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1. Technical Field

5 This invention relates generally to aluminide coatings and particularly to
aluminide coatings which are resistant to oxidation degradation and thermal fatigue

cracking.

2 Bacl_cground Information
10 Aluminide coatings are known to provide oxidation and corrosion protection
for superalloy articles, such as blades and vanes, used in gas turbine engines. Such
coatings are favored in the gas turbine engine industry because they are economical
and add little weight to the engine.
Aluminide coatings may be formed by a pack process wherein a powder
15  mixture, including an inert material, a source of aluminum, .and a halide actiirator is
-employed. The superalloy to be coated is inserted into a coating box and covered with
the powder mixture or pack. The coating box is then placed in a retort. A reducing or
inert gas is then flowed through the retort. During the coatirig process, the halide
activator reacts with the source of aluminum and produces an aluminum-halide vapor
| 20  which circulates over the surface of the superalloy article. Upon contact with the
surface of the superalloy article, the vapor decomposes and deposits aluminum on the
superalloy surface whereby the halide is released and contacts the aluminum source to

continue the chemical reaction. The deposited aluminum then combines with nickel

from the superalloy surface thereby forming an aluminum-rich fllm&mx _ .
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Al umi ni‘de coatings may be formed by a pack process wherein a powder 15

m xture, including an inert material, a source of alum num and a halide
activator is enployed. The superalloy to be coated is inserted into a
coating box and covered with the powder m xture or pack. The coating box is

then pl acesting on he superalloy Articel idsenaf this pacieprocess ds advahtageousivhiadt ishr ough t he
retort. During the coating process, the halide activator reacts with the

source Ofesitbd t6 CoAMIRRAGRS REREESE g@tﬂg@w@ahﬁv};@m&d&ﬁmﬂm ch

circul ates over the surface of th oy artic on contact with

al am nurdoat st RN BF B erfsle Mol e pinpriBC e defiidmesskinecased and

contacts the alum num source to continue the chem cal reaction. The
deposi t 4B UM t hen conbines with nickel fromthe superalloy surface
thereby formng an alum numrich surface |ayer or

) Another known technique for forming an aluminum-rich surface layer on a

superalloy article is a vapor phase aluminiding process. Generally, in this process the
superalloy article is suspended in an out-of-contact relationship with the above
described powder mixture as opposed to Seing embedded within the powder mixture.
However, problems are assoc_iated with some. vapor phase aluininiding processes.

10  For example, formation of undesirable oxides within the coating itself and on the
original substrate surface may be encountered. These oxides are undesirable because
they may degrade the coating properties.

U.S. Patent No. 3,102,044 to Joseph describes another method of forming an
aluminum-rich surface layer on a superalloy article. In this fnethod an aluminum-rich

IS5  slurry is applied to the superalloy surface and heat treated to form a protective
aluminide coating thereon. Although such aluminum-rich slurry techniques can be
successful in producing a protective aluminide coating on the surface of the superalloy
article, it is very labor intensive and time consuming to coat an entire superalloy
article in this fashion. Achieving coating uniformity from one location on the article

20 surface to another can be difficult. Furthermore, even if it is desired to coat only a
portion of the article, such as a small area damaged during engine operation or
damaged during handling in the manufacturing process, care must be taken in
applying the slurry only to those areas in need of coating. Thus, detailed masking

techniques may be necessary.
_—
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REPLACEMENT SHEET -2- coating on the superalloy article. Use of this pack
process is advantageous when it Is desired to coat the entire surface of a
superal l oy article. However, is difficult to coat select portions of the
article without the enpl mant of detail ed maski ng techni ques. 5

Anot her knowV-SeBatertNe 55%/34 413rtoRafferty etaludisomibesryetanather haetiiod ofyer on a
superal l oy article is a vapor phase alum niding process. Generally, in this

process préducingner luninidecdating eSpecifidatip SRaREY & af Aiseldse @ etk ﬁ?t

rel ationship with the above descrl bed powder m xture as opposed to being

enbedde oihihp a'pat k' Certihtftfn Bhtihig'6f'a metal surface by a coating tape. The tape
includes elemental metal, a filler, a halogen carrier composition and a binder material,
5  specifically fibrillated polytetrafluoroethylene. According to Rafferty et al., the
| components are formed into a malleable tape and cut to the desired size. To form the
pack cementation coating, the tape is placed on the surface of the part which is put in
an oven and heated to a temperature of about 1250°F (677°C) to 1350°F (732°C) for
0.5 to about 3 hours with the typical time being about 1.5 hours. The process causes a
10  chemical reaction to occur in which fluoride or chloride compound breaks down to
form halide ions which react with ihe metal (or metal alloy) atbms forming the metal
halide compound. When the metal halide contacts the base metal surface, the metal in
the metal halide compound is reduced to elemental metal which can alloy with the
base metal. More specifically, metal ions, such as aluminum, vanadium or chromium
15  react with the nickel, iron or cobalt of the base metal to form the aluminide or nickel
vanadium or nickel chromium composition.

Althéugh Rafferty et al. seem to address the need for an efficient way to coat
select portions of gas turbine engine components, the above described resultant
coating does not appear to be a fully diffused coating. Thus, it is brittle and may be

20 dislodged from the component, for example, during handling or during engine
operation.

Notwithstanding the advances made in the aluminiding field, scientists and
engineers under the directioﬁ of Applicants’ Assignee continue in their attempts to

develop aluminide coatings. Such coatings must have excellent resistance to
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Howevet’, problens are associated with sone vapor phase al uniniding
processes. 10 For exanple, formation of undesirable oxides within the
coating itself and on the original substrate surface nmay be encountered.
These oxi des are undesirabl e because they may degrade the coating

pr oper t i exidatigrandramsion MttacklantiGRusd ¢ particularle pésidlan s teanaP@Aser et hod of
formng an alum numrich surface |layer on a superalloy article. In this

eat U ooran P o ascoriicl alfckey © SPR, ERcARHl Y eld Bblondt oo such

heat treated ?10 forma protectiv hough such
al um nu itﬁ%ﬁ' urty techni ques, can be sucgessful in producing a protective
al uni ni g& C %fj‘gb%wogﬁ? -ad B¢ Pvention re @r‘%ﬂ‘é‘}c arkle, it is very

| abor intensive and tine consunmng to coat an entire superalloy article in
this fashion. Achieving coating uniformty fromone |ocation on the article

20 surface to another can be difficult. Furthernore, even if it is desired
to cdat DISGLOSURE OF THE INVENTION

According to the invention, a low activity localized aluminide coating and
methods of producing such coﬁting are disclosed. A key feature of the invention is
that the resultant coating has an outward type diffusion aluminide coating
microstructure resulting in the desirable properties of resistance to oxidation

10 degradation as well as resistance to thermal fatigue cracking.

An aspect of the invention includes a low activity localized aluminide coating
for a metallic article made by positioning a coating material, preferably in the form of
a tape, on a portion of the article. The coating material comprises a binder, a halide
activator, an aluminum source, and an inert ceramic material. The coating material

15 and the article are heated in an inert atmosphere between about 1800°F (982°C) and
about 2050°F (1121°C) for between about four and about seven hours thereby
producing a low activity locaiized aluminide coating having an outward diffusion
aluminide coating microstructure characterized by two distinct zones, an inner
diffusion zone and an outer zone including between about 20-28 percent, by weight,

20 aluminum.

Another aspect of the invéntion includes a method of producing a low activity
localized aluminide coating on a metallic article. The method comprises the steps of:
positioning the above described coating material on a portion of the article and

heating the coating material and the article in an inert atmosphere between about
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portlon ‘of the article, such as a smal| area damaged during engine
operation or damaged during handling in the manufacturing process, care
nmust - be taken in applying the slurry only to those areas in need of
coating. Thus, detailed masking techniques may be necessary. - 3 - US

Pat ent Ndsowrxsazm)mdabmméom(mm) fodlsawesrDsbouy flur andabsit séiphod of
produci ng an al um ni de coati ng Specifically, Rafferty et al. discl ose a

net hod f Bourk Berebiopradadaka IRVRES c&;@ f g
coating tape. The tape incl udes e errenﬁ% met a?g ﬁ%‘ﬂﬁ‘ﬁf
carrier ﬁﬂﬂ%f’o%' Mﬁmﬁ@@oﬂm@ Fostric terclh%xl'actenzed by two distinct zones, an

inner diffusion zone and an outer zone including between about 20-28 percent, by

5  weight, aluminum.,

Coatings made according to this invention have excellent resistance to thermal
fatigue cracking as well as excellent resistance to oxidation degradation. Thus, the
invention has great utility in the gas .turbine engine industry. Other features and
advantages of the invention will become apparent to those skilléd in the art from the

10 following.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a photomicrograph of thé low activity, outwardly diffusing,
aluminide coating of the invention.
15 FIG. 2 is a photomicrograph of a prior art, high activity, inwardly diffusing,

aluminide coating.

BEST MODE FOR CARRYING OUT THE INVENTION
Applicants have discovered a low activity, outwardly diffusing localized
20 aluminide coating particularly suited for the aggressive gas turbine engine
environment. Outwardly diffusing aluminide coatings may be formed when the
coating application parameters (primarily temperature and aluminum activity) are
such to promote diffusion of aluminum into the substrate and diffusion of the

substrate elements outwardly towards the substrate surface. By localized we herein
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5gpecifically fibrillated polytetrafluoroethylene. According to Rafferty
et al., the conponents are forned into a nall eable tape and cut to the
desired size. To formthe pack cenentation coating, the tape is placed on
the surface of the part which is put in an oven and heated to a tenperature

of  abou a5 Bfc theldeat Hattial Wepbied 330l iokdorls 2 4lbachfd phétraflyin! O about
3 hours with the typical tinme belng about 1.5 hours. The proces$ causes a

or eaks. Qoo of ol el blucheh, 8 dicd i ofd i oill il B BTl 1 o)

atons formng the.netal halide_conpound. \Wen the netal halide contacts the
base net 5?8“98."?%3?@?'?%&%@&!“'%@ ¢ for cpstingselesbperionsiof & r educed to

el enental netal which can alloy with the base netal. More specifically,

met al i osibstratéch as al umi num vanadi um or chromium 15 react with the

ni ckel, iron or cobalt of the base nmetal to formthe al um nide or nickel

v an'ads um or  nAGkes! festiieTthE InveRtRASS tHaPthe resultant coating after heat treatment
" has an outward type diffusion aluminide coating microstructure characterized by two
distinct zones resulting in the desirable properties of resistanc;a to oxidation
degradation as well as resistance to thermal fatigue cracking.
The lo_w.activity localized aluminide coating tape of thc;. invention may be
10  applied to various metallic substrates. However, it is particularly suited for nickel
base superalloy articles such as gas turbine blades and vanes. |
- The surface of the article should preferably be cleaned prior to application of
the coating tape. For example; conventional aluminum oxide grit blasting may be
employed to clean the surfaée of the article.
15 The low activity localized aluminide coating tape éf the invention
| includes a binder, ;«1 halide activator, an aluminum source, balance an ingrt ceramic
filler material. Each constituent of the coating tape will now be described in detail.
The binder serves to strengthen the coating tape and may generally be any
material capable of holding the coating constituents together without detrimentally
20 interfering with the properties of the coating tape nor detrimentally interfering with
the properties of the superalloy article. However, the binder must be capable of
evaporating during heat treatment witilout leaving an undesirable residue. Suitable
binders may include polyteh'aﬂuoroethylene, polyethylene, polypropylene, urethane,

acrylics and mixtures thereof. Preferably, the binder is a high molecular weight
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Al.t hough Rafferty et al. seemto address the need for an efficient way to
coat select portions of gas turbine engine conponents, the above descri bed
resultant coating does not appear to be a fully diffused coating. Thus, it
is brittle and nmay be 20 di sl odged fromthe conponent for exanpl e,

during %&{go@{m%ﬁm gme%xmena%aowm d:bﬁmdram%e advances

g?dipl In| a t n ni di ng f| sci eéntists and engi neers under the direction
nts
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and preferably between about 6 wt.% and about 9 wt.%.

