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This invention relates to aluminum wire used 
for conducting an electric current and more spe 
cifically it is concerned with wire which has a 
better combination of Strength and electrical 
conductivity than has been available hereto 
fore. 
Aluminum has been used many years for trans 

mitting electric power, one of the most outstand 
ing examples of this character being overhead 
transmission lines. For this and similar pur 
pOSes it has been necessary to use aluminum of 
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relatively high purity in order to obtain close 
to the maximum electrical conductivity of which 
the metal is capable. Metal of the required purity 
is commonly referred to as conductor grade 
aluminum, which has a minimum aluminum con 
tent of 99.45%, the balance being composed of 
Small amounts of Well known elements Such as 
iron, silicon, copper and the like. In wire made 
of this high purity metal the electrical conduc 
tivity is improved if the wire is annealed after 
it has been drawn. 

However, the Wire in the annealed condition 
has a lower tensile strength than wire which 
has not been thus annealed. Inasmuch as con 
ductor wires are generally subjected to some 
stress in service, it is desirable to provide strength 
greater than that found in the annealed prod 
uct. Hence, it is customary to omit a final anneal 
and use the wire in the cold drawn condition. 
Annealing the rod from which the wire is to be 
made is beneficial to the conductivity of the wire, 
but since cold working of aluminum reduces its 
electrical conductivity to some extent, the bene 
fit is not as great as if the drawn wire were an 
nealed. As a result, for commercial purposes, 
an electrical conductivity below the potential 
maximum has been accepted in order to gain 
the requisite strength. For these reasons a mini 
mum average electrical conductivity equal to 61% 
of the International Annealed Copper Standard 
(hereinafter referred to as the IACS) on a volume 
basis has been specified for aluminum conductor 
wire. This wire is supplied commercially in sizes 
of about 0.050 to 0.210 inch in diameter and it is 
this size range with which this invention is con 
cerned. - 

It is the principal object of this invention to 
provide cold worked aluminum conductor wire 
made from non-annealed rod having as high a 
tensile strength as has been available heretofore, 
but with a higher electrical conductivity. An 
other and more Specific object is to provide a 
cold drawn aluminum wire having a higher mini 
mum tensile strength without decrease in elec 
trical conductivity than it has been possible to 
obtain by previous fabricating procedures. An 
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Other object is to provide a method of fabricat 
ing wire having high strength accompanied by 
improved electrical conductivity. 
We have found that these objects can be real 

ized by adding from about 0.001 to 0.5% boron 
to the conductor grade aluminum and cold work 
ing the hot rolled rod without any annealing or 
Softening operation. Our invention is directed 
to both the improved wire product and a method 
of making the same. In practice we have dis 
Covered that an average tensile strength of at 
least 26,000 p.s. i. is obtained in all commercial 
Wire sizes if the reduction in cross-sectional area 
by cold working from the hot rolled rod exceeds 
about 65% and at the same time the wire has an 
electrical conductivity above 61% and usually 
over 61.5%. The latter minimum conductivity 
value is preferred. This advantage is particularly 
evident in the larger wire sizes. Where the mini 
mum average specified tensile strengths have 
been as low as 24,000 p.s. i. It will be appreci 
ated, of course, that an increase in tensile 
strength can also be obtained in the Smaller 
wire sizes with no loss in electrical conductivity. 
In general, at least as high tensile strength is 
obtainable in wire containing boron within the 
above specified range and produced from hot 
mill rod which is not annealed as has been ob 
tained in wire containing no boron made from 
annealed rod and in addition the conductivity is 
improved. It will be understood that the tensile 
Strength and conductivity values mentioned are 
average values of at least several tests. 
The boron content of the conductor metal as 

mentioned previously may range between 0.001 
and 0.5 per cent, the concentration selected for 
any particular case being determined to some 
extent by the conductivity desired. To obtain 
any significant benefit from the boron at least 
0.001% should be employed while on the other 
hand there appears to be no advantage in using 
more than 0.5 per cent. Particularly favorable 
results are obtained by using .007 to .08% of the 
element. The boron may be added in any of the 
known manners, for example, in the form of a 
boron-rich alloy or by decomposition of a boron 
containing compound. 
In producing the cold drawn wire, the metal 

is melted in the usual manner and cast into con 
venient form for rolling such ingots or wire bars. 
These are heated to a suitable hot working tem 
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perature of Say 650-850 F. and then rolled on 
conventional rod mills. Generally, the ingots or 
bars are of Such a size that they can be directly 
rolled to a rod diameter adapted to start the 
wire drawing operation. However, larger ingots 
can be utilized and the hot rolling operation in 
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terrupted, for example, to permit cutting the 
billet into short lengths or reheating to gain 
proper working characteristics. The hot rolling 
operation is conveniently carried to the point 
where a rod of about 3% inch diameter is produced. 
The temperature of this rod leaving the mill 
may be lower than at the beginning of the roll 
ing operation and preferably is within the range 
of about 300-700° F. Control of the finishing 
temperature is helpful in obtaining the desired 
strength in the subsequent cold drawn Wire. Re 
gardless of the finishing temperature the rolling 
of the ingot or billet to rod form is considered 
to be a hot rolling operation, particularly Since 
a major portion of the rolling is done within the 
conventional hot working range for aluminum. 
Moreover, for the purpose of this invention, the 
product of this portion of the fabrication pro 
cedure is regarded as a hot mill product. The 
rod may be, and generally is, allowed to cool 
to room temperature before effecting further re 
duction by cold working. 
The rod is next subjected to conventional cold 

