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This invention relates to a method of extrud 
ing, and cold working certain aluminous mate 
rials which creates a condition in the materials 
that makes it possible to anneal them at a lower 
temperature and the extruded and cold worked 
product having that characteristic. 
The extrusion process of shaping metal has 

been employed in the metal working art for many 
years and it has been used very extensively in 
the production of aluminum articles and alu 
minum base alloys. As applied to the manufac 
ture of Such aluminous products the process has 
generally involved heating the metal body to be 
extruded to a high enough temperature to permit 
a ready flow of the metal, placing the body in a 
heated cylinder and forcing the metal out of a 
die mounted at one end of the cylinder. In ex 
truding aluminum of commercial purity and 
those aluminum base alloys which do not receive 
a precipitation treatment to increase their 
Strength it has been the practice to heat the metal 
bodies, usually ingots, to a temperature within 
the range of about 750 to 1000°F. before insert 
ing them in the cylinder of the extrusion press. 
The pressure applied during extrusion often 
calises sonne heating of the metal with the result 
that there is little, if any, cooling of the metal 
body occurring during the course of the extrusion 
operation. The temperature to which the body 
is heated prior to extrusion is therefore consid 
ered to be the nominal temperature of the metal 
during extrusion and is referred to as the extru 
ision temperature. The extrusion of aluminum 
and aluminum base alloys Within the tempera 
ture range of 750 to 1000° F is regarded as hot 
Working as distinguished from Working at room 
temperature, for example, which results in strain 
hardening. The extruded product is usually al 
lowed to cool to room temperature before being 
Subjected to any further fabricating operation. 

In many cases the extruded article has the 
desired shape and no further working is required; 
however, it is often advantageous to produce a 
Seni-finished product by extrusion and to con 
plete the fabrication by cold Working, such as 
Cold drawing. The fibering effect of the extru 
sion operation usually persists in the cold worked 
product, and gives it directional properties not 
found in rolled or forged articles. If the semi 
finished extrusion is coid worked the strength and - 

O 

5 

20 tals that are free from Work Strains. 

2 
hardness are increased. . If a Soft instead of a 
work hardened product is desired then the cold 
Worked article must be annealed. Where the fin 
ished article is annealed the treatment is re 
ferred to as a final anneal, whereas if there is 
to be further working it is spoken of as an in 
termediate anneal. 
As mentioned above, the effect of an annealing 

treatment is to decrease the Strength and hard 
ness of the worked article to a minimum value. 
Hence, tensile tests can be used to reveal the 
progress of softening and when the strength, 
elongation and hardness values reach a substan 
tially constant minimum it is considered that the 
material has been fully annealed. From the 
standpoint of the internal structure of the an 
nealed metal it will be found that the treatment 
has caused the grain fragments produced by 
Working of the metal to form new grains or crys 

When ten 
sile tests show that a marked decrease in yield 
strength and increase in elongation have oc 
curred the formation of new grains has begun. 
The temperature at which new grains or crys 
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ature. This temperature is not the same for all 
purities of aluminum and all aluminum base al 

The principal factors which control the 
recrystallization temperature are the composition 
of the netal, the length of the period allowed 
for annealing and the amount of cold working 
which the article has received immediately prior 
to annealing. However, for practical purposes in 
manufacturing operations it has been found that 
a temperature between 640 and 670 F. is required 
to effect recrystallization of cold worked alu 
minum and aluminum base alloys Within reason 
able periods of time. w 
In the production of Some articles it is highly 

desirable to have a Very low temperature of re 
crystallization. For example, where an aluminum 
sheath has been cold drawn upon an insulated 
telephone or power cable it is necessary to anneal 
the sheath to obtain the desired flexibility in the 
cable. The Conventional annealing temperature 
would destroy the usual insulation provided on 
cables. Hence, to soften the sheathing without 
damage to the insulation requires annealing at 
a much lower temperature. 

The recrystallization of cold worked aluminum 
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can be reduced, it has been found, by controlling 
the iron to silicon ratio and by the addition of 
Small amounts of at least one of the metals of 
the group composed of beryllium and nickel. For 
Convenience, these metals and others having the 
same effect may be here designated as recrystal 
lization temperature reducing alloy additions. 
The foregoing discoveries form the subject mat 
ter of co-pending applications Serial Nos. 172,001, 
172,002 and 172,003. It has now been found that 
the advantages of such compositions can be more 
fully realized and the effect of the beryllium and 
nickel enhanced in the production of extruded 
and cold worked articles by the steps described 
below. It is therefore a general object of this in 
vention to provide a method of making articles 
having a low recrystallization temperature. A 
particular object is to enhance this characteris 
tic in certain aluminum base alloy articles. 
Our invention is based on the discovery that 

