
W02010/094376PCT/EP2010/000268 1 A METHOD AND AN ARRANGEMENT FOR
VAPOUR PHASE COATING OF AN INTERNAL SURFACE OF AT LEAST ONE HOLLOW
ARTICLE  The present invention relates to a method and an 5
arrangement for vapour phase coating an internal surface of hollow
articles and in particular to vapour phase aluminising or vapour
phase chromising of internal surfaces of hollow gas turbine engine
components, e.g. hollow turbine blades or hollow turbine vanes.
Vapour phase aluminising and vapour phase chromising are well known
processes for the deposition of aluminium coatings and chromium
coatings respectively onto external and/or internal surfaces of
articles, e.g. hollow gas turbine engine components. isThe apparatus
for vapour phase coating of internal surfaces of hollow articles
comprises a manifold and one or more supply tubes extend from the
manifold to supply vapour into a hollow article. A refractory putty
is provided between the manifold and the article to hold them
together 20 and to form a seal. In addition it is known to provide a
wire, or a spring clip, to hold the manifold and the article
together. The manifold has a feed tube and the feed tube extends from
the manifold into a spud site on a part plate, the spud site
comprises a hollow tube and the 25 feed tube locates in the hollow
tube. The end of the feed tube remote from the manifold is tapered to
allow insertion into the spud site. A refractory slurry is applied by
brush around the interface between the feed tube and the spud site to
form a seal. The part plate defines a portion 30 of a chamber to
supply vapour to the manifold.       A problem with this arrangement
is that the refractory putty between the manifold and the hollow
article does not hold the hollow article onto the manifold in a
reliable manner because the refractory putty does not have 35
sufficient adhesion and the manifold and the hollow article
frequently separate.In addition the refractory putty is  WO
2010/094376PCT/EP2010/000268 2 susceptible to shrinking and cracking
which allows leakage of the supply vapour and inconsistent coating of
the internal surfaces of the hollow article. Furthermore, the use of
wire or spring clips may damage the external surface 5 of the hollow
article. The refractory slurry used to form the seal between the spud
site and the feed tube is very brittle and any movement of the
assembly results in cracking of the seal and leakage of the supply
vapour and inconsistent coating of the internal surfaces of the
hollow 



10 article. The tapered end of the feed tube is prone to
embrittlement due to the supply vapour and the tapered end of the
feed tube often remains jammed in the spud site or is snapped off the
feed tube. Accordingly the present invention seeks to provide a 15
novel arrangement for vapour phase coating of at least one hollow
article which reduces, preferably overcomes, the above mentioned
problem. Accordingly the presentinvention providesan arrangement for
vapour phase coating an internal surface of 20 at least one hollow
article comprising a part plate, at least one spud site and at least
one manifold, the part plate defining a portion of a chamber for
supplying a vapour coating, each spud site having a tube, a first
mouldable sealant being arranged around the tube, each 25 manifold
having at least one supply tube extending from the manifold to supply
vapour into a respective hollow article, each manifold having a feed
tube extending from the manifold to supply vapour into the manifold,
the tube of each spud site being inserted into the feed tube of a 30
respective manifold, an end of the feed tube remote from the manifold
locating in the first mouldable sealant around the tube of the
respective spud site and a second mouldable sealant being arranged
around the at least one supply tube of the respective manifold and
between the respective 35 manifold and hollow article.  WO
2010/094376PCT/EP2010/000268 3       Preferably a respective member
extends from and is arranged around the tube of each spud site to
form a recess around each tube, each recess containing the first
mouldable sealant and the end of the feed tube remote from 5 the
manifold locating in the first mouldable sealant around the tube of
the respective spud site.       Preferably the first mouldable
sealant and or the second mouldable sealant is a mouldable putty.
Preferably the mouldable putty is a masking putty and M comprises
base metal powder which acts as a getter of vapour coating, for
example a getter for aluminium vapour coating or chromium vapour
coating.       Preferably the base metal power comprises nickel
powder and/or cobalt powder. isPreferably the member extending from
the tube of the 



spud site is L-shape in cross-section.       Preferably the tube of
the spud site is circular in cross-section. Preferably the member
extending from the tube of the spud site is arranged coaxially with
the tube 20 and the recess is annular. Preferably the feed tube of
the manifold is circular in cross-section. The present invention also
provides a method of vapour phase coating an internal surface of at
least one hollow 25 article comprising providing a part plate, at
least one spud site and at least one manifold, the part plate
defining a portion of a chamber, each spud site having a tube, a
first mouldable sealant being arranged around the tube, each manifold
having at least one supply tube 30 extending from the manifold, each
supply tube extending into a respective hollow article, each manifold
having a feed tube extending from the manifold, the tube of each spud
site being inserted into the feed tube of a respective manifold, an
end of the feed tube remote from the manifold 35 locating in the
first mouldable sealant around the tube of the respective spud site
and a second mouldable sealant 