In addition to the binder, a halide activator is employed. The halide activator

5 serves as a transporter or carrier of aluminum to the surface of the article to be coated.
The halide activator can be any one of a number of halide compounds, including, for
example, aluminum tri-fluoride, sodium fluoride, lithium ﬂuqride, ammonium
fluoride, ammonium chloride, potassium fluoride, potassium bromide, and mixtures
thereof, Preferably, the halide activator is between about 0.25 wt.% and about 5 wt.%

10  aluminum tri-fluoride and most preferably about 1 wt.% powdered aluminum tri-

fluoride.

In addition to the binder and the halide activator, an aluminum source is also
included as a coating constituent. The aluminum source may be any number of
suitable high melting point aluminum compounds which do not melt during the

15 subsequent coating diffusion heat treatment. For example, cobalt aluminum,
chromium aluminum, iron aluminum, and mixtures thereof may be employed.
Preferably, an aluminum compound, between about 5 wt.% and about 50 wt.% is
employed and most preferably, about 30 wt.% chromium aluminum (-48M./+325M.)
is employed. However, elemental aluminum or aluminum silicon should not be used

20  as the aluminum source because such aluminum sources will not result in the desired
low activity, outwardly diffusing, two zone microstructure.

In addition to the binder, halide activator and aluminum source, the invention
also includes an inert ceramic filler material. The inert ceramic filler material may be

any such material capable of preventing the constituents from sintering together
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oxi dation and corrosion attack and nust be particularly resistant to
thermal fatigue cracking, as well as econom cal and easy to apply,
particularly to select portions of gas turbine engine conponents. The
invention results fromsuch effort. 5 DI SCLOSURE OF THE | NVENTI ON Accordi ng
to the '@ﬁﬁﬁﬁkﬁ!broéesk.oﬂa&ﬁieﬂ\ﬂthﬂinhﬁccﬁdidezgﬁhmmm 1sQﬁé‘Ei’dfél-r&i‘ﬁ|llé¥Et hods of

produci ng such coating are disclosed. A key feature of the invention is

i or ost r diEA ReRR, BetfeckiboSaR b IS SRR Nl e MY BRCE 1071 ™
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al um nide coating for a netallic article made by positioning a coating
mat eri al, prefAu iihibitor,suchas éhromiwh, cobahtadcked,titanipmy andomixtiires teereoft i cl e.
The coating material conprises a binder, a halide

5 may also be employed as a constituent if necessary to lower the activity of the

resultant coating. The inhibitor acts as a “getter of aluminum” or another location in
which the aluminum may be deposited, thereby reducing and slowing down the
amount of aluminum deposited on j:he superalloy substrate. Between about 5 wt.%
and about 20 wt.% inhibitor may be employed. Preferably, between about 5 wt.% and
10  about 10 wt.% chromium (-325M.) is employed as the inhibito; if it is necessary to
lower the activity of the resultant coating and achieve the desired two zone
microstructure. Conventional metallurgical analysis techniques may be employed to
determine microstructure.
The above constituents are combined to preferably form a tape. Formation of
15 the constituents into tape form is conventional and includes manufacturing techniques
disclosed in U.S. Patent No. 5,334,417, the contents of which are herein incorporated
by reference. In general, the constituents are mixed together. The resultant mixture is
then removed and rolled into the desired tape thickness. The thickness of the tape is
preferably between about 0.015 inches (0.038 cm) and about 0.090 inches (0.229 cm)
20 and most preferably between about 0.030 inches (0.076 cm) and about 0.060 inches
(0.152 cm).
The tape is cut to the desired shape and size which is dependent upon the size

of the area requiring coating. The tape is then applied to the article in at least one
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activator, an alum num source, and an inert ceramic material. The coating
15 and the article are heated in an inert atnosphere between
about 1800[err]F (982[err]C) and about 2050[err]F (1121[err]C) for between
about four and about seven hours thereby producing a | ow activity |ocalized

mat eri al

al umi ni dgayepaHbweverAMbiipleRY Y ot ISP dRBertitgupdriife @0atedNY

m cr ost

ructure characterized by two di'stlnct zoneS, an I nner diffusion zone

and an oyt.er .zo L ncl ydi n et ween about 20-28 percent, by weight,
2l um nunftiSsST b Ssultie fpe

| ow act
conpris
a porti
in an i

5

10

15

20

i nvention includes a nmethod of producing a
ivity localized alum nide coating on a netallic article. The nethod

es t he Peefergblypthe tapesisappligdtg theartigleowith the uise pfrshitableradhesivaat eri al on

on of the article and heating the coating material and the article

n¥he adhesbeiiby corvehtidbnut and alag be any adhesive capable of adhering the tape to
the article, for example, we have used conventional Elmerfs school glue. Other
suitable adhesives may include Nicrobraz® products, such as Nicrobraz 300 and
Nicrobraz Cement S, by Wall Colmonoy Corp., Madison Heights, MI. However, the
adhesive must not detrimentally int_erfere with the coating process and must be
capable of evaporating during subsequent heat treatment without leaving any
deleterious residue. Preferably, the tape is manufactured with the adhesive attached to
the backing of the tape such that a peel off strip may be employed to expose the
adhesive on the backing of the tape for attachment to the article.

As noted above, the adhesive used to secure the tape to the article will
evaporate cleanly during the subsequent heat treatment process. As a result, if it
desired to coat an area such as an underside, side or tip portion of an article, for
example, additional steps should be employed to ensure that the coating tape is not
dislodged prior to completion of the heat treatment process.

We have discovered a novel approach to secure the tape to the article even
after the adhesive evaporates. The approach includes wrapping the tape (which is
secured to the article with adhesive) and areas of the article immediately adjacent
thereto with a nickel foil. Preferably nickel foil is employed, however, other suitable
materials for the wrap may include stainless steel.

The nickel foil is conventional and is preferably between about 0.001 inches

(0.025 mm) and 0.002 inches (0.051 mm) thick. The size of nickel foil employed is

20

o
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1800[err]F (982[err] C) and about 2050[err]F (1121[err]C) for between about
four and about seven hours thereby producing a |low activity |ocalized

al um ni de coating having an outward diffusion alumnide coating

m crostructure characterized by two distinct zones, an inner diffusion zone

a1 um muny EEade Aoh B A dTn PR e fhcl oR barkl, Hre R e i BReL ol B
o dat | oPABare Brechad s babkelie, 8 eieoiedato g totihe coRmR PT e gas
turbine engine industry. Other features and advantages of the invention
wi | | becismpreferrpdirhut not necessaryfor efféctive useofi the nickel foilo A sutitableticKeb! | owi ng.
foil includes that which is sold by Teledyne-Rodney Metals under the name Adhesive-
5 Backed Nickel 200 Foil.
As noted above, the foil is wrapped around the tape and the areas of the article
immediately adjacent thereto. Such overlapping ensures that the foil will remain
properly secured even at temperatures at which the adhesive evaporates.
An advantage of the use of the nickel foil includes the ability to effectively
10  hold the tape in place during the heat treatment process. This embodiment is
particularly advantageous for coating the underside of a turbine blade platform or both
sides of a turbine airfoil concurrently. This approach is a novel, cost and time
effective way to ensure that the coating tape remains secure during the subsequent
heat treatment process. Additionally, coating vapors are produced during the
15  subsequent heat treatment process. Use of this foil wrap will contain the coating
vapors and thereby prevent possible air contamination as well as prevent coating in
undesired locations.
After the coating tape is placed or secured on a portion of the superalloy article
in need of coating, the article is then placed in a retort and processed in dry argon or
20 hydrogen at approximately 1800°F (982°C) to about 2050°F (1121°C) for four to
seven hours and preferably at approximately 1950°F (1066°C) to about 2000°F
(1093°C) for four to seven hours.
During this process (in the case of application to a nickel base superalloy

article), the nickel from the nickel base superalloy slowly diffuses outward from the
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BRI EF. PESCRI PTI ON OF THE DRAWNGS FIG 1 is a photom crograph of the | ow
activity, outwardly diffusing, alumnide coating of the invention. 15
FIG 2 is a photom crograph of a prior art, high activity, inwardly

di ffusing, alum nide coating. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

