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Refurbishing of Corroded Superalloy or Heat Resistant
Steel Parts and Parts so Refurbished

This invention relates to the refurbishing of superalloy
or heat resistant steel parts which have been corroded by
hot gases. Such parts include blades from stationary gas
turbines as well as from marine - and aeroengines as well
as exhaust valves in diesel engines and similar parts.

Parts subjected in operation to hot gases are usually made
of base materials like superalloys or heat resistant

steels, to which base materials protective coatings may be
applied. Typical of such parts are thé blades and vanes of
stationary gas turbines made from superalloys which general-
ly operate at a temperature up to 1000° C, in particular
within a.temperature range between 650° C and S00° C.

The term superalloy is well known in the art and is used
to describe an alloy developed for service at elevated
temperatures where severe mechanical stressing is
encountered and where surface stability frequently is

required.

All these superalloys usually consist of various formula-
tions made from the following elements, namely iron,
nickel, cobalt and chromium as well as lesser amgunts of
tungsten, molybdenum, tantalum, niobium, titanium and alu-
minium. Nickel-chromium, iron-chromium and cobalt-chromium
alloys containing minor quantities of the other elements
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‘as exhallst valves in diesel engines and sinmilar parts. gdlPart $ ajgeeted in
oper tion to hot gases are usually made of base materials |ike superall oys
or hqat resistant steels, to which base nmaterials protective coatings my
be agplied. Typical of such parts are the blades and vanes of stationary
gas furbi nes made from superall oys which general- |y operate at a
tenpgrature up to 1000[err]C, in particular wwthin a tenperature range

bet wgen 650[err] C and 900[err] C. Th& termsuperalloy is well known in the

art pd | ardsedogsenratingsapraklaoy SoYEroPedyLoreas disfofd, Supl ed
t enp@r at ur s fé severe mechanical Sttessing’is encountered and where
surf ice sBHBRIRLYOYSeqGINEPPtadn, chui vedaht Al RPPRBXEMRLSEY al | oys usual |y

consist ofizvariBgug PrBwiam khengpmedesbr RhiBrRel otbgutingr ek eifent s, nanely
i ronf§ nickel, ,gobalt, _andg chrom um as mehl as Lgsser anpunt s, of
additives in minor amounts such as titanium, tungsten,
5 tantalum and aluminium. Representative alloys of this type
are those identified as In 738 Lc and In 939 as well as

Udimet 500. These designations are known in the art.

Such parts as those referred to above may alsoc be made of
10 heat resistant steel. By heat resistant steel is meant an
alloy based on iron with alloying elements present to
improve the anti-scaling resistance of the alloy surface
to high temperature oxidation. These alloying elements
generally include chromium, aluminium, silicon and nickel.
15

Parts made of such a superalloy or of heat resistant steel
may be provided with protective coatings such as diffused
chromium by chromising or diffused aluminium by alumini-
zing or with overlay coatings of any desired composition
JPO deposited by plasma spraying or physical vapour
deposition, for instance.

Even such harts with protective coatings are subject to
corrosion on their exposed surfaces and may have to be

25 refurbished in order to keep them useful for a sufficient-
ly long service life. '

Thus, turbine blades generally have to be refurbished
after certain periods during their service life, which may
30 be up to 100,000 hours.

Corrosion on gas turbine components and the like at high
temperatures results from contaminants in the fuel and/or
air; furthermore, oxidation may also occur at high tempe-
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ratures. Depending on the conditions of operation, an .
oxide layer of varying thickness may form on the surface
of the part, e.g., the turbine blade. Also, and very
significantly, sulphur can penetrate into the base
material, especially along the grain boundaries, to form
sulphides deep in the material. Also, internal oxides and
nitrides may form within the metal near the surface.

Refurbishing or reconditioning involves the removal of

all corrosion products derived from the base material
and/or the coating, optionally followed by the application
of a new protective coating on the newly exposed surface
of the blade.

With regard to the types of corrosion described above, it
is necessary when removing all the corrosion products to
remove all the deep inclusions, such as sulphides, because
if these inclusions were allowed to remain, there would be
a risk that during subsequent heat treatment and further
operation they might diffuse into the base material -
especially in the case of thin-walled components - and
thus endanger its mechanical integrity. Also, there is a
danger that the application of a new coating might be
disturbed or made impossible.

In the present practice relating to a turbine blade or the
like made of superalloy or heat resistant steel and optional-
ly provided with a protective coating the surface of the cor-
roded part is removed or stripped by a combination of mecha-
nical treatment (e.g. abrasive blasting) and chemical treat-
ment (e.g. etching with acids or other suitable agents).

More recently, a high temperature treatment with
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are thgse identified as In 738 Lc and In 939 as well as Hﬁ: P, TQese
designgtions are known in the art. Such parts as those reférred to abbve
may al be made of heat resistant steel. By heat resistant steel is neant
an alldy based on iron with alloying elements present to inprove the
anti-sdaling resistance of the alloy surface to high tenperature oxidation.
These dl | oying el enents generally include chromum alumnium silicon and
ni ckel .| Parts nmade of such a superallmy or of heat re5|stant steel may be
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otherwise highly resistant are converted intc gaseous
5 fluorides which in their turn are easily removed. This
treatment is in particular widely used in the preparation
of components for repair welding and brazing.

There are, however, problems associated with the use of

0 fluorine compounds. The first problem is environmental

both within the workplace and elsewhere. The second

problem is that the treatment has the disadvantage that it

has no effect on sulphur occlusions, so that the grain
boundary sulphides mentioned above cannct be removed by

us such treatment. Accordingly, it is necessary to grind the

affected areas by hand which can lead to uncontrolled

removal of material.

In an article entitled "Refurbishment Procedures for

:?0 Stationary Gas Turbine Blades" by Blirgel et al (Biirgel,
Koromzay, Redecker: "Refurbishment Procedures for
Stationary Gas Trubine Blades™ from proceedings of a
conference on "Life Assessment and Repair™, edited by
Viswanathan and Allen, Phoenix, Arizona, 17 - 19 April,
g5 1990) reference is made to an aluminizing treatment of
as-received service-exposed blades prior to stripping in
order to make stripping of the coating easier by chemical
means. The aluminium coating is applied by a pack cemen-
tation process, as normally used to apply aluminium

po diffusion coatings. This procedure is said to imply a
high temperature treatment which leads to an enhanced
inward diffusion of elements of the residual coating.

It is also said that almost the whole wall thickness of
the cooled blades is influenced at the leading edge and
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n on their exposed surfaces and may have to be r rdi sh QOr der
themuseful for a sufficient- |y |long service Ilﬁtééjgl ‘Sll?lﬁési)d{mbi ne

enerally have to be refurbished after certain periods during their
life, which may be up to 100,000 hours. Corrosion on gas turbine
conpongnts and the |like at high tenperatures results fromcontam nants in

the fugl and/or air; furthernore, oxidation nay al so occur at high tenpe-
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A1 that microstructure deteriorations which are definite-
ly not due to service exposure of the blades occur. The
treatment is said to be a negative example of what can
happen during stripping.

Accordingly, it is the primary object of the invention

that the corroded surface of the component may be removed

effectively by deposition of an aluminide coating on the-

component, the depth of the coating being such as to

#0 enclose all the products of corrosion, and removal of the
aluminide coating, whereby the products of corrosion are

removed as well.

The inventive process for the refurbishing of a corroded
"5 superalloy or heat resistant steel part having a surface
with products of corrosion comprises cleaning the surface,
applying an aluminide coating on said surface and removing
'said aluminide coating together with the products of

# corrosion.

0

By this method, substantially all the products of
corrosion, including grain boundary sulphides, can be
removed.

25 It has been found by contrast to the teaching of the
document by Birgel et al cited above that the
aluminization of the surface of a part which has become
corroded by hot gases can be carried out to give the
advantages described above if the surface is cleaned

30 before aluminizing and the aluminizing is carried

out as explained herein.

After removal of the aluminide coating the part may be
recoated with a protective coating, for example by
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es. Depending an the conditions of operation, anggxigdepl aygg ef

t hi ckness may formon the surface of the part, e.g., the turbine
Al so, and very significantly, sul phur can penetrate into t he base
|, especially along the grain boundaries, to form sul phides deep in
the maferial. Also, internal oxides and nitrides may formwthin the netal
near the surface. Refurbishing or reconditioning involves the renoval of
rosi on products derived fromthte base material and/or the cgating,
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or physical vapour deposition.

In another aspect of the invention there is provided a

k corroded superalloy or heat resistant steel part having a
surface with products of corrosion, which surface has been
cleaned and to which surface an aluminide coating has been
applied, the aluminide coating being of such a depth as to
enclose all the products of corrosion, whereby they are

b removed totally when the aluminide coating is removed.

In a further aspect of the invention there is provided a
process for the production of a refurbished superalloy or
heat resistant steel part having a surface which has been
b corroded by hot gases, whereby products of corrosion have
been formed at the surface, which comprises cleaning the
surface and applying an aluminide coating thereto which
aluminide coating has a depth sufficient to enclose the
products of corrosion, and removing the aluminide coating,
k optionally with subsequent application of a protective
coating.

