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This invention relates to continuously loaded 
conductors and particularly to conductors of this 
type which require a heat treatment after the 
loading material has been placed about the con 
ductor in Order that one or more of its properties 
may be developed. 
An object of the invention is to provide a con 

tinuously loaded conductor which may be heat 
treated to temperatures between 600 and 1000 
C. in the presence of reducing agents without 
Suffering loss of conductivity and without mate 
rial reduction in the elongation of the ronductor. 
The loading materials used for loading of the 

conductor in modern communication cables usu 
ally require a heat treatment subsequent to their 
application to the conductor. This heat treat 
ment involves temperatures between 600 and 
000° C. In the process of manufacture of the 

copper Wire and the loading wire or tape a cer 
tain amount of oil or other Organic matter be 
cones lodged on the Surfaces thereof. During 
the heat treatment Some of these substances gen 
erate reducing gases in the heating chamber 
Which have been found to have an embrittling 
effect upon Copper of the commercial kind which 
until now has been used for conductors of this 
type. Other reducing gases may be present in 
the heating chamber due to incomplete combus 
tion of the heating fuel with a similar deteriorat 
ing effect upon the copper. Commercial copper 
usually contains a small proportion of oxygen 
nostly in the form of oxides lodged at the crys 
tal boundaries. When such copper is subjected 
to these high temperatures the reducing gases or 
Other agents present in the heating chamber rap 
idly diffuse into the copper and combine with the 
OXygen to form carbon dioxide or Steam which 
causes a dislocation of the crystals with the result 
that the copper becomes brittle. 

It has lately become possible to commercially 
produce copper from which the copper oxides 
have been removed at high temperatures and 
Which differs from similar copper treated by older 
methods by having a very high conductivity, in 
Some cases higher than 100% (Matthissen stand 
ard) and which is not brittle but has an elonga 
tion of from 20 to 40% or even higher. One 
method of producing copper of this type is de- . 
Scribed in a Copending patent application, Serial 
No. 321,627, filed November 24, 1928 by W. E. Legg. 
Another method is described in a copending 
patent application, Serial No. 345,258, filed March 
8, 1929 by J. E. Harris and J. H. White. 
In accordance with the present invention the 

difficulties of heat treating loaded conductors 

(C. 178-45) 
after their assemblage are overcome by the use 
of non-embrittling copper, such as just described, 
for the conducting core. 

In the accompanying drawing, FigS. 1 and 2 
show different arrangements. Whereby Copper 
may be deoxidized for the purposes of this inven 
tion, and Fig. 3 shows a portion of a Submarine 
cable core made in accordance With the invention. 
When ordinary commercial copper has been 

used for loaded conductors of this type the en 
brittling effect was more or less prevented by 
thoroughly cleaning the copper and the loading 
strands and by passing a stream of inert gas 
through the heating chamber during the heat 
treatinent to rapidly remove Such reducing gaSeS 
as were formed at the entrance thereof. By the 
use of non-embrittling or deoxidized copper the 
careful cleaning may be dispensed With and no 
measures need be taken to blow out the reducing 
gases formed in the heating chamber, 
A great advantage gained by the use of non 

embrittling copper in accordance. With this in 
vention resides in the elimination of the uncer 
tainty of securing, by any practical method, an 
absolutely continuous, effective stream of inert 
gas for removing the reducing gases in order that 
every inch of the conductor shall be in good con 
dition. 

It has been the practice to employ Spacing ma 
terials between the conductor and the loading 
material in order to Secure a slight looseness be 
tween these elements. The materials used for 
such spacing had to be selected with the utmost 
care in order that they too should be prevented 
from generating reducing gases which would 
have an embrittling effect upon the copper. The 
present invention offers another advantage in 
permitting the use of organic and other spacing 
materials without detrimental effect upon the 
conductor. 
The invention is applicable to continuously 

loaded conductors of any type Such as used for 
telephone or telegraph signaling and Whether. 
they be land cables or Submarine cables. 

In accordance with the method of deoxidizing 
copper for the purposes of this invention, de 
scribed in the application, Serial No. 345,258, re 
ferred to above, the apparatus shown in Fig. 1 
may be used. In this figure the furnace is of 
the electric resistance type and encloses a crucible 
2 which may be made of any suitable material. 
The inside of the crucible 2 is lined with a layer 3 
of aluminum oxide (Al2O3) and the cover 4 is 
provided With a lining of the. Same material. 
Pieces of Commercial, electrolytic cathode copper 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 



O 

5 

20 

30 

40 

45 

50 

55 

60 

65 

2 
are placed in the crucible which then is inserted 
in the furnace . The current is then turned on 
and after the copper is molten and, just before 
pouring, a deoxidizing agent such as calcium 
boride is added in an amount of about .1% 
of that of the copper and mixed well with the 
copper by stirring. The melt is then immediately 
turned into molds or ingots and after solidifica 
tion is ready for rolling or forging into conduct 
ing strands. This procedure furnishes a copper 
Which may be Subsequently heated in a reducing 
atmosphere without becoming embrittled and 
which at the same time may possess a conduc 
tivity of 10% (Matthisson Standard). 
In accordance with the method of deoxidizing 

