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Description

[0001] This invention relates to coatings for turbine
blades and particularly to the simultaneous treatment of
the internal and external surfaces of turbine blades.
[0002] Today the modem industrial gas turbine oper-
ates under conditions that are very aggressive for the
nickel and cobalt alloys that are typically used in an en-
gine’s hot section. Therefore these alloys are attacked
rapidly by the atmosphere in this region of the turbine
causing them to degrade and necessitate their premature
replacement. The metals that are added to nickel or co-
balt alloys to improve the alloys’ resistance to corrosive
and oxidative environments cannot be added in sufficient
concentrations without having a detrimental effect on the
alloys’ mechanical properties. It is for this reason that
protective coatings have been developed thus producing
the properties that are required at the surface of the com-
ponent without having a detrimental effect on the me-
chanical properties of the base material.
[0003] Nowadays the surface engineering solutions
used on industrial gas turbines are very diverse and sev-
eral coating systems may be utilised on an individual tur-
bine blade.
[0004] The chemically aggressive environment within
land-based power generation gas turbines may lead to
corrosion involving alkali and transition metal sulphates
at temperatures from 600 to 800°C (Type II corrosion),
corrosion involving molten sulphates from 750 to 950°C
(Type I corrosion), and gaseous oxidation at higher tem-
peratures. Protection of the base material under such
conditions is difficult and requires the use of corrosion
resistant coatings. Separate coating compositions need
to be used for the differing corrosion environments, typ-
ically a chromia former (e.g. a chromide diffusion coating)
to protect against Type II attack and an alumina former
(e.g. an aluminide diffusion coating) for Type I and high
temperature attack.
[0005] It is standard in the art to employ aluminide coat-
ings to protect turbine blades from high-temperature ox-
idation and corrosion. It is also currently accepted that
enrichment of the surface layer with aluminium provides
satisfactory protection against Type I sulphidation. This
is the result of the formation of an alumina scale that
provides an effective barrier to the penetration of corro-
sive elements, such as sulphur and oxygen. Chromium
cannot be used at the elevated temperatures that are
experienced when Type I sulphidation is seen since the
oxide scale formed by chromium has a significant vapour
pressure at these temperatures. This means that the
scale effectively evaporates from the surface and the pro-
tection is lost. This is the typical situation observed on
the external surface of a gas turbine blade.
[0006] At elevated temperatures the turbine blades
must be cooled. Cooling may be achieved by forcing com-
pressed air, which may contain sulphur besides oxygen,
through cooling channels in the turbine blade. Accord-
ingly, the temperatures experienced on the metal surfac-

es in this internal region are lower than the temperatures
experienced on the external surfaces. Aluminium scales
do not form readily at these temperatures where Type II
sulphidation occurs and hence aluminium does not pro-
vide effective protection against this type of attack. How-
ever, chromium oxide scales form readily at this temper-
ature and are also physically stable and hence do provide
effective protection against this type of attack.
[0007] Therefore the preferred coating system on a tur-
bine blades where Type II sulphidation occurs on the
internal surfaces and Type I sulphidation occurs on the
external surfaces is aluminium coatings on the external
surface and chromium coatings on the internal surfaces.
[0008] As well as the turbine blades, the vanes are
also made from similar materials to the blades and may
also have cooling channels. They are, therefore, subject
to similar attacks as the blades.
[0009] It is common in the industry that chemical va-
pour deposition (also termed "diffusion coatings") is used
to apply these protective coatings to industrial gas tur-
bines. In general these coatings are formed when the
surface that requires protection is brought into contact
with an atmosphere that is rich in the metal to be depos-
ited on the surface. The metal species is usually in the
form of a volatile halide. This deposition occurs generally
at elevated temperatures (i.e. in excess of 800°C) and in
the presence of a reducing atmosphere, such as hydro-
gen.
[0010] Diffusion coatings of chromium and aluminium
are applied in two separate toasting runs. However there
are several disadvantages to this approach as a viable
industrial process. For example, two consecutive proc-
esses increases the cost for protecting the turbine blade,
it adds significantly to the time that it takes to carry out
the process, and the second process to be carried out
affects the results of the first coating process.
[0011] US 4,617,202 and US 4,208,453 disclose a
process wherein the internal and external surfaces of a
5" length of steam generator high pressure tubing are
simultaneously chromised and aluminised respectively.
[0012] Accordingly, the present invention provides a
process for coating an external and internal surface of a
turbine blade at vane with aluminium and chromium, re-
spectively, at substantially the same time comprising the
following steps (i) and (ii) in either order.