The aluminide coating which is applied to the cleaned
part should advantageously be of such a depth as to

5 enclose the corrosion products, in particular the

deep corrosion products such as grain boundary sulphides.
The aluminide coating is preferably of a thickness greater
than 150 pm and in particular within the range of

# 200 - 400 pm, although it may be thicker.

0

As indicated, the surface of the corroded part to be
aluminized is to be cleaned before it is aluminized. This
cleaning is to remove a substantial part of the corroded
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5 ferred method of cleaning is by physical means, such as

by using compressed air to blast the corroded surface

of the nickel alloy with small particles of a hard ceramic
such as aluminium oxide. These particles, by hitting and
abrading the surface, can remove the majority of the

#0 products of corrosion. This cleaning 1s therefore
essentially a procedure by which the surface corrosion
products which are products of corrosion constituting part
of the surface are substantially removed prior to the
aluminizing treatment. These surface corrosion products

ﬁ5 comprise mainly bulky oxides which may easily be removed

by mechanical treatment of the type referred to.

The aluminization of the superalloy or heat resistant

number of ways.

% steel part which has been cleaned may be carried out in a
‘20

In a first method, the part to be aluminized is immersed
in an aluminizing pack that may contain an aluminium
source, a moderator (which is optional), an energizer and
RS a diluent. The pack and the part to be aluminized are
contained within a partially seéled retort which is heated
in a furnace. This method is referred to as "pack
aluminizing™.

30 In a second method, the part to be aluminized and the
aluminizing preparation are contained within a partially
sealed retort but not in immediate contact with each other.

This method of aluminizing is sometimes referred to as
ngut of pack" aluminizing.
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4 fluorifde chemical s which generate hydrogen fluoride as ghegacpi Hesgpeci es
haS proJed useful. In this treatnent, alum niumand titanium oxides an
ni‘tri deq which are otherwi se highly resistant are converted into gaseous
fluoridgs which in their turn are easily renoved. This treatnment is in
particulfar widely used in the preparation of conponents for repair wel ding
and braZzi ng. 8

w In a third method, the aluminium source or generataor is
outside the retort and an aluminium compound, normally an

aluminium halide, is passed intc the heated retort,

containing the part to be aluminized. This method is

f sometimes referred to as "gas phase aluminizing"..

The source for the aluminium which is to be deposited
on the surface of the superalloy can be a metallic powder
or flaky preparation or a volatile chemical compound such
,* as an aluminium halide or a chemical compound that on de-
composition produces an aluminium halide. It is important
during the coating operation that the aluminium, together
with all other ingredients and the components contained
within the aluminizing pack, is protected from attack by
iﬁ atmospheric oxygen with an inert atmosphere that may be
produced by ammonium salts contained in the pack which
decompose as the temperature is elevated. Alternatively,
such protection can be produced by passing hydrogen or a
hydrogen-containing gas mixture into the retort.

In general, a process of pack aluTinizing as referred to
above can be carried out by using two different methods.
In the first method, the pack contains the aluminium
source, a diluent refractory such as alumina or titania
P and a chemical energizer such as ammonium fluoride or
ammonium chloride. The aluminizing temperature is general-
ly in the range between 700" C and 900° C and the coating
referred to as the aluminide coating is formed by a
diffusion of aluminium. Such aluminide coating has two
'% zones, one of which is below the original surface of the
superalloy and is referred to as the "diffusion zone", and
one of which is above the original surface and is referred
to as the "additive zone™. On parts containing nickel as a
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There are, however, problens associated wth the use of fdéj &#nds.
The firgpt problen1|s environnental both within the morkplace and else ere.
The secpnd problemis that the treatnment has the di sadvantage that it has
no effegt on sul phur occlusions, so that the grain boundary sul phides
menti oned above cannot be renoved by such treatnent. Accordingly, it is
necessafy to grind the affected areas by hand which can lead to

uncontrpl |l ed renoval of material. Ingan article entitled "Refurbgshnment
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serV|ce—exp§§9§tEPéSeZSpFP§Fr38%§FrP&pFHS rﬁlatlvely low temperature
5 used. Therefore, the coating consists predominatly of the

additive zone (i.e. NizAls).

Aluminizing packs of the type described above are referred
to as "high activity packs”.

It has been found that in using packs of this type to
achieve coatings of a suitable depth (i.e. > 150 pm), it
is necessary to carry out a subsequent high temperature
re-diffusion process, which may be undesirable for

*5 operational reasons. The re-diffusion process must be
carried out in an inert atmosphere or vacuum furnace at
around 1050 - 1100° C, which increases the overall cost
and time for the operation. Attempts to produce thicker
aluminide coatings using high activity packs at tempera-
%ﬂ tures higher than 900° C produce layers that are
non-uniform over the surface of the coated parts.

In a variation of the above pack aluminizing method, a
moderator is added to the pack in the form of a metal

s powder such as chromium, nickel or iron. The moderator
reduces the vapour pressure of the aluminium halide in the
pack at the temperature of aluminizing and hence allows
higher temperatures to be used to achieve deeper aluminide
% coatings.

Q

In this way an aluminide coating having a thickness of
more than 150 pm may be prepared.
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to make stripping of the coating easier by chem G yEISs4&

nium coating is applied by a pack cenen- tation process, as nornmally
usedto apply al um niumdiffusion coatings.

10

1 No re-diffusion process is needed by using a pack of a
composition described below and termed "low activity
pack". Furthermore aluminide coatings produced with low
activity packs generally show an increased uniformity in

5 comparison with aluminide coatings produced with high
activity packs. It is therefore preferred according to the
invention to use low acitivity packs.

Y

Aluminizing packs of the low activity type have the
10 following compositions.

Aluminium Source

Concentration of aluminium 1 - 25 ¥ by weight

{15 preferably 2 - 15 %¥ by weight

For aluminization, an aluminium halide is preferably
generated in situ within the retort and in the pack
surrounding the component being aluminized. However, it is

20 recognised that the aluminizing compound (aluminium

halide) can be generated in a section of the retort that
is separate from the component being aluminized or, in
fact, passed into the heated retort from an outside
generator.

|25

Moderator

This can be a metal powder addition to the aluminizing
pack such as chromium, nickel or iron, of concentrations
30 between 1 - 20 %¥ by weight, the preferred addition being
chromium in the concentration range 2 - 10 ¥ by weight.

This Sheet Has Been Reﬂlaced
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5 th_t m crostructure deteriorations which are defln!th §§_30%5Qgecto
serwvijce exposure of the blades occur. The treatnent is said to be a
negat|i ve exanpl e of what can happen during stripping. Accordingly, it is
the grimary object of the invention that the corroded surface of the
conpgnent may be renoved effectively by deposition of an alum nide coating
on tHe conponent, the depth of the coating being such as to enclose all the
prodycts of corrosion, and renoval @f the alum nide coating, whereby the
prodyct s éﬁefﬁ#ié@ion are renoved as wel | . The inventive process-for the
r ef urfpi shing a corroded superall oy or heat resistant steel part having a
surfgce with products of corrosion conprises cleaning the surface, applying

an aljum njle &oa dNfle PTuSA FoTURhAC R IUME i Hrocess is
generally a compound that contains a halide element such

5 as sodium chloride or ammonium fluoride. The preferred
halide compound in the process of the invention is an
ammonium salt such as ammonium chloride in the con-
centration range 0.05 - 10 ¥ by weight, the preferred
range being 0.1 - 5 % by weight.

Diluent

A diluent is generally a refractory oxide powder that
makes up the balance of the ingredients in the aluminizing
b pack and can be a compound such as Al,0; (alumina), TiO,
(titania), MgO or Cr203. The preferred refractory diluent
used in the pack according to the invention is alumina.

The aluminization is advantageously carried out at
temperatures and within time intervals which are matched
to requirements to achieve aluminide coatings which
enclose the corrosion products to be removed to a suffi-
cient degree, keeping in mind that such enclosure is at
least partly accomplished by diffusion of aluminium

15 within the corroded base material.

o
prm
=

In general, the aluminization is carried out at
temperatures between 1050° C and 1200° C, in particular
between 1080° C and 1150° C; the same temperature ranges
'#U are to be applied in a re-diffusion treatment following an
aluminization by a high activity pack. However, the tempe-
rature should always be kept well below the solution
temperature of the base material alloy.
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al um nide coating together with the products of goryro . y this
od, substantially all the products of corrosion, q (?Ilug’I %&4&%
dary sul phides, can be renpoved. It has been f ound by contrast to the
hi ng of the docunent by Burgel et al cited above that the al um nization
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vantageously accomplished within a time interval between
6 hours and 24 hours, in particular between 10 hours and
16 hours. However, the duration of such time interval is
$ to be counted from reaching the desired temperature, .
since a heating interval preceding an aluminization ¥
process may well amount up to several hours. e

8oth the operating temperature and the time interval are

* critical parameters for the processes just referred to; |
however, the most critical parameter is the temperature, |

as indicated above.

With regard to the aluminization processes Jjust described,
the invention is not intended to be limited to the details
shown. In particular, the aluminization process may
advantageously be modified to be carried out with minor
amounts of other elements added to the aluminium to be de-
posited. Such elements are silicon and chromium, for |
R0 example, as they may, by a so-called "co-diffusion process",
enhance the diffusion of aluminium in the base material

and thus improve the enclosure of corrosion products.

In any case, the choice of additional elements to be

l co-diffused with aluminium should be done with regard to

X5 the interaction between these elements and the base

material which is to be aluminized. Normally, additions '
of other elements will be limited to amounts of several é
weight percents. The addition of these elements may in i
particular be accomplished by using an appropriate
aluminium alley in an aluminizing pack instead of sub- .
stantially pure aluminium. :

After the component has been aluminized the aluminide
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13
coating may then be removed by a suitable treatment, for
example with acid, whereby all the corrosion products are
simultaneously removed. The cleaned refurbished component
can then have a protective coating applied thereto, for
example by chromising.