WO 2010/094376PCT/EP2010/000268 4 being arranged around the at least
one supply tube of the respective manifold and between the respective
manifold and hollow article, the method comprising supplying a vapour
coating into the chamber and supplying vapour coating from 5 the
chamber through the tube of the each spud site and through the feed
tube into the respective manifold, supplying vapour coating from each
manifold through the supply tube into the respective hollow article
to coat the internal surfaces of each hollow article. ioPreferably a
respective member extends from and is arranged around the tube of
each spud site to form a recess around each tube, each recess
containing the first mouldable sealant and the end of the feed tube
remote from the manifold locating in the first mouldable sealant
around 15 the tube of the respective spud site. Preferably the first
mouldable sealant and or the second mouldable sealant is a mouldable
putty. Preferably the mouldable putty is a masking putty and
comprises base metal powder which acts as a getter of 20 vapour
coating, for example a getter for aluminium vapour coating or
chromium vapour coating. 



Preferably the base metal power comprises nickel powder and/or cobalt
powder. Preferably the member extending from the tube of the 25 spud
site is L-shape in cross-section. Preferably the tube of the spud
site is circular in cross-section. Preferably the member extending
from the tube of the spud site is arranged coaxially with the tube
and the 30 recess is annular. Preferably the feed tube of the
manifold is circular in cross-section. Preferably the hollow article
is a turbine blade or a   turbine vane. The turbine blade or turbine
vane may be a 35 component of a gas turbine engine. The hollow
article may be any other component of a gas turbine engine.  WO
2010/094376PCT/EP2010/000268 5 Preferably thevapour phasecoating
comprises chromising or aluminising.        The present invention
will be more fully described by way of example with reference to the
accompanying drawings 5 in which:- 



Figure 1 shows an arrangement for vapour phase coating an internal
surface of a hollow article according to the present invention.
Figure 2 is a cross-sectional view to an increased 10 scale of part
of the arrangement for vapour phase coating an internal surface of a
hollow article shown in figure 1.       Figure 3 is an exploded view
of the part of the arrangement for vapour phase coating an in
internal surface of a hollow article shown in figure 2.       An
arrangement 10 for vapour phase coating an internal surface of at
least one hollow article 50, preferably a plurality of hollow
articles 50, is shown in figures 1 to 3. The arrangement 10 for
vapour phase coating an internal surface of at least one hollow
article 50 comprises, as 20 shown in figure 1, a retort 12 and a part
plate 14 is arranged within the retort 12. The part plate 14 defines
a portion of a chamber 16 and in this arrangement the chamber 16 is
defined between a portion of the retort 12 and the part plate 14 and
thus the retort 12 defines a portion of 25 the chamber 16. A pipe 15
is arranged to supply a vapour phase coating C into the chamber 16.
The part plate 14 has at least one spud site 18 and at least one
manifold 20 is associated with the at least one spud site 18. The at
least one spud site 18 is arranged to supply vapour coating 30 C from
the chamber 16 to the associated manifold 20 and the manifold 20 is
arranged to supply the vapour phase coating C to the internal surface
of the hollow article 50. It is desirable to coat the internal
surfaces of a plurality of hollow articles 50 at any one time and so
the part plate 14 35 is generally provided with a plurality of spud
sites 18 and  WO 2010/094376PCT/EP2010/000268 6 each spud site 18 has
a respective manifold 20 to supply vapour phase coating C to a
respective hollow article 50.       The vapour phase coating
arrangement 10 is shown more clearly in figures 2 and 3 and each spud
site 18 comprises 5 a tube 22 which locates in an aperture 24 in the
part plate 14 and a first mouldable sealant 26 is arranged around the
tube 22. Each manifold 20 has at least one supply tube 28 extending
from the manifold 20 to supply vapour phase coating C into a
respective hollow article 50. Each 10 manifold 20 has a feed tube 30
extending from the manifold 20 to supply vapour phase coating C into
the manifold C. The tube 22 of each spud site 18 is inserted into the
feed tube 30 of the respective manifold 20 or the feed tube 30 of
each manifold 20 is slid over the tube 22 of the is respective spud
site 18. An end 32 of the feed tube 30 remote from the manifold 20
locates in the first mouldable sealant 26 around the tube 22 of the
respective spud site 18. A second mouldable sealant 34 is arranged
around the supply tube, or supply tubes, 28 of the respective
manifold 20 20 and between the respective manifold 20 and hollow 



