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ABSTRACT OF THE DISCLOSURE 

Iron base alloys with alloying additions of Groups 1'11 
and 'IV elements and/or beryllium are described which 
exhibit unique and unexpectedly low weight gains when 
exposed to oxidizing environments. One of the major 
advantages of the group of alloys described herein lies in 
their moderate cost, especially as compared to other oxi 
dation resistant Fe-base alloys such as the various grades 
of stainless steel. The oxidation resistance is imparted to 
these alloys through the formation of a tenacious compact 
oxide ?lm consisting essentially of one or both of the 
added alloying elements. 

This application is a division of copending application 
Ser. No. 750,991, ?led Aug. 7, 1968, now abandoned. 

It has long been an objective of the art to achieve a low 
cost Fe-base alloy with oxidation resistance superior to 
that exhibited by the stainless steels. Presently, the only 
known method for providing such oxidation resistance 
relies in the formation of an adherent Cr20‘3 surface layer. 
This requires large amounts of Cr in solid solution; in 
fact, it has been shown that a minimum of about 11 
weight percent Cr is necessary to provide the very excel~ 
lent oxidation resistance characteristics of stainless steels. 
A class of alloys is described in this invention which 

are essentially low alloys of Fe and which have oxida 
tion resistance signi?cantly greater than achieved by stain 
less steels in the temperature range from 300 through 
1000° C. 
This unusual oxidation resistance is achieved through 

the addition of combinations of Group III and Group IV 
alloying elements. Be may be used instead of, or in 
addition to, Group III elements. Speci?cally, extensive 
research has shown that the combination of -Al and Si 
in a high purity Fe-base provides unusual and unexpected 
oxidation behavior in a high temperature air environ 
ment. It has been shown that over the composition range 
of 1-7% Al and 1-4% Si oxidation weight gain of the 
alloys of this invention is on the order of 50 times less 
than that experienced by stainless steels or other Fe-base 
alloys. 
As shown in FIG. 1, the combination of 3% Al and 

2% Si produces a unique and unusual reversal in oxida 
tion weight gain in the temperature range of 600 to 
900° C. This is in distinct contrast to the oxidation weight 
gain exhibited by stainless steel (type 30l—l7Cr-7Ni) 
shown in FIG. 2 over the same temperature range. 
The oxide ?lms produced in this temperature, range 

are nearly colorless and adherent. On the other hand, 
certain (type 301) stainless steels begin to form non 
adherent scales at the higher temperatures, i.e., 900° C. 
We have shown that this unique and distinct reversal in 
oxidation weight gain occurs over the range of chemistry 
given above for the Al-Si system. 
FIG. 3 is a ternary plot of the iron-aluminum-silicon 

alloys of the present invention showing weight gains in 
micrograms per square centimeter after the alloys having 
the composition shown were heated for two hours at 
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800° C. FIG. 3 also shows by comparison the weight 
gains of binary iron-silicon alloys and binary iron 
aluminum alloys. It is apparent that the alloys tested 
within the range of 1~3% silicon and 24% aluminum 
had much lower Weight gains than the binary alloys. In 
fact, from this data, it is apparent that weight gains below 
50 micrograms per square centimeter are assured for 
the two-hour treatment at 800° C. 

While the examples of alloys of this invention discussed 
so far were carried out with Al-Si alloys, the present 
invention is applicable to Be and other Group 111(k) and 
Group IV(b) alloying elements. Speci?cally, combina 
tions of Be-Si, Gallium-Si, Al-Germanium. The follow 
ing compositions may be used, for example, 3% Be~2% 
Si; 3% In-2% Si; 3% Ga—2% Si; 3% Al-2% Ge. Alloys 
of this group. are superior to stainless steels in weight gain 
at elevated temperatures. For example, at temperatures 
above 725° C., up to 1000“ C. and higher, the Ga-Si alloy 
weight gain was much less than many types of stainless 
steel, as shown in FIG. 4. 
The unexpected reversal in the plot of weight gain 

against temperature is believed to result from the forma 
tion of A1203 and a complex of the type of FeO.Al2O3, in 
the case where aluminum is one of the Group UK b) ele 
ments. Or, if gallium is the Group II'I(b) element, it 
would be Ga2O4 and a complex of F‘eO.Ga2O3. The 
Group IV (b) elements, such as silicon and germanium, 
are believed to stimulate the formation of oxides of this 
type. 