-4

The following Examples illustrate the invention:

(In all these examples the parts to be aluminized are
embedded in the pack, in the retort, which is partially
sealed and placed in the furnace).

The compositions of In 738 Lc, Udimet 500 and In 939
(referred to above) are given below:

CHEMICAL COMPOSITIONS

In 738 Lec U 500 In 939
% % %
c .1 0.08
Cr 16.0 19.0 22.5
Co 8.5 18.0 19.0
Mo 1.75 4.0
W 2.6 2.0
In 738 Lc U 500 In 939
% % %
Nb 0,9 1.0
Ti 3.4 2.9 3.7
Al 3.4 2.9 1.9
Ta 1.75° 1.4
Fe 4.0 max
B ' 0.006
Zr 0.05
Ni Balance Balance Balance
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been corroded by hot gases,
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g which is applied to the cleaned part shoul d

ant ageously be of such a depth as to enclose the corrosion products,

i cyl [ ngj ul phi des.
al 3mas:u déﬁ)coa nggog%f%j!r eraagﬁu fﬁﬁﬁnﬂég d&rcte%%;ier %dﬁ 150 [err]m
i n adaiay ckn a7f3€wlt¢u reagted é}yg@t:fomsmg, with a maximum

depth of corrosive attack of 220 um, which had been cleaned
by ceramic blasting, was subjected to the following
aluminizing process.
Aluminizing compound: 3.0 % aluminium; 3.0 %

chromium; 0,5 % ammonium

chloride; balance alumina
Aluminizing temperature: 1110° € for 10 hours
Resulting aluminium penetration depth: 240 - 260 pm

Example 2

A section of a turbine blade made from the nickel-based
alloy Udimet 500, coating by chromising, with a maximum
depth of corrosive attack of 180 pm, which had been
roughly cleaned as in Example 1, was subjected to the
following alluminizing process.

Aluminizing compound: as example (1)

Aluminizing temperature: 1080° C for 10 hours
Resulting aluminium penetration depth: 190 - 220 um

Example 3

A section of a turbine blade made from the nickel-based
alloy In 738 Lc, with a maximum depth of corrosive attack
of 210 pm, and which had been roughly cleaned as in
Example 1, was subjected to the following aluminizing
process.

i ;i’iilﬁiu m?in

ved totally when the alum nide coating is renov 8 %Upa?g gther aspect
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rbi shed superall oy or heat resistant steel part having a surface whi ch
wher eby products of corrosion have been
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I ni de coating thereto which alum nide coating has a depth sufficient to
ose the products of corrosionjigand renoving the alum nide coating,
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" 400 [err]m although it may be thicker. As indigated, ot urface of
rroded part to be alumnized is to be cl eaned beﬁgrggif ??4% =

ized. This cleaning is to remove a substantial part of the corroded
ace, in particular including a substantial fraction of the products

rosion at the surface, before it is alumnized. This cleaning can be
| i shed by chem ca

15
Aluminizing compound: 7.5 % aluminium; 5.0 % chromium;.
1.0 ¥ ammonium chloride;
balance alumina
Aluminizing temperature: 1110° C for 16 hours
g Resulting aluminium penetration depth: 240 um

Example 4

A section of a turbine blade made from the nickel-based

ﬁ alloy In 738 Lc, with a maximum depth of corrosive attack
of 180 pm, was subjected to the following aluminizing
process.

Aluminizing compound: 10.0 % aluminium; 3.0 ¥ chromium;
# . 0.5 % ammonium chloride;
balance aluminia
Aluminizing temperature: 1080° C for 16 hours
Resulting aluminium penetration depth: 200 um

b Exémple 5

A section of a turbine blade which had a corroded surface
layer to a depth of 200 pm, made from the nickel-based
alloy In 738 Lc to which had originally been applied a

5 protective surface layer by low pressure plasma spraying
having the composition as follows: 25 % Cr, 12 % Al,

0.7 ¥ Y, 2.5 ¥ Ta was cleaned by ceramic blasting and was

subjected to the following aluminizing process.

ﬂo gomer

Aluminizing. compound: 3.0 % aluminium, 3.0 % chromium,
S O N 2 B 0.5 ¥ ammonium chloride,

balance alumina
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negﬁé'quch as aqueous acid pickling. However, the pre- égrred ngth d_of

cl éani@g i s by physical neans, such as by using conpres FhiF $3¥8I%st the
corroomd surface of the nickel alloy with small particles of a hard ceramc
such a& al umi ni um oxi de. These particles, by hitting and abrading the
surfade, can renove the majority of the products of corrosion. This
cleanifgg is therefore essentially a procedure by which the surface

surfacg are supstantially removed prior, to he al um ni zi ng treat ment” These
surfadp cAte_itizin QJatFt'%/% eRHTHFE sel il nI§ AR 142 JQWSs which may easily be
removeg byﬂmmmg:adlammtmrnerm‘tﬁdﬁdrvnﬁep't&ferzm-tczm ukhe

alum nf zati on of the superalloy or heat resistant steel part which has been
cl eanefd may be carried out in a nunber of ways.

Example 6

A section of a turbine blade which had a corroded surface
layer to a depth of 200 ym, made from the nickel based
alloy In 738 Lc to which had originally been applied a
protective surface layer by air plasma spraying having the
* composition as follows: 16 ¥ Cr, 4 ¥ Si, 2 ¥ Mo, 3 % B,
remainder Ni was cleaned by ceramic blasting and was
subjected to the following aluminizing process.

Aluminizing compound: 3.0 % aluminium, 3.0 % chromium,
ﬁ 0.5 ¥ ammonium chloride,
balance alumina

Aluminizing temperature: 1090° C for 15 hours
Resulting aluminium penetration depth: 230 - 250 um

The aluminide coating applied according to Examples 1 - 6
can be removed by one or both of the following techniques.

a) Aqueous acid pickling:

5 The aluminide coating is removed by immersing the
aluminized component in a solution of a hot mineral acid
(such as 20 ¥ hydrochloric acid in water) and holding
until the dissolution of the aluminide coating is
complete. Aqueous acid pickling is only appropriate with
ko parts whose base material is not substantially attacked by
the mineral acid compound during the time interval
necessary to remove the aluminide coating.
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irst method, the part to be alumnized is |nner&@dBinPa&S@ﬁuﬁ1n|Z|ng
padﬁ hat may contain an alum nium source, a noderator (which is optional),
gergi zer and a diluent. The pack and the part to be al um nized are
gined within a partially sealed retort which is heated in a furnace.
Anethod is referred to as "pack aluminizing". |In a second nethod, the
dto be al unminized and the aluniﬂizing preparation are contained within
gtially sealed retort but not i medi ate contact with each other.
{methoCeafamllcutilastiimg:i s sonmetimes referred to as "out of pack™

AN 30 a1uminide coating is removed by using compressed air
to blast it with small particles of a hard ceramic mate-
rial such as aluminium oxide. The aluminide coating is

1 somewhat friable and readily fractures away from the
surface of nickel and iron alloys which are frequent-

ly used as base materials when subjected to this treat-
ment.

{ Either of the two methods described above can be used to
remove the aluminide coating from the surface of a nickel
or iron alloy but, in practice, a combination of the two
techniques is preferred. Indeed, in removing the coating
from the products of the Examples, such a combination was
1 used, the sequence being ceramic blasting followed by acid
pickling. If desired, a combination of both methods may
i involve multiple application of at least one of them.

The reconditioned blade from which the aluminium coating
H had been removed was subsequently subjected to a pack
chromising procedure to provide a protective coating
comprising a diffusion chromium layer.

The effectiveness of the procedure according to the

% invention on blade sections of chromized Ni base alloy
In 738 Lc which have had 30,000 operating hours is shown

in Figs. 1 - 3, which are photomicrographs.

The blade section before treatment is shown in Fig. 1.

The protective coating has been completely consumed by
corrosion. The blade material shows corrosion up to a
depth of 300 pm, The sulphide particles are visible deep
in the blade section at the grain boundaries as indicated.

Ml m riu
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8 In a third nethod, the alum nium source or generat or GRs2auPsBd&6t bie
retort and an al um ni um conpound, normally an alum nium halide, is passed
imo the heated retort, containing the part to be alum nized. This nethod
is sonetines referred to as "gas phase alum nizing”. The source for the
al-um niumwhich is to be deposited on the surface of the superall oy can be
a netallic powder or flaky preparation or a volatile chem cal conpound such
as an alum nium halide or a chenicaﬂsconpound that on de- conpositi.on

produces ﬁ@eaﬁmglg&b@bhdﬁs then Scldmosd addcsitdimg tdetlgoati ng operation
that the alum njum % g
invention. Thils removes all the products of corrosion, in-

cluding bulky oxides, from the surface of the blade
section.

Fig. 2 shows the blade section after aluminization
The aluminide coating'has encapsulated the particles pro-
duced by corrosion including the sulphide particles.