working operations to produce the desired size of 
Wire. Contrary to previous practice of annealing 
the rod within a temperature range of about 400 
to 700°F. just prior to cold working which causes 
at least Sonne Softening, the hot rolled rod coin 
taining boron is not Subjected to any annealing 
treatment before, during, or after cold Working, 
The practice of annealing the rod before draw 
ing is herein referred to as intermediate anneal 
ing. The omission of any Such treatment at this 
stage in fabrication of the wire is essential to 
the development of the required tensile strength 
in the finished wire. For this reason, the wire 
is referred to herein as non-annealed wire. The 
cold Working is most conveniently and accurately 
accomplished by cold drawing the rod through 
conventional dies. To obtain a minimum average 
tensile strength of 26,000 p.s. i. in the wire it 
is necessary to effect at least a 65% reduction in 
cross-sectional area of the rod by the cold Work 
ing operation. Greater reductions are made to 
produce the majority of the common commercial 
wire sizes. Such reductions of course serve to 
bring about further increase in strength, but re 
ductions in excess of about 99% are not en 
ployed. An increase in tensile strength is par 
ticularly evident where the reduction exceeds 
90%, and yet the conductivity is higher than that 
in the wire produced by the former practice 
which included an anneal. 
As previously mentioned, the finishing tem 

perature on the hot mill bears a relationship to 
the tensile strength developed by cold Working. 
The lower the finishing temperature, the Smaller 
is the amount of cold work necessary to produce 
the minimum tensile strength requirement. 
Thus, a low finishing temperature is desirable in 
making larger wire sizes, and conversely a higher 
finishing temperature is useful where small sized 
wire is produced. The selection of the proper 
finishing temperature may be made after a few 
Simple tests. The characteristics and layout of 
One rolling mill may indicate that a certain Con 
bination of finishing temperature and subsequent 
cold working is the most efficient and economical 
one to employ for producing a given size of wire 
whereas a different combination may be most 
practicable on another mill. In any case, how 
ever, it will be found to be advantageous under 
most conditions to control the hot mill finishing 
temperature and relate it to the subsequent cold 
working Operation. 
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4. 
An important advantage which has been 

gained by the use of our invention, especially in 
making the smaller wire sizes, in addition to a 
reduction in time and cost of fabrication, is that 
of greater uniformity in tensile strength and 
electrical conductivity. In the product of the 
former practice which included an annealing 
operation, particularly when the annealing was 
done in the lower portion of the temperature 
range, considerable variation in those properties 
occurred from lot to lot of Wire, since the anneal 
ing was not generally carried to the point of pro 
ducing complete Softness, i. e. relief of all Work 
hardening strains. Such limited Softening was 
useful in obtaining the desired strength in the 
final wire product. The variation attributable to 
annealing has been reduced to a minimum by 
the omission of the annealing operation in fabri 
cating the boron-containing conductor metal. 
The improved properties which characterize 

our new product are illustrated in the following 
examples. In each instance the conductor metal 
ingot was rolled to 3%' diameter rod or the hot 
nil at a finishing temperature of at least 300 F. 

EXAMPLE 
The effect of boron upon electrical conduc 

tivity is shown by the following comparison be 
tween average test results on large and medium 
sized cold drawn Wire where the 8 ' ' diarieter 
rod was not annealed prior to the drawing opera 
tion. The 0.105'' dia. Wire underwent a reduc 
tion of about 92% by drawing while the 0.188' 
dia. Wire had a reduction of about 75%. One 
group contained no boron while the Second had 
0.04% of this element present. 

TABLE I 

Effect of boron upon electrical conductivity 

Boron , 
Present, 

Conductiv ity, Per Cent 
I. A. C. S. 

No Boron, 
Conductiv 

ity, Per Cent 
I. A. C. S. 

Dia. of 
Wire, 
Inches 

60.92 
60.70 

674 
61.67 

It is quite evident that the boron addition has 
not only increased the conductivity above the 
61% minimum but it has raised the value by a 
Significant amount. 

EXAMPLE 2 
The effect of annealing upon average proper 

ties of wire of three sizes is shown below. In 
the first group, containing no boron, the rod was 
given the conventional annealing treatment 
whereas the boron-containing material (nomi 
nal 0.04% boron) was not annealed. 