It will be apparent that the alloys of the present inven 
tion are considerably less expensive than alloys containing 
chromium in amounts of at least 5 and generally above 
11; for example, 18 Cr-8 Ni is commonly used. 
The Fe-base alloys of the present invention may be 

processed according to ordinary Fe-base melting, casting 
and hot and cold work procedures. The alloys of the 
present invention do not require specialized equipment or 
technology. 
For example, the alloys of the present invention may be 

vacuum cast, homogenized, for example, at 1800° F., 
hot rolled to approximately 0.200 inch, with a reheat to 
1800’ R, if desired, scalped, and cold rolled without 
interannealing to from 0.200 gage vto 0.015. 
The steel to be used in the present invention does not, 

however, require vacuum casting. Ordinary steel making 
procedures may be used, such as blast furnace treatment 
with either open hearth or LD process reduction of the 
carbon content, as is well known in the art. The resulting 
composition of the alloys may be as follows: phosphorus 
and sulfur, 0.04 max. each, manganese may be up to 
1.5%, preferably up to 0.2%, copper may be present as 
high as 2%, but preferably not more than 0.5%, others, 
including nickel, molybdenum, vanadium, and other 
alloying elements commonly present in low alloy steels 
may be present up to 0.20%. The carbon content may 
range as high as 2%, for some applications requiring very 
high wear resistance. However, the carbon content is pref 
erably not more than about 1%. Furthermore, the most 
preferred range of carbon is from 0.01 to 0.25%. It is 
expected that the latter range will have the most general 
application. 
As a further superior feature of these alloys, it has 

been found that the alloys of the present invention are 
highly resistant to atmospheric oxidation and tarnishing 
after ?rst being exposed to a’high temperature air oxida 
tion for 5 minutes to 100 hours at 400 to 1000° C., pref 
erably 600 to 1000“ C. For example, two hours at 800° C. 
has been found to be very satisfactory. 

It has also been found that these alloys are resistant to 
contaminated atmospheres containing sulfur and/ or water 
vapor and/or carbon monoxide-dioxide combinations. 
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These atmospheres are representative of most hydrocar— 
bon combustion gases. 

FIG. 5 compares behavior of a 3.0% Al-2.0% Si alloy 
with type 301 stainless steel in a wet oxidizing S02 atmos 
phere. Above 700“ C., the Al-Si alloy is clearly superior. 

It is to be understood that the invention is not limited 
to the illustrations described and shown herein which are 
deemed to be merely illustrative of the best modes of 
carrying out the invention, and which are susceptible of 
modi?cations of form, size, arrangement of parts and 
detail of operation, but rather is intended to encompass 
all such modi?cations which are within the spirit and 
scope of the invention as set forth in the appended claims. 
What is claimed is: 
1. A process which comprises: providing an alloy con 

sisting of (A) an alloying addition in the amount of 
from 1 to 7% selected from the group consisting of 
beryllium, aluminum, indium and gallium and (B) an 
alloying addition in the amount of from 1 to 4% selected 
from the group consisting of silicon and germanium, 
phosphorus 0.04% max., sulfur 0.04% max., manganese 
up to 0.2%, copper up to 0.5%, carbon up to 2%, others 
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up to 0.20%, balance iron; exposing said alloy to oxida 
tion at a temperature of from 300 to 1000° C. for a 
period of time of from 5 minutes to 100 hours, thereby 
forming a substantially colorless and adherent oxide ?lm 
containing a complex oxide having oxidation and tarnish 
resistance. 

2. A process according to claim 1 including the step of 
exposing said alloy to a contaminated atmosphere. 
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