Fig. 3 shows the blade section after removal of the
aluminide layer. This was carried out by blasting with
ceramic (alumina) particles followed by acid pickling. The
clean surface produced is readily apparent. No sulphide
particles are to be seen.
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with all other ingredients and the conponents contained Mmthlnpthg45

al um nummmﬂmm otected from attack by atnospheric oxygen w th an

i nert ”ﬂtﬂ’ y be produced by amonium salts contained in the
pack whi ch’ décoffpose #as the tenperature is elevated. Alternatively, such
protection can be produced by passing hydrogen or a hydrogen-contai ni ng gas
mxture into the retort. In general, a process of pack alum nizing as
referred to above can be carried out b% using two different nethods. In the
first methogiaihe pack contains the alum niumsource, a diluent reffactory
such as alumina or titania and a chem cal energizer such as ammoni um

fluoride or ammoni um chl oride. The alum ni zing tenperature is general- |y
in the range. betmee@e§90ferrﬁhé:Eaﬁhﬁﬂxﬁh&ng dfEﬂﬂhdﬂﬁbdﬁﬁﬂéuukféﬁﬁﬁyed to

as the alu f g;p | i unj i ,um Such
al um ni de g%ﬁtl%%Ehas ?%Eéégﬁgg HR¥J$t%#I %&giﬁg%he 5}|g|nal surface
of the supepabﬂoytan@flfsorm%iwed wholchs QCHUJI‘Jd?rQS wieaningdhe and
surface, applying an aluminide coating to said surface and
removing said aluminide coating together with the products

of corrosion.

2. A process as claimed in claim 1 in which the aluminide
coating is of such a depth that it encloses the products
of corrosion.

3. A process as claimed in claim 2 in which the products
of corrosion include the deep corrosion products.

4. A process as claimed in claim 3 in which the deep
corrosion products include grain boundary sulphides.

o A D saihet RIMBARS P8 L AL L

i 5. A process as claimed in any of claims 1 to 4 in which
the aluminide coating has a thickness greater than 150 pm,

6. A process as claimed in claim 5 in which the aluminide
coating has a thickness within the range of 200 - 400 pum.

7. A process as claimed in any of claims 1 to 6 in which
the cleaning substantially removes surface corrosion
products. :

8. A process as claimed in claim 7 in which said surface
corrosion products consist mainly of bulky oxides.

B

9. A process as claimed in any of claims 1 to 8 in which
the cleaning is effected by chemical means and/or

This Sheet Hag
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one of which |s above the original surface and is refergedy @ agsihe

"addi ti s containing nickel as a
9 pr|n4mﬂ "m [addltlve zone is a conpound general- |y of the
ormul a ﬁhcern] [esr]«

In the type of alumnizing just referred to, the

depth of dlfoSIOﬂ of alum niuminto the substrate is restricted by the,_:?

relatively | ow tenperature used. Therefore, the coating consists B

predom natly of the additive zone (i. &0 Ni[err]Al[err]). ' f é:.fé_

."‘."

mechanical means.

10. A process as claimed in claim 9 in which the cleaning
is effected by blasting with ceramic particles.

11. A process as claimed in any of claims 1 to 10 in which
the aluminide coating is applied by pack aluminizing.

12. A process as claimed in claim 11 in which a low
activity pack is used to apply the aluminide coating.

13. A process as claimed in any of claims 1 to 12 in which
the aluminide coating is removed by mechanical and/or
chemical means.

PSRN R L,

14. A process as claimed in claim 13 in which the
aluminide coating is removed by ceramic blasting and/or
acid pickling.

L it

15. A process as claimed in claims 13 or 14 in which
mechanical and/or chemical means are used more than once.

16. A process as claimed in any of the preceding claims in
which a protective coating is applied to the surface after
|  removal of the aluminide coating.

17. A process as claimed in claim 16 in which the
protective coating applied to the surface from which the
aluminide coating has been removed is applied by

i diffusion, plasma spraying or physical vapour deposition.

18. A process as claimed in claim 17 in which the
protective coating is applied by chromising.

“’ﬁﬁ*iiﬂ‘li‘iilﬂili“r“‘in




'ﬁ;ﬁq" ni zi ng packs of the type described above are refgrogdpt@sas £high
acti'vitnmm been found that in using packs of this type to
achi eve H Eﬂltable depth (i.e. > 150 [err]nm), it is necessary

seq

to carry*out & sm t high tenperature re-diffusion process, which may
be undesirabl e for operational reasons. The re-diffusion process nust be

carried out in an inert atnosphere or vacuum furnace at around 1050 - 1100
C, which increases the overall co®l and tine for the operation. Attenpts to

produce ¢ higk f@&%@é@%&ﬂ%dé&%dﬁfﬂl@ﬂmﬁﬂea@ toe adhat tenpera-

tures higher than 900[err uce | ayers that are n n—unlforn1over t he
surfacestded I%a’bfoa"{"é‘?ﬁ p%’f%%”c‘% PHICRTDRDIC D eégo\fb 35%cie fal uni ni zi ng

net hod,cla imsler at®rigs added to the pack in the formof a netal

20. A corroded superalloy or heat resistant steel part
having a surface with products of corrosion, which surface
has been cleaned and to which an aluminide coating has
been applied, whereby substantially all products of
corrosion are removed as the aluminide coating is removed.

21. A corroded superalloy or heat resistant steel part

as claimed in claim 20, whose aluminium coating is of such
a depth as to enclose substantially all products of corro-
sion.

22. A process for the production of a refurbished corroded
superalloy or heat resistant steel part having a surface
which has been corroded by hot gases whereby products of
corrosion have been formed at the surface, which comprises
cleaning the surface, applying an aluminide coating there-
to and removing the aluminide coating, optionally with sub-
sequent application of a protective coating.

23, A process as claimed in claim 22, wherein the
! aluminium coating has a depth sufficient to enclose sub-
stantially all products of corrosion.

his Sheet Has Been R¢ﬂ

|||||||| IIII\l Al

Amrors o upe g s et ® W S




iﬁ_d.w: 3

powder such as chromium nickel or iron. The noderator reduces,the vapour
pressure of the alum niumhalide in the pack at the tenperature of
alum ni zi ng and hence all ows hi gher tenperatures to be used to achi eve
deeper alum nide coatings. In this way an al um nide coating having a
t Ri ckness of nore than 150 [err] m may be prepared.
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10 No re-diffusion process is needed by using a pack of a conposition
descri bed bel ow and terned "l ow activity pack”. Furthernore al um nide
coatings produced with |ow activity packs generally show an i ncreased
uniformty in conparison with alumnide coatings produced with high
activity packs. It is therefore preferred according to the invention to use
| ow acitivity packs. Al um ni zi ngﬂgks of the | ogq eFtt QLGyEtype have t he
fol |l owi ng conpositions. Al um ni our ce Concentration of al uni,nium

1 - 25 %by weight preferably 2 - 15 % by wei ght

FIG 2

ALUMINIDE COATING
. AL
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Bl um ni zation, an alum niumhalide is preferably generated in situ

n the retort and in the pack surroundi ng the conponent being

ni zed. However, it is recognised that the al um nizing conmpound

™ al-urfi ni um hal ide) can be generated in a section of the retort that is
separate fromthe conponent being alum nized or, in fact, passed into the
heated retort from an outsi de gener . Moder at or éh' ap be a netal
powder addition to the al um nizing gﬁzﬁ such as chrgﬁi nbgﬁﬁcgél or, iron,
of concentrations between 1 - 20 % by weight, the preferred addition being
chromumin the concentration range 2 - 10 % by wei ght.

FIG 3

AT
\%E§?§E§%fQQ$
Saaaly (

heet Has Been Reilaced

TN

i



%] O

efgizer The energi zer used for the alum nizing process is generally a
nd that contains a halide el enent such as sodigglgilgride or_ anmoni um
i de. The preferred halide conpound in the proceSs h&>fhvEntion is

an, ammoni um salt such as ammoni um chhoride in the con- centration range

0. 05

¢ e

" BRI S I ¢
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- 10 % by weight, the preferred range being 0.1 - 5 % by wei ght. ;}
Abstract | )
The invention relates to the refurbishing of a corroded

superalloy or heat resistant steel part, in particular

a gas turbine component like a gas turbine blade, having

a surface with products of corrosion. According to the in-

vention, the surface is cleaned, in particular by mechanical

or chemical means, and an aluminide coating is applied to the
cleaned surface. Subsequently, the aluminide coating is re-

moved, whereby all products of corrosion which have still

remained in the part to be refurbished are removed as well.

L I vy
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o i, NI s

This Sheet Has Been R

LT




: _ Horaos 397
Diluent A diluent is generally a refractory oxi de powder that makes up the
bal ance of the ingredients in the alum nizing pack and can be a conpound
such as Al[err](err] (alumna), Tigerr] (titania), er err].
The preferred refractory diluent usedlin th§“§§9§‘t)3&}%%gi'%1 S@)‘L‘Fh{eééé
invention is alumna. The aIuninizawlongggiggygﬁh@gﬁgu§y¥ carri-eth out at
tenperatures and wi-thin time intervals py,ch.aLg . MRLGNE, To reqyiréments to
achi eve al uninide coatings which enclloggqthe, §Or oS 0N bl oducts,t o; be
removed to a suffi- cient degree, keépmﬁgwlﬂ#ﬁhﬂd?iiﬁﬁ"su;ﬁjﬁﬁcgpsure is at
| east pasiemenscAkpliesgedebysdhéfbsi dngl al U ni i Wi h?"-_n-“t:'héf -Cor r oded
base natﬁi}?b { hnAQi?géaPIMRFg al umiini zat 6t i s* B Hi-éd olitcde ™
t enper atUres Beflesr oferr g:andﬁlgppjgrgl C, in particular begmeen

1080[err] C and 1150[err] C, the sané__t‘;e’jtﬁperigg_@gﬁfg@_e_#ﬁm ........ ,

- m——

Refurbishing of Corroded Superallay or Heat Resistant
. Steel Parts and Parts so Refurbished

This invention relates to the refurbishing of superalloy
or heat resistant steel parts which have been corroded by
hot gases. Such parts include blades from stationary gas
turbines as well as from marine - and aerocengines as well
as exhaust valves in diesel engines and similar parts.
Parts subjected in operation to hot gases are usually m;de
of base materials like superalloys or heat resistant
steels, to which base materials protective coatings may be
applied. Typical of such parts are the blades and vanes of
stationary gas turbines made from superalloys which general-
ly operate at a temperature up to 1000° C, in particular
within a.temperature range between 650° C and $00° C. .