P b SRS e Ot BB, By BB 0 20 20

al um ni de“coat . . R e aggressive gas tu ne engi ne
coat i ng &IRyET ehessaraY PR, Ths Frotlet retes B S b B
activity) are such to pronote diffusion of alumnuminto the substrate and
di f f usi odiffusingralurginids coating betwicem abous 0004 inches (G02F mm)and abowQ03 e
surface. By |localized we herein
inches (0.076 mm) thick. The coating exhibits a diffusion zone having a thickness
5  which is approximately half of the coating thickness.
Any present nickel foil is removed and a light cleaning operation with a stiff
brush or a cosmetic abrasive grit blast may then be employed after the heat treatment
process to remove any remaining re_.sidue around the coated area.
The resultant low activity, localized aluminide coating of the invention has
10  greater thermal fatigue resistance than that of a high activity, inwardly diffusing
localized aluminide coating. A high activity, inwardly diffusing aluminide coating is
characterized by a three zone microstructure (precipitate zone, phase pure zone and
diffusion zone) with considgrable phase precipitation in the NiAl rich outer zone, in
the case of a nickel base substrate. The high ﬂ@nm activity of this coating causes
15  arapid diffusion of aluminum into the substrate, resulting in a high aluminum content
in the outer precipitate zone. The aluminum content is high enough in this outer zone
such that those elements that were previously alloyed with the nickel base substrate
are no longer able to stay in solution, thereby forming intermetallic particles. While
these types of coatings have good resistance to oxidation, they are considerably thick
20 and have lower ductility and thermal fatigue resistance in comparison to aluminide
coatings of the outward type.
Accordingly, the invention is much more desirable than high activity, inwardly

diffusing aluminide coatings for certain applications such as reducing the propensity

for crack formation in superalloy articles of gas turbine engines.
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~6- rean that the coating material is applied to select portions of a
substrate, preferably in the formof a coating tape. However, one skilled
in the art will appreciate that the coating nmaterial nmay be in other forns
suitable for coating select portions of a substrate. 5 A key

feature of theryeprayehi verdtfonthay bé fifthefsntetsiodd Koy ofexahiphy whRRls t r eat ment

hﬁs an outward type diffusion alum nide coating m crostructure
characterize two di stingct pes.resulting in the desirable properties
of resi st’ﬁ??@gqb%e%ﬁwg*?%tﬂ%e%éguaﬁ@h as wel | as resistance to thernal
fatigue cracki ngE

EXAMPL :

A low activity, outwardly diffusing localized aluminide coating was produced
5 by the following: First, 65.1 wt.% aluminum oxide, 28.2 wt.% chromium aluminum,
0.9 wt.% aluminum tri-fluoride, and 5.7 wt.% polytetrafluoroethylene were mixed
together and manufactured into tape form. The thickness of the tape was 0.030 inches
(0.076 cm).
The tape was cut to the desired shape and size and applied under the platform
10  of a high pressure turbine blade made of a single crystal nickel base superalloy
material known as PWA 1484. Conventional Elmer’s glue was used to secure the
tape to the superalloy substrate. The blade was heat treated at 1975°F (1079°C) for
6.5 hours in an argon atmosphere.
FIG. 1 shows the microstructure of the resultant low activity, outwardly
15 diffusing aluminide coating which is apﬁroximateiy 0.0015 inches (0.038 mm) thick
and contains an inner diffusion zone that is approximately half the width of the
coating. The outer zone of essentially pure NiAl includes between about 20-28
percent, by weight, aluminum.
In comparison, FIG. 2 shows the microstructure of an inwardly diffusing prior
20  art aluminide coating deposited on a nickel base substrate. As seen in FIG. 2, the
resulting coating is characterized by a three zone microstructure (precipitate zone,
phase pure zone, and diffusion zone) with considerable phase precipitation in the NiAl

rich outer zone.
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.The I'ow activity |l ocalized alum nide coating tape of the invention may be
10 applied to various netallic substrates. However, it is particularly
suited for nickel base superalloy articles such as gas turbine blades and
vanes. The surface of the article should preferably be cleaned prior to

appl i cati on ofTHelewGREVity) Sutvidi8ly difftisisx RdEliRd ah@hiniid doatidgs ofitheén num oxi de
grit blasting may be enpl oyed to clean the surface of the article. 15

The | ow A A Ity %EfidgtOn 1 ncl udes
a bi nderéh(i‘t'én%l P‘ﬂ%é)ac. lég?%r an ﬁ’glr‘nﬁ%ti}% ur ce, gﬁ‘}éﬁgaeg%n Inert ceramc
filler material. Each .co Stl uent _of the, coatin pe, will pow descri bed
I dot ai IresitRRSSip ARIANGR Agradations S FORRES AR bg@ﬂfa]i“ﬁ'gml’%tb@l%ﬂgﬁﬂ
generally be any material capable of holding the coating constituents

t oget her high anivitydimwardty diffilsing 1acalized alumiiide coagings: The inveptiarpalse hass of t he
coating tape nor detrinentally interfering with

5  greater thermal fatigue resistance than that of a high activity, inwardly diffusing

localized aluminide coating. Thus, the invention is much more desirable for certain
applications such as reducing the propensity for crack formation in superalloy articles
of gas turbine engines.

Another advantage of the invention is that it may be used to repair portions of

10  a gas turbine engine component damaged during handling or during extensive engine
service. For example, the invention may be employed to repair gas turbine blade tips.

Yet another advantage bf the invention is that the desired two zone
microstructure can be achieved with a one step heat treatment. This is a significant
benefit in terms of cost and time.

15 From the foregoing description, one skilled in the art can easily ascertain the
essential characteristics of this invention, and without departing from the spirit and
scope thereof, can make various changes and modifications of the invention to adapt it
to various uses and conditions.

What is claimed is:
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the preoperties of the superalloy article. However)| j[jm bi nder nust be

capabl e of evaporating during heat treatnment with ’muﬁmﬂnm5| rabl e

resi due. Suitable binders nmay include polytetrafl
pol yet hyl ene, pol ypropyl ene, urethane, acrylics and ni xt ures thér ebf .

E{)F;'?(ra?lr:)la Iuoroe%hl ﬁg %gh‘gﬂuﬁ% #%r\ﬁvﬁ#ﬁgﬁx&%cﬂ@ag§ Tef lon[err] 6C.

The anount of bi nder eppl oyed nma a? bet ween about 1 wt. % and about 15

.% and pref e+abl W&W%ﬂ%‘&g ‘?Mg on apertignafithoarticle;said goatingi t i on t o
the bi nder, a halide activator is enployed. The halide activator
material comprising a binder, a halide activator, an aluminum source, and an inert

ceramic material; and
5 b. heating the coating material and the article in an inert atmosphere
between about 1800°F and about 2050°F for beﬁeen about four and about seven
hours thereby producing a low activity localized aluminide coating having an outward
. diffusion aluminide coating microstructure characterized by two distinct zones, an
inner diffusion zone ax;d an outer zone including between about 20-28 percent, by

10  weight, aluminum.

2. The low activity localized aluminide coating of claim 1 wherein the inner diffusion
zone has a thickness which is Iapproximately l_lalf of the overall thickne_ss of @e low
ac_:tivity localized aluminide coating.

15
3. The low activity localized aluminide coating of claim 1 wherein the metallic article

is a nickel base superalloy article.

4. The low activity localized aluminide coating of claim 3 wherein the outer zone
20 consists essentially of NiAl including between about 20-28 percent, by weight,
aluminum, wherein the combined thickness of the outer zone and the inner zone is

between about 0.001 inches and about 0.003 inches.

Sheet Has Been Rep laoed
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5. serves as a transporter or carrier of alum numto ﬂnmmr
article to be coated. The halide activator can be an [mmml lnﬂ of

hal i de conpounds, including, for exanple, alum numitri*fluoki d®&, %odium
fluoride, lithiumfluoride, ammonium fluoride, amonium chloride, potassium

f1uoride,s, M@wueﬁdafyqaba&edggmﬁmw&tﬁ@&f'&ﬁiﬁqffunﬁé@é&ﬁﬁk afdie hallde

activator is between about O % and about 5 wt.% 10

tri-fluoride abI ab ut % powdered al uminumtri -
f1uori de. TPD gl';&ﬂs{{ﬁ)g%dﬁg f'ﬂretor%% e activator, an al uni num
source is also included as a coat| ng constituent. The al um num source may
be any nunber of suitable high nelting point alum num conpounds which do

not nelt during the 15 subsequent coating diffusion heat treatnment. For
exanpl e, 6 0Dhe Jowedctivity looaliedd aluinitidedoating ofitlaim ¢ wirkeifithie bindezisl m xt ures
t hereof may be enpl oyed.

5 selected from the group consisting of polytetrafluoroethylene, polyethylene, urethane,

acrylics and mixtures thereof.

7. The low activity localized aluminide coating of claim 1 wherein the halide
activator is selected from the group consisting of aluminum fluoride, sodium fluoride,

10 ammonium fluoride, potassium fluoride, potassium bromide, and mixtures thereof.

8. The low activity localized aluminide coating of claim 1 wherein the aluminum
source is an aluminum compound selected from the group consisting of cobalt
aluminum, chromium aluminum, iron aluminum, and mixtures thereof.

15
9. The low activity localized aluminide coating of claim 1 wherein the inert ceramic

filler material is aluminum oxide.

10. The low activity localized aluminide coating of claim 1 wherein the coating

20 material is in the form of a coating tape.

11. The low activity localized aluminide coating of claim 1 wherein the coating
material further comprises an inhibitor selected from the group consisting of

chromium, cobalt, nickel, titanium, and mixtures thereof.

// )
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Preferably, an al um num conpound, between about 5 MW% S
~§arr‘pl oyed and nost preferably, about 30 wt.% chrom um al um num (-48M ¥325M )
i s enpl oyed. However, elenental alum num or al um nq’m“ﬂ’um t be
used 20 as the al um num source because such al um num H“mmmm"f
result in the desired low activity, outwardly diffusing, “two Zbne &

m crostructure. In addition to the binder, halide activator and al um num

source, the Jnventj al so includes. an | | £am J1Ler ial. The
nert - certdniA medt rituEhes Tongratie? eo LGt o SRR Goafibg off i
preventing the constituents from sintering together -8 -

article, the method comprising the steps of:

a. positioning a coating material on a portion of the article, said coating
5  material comprising a binder, a halide activator, an aluminum source, and an inert

ceramic material; and

b. heating the coating material and the article in an inert atmosphere
between about 1800°F and about _2050°F for between about four and about seven

" hours thereby producing a low activity localized aluminide coating having an outward
10 diffusion aluminide coating microstructure characterized by two distinct zones, an

inner diffusion zone and an outer zone including between about 20-28 percent, by

weight, aluminum.

13. The method of claim 12 wherein the inner diffusion zone has a thickness which is

15 approximately half of the overall thickness of the coating.
14. The method of claim 12 wherein the metallic article is a nickel base superalloy.

15. The method of claim 14 wherein the outer zone consists essentially of NiAl
20 including between about 20-28 percent, by weight, aluminum, wherein the combined
thickness of the outer zone and the inner zone is between about 0.001 inches and

about 0.003 inches.