(i) applying to the external surface an aluminising
compound comprising aluminium, a moderator, an
energiser and a diluent by immersing the blade or
vane in the aluminising compound, wherein the alu-
minising compound comprises 3-20 wt% aluminium,
10-50 wt% moderator, 0.1-2 wt% energiser and at
least 20 wt% diluent, and the weight ratio of alumin-
ium to moderator is from 1:2 to 1:5;
(ii) applying to the internal surface a chromising com-
pound comprising chromium, an energiser and a
diluent, wherein the chromising compound compris-
es 15-65 wt% chromium, 0.1-5 wt% energiser and
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at least 20 wt% diluent;
followed by:
(iii) heating the turbine blade or vane to form an alu-
minium layer on the external surface and a chromium
layer on the internal surface.

[0013] There is a distinct commercial and technical ad-
vantage in applying the chromium and aluminium pro-
tective coatings at the same time.
[0014] The present invention will now be described
with reference to the accompanying drawing, in which
the Fig. shows a schematic representation of a turbines
blade with internal cooling channels suitable for use with
the process of the present invention.
[0015] With reference to the Fig., area A (external sur-
faces) is to be coated with an aluminium diffusion coating
and area B (internal surfaces) is to be coated with chro-
mium diffusion coating. The applicant has found that by
modifying both the aluminising compound and chromis-
ing compound both coatings may be applied substantially
simultaneously.
[0016] The external aluminium diffusion coating is ap-
plied by immersing the complete blade or vane in an alu-
minising compound (or "pack"). The aluminising com-
pound comprises aluminium metal powder, a moderator,
a ceramic diluent and an energiser.
[0017] For aluminisation, an aluminium halide is gen-
erated in situ. Accordingly, the aluminising compound
contains aluminium in an amount to produce sufficient
aluminium halide to coat the external surface of the blade
or vane. The aluminium content is 3-20 wt% based on
the total wight of the aluminising compound.
[0018] A moderator, usually a metal powder such as
chromium, nickel or iron, is required to absorb the alu-
minium halide vapour produced in situ to provide a re-
duced vapour pressure of aluminium halide vapour at the
surface of the blade or vane which encourages diffusion
into the surface alloy rather than deposition of a layer of
aluminium on the surface of the alloy. The amount of
moderator must be sufficient to provide diffusion rather
than deposition. However, since diffusion is temperature
controlled, as the temperature increases, diffusion is fa-
voured and hence less moderator is required. In addition,
the aluminising compound of the present invention em-
ploys a greater than usual content of moderator so that
aluminising may take place under the same conditions
as chromising. The moderator is present at 10-50 wt%,
based on the total weight of the aluminising pack. The
ratio of aluminium to moderator is .1:2 to 1:5, preferably
1:2.5 to 1:3.5, more preferably 1:2.5.
[0019] The energizer used for the aluminising process
generally contains a halide element such as bromide,
chloride or fluoride. The preferred halides are alkali met-
als, e.g. sodium, and ammonium, ammonium chloride
being particularly preferred. The energiser is present at
0.1-2 wt%, preferably 0.5 wt%, based on the total weight
of the aluminising pack.
[0020] The diluent is generally a refractory oxide pow-