the recrystallization temperature can be reduced 
in extruded and cold worked aluminum base alloy 
articles consisting essentially of aluminum, an 
element which reduces the recrystallization tem 
perature, such as one selected from the group 
composed of 0.005 to 0.25% beryllium and 0.04 to 
1% nickel, and a total of 0.01 to 0.8% iron and 
Silicon impurities, the ratio of iron to Silicon not 
exceeding 4/3 of the silicon content, and pref 
erably only 3/4 of the silicon content, by a pre 
liminary treatment of the body to be extruded, 
extruding at a relatively low temperature, and 
intermediate annealing at a relatively low tem 
perature where annealing is required, prior to 
cold working. Each of the steps affects the re 
Sults obtained in the Succeeding operation and 
therefore it is only by close observance of the 
limitations on each step that the final product 
can be obtained which has the desired low re 
crystallization characteristic. The individual 
StepS in the process Will now be described in 
greater detail. 
The metal body, in the form of an ingot or a 

rolled or forged billet, having the proper chemical 
composition is given an initial thermal treat 
ment, called a preheat, followed by a controlled 
cooling to an intermediate temperature range 
and holding within this range for a period of 
time, prior to extrusion. The treatment consists 
of heating the body to a temperature between 
850 and 950 F. and holding or soaking it with 
in this temperature range for a period from 1. 
to 12 hours. The temperature and length of 
the treatment will vary with the composition of 
the alloy and the size of the load being processed. 
Upon completion of the preheat or initial 

treatment the alloy body is cooled at a controlled 
rate, not exceeding 50 F. per hour, to a tempera 
ture within the range of 500 to 650 F. and main 
taining the body within this temperature range 
for a period of to 12 hours. For the sake of 
convenience this may be referred to as an inter 
mediate soaking treatment. Following this the 
hot body may be cooled to room temperature or 
it may be transferred to an extrusion press if the 
temperature of the body is such as to permit ex 
trusion within the range referred to below. The 
effect of the two thermal treatments is not al 
together understood but both have been found 
to be necessary to obtain the low recrystallization 
characteristic in the final worked product. 

If the body has been allowed to cool to room 
temperature, or a temperature below that at 
which it is to be extruded, the body is heated to 
a temperature between 400 and 550° F., trans 
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4. 
ferred to the heated cylinder of an extrusion 
press and extruded. The temperature of the 
metal is considered to remain within this range 
during the extrusion process. It is desirable, in 
any case, to use as low an extrusion temperature 
as possible, the temperature selected generally 
being determined by the power of the press, more 
power being required as the extrusion tempera 
ture decreases. If extrusion temperatures above 
550 F. are used, such as are normally employed 
in the extrusion of aluminum the desired re 
crystallization characteristic in the final Worked 
product will not be obtained. The resulting semi 
finished extruded product is usually referred to 
as a bloom. It may be a solid or a hollow shape 
depending on the die used. The combination of 
preheating, intermediate soaking and extrusion 
at a low temperature establishes a condition and 
internal structure in the bloom which is essen 
tial to obtaining a low recrystallization tempera 
ture in the Subsequent cold worked article. 
The extruded bloom is then Subjected to further 

Working at a much lower temperature, usually 
at room temperature or slightly above it. The 
working may consist of rolling, drawing, press 
ing or similar operations which effect a reduc 
tion in the thickness of the article. In making 
tubular products a machine may be employed 
known as a tube reducer. It is to be understood 
that the working may be conducted in One or 
more steps and with One or more types of work 
ing operations employed in Succession. In any 
event, if the final product is to be produced at 
this stage, i. e., reduced to final shape and thick 
ness, the reduction should amount to at least 40% 
and for the best results it should exceed 90% 
if the benefits of a low recrystallization tempera 
ture are to be realized. 

If the preceeding operation is not a final Work 
ing step, the cold Worked product may then be 
given an intermediate annealing within the ten 
perature range of 400° to 600 F. from 1 to 12 
hours. It has been found to be necessary to use 
such a relatively low temperature range for inter 
mediate annealing to insure a low recrystalliza 
tion temperature in the finally fabricated article. 

