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ABSTRACT OF THE DISCLOSURE 
The present disclosure teaches an improved copper 

base alloy containing iron and aluminum and a material 
selected from the group consisting of phosphorus and 
zinc and mixtures thereof. The alloys of the present in 
vention are characterized by improved physical proper 
ties, in particular high strength and high conductivity. 

10 Claims 

BACKGROUND OF THE INVENTION 

This application is a continuation-in-part of copending 
application SN 649,003 for “Copper Base Alloy” by 
Charles D. McLain, ?led June 26, 1967, now abandoned. 
As is well known in the art, copper is an excellent con 

ductor of electricity. Numerous alloying additions have 
been proposed in order to increase the strength of cop 
per. In so doing, the electrical conductivity of the copper 
is markedly reduced. 

It is, therefore, highly desirable to provide a copper 
base alloy characterized by high conductivity and in 
creased strength. 

Accordingly, it is a principal object of the present in 
vention to provide a copper base alloy characterized by 
high electrical conductivity and high strength properties. 

‘It is a further object of the present invention to pro 
vide a copper base alloy with annealed physical prop 
erties which do not have a wide variation. 

It is a further object of the present invention to pro 
vide a copper base alloy having the ability to attain 
various strength levels as a result of different annealing 
treatments, even when small amounts of impurities are 
present. 

It is a further object of the present invention to pro 
vide an improved copper base alloy having a combina 
tion of high strength, high conductivity, and other ex 
cellent physical properties. 

It is an additional object of the present invention to 
provide a copper base alloy which is inexpensive and 
wherein the excellent physical properties are easily ob 
tainable. 

Further objects and advantages of the present inven~ 
tion will appear from the ensuing speci?cation. 

SUMMARY OF THE INVENTION 

In accordance with the present invention it has been 
found that an improved copper base alloy is provided 
which effectively achieves the foregoing objects and ad 
vantages. The alloy of the present invention comprises 
a copper base alloy consisting essentially of from 1.5 to 
3.5% iron, from 0.01 to 0.10% aluminum, a material 
selected from the group consisting of phosphorus from 
0.01 to 0.10%, zinc from 0.05 to 0.20% and mixtures 
thereof and the balance essentially copper. In the pre 
ferred embodiment it has been found that both phos~ 
phorus and zinc should be present since the best com 
bination of properties in conjunction with ease of manu 
facture are obtained thereby. Throughout the ensuing 
speci?cation all percentages are percentages by weight. 
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In accordance with the present invention, it has been 

surprisingly found that the foregoing alloys are charac 
terized by numerous unexpected and surprising advan 
tages. For example, the alloys of the present invention 
have an unexpected improvement in electrical conduc 
tivity. Namely, there is readily obtained an IACS elec 
trical conductivity in excess of 60% IACS and generally 
over 70% IACS. Furthermore, the alloys of the present 
invention have excellent annealing characteristics, with 
the ability to attain various strength levels as a result of 
different annealing treatments. In addition, the alloys of 
the present invention attain high rolled temper strength 
levels. Still further the high electrical conductivity of 
the alloys of the present invention is coupled with ex 
cellent annealed tensile strength properties of approxi 
mately 55,000 p.s.i., and higher. The strength and physi 
cal properties of the alloys of the present invention are 
not signi?cantly variable if small amounts of impurities 
are present. In addition to the foregoing, the alloys of 
the present invention are inexpensive and their excellent 
physical properties are easily obtainable. 

DETAILED DESCRIPTION 

The composition of the alloys of the present invention 
is as stated heretofore. The preferred iron content is from 
1.8 to 2.9% and the preferred aluminum content is from 
0.02 to 0.08%. The preferred zinc content is from 0.05 
to 0.15% and the preferred phosphorus content is from 
0.01 to 0.08%. 

In view of the high and in fact surprising physical prop 
erties of the alloys of the present invention, the percent 
age ranges of the alloying ingredients are important. 

In addition to the foregoing, small amounts of addi_ 
tional alloying ingredients may be, of course, included 
in order to achieve particularly desirable results. For 
example, silicon up to 0.18% and manganese up to 
0.08%. Also, small amounts of impurities may, of course, 
be tolerated. 
The alloys of the present invention attain improve 

ment over conventional alloys in a wide range of process 
ing. Naturally, however, particular processing will result 
in variation in properties. 
The manner of casting the material is not particularly 

critical, with conventional casting methods for these types 
of alloys being readily utilizable, it being noted that 
higher temperatures should be used in order to solutionize 
the iron. It is preferred to cast the alloy into billets of 
conventional size, subjecting them to hot working, as by 
rolling in the conventional size. 