TABLE II 

Effect of annealing upon strength and electrical 
conductivity 

Annealed, No Boron Not Annealed, Contain 
IDia. of ing Boron 

la. O ----- 
Wire, 
Inches T. S. ity T. S Sgt., lity, E'er Uen P. ity, Per Cent p.s. i. "f AoS." p.s. i. "FACS 

0.077 29,840 61.62 31,880 61. 74 
0.097 28,400 61.62 29,410 61.78 
0.88 26, 120 61.56 26, 940 61.67 
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From these values it will be seen that cold work 
ing the rod containing no boron without any 
anneal has served to raise the tensile strength 
and at the same time the conductivity has been 
improved. Although the differences in proper 
ties between the two groups, especially in Con 
ductivity, may appear to be unimportant they are 
significant, nevertheless, since they are based 
upon a large number of tests. 

EXAMPLE 3 
The variation in properties in the Smaller Size 

of wire may be illustrated by comparison of 
averages for tensile strength and conductivity of 
conductor wire 0.077' in diameter produced Over 
an extended period. Wire which contained no 
boron and which had received an intermediate 
anneal showed a variation of 2700 p.s. i. in ten 
sile strength between the maximum and minimum 
values, and the conductivity varied Over a range 
of 0.32%. In contrast, non-annealed boron-COn 
taining wire produced over a similar period of 
time exhibited a variation of but 300 p.s. i. in ten 
sile strength and the conductivity Was within a 
range of 0.19%. 

It will be understood that the foregoing repre 
Sent embodiments of our invention and that vari 
Ous modifications may be made all within the 
Scope of the appended claims. The expression, 
aluminum conductor wire, as herein employed 
refers to conductor Wire made from aluminum of 
not less than 99.45% purity. 
We claim: 
1. An electrical conductor Wire of conductor 

grade aluminum cold drawn to a diameter of 
0.210 inch or less containing from 0.001 to 0.5 
per cent boron, Said wire being cold drawn from 
hot rolled rod without any anneal of Said rod 
or wire, the amount of boron being sufficient that 
the Wire Will have an electrical conductivity of 
not less than 61 per cent of that of the interna 
tional Annealed Copper Standard On a Volume 
basis and an average tensile strength of at least 
26,000 p.s. i. for wire drawn to a diameter of 
0.210 inch and an increasingly higher Strength 
for wires drawn to Smaller diameters. 

2. An electrical conductor wire of conductor 
grade aluminum cold drawn to a diameter of 
0.210 inch or less containing from 0.001 to 0.5 
per cent boron, said wire being cold drawn from 
hot rolled rod without any anneal of Said rod or 
wire, the amount of boron being sufficient that 
the Wire will have an electrical conductivity of 
not less than 61.5 per cent of that of the Inter 
national Annealed Copper Standard on a Volume 
basis and an average tensile strength greater than 
that of conductor grade aluminum Wire devoid 
of boron drawn to the same size from hot rolled 
rod which has received an intermediate anneal, 
said average tensile strength being at least 26,000 
p. S. i. 
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3. An electrical conductor wire of conductor 

grade aluminum cold drawn to a diameter of 
0.210 inch or less containing from 0.007 to 0.08 
per cent boron, said wire being cold drawn from 
hot rolled rod without any anneal of Said rod 
or wire, the amount of boron being Sufficient that 
the wire will have an electrical conductivity of 
not less than 61.5 per cent of that of the Inter 
national Annealed Copper Standard On a Volume 
basis and an average tensile strength of at least 
26,000 p.s. i. for wire drawn to a diameter of 
0.210 inch and an increasingly higher Strength 
for wires drawn to smaller diameters. 

4. The method of producing cold drawn alu 
minum conductor wire comprising hot rolling 
a body of conductor grade aluminum containing 
from 0.001 to 0.5 per cent boron to rod size, cold 
drawing said rod to the final size of wire of 
0.210 inch or less, without any anneal of Said 
rod or Wire, with a reduction of at least 65 per 
cent, the amount of boron being sufficient that 
the wire will have an electrical conductivity of 
not less than 61 per cent of that of the Inter 
national Annealed Copper Standard on a volume 
basis and an average tensile strength of at least 
26,000 p.s. i. for Wire drawn with Said minimum 
reduction and an increasingly higher tensile 
strength for greater reductions. 

5. The method of producing cold drawn alu 
minum conductor wire comprising hot rolling a 
body of conductor grade aluminum containing 
from 0.001 to 0.5 per cent boron to rod size and 
maintaining the finishing temperature of said rod 
Within the temperature range 300 to 700 F., 
cold drawing said rod to the final size of Wire of 
0.210 inch or less, without annealing said rod or 
Wire, With a reduction of at least 65 per cent, the 
amount of boron being Sufficient that the Wire will 
have an electrical conductivity of not less than 
61 per cent of that of the International Annealed 
Copper Standard. On a volume basis and an aver 
age tensile Strength of at least 26,000 p.s. i., for 
Wire drawn with said minimum reduction and 
an increasingly higher tensile strength for greater 
reductions. 

RAYMOND T. WHITZEL, 
WILLIAM E. KING. 
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