-
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.during- the process. Calcined alum num oxide (-120M/+ '
preferred filler material. CGenerally, between about 3$ﬂm,m#mﬂﬂmu{!m%
al um num oxi de may be enpl oyed. Preferably, about 69 we. %al umn de is
enpl oyed. An inhibitor, such as chrom um cobalt, nickel, titanium and

m xt ur es feherieGhethod oPdlaian $Dﬁbﬂ:e€66ﬁ19&siﬂgﬁﬁs&_?€bﬂ]ﬁkitibn'ﬂgtafoﬂmsary to

| ower the activity of the resultant coating. The inhibitor acts as a

"getter AT Ten) . ation in which the alum num my be
deposi te?ﬁ"" g%g@g%‘ SE‘%‘%&%%’?%W ng down the anpunt of al um num
deposited on the superall oy substrate. Between about 5 wt % and about 20
wt. % i nhibitor may be enployed. Preferably, between about 5 wt.% and 10
about 10 wt.% chromum (-325M) is enployed as the inhibitor if it is
necessar yi A dTHeanethod bEclaim 12 mwhgreisi thethindep is setested froma thegroup consistingve t he

desired two zone microstructure. Conventional netallurgical analysis
t echnisquest poRyettAIRFdRIRNEE, bolyethylene, polypropylene, urethane, acrylics and

mixtures thereof.

18. The method of claim 12 wherein the halide activator is selected from the group
consisting of aluminum fluoride, sodium fluoride, ammonium fluoride, potassium

10  fluoride, potassium bromide, and mixtures thereof.

19. The method of claim 12 wherein the aluminum source is an aluminum compound

selected from the group consisting of cobalt éluminum, chromium aluminum, iron

aluminum, and mixtures thereof.
15
20. The method of claim 12 wherein the inert ceramic filler material is aluminum
oxide.
21. The method of claim 12 wherein the coating material is in the form of a coating
20 tape.

22. The method of claim 12 wherein the coating material further comprises an
inhibitor selected from the group consisting of cliromium, cobalt, nickel, and mixtures

thereof,

This Sheet Has Been Reﬂlaced
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.determ ne mcrostructure. The above constituents-are conbined to preferably
forma tape. Formation of 15 the constituents into tape formis
conventional and includes manufacturing techni ques disclosed in U S. Patent
No. 5,334,417, the contents of which are herein incorporated by reference.
In general, the constituents are m xed together. The resultant m xture is
then renoved and rolled into the desired tape thickness. The thickness of

the tape is preferably bet W 0 _038 cnm) and about
0.090 inches (0.229 cm 20%@‘8@&@?%@ @% en about 0.030 inches
(0.076 cm and about 0.060 inches (0.152 cm. The tape is cut to the
desired shape TEaginyentionin¢ludesiadowastivigy lacalizedraluminide; costing forae ar ea
requiring coating. The tape is then applied to the article in at |east one
metallic article made by positioning a coating material, preferably in the form of a
S tape, on a portion of the article. The coating material comprises a binder, a halide
activator, an aluminum source, and an inert ceramic material. The coating material
and the article are heated in an inert atmosphere between about 1800°F (982°C) and
about 2050°F (1121°C) for betweqn about four and about seven hours thereby
producing a low activity localized aluminide coating having an outward diffusion
10  aluminide coating microstructure characterized by two distinct zohes, an inner
diffusion zone and an outer zone including between about 20-28 percent, by weight,

aluminum.

This Sheet Has Been Reﬁ ac
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9 layer. However, multiple | ayers nay be enpl oyed dependi ng upon the
-desired thickness of the resulting coating.- Preferably, the tape is applied
to the article with the use of a suitable adhesive. The adhesive is
conventional and may be any adhesive capabl e of adhering the tape to 5

the article, for exanple, we have used conventional Elner's school glue.

O her suitable adhesives may include Nicrobraz[err] products, such as

Ni crobraz 300 and Nicrobraz Cenent S, by1yé1l Col nronoy Corp., Madi son

Hei ghts, M. Ho}&JEr, 1the adhesi ve nust not detrinentally interfere wth

t he coating process durlng subsequent
heat treatnment wtho
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10 = del eterious residue. Preferably, the tape is manu

tachnment to the
pe OB JAN 898 clefwill evaporate cleanly during the
e

t he backing of the tape such that
Bo e the adhesive on the backing of t
afticle. As noted abdve, the adhesiv

aresult, if it 15 desired to

t ment process . , (
g'n'dml €, srde pow RRTIVIHTYOROCAIAZEY ALSMINTDE
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subsequent heat
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steps _shoul d be enployed to ensure that the coating tape is not di ﬁmm,é

prior to conpletion of the heat treatnent process. W

novel appr oa‘c#?gi(

evapor at es.

thereto withla
ot her "sui tabl e
5

have di scovered a IPosls
after the adhesive 0

0 se‘gugﬁ :lhe t.ape to the article even
gﬁﬂ? atthe Inveng 2S W appi hg the tape (which is 20 secured
to the article with adhesive) and areas of the article i nedi ately adjacent

bnieal KigJd| . Preferably nickel foil is

enpl oyed, however,

This invention relates generally to aluminide coatings and particularly to

aluminide coatings which are resistant to oxidation degradation and thermal fatigue

cracking.

2. Background Information

10

Aluminide coatings are known to provide oxidation and corrosion protection

for superalloy articles, such as blades and vanes, used in gas turbine engines. Such

coatings are favored in the gas turbine engine industry because they are economical

and add little weight to the engine.

Aluminide coatings may be formed by a pack process wherein a powder

15  mixture, including an inert material, a source of aluminum, and a halide acﬁ%r is

-employed. The superalloy to be coated is inserted into a coating box and covered with

the powder mixture or pack. The coating box is then placed in a retort. A reducing or

inert gas-is then flowed through the retort. During the coatirig process, the halide

activator reacts with the source of aluminum and produces an aluminum-halide vapor

20  which circulates over the surface of the superalloy article. Upon contact with the

surface of the superalloy article, the vapor decomposes and deposits altminum on the

superalloy surface whereby the halide is released and contacts the aluminum source to

continue the chemical reaction. The deposited aluminum then combines with nickel

from the superalloy surface thereby forming an aluminum-rich surface layer 6r



materials for the wap may include stainless stPeREPLAGEMENTISEEET of | i s

conventional and is preferably between about O0.pOog—tmches (0. 0Z2b M and
0.002 inches (0.051 mm thick. The size of nickel frﬂé ﬂgpi@ged i B -10-
dependent upon the size of the area i+ heed of gopting. ™ Pr feraEI y, the

ni ckel foil also has an adhesive attached to it$ esEri bed
above for the coating tape; this is preferred, but not necessary for
effective use of the nickel foil. A suitable nicket—fort—Tncrudes t hat

which i's sol doatjngTon the yuperdlinyraticlet Ust of thiximick phitestAis RdviREbYEWhd it isBacked
Ni ckel 200 Foil .

desired to coat the entire surface of a superalloy article. However, it is difficult to

coat select portions of the article without the employment of detailed masking
techniques. |

5 Another known technique for forming an aluminum-rich surface layer on a
superalloy article is a vapor phase aluminiding process. Generally, in this process the
superalloy article is suspended in an out-of-contact relationship with the above
described powder mixture as opposed to being embedded within the powder mixture.
However, problems are associated with some vapor phase aluminiding processes.

10  For example, formation of undesirable oxides within the coating itself and on the
original substrate surface may be encountered. These oxides are undesirable because
they may degrade the coating properties.

U.S. Patent No. 3,102,044 to Joseph describes another method of forming an
aluminum-rich surface léyer on a superalloy article. In this method an aluminum-rich
1S  slurry is applied to the superalloy surface and heat treated to form a protective
aluminide coating thereon. Although such aluminum-rich slurry techniques can be
successful in producing a prbtecﬁ#e aluminide coating on the surface of the superalloy
article, it is very labor inten;ive and time consuming to coat an entire superalloy
article in this fashion. Achieving coating uniformity from one location on the article

20  surface to another can be difficult. Furthermore, even if it is desired to coat only a
portion of the article, such as a small area damaged during enginé operation or
damaged during handling in the manufacturing process, care must be taken in
applying the slurry only to those areas in need of coating. Thus, detailed maéking

techniques may be necessary.



As ;not ed above, the foil is wapped around tHe RERDACEMENTt SHEETT ¢as of the

article i mredi ately adjacent thereto. Such o\er
foil will remain properly secured even at terpdr
adhesi ve evaporates. An advantage of thg wuse jof
the ability to effectively 10 hol d the tapg il

B

treatment process. This enbodinment is particyglarly advantageou

t he undersi de of a_turbine_blade platformor

sithat the

t he

i ncl udes
he heat

for coating
r bi ne

airfoil concurrent HS- Pagant Noo 3334417 tosRaffertyetial: describesipiet another méthedbf ve way
to ensure that the coating tape remains secure during the subsequent heat

treat nent prop@dacmg\ddahnmnndelcyamgomgcmmmeayetﬂrmgggﬁdaﬂ%b or! he 15

subsequent heat treatnent process. Use of this forl wap WI

contaln the

coati ng vapor foriith d ek detheRtalif Blatil S0/ dtheiaPhirt0 B) A TARG L. The'lle 2

prevent coating in undesired | ocations

includes elemental metal, a filler, a halogen carrier composition and a binder material,
specifically fibrillated polytetrafluoroethylene. According to Rafferty et al., the
components are formed into a malleable tape and cut to the desired size. To form the
pack cementation coating, the tape is placed on the surface of the part which is put in
an oven and heated to a temperature of about 1250°F (677°C) to 1350°F (732°C) for

0.5 to about 3 hours with the typical time being about 1.5 hours. The process causes a

10 chemical reaction to occur in which fluoride or chloride compound breaks down to

form halide ions which react with the metal (6r metal alloy) atoms forming the metal

halide compound. When the metal halide contacts the base metal surface, the metal in

the metal halide compound is reduced to elemental metal which can alloy with the

base metal. More specifically, metal ions, such as aIuminum, vanadium or chromium

15 react with the nickel, iron or cobalt of the base metal to form the aluminide or nickel

vanadium or nickel chromium composition.

Although Rafferty et al. seem to address the need for an efficient way to coat

select portions of gas turbine engine components, the above described resultant

coating does not appear to be a fully diffused coating. Thus, it is brittle and may be

20  dislodged from the component, for example, during handling or during engine

operation.

Notwithstanding the advances made in the aluminiding field, scientists and

engineers under the direction of Applicants® Assignee continue in their attempts to

dévelop aluminide coatings. Such coatings must have excellent resistance to



After the coating tape is placed or secur e BEPIACEMENT SHEET
article in need of coating, the article is]then placed 1}

processed in dry argon or 20 hydrogen at japproegi
(982[err]C) to about 2050[err]F (1121fe4rl @ |for f%ﬁ%
this process (i
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Spv

(1093[err]C) for four to seven hours. Durif

he. superal | oy
etort and

D[ err] F
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application t .nickel base sup
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h the case of
fromthe
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superalloy to the surface of the article to conbine with alum num thereby
bui | di ng up crackmg,. as well as economical and easy to apply, particularly to select portions of

gas turbine engine components. The invention results from such effort.