The term superalloy is well known in the art and is used
to describe an alloy developed for service at elevated
temperatures where severe mechanical stressing is
encountered and where surface stability frequently is
required. )

All these superalloys usually consist of various formula-
tions made from the following elements, namely iron,
nickel, cobalt and chromium as well as lesser amounts aof
tungsten, molybdenum, tantalum, niobium, titanium and alu-
minium. Nickel-chremium, iron-chromium and cebalt-chraomium
allays containing minor quantities of the ather elements

[l s
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are to be applied in a re-diffusion treatnent foll ow ng an al um ni zati on by
a high activity pack. However, the tenpe- rature should always be kept well

bel ow the solution tenperature of the base rial alloy.
12 An alum ni zation and/or a re-diffusion p??é@é'gftg soﬁ?e}éﬁa%ﬂ[ gb‘@&j&??ﬁ

acconplished wwthin a tine interval between 6 hours and 24 hours, in
particul ar between 10 hours and .

2 e
are representatives of such superalloys. For example, such
superalloys may contain, by weight, approximately
12 - 35 % chromium and up to 80 ¥ nickel together with
additives in minor amounts such as titanium, tungsten,
tantalum and aluminium. Representative alloys of this type
are those identified as In 738 Lc and In 939 as well as
Udimet 500. These designations are known in the art.

Such parts as those referred to above may also be made of
heat resistant steel. By heat resistant steel is meant an
alloy based on iron with alloying elements present to
improve the anti-scaling resistance of the alloy surface
to high temperature oxidation. These alloying elements
generally include chromium, aluminium, silicon and nickel.

Parts made of such a superalloy or of heat resistant steel
may be provided with protective coatings such as diffused
chromium by chromising or diffused aluminium by alumini-
zing or with overlay coatings aof any desired compesition
deposited by plasma spraying or physical vapour
deppéiticn, for instance.

Even such parts with protective coatings are subject to
corrosion on their exposed surfaces and may have to be
refurbished in order to keep them useful for a sufficient-
ly long service life. '

Thus, turbine blades generally have to be refurbished
after certain periods during their service life, which may
be up to 100,000 hours.

Corrosion on gas turbine components and the like at high
temperatures results from contaminants .in the fuel and/or
air; furthermore, oxidation may also occur at high tempe-
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16 hours. However, the duration of such tine interval is to be counted from
reaching the desired tenperature, since a heating interval preceding an
al um ni zation process may well anount up to several hours. Bot h t he

operating tenperature and the time interval Substityteshaetya2hning 1996, (ne

processes just referred to; however, the nost critical paranmeter is the
tenperature, as indicated above. Wth regard to the alum nization
processes just described, the inventign is not intended to be linmted to~
the details shown. In particular, the”alum nization process may =+

advant ageatsinese Dependngton bthe aandit ians vi f operatianpuass of ot her

i1 con S dyd o VELPLAT SR b4l AP At oY the ffERRce 2 @

"co-di ff @i dherRR%eEs"e.9., the turbine blade. Also, and very
significantly, sulphur can penetrate intao the base
material, especially along the grain boundaries, to form
sulphides deep in the material. Also, internal oxides and
nitrides may form within the metal near the surface.

Refurbishing or reconditioning involves the remaval of

all corrosion products derived from the base material
and/or the coating, optionally fallowed by the application
of a new protective toating on the newly exposed surfacgw
of the blade.

with regard to the types of corrosion described above, it
is necessary when removing all the corrosion products to
remove all the deep inclusions, such as sulphides, because
if these inclusions were allowed to remain, there would be
a risk that during subsequent heat treatment and further
operation they might diffuse into the base material -
especially in the case of thin-walled components - and
thus endanger its mechanical integrity. Alsoc, there is a
danger that the application of a new coating might be
disturbed or made impossible.

In the present practice relating to a turbine blade or the
like made of superalloy or heat resistant steel and optional- .
ly provided with a protective coating the surface of the cor-
roded part is removed or stripped by a combination of mecha-
nical treatment (e.g. abrasive blasting) and chemical treat-
ment (e.g. etching with acids or other suitable agents).

More recently, a high temperature treatment with

2 4 JUN 1996




enhance the diffusion of alumniumin the base material and thus inprove
t he encl osure of corrosion products. In any case, the choice of addi ti onal

elenents_to be co-diffused with aIuniniun1sq%@§gﬁﬂg%ﬁﬁgft uﬁ@§§§6%0 t he

i nteracti on between these elenments and the b 'S 1O

al um ni zed. Nornmally, additions of other elements will be I|n1ted to
anounts of several weight percents. The addition of these elenments may in
particul ar be acconplished by using q? appropriate alumniumallqQy in an
al um ni zi ng pack instead of sub- stantially pure aluninium Affer the
conponent f heer bdenchenieal s aehice generatechydraogen fluoride as the

active species has proved useful. In this treatment,
aluminium and titanium oxides and nitrides which are
otherwise highly resistant are converted into gaseous
fluorides which in their turn are eésily remaved. This
treatment is in particular widely used in the preparation
of compaonents for repair welding and brazing.

There are, however, problems associated with the use of
fluorine compounds. The first problem is environmental
both within the workplace and elsewhere. The second
praoblem is that the treatment has the disadvantage that.it
has no effect on sulphur occlusions, so that the grain
boundary sulphides mentioned above cannot be removed by
such treatment. Accordingly, it is necessary to grind the
affected areas by hand which can lead to uncontrolled
removal of material.

In an article entitled "Refurbishment Procedures for-
Stationary Gas Turbine Blades” by Blirgel et al (Blrgel,
Koromzay, Redecker: "Refurbishment Procedures for
Stationary Gas Trubine Blades™ from proceedings of a
conference on "Life Assessment and Repair", edited by
viswanathan and Allen, Phoenix, Arizona, 17 - 19 April,
1990) reference is made to an aluminizing treatment of
as-received service-exposed blades prior to stripping in
order to make stripping of the coating easier by chemical
means. The aluminium coating is applied by a pack cemen-
tation process, as normally used to apply aluminium
diffusion coatings. This procedure is said to imply a
high temperature treatment which leads to an enhanced
inward diffusion of elements of the residual ccating.

It is also said that almost the whole wall thickness of
the coocled blades is influenced at the leading edge and
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13 coating may then be renoved by a suitable treatnment, for exanple with
acid, whereby all the corrosion products are sinultaneously renoved. The

cl eaned refurbi shed conmponent can then have rotect VE C n i ed
thereto, for exanple by chronising. The f g%p&igj‘f‘%] ?Qpb
the invention: (In all these exanples the parts to be al um ni zed are
enbedded in the pack, in the retort, which is partially seal ed- and pl aced
in“the furnace). s _ )

that microstructure deteriorations which are definite-

ly not due to service expasure of the blades occur. The

treatment is said to be a negative example of what can

happen during stripping.

Accordingly, it is the primary object of the invention
that the corroded surface of the companent may be removed
effectively by deposition of an aluminide coating on the
component, the depth of the coating being such as to
enclose all the products of corrosion, and removal of the
aluminide coating, whereby the products of corrosion are
removed as well. ,
The inventive process for the refurbishing of a corroded
superalloy or heat resistant steel part having a surface
with products of corrosion comprises cleaning the surface,
applying an aluminide coating on said surface and removing
said aluminide coating together with the products of
corrosion.

By this method, substantially all the products of
'corrosipn,‘including grain boundary sulphides, can be
removed.

It has been found by contrast to the teaching of the
document by Biirgel et al cited above that the
aluminization of the surface of a part which has become
corroded by hot gases can be carried ocut to give the
advantages described above if the ‘surface is cleaned
before aluminizing and the aluminizing is..carried

out as explained herein. “

After removal of the aluminide coating the part may be
recoated with a protective coating, for example by

REPLACEMENT SHEET
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The conpositions of In 738 Lc, Udinmet 500 and In 939 (referred to above)

are given bel ow CHEM CAL COWPCSI Tl ONS In 738 Lc U 500
9 % % C 8 Cr

60 " 100 " 250 Substisute shost - 2% %‘"91898

19.0 Mo 1.75 4.0 W 2.6

2.0 In 738 Lc U 500 In 939 Nb : 0,9

1.0 Ti 3.4 2.9 é 3.7 ,

diffusion, in particular by chromising, g;gsma spraying
or physical vapour depasition.

In another aspect of the invention there is provided a
corroded superalloy or heat resistant steel part having a
surface with products of corrasion, which surface has been
cleaned and to which surface an aluminide coating has been
applied, the aluminide coating being of such a depth as to
enclose all the products of corrosion, whereby they are
removed totally when the aluminide coating is removed.