After the intermediate anneal the article should 
receive further cold working which produces a, 
reduction in thickness of the article of at least 
40% and preferably more than 90% to obtain 
the benefit of a reduced temperature of recrystal 
lization. This working may include tWO or more 
working operations. In the case of tubing, for 
example, the Operations may consist of drawing 
and sinking. Since sinking produces but slight 
change in wall thickness the drawing must be 
relied upon to provide most of the required cold 
Working. 
The article which has received the foregoing 

cold work and the proper thermal treatment will 
have the capacity to recrystallize at a lower tem 
perature than the same article fabricated by 
conventional procedures. In general, the tem 
perature of recrystallization will be below 600 F. 
and in many cases it will be less than 450° F. 
One application of this invention is to be found 

in the provision of a seamless sheath for an 
insulated telephone cabie. The effects of pre 
heating and extrusion teiperatures upon the 
tensile properties of a sheath are illustrated in 
the following tests. 
The fabricating schedule of the sheaths were 

identical except for variations in the preheating 
practice and the reheating for extrusion. The 
constant factors were the size of ingot, rate of 
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extrusion, cold drawing the extruded bloom with 
a reduction of about 61%, annealing at 460 to 
480° F. for 12 hours, and further cold drawing 
to a tube having 0.460' O. D. and 0.050' wall 
thickness with a reduction of 95%. The final 
cold drawn. Sheath was then annealed at 375 
F. for A hour to simulate the treatment which 
night be used on an insulated cable. The tensile 
properties of the final annealed product. Were 
determined which provided a comparison. With 
the other annealed products to show the effects 
of varying the preheating practice and the ex 
trusion temperature. The alloy employed con 
sisted of aluminum, 0.0% beryllium, G.03% iron 
and 0.04% silicon. The tubular ingots had an 
O. D. of 9' and I. D. of 18'. 

In the first tests designed to determine the 
effect of preheating and intermediate soaking 
the ingot, one ingot was not preheated, but 
merely heated to the extrusion temperature of 
510 F. while the other one was preheated 2 
hours at 880 to 900 F., cooled slowly, at less than 
50° F. per hour, to 580 to 600 F. and held at that 
temperature for 4 hours. The tensile properties 
of the cold drawn and annealed sheaths are 
given in the table below. 

TABLE 
Effect of preheating on properties of sheathing 

Tense Yield Percent Ingot Condition stepsh, stepsh, Elongation. 

Non-preheated.------- 16,800 15,200 7.0 
Preheated.------------ 10,200 17.0 5,900 

It is quite apparent that the preheating and 
intermediate soaking has had a very pronounced 
effect upon the tensile properties. The OW 
values exhibited by the sheath made front the 
preheated ingot indicate that recrystallization 
had occurred. 
The influence of the extrusion temperature 

upon the tensile properties of annealed sheathing 
is illustrated in tests in which two ingots re- - 
ceived the preheating and intermediate Soaking 
treatments described above. One ingot Was ex" 
truded at 905 F., which is in the range of ten 
peratures normally used in extruding aluminum 
of commercial purity and the other one was 
heated to 510° F. and extruded. The tensile 
properties of the final products appear below in 
Table I. 

TABLE 

Effect of eactrusion temperature on properties of 
sheathing 

Tensile Yied 
Y-sey wers Percent Extrusion Ten. Singh, Singh, Elongation 

905 F------------------------ 4,600 12,800 90 
510 F------------------------ 10,200 5,900 17.0 

The tensile property values for the sheathing 
made from a bloom extruded at the low ten 
perature again show that recrystallization had 
occurred while that had not taken place in the 
other sheath, 
Although the full benefit of our invention is 

not obtained unless the extruded article is cold 
worked more than 40%, it has been found that 
tensile properties of blooms produced from pre 
heated and intermediate soaked ingots differ 
significantly from the properties of blooms ex 
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truded fron ingots which did not receive these 
treatments. This is illustrated in Table II by 
the strength and elongation values of the tube . 
lar bloom, 25%' O, D. With a wall thickness of 
0.433', from which the sheathing was produced 
referred in Table I. 

TABLE II. 
Effect of preheating or properties of eactruded 

bloom. 

Tensile Yield 
w Percent; Ingot. Coradition sigh, Singh, Elongation 

Non-preheated.--------------- 15,000 2,400 29.5 
Preheated.-------------------- 9,000 4,800 50.0 

These test results and others have demon 
strated that preheating, intermediate Soaking and 
a low extrusion temperature have a definite beneo 
ficial effect upon the blooms and hence the 
bloons possess distinctive characteristics, not 
found in the usual extruded product. w 

Having thus described our invention and cer 
tain embodiments thereof, We claim: 

1. The process of producing aluminous metal 
extrusions having low temperature recrystalliza 
tion characteristics when cold worked compris 
ing providing a body consisting essentially of 
aluminum, a total of 0.01 to 0.8% iron and sili 
con impurities, the amount of iron not exceed 
ing 4/3 of the silicon content, and an element 
selected from the group composed of 0.005 to 
0.25% berylliun and 0.04 to 1% nickel, heating 
said body to a temperature between 850 and 
950° E, holding said body at said temperature 
for a period of 1 to 12 hours, cooling Said body 
to a temperature between 500 and 650 F. at a 
controlled rate not exceeding 50 F. per hour, 
holding said body within said temperature range 
for a period of 1 to 12 hours, and thereafter 
extruding it at a temperature between 400 and 
550° E. 

