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To all whom it may concern: 
, Be it known‘: that I, HUGH S. COOPER, 

' a citizenofthe ‘United ‘States, residing at 
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Cleveland, in the county of Cuyahoga and 
State of Ohio, ‘have invented certain new 
and useful Improvements in Alloys, of 
which the‘ following is‘ a speci?cation. 

' This invention, relates to alloys, and com 
prises improved compositions containing 
iron, aluminum and ‘a third‘ component 
which maybe either chromium or‘ man 
ganese (or ‘any~ mixture thereof), said alloys 
characterized by a high degree of durability 
at elevated temperatures, .by high electrical 
resistance, and, within my preferred range 
of compositions, by sufficient workability to 
enable the production of rods, wire and the 

' like. As. will appear hereinafter the .third' 
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component imparts malleability to an other 
wise unworkable binary. alloy, and it may 
therefore be conveniently designated a 
malleability component. Many of the com 
positions according tomy invention may be 
readily worked into wire, ribbon. or the like 
suitable for use in electrical resistance ele 
ments and for like purposes. - 

It is known that certain iron-aluminum 
alloys, for example those containing about 
9% of aluminum, exhibit high electrical re 
sistance and good heat resistivity, but such 
binary alloys are of little practical value 
because their brittleness precludes the possi- 
bility of their being used for most Lindus 
trial purposes. Any increase in the alumi 
num content of such alloys accentuates their 
undesirable qualities. A decrease in alumi 
num content serves to improve the working 
properties; and if the aluminum content is 

-less than 5.6%, the alloy is malleable, ac 
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cording to Had?eld. Such low-aluminum 
binary alloys are however de?cient in the 
desired electrical resistance and heat re 
sistivity. ' 

I have discovered that a rather high alu 
minum content, for example 10 to 16%, may 
be maintained and surprisingly good work 
ing qualities nevertheless imparted by suit 
able additions of manganese and chromium, 
or mixtures 'of these metals; and that, in 
addition, the electrical resistance is greatly 
increased over that exhibited by the corre 
sponding binary alloys of aluminum and 
iron. The increase in workability and re 
sistance is especially pronounced when chro 
mium is the third metal of the alloy, and. 
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chromium is accordinglymy preferred addi 
tion. However, iron-aluminum-manganese 
alloys within the range indicated have prop 
erties which render them valuable for many 
purposes. For example, an alloy of iron 
70%, aluminum 20% and manganese 10% 
gives excellent heat resistant castings, show 
ing a, ?ne silky fracture; while alloys of 
aluminum ‘12-15% and manganese 6—8%, 
with the balance iron, may even be rolled 
to some extent. . i 

For the preparation of attenuated mem 
bers suitable for electrical resistance‘ ele 
ments, I prefer iron-aluminum-chromium 
alloys, as intimated above. Compositions 
containing 12-16% aluminumwwith. addi 
tions of 5-10% ofchromium may be readily 
rolled, forged or swaged while hot, and may 
be formed into ?ne wire or ribbon, which, 
after annealing, possesses su?icient ?exi 
bility and toughness for such purposes as 
are contemplated herein. In order to ob 
tain maximum toughness, it is necessary to 
keep the carbon content low, and for this 
reason a carbon content of less than 0.20% 
is preferred when attenuated members are 
to be prepared. 
Iron-aluminum-chromium alloys of cer 

tain composition have, as already indicated, 
a remarkably high electrical resistance, in 
fact a resistance which so far as I am aware 
is unprecedented in alloys heretofore inves 
tigated. The range of compositions for 
high resistance is somewhat broader than 
that indicated above for a high degree of 

60 

65 

70 

75 

80 

85 

90 
workability, as the chromium may be in ex- ‘ 
cess of the 10% there mentioned. However, 
the maximum electrical resistance _falls 
within the range of compositions giving 
workable alloys, as demonstrated by the 
tabulation given below: 

Composition’ Resistance (microhms ' 
per centimeter 

Chromium. Aluminum. cube)‘ 

6 1 150 
a Z 14 Z 165 
10 o 1 0 ms 
1 1 D 176 
10 a 14 a 172 

1 c 12;, 14s 10 o 15 a 184 

The highest resistances noted in the table 
are of the order of one hundred times that 
of copper. 
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With respect to both working and elec 
trical qualities, my preferred composition 
is, chromium about 8%, aluminum about 
14% with the balance predominantly iron, 
and carbon less than 0.20%. The presence 
of other elements in relatively small propor 
tion is not excluded. 

I am aware that it has been proposed to 
use for electric resistance elements, and for 
other purposes, alloys containing iron, 

. aluminum and chromium, with'an addition 
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of over 5% of titanium. It is my under 
standing that the function of the titanium, 
which may be present in quantities as high 
as 25%, is to harden the alloy; and I also 
understand that while these titanium-con 
taining alloys are not too brittle to preclude 
their use as castings, they cannot be drawn 
and swaged as can the alloys of my inven 
tion. The appended claims are therefore 
not to be construed }to cover alloys contain 
ing metals other than those described as 
suitable constituents for my alloys, in suf 
?cient quantity materially to diminish the 
electrical resistance, resistance-to oxidation, 
or workability of the alloys. 
The alloys of my invention are, for the 

most part, compositions in which the alumi 
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num is present in excess of the manganese or 
chromium, or at least in substantially equal 
proportion therewith. 

I claim: _ 

1. An alloy consisting predominantly of 
iron, aluminum, and chromium, the alumi 
num content being within the range of 10% 
to 16%, and the chromium content being 
greater than 5% and less than the aluminum 
content. 

2. An alloy consisting predominantly of 
iron, aluminum, and chromium, with alumi 
num and chromium contents of about 14% 
and 8% respectively. ' 

3. .An alloy consisting predominantly of 
iron, aluminum, and chromium, with alumi 
num and chromium contents of about 141% 
and 8% respectively, and containing not 
more than about 0.2% carbon. 

4. An alloy consisting predominantly of 
iron, aluminum, and manganese, the alumi 
num content being Within the range of 10% 
to 16%, and the manganese content being 
greater than 5% and less than the aluminum 
content. 
In testimony whereof, I a?ix my signa 

ture. 
HUGH S. COOPER. 
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