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PROCESS OF STRIPPING ALUMINIDE COATING FROM 
COBALT AND NICKEL BASE ALLOYS 

DISCLOSURE OF INVENTION 

The present invention relates to an improvement in the 
process of stripping aluminide coatings on cobalt and nickel 
base superalloys as described in my copending application 
Ser. No. 594,757, filed Nov. I6, 1966, for Process of Remov 
ing Coatings from Nickel and Cobalt Base Refractory Alloys 
now US. Pat. No. 3,458,353, granted July 29, 1969. In this 
prior invention l have disclosed a process for removal or 
stripping of aluminide or chromium aluminum diffusion 
coatings from cobalt and nickel base superalloys containing at 
least l8 percent of chromium by weight. 
The great bulk of the superalloys currently used for parts of 

gas turbine engines, such as turbine nozzles, stator vanes, 
buckets, combustion cans, turbine disks and other com 
ponents, hereinafter referred to as “hardware," are made 
from superalloys having a cobalt or nickel base or a cobalt 
nickel base, with chromium contents which may be as high as 
27 percent by weight, but which in some alloys diminish to as 
little as 3 percent, or even to 0 percent of chromium. In 
modern gas turbines operating at much higher temperatures, it 
is essential to have a protective coating to combat oxidation 
and hot corrosion. Aluminide coatings hive been found to be 
very successful and are widely used. It will be recognized, 
however, that by the time the coating is to be stripped, due to 
oxidation and corrosion in the turbine, it may consist of a sub 
stantial part of oxides and other corrosion products of metals 
with some residual aluminide. It will also be evident that the 
coatings with which the present invention deals, may include, 
besides aluminum, chromium, titanium, silicon, iron and other 
secondary components. 1 

The aluminide coatings are applied by a variety of 
techniques, including pack cementation, slurry applications, 
hot dipping, chemical vapor deposition, from fused salts, by 
physical vapor deposition sometimes under vacuum, and by 
electrophoresis. 

It will also be evident that without any attempt to describe 
all of the phases which may be present, the aluminide coatings 
often include intermetallic phases such as NiAl, NizAla, 
NiaAl, CoAl, a C0 solid solution of aluminum in cobalt, 
CozAl, and various higher aluminum intermetallics with 
cobalt and various secondary elements which may be present 
in solid solutions, as precipitates, intermetallics or carbides in 
one or more layers ofdiffusion coatings. I 

As an example of some of the commonly employed cobalt 
base and nickel base superalloys which are now employed, the 
following may be listed, in percent by weight: 

2 
larly concerned is ' the difficult problem of stripping these 
coatings without objectionable attack on the base alloy. Any 
substantial intergranular corrosion of the base alloy during the 
stripping operation is likely to be a cause for rejection. While 
the invention is believed to ?nd its widest application on hard 
ware which has undergone a compaign in a gas turbine and 
been removed for straightening, rewelding and recoating, it 
also is believed to have wide application in coated hardware 
which has been rejected because of defects in the coating. and 
which it is desired later to recoat. 

In my prior patent application above referred to, it is 
pointed out that attack on superalloys having cobalt or nickel 
bases will be encountered when the content of chromium is 
less than a certain amount, which I have now established to be 
in the range from 15 to 18 percent. A weight loss of base alloy 
during stripping of more than 4 -‘mg./sq.cm. is considered to be 
excessive. The rate of attack on the base alloy may be deter 
mined by putting the virgin uncoated superalloy through the 
recommended procedure. By the graph shown in my prior 
patent application, it will be noted that only those of the 