In a further aspect of the invention there is provided a,
process for the production of a refurbished superalloy or .
heat resistant steel part having a surface which has been
corroded by hot gases, whereby products of corrosion have
been formed at the surface, which comprises cleaning the
surface and applying an aluminide coating thereto which
aluminide coating has a depth sufficient to enclose the
products of corrosion, and remaving the aluminide coating,
optionally with subsequent application of a protective
coating. .

The aluminide coating which is applied to the cleaned
part should advantageously be of such a depth as to
enclose the corrosion products, in particular the

deep corrosion products such as grain boundary sulphides.
The aluminide coating is preferably of a thickness greater
than 150 pm and in particular within the range of

200 - 400 pm, although it may be thicker.

As indicated, the surface of the corroded part to be
aluminized is to be cleaned before it is aluminized. This
cleaning is to remove a substantial part of the corroded

REPLACEMENT SHEET|
24 JUN 1996




Al

1.4 Fe
Zr
Bal ance

'surface, in particular including a substantial fraction of"

3.4 2.9 1.9 Ta 1.75
4.0 max B

0.05 Ni Bal ance Bal ance

0. 006
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7

the products of corrosion at the surface, before it is
aluminized. This cleaning can be accomplished by chemical
means such as aqueous acid pickling. Haowever, the pre-
ferred method of cleaning is by physical means, such as
by using compressed air to blast the corroded surface

of the nickel alloy with small particles of a hard ceramic

such as aluminium oxide. These particles, by hitting and
abrading the surface, can remove the majority of the
products of corrosion. This cleaning is therefore
essentially a procedure by which the surface corrosion
products which are products of corrosion constituting part
of the surface are substantially removed prior to the -
aluminizing treatment. These surface corrosion products
comprise mainly bulky oxides which may easily be removed
by mechanical treatment of the type referred to.

The aluminization of the superalloy or heat resistant
steel part which has been cleaned may be carried out in a
number of ways.

In a first method, the part to be aluminized is immersed
in an aluminizing pack that may contain an aluminium
source, a moderator (which is optional), an energizer and
a diluent. The pack and the part to be aluminized are
contained within a partially sealed retort which is heated
in a furnace. This method is referred to as "pack
aluminizing”.

In a second method, the part to be aluminized and the
aluminizing preparation are contained within a partially
sealed retort but not in immediate contact with each other.
This method of aluminizing is sometimes referred to as

nogut of pack" aluminizing.

24 JUN 1996 J
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A section of a turbine blade, made fromthe nickel -based alloy In 738 Lc,
coated by chrom sing, with a maxi num depth of corrosive attack of 220

[err]m which had been cl eaned by ceramic blasting, was subjected to the
foll owing al umini zi ng process. Al uminizing cOwpstitite sheet- @lodune, 1888
3.0 % chromum 0,5 % ammoni um '

chl ori de; bal ance alum na Alum ni zing tenperature: 1110[err] C for 10 hours
Resul ting al um ni um penetration depth, 240 - 260 [err]m Exanple 2 A
section of a turbine bl ade made from £he ni ckel - based al l oy Udi ret 500,
coati ng bynclr dnistdignethad, dhenalubrdaps sadreoransjeremdtterekd of 180

{ﬁrer] m Wi A GRS HA A £ i { i R Ghd, MRS 66 ed to
aluminium halide, is passed into the heated retort,
cantaining the part to be aluminized. This method is
sometimes referred to as "“gas phase aluminizing".

The source for the aluminium which is to be deposited

on the surface of the superalloy can be a metallic powder
or flaky preparation or a volatile chemical compound such
as an aluminium halide or a chemical compound that on de-
composition produces an aluminium halide. It is important
during the coating operation that the aluminium, together '
with all other ingredients and the components contained
within the sluminizing pack, is protected from attack by
atmospheric oxygen with an inert atmosphere that may be
preduced by ammonium salts contained in the pack which
decompose as the temperature is elevated. Alternatively,
such protection can be produced by passing hydrogen or a
hydrogen-containing gas mixture into the retort.

In general, a process of pack aluminizing as referred to
abave can be carried out by using two different methods.
In the first method, the pack contains the aluminium
source, a diluent refractory such as alumina or titania
and a chemical energizer such as ammonium fluoride or
ammonium chloride. The aluminizing temperature is general-
ly in the range between 700° C and 900° C and the coating
referred to as the aluminide coating is formed by a
diffusion of aluminium. Such aluminide coating has two
zones, one of which is belaow the original surface of the
superalloy and is referred to as the "diffusion zone", and
one of which is above the original surface and is referred
to as the "additive zone". On parts containing nickel as a
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followi ng allum nizing process.. Al um ni zi ng conpound: as exanple (1)
Alum ni zi ng tenperature: 1080[err] C for 10 hours Resulting alum nium
penetration depth: 190 - 220 pm Exanple 3 _A section of t yr bi é) ade
made from the nickel-based alloy In 738 Lc, ﬁf-‘bﬁt"&'tﬁék‘ieﬁﬁm%eg?ﬂegfg
corrosive attack of 210 [err]m and which had been roughly cleaned as in
Exanple 1, was subjected to the follow ng alum nizing process. .

9 i
primary compound, the additive zone is a compound general-
ly of the formula NijAl;. In the type of aluminizing just
referred to, the depth of diffusion of aluminium into the
substrate is restricted by the relatively low temperature
used. Therefore, the coating consists predominatly of the
additive zone (i.e. NizAIB).

Aluminizing packs of the type described above are referred
to as "high activity packs®.

It has been found that in using packs of this type to
achieve coatings of a suitable depth (i.e. > 150 pm), it
is necessary to carry out a subsequent high temperature
re-diffusion process, which may be undesirable for
operational reasons. The re-diffusion process must be
carried out in an 1lnert atmosphere or vacuum furnace at
around 1050 - 1100° C, which increases the overall cost
and time for the operation. Attempts to produce thicker
aluminide coatings using high activity packs at tempera-
tures higher than 900° C produce layers that are

" non-uniform over the surface of the coated parts.

In a variation of the above pack aluminizing method, a
moderator is added to the pack in the form of a metal
powder such as chromium, nickel or iron. The moderator
reduces the vapour pressure of the aluminium halide in the
pack at the tempe;ature of aluminizing and hence allows
higher temperatures to be used to achieve deeper aluminide
coatings.

In this way an aluminide coating having a thickness of
more than 150 pm may be prepared.

REPLACEMENT SHEET
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15 Al um ni zi ng conpound: 7.5 %alumnium 5.0 % chrom um

1.0 % ammoni um chl ori de; bal ance al um na

Al um ni zing tenperature: 1110[err] C for 16 hours ,Resulting al um ni um
penetration depth: 240 pm Exanple 4 A secti Substitute:sheatre2blJaune 1996
fromthe nickel-based alloy In 738 Lc, with a maxi num depth of corrosive
attack of 180 pm was subjected to the follow ng al um ni zi ng process.

10
Na re-diffusion process is needed by using a pack of a
composition described below and termed "low activity
pack". Furthermore aluminide coatings produced with low
activity packs generally show an increased uniformity in
comparison with aluminide coatings produced with high
activity packs. It is therefore preferred according to the
invention to use low acitivity packs.

e

Aluminizing packs of the low activity type have the
following compositions.

Aluminium Source

Concentration of aluminium 1 - 25 ¥ by weight
preferably 2 - 15 % by weight

For aluminization, an aluminium halide is preferably
generated in situ within the retort and in the pack
surrounding the component being aluminized. However, it is
recognised that the aluminizing compound (aluminium
halide) can be generated in a section of the retort that
is separate from the compopent being aluminized or, in.
fact, passed into the heated retort from an outside
generator. '

Moderator

This can be a metal powder addition to the aluminizing
pack such as chromium, nickel or iron, of concentrations
between 1 - 20 X by weight, the preferred addition being
chromium in the concentration range 2 - 10 % by weight.

A e 0.3 b e e
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Al um ni zi ng conpound: 10.0 % alum nium 3.0 % chrom um

0.5 % ammoni um chl ori de; bal ance al um ni a

Al um ni zi ng tenperature: 1080[err] C for 16 hours Resulting alum nium
penetration depth: 200 [err]m Exanple A seSubstitute sheetr-R2 hduhba®96hi ch
had a corroded surface layer to a depth of 200 pm nade fromthe

ni ckel -based alloy In 738 Lc to which had originally been applied a
protective surface |ayer by Iom/presArgf pl asma sprayi ng having the
conposition as follows: 25 % Cr, 12 9 0.7 %Y, 2.5 % Ta was cl eaped by
ceram ¢ bl gaeirgdz#xd was subjected to the followi ng al uninizing process.

The energizer used for the aluminizing process is
generally a compound that contains a halide element such
as sodium chloride or ammonium fluoride. The preferred
halide compound in the process of the invention is an
ammonium salt such as ammonium chloride in the con-
centration range 0.05 - 10 % by weight the preferred
range being 0.1 - 5 ¥ by weight.

Diluent

A diluent is generally a refractory oxide powder that.'
‘makes up the balance of the ingredients in the aluminizing
pack and can be a compound such as Al,05 (alumina), Ti0,
(titania), MgO or Cr203. The preferred refractory diluent
used in the pack according to the invention is alumina.

The aluminization is advantageously carried out at
temperatures and within time intervals which are matched
to requirements to achieve aluminide coatings which
enclaose the corrosion products to be removed to a suffi-
cient degree, keeping in mind that such enclosure is at
least partly accomplished by diffusion of aluminium
within the corroded base material.

