
SELECTIVE ALUMINIDE COATING PROCESS  BACKGROUND OF THE INVENTION (1) Field
of the Invention [0001] The present invention relates to a method and system
for  coating internal passages within a turbine engine component. (2) Prior
Art [0002] High pressure turbine blades, vanes, and seals operating  in
today's gas turbine engines are life limited by both thermal  fatigue
cracking on the airfoil and coating defeat due to  oxidation from high
operating temperatures. The need for good  oxidation resistance on the
airfoil necessitates the application  of a suitable oxidation resistance
coating such as a MCrAlY  metallic overlay coating with increased oxidation
resistance  and/or a thermal barrier coating system for temperature
reduction. Internal oxidation and corrosion have been  experienced in
turbine engine components such as high pressure  turbine blades or vanes.
Thus, there is a need to coat the  internal surfaces of these turbine engine
components for  protection from the operating environment. Vapor phase
aluminizing processes in use today do not allow the coating of  internal
surfaces without applying a standard thickness coating  on the external
surface of the turbine engine component at the  same time. The presence of
an external aluminide with either a  MCrAlY overlay or a thermal barrier
coating on top is not  desirable and may reduce the thermal fatigue
resistance of the  turbine engine component. 



[0003] Current coating processes for applying a vapor aluminide  coating to
the internal surfaces of the turbine engine component  requires a flow of an
aluminum halide gas directed through the  internal passages of a hollow
airfoil. Complete coating coverage  1 of all internal surfaces is a function
of how well the gas flows  through and contacts all surfaces on the interior
of the turbine  engine component. Complete internal coverage often requires
all  openings to the exterior of the turbine engine component, i.e.
trailing edge slots, casting chaplet holes, airfoil cooling  holes, tip
cooling holes, etc., to remain open during the  coating process. Most
internally coated turbine engine  components require coating coverage in
these cooling features as  well. Currently, there is no effective way to
mask the external  surfaces of a blade to prevent aluminide deposition on
the  external surfaces while insuring full coating coverage on all  internal
surfaces because of the necessity to have the openings  in the turbine
engine component remain open for gas flow. SUMMARY OF THE INVENTION [0004]
Accordingly, it is desirable to provide a method and a  system for coating
internal surfaces of a turbine engine  component without forming an exterior
aluminide coating that  affects thermal fatigue properties of subsequently
overcoated  surfaces. [0005] In accordance with the present invention, a
method for  coating a turbine engine component is provided. The method  



broadly comprises the steps of flowing an aluminide containing  gas into
passages in the turbine engine component so as to coat  internal surfaces
formed by the passages, allowing the aluminide  containing gas to flow
through the passages and out openings in  external surfaces of the turbine
engine component, and flowing a  volume of a gas selected from the group
consisting of argon,  hydrogen, other inert gases, and mixtures thereof over
the  external surfaces to minimize any build-up of an aluminide  coating on
the external surfaces. 2 [0006] Further in accordance with the present
invention, a  system for coating a turbine engine component is provided. The
system broadly comprises means for flowing an aluminide  containing gas into
passages in the turbine engine component so  as to coat internal surfaces
formed by the passages, means for  allowing the aluminide containing gas to
flow through the  passages and out openings in external surfaces of the
turbine  engine component, and means for flowing a volume of a gas  selected
from the group consisting of argon, hydrogen, and  mixtures thereof over the
external surfaces to minimize any  build-up of an aluminide coating on the
external surfaces.  [0007] Other details of the selective aluminide coating
process  and system of the present invention, as well as other objects  and
advantages attendant thereto, are set forth in the following  detailed
description and the accompanying drawing. BRIEF DESCRIPTION OF THE DRAWINGS 