> cobalt and nickel base alloys containing greater than about 15 
percent chromium and preferably greater than 18 percent 
chromium, can be safely treated with the stripping process 
there proposed, thus avoiding unacceptable attack. 
As a result of further research, I have discovered that the 

base alloy can be protected by a stripping solution used under 
conditions which no longer cause the coating to peel or “pop 
off“ as in the process of my prior patent application. Through 
a modi?cation of the treating conditions, I have discovered 
that the coating can be gradually reacted upon so that it will 
be readily removed later as by abrasive blasting, but will 
remain intact on the surface and act as a limiting and protect 
ing layer prior to removal. 
Also under the process of the present invention, even if the 

coating were to peel, the treating solution under the new con 
ditions would no longer create objectionable attack on the su 
peralloys. 
The stripping process of the present invention very effec 

tivély removed aluminide coatings from cobalt base, nickel 
base and cobalt-nickel base superalloys containing chromium 
content from 0 percent chromium to 27 percent chromium by 
weight and higher. I have discovered that an aqueous solution 
containing hydrofluoric acid and nitric acid at ambient tem 
perature in the range between 50° and l 15° F ., and preferably 
between 60°and l00° F., of the proper composition, causes lit 
tle or no attack on the superalloys. The stripping solution ac 
cording to the invention contains between one-half and 5 per 

50 cerit HF by weight and between 3 and 20 percent of nitric acid 
Alloy _______________________ ._ C Cr Ni 00 Mo W Cb Al Fe B Other 

NASA Co-W-Re ............ __ 0.40 3.0 .___. (l) ____ ._ 25 ..... .. 

TBZ-SA _____________________ __ 0.12 6. 0 (1) ____ __ 4. 0 4 0 ___________ __ 

13-1900 (PWA 663) __________ .. 0.11 8.0 O) 10.0 6.0 __________ __ 

Mar—M-200 (PWA 659) ______ __ 0.16 9. 0 (1) 10.0 ____ __ 12.5 1 0 
III-100 ______________________ __ 0. 17 10. 0 (l) 15. 0 3. 0 __________ -_ 

S8115 _______________________ __ 0.08 12.0 (I) 15.0 6.5 1.5 O. 5 

Udimet 700 _________________ __ 0. 15 15. 0 (1) 18 5 6. 0 __________ __ 
Udlmet 500 ______ __ __ 0. 08 19. 0 (1) 18 0 4. 0 __________ ._ 
WI-52 (PWA 663) _ _ __ 0. 45 21. 0 1. 0 (l ____ __ l1. 0 2 0 
Hastelloy-X _____ __ _. 0.20 22.0 (1) I 5 9 0 0.6 __________ __ 

0 . . . _ _ _ _ _ _ _ _ _ _ _ _ __ 25. 0 10. 0 55. ____ __ . 

Stellite 21 0. 25 27. 0 2. 8 (l 6. 6 _____________ __ 
—815 _______________________ __ 0. 38 20. 0 20. 0 (1) 4. 0 4. 0 4 0 

In the nickel base superalloys higher strengths have been 
achieved particularly at the expense of oxidation resistance. 
The superalloys containing high contents of chromium are los 
ing popularity because of the desire to gain increased strength 
at higher temperatures at the expense of lower oxidation re 
sistance. The superalloys, therefore, which contain lower con 
tents of chromium are extensively protected with aluminide 
coatings and this is of paramount importance. 
The problem with which the present invention is particu 

by weight. The treatment of the coated superalloy part in the 
stripping solution should last for at least l5 minutes and 
preferably for at least 1 hour. Compared with the action of the 
stripping solution described in my prior patent application, the 
stripping solution of the present invention at the temperatures 
and acting for the times above mentioned, behaves very dif 
ferently. The stripping solution as described in the prior appli 
cation caused the coating to peel pop “pop off,” as well as dis 
integrate. Under the treatment in the present invention, the 
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stripping solution slowly and thoroughly reacts with the alumi 
nide coating, causing the coating to change its chemical com 
position, and making it easy to remove by an abrasive blast in 
a subsequent operation, but it does not cause the coating to 
peel or “pop off" in the stripping solution. 