der that makes up the balance of the ingredients in the
aluminising pack. The diluent is preferably Al2O3 (alumi-
na), TiO2 (titania), MgO or Cr2O3. The most preferred
refractory diluent is calcined alumina. The diluent content
must be sufficient to keep the aluminising pack free flow-
ing which is at least 20 wt%, preferably at least 25 wt%,
based on the total weight of the aluminising pack.
[0021] The aluminising compound is present in a suf-
ficient amount to generate a sufficiently thick coating of
aluminium. A sufficiently thick coating is 60 to 100 Pm.
The aluminium concentration at the surface blade or vane
is generally 25 to 45 wt%, the remainder being the base
alloy.
[0022] The aluminising compound comprises 3-20
wt% aluminium, 10-50 wt% moderator, 0.1-2 wt% ener-
giser and at least 20 wt% diluent, wherein the weight ratio
of aluminium to moderator is from 1:2 to 1:5.
[0023] The external surface of the turbine blade or
vane may be pre-treated, e.g. sprayed with an additional
coating, before aluminisation if required.
[0024] The internal surface is chromised at substan-
tially the same time as the external surface by also charg-
ing the internal cooling channels with a chromising com-
pound. By substantially the same time, it is meant that
the aluminising compound and the chromising com-
pound are both initially applied to the turbine blade or
vane and then both coatings are then formed during the
subsequent diffusion heat treatment.
[0025] The chromising compound comprises chromi-
um metal powder, a ceramic diluent and an energiser.
[0026] For chromisation, a chromium halide is also
generated in situ. Accordingly, the chromising compound
contains chromium in an amount to produce sufficient
chromium halide to coat the internal surface of the blade
or vane, i.e. the cooling holes. The chromium content is
15-65 wt% based on the total weight of the chromising
compound.
[0027] The energizer used for the chromising process
generally contains a halide element such as iodize, bro-
mide, chloride or fluoride. The preferred halides are alkali
metals, e.g. sodium, and ammonium, ammonium chlo-
ride being particularly preferred. The energiser is present
at 0.1-5 wt%, preferably 1 wt%, based on the total weight
of the chromising compound.
[0028] The diluent is generally a refractory oxide pow-
der that makes up the balance of the ingredients in the
chromising compound. The diluent is preferably Al2O3
(alumina), TiO2 (titania), MgO or Cr2O3. The most pre-
ferred refractory diluent is calcined alumina. The diluent
content must be sufficient to keep the chromising pack
free flowing which is at least 20 wt%, preferably at least
25 wt%, based on the total weight of the chromising pack.
[0029] The particles of the chromising compound must
have a sufficiently small particle size to allow a sufficient
amount of the chromising compound to access the inter-
nal surfaces, i.e. to get into the cooling holes, and therein
to generate a sufficiently thick coating of chromium. A
sufficiently thick coating is 10 to 60, preferably 10 to 50,
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most preferably 10 to 20 Pm. The chromium concentra-
tion at the surface of the cooling hole is generally 30 to
60 wt%, the remainder being the base alloy. The particle
size of the chromising compound is preferably 200 Pm
mesh size or less, preferably 100 Pm mesh size or less,
most preferably 75 Pm mesh size or less. Any minimum
value (excluding zero) may be used although as the par-
ticle size gets lower the pack becomes more expensive
and the benefits of the reduced particle size decreases.
[0030] The chromising compound comprises 15-65
wt% chromium, 0.1-5 wt% energiser and at least 20 wt%
diluent, wherein the particle size of the chromising com-
pound is such that the chromising compound is capable
of passing through a 200 Pm mesh or less.
[0031] During the substantially simultaneous aluminis-
ing and chromising processes the aluminising and
chromising compounds should be protected from attack
by atmospheric oxygen. Protection may involve an inert
atmosphere, which may be produced by ammonium salts
present in the compounds which decompose at elevated
temperatures to liberate hydrogen. Alternatively, or in ad-
dition, protection may be provided by a reducing atmos-
phere, such as hydrogen or a hydrogen-containing gas
mixture, e.g. 5% hydrogen in argon.
[0032] The retort containing the various coating com-
pounds and the turbine blade or vane is placed in a fur-
nace that is provided with an inert or reducing atmos-
phere, typically 5% hydrogen in argon or pure hydrogen.
The turbine blade or vane in the furnace is then heated
to a temperature from 850 to 1150°C, preferably 900 to
1100°C, more preferably 1000 to 1050°C, for 1 to 24
hours, preferably 2 to 10 hours, under the above protec-
tive atmosphere. After this treatment cycle the compo-
nent is allowed to cool to ambient temperature under the
protective atmosphere. The blade or vane is then re-
moved from the aluminising compound and gentle tap-
ping or vibration removes the chromising compound. Af-
ter the removal of the excess coating compounds from
the surface of the blade it is desirable to heat treat the
blade so that the required mechanical properties can be
achieved in the base material.