2. The process of producing aluminous metal 
extrusions having low temperature recrystalliza 
tion characteristics when cold worked compris 
ing providing a body consisting essentially of 
aluminum, a total of 0.01 to 0.8% iron and sili 
con impurities, the amount of iron not exceed 
ing 4/3 of the silicon content, and an element Se 
lected from the group composed of 0.005 to 0.25% 
beryllium and 0.04 to 1% nickel, heating said 
body to a temperature between 850 and 950 F., 
holding said body at said temperature for a period 
of 1 to 12 hours, cooling said body to a tempera 
ture between 500 and 650 F. at a controlled rate 
not exceeding 50 F. per hour, holding Said body 
within said temperature range for a period of 1 
to 12 hours, cooling it to room temperature, re 
heating said cooled body to a temperature be 
tWeen 400 and 550 F. and extruding it. 

3. The process of producing cold Worked 
aluminous metal extrusions having low tempera 
ture recrystallization characteristics comprising 
providing a body consisting essentially of alumi 
num, a total of 0.01 to 0.8% iron and silicon in 
purities, the amount of iron not exceeding 4/3 
of the silicon content, and an element selected 
from the group composed of 0.005 to 0.25% 
beryllium and 0.04 to 1% nickel, heating Said body 
to a temperature between 850 and 950 F., hold 
ing said body at said temperature for a period of 
1 to 12 hours, cooling said body to a temperature 
between 500 and 650 F. at a controlled rate-not 
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exceeding 50 F. per hour, holding said body 
within Said temperature range for a period of 1 
to 12 hours, extruding said heated body at a 
temperature between 400 and 550° F. to form a 
bloom, and cold working the extruded bloom at 
least 40%. 

4. The process of producing cold worked 
aluminous metal extrusions having low tempera 
ture recrystallization characteristics comprising 
providing a body consisting essentially of alumi 
nun, a total of 0.01 to 0.8% iron and silicon in 
purities, the amount of iron not exceeding 4/3 
of the silicon content, and an element selected 
from the group composed of 0.005 to 0.25% 
beryllium and 0.04 to 1% nickel, heating said 
body to a temperature between 850 and 950 F., 
holding said body at said temperature for a period 
of 1 to 12 hours, cooling said body to a tempera 
ture between 500 and 650 F. at a controlled rate 
not exceeding 50 F. per hour, holding said body 
within Said temperature range for a period of 
to 12 hours, cooling it to room temperature, re 
heating said cooled body to a temperature be 
tween 400 and 550 F., extruding said heated body 
at a temperature between 400 and 550° F. to form 
a bloom, and cold working the extruded bloom at 
east 40%. 
5. The process of producing cold worked 

aluminous metal extrusions having low tempera 
ture recrystallization characteristics comprising 
providing a body consisting essentially ol alumi 
num, a total of 0.01 to 0.8% iron and silicon in 
purities, the amount of iron not exceeding 4/3 
of the silicon content, and an element Selected 
from the group composed of 0.005 to 0.25% 
beryllium and 0.04 to 1% nickel, heating Said 
body to a temperature between 850 and 950 F., 
holding said body at said temperature for a period 
of 1 to 12 hours, cooling said body to a tempera 
ture between 500 and 650 F. at a controlled rate 
not exceeding 50 F. per hour, holding said body 
within said temperature range for a period of 1. 
to 12 hours, extruding said heated body at a tem 
perature between 400 and 550 F. to form a bloom, 
cold working the bloom, annealing said worked 
article at a temperature between 400 and 600 F. 
for a period of 1 to 12 hours and further cold 
working the article at least 40%. 

6. The process of producing cold worked 
aluminous metal extrusions having low tempera 
ture recrystallization characteristics comprising 
providing a body consisting essentially of alumi 
num, a total of 0.01 to 0.8% iron and silicon in 
purities, the amount of iron not exceeding 3/4 of 
the silicon content, and an element selected from 
the group composed of 0.005 to 0.25% beryllium 
and 0.04 to 1% nickel, heating said body to a 
temperature between 850 and 950 F., holding said 
body at said temperature for a period of 1 to 12 
hours, cooling said body to a temperature be 
tween 500 and 650 F. at a controlled rate not 
exceeding 50° F. per hour, holding said body 
within said temperature range for a period of 1. 
to 12 hours, cooling it to room temperature, re 
heating said cooled body to a temperature be 
tween 400 and 550 F., extruding said heated body 
to form a bloom, cold working said bloon, an 
nealing said worked article at a temperature 
between 400 and 600 F. for a period of 1 to 12 
hours and further cold working the article at 
east 90%. 

