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Description

[0001] The present invention relates to an alloy for anti-corrosive coatings or surface coatings which are resistant
up to 1100°C.
[0002] Such surface coatings can be obtained by the following thermal spraying methods:

plasma spraying in vacuo, plasma spraying in air, HVOF (High-Velocity Oxygen Fuel) or high-velocity oxygen flame.

[0003] In the field of metallurgy, and in particular in the field of alloys used as coatings for gas turbines against
corrosion caused by sulpho-oxidation, an alloy based on cobalt and also containing chromium, aluminium and yttrium
in the following proportions:

is already known.
[0004] Said alloy is resistant to corrosion and guarantees a service life of 1000 hours if used for the coating of
components which operate in the presence of sodium-, vanadium-, sulphur- and chlorine-containing hydrocarbon com-
bustion products.
[0005] A first disadvantage is that this alloy does not guarantee sufficient corrosion resistance if employed at tem-
peratures above 700°C.
[0006] Furthermore, if said alloy is applied by a thermal spraying method (APS, VPS, HVOF), oxidation of yttrium
and aluminium occurs, thus resulting in the loss of the working property of the coating.
[0007] A second alloy based on cobalt and containing chromium, aluminium, yttrium and silicon in the following
proportions:

is also known.
[0008] Said second alloy is used for coating components with a superalloy material. The presence of silicon in the
coating matrix provides resistance against the formation of oxides and sulphides on the surface layer.
[0009] However, this second alloy has a low yttrium content, which is insufficient for ensuring corrosion resistance
in the presence of products containing substantial amounts of sulphur, chlorine and vanadium.
[0010] A third alloy is known from US 4,585,481, which describes an alloy based on cobalt and containing chromium,
aluminium, yttrium and silicon in the following proportions:

[0011] However, this alloy results in a reduction of the plasticity of the coating, making it impossible to use it for the
coating of apparatuses or objects which must withstand substantial changes in temperature.
[0012] A further disadvantage is that, during application of the coating or surface coating by the plasma method,
oxidation of yttrium and silicon may take place.
[0013] This third alloy is unable to guarantee the corrosion resistance required in the presence of combustion prod-
ucts containing substantial amounts of sulphur, chlorine and vanadium.
[0014] The alloys mentioned above can usually be used at temperatures not exceeding 900°C. since all of them are
based on cobalt.

Chromium (Cr) 8.0 - 30.0%
Aluminium (Al) 5.0 - 15.0%
Yttrium (Y) 0 - 1.0%
Cobalt (Co) remaining percentage

Chromium (Cr) 12.5 - 20.0%
Aluminium (Al) 2.0 - 8.0%
Yttrium (Y) 0- 0.25%
Silicon (Si) 2.0 - 6.0%
Cobalt (Co) remaining percentage

Chromium (Cr) 5.0 - 40.0%
Aluminium (Al) 8.0 - 35.0%
Yttrium (Y) 0.1 - 2.0%
Silicon (Si) 0.1 - 7.0%
Cobalt (Co) remaining percentage.
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[0015] RU-A-2051196 teaches an alloy for corrosion-resistant coatings or surface coatings, containing of cobalt,
chromium, aluminium, yttrium, silicon, and a metal from the second main group, together with the corresponding oxide,
in the following proportions:

[0016] This alloy resists only up to 800°C.
[0017] The object of the present invention is to eliminate the abovementioned disadvantages and provide an alloy
with excellent performance even at high temperatures, in particular even above 1000°C.
[0018] Said objects are fully achieved by the alloy, according to the present invention, for corrosion-resistant coatings
or surface coatings and which is characterized by the composition defined in claim 1, with preferred embodiments in
claims 2 and 3.
[0019] After numerous studies, the Applicant has realized that the disadvantages of the known alloys based on cobalt
and containing chromium, aluminium, yttrium and silicon can be avoided by adding one the metals from the second
main group (magnesium, calcium, barium, strontium), both in free form and in the form of the oxide.
[0020] The alloy according to the present invention is an alloy for anti-corrosive surface coatings which is based on
cobalt and contains chromium, aluminium, yttrium, silicon, and a metal from the second main group, together with the.
corresponding oxide, in the following proportions:

where Me denotes a metal which can be nickel (Ni) or iron (Fe) or cobalt (Co) or a composition consisting of Ni-Fe-Co,
Ni-Fe, Fe-Co, NI-Co.
[0021] Moreover, according to a variant, in addition to tantalum or in place of tantalum, rhenium (Re) is envisaged
as being present in a percentage of 2.0 - 11.0.
[0022] The addition of one of the metals from the second main group (magnesium, calcium, barium, strontium), both
in free form and in the form of the oxide, in the abovementioned proportions, does indeed avoid the disadvantages of
the cobalt-based alloys of the prior art.
[0023] The predominant presence of the metal denoted by Me and the content of chromium and aluminium in the
percentages given ensure that the coating obtained exhibits a base and two phases: the γ-phase matrix on top of an
Me-Cr base and the free Me-Al β-phase.
[0024] The presence of aluminium on the surface of the coating in the abovementioned percentage results in the
formation of a protective Al2O3 layer which gives the coating obtained improved corrosion resistance.
[0025] The presence of yttrium in the proportions mentioned prevents the coating from developing cracks and from
flaking.
[0026] Moreover, the Applicant has found that replacing yttrium (Y) by an yttrium/hafnium (Y/Hf) composition having
the same percentage (0.3 -1.5%), relative to the total of the components, achieves better adhesion of the alumina,
Al2O3, to the surface of the coating.
[0027] The presence of silicon and of a metal from the second main group in free form and in the form of the oxide
in the proportions mentioned increases the corrosion resistance of the γ-matrix of the surface of the coating obtained
on the article which operates in a temperature range of between 700°C and 850°C.
[0028] The combination of silicon with the metal from the second main group and its oxide makes it possible to
maintain the operational capacity of the surface coating obtained when applied by plasma spraying in air or by high-

Chromium (Cr) 26.0 - 30.0%
Aluminium (Al) 6.0 - 8.0%
Yttrium (Y) 0.3 - 1.5%
Silicon (Si) 1.5 - 4.5%
Metal from the second main group (magnesium, calcium, barium, strontium) 0.1 - 0.5%
Oxide of the corresponding metal from the second main group 0.1 - 1.0%
Cobalt (Co) remaining percentage.

Chromium (Cr) 22.0 - 31.0%
Aluminium (Al) 5.5 -13.0%
Yttrium (Y) 0.3 - 1.5%
Silicon (Si) 1.5 - 10.0%
Metal from the second main group (Mg, Ca, Ba, Sr) 0.1 - 2.0%
Oxide of the corresponding metal (Mg, Ca, Ba, Sr) from the second main group 0.1 - 2.0%
Tantalum (Ta) 0.5 - 4.0%
Me remaining percentage
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velocity flame spraying.
[0029] The presence of the metal from the second main group (Mg, Ca, Ba, Sr) in the proportions mentioned prevents
the yttrium and silicon from being oxidized during application of the coating or surface coating.
[0030] A lower content of silicon, of the metal from the second main group and its oxide in the alloy based on nickel,
iron and cobalt according to the present invention does not increase the corrosion resistance of the coating.
[0031] A higher content of silicon, yttrium, metal from the second main group and its oxide in the alloy according to
the present invention produces a deterioration in the mechanical characteristics of the coating obtained, increases the
fragility, reduces the coefficient of thermal expansion, and thus causes the coating to form cracks and to flake and
therefore lowers the protection with respect to corrosion caused by sulpho-oxidation.
[0032] Increasing the content of the oxide of the metal from the second main group, relative to the abovementioned
percentages, ensures that the effect that the corrosion-promoting components present in the fuel (Na2SO4 and V2O5)
have on the coating is diminished owing to the formation of thermodynamically stable sulphates and vanadates. The
addition of tantalum and/or rhenium furthermore results in a significantly improved performance at oxidation temper-
ature levels above temperatures of 1000°C.

Claims

1. Alloy for corrosion-resistant coatings or surface coatings, comprising chromium, aluminium, yttrium, hafnium, sil-
icon, and a metal from the second main group, together with the corresponding oxide, tantalum (if necessary) and
one or more metals from Ni, Fe and Co, in the following proportions in weight:

where Me is a metal which can be nickel (Ni) or iron (Fe) or cobalt (Co) or a composition consisting of Ni-Fe-Co,
Ni-Fe, Ni-Co, Fe-Co.