DISCLOSURE OF THE INVENTION

According to the invention, a low activity localized aluminide coating and

methods of producix_xg such coating are disclosed. A key feature of the invention is

that the resultant coating has an outward type diffusion aluminide coating

microstructure resulting in the desirable properties of resistance to oxidation

10  degradation as well as resistance to thermal fatigue cracking.

An aspect of the invention includes a low activity localized aluminide coating

for a metallic article made by positioning a coating material, preferably

in the form of

a tape, on a portion of the article. The coating material comprises a binder, a halide

activator, an aluminum source, and an inert ceramic material. The coating material

15

and the article are heated in an inert atmosphere between about 1800°F (982°C) and

about 2050°F (1121°C) for between about four and about seven hours thereby

producing a low activity localized aluminide coating having an outward diffusion

- aluminide coating microstructure characterized by two distinct zones, an inner

diffusion zone and an outer zone including between about 20-28 percent, by weight,

20  aluminum.

Another aspect of the invention includes a method of producing a low activity

localized aluminide coating on a metallic article. The method comprises the steps of:

positioning the above described coating material on a portion of the article and

heating the coating material and the article in an inert atmosphere between about



a layer of essentially pure NNAI. The resultant coating.is a two zone,
outwardly diffusing alum nide coating between about .0. 001 i nches (0.025 mm
and about 0.003 inches (0.076 mm) thick. The coating exhibits a diffusion
zone having a thickness 5 which is approximately half of the coating

t hi ckness. Any present nickel foil is réenoved and a |light cleaning
operation with a stiff brush or a cosnetic abrasive grit blast may then be

enpl oyed afte tr o) s Lo remove any remaining residue
around the cok@c}%épggc)fﬂg%@gb?%tﬁ fi\m%&r. between aboutfour aad abloutisevenie
coating of thﬁ i nvention has 10 greater thermal fatigue resistance than
that of a hi gRousstherghyprodusipg ailop afitivity $ocaljzédoalainir delcoutinahavi g A
Fhavidg ak 6

high activity, .inwardly diffusing alumnide coating is characterized by a
three zone ni diffusionualiminidé poating piitRbRucHIRhar Dk edi ff usi on
gy AR LT T

zone) with considerabl e phase precipitation in the r
inner diffusion zone and an outer zone including between about 20-28 percent, by

5  weight, aluminum.

Coatings made according to this invention have excellent resistance to thermal
fatigue cracking as well as excellent resistance to oxidation degradation. Thus, the
invention has great utility in the gas turbine engine industry. Other features and
advantages of the invention will become apparent to those skilled in the art from the

- 10 following.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a photomicrograph of the low activity, outwardly diffusing,

aluminide coating of the invention.

15 FIG. 2 is a photomicrograph of a prior art, high activity, inwardly diffusing,
aluminide coating. _ REPLACEMENT SHEET
06 JAN 1998
BEST MODE FOR CARRYING OUT THE INVENTION i

Applicants have discovered a low activity, outwardly diffusing localized
20  aluminide coating particularly suited for the aggressive gas turbine engine
environment. Outwardly diffusing aluminide coatings may be formed when the
coating application parameters (primarily temperature and aluminum activity) are
such tb promote diffusion of aluminum into the substrate and diffusion of the

substrate elements outwardly towards the substrate surface. By localized we herein



thé case of a nickel base substrate. The high al um ffu P e 1] S
<coati ng causes 15 a rapid diffusion of alum num i tgt EdEMfMtﬁéﬁé

resulting in a high alum numcontent in the outer predipitate zone. |The
al um hum content is high enough in thissouter zone qugh ObajAN M998 ¢l ¢nents
that were previously alloyed wth the rMmckel base sybgtrate are no |ompger
able to stay in solution, thereby formng internetalfl iC particres. Wile
t hese types of coatings have good resistance to oxidation. they are
consi der abl y meandhat e coatingimiaterial isapplieditocseiett poyticnsf alsabstrate, peefergbly in
resi stance in conparison to alum nide coatings of the outward type.
NE
as

Accor dingly, tidformfacbatiiy tae. "HoveVeY, 6nélasilédinltie 4ral] Mbtbciate thay |
reduci ng the chiaGhakliat dhéy behtker FOIAPLlHle 1} R BldcPPofiohd &S5 OF 9as

i nwardly diffusing alum nide coatings for certain applications suc
t ur bi ne engi nes.

substrate.

5 A key feature of the invention is that t_he resultant coating after heat treatment
has an outward type diffusion aluminide coating microstructure characterized by two
distinct zones resulting in thé desirable properties of resistance to oxidation
degradation as well as resistance to thermal fatigue cracking.

The low activity localized aluminide coating tape of the invention may be
10  applied to various metallic substrates. However, it is particularly suited for nickel
base superalloy articles such as gas turbine blades and vanes.

- The surface of the article should preferably be cleaned prior to application of
the coating tape. For example, conventional aluminum oxide grit blasting may be
employed to clean the surface of the article.

15 The low activity localized aluminide coating tape of the invention
includes a binder, .a halide activator, an aluminum source, balance an inert ceramic
filler material. Each constituent of the coating tape will now be described in detail.

The binder serves to strengthen the coating tape and-may generally be any

material capable of holding the coating constituents together without detrimentally

20 interfering with the properties of the coating tape ﬁor detrimentally interfering with
the properties of the superalloy article. However, the binder must be capable of
evaporating during heat treatment without leaving an undesirable residue. Suitable
binders may include polytetrafluoroethylene, polyethylene, polypropylene, urethane,

acrylics and mixtures thereof. Preferably, the binder is a high molecular weight



12 The present invention may be further unders{O &%WE%,&'Eﬁaml e
. W

which is meant to be exenplary rather than limti{n
activity, outwardly diffusing |ocalized alum nid¢ ¢oati ng was prpdhiced 5 by
the following: First, 65. 1 wt.% al umnymoxide, 28§26 .JANNPIBT ym
alumnum 0.9 w.%alumnumtri-fluoride, and 5.7 . %"
pol ytetrafl uoroet hyl ene were m xed toget her and ufacturedTT ape

form The thickness of the tape was 0.030 inches|(0.076 cn). The t fpe was

cut to the deslymét, phlgitraflistodthylond 36183k Pint! Wikhinlghtn, PIEAs1ATH® 6C.

The amount of binder employed may range between about 1 wt.% and about 15 wt.%

and preferably between about 6 wt.% and about 9 wt.%.
In additién to the binder, a halide activator is employed. The halide activator

5  serves as a transporter or carrier of aluminum to the surface of the article to be coated.

The halide activator can be any one of a number of halide compounds, including, for

example, aluminum tri-flucride, sodium fluoride, lithium fluoride, ammonium

fluoride, ammonium cMoﬁde, potassium fluoride, potaésium bromide, and mixtures

thereof. Preferably, the halide activator is between about 0.25 wt.% and about 5 wt.%

10  aluminum tri-fluoride and most preferably about 1 wt.% powdered aluminum tri-

fluoride.

In addition to the binder and the halide activator, an aluminum source is also
included as a coating constituent. The aluminum source may be any number of
suitable high melting point aluminum compounds which do not melt during the

15 subsequent coating diffusion heat treatment. For example, cobalt aluminum,
chromium aluminum, iron aluminum, and mixtures thereof may be employed.
Preferably, an aluminum compound, between about 5 wt.% and about 50 wt.% is
employed and most preferably, about 30 wt.% chromium aluminum (-48M./+325M.)
is employed. However, elemental aluminum or aluminum silicon should not be used

20  as the aluminum source because such aluminum sources will not result in the desired
low activity, outwardly diffusing, two zone microsu'uct_u_re.

In addition to the binder, halide activator and aluminum source, the invention
also includes an inert ceramic filler material. The inert ceramic 'ﬁller material may be

any such material capable of preventing the constituents from sintering together



S e
5ed
eht ed

10 of a high pressure turbine blade nade of a singl
superall oy material known as PWA 1484. Conventi onal
to secure the tape to the superall oy substrate. The eal t
at 1975[err]F (1079[err]C) for 6.5 hourg in an argonja h G
shows the mcrostructure of the resultant |ow activi nﬁ?m‘g@ﬂgﬁw
di ffusing alum nide coating which is approximtely 0}0 ' g
thi ck- and contains an inner diffusion zone that is agproxi mately half §he
wi dth of the cqati,ng. The quier ,zone of essentiall N ‘
bet ween aboudusiae e F'éé’n&f’}cwd 't““%%rﬁ'lrm/'e‘/ SMbhishe preferred fidler 2
shows the mcrostructure of an inwardly diffusing prior 20 art al um nide
coati ng depogiatesialoienenally hetweenabout 3wt %iand Jeswis¥alurminuml dide’may be
resulting coating is characterized by a three zone m crostructure

(preci pitat e efpldyed. Preferably, about 69 wt.% aluminum oxide is employed.

An inhibitor, such as chromium, cobalt, nickel, titanium, and mixtures thereof
5 may also be employed as a constituent if neceSsary to lower the activity of the
resultant coating. The inhibitor acts as a “getter of aluminum” or another location in
which the aluminum may be deposited, thereby reducing and slowing down the
amount of aluminum deposited on the superalloy substrate. Between about 5 wt.%
and about 20 wt.% inhibitor may be employed. Preferably, between about 5 wt.% and
10  about 10 wt.% chromium (-325M.) is employed as the inhibitor if it is necessary to
lower the activity of the resultant coating aﬁd achieve the desired two zone
microstructure. Conventional metallurgical analysis techniques may be employed to
determine microstructure.
The above constituents are combined to preferably form a tape. Formation of
15 the constituents into tape form is conventional and includes manufacturing techniques
disclosed in U.S. Patent No. 5,334,417, the contents of which are herein incorporated
by reference. In general, the constituents are mixed together. The resultant mixture is
then removed and rolled into the desired tape thickness. ‘The thickness of the tape is
preferably between about 0.015 inches (0.038 cm) and about 0.090 inches (0.229 cm)
20 and moSt preferably between about 0.030 inches (0.076 cm) and about 0.060 inches
(0.152 cm).
The tape is cut to the desired shape and size which is dependent upon the size

of the area requiring coating. The tape is then appliéd to the article in at least one



pha{se pure zone, and diffusion zone) with considerable

p i o i on
rich outer zone. - 13 - The low activity, RMQ\UEM? T;.FB__H_.m..__.

in the N Al

di ffusing | ocalized alum nide coatings of the inventiof have excel |l ent
resistance to thermal fatigue cracking sis-well as_ excelll nt0besAN{9E e
oxi dation degradation. These coatings can be applied mjcH thinner_ than

activity,

al so has 5

t
hif gh

i nwardly diffusing |localized al um ni de -coatings. The i nvention

greater thernal_ fatigue resistance than thHat_qf _a_high

activity, inladeaiovever.multiple layess maybe smplayed depending upgn thRrdesired he
invention is much nore desirable for certain

10

15

20

thickness of the resulting coating.