Copper, described in patent application, Serial 
No. 321,627 referred to above, an equipment such 
as shown in Fig. 2 may be used. In Fig. 2 
the furnace it encloses a vessel or pot which 
contains commercial copper to be treated. The 
Copper is in the form of a coil or Wire 2. The 
vessel also contains a deoxidizing agent 3 which 
may be in the form of coal or charcoal, the pro 
portions being about one pound of charcoal for 
every 10 pounds of copper. The cover 4 of the 
pot is luted by means of fireclay 5. The pot 
and its contents are heated in the furnace for 
about one hour at a temperature of about 1000 
C. and is allowed to cool to room temperature. 
The wire is then cold Worked by passing it 
through rolling mills or wire drawing benches, 
rolled in reels, reinserted in the furnace, and 
again heated in the presence of fresh charcoal 
in the same proportion as before, to the same 
temperature and for the same length of time. 
Immediately after cooling the copper Wire may 
be drawn or rolled into the desired size or shape. 
The present invention in all its aspectS is not 

limited to the above methods of producing non 
embrittling copper but copper prepared by other 
equivalent methods may be employed. 

Fig. 3 is a simplified showing of the core of a 
submarine cable in which 29 is the conductor 
which is made from previously deoxidized copper 
having a conductivity of at least 95% and an 
elongation of at least 20%; 2 is the loading ma 
terial, which, in the preferred form, comprises a 
narrow tape of magnetic material which re 
quires a heat treatment after it has been placed 
about the conductor in order that its magnetic 
properties may be properly developed; and 22 is 
a layer of insulation Which in the case of a 
Submarine cable may be gutta percha, or other 
similar material. The loading material is floated 
in an insulating compound 23, 23 which is semi 
fluid even at sea-bottom temperatures, and Which 
serves to relieve the loading material from me 
chanical strains which would otherwise impair 
the magnetic properties of the loading. The con 
ductivity and elongation of the copper in the 
cable illustrated will remain unaffected by the 
heat treatment to which the conductor 20 is Sub 
jected after the loading material 2 has been 
applied. For this heat treatment no special pre 
cautions need be taken to prevent the effect of 

2,017,657 
reducing gases upon the conductivity or elonga 
tion of the copper in the conductor 20. 

It is within the scope of the invention to use 
deoxidized copper for only such parts of the con 
ductor as are most directly exposed to the effect 
of the reducing gases. Thus in the case of the 
preferred embodiment shown in the drawing 
Where the conductor 20 comprises a central strand 
and a plurality of outer strands which completely 
Surround the central strand, it may be found to 
be Satisfactory to use ordinary commercial cop 
per for the central conductor and deoxidized cop 
per for the outer strands. 
What is claimed is: 
1. As a new article of commerce, a heat treated 

ferro-magnetic metal covered copper wire, whose 
copper portion consists of commercial copper sub 
Stantially completely freed of copper oxide. 

2. A continuously loaded conductor having a 
Conducting COre of copper and a layer of load 
ing material Surrounding said core, said loading 
material being of a magnetic alloy of the type 
Which requires a heat treatment to temperatures 
above 600 C. after being applied to the conductor 
to develop its magnetic properties and said cop 
per being sufficiently freed from copper oxide 
and other impurities to have after said heat treat 
ment an elongation of at least 20% before break 
ing and a conductivity of at least 95%. 

3. A continuously loaded conductor having a 
conducting Core of copper and a layer of loading 
material Surrounding Said core, Said loading ma 
terial being of a magnetic alloy which requires 
a heat treatment to temperatures above 600° C. 
after being applied to the conductor to develop 
One of itS properties and Said conducting core 
Comprising inner and Outer strands, the copper 
of Said outer strands being of a purity such that 
it will retain a conductivity of at least 95% and 
an elongation of at least 20% before breaking 
after being subjected to the presence of reducing 
gases during said heat treatment. 

4. A continuously loaded conductor in accord 
ance with claim 2 having a separator between 
Said conducting core and Said layer of loading 
material, said Separator being of a material which 
Will develop reducing gases during said heat treat 
ment. - 

5. As a new article of commerce, a heat treated 
metal covered Wire having a copper conductor 
composed of copper completely deoxidized in the 
melted State. 

6. As a new article of commerce, a heat treated 
ferro-magnetic metal covered copper Wire, whose 
copper portion consists of copper completely de 
Oxidized in the melted State. 

7. As a new article of commerce a heat treated 
iron covered Copper Wire, whose copper portion 
consists of Copper completely deoxidized in the 
melted State. 

8. As a new article of commerce, a heat treated 
ferro-magnetic metal covered copper wire, whose 
copper portion consistS of copper Substantially 
completely deoxidized in the solid state at ten 
peratures near its melting point. 

JAMES E. HARRIS. 
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