After the treatment with the stripping solution, the sub 
sequent rinsing, drying, and ?nally the dry blasting operation 
with an abrasive such as sand, powdered alumina, or glass, 
suitably at an air pressure of 5 to I00 p.s.i., completely 
removes the diffusion coating in a matter of seconds. It is then 
found that the base metal has not been subjected to attack. 
Thus, whereas the treatment of my prior patent application 

which caused the aluminide coating to peelv or pop off in the 
stripping solution, was very likely to attack and etch superal 
loys of lower chromium content, the process of the present in 
vention can be used on superalloys having cobalt or nickel or 
cobalt-nickel bases even though there is no chromium content 
at all. 

It is important in the present invention to avoid concentra 
tions of hydrogen ?uoride greater than about 5 percent by 
weight because they actually impair stripping of the aluminide 
coating, probably because the ?uoride ion tends to passivate 
it. 

Since hydrogen ?uoride may be an objectionable chemical 
to employ, it will in many cases be preferable to use from one 
half to 5 percent by weight of an acid fluoride or bi?uoride of 
the type which has at least 1 mole of free hydro?uoric acid in 
the molecule. Any one of a variety of bi?uorides or acid 
?uorides may be used, but I prefer to employ those of an alkali 
metal or alkali metal radical, such as ammonium bi?uoride, 
sodium bi?uoride, or potassium bi?uoride. Any bi?uoride 
used should be readily soluble in water so as to make the mole 
of hydro?uoric acid readily available. The fact that nitric acid 
is also incorporated in the stripping bath insures the unusual 
reactivity of the bath and more effective ionization or hydroly 
sis of the ?uoride to provide free hydro?uoric acid in the solu 
tron. 

Certain expedients can be employed to promote more effec 
tive stripping. One is to agitate the stripping solution itself, by 
mechanical or ?uid stirring, or by blowing air or other suitable 
gas into the stripping solution. Further assistance in stripping 
can be obtained by agitating or vibrating the hardware being 
subjected to the stripping solution, and either supersonic or 
subsonic vibration will assist in this connection. 
Promotion of wettability of the hardware by the treating 

solution is desirable, and for this purpose a low foaming or 
nonfoaming wetting agent stable in strong acid solution is 
helpful to promote wettability. The quantity of wetting agent 
can be very small, generally in the range from 0.01 percent to 
0.5 percent by weight. Examples ofsuitable wetting agents are 
as follows: 

a. Ethylene oxide condensates 
b. Ethoxylates of linear primary alcohols. 
The most desirable fully liquid solution according to the 

present invention is as follows: 
Ammonium bi?uoride L5‘; by weight 
Nitric acid 8.0% 
Wetting agent 0.05% 
Water balance. 

In carrying out the invention, a very desirable sequence of 
process steps is as follows: 

I. Degrease if necessary. Either vapor or alkaline degreas 
ing may be used. 

2. Abrasive blast, suitably using 090 or 0100 grit aluminum 
oxide at an air pressure of about 60 psi. Usually 30 seconds 
blasting is sufficient. 
Blow off excess grit with air. 
4. Immerse in the stripping solution at room temperature as 

explained above and hold the parts thus immersed for a time 
of at least I5 minutes and preferably an hour. The most desira 
ble temperature is about 75° F. Agitation of the solution and 
agitation of the parts is preferred. 
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4 
5. Remove the parts from the stripping solution and rinse in 

clean water. 

6. Neutralize the parts in a weak alkali solution, for example 
2 to 6 ounces per gallon of caustic soda or sodium carbonate 
at room temperature. 