Preferably, the tape is applied to the article with the use of .a suitable adhesive.
The adhesive is conventional and may be any adhesive capable of adhering the tape to
the article, for example, we have used conventional Elmer’s school glue. Other
suitable adhesives may include Nicrobraz® products, such as Nicrobraz 300 and
Nicrobraz Cement S, by Wall Colmonoy Corp., Madison Heights, MI. However, the
adhesive must not detrimentally interfere with the coatmg process and must be
capable of evaporating during subsequent heat treatment without leaving any
deleterious residue. Preferably, the tape is manufactured with the adhésive attached to
the backing of the tape such that a peel off strip ¥nay be employed to expose the
adhesive on the backing of the tape for anacﬁment to the article.

As noted above, the adhesive used to secure the tape to the article will
evaporate cleanly during the subsequent heat treatment process. As a resuit, ifit
desired to coat an area such as an underside, side or tip portion of an article, for
example, additional steps should be employed to ensure that the coating tape is not
dislodged prior to completion of the hét treatment process.

We have discovered a novel approach to secure the tape to the article even
after the adhesive evaporates. The approach includes wrapping the tape (which is
secured to the article with adhesive) and areas of the article immediately a&jacent '
thereto with a nickel foil. Preferably nickel foil is employed, however, other suitable
materials for the wrap may include stainless steel.

The nickel foil is conventional and is preferably between about 0.001 inches

(0.025 mm) and 0.002 inches (0.051 mm) thick. The size of nickel foil employed is



applications such as reducing the propensity for cracH {epnRich@NTi SHEET
superal l oy articles of gas turbine engines. Another advahtage—o
invention is that it may be used to repair portions off 30 aé&a_s tur
engi ne conponent damaged during handl-i ag er during extler|si&e SAYiAW
service. For exanple, the invention may be enployed tq rlepair gas tur
bl ade tips. Yet another advantage of the invention iﬁ that the desired gwo
zone mcrostrycturne . can he achigeved wth ne step he - -

a significant denehisar PP the 5775.0f e e tn aped of cRwings Preferably, thernigknl faibalso
foregoing description, one skilled in the art can easily ascertain the
essenti al . chahasanadhesive attaghed toi its backside, ias descaibed abdvedut thd epatirig tage; tigm t he
spirit and scope thereof, can nmake various changes and nodifications of the

i nvention to isgagferred, bubndtarieceystry foLeffctlide A8 the Aitkel foil. A suitable nickel

foil includes that which is sold by Teledyne-Rodney Metals under the name Adhesive-
5  Backed Nickel 200 Foil.

- As noted above, the foil is wrapped around the tape and the areas of the article
immediately adjacent m&ao. Such overlapping ensures that the foil will remain
properly secured even at temperatures at which the adhesive evaporates.

An advantage of the use of the nickel foil includes the ability to eﬁ'ectivély
10 hold the tape in place during the heat treatment process. This embodiment is
particularly advantageous for coating the underside of a turbine blade platform or both
sides of a turbine airfoil concurrently. This approach is a novel, cost and time
effective way to ensure that the coating tape remains éecure during the subsequent
heat treatment process. Additionally, coating vapors are produced during the
15  subsequent heat treatment process. Use of this foil wrap will contain the coating
vapors and thereby prevent possible air contamination as well as prevent coating in
undesired locations.
After the coating tape is placed or secured on a portion of the superalloy article
in need of coating, the article is then placed in a retort and processed in dry argon or
20  hydrogen at approximately 1800°F (982°C) to about 2050°F (1121°C) for four to
seven hours and preferably at approximately 1950°F (1066°C) to about 2000°F
(1093°C) for four to seven hours.
During this process (in the case of épplication to a nickel base superalloy

article), the nickel from the nickel base superalloy slowly diffuses outward from the
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-14 - WHAT IS CLAIMED I S: 1. A non-slurried, nonds I

{ocalized alum nide coating on a select, exter naI por BEEE@EE@QTnﬁm base
super.al l oy article nade by a. positioning a coatin@ tape on a sefeft,
external portion of- the article, said g@ating tape :OEI) iJAN 999801 yneric
bi nder, a halide activator, a source of alum num wh|jcp_reacts with sajd
hal i de activator excluding elenental alum num and aJ um num silrcon, and an
inert ceramic 5 teri of, al num oxi de;  and i ng
tape and the 4 %tqtﬁeawffm&%ﬂms mb%m@ék%m&erq uilding up

a layer of essentlally pure NiAl. The resuitant coating is a two zone, outwardly
diffusing aluminide coating between about 0.001 inches (O 025 mm) and about 0.003
inches (0.076 mm) thick. The coating exhibits a diffusion zone having a thickness
which is approximately half of the coating thickness.

Any present nickel foil is removed and a light cleaning operation with a stiff
brush or a cosmetic abrasive grit blast may then be employed after the heat treatment
process to remove any remaining residue around the coated area.

The resultant low activity, localized aluminide coating of the invention has
greater thermal fatigue resistance than that of a high activity, inwardly diffusing
localized aluminide coating. A high activity, iﬁwardly diﬁ'using aluminide coating is
characterized by a three zone microstructure (precipitate zone, phase pure zone and
diffusion zone) with considerable phase precipitation in the NiAl nch outer zone, in
the case of a nickel base substrate. The high aluminum activity of this coating causes
a rapid diffusion of aluminum into the substrate, resulting m a high aluminum content
in the outer i:recipitate zone. The aluminum content is high enough in this outer zone
such that those elements that were previously alloyed with the nickel base substrate
are no longer able to stay in solution, thereby forming intermgtallic particles; Whilé
these types of coatings have good resistance to oxidation, they are considerably thick
and have lower ductility and thermal fatigue resistaﬁce in comparison to aluminide
coatings of the outward type.

Accordingly, the invention is much more desirable than high activity, inwardly
diffusing aluminide coatings for certain applications such as reducing the propensity

for crack formation in superalloy articles of gas turbine engines.



and 2050F for between four and seven hours thereby . B gl e
having a non-slurried, non-sputtered, |ow activity | GERLAGEMENT] GHEET de
coating on the select, external portion of the artiflle, sard coatirng {havi ng
an outward diffusion alum nide coating pgcLostructure cﬁgrgﬁhe@%ec_ J0 by
two distinct zones, an inner diffusion Zone having fa {t hi ckness ighlis
approximately half of the overall thickness of the | dweet+wityy—todalli zed
al um ni de coating and an outer zone consisting essgntially of pure N}A and
i ncludi ng between 20 and 28 percent, by wei ght, alum num rmed
thi ckness of the dhe presensiavention may befuther upderstoed by waytofexample wdich isches
and 0.003 inches, wherein said coating is resistant to oxidation

degr adati on ardnttbderrémplaty rgther thandimitigg. 2. The [ ow activity | ocalized

al um ni de coating of claim1l wherein the inner diffusion zone has a

t hi ckness whij UpLppPProxi mately half of the overall thickness of the | ow
activity localized alum nide coating. 3. The low activity | ocalized

al um ni de coat|i nngl]:)wCchlv{E,lou aerﬁfi\/l cﬁtﬁlshuelg F(Fctaﬁie!dl a(iu:(ﬁ‘{nti ecclogting was produced

5 by the following: First, 65.1 wt.% aluminum oxide, 28.2 wt.% chromium aluminum,

0.9 wt.% aluminum tri-fluoride, and 5.7 wt.% polytetrafluoroethylene were mixed
together and manufacturedlinto tape form. The thickness of the tape was 0.030 inches
(Q.076 cm). |
The tape was cut to the desired shape and sizg and applied under the platform
10  of a high pressure turbine blade made of a single crystal nickel base superalloy
material known as i’WA 1484. Conventional Elmer’s glue was used to secure the
tape to the superalloy substrate. The blade was heat treated ét 1975°F (1079°C) for
6.5 hours in an argon atmosphere.
FIG. 1 shows the microstructure of the resultant low activity, outwardly
15  diffusing aluminide coating which is approximately 0.0015 inches (0.038 mni) tl'ﬁck.
and contains an inner diffusion zone that is approximately half the width of the
coating. The outer zone of essentially pure NiAl includes betw&n about 20-28
percent, by weight, aluminum.
In compaﬁsoﬁ, FIG. 2 shows the microstructure of an inwardly diffusing prior
20  art aluminide coating deposited on a nickel base substrate. As seen in FIG. 2, the
resulting coating is characterized by a three zone microstructure (precipitate zone,
phase pure zone, and diffusion zone) with considerable phase precipitatioﬁ in the NiAl

rich outer zone.



Is a nickel base superalloy article. 20 4. The low activity |localized

al um ni de coating of claim3 wherein the outer zone consists essentially of
Ni Al including between about 20-28 percent, by weight, alum num wherein

t he conbi ned thickness of the outer zons and the inner zone is between
about 0.001 inches and about 0.003 inches. - 15 - 5. The low activity

| ocal i zed al um nide coating of claim1 further conprising a foil materi al
positioned over the coating material prior to step b. 6. The low activity

localized al um ni gg. £QALIRGy Cburivaiiiy bitrudthe i6dalizEd Quitifide Eodtihgs of the
invention have excellent resistance to thermal fatigue cracking as well as excellent
resistance to oxidation degradation. These coatings can be applied much thinner than
high activity, inwardly diffusing localized aluminide coatings. The invention also has
5  greater thermal fatigue resistance than that of a high activity, inwardly diffusing
localized aluminide coating. Thus, the invention is much more desirable for certain
applications such as reducing the propensity fbr crack formation in supegalloy articles
~ of gas turbine engines.
| Another advantage of the invention is that it may be used to repair portions of
10  agas turbine engine component damaged during handling' or duﬁng emive engine
service. For example, the invention may be employed to repair gaé turbine blade tips.
.Yet another advantage of the invention is that the desired two zone |
microstructure can be achieved with a one step heat treatment. This is a significant
benefit in terms of cost and time.
15 From the foregoing description, one skilled in the art can easily ascertain .the
essential characteristics of this invention, and without departing from the spirit and

scope thereof, can make various changes and modifications of the invention to adapt it

to various uses and conditions. e
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5 sel ect ed“f*fﬁﬁ—t—he—gmup_c_onsi sting of polytetrafl uoroethyl ene,

pol yet hyl ene, ne, acr I Ics and m xtures thereof. 7. The |low activity
| ocal i zed aIu ‘ w mtclalml wherein the halld.e activator is
sel ect ed from i ng of- alqum num fl uoride, sadium fluoride,

10 anmoni um fI uor| de, pot assi um f | uorT de, p T"RSSSHEEWHAS’IB{GN nd m xtures
thereof. 8. The low activity |localized alumn 'm1 wherein

the al um num €rkS um conpound s& e ot oup
consi sting of £ é ﬁﬂ:ﬁﬁﬂ”}:g rom um al um num iron alum num and

m xtures thergof 4 qu?rh tﬁ@?ﬁ: . um,.ni_d I ng of
claim1l Wnere?n the ﬁ%?tyqlggérl%ac T{il'dEXSo 'y%ﬂeﬁﬁ?ﬁ:&% de.

