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ABSTRACT OF THE DISCLOSURE 

It is known to protect the surface of alloys with a layer 
of diffused aluminum. It has now been found that the oxi 
dative resistance of certain alloys, namely high tempera~ 
ture steels, nickel based and cobalt based alloys, is im 
proved it the aluminum layer is diffused onto a substrate 
of nickel. 

This invention relates to an improvement in the resist 
ance to oxidation and corrosion of parts made of certain 
alloys, namely high temperature steels and nickel-based 
or cobalt-based alloys, having aluminum diffused into 
their surfaces. 
The diffusion of aluminum into the surface of parts is 

a known method of improving the oxidation and corro 
sion resistance thereof. The conventional procedure con 
sists in packing the objects into a powder mixture sub 
stantially consisting of metallic aluminum and aluminum 
oxide as an inert component. By raising the temperature 
to between 1000 and 1100° C. the metallic aluminum can 
be made to diffuse into the surfaces of the parts and to 
form a diffusion layer which protects the parts against oxi 
dation and corrosion during their subsequent use. 

Parts consisting for example of an alloy containing 
about 70% nickel, 20% chromium, remainder accom 
panying elements such for example as titanium, cobalt, 
silicon, manganese or iron, super?cially oxidise when 
heated in air to about 1200° C., the oxide layer contin 
uously forming and ?aking off without a signi?cant incu— 
bation period. However parts made of the same alloy but 
provided with an aluminum layer diffused into their sur 
faces resist oxidative attack under the same conditions for 
150 to 200 hours. 
The invention relates to a further improvement of the 

known process of aluminum diffusion, in that high tem~ 
perature steels, nickel-based alloys and cobalt~based alloys 
parts are provided with a nickel coating before they are 
submitted to the process of aluminum diffusion. 
The accompanying drawing is a graphical illustration 

of the advantages obtainable by the process of the inven 
tion in comparison with untreated parts or with parts that 
have been submitted only to the aluminum diffusion treat 
ment. The ordinate of the said graph represents the loss 
in weight per unit of surface area by heating in still air at 
1200° C., and the abscissa represents time. 
The comparative tests were performed using a nickel 

based alloy containing 20% chromium, 2.4% titanium 
and 1.4% aluminum. Aluminum was diffused into the 
surface by heating samples at 1100° C. for a period of 
5 hours in a powder mixture containing 5% aluminum 
and 95% aluminum oxide. The sample that was treated 
according to the invention was ?rst degreased and pickled 
and before being subjected to the aluminum diffusion 
treatment it was electrolytically provided with a 10a coat~ 
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ing of nickel by a 15 minute treatment in a hydrochloric 
acid nickel chloride bath at 35° C. using a current density 
of 25 a./dm.2. 

It will be seen from the graph that the life of the 
5 sample which had been provided with a nickel under 

coating (shown in curve C) was substantially longer than 
that of the sample that had been provided with an alumi 
num diffusion layer in conventional manner (shown in 
curve B), which was itself substantially better than an 

10 untreated sample, shown in curve A. This result was sur 
prising in view of the fact that the nickel alloy of the 
parts submitted to the comparative tests as such already 
contained a major proportion of nickel, and it was not 
therefore to be expected that the resistance to oxidation 

15 and scaling would be very substantially improved by the 
provision of an underlayer of nickel. 
An improvement in the life of parts provided with an 

undercoating of nickel compared with parts that have 
been merely aluminised by diffusion was also found to 

20 occur with an alloy containing 43% cobalt, 20% chr0 
mium, 20% nickel, 4% each of tungsten, molybdenum 
and niobium, 0.4% carbon, remainder iron, silicon and 
manganese. 
The advantages which the above tests con?rm can also 

25 be achieved by applying the nickel coating and the alumi 
nised layer by methods other than those herein described. 

It is preferred that the thickness of the nickel coating 
is from 3 to 2011, particularly from 5 to 1011., and the 
thickness of the aluminum diffusion layer is preferably 

30 from 20 to 100M, Particularly from 40 to 70p. 
The invention may be applied with advantage to the 

production of blading for turbines which is exposed at 
high temperatures to the oxidative and corrosive effect 
of combustion gases. 
What is claimed is: 
1. A part made of an alloy selected from the group 

consisting of a high temperature steel, a nickel based alloy 
and a cobalt based alloy, said part having a nickel coat 
ing; and said part having aluminum diffused into the 
surface thereof from exteriorly of said nickel coating, said 
part being thereby provided with improved oxidation and 
corrosion resistance. 

2. The part of claim 1 wherein the part is a turbine 
blade. 

3. The part of claim 1 wherein the nickel coating has 
a thickness of from 3 to 20,11. and the aluminum has a 
thickness of from 20 to 100,14. 

4. The part of claim 1 wherein the nickel coating has 
a thickness of from 5 to 10p and the aluminum has a 
thickness of from 40 to 70p. 

35 

50 

References Cited 

UNITED STATES PATENTS 

55 2,611,163 9/1952 Schaefer et al _______ __ 164-75 
2,687,565 8/1954 Schaefer et al. ____ 29—196.2X 
3,000,755 9/1961 Hanink et al _____ __ 29—196.2X 
3,044,156 7/ 1962 Whit?eld et al. _____ __ 29—l94 
3,129,069 4/1964 Hanink et a1. ____ __ 29—l94X 

60 3,141,744 7/1964 Couch et al. _______ __ 29—194 
3,450,512 6/1969 Maxwell _________ __ 29—l94X 

3,477,831 11/1969 Talboom et a1 _____ __ 29—l94X 

L. DEWAYNE RUTLEDGE, Primary Examiner 
65 E. L. WEISE, Assistant Examiner 

U.S. Cl. X.R. 

29—196.2, 196.6; 204—37 