After casting the alloy should be hot rolled at an 
elevated temperature, i.e., from 800 to 1050° C., with a 
temperature of about 950° C. being preferred. The alloy 
should then be cold rolled to gage, with intermediate an 
neals, with cold reduction in excess of 50% between an 
neals being preferred. Annealing temperatures of from 
400 to 600° C. are preferred, with annealing time at 
temperature preferably being a minimum of two (2) 
hours. Longer times may be utilized, if desired, to im 
prove electrical conductivity. Continuous strand annealing 
of strip or mill products will achieve the same high level 
of physical properties as with Bell annealing, but will not 
achieve as high a level of electrical conductivity. There 
fore, for development of both high annealed strength and 
electrical conductivity, ?nal annealing and preferably in 
process annealing must be in batches with conventional 
furnace cooling, such as Bell annealing. 

Detailed processing and preferred processing parameters 
consonant with the foregoing are found in copending 
application Ser. No. 648,742, for “Process For Treating 
Copper Base Alloy,” ?led June 26, 1967, by C. D. McLain, 
now US. Pat. 3,522,112. 
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The present invention will be more readily understand 

able from a consideration of the following illustrative 
examples. 

Example I 
Alloys were prepared in the following manner. High 

purity copper and high purity iron were melted together 
in a low frequency, slot type induction furnace under a 
charcoal cover at approximately 1200° C. About 10% of 
the copper charge was held back and the melt was slightly 
overheated to about 1300° C. in order to put the iron 
into solution. High purity alloying additions were added 
when the molten mass was at about 1300° C. The balance 
of the copper was added and the melt brought to the 
pouring temperature of about 1200" C. The melt Was 
then poured into a water'cooled ingot mold of 28%" x 
5" x 96" at a pouring rate of 21.3” per minute. 
The alloys thus prepared had the following composition. 

TABLEI 

Phos- Alumi 
Iron, phorus, Zinc, num, 

Alloy ___________ __ percent percent percent percent Copper 

1 ............... _- 2.4 0.03 0.10 0.07 Essentially 
balance. 

2 _______________ .. 2.3 0.03 __________________ ._ Do. 

Example II 
Alloys 1 and 2 prepared in Example I were processed 

as follows. The alloys were hot rolled at from 900 to 
940° C., followed by a water spray quench to room tem 
perature. The materials were then cold rolled to 0.100", 
‘Bell annealed at 480—600° C. (-1 to 4 hours at tempera 
ture), cold rolled to 0050", Bell annealed at 460 to 480° 
C. (1 to 3 hours at temperature) and cold rolled to 
0.025” gage and Bell annealed at 440 to‘ 480° C. (1 to 3 
hours at temperature). 
The alloys were then tested for physical properties, with 

the results being shown in the following table. 

TABLE 11 

Electrical 
Yield Tensile Elonga- conductiv 

strength, strengh, tron, ity, per 
Alloy p.s.l, p.s.i. percent cent IACS 

1 _____________________ _- 28, 200 60, 000 25. 0 73. 0 
2 _____________________ __ 23, 100 50, 100 27. 5 78. 5 

The foregoing demonstrates that alloy 1, the alloy of the 
present invention, develops greater annealed strength 
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levels than conventional alloy 2 at comparable electrical 
conductivity. - 

This invention may be embodied in other forms or 
carried out in other ways without departing from the 
spirit or essential characteristics thereof. The present em 
bodiment is therefore to be considered as in all respects 
illustrative and not restrictive, the scope of the invention 
being indicated by the appended claims, and all changes 
which come within the meaning and range of equavalency 
are intended to be embraced therein. 
What is claimed is: 
1. A high conductivity, high strength copper base alloy 

consisting essentially of from 1.5 to 3.5% iron, from 
0.01 to 0.10% aluminum, a material selected from the 
group consisting of phosphorus from 0.01 to 0.10%, zinc 
from 0.05 to 0.20% and mixtures thereof and the balance 
copper. 

2. A copper base alloy according to claim 1 containing 
both phosphorus and Zinc. 

3. A copper base alloy according to claim 1 in the ?at 
rolled condition. 

4, A copper base alloy according to claim 1 having an 
electrical conductivity of at least 70% IACS and an 
annealed tensile strength of at least 55,000 p.s.i. 

5. A copper base alloy according to claim 1 having an 
electrical conductivity of at least 60% IACS. 

6. A copper base alloy according to claim 1 wherein 
the zinc content is from 0.05 to 0.15%. 

7. A copper base alloy according to claim 1 wherein 
the iron content is from 1.8 to 2.9%. 

8. A copper base alloy according to claim 1 wherein the 
aluminum content is from 0.02 to 0.08%. v 

9. A copper base alloy according to claim 1 in the cold 
rolled condition. 

10. A copper base alloy according to claim 1 in the cold 
rolled and annealed condition. 
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