The | ow activity | ocalized .al.um ni de coati. of cI aim1l wherein the coatl n
y a. positioning a coating matemﬁgonapomon of the article, said coating J

maten'a! comprising a binder, a halide activator, an aluminum source, and an inert
ceramic material; and

5 b. heating the coating material and the article in an inert atmosphere
between about 1800°F and about 2OSQ°F for between abput four and about seven
hours thereby producing a low activity localized aluminide coating having anlouwvard
diffusion aluminide coating microstructure charactenzed by two distinct zones, an
inner diffusion zone and an outer zone including between about 20-28_. percent, by

10  weight, aluminum.

2. The low activity localized aluminide coating of claim 1 wherein the inner diffusion
zone has a thickness which is approximately half of the overall thickness of the low
activity localized aluminide coating.

15
3. The low activity localized aluminide coating of claim 1 wherein the metallic article

is a nickel base superalloy article.

4. The low activity localized aluminide coating of claim 3 wherein the outer zone
20  consists essentially of NiAl including between about 20-28 percent, by weight,
aluminum, wherein the combined thickness of the outer zone and the inner zone is

betwegn about 0.001 inches and about 0.003 inches.
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20 mat eri al Wcoating tape. 11. The.low activity

{ocalized al um ni de coa w alml wherein t S ing material further
conprises an inh “ romthe group c HISGHE um
cobal t, nickel: “ \ mext'ur es 1gher eof . | J,:@_:gz; ~S BAe! hod of
produm ng a Iow act|V|ty | ocal i zed al ufmni de coalt fetallic-article,
the nmethod conprising the steps of: a. positioning a coating terial on

a portion of the article, said coati ng 5 material conprising a binder, a
hal i de acti 3afBe lowdctyithlosalined aluminide snating o0 |qlmmlﬁxrﬂxercompnsmgafoﬂ

material positioned over the coating material prior to step b.

6. The low activity localized aluminide coating of claim 1 wherein the binder is
5  selected from the group consisﬁng of polytetrafluoroethylene, polyethylene, urethane,

acrylics and mixtures thereof.
7. The low activity localized aluminide coating of claim 1 wherein the halide
activator is selected from the group consisting of aluminum fluoride, sodium fluoride,

10  ammonium fluoride, potassium fluoride, potassium bromide, and mixtures thereof.

8. The low activity localized aluminide coating of claim 1 wherein the aluminum

source is an aluminum compound selected from the group consisting of cobalt REPLACEMENT 'SIFE

aluminum, chromium aluminum, iron aluminum, and mixtures thereof.
06 JAN 1998

15

9. The low activity localized aluminide coating of claim 1 wherein the inért ceramic ~ —

filler mate_gial is aluminum oxide.

10. The low acﬁﬁw localized aluminide coating of claim 1 wherein the coating

20 material is in the form of a coating tape.

11. Thé low activity localized aluminide coating of claim 1 wherein the coating

~material further comprises an inhibitor selected from the group consisting of

chromium, cobalt, nickel, titanium, and mixtures thereof.
' Sheet Has Been Replaced
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ceram c material; and b. heating the coating material and the article in

an inert a_’_,spher_e—be{—wee'n/bout 1800[ err] F and about 2050[err]F for

bet ween about four ai@1 seven hours thereb Tl activity
| ocal i zed aI @E avi ng an asgtward um ni de
coating m'cr aracterized by two diskinct RaPhA er

di f fusi on zoné and an outer zone including bet 0- 28 percent, by
wei ght, alum num 13. The nethod of claim 12 wherein the inner diffusion
zone has a thickness which is 15 approxinmatel half of t he overatl;q)é‘F

t hi ckness of 12.hA methed wiwmm?m@ww log GAAUDE OMATRERUC| | j ¢

article is a nickel base superal l oy. 15. The net hod of claim 14 wherein the
outer zone cartislesthe methedtcomprisingthe steps o0 i ncl udi ng bet ween about 20-28
percent, by weight, alum num wherein the conbi ned
a. positioning a coating material on a portion of the article, said coating
5  material comprising a binder, a halide activator, an aluminum source, and an inert
ceramic material; and
b. heating the éoating material and the article in an inert atmosphere
between about 1800°F and about 2050°F for between about four and about seven
hours thereby producing a low activity localized aluminide coating having an outward
10 diffusion aluminide coating microstructure characterized by two distinct zones, an

inner diffusion zone and an outer zone including between about 20-28 percent, by

weight, aluminum.

13. The method of claim 12 wherein the inner diffusion zone has a thickness which is

15 ipproximateli half of the overall thickness of the coating.

14. The method of claim 12 wherein the metallic article is a nickel base superalloy.
15. The method of claim 14 wherein the outer zone consists essentially of NiAl
20 including between about 20-28 percent, by weight, aluminum, wherein the combined
* thickness of the outer zone and the inner zone is between about 0.001 ‘inches and

. about 0.003 inches.
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t hi ckness of the outer—zome and the inner zone i's between about. 0. 001

i nches and about 0.003 -17- 16. The net hod of « 4 further
conpri si ng thﬂ‘““fm\m‘km ning a foil materf et HAS 86ENilng
material prio The met.hqg aof cla §%«ﬁ@ t he goi nder is
sel ected from the® group consisting 5 -of polytbtraflloreethytene,
pol yet hyl ene, pol ypropyl ene, urethane, acrylics and m xtures thereof. 18.

The nmet hod of claim 12 wherein the halide activator is selected fromthe
group 16. The method of claim 12 further comprising the step of positioning a foil material

over the coating material prior to step b.

17. The method of claim 12 wherein the binder is selected from the group consisting
5 of polytetrafluoroethylene, polyethyléne, polypropylene, urethane, acrylics and

mixtures thereof.

18. The method of claim 12 wherein the halide activator is selected from the group
consisting of aluminuni fluoride, sodium fluoride, ammonium fluoride, potassium

10 fluoride, potassium bromide, and mixtures thereof.

19. The method of claim 12 wherein the aluminum source is an aluminum compound

selected from the group consisting of cobalt aluminum, chromium aluminum, iron

aluminum, and mixtures thereof.
15
20. The method of claim 12 wherein the inert ceramic filler material is aluminum
oxide.
21. The method of claim 12 wherein the coating material is in the form of a coating
20 tape.

22. The method of claim 12 wherein the coating material further comprises an

inhibitor selected from the group consisting of chromium, cobalt, nickel, and mixtures

thereof. -
oreo 'REPLACEMENT SuceT This Sheet Has Been Replaced
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consi sting of alum numfluoride, sodiumfluoride, amonium fl uori de,
potassium 10 fluoride, potassiumbromde, and m xtures thereof. 19. The
met hod of claim 12 wherein the al um num source is an al um num conpound
selected fromthe group consisting of agbalt al um num chrom um al um num
iron aluminum and mixtures thereof. 15 20. The nmet hod of claim 12 wherein
the inert ceramc f'ﬂdvﬁhdﬁ‘v&@@'nd % Qﬂﬂ Y 3 cohTING Method of
claim12 wherein t T SBSTR THE T SORE o coating 20 tape.
22. The nethod of claim 12 where| n the coating material further conpri ses

an 1 nni bi tor el gk elehfiGidliedh BPactiORy 1dalibth AhenERECTaHT 552 ¢

ni ckel, and m xtur

metallic article made by positioning a coating material, preferably in the form ofa -
5 tape, ona portion of the article. The coating material compﬁses a binder, a halide
activator, an aluminum source, and an inert ceramic material. The coating material
and the article are heated in an inert atmosphere between about 1800°F (982°C) and
about 2050°F (1121°C) for beﬁween about four and about seven hours thereby
pfoc_lucing a low activity localized aluminide coating Having an outward diffusion
10 aluminide coating microstructure characterized by two distinct zones, an inner

diffusion zone and an outer zone including between about 20-28 percent, by weight,

d 3 ) . . , . . -
e THIS SHEET HAS BEEN
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ther eof .

producing a | W@d al um ni de coating on a select porti dfp Cof
& metallic ar sai d coatjng having an oyt rjum ni de
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-18 - 23. A low activi ty | ocal i zed al uni ni de coati ng?Qagge s

D] *
coating m crost n) il zed by two i L) Bh|i nner
di ffusion zone “‘“ﬁ“munmmt ﬂ consi sting gss entially o’r pére Ni A and

I ncl udi ng bet er 20 ahd %8 ei ght percent aljurfi r%np JON 20080 it fng tape

consisting essentially of between 6 wei ght pdrde
a polyneric blnder bet ween . 25 melghﬂ4perce t
hal i de activator

and 50
5
- 10
T
20

and 9 wei ghy percent of

cent of a
risin lum numtri-fludride, between 5 i ght percent

Wik SURMeD 59 &l um num t ‘ N> _Wpiont p

. Anonslurried, non-sputtered, low aclivity localized aluminide coating on a

select, exiernal portion of a nickel base superalloy article made by

a, positioning a coating tape on a select, external portion of the article, said coating

tape comprising a polymeric binder, a halide activator, a source of aluminum which reacts with

said halide activator excluding elemental aluminum and aluminum silicon, and an inert ceramic

material of aluminum oxide; and

b. hgating the coating tape and the article in an inert atmosphere between 1800°F

and 2050°F for between four and seven hours thereby producing an article having a non-slurried

non-sputiered, low activity localized aluminide coating on the select, external portion of the
mmwghgm an outward diffusion aluminide coating microstructure characterized

by two distinct zones, an inner diffusion zone having a thickness which is approximately half of

the overall thickness of the low activity localized aluminide coating and an outer zone consisting

essentially of pure NiAl and including between 20 and 28 percent, by weight, aluminum, the

combined thickness of the outer zone and the inner zone being between 0,001 inches and 0.003

inches, wherein said coating is resistant to oxidation degradation and thermal fatigue cracking,

2, The Jow activity localized aluminide coating of claim 1 wherein the inner diffusion

zone has a thickness which is approximately half of the overall thickness of the low
activity Jocalized aluminide coating,

3, The low activity Jocalized aluminide coating of claixﬁ 1 wherein the metallic article

is a nickel base superalloy article.