[0008] The FIGURE illustrates a system for forming an aluminide  coating in
accordance with the present invention. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)  [0009] Referring now to the drawing, the present invention
relates to a method and a system for forming an internal  aluminide coating
on internal surfaces of a turbine engine  component 10 while only forming an
aluminide coating on external  surfaces which is too thin to have any effect
on the thermal  fatigue properties of subsequently overcoated exterior
surfaces  of the turbine engine component. [0010] To coat the internal
surfaces formed by passages 18  within the turbine engine component 10 with
an aluminide  coating, a gas phase deposition process may be used. Any
suitable gas phase deposition process known in the art may be 3 used. For
example, the turbine engine component 10 to be coated  may be placed within
a coating vessel 12 containing the coating  material 14. In one type of gas
phase process, the turbine engine component 10 being coated is suspended out
of contact  with the coating material 14. [0011] The coating material 14 may
be a powder mixture  containing a source of aluminum, an activator, and
optionally an  inert buffer or diluent. The aluminum source may be pure
aluminum metal or an alloy or intermetallic containing aluminum.  One
aluminum source which may be used is CrAl. Other aluminum  sources which may
be used include Ni3Al, Co2Al5 and Fe2Al5.  



Activators which may be used include halides of alkali or  alkaline earth
metals. One activator which may be used is AlF3.  Other activators which may
be used include NH4F.HF and NH4Cl. A  typical diluent which may be added to
the powder mixture to  control the aluminum activity of the mixture is
A1203. The source  material used for coating the turbine engine component
may be  56%Cr-44%Al. For a coating vessel containing approximately 20
parts, the internal mix may be 700 gm of CrAl and 125 gm of  AlF3.). A gas,
such as an inert gas, may be introduced into the  vessel 12 to assist in
creating a flow of an aluminum rich  halide vapor. [0012] The turbine engine
component 10 and the coating material  14 while in. the coating vessel 12
are. placed in a furnace 16.  The turbine engine component 10 and the
coating material 14 may  be heated to a temperature in the range of 1900 to
2100 degrees  Fahrenheit, preferably from 1950 to 2000 degrees Fahrenheit,
while in the furnace 16. The time at coating temperature should  be
sufficient to produce a coating which meets all technical  requirements.
Typically, the time at coating temperature is 2  hours or more. 4 [0013]
Heating causes the activator to vaporize and react with  the aluminum source
to create an aluminide containing gas such  as an aluminum rich halide
vapor. The aluminum rich halide vapor  reacts with the turbine engine
component to form an aluminide  coating on the internal and external
surfaces 24 and 26 of the  



turbine engine component 10. The thickness and composition of  the aluminide
coating depends upon the time and temperature of  the coating process, as
well as the activity of the powder  mixture and composition of the turbine
engine component 10 being  coated. [0014] While the aluminum halide gas is
being flowed into the  internal passages 18 defining the internal surfaces
24 to be  coated, a large volume flow of a protective gas, selected from
the group consisting of hydrogen, argon, and mixtures thereof,  is caused to
flow over the external surfaces 26 of the turbine  engine component 10.
Preferably, the protective gas flows over  the external surfaces 26 of the
turbine engine component 10 at a  flow rate in the range of from about 30 to
60 cubic feet per  hour (cfh). By flowing the protective gas within this
range, it  is possible to sweep away any halide gas exiting from the holes
(not shown) in the external surfaces 26 of the turbine engine  component 10
and thus, not allow sufficient residence time on  the external surface 26 of
the turbine engine component 10 to  develop a mature, relatively thick
coating. The amount of  aluminide coating deposited on the external surfaces
26 using  this approach would be minimized, preferably below 0.0005  inches.
An external coating this thin will have no significant  effect on the
thermal fatigue properties of any subsequently  overcoated surfaces of the
turbine engine component 10. In  addition, a portion of the "thin"
aluminized external surface  would be removed during a subsequent grit blast
operation to  