7. The process of producing aluminous cable 
sheathing having a low temperature recrystal 
lization characteristic comprising providing an 
ingot consisting essentially of aluminum, a total 
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8 
of 0.01 to 0.8% iron and silicon impurities, the 
amount of iron not exceeding 4/3 of the silicon 
Content, and an element selected from the group 
composed of 0.005% to 0.25% beryllium and 0.04 
to 1% nickel, heating said ingot to a tempera 
ture between 850 and 950 F., holding the 
ingot at said temperature for a period from 
1 to 12 hours, cooling said ingot to a tempera 
ture between 550 to 650 F. at a rate not exceed 
ing 50 F. per hour, holding said ingot within 
Said tenperature range for a period of 1 to 12 
hours, thereafter extruding said ingot to tubular 
bloon form at a temperature between 400 and 
550 F., cold drawing said bloom, annealing the 
cold dra Wn tube at a temperature between 400 
and 600 F. for a period of 1 to 12 hours, and 
further cold drawing said annealed tube at least 
90% to form the sheathing. 

8. An extruded bloom which when cold worked 
at least 40% can be recrystallized at a tempera 
ture below 600 F., said bloom consisting essen 
tially of aluminum, 0.01 to 0.8% total iron and 
Silicon inpurities, the iron not exceeding 4/3 
the Silicon content and an element selected from 
the group composed of 0.005 to 0.25% beryllium 
and 0.04 to 1% nickel, Said bloom having an in 
ternal Structure resulting from preheating the 
body from which the bloom is formed at a tem 
perature between 850 to 950 F., cooling said body 
at a rate not exceeding 50 F. per hour to a tem 
perature between 500 and 650 F., holding the 
body within this temperature range and extrud 
ing it at a temperature between 400 and 550° F. 

9. An extruded bloom which when cold 
Worked at least 90% can be recrystallized at a 
temperature below 450° F., Said bloom consist 
ing eSS2ntially of aluminum, 0.01 to 0.8% total 
iron and Silicon impurities, the iron not exceed 
ing 3/4 of the silicon content and an element se 
lected from the group composed of 0.005 to 0.25% 
beryllium and 0.04 to 1% nickel, having an in 
ternal structure resulting from preheating the 
body from which the bloom is formed at a tem 
perature between 850 and 950 F., cooling said 
body at a rate not exceeding 50 F. per hour to a 
temperature between 500 and 650 F., holding the 
body Within this temperature range and ex 
truding it at a temperature between 400 and 
550° E. 

10. An extruded and cold worked article con 
Sisting essentially of aluminum, 0.01 to 0.8% to 
tal iron and silicon inpurities, the iron not ex 
ceeding 4/3 of the Silicon content and an ele 
ment Selected from the group composed of 0.005 
to 0.25% beryllium and 0.04 to 1% nickel, said 
article having an internal structure resulting 
from preheating the body from which an ex 
truded product is formed to a temperature be 
tween 850 and 950 F., cooling said body at a 
rate not exceeding 50 F. per hour to a tempera 
ture between 500 and 650 F., holding the body 
Within this temperature range, extruding it at 
a temperature between 400 and 550 F., and 
finally cold Working at least 40%, and charac 
terized by its capacity to recrystallize below 
600 F. 

11. An extruded and Cold drawn cable sheath. 
consisting essentially of aluminum, 0.01 to 0.8% 
total iron and Silicon impurities, the iron not 
exceeding 3/4 of the silicon content, and an ele 
ment Selected from the group composed of 0.005 
to 0.25% beryllium, and 0.04 to 1% nickel, said 
sheath having an internal structure resulting 
from preheating the body from which an ex 
truded bloom is formed to a temperature be-, 
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tween 850 and 950 F., cooling said body at a 
rate not exceeding 50 F. per hour to a ten 
perature between 500 and 650 F., holding the 
body within this temperature range, extruding 
it at a temperature between 400 and 550 F., Cold 
drawing the extruded product, intermediate an 
nealing said cold drawn article between 400 and 
600 F., and further cold drawing the article 
with a reduction of at least 90%, and character 
ized by its capacity to recrystallize below 450° F. 

THOMAS I. MCCNTOCK, 
AVN II, HURST. 
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