4, The low activity localized aluminide coating of claim 3 vyhereiﬁ the outer zone
consists essentially of NiAl including between about 20-28 percént, by weight,
aluminum, wherein the combined thickness of the ouler zone and ihe inner zone is

between about 0,001 inches and about 0,003 inches.



REPLACEME‘JT bHEETi

ei ght percent of a-source of al um num which reacts with said de
activator ex al um num and al um num si licon, and 2 £ o
wei ght and-9 llmwglum lms gllof an Tnert- ceramc filler mater|a ﬁ\l\’ﬁﬁ‘ ‘ﬁ&]
al um num oxi de IM sal G coating,tape is .capable of produfi bg—said.low | -
activi ty al um ni de coating which is Ae5| stant to oxidation depradation and

ther mal ~f 3l I1915F Aish ;I?.gxs, tRim ARG USRI pHsin

of pure N| AI.Iqxlé IA?QJ tpg‘\)/véagc ‘?@I ﬁ% @f%g al um ni de coating tape for
produci ng a | ow act, vi cali zed al u ni.de_coating on a sel ect portion of
a ni ckel %@%W@F‘&P?‘@j"e&%ﬁ‘&qa@ng% Bﬁ?’itﬁfe}?at{n ng an outward diffusion
al um ni de coating mcrostructure characterized by two distinct zones, an

inner diffusion zone and an outer zone consisting essentially of pure N A
and incl udi ng between 20 and 28 wei ght percent of aluminum said coating
tape consigtTHg RSty fdaliz<d alakabiide doatingof dlaim pevieesin thebigdepds c bi nder,
about 65.1 wei ght percent al um num oxi de, about 28.2 wei ght percent

C_hr om M 3 {HlA BB FBG LortlistindBE 9&&1&%&9&%@1&:@ pYlyBthylene, urethane,

acrylics and mixtures thereof.

7. The low activity localized aluminide coating of claim 1 wherein the halide
activator is selected from the group consisting of aluminum fluoride, sodium fluoride,

10 ammonium flucride, potassium fluoride, potassium bromide, and rm'xtures thereof.

8. The low activity localized aluminide coating of claim 1 wherein the aluminum
source is an aluminum compound selected from the group consisting of cobalt
aluminum, chromium aluminurn, iron aluminum, and mixtures thereof.

15
9. The low activitj localized aluminide coating of claim 1 wherein the inert ceramic

filler material is aluminum oxide.

10. The low actiﬁty localized aluminide coating of claim 1 wherein the coating

20 material is in the form of a coating tape.

11. The low activity localized aluminide coating of claim 1 wherein the coating
material further comprises an inhibitor selected from the group consisting of

chromium, cobalt, nickel, titanium, and mixtures thereof.



tri- fluoride, wherein said coatlngtapels capable f ' 1 d | ow
activity alumnide coating which is I’eSll tant to oxi dat i on degradation and
thermal . fati gue cracki ng and conprises an oute H"]ﬂlmnm‘ﬁﬂnr";uﬂssent ially
of pure N Al. 25. A low activity Iocallze%i t ape
consi sting of about 5.7 weight percent polyneric Bi nblert dbodt 65. 1 wei ght
percent al um num oxi de, about 28 2 wei ght percent chrom um al um num and

about 0.9 wei gt ARRGEGNSS Frodibil&Ndw activity dodaliged aaTite coating on@imédllicvi ty
| ocal i zed al um ni de coating tape is between 0.015 inches and 0.090 i nches

t hi ck, wherei | e of producing a low activity
al um ni de coa Eﬂ %ﬁ %ﬁclid;&)rrﬁ %ﬁ%éaﬁfgﬁgéggu dation degradati on and thernal

fati gue crackln and conpri ses an outer zone consi,sti
J J a pngsmon?ngacoatmg maten al on a portion op lﬂe article, said coating

5 material comprising a binder, a halide activator, an aluminum source, and an inert
ceramic material; and
b.  heating the coating material and the article in an inert atmosphere
between about 1800°F and about 2050°F for W&n about four and about seven
\_ bours thereby produéing a low activity lacalized aluminide coating having an outward
10 diﬁ'usioﬁ aluminide coating microstructure characterized by two distinct zones, an
inner diffusion zone and an outer zone including between about 20-28 percent, by

weight, aluminum.

13. The method of claim 12 wherein the inner diffusion zone has a thickness which is

15  approximately half of the overall thickness of the coating.
W _ 14. The method of claim 12 wherein the metallic article is a nickel base superalloy.

15. The method of claim 14 wherein the outer zone consists essentially of NiAl
20 including between about 20-28 percent, by weight, aluminum, wherein the combined
thickness of the outer zone and the inner zone is between about 0.001 ‘inches and

.about 0.003 inches.
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dssenti al | y of pure NiAl. 26. A method of prioducing a row activity

| ocal i zed al umi nide coating on a netalljic artiicl _ rising
tihie steps of: (a) posi tioning a coafi ?131 mat rllmllllmmlm“!gl,mgﬁ a
portion of the article, said coating material |compricsing & naer, a halide
activator, an alum num source, and an inert ceramc material; and (b)

heating the ati n terd al. article tn_an i-ner.t. ere between
about 1 B00[ Pt TR AR o R E, b b B of B ioRhE R3E eri,
hours thereby producing a low activity |ocalized al um ni de coating having
an outward di°T/¢rLFb¢9W1@Btmﬁt¢ﬁl%lé’"@6§%$tﬁgb-m crostructure characterized by two
di stinct zones, an inner diffusion zone and an outer zone including between
about 20-28 percent, by weight, alumnum 27. The net hod of cl ai m 26,
wherein the halide activator is alumnumtri-fluoride.
17. The method of claim 12 wherein the binder is selected from the group consisting
5  of polytetrafluoroethylene, polyethylene, polypropylene, urethane, acrylics and

mixtures thereof.

18. The method of claim 12 wherein the halide activator is selected from the group
consisting of aluminum fluoride, sodium fluoride, ammonium fluoride, potassium

10  fluoride, potassium bromide, and mixtures thereof.

19. The method of claim 12 wherein the aluminum source is an aluminum compound
selected from the group consisting of cobalt aluminum, chromium aluminum, iron
aluminum, and mixtures thereof. |

15
20. The method of claim 12 wherein the inert ceramic filler material is aluminum

oxide.

21. The method of claim 12 wherein the coating material is in the form of a coating

20 tape.

22. The method of claim 12 wherein the coating material further comprises an

inhibitor selected from the group consisting of chromium, cobalt, nickel, and mixtures

¥
thereof. REPLACEMENT , SHEET |
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23.  Alow activity localized aluminide coating tape for producing a low activity
localized aluminide coating oﬁ a select portion of a metallic article, sxid coating having an
outward diffusion aluminide coating microstructure characterized bér{ two distinct zones, an inner
diffusicn zone and an outer zone consisting essentially of pure NiA‘f'} and including between 20
and 28 weight percent aluminum, said coating tape consisting essentially of between 6 weight
pércent and 9 weight percent of a polymeric Binder, between .25 weight percent and 5 weight
percent of a halide activator comprising aluminum tri-fluoride, between 5 weight percent and 50
weight percent of a source of aluminum whic_h reacts with said halide act;-_vator exéluding

-

elemental aluminum and aluminum silicon, and between 30 weight and 90 weight percent of an

‘inert ceramic filler material of aluminum oxide, wherein said coating tape is capable of

producing said low activity aluminide coating which is resistant to oxida_tion degradation and
thermal fatigué cracking and comprises an outer zone consisting essentially of pure NiAlL

_24. Alow activity localized aluminide coating tape for producing a low activity
localized aluminide coating on a select portiori of a nickel base superalloy article, said coating
having an outward diffusion aluminide coating microstructure characterized by two distinct"
zones, an inner diffusion zone and an outer zone consisting essentially of pure NiAl and
including between 20 and 28 weight percent of aluminum, said coating tape consisting
essentially of about 5.7 weight percent polymeric binder, about 65.1 weight percent aluminum
oxide, about 28.2 weight percent chromium aluminﬁm and about 0.9 weight percént aluminum
tri-fluoride, wherein said coating tape is capable of producing said low activity aluminide coating
which is resistant to oxidation degradation and thermal fatigue cracking and comprises an outer

zone consisting essentially of pure NiAlL
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25. A low activity localized aluminide coating tape consisting of about 5.7 weight

————

percent polymeric binder, about 65.1 weight percent aluminum oxide, about 28.2 weight percent
chromium aluminum and about 0.9 weight percent aluminum tri-fluoride, wherein said low
a-lctivity localized aluminide coating tape is between 0.015 inches and 0.090 inches thick, wherein
said coating tape is capable of producing a low activity aluminide coating which is resistant to
oxidation dégradation and thermal fatigue cracking and comprises an outer zone consisting
essentially of pure NiAl.

26. A method of prodticing a low activity localized aluminide goating on a metallic
article, the method comprising the steps of: |
. (a) positioning a coating material in tape form on a portion of the article, said coating
materi;ﬂ comprising a binder, a halide activator, an aluminum source, and an inert ceramic
material; and |

®) heating the coating material and the article in an inert atmosphere between about

1800°F and about 2050°F for between four and about seven hours fhereby producing a low

- activity localized aluminide coating having an outward diffusion aluminide coating

microstructure characterized by two distinct zones, an inner diffusion zone and an outer zone
including between about 20-28 percent, by weight, aluminum.

27. The method of claim 26, wherein the halide activator is aluminum tri-fluoride.
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LOW ACTIVITY LOCALIZED ALUMINIDE COATING
ABSTRACT OF THE DISCLOSURE

The invention includes a low activity localized aluminide coating for a
inetallic article made by positioning a coaﬁng material, preferably in the form of a
tape, on a portion of the article. The coating material comprises a binder, a halide
activator, an aluminum source, and an inert ceramic material. The coating material
and the article are heated in an inert atrndsp_here between about 1800°F (982°C) and
about 2050°F (1121°C) for between about four and about seven hours thereby
producing a low activity localized aluminide coating having an outward diffusion
alumi_nide coating microstructure characterized by two distinct zones, an inner

diffusion zone and an outer zone including between about 20-28 percent, by weight,

aluminum. T
Figuré 1 1 GEME:T-—-&-“
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