In general, the aluminization is carried out at
temperatures between 1050° C and 1200° C, in particular
between 1080° C and 1150° C; the same temperature ranges
are to be applied in a re-diffusion treatment following an
aluminization by a high activity pack. However, the tempe-
rature should always be kept well below the sclution
temperature of the base material alloy.

tﬁr'ﬁ i
-
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Al um ni zi ng conpound: 3.0 %alumnium 3.0 % chrom um

0.5 % ammoni um chl ori de, bal ance al um na :
16 Alum ni zing tenperature: 1110[err] C for 15 hOU{s,ResuIting al um ni um
penetration depth: 220 - 230 [err]m Substitute sheet - 21 June 1996

12
An aluminization and/or a re-diffusion_prggess is ad-
vantageously accomplished within a time interval between
6 hours and 24 hours, in particular between 10 hours and
16 hours. However, the duration of such time interval is
to be counted from reaching the desired temperature,
since a heating interval preceding an aluminization
process may well amount up to several hours.

Both the operating temperature and the time interval are
critical parameters for the processes just referred to;
however, the most critical parameter is the temperature,
as indicated above.

With regard to the aluminization processes just described,
the invention is not intended to be limited to the details
shown. In particular, the aluminization process may
advantageously be modified to be carried out with miner
amounts of other elements added to the aluminium to be de-
posited. Such elements are silicon and chromium, for '
example, as they may, by a so-called "co-diffusion process”,
enhance the diffusion of aluminium in the base material =
and thus improve the enclosure of corrosion products.

In any case, the choice of additional elements to be
co-diffused with aluminium should be done with regard to
the interaction between these elements and the base
material which is to be aluminized. Normally, additions

of other elements will be limited to amounts of several
weight percents. The addition of these elements may in
particular be accomplished by using an appropriate
aluminium alloy in an aluminizing pack instead of sub-
stantially pure aluminium.

After the component has been aluminized the aluminide
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Exanple 6 A section of a turbine blade which had a corroded surface |ayer
to a depth of 200 [err]m nade fromthe nickel based alloy In 738 Lc to

whi ch had originally been applied a protective surface |ayer by air plasnma
sprayi ng having the conposition as follows: 1@Substitutedshédti- 22 Jumdb1986% B,
remai nder NI was cl eaned by ceram c blasting and was subjected to the

fol l.-owm ng al um ni zi ng process. Al um ni zi ng conpound: 3.0 % al um ni um
3.0 % chrom um 0.5 % amoni um chl ori de,

bal ance alum na Al um ni zi ng tenperat&?e: 1090[err] € for 15 hours

Resul ting atoatbhgnmpgnéheat benrempivied B0 a- sA3@apder kmeatmerd] unfar de

coating appli cokdi.n an.he i % e Qr both
CP2 had rPesaflaTEoRR hn8cif, SiABREBY L11 Rn8BoBEOEIER' LWL e
simultaneocusly removed. The cleaned refurbished component
can then have a protective coating applied therete, for

example by chromising.

The following Examples illustrate the invention:

(In all these examples the parts to be aluminized are
embedded in the pack, in the retort, which is partially
sealed and placed in the furnace).

The compositions of In 738 Lc, Udimet 500 and In 939 ‘
(referred to above) are given below:

CHEMICAL COMPOSITIONS

In 738 Le U 500 In 939
p 4 S 4 %
c c.1 .08
Cr 16.0 1.0 22.5
Co 8.5 18.0 15.0
Mo 1.75 4.0
W 2.6 2.0
In 738 Lc U 500 In 939
% % %
Nb c,s 1.0
Ti 3.4 2.9 3.7
Al 3.4 2.9 : 1.9
Ta 1.75° 1.4
J Fe 4.0 max
B 0.006
ir 0.05
Ni Balance Balance Balance
-{REPLACEMENT SHEET
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a) Aqueous acid pickling: The alum nide coating is renoved by i mrersing the
al um ni zed conponent in a solution of a hot mneral acid (such as 20 %
hydrochloric acid in water) and holding until the dissolution of the

al umi ni de coating i s conplete. Aqueous acid pStbkstififeishesti-\2 hdpnept996 e

W th parts whose base material is not substantially attacked by the m neral

aci d conpound during the tine interval necessary to rempve the al um nide
coati ng. 14

.-

Example 1

A section of a turbine blade, made from the nickel-based
alloy In 738 Lc, coated by chromising, with a maximum
depth of corrosive attack aof 220 um, which had been cleaned
by ceramic blasting, was subjected to the following
aluminizing process. )
Aluminizing compound: 3.0 ¥ aluminium; 3.0 %

chromium; 0,5 X ammonium

chloride; balance alumina
Aluminizing temperature: 1110° C for 10 hours
Resulting aluminium penetration depth: 240 - 260 pm

Eﬁample 2

A section of a turbine blade made from the nickel-based
alloy Udimet 500, coating by chromising, with a maximum
depth of corrosive attack of 180 um, which had been
roughly cleaned as in Example 1, was subjected to the
following alluminizing process.

Aluminizing compound: as example (1)

Aluminizing temperature: 1080° C for 10 hours
Resulting aluminium penetration depth: 190 - 220 pm

Example 3

A section of a turbine blade made from the nickel-based
alloy In 738 Lec, with a maximum depth of corrosive attack
of 210 um, and which had been roughly cleaned as in
Example 1, was subjected to the following aluminizing
process.

24 JUN B35




17 b) Ceramc blasting: The alum nide coating is renoved by using
conpressed air to blast it with small particles of a hard ceram c nate-

rial such as alum nium oxide. The alum nide coating is sonewhat friable and
readily fractures away fromthe surface of ni Substi sheet -a21 JypevI986 ar e
frequent- |y used as base materials when subjected to this treat- nent.
Either of the two nethods descri bed above can be used to renove. the

al um nide coating fromthe surface of a nickel or iron alloy but, in
practi.ce, a conbination of the two techniques is preferred. Indeed, in
removi ng the coating fromthe produéﬁ% of the Exanples, such a conbination
was used,al@RisEalegCceohpbugd cer ant csbkaslumndntonk osed RycAebAipnGkl ing. |f

desired, a conbination of both nethogds ' \Y; ltipl e appliéation of
at | east one of them 1'98/°% "B¥mbRY G &nTUriug;

balance alumina
Aluminizing temperature: 1110° C for 16 hours
Resulting aluminium penetration depth: 240 um

Example 4

A section of a turbine blade made from the nickel-based
alloy In 738 Lc, with a maximum depth of corrosive attack
of 180 um, was subjected to the following aluminizing
process.

Aluminizing compound: 10.0 % aluminium; 3.0 ¥ chromium;
0.5 ¥ ammonium chloride;
balance aluminia

Aluminizing temperature: 1080° C for 16 hours

Resulting aluminium penetration depth: 200 pm

Example 5

A section of a turbine blade which had a corroded surface
layer to a depth of 200 um, made from the nickel-based
alloy In 738 Lc to which had originally been applied a
protective surface layer by low pressure plasma spraying
having the composit;oﬁ as follows: 25 % Cr, 12 ¥ Al,

0.7 %Y, 2.5 X Ta was cleaned by ceramic blasting and was
subjected to the following aluminizing process.
Aluminizing. compound: 3.0 % aluminium, 3.0 ¥ chromium,
0.5 % ammonium chloride,
balance alumina




The reconditioned bl ade fromwhich the al um nium coating had been renoved
was subsequently subjected to a pack chrom sing procedure to provide a
protective coating conprising a diffusion chromum|ayer. The
effectiveness of the procedure according to thSubstitirte sheetn Pi AR e s?ﬁgbons
of chrom zed NI base alloy In 738 Lc which have had 30, 000 operati ng ars
Is shown in Figs. 1 - 3, which are photom crographs. The bl ade section
before treatnment is shown in Fig. 1. The protective coating has been

conpl etely consuned by corrosion. Thé bl ade material shows corrosion up to

a depth gfi K IAAd rﬁe.,;la@;aswﬂ@u de e té cg# ff%tydxsé bl e deep in the bl ade

section at tq% ral ndari es as 1 ndica
fng m nlum penetration depth: 220 - 230 pm

Example 6

R section of a turbine blade which had a corroded surface
layer to a depth of 200 ym, made from the nickel based
alloy In 738 Lc to which had originally been applied a
protective surface layer by air plasma spraying having the
composition as follows: 16 ¥ Cr, 4 X Si, 2 ¥ Mo, 3 % 8,
remainder Ni was cleaned by ceramic blasting and was
subjected to the following aluminizing process.

Aluminizing compound: 3.0 ¥ aluminium, 3.0 X chromium,
0.5 ¥ ammonium chloride,
balance alumina

Aluminizing ‘temperature: 1090° C for 15 hours
Resulting aluminium penetration depth: 230 - 250 um

The aluminide coating applied according to Examples 1 - 6
can be removed by one or both of the following techniques.

a) Aqueous acid pickling:

The aluminide coating is removed by immersing the
aluminized component in a solution of a hot mineral acid
(such as 20 % hydrochloric acid in water) and holding
until the dissolution of the aluminide coating is
complete. Aquecus acid pickling is ‘only appropriate with
parts whose base material is not substantially attacked by
the mineral acid compound during the time interval
necessary to re@ave the aluminide coating.

