring layer (5) is disposed on the substrate. The anchoring layer is formed as an oxide compound doped with nitrogen. The oxide
compound is alumina in pasticular. A ceramic coating (2) is disposed on the anchoring layer. The modification of the anchoring layer
prevents the transmission of diffusing elements through the anchoring layer to the thermal barrier layer.