Example

[0033] The cooling holes of a turbine blade are charged
with a chromising compound containing 30 wt% chromi-
um metal powder, 69 wt% calcined alumina and 1 wt%
ammonium chloride. The blade is then immersed in an
aluminising compound containing 18 wt% aluminium
metal powder, 45 wt% chromium metal powder and 0.5
wt% ammonium chloride, the balance being calcined alu-
mina. The retort containing the various coating com-
pounds and the turbine blade is placed in a furnace under
a reducing atmosphere of 5% hydrogen in argon. The
turbine blade in the furnace is then heated at a temper-
ature of 1040°C for 6 hours under the above protective
atmosphere. After this treatment cycle the turbine blade
is allowed to cool to ambient temperature under the pro-

tective atmosphere. The blade is then removed from the
aluminising compound and the chromising compound re-
moved by gentle tapping. After the removal of the excess
coating compounds from the surface of the blade, the
blade is heat treated so that the required mechanical
properties can be achieved in the base material.
[0034] The resulting blade has its internal surfaces
coated with chromium to a sufficient thickness to resist
type II corrosion and its external surfaces coated with
aluminium to a sufficient thickness to resist type I corro-
sion

Claims

1. A process for coating an external and an internal
surface of a turbine blade or vane with aluminium
and chromium, respectively, at substantially the
same time comprising the following steps (i) and (ii)
in either order:

(i) applying to the external surface an aluminis-
ing compound comprising aluminium, a moder-
ator, an energiser and a diluent by immersing
the blade or vane in the aluminising compound,
wherein the aluminising compound comprises
3-20 wt% aluminium, 10-50 wt% moderator,
0.1-2 wt% energiser and at least 20 wt% diluent,
and the weight ratio of aluminium to moderator
is from 1:2 to 1:5;
(ii) applying to the internal surface a chromising
compound comprising chromium an energiser
and a diluent, wherein the chromising com-
pound comprises 15-65 wt% chromium, 0.1-5
wt% energiser and at least 20 wt% diluent;
followed by:
(iii) heating the turbine blade or vane to form an
aluminium layer on the external surface and a
chromium layer on the internal surface.

2. A process as claimed in claim 1, wherein the particles
of the chromising compound have a sufficiently small
particle size to allow a sufficient amount of the
chromising compound to access the internal surface.

3. A process as claimed in claim 2, wherein the particle
size is such that the chromising compound is capable
of passing through a 200 Pm mesh or less.

4. A process as claimed in any preceding claim, where-
in the heating is carried out at 850 to 1150°C.

5. A process as claimed in any preceding claim, where-
in the heating is carded out for 1 to 24 hours.

6. A process as claimed in any preceding claim, where-
in the external surface of the turbine blade or vane
is pre-treated with an additional coating.
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7. A process as claimed in claim 6, wherein the addi-
tional coating is applied by spraying

Patentansprüche

1. Verfahren zum Beschichten einer Außen- und einer
Innenfläche einer Turbinenlaufschaufel oder -leit-
schaufel mit Aluminium bzw. Chrom, im Wesentli-
chen zur gleichen zeit, das die folgenden Schritte (i)
und (ii) in jedweder Reihenfolge umfasst:

(i) Auftragen einer Aluminierungsverbiridung,
die Aluminium, einen Moderator, ein Aktivie-
rungsmittel und ein Verdünnungsmittel umfasst,
auf die Außenfläche durch Eintauchen der Lauf-
schaufel oder Leitschaufel in die Aluminierungs-
verbindung, worin die Aluminierungsverbindung
3-20 Gew.-N Aluminium, 10-50 Gew.-% Mode-
rator, 0,1-2 Gew.-% Aktivierungsmittel und min-
destens 20 Gew.-% Verdünnungsmittel umfasst
und das Gewichtsverhältnis von Aluminium zu
Moderator von 1 : 2 bis 1 : 5 beträgt;
(ii) Auftragen einer Chromierungsverbindung,
die Chrom, ein Aktivierungsmittel und ein Ver-
dünnungsmittel umfasst, auf die Innenfläche,
worin die Chromierungsverbindung 15-65
Gew.-% Chrom, 0,1-5 Gew.-% Aktivierungsmit-
tel und mindestens 20 Gew.-% verdünnungs-
mittel umfasst;
gefolgt von:
(iii) Erhitzen der Turbinenlaufschaufel oder -leit-
schaufel zur Bildung einer Aluminiumschicht auf
der Außenfläche und einer Chromschicht auf
der Innenfläche.