article 50.       A member 36 extends from and is arranged around the
tube 22 of each spud site 18 to form a recess 38 around the tube 22.
Each recess 38 contains the first mouldable 25 sealant 26 and the end
32 of the feed tube 30 remote from the manifold 20 locates in the
first mouldable sealant 26 around the tube 22 of the respective spud
site 18. The member 36 extending from the tube 22 of the spud site 18
is 1,-shape in cross-section, but other suitable shapes may be 30
used, or the member 36 may simply extend linearly from the tube 22
and the mouldable sealant 26 is arranged on the member 36 and around
the tube 22. In some instances it may be possible to dispense with
the member 36 and simply provide the mouldable sealant 26 on the part
plate 14 and 35 around the tube 22.  W02010/094376PCT/EP2010/000268 7
The first mouldable sealant 26 and the second mouldable sealant 34 is
a mouldable putty and the mouldable putty is a masking putty and
comprises base metal powder which acts as a getter of vapour phase
coating C, for 5 example a getter for aluminium vapour coating or
chromium vapour coating. The base metal power comprises for example
nickel powder and/or cobalt powder.       The tube 22 of the spud
site 18 is preferably circular in cross-section and preferably the
member 36 extending 10 from the tube 22 of the spud site 18 is
arranged coaxially with the tube 22 and the recess 38 is annular. The
L-section member 36 has a radially extending portion 36A and an
axially extending portion 36B. The feed tube 30 of the manifold 20 is
circular in cross-section in order to locate 15 over the tube 22 of
the respective spud site 18. The tubes 28 are any suitable shape to
locate in the hollow article 50       In operation vapour phase
coating C, for example chromium vapour or aluminium vapour, is
supplied into the 20 chamber 16 via pipe 15 and the vapour phase
coating C flows from the chamber 16 through the tubes 22 of each spud
site 18 and the feed tubes 30 of the respective manifolds 20 into the
respective manifolds 20. The vapour phase coating C then flows from
each manifold 20 via the supply tubes 28 25 into the respective
hollow articles 50 to coat the internal surfaces 60 of the hollow
articles 50.      A shown in figures 1 and 2 the hollow articles 50
are gas turbine engine turbine blades. The turbine blades comprise a
root portion 52, a shank portion 54, a platform 30 portion 56 and an
aerofoil portion 58. The vapour phase coating C coats the internal
surfaces 60 within the root portion 52, a shank portion 54, a
platform portion 56 and an aerofoil portion 58 of each turbine blade
SO. The arrangement 10 may be arranged to coat the internal 



35 surfaces of hollow gas turbine engine turbine vanes or other gas
turbine engine components.  WO 2010/094376PCT/EP2010/000268 8      It
may be possible to supply a vapour phase coating C' through a pipe 17
into a further chamber 19 within the retort 12 to coat the external
surfaces of the hollow articles, turbine blades, 50. The vapour phase
coating C' 5 may be the same or a different vapour phase coating to
the vapour phase coating C. It may be possible to provide different
vapour phase coatings on different regions of the external surfaces
of the hollow articles, turbine blades, 50. The vapour phase coating
may be aluminising or 10 chromising or platinum aluminising. The
advantage of the present invention is that the arrangement of the
mouldable sealant provides a stronger gas tight seal between the
hollow article and the manifold than the prior arrangement and
requires no further 15 mechanical arrangement of securing the hollow
article onto the manifold. The mouldable sealant also provides a good
gas tight seal between the manifold and the spud site or the part
plate. The mouldable sealant reduces, minimises, vapour phase coating
leakage and therefore the vapour phase 20 coating of the internal
surfaces of complex internal passages, multi-pass internal passages,
within gas turbine engine turbine blades and/or turbine vanes is
possible 