prepare the surface for any external coating process. 5 [0015] Any suitable
means known 20 in the art may be used to  flow the protective gas over the
external surfaces of the  turbine engine component 10. The flow may be
directed across the  airfoil portion of the turbine engine component 10
using a  manifold with slots to create a laminar flow across the airfoil
portion. In a production environment, one can use an upper and  lower
chamber set-up with a differential pressure. forcing the  gas to flow over
the airfoil portion. [0016] Prior to beginning the aluminide coating
process, all  surfaces of the turbine engine component 10 should be cleaned
free of dirt, oil, grease, stains, and other foreign materials.  Any
suitable technique known in the art may be used to clean the  surfaces.
[0017] The coating process thus described may also be enhanced  by
fabricating the coating vessel 12 from an inert material,  such as graphite,
which would not become a secondary source of  aluminum during the coating
process since the walls of the  coating vessel would not become aluminized.
6 WHAT IS CLAIMED IS: 1. A method for coating a turbine engine component
comprising  the steps of: flowing an aluminide containing gas into passages
in said  turbine engine component so as to coat internal surfaces formed  



by said passages; allowing said aluminide containing gas to flow through
said  passages and out openings in external surfaces of said turbine  engine
component; and flowing a volume of a gas selected from the group  consisting
of argon, hydrogen, and mixtures thereof over the  external surfaces to
minimize any build-up of an aluminide  coating on said external surfaces. 2;
The method according to claim 1, further comprising flowing  said volume of
gas over said external surfaces while said  internal surfaces are being
coated. 3. The method according to claim 1, wherein said gas flowing  step
comprises flowing said gas at a volume sufficient to  maintain aluminide
coating deposits on said external surfaces to  a thickness less than
0.0005". 4. The method according to claim 1, wherein said gas flowing  step
comprises flowing said gas at a volume in the range of from  30 to 60 cfh. 7
5. The method according to claim 1, wherein said aluminide  containing gas
flowing step comprises: placing said turbine engine component into a coating
vessel; placing a composition containing a source of an aluminum  and an
activator into said coating vessel; and heating said composition to a
coating temperature in the  



range of from 1900 to 2100 degrees Fahrenheit to create said  flow of
aluminide halide gas. f 6 The method according to claim 5, further
comprising  maintaining said turbine engine component and said composition
at said coating temperature for a time of at least 2 hours. 7. The method
according to claim 5, wherein said turbine engine  component placing step
comprises placing said turbine engine  component into a coating vessel
formed from an inert material.  8. The method according to claim 5, wherein
said turbine engine  component placing step comprises placing said turbine
engine  component into a coating vessel formed from graphite. 9. A system
for coating a turbine engine component comprising:  means for creating a
flow of an aluminide containing gas  into passages in said turbine engine
component so as to coat  internal surfaces formed by said passages; 8 means
for allowing said aluminide containing gas to flow  through said passages
and out openings in external surfaces of  said turbine engine component; and
means for flowing a volume of a gas selected from the group  consisting of
argon, hydrogen, and mixtures thereof over the  external surfaces to
minimize any build-up of an aluminide  coating on said external surfaces.
10. The system according to claim 9, further comprising: a coating vessel
into which said turbine engine component  is placed. 



11. The system according to claim 10, wherein the coating vessel  is formed
from an inert material. 12. The system according to claim 10, wherein the
coating vessel  is formed from graphite. 13. The system according to claim
9, wherein said means for  creating a flow of an aluminum containing gas
comprises a  composition containing a source of aluminum and an activator.
14. The system according to claim 13, wherein said composition  optionally
contains a diluent material. 9 ABSTRACT OF THE DISCLOSURE A method for
coating internal surfaces of a turbine engine  component comprises flowing
an aluminide containing gas into  passages in the turbine engine component
so as to coat the  internal surfaces formed by the passages, allowing the
aluminide  containing gas to flow through the passages and out openings in
external surfaces of the turbine engine component, and flowing a  volume of
a gas selected from the group consisting of argon,  hydrogen, and mixtures
thereof over the external surfaces to  minimize any build-up of an aluminide
coating on the external  surfaces.  