2. Verfahren nach Anspruch 1, worin die Partikel der
Chromierungsverbindung eine ausreichend kleine
Partikelgröße haben, um zu ermöglichen, dass eine
ausreichende Menge der Chromierungsverbindung
die Innenfläche erreicht.

3. Verfahren nach Anspruch 2, worin die Partikelgröße
so ist, dass die Chromierungsverbindung geeignet
ist, 200 Pm Mesh oder weniger zu durchdringen.

4. Verfahren nach einem der vorstehenden Ansprüche,
worin das Erhitzen bei 850 bis 1150 °C durchgeführt
wird.

5. Verfahren nach einem der vorstehenden Ansprüche,
worin das Erhitzen für 1 bis 24 Stunden durchgeführt
wird.

6. Verfahren nach einem der vorstehenden Anspruchs,
worin die Außenfläche der Turbinenlaufschaufel
oder -leitschaufel mit einer zusätzlichen Beschich-
tung vorbehandelt wird.

7. Verfahren nach Anspruch 6, worin die zusätzliche
Beschichtung durch Sprühen aufgetragen wird.

Revendications

1. Processus pour enduire une surface externe et une
surface interne d’une aube ou pale de turbine d’alu-
minium et de chrome, respectivement, essentielle-
ment en même temps comprenant les étapes (i) et
(ii) suivantes dans un ordre ou l’autre consistant à :

(i) appliquer sur la surface externe un composé
d’aluminiage comprenant de l’aluminium, un
modérateur, un activateur et un diluant en im-
mergeant l’aube ou la pale dans le composé
d’aluminiage, dans lequel le compose d’alumi-
niage comprend de 3 à 20 % en poids d’alumi-
nium, de 10 à 50 % en poids de modérateur, de
0,1 à 2 % en poids d’activateur et au moins 20
% en poids de diluant, et le rapport pondéral de
l’aluminium sur le modérateur est de 1 : 2 à 1 : 5 ;
(ii) appliquer sur la surface interne un composé
de chromage comprenant du chrome, un acti-
vateur et un diluant, dans lequel le composé de
chromage comprend de 15 à 65 % en poids de
chrome, de 0,1 à 5 % en poids d’activateur et
au moins 20 % en poids de diluant ;
suivies par l’étape consistant à :
(iii) chauffer l’aube ou la pale de turbine pour
former une couche d’aluminium sur la surface
externe et une couche de chrome sur la surface
interne.

2. Processus tel que revendiqué à la revendication 1,
dans lequel les particules du composé de chromage
ont une taille de particules suffisamment petite pour
permettre à une quantité suffisante du composé de
chromage d’accéder la surface interne.

3. Processus tel que revendiqué à la revendication 2,
dans lequel la taille de particule est telle que le com-
posé de chromage est capable de passer au travers
d’une maille de 200 Pm ou moins,

4. Processus tel que revendiqué dans l’une quelcon-
que des revendications précédentes, dans lequel le
chauffage est effectué à de 850 à 1150° C.

5. Processus tel que revendiqué dans l’une quelcon-
que des revendications précédentes, dans lequel le
chauffage est effectué pendant de 1 à 24 heures.

6. Processus tel que revendiqué dans l’une quelcon-
que des revendications précédentes, dans lequel la
surface externe de l’aube ou de la pale de turbine
est pré-traitée avec un enduit supplémentaire.
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7. Processus tel que revendiqué à la revendication 6,
dans lequel l’enduit supplémentaire est appliqué par
pulvérisation.
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