without excessive vapour feed pressures which are normally required
to take account of the large losses due to 25 leakage. The present
invention dispenses with wire locking and thus minimises damage to
the hollow articles.The present invention provides an increased
yield.The manifolds are no longer jammed onto the part plates and are
less prone to embrittlement due to being a larger section 30 tube
fitting over the spud site. The present invention may also be used to
supply an inert gas, or a non-reactive gas, at higher pressure into
the hollow articles to prevent a coating vapour supplied into the
retort to coat the external surfaces of the hollow article from
coating the 35 internal surfaces of the hollow article if so desired.
WO 2010/094376PCT/EP2010/000268 9 Claims:- 1.An arrangement for
vapour phase coating an internal surface of at least one hollow
article comprising a part 5 plate, at least one spud site and at
least one manifold, the part plate defining a portion of a chamber
for supplying a vapour coating, each spud site having a tube, a first
mouldable sealant being arranged around the tube, each manifold
having at least one supply tube extending 10 from the manifold to
supply vapour into a respective hollow article, each manifold having
a feed tube extending from the manifold to supply vapour into the
manifold, the tube of each spud site being inserted into the feed
tube of a respective manifold, an end of the feed tube remote from
the manifold locating in the first mouldable sealant around the tube
of the respective spud site and a second mouldable sealant being
arranged around the at least one supply tube of the respective
manifold and between the respective manifold and hollow article. 20
2.An arrangement as claimed in claim I wherein a respective member
extending from and being arranged around the tube of each spud site
to form a recess around each tube, each recess containing the first
mouldable sealant and the end of the feed tube remote from the
manifold 25 locating in the first mouldable sealant around the tube
of the respective spud site. 



3.An arrangement as claimed in claim 2 wherein the member extending
from the tube of the spud site is L-shape in cross-section. 30 4.An
arrangement as claimed in any of claims 1 to 3 wherein the tube of
the spud site is circular in cross- section. 5.An arrangement as
claimed in claim 4 wherein the     member extending from the tube of
the spud site is arranged 35 coaxially with the tube and the recess
is annular.  WO2010/094376PCT1EP2010/000268 10  6. An arrangement as
claimed in claim 4 or claim 5 wherein the feed tube of the manifold
is circular in cross-section.   7. An arrangement as claimed in any
of claims 1 to 6 5 wherein the first mouldable sealant and or the
second mouldable sealant is a mouldable putty.  8. An arrangement as
claimed in claim 7 wherein the mouldable putty is a masking putty and
comprises base metal powder which acts as a getter of vapour coating.
W 9.An arrangement as claimed in claim 8 wherein the base metal power
comprises nickel powder and/or cobalt powder. 10. An method of vapour
phase coating an internal surface of at least one hollow article
comprising providing a part plate, at least one spud site and at
least one manifold, 15 the part plate defining a portion of a
chamber, each spud site having a tube, a first mouldable sealant
being arranged around the tube, each manifold having at least one
supply tube extending from the manifold, each supply tube extending
into a respective hollow article, each manifold 20 having a feed tube
extending from the manifold, the tube of each spud site being
inserted into the feed tube of a respective manifold, an end of the
feed tube remote from the manifold locating in the first mouldable
sealant around the tube of the respective spud site and a second
mouldable 25 sealant being arranged around the at least one supply
tube of the respective manifold and between the respective manifold
and hollow article, the method comprising supplying a vapour coating
into the chamber and supplying vapour coating from the chamber
through the tube of the 



30 each spud site and through the feed tube into the respective
manifold, supplying vapour coating from each manifold through the
supply tube into the respective hollow article to coat the internal
surfaces of each hollow article. 35 11. A method as claimed in claim
10 wherein a respective member extending from and being arranged
around the tube of  WO 2010/094376PCT/EP2010/000268 11 each spud site
to form a recess around each tube, each recess containing the first
mouldable sealant and the end of the feed tube remote from the
manifold locating in the first mouldable sealant around the tube of
the respective 5 spud site.  12. A method as claimed in claim 10 or
claim 11 wherein the first mouldable sealant and or the second
mouldable sealant is a mouldable putty.  13. A method as claimed in
claim 12 wherein the mouldable W putty is a masking putty and
comprises base metal powder which acts as a getter of vapour coating,
for example a getter for aluminium vapour coating.  14. A method as
claimed in claim 13 wherein the base metal power comprises nickel
powder and/or cobalt powder. 15 15. A method as claimed in any of
claims 10 to 14 wherein the hollow article is a turbine blade or a
turbine vane. 16. A method as claimed in any of claims 10 to 15
wherein the vapour phasecoating compriseschromising or aluminising.
20 