7. Remove the parts from the alkali solution and rinse in 
clean water. 

8. Dry in air. 
9. Grit blast to remove reaction products. 
If necessary, the above cycle can be repeated. After the 

above process is completed, the parts are ready to put in a ce 
mentation pack for further aluminizing or chrom-aluminizing 
or subjected to diffusion treatment. 
An alternate procedure for stripping coatings from superal 

loy parts is as follows: 
I. Degreasing the superalloy parts. 
2. Blasting the parts with abrasive. 
3. Treating the parts with the stripping agent. 
4. Rinsing the parts in water. 
5. Neutralizing the parts with an alkali solution. 
6. Rinsing the parts in water. 
7. Drying the parts. 
8. Blasting the parts with abrasive. 
9. Stripping the parts in the stripping agent for at least 15 

minutes. 
10. Reblasting the parts with abrasive. 
1 l. Rinsing the parts in water. 
I2. Neutralizing with alkali. 
I 3. Rinsing in water. 
14. Drying the parts. 
15. Blasting the parts with abrasive. 
In FIG. 1 is shown two curves plotting loss in weight of the 

base metal in mg./sq.cm. as ordinate against chromium con 
tent in the superalloys as abscissa. These curves show the ef 
fect on various cobalt and nickel base superalloys above men 
tioned when treated with the following stripping solution: 

HF 2% 

HNO, 8% 
11,0 90%. 

Curve A was obtained treating for 30 minutes at 175° F. ac 
cording to the recommended procedure of the earlier patent 
application. Curve B shows the weight loss of the superalloys 
when treated according to the present invention, i.e. 1 hour at 
75° F. 

It will be noted that when the chromium content is less than 
about 15 percent to l8 percent, there is a dramatic decrease in 
base alloy attack when operating at the low temperatures 
recommended in the present invention. 

FIG. 2 compares loss in weight of base metal in mg./sq.cm. 
as ordinate with temperature in °F. as abscissa, using the fol 
lowing stripping solution: 

Ammonium bi?uoride 1.5% 
Nitric Acid 8.0% 
Water 90.5% 

Curve A is for pure nickel. Curve B is for superalloy B-1900 
containing 8 percent of chromium by weight and curve C is for 
superalloy WI-S 2 having 21 percent of chromium by weight. 

It will be seen that in order for the loss of base alloy to be 
kept below 4 mg./sq.cm. on superalloy B-l900, it is very im~ 
portant that the temperature be kept lower than about 1 15° F.; 
for pure nickel it should be lower than 80° F. 

Prior to the present invention, the literature has described 
the use of solutions of hydro?uoric acid and nitric acid always 
at elevated temperatures greater than 120° or 140“ F.; for pas 
sivation or descaling operations, and as explained, these tem 
peratures are counterindicated in the case of the present in 
vention. 

EXAMPLE I 

In example I a solution of 1.5 percent by weight of ammoni 
um bi?uoride, 8.0 percent by weight of nitric acid, balance 
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water, was used on various uncoated superalloys and pure 
nickel as listed below in the table. The exposure at 70° F. was 
for 1 hour. 

EXAMPLE 2 

In example 2 a stripping solution of 1.0 percent of 
hydro?uoric acid, 8.0 percent nitric acid and balance water, 
was used to treat the same alloys at 70° F. for 1 hour. The table 
below shows comparison of weight losses for the various alloys 
noted. 

mgJsq. cm. weight loss 

Wl-SZ 5-1900 U-SOO U-700 Nickel 

Example I 0 [.5 0.05 [.3 3.8 
Example 2 0 [.5 0.04 L5 4.0 

It will be observed that the weight loss was 0 in the case of 
Wl-52 which contains 21 percent of chromium, and was very 
low in the case of U-500 which contains 19 percent of chromi 
um, but that the weight loss rose to higher values in the case of 
B-l900 containing 8 percent of chromium and in the case of 
U-700 containing l5 percent of chromium and in the case of 
pure nickel the weight loss is even higher, though still, just 
within an acceptable range. it will be noted that ammonium 
bi?uoride and hydro?uoric acid act in a similar manner due to 
the fact that the ammonium bi?uoride contains 1 mole of free 
hydro?uoric acid. 