QEPLACﬁRﬁENE
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18 The bl ade section is then cleaned according to the invention. This
renoves all the products of corrosion, in- cluding bulky oxides, fromthe
surface of the blade section. Fig. 2 shows the bl ade section after
al uni ni zation The al umi ni de coating has encapSubstitta Skeeetar 21 cJiee POO6
duced by corrosion including the sul phide particles. Fig. 3 shows the
bl ade section after renoval of the alum nide layer. This was carried out by
blasting with 17

b) Ceramic blasting: : 23

The aluminide coating is removed by using’ compressed air

to blast it with small particles of a hard ceramic mate-

rial such as aluminium oxide. The aluminide coating is

somewhat friable and readily fractures away from the

surface of nickel and iron alloys which are frequent-

ly used as base materials when subjected to this treat-

ment.

Either of the two methods described above can be used to
remove the aluminide coating from the surface of a nickel
or iron alloy but, in practice, a combination of the two
techniques is preferred. Indeed, in removing the coatin@
from the products of the Examples, such a combination was
used, the sequence being ceramic blasting followed by acid
pickling. If desired, a combination of bath methods may
involve multiple application of at least one of thenm.

The reconditioned blade from which the aluminium coating-
had been removed was subsequently subjected to a pack
chromising procedure to provide a protective coating -
comprising a diffusion chromium layer.

The effectiveness of the procedure according to the
invention on blade sections of chromized Ni base alloy
In 738 Lc which have had 30,000 operating hours is shown
in Figs. 1 - 3, which are photomicrographs.

The blade section before treatment is shown in Fig. 1.

The protective coating has been completely consumed by
corrasion. The blade material shows corrosion up to a
depth of 300 um. The sulphide particles are visible deep
in the blade section at the grain boundaries as indicated.

‘ ’. IJAIEEI
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ceramc (alumna) particles followed by acid pickling. The clean surface
produced is readily apparent. No sul phide particles are to be seen.

19 Gaims 1. A process for the refurbishing of a corroded superalloy or
heat resistant steel part having a surface w Stubgtittesheett 2Zloduneil€96
whi ch conprises cleaning the

18
The blade section is then cleaned according to the
invention. This removes all the products of corresian, in-
cluding bulky oxides, from the surface of the blade
section.

Fig. 2 shows the blade section after aluminization
The aluminide coating has encapsulated the particles pro-
duced by corrosion including the sulphide particles.

Fig. 3 shows the blade section after removal of the
aluminide layer. This was carried out by blasting with
ceramic (alumina) particles followed by acid pickling. The
clean surface produced is readily apparent. No sulphide
particles are to be seen.
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surface, "applyrng—an—atum-ni de coating to said surface and renoving said

al um ni ' er with the products of corrosion. 2. A process as
S AAAD O
e

it encl oses

ich the alum nide coating is of such a depth that

of corrosion. 3. A Bulbstitateshedts 2dirs §baieM 2
4,

i n which the products of corrosion include the deep corrosion products.
A process as clained in claim3 in which the deep corrosion products

i ncl ude grain boundary sul phi des.

1to4in which the alum nide coating has a thickness greater than. 150
GCI%@BFocess as claimed in claim5 in which the alum nide coating
has a thickness within the range of 200 - 400 [err]m :

[err]m

1. A process for the refurbishing of a corroded superalloy
or heat resistant steel part having a surface with
praducts of corrosion, which comprises cleaning the
surface, applying an aluminide coating to said surface and
remaving said aluminide coating together with the products
of corrosion. '

2. A process as claimed in claiﬁ 1 in which the aluminide
coating is of such a depth that it encloses the products

of corrosion. )

3. A process as claimed in claim 2 in which the products

of corrasion include the deep corresion products.

4. A process as claimed in claim 3 in which the deep
corrosion products include grain boundary sulphides.

5. A process as claimed in any of claims 1 to & in which
the aluminide coating has a thickness greater than 150 um.

6. A process as claiméd in claim 5 in which the aluminide
coating has a thickness within the range of 200 - 400 um.

7. A process as claimed in any of claims 1 to 6 in which
the cleaning substantially removes surface corrosion
products. :

8. A process as claimed in claim 7 in which said surface
corrosion products consist mainly of bulky oxides.

9. A process as claimed in any of claims 1 to 8 in which
the cleaning is effected by chemical means and/ar

el vy
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5. 18 process as clained in any of clains -



7. A process as clained in any of clains 1 to 6 in which the cleaning
substantlally renoves-surface corrosion products. 8. A process as clained

in sai d surface corrosion products consi st nalnly of bul ky
OXI eg as claimed in any of cSabstituteishest i 2 wiune 11386
cleanlné |S e by chem cal neans and/ or

20
mechanical means.

10. A process as claimed in claim 9 in which the cleaning
is effected by blasting with ceramic particles.

11. A process as claimed in any of claims 1 to 10 in which
the aluminide coating is applied by pack aluminizing.

12. A process as claimed in claim 11 in which a low
activity pack is used to apply the aluminide coating.

13, A process as claimed in any of claims 1 to 12 in which
the aluminide coating is removed by mechanical and/or ™-
chemical means.

14. A process as claimed in claim 13 im which the
aluminide coating is removed by ceramic blasting and/or
acid pickling.

15. A process as claimed in claims 13 or 14 in which
mechanical and/or chemical means are used maore than aonce. .-

16.°A process as claimed in any of the preceding claims in
which a protective coating 1s applied to the surface after
remaval of the aluminide coating.

17. A process as claimed in claim 16 in which the
protective coating applied to the surface from which the
aluminide coating has been removed is applied by
diffusion, plasma spraying or physical vapour depssition.

18. A process as claimed in claim 17 in which the
protective coating is applied by chromising.

|REPLACEMENT SREET
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20 nechani cal neans. 10. A process as clainmed in claim9 in which the

cleaning is effe blastlng with ceramc particles. 11. A process as
cl ai madu“\m1 ““ gﬂ‘tﬁg 1 to 10 in which the aluninide coating is applied
by pack A process as cl ai ne8ubstititaisheet -i2i JuneH 286 ow
activity back i's used to apply the alum nide coating. 13. A process as

claimed in any of clains 1 to 12 in which the alum nide coating.is renoved

by nechani cal and/or chem cal means.2] 14. A process as clained in claim13
' whi oh e ol L 0P RR L0 dded YRR Doy 2 MG A5LL D8R0 o
steel part when produced by a process as claimed in any of
claims 1 to 18.

20. A corroded superalloy or heat resistant steel part
having a surface with products of corrosion, which surface
has been cleaned and to which an aluminide cocating has
been applied, whereby substantially all products of
corrosion are removed as the aluminide coating is removed.

21. A corroded superalloy or heat resistant steel part

as claimed in claim 20, whose aluminium coating is of such
a depth as to enclose substantially all products of corro-
sion.

22. A process for the production of a refurbished corroded
superalloy or heat resistant steel part having a surface
which has been corroded by hot gases whereby products of
corraosion have been formed at the surface, which comprises
cleaning the surface, applying an aluminide coating there-
to and removing the aluminide coating, optionally with sub-
sequent application of a pfotective coating.

23. A process as claimed in claim 22, wherein the
aluminium coating has a depth sufficient to enclose sub-
stantially all products of corrosion.

J T AR - 1- e m - a
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acid pickling. 15. A process as clainmed in clainms 13 or 14 in which
mechani cal and/or chem cal neans are used nore than once. 16. A process as
claimed in any of the preceding clains in which a protective coating is
applied to the surface after renoval of the alum nide coating. 17. A
process as clained in claim16 in which the pBubstitute sheetit 2Ag/arppB86 t 0
the surface fromwhich the al um ni coati ng has dis applied by
di ffusion, plasnma spraying or phy!??al vapour depggﬁ?i§§$®v§8. A process as
claimed in claim17 in which the protective coating is applied by
chrom si ng.

FIG 1
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21 19. A refurbished corroded superalloy or heat resistant steel part when
produced by a process as clainmed in any of clains 1 to 18. 20. A corroded
superal l oy or heat resistant steel part having a surface with products of
corrosion, which surface has been cleaned and to which an al um ni de coating
has been applied, whereby substantially all Bulstitute sheetor 20s)ure 4806

renoved as the alum nide coating iis renoved. 21. superal | oy or
heat resistant steel part 2/3 gﬁpcgs'fsieg .

-

FIG 2
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as claimed in claim 20, whose alum niumcoating is of such a depth as to
encl ose substantially all products of corro- sion. 22. A process for the
production of a refurbished corroded superall oy or heat resistant steel
part having a surface which has been corroded by hot gases whereby products
of corrosion have been forned at the surface, Substitiute shpet s24 Jhrsnio9g t he
surface, applying an alum nide coating there- to and renovi ng the al unm ni de
coating, optionally with sub- sequé}yl’gappl ication & B EEdGe% i ve coating.
23. A process as clained in claim22, wherein the alumniniumcoatiig has a
depth sufficient to enclose sub- stantially all products of corrosion.
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Substitute sheet - 21 June 1996

Abstract

Refurbishing of Corroded Superalloy or Heat Resistant
Steel Parts and Parts so Refurbished '

The inventian relates toa the refurbishing of a caorraded
syperallay or heat resistant steel part, in particular

a gas turbine compgnent like a gas turbine blade, having

a surface with products of carrasion. Accarding te the in-

© vention, the surface is cleaned, in particular by mechanical
or chemical means, and an aluminide coating is applied tg_the
cleaned surface. Subseguently, the aluminide ccating is re-
moved, whereby all products of carrasion which have still
remained in the part to be refurbished are removed as well.

(Figure 1)
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