2. Alloy according to Claim 1, wherein the alloy can be applied through plasma spraying in air (APS) or in vacuum
(VPS).

3. Protective anticorrosive coating, characterized in that it is prepared by using an alloy according to any one of the
preceding claims.

Patentansprüche

1. Legierung für korrosionsbeständige Beschichtungen oder Oberflächenbeschichtungen bestehend aus Chrom, Alu-
minium, Yttrium, Hafnium, Silikon und einem Metall der zweiten Hauptgruppe mit dem entsprechenden Oxyd,
Tantal (bedarfsweise) und einem oder mehreren Metallen der Gruppe Ni, Fe und Co in folgenden Gewichtsanteilen

Chromium (Cr) 22.0 - 31.0%
Aluminium (Al) 5.5 - 13.0%
Yttrium+Hafnium composition (Y+Hf) 0.3 - 1.5%
Silicon (Si) 1.5 - 10.0%
Metal from the second main group Mg, Ca, Ba, Sr 0.1 - 2.0%
Oxide of the corresponding metal Mg, Ca, Ba, Sr from the
second main group

0.1 - 2.0%

with the addition of Tantalum (Ta) 0.5 - 4.0% and/or Rhenium (Re) 2.0 - 11.0%
Me remaining percentage in weight

Chrom (Cr) 22,0-31,0%
Aluminium (Al) 5,5-13,0%
Yttrium+Hafnium-Zusammensetzung (Y+Hf) 0,3-1,5%
Silikon (Si) 1,5-10,0%
Metall der zweiten Hauptgruppe Mg, Ca, Ba, Sr 0,1-2,0%
Oxyd des entsprechenden Metalls Mg, Ca, Ba, Sr der zweiten Hauptgruppe 0,1-2,0%
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wobei das Metall Me sowohl Nickel (Ni) als auch Eisen (Fe) als auch Kobalt (Co) als auch eine aus Ni-Fe-Co, Ni-
Fe, Ni-Co, Fe-Co bestehende Zusammensetzung sein kann.

2. Legierung nach Anspruch 1, bei der die Legierung mithilfe von atmosphärischem Plasmaspritzen (APS) oder Va-
kuum-Plasmaspritzen (VPS) aufgebracht werden kann.

3. Korrosionsschutzbeschichtung, dadurch gekennzeichnet, dass zu ihrer Herstellung eine Legierung gemäss ei-
nem der vorhergehenden Ansprüche benutzt wird.

Revendications

1. Alliage pour revêtements résistant à la corrosion ou pour revêtements de surface, comprenant du chrome, alumi-
nium, ittrium, hafnium, silicium, et un métal du second groupe principal avec l'oxyde correspondant, tantale (si
nécessaire) et un ou plusieurs métaux parmi le Ni, Fe et Co, dans les proportions en poids suivantes:

où Me est un métal pouvant être le Nickel (Ni), le Fer (Fe), le Cobalt (Co) ou une composition constituée de Ni-
Fe-Co, Ni-Fe, Ni-Co, Fe-Co.

2. Alliage selon la revendication 1, caractérisé par le fait qu'il peut être appliqué par vaporisation du plasma dans
l'air (APS - Air Plasma Spraying) ou dans le vide (VPS - Vacuum Plasma Spraying).

3. Revêtement résistant à la corrosion, caractérisé en ce qu'il est préparé en utilisant un alliage selon n'importe
laquelle des revendications précédentes.

(fortgesetzt)

und Zusatz von Tantal (Ta) 0,5-4,0% bzw. Rhenium

(Re) 2,0-11,0%

Me Restgewichtsanteil,

Chrome (Cr) 22,0 - 31,0%
Aluminium (Al) 5,5 - 13,0%
Composition Ittrium + Hafnium (Y + Hf) 0,3 - 1,5%
Silicium (Si) 1,5 - 10,0%

Métal du second groupe principal Magnesio (Mg), Calcio (Ca), Baryum (Ba), Strontium (Sr) 0,1 - 2,0%

Oxyde du métal correspondant (Mg, Ca, Ba, Sr) du second groupe principal 0,1 - 2,0%

Tantale (Ta) 0,5 - 4,0%
et/ou Rhénium (Re) 2,0 - 11,0%

Me Pourcentage restant
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