EXAMPLE 3 

A solution of L5 percent by weight of sodium bi?uoride, 
8.0 percent by weight of nitric acid, balance water, is just as 
effective as ammonium bi?uoride, mentioned in example 1. 

EXAMPLE 4 

A solution using potassium bi?uoride instead of ammonium 
bi?uoride is equally effective with the ammonium in example 
1. 

EXAMPLE 5 

Hydro?uoric acid is equally effective with ammonium 
bi?uoride as mentioned in example 1, providing that the quan 
tity is calculated on the basis of the HF present in the ammoni 
um bi?uoride. 

As compared with the subject matter disclosed in my patent 
application above referred to, , there are several important ad 
vantages in the present invention. 
No external heating is required and there is therefore no 

danger of overheating if a control fails to function properly. 
The apparatus employed to hold the stripping solution can 

be simpli?es since a plastic container of polypropylene or 
polyvinylchloride can be used. 

Since the temperature is low, objectionable vapors are not 
generated and do not have to be exhausted. 
The residual coating from the aluminide after treatment 

with the acid protects the base alloy since the coating does not 
pop off during exposure to the stripping bath. it will be 
evident, however, from the table above that even if the base 
alloy were exposed, the attack would not be objectionable. 

In the procedure followed in overhauling a gas turbine en 
gine, once the engine has been disassembled, the various 
pieces of hardware are examined to see if repair is necessary. 
It is quite usual to subject many components such as turbine 
components such as vanes to straightening and welding, after 
which the parts are reclassi?ed. Where the hardware has been 
coated, it is likely that the coating will contain oxide and 
possibly other corrosion products. If the aluminide coating is 
to be replaced, it is desirable to remove these corrosion 
products as well as the aluminide coating in order to weld the 
parts. 
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6 
In some cases it may be desirable to recoat by simply remov 

ing the oxide or other corrosion products, still leaving the 
residual di?'usion coating intact, and in this case the time of 
treatment can be suitably shortened to 15 to 30 minutes. 

Prior to recoating, the hardware is subjected to the stripping 
procedure of the present invention, with due attention to 
rinsing, neutralizing, rinsing, and grit blasting. Where only the 
corrosion products are to be removed, the blades may be 
realuminized or rechrom-aluminized after simply removing 
the oxide and corrosion products. Usually, however, the hard 
ware parts are stripped down to base alloy before the diffusion 
treatment. 

Where welding repair is necessary, as for example on the 
trailing edges of vanes, the invention presents a very effective 
means of removing the aluminide coating prior to welding. In 
some cases, however, it may be desirable to remove the coat 
ing locally in order to accomplish welding. ‘One procedure 
which may be followed is to mask the portions ‘f the hardware 
which are to be protected by taping, waxing or using organic 
coatings such as modi?ed alkyds or vinyl paints. Then the part 
can be placed in the stripping bath at a suitable temperature 
which preferably should not exceed 100° F. The fact that the 
stripping solution can be used at room temperature makes this 
simple masking technique effective since there are not hot 
vapors which might penetrate the mask. 
For stripping in localized areas, a stripping paste according 

to the present invention may be employed, in which the 
stripping solution is incorporated with thickening and solu 
bilizing agents which will prevent it from running off the 
blade. A paste according to the invention may include any of 
the acid compositions referred to above with the thickening 
and solubilizing agents, suitably each in the range of one-half 
to 3 percent by weight. A suitable example of a paste of this 
character is as follows: 

Ammonium bi?uoride L5‘; by weight 
Nitric acid p% 
Polyglycol E4000 l‘Zv 
Gum tragacanth LO‘X 
Water balance. 

The paste is made by dissolving the ammonium bi?uoride in 
the water, adding the nitric acid and then dissolving the 
polyglycol E-4000 (this represents molecular weight) in the 
water. The gum tragacanth is gradually stirred in to develop 
the desired paste consistency. This is all done at room tem 
perature. The organic components and the decreased ioniza 
tion slow down the stripping action on the aluminized coating 
so that it may be necessary to make several different applica 
tions. However, where thin coatings are to be removed, this 
paste can be effectively applied to localized areas. The fact 
that the treating agent is cold enables the paste to function 
since at higher temperatures the thickening and solubilizing 
agents would be aggressively oxidized by the nitric acid and 
thus destroyed. 

Polyglycol E-4000 is a condensation product of ethylene 
oxide with a molecular weight of 4000. Gum tragacanth con 
sists of a soluble portion known as tragacanth which is a ring 
organic compound containing 3 moles of glucanic acid and 
one mole of arabinose with a side chain of 2 molecules of 
arabinose. The relatively insoluble portion of this molecule is 
known as bassorin, a complex structure of polymetheculate 
ester acids. Gum arabic and polyglycols of molecular weights 
between 200 and 12,000 can be used instead of gum 
tragacanth and polyglycol E-4000 respectively. 
Among the diffusion treatments on superalloys which can 

be effectively stripped according to the present invention are 
the following: aluminized, chrom~aluminized, codeposited 
coatings of aluminum and titanium, codeposited coatings of 
chromium, aluminum and silicon, codeposited coatings of alu 
minum and iron and codeposited coatings of aluminum, iron 
and chromium. 
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In view of my invention and disclosure, variations and 
modi?cations to meet individual whim or particular need will 
doubtless become evident to others skilled in the art, to obtain 
all or part of the bene?ts of my invention without copying the 
process shown, and I therefore, claim all such insofar as they 
fall within the reasonable spirit and scope of my claims. 
Having thus described my invention what i claim as new and 

desire to secure by Letters Patent is: 
l. A process of stripping the following coatings: aluminide, 

corroded aluminide, chromium-aluminum, aluminum-titani 
um, chromium-aluminum silicon, aluminum-iron and alu 
minum-iron-chromium from superalloys having a base of the 
class consisting of cobalt, nickel, and cobalt and nickel, which 
comprises exposing the coating to treatment with an acidic 
material consisting essentially of the following: (a) a com 
ponent of the class, and in the amount, consisting of 
hydro?uoric acid in the amount of one-half to 5 percent by 
weight of the acidic material and acid ?uorides in an amount 
such that the free hydro?uoric acid is one-half to 5 percent by 
weight of the acidic material, (b) 3 to 20 percent by weight of 
nitric acid, and (c) balance substantially water, at a tempera 
ture of between 50° and 115° F. for a time of at least 15 
minutes. 

2. A process of claim 1, in which the temperature is between 
60° and l00° F. 

3. A process of claim 1, which comprises agitating the treat 
ing agent. 
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4. A process of claim 1, which 

parts being treated. 
5. A process of claim 1, in which the compound containing 

free hydro?uoric acid is a bi?uoride of the class consisting of 
ammonium bi?uoride, sodium bi?uoride, and potassium 
bi?uoride. 

comprises agitating the alloy 

6. A process of claim 1, which comprises incorporating a 
low foaming or nonfoaming wetting agent in the treating 
agent. 

7. A process of claim 1, which comprises subsequent to 
stripping rinsing the superalloy parts, drying them and dry 
blasting with an abrasive. 

8. A process of claim 1, which comprises degreasing the su 
peralloy parts, blasting them with an abrasive, treating the 
parts with the stripping agent, rinsing the parts in water, 
neutralizing the parts with an alkali solution, rinsing the parts 
in water, drying the parts, blasting the parts with abrasive, 
stripping the parts in the stripping agent for at least 15 
minutes, reblasting the parts with abrasive, rinsing the parts in 
water, neutralizing with alkali, rinsing in water, drying the 
parts and blasting them with abrasive. 

9. A process of claim 1, in which the treating agent is in the 
form of a paste. 

10. A process of claim 9, which comprises locally applying 
the paste to a portion of the surface of the coating in order to 
selectively strip the coating at that location. 
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