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This invention relates to the heat treatment 
of aluminum foil, either in roll or stacked form, 
in an atmosphere and, more particularly, in an 
atmosphere designed to prevent sticking of ad 
jacent layers of aluminum foil during and after 
heat treatment. 
One of the steps in the manufacture of alumi 

num foil is an annealing operation which is used 
to impart ductility to the foil and to remove 
lubricants from the surface of the foil. The 
lubricant, which may comprise a hydrocarbon oil, 
a metallic soap solution or the like, is applied to 
the foil to control friction and heat generated 
during the rolling process. The ordinary proc 
esses of annealing have not been successful in 
removing all of the lubricant Without resulting 
in the oxidation of the lubricant and the alumi 
num surfaces. The net result is that the layers 
of the foil stick together, thus resulting in severe 
losses during subsequent unwinding and rewind 
ing. _~_~ This result is particularly objectionable in 
the subsequent use of the annealed foil in the 
manufacture of capacitor rolls Where the wind 
ing of such rolls is carried on in high speed Wind 
in'gr machines. In such case any tendency of the 
foil to stick seriously interferes with the winding 
operation and causes excessive breaking and un 
even winding of the foil. 
We have discovered that the sticking of alumi 

num foil during the annealing process may be 
prevented by heating it in an atmosphere of con 
trolled composition, characterized by speci?ed 
limits on the percentage of the gas constituents. 
We have discovered that the atmosphere used 
may, be reducing, neutral, or oxidizing in chem 
ical nature, to the limited extent of ‘certan pre 
scribed percentages of the gas constituents. 
According to our invention the controlled at 

mosphere comprises not less than 70% by volume 
of nitrogen, not more than 10% by volume of 
carbon dioxide, not more than 1% by volume of 
oxygen, less than 2.1 % by volume of water vapor, 
the remainder comprising reducing gases. 

It is, therefore, the primary object of this in 
vention to provide an atmosphere in which the 
annealing of aluminum foil is carried out in an 
atmosphere comprising primarily nitrogen in a 
major proportion and reducing gases, oxidizing 
gases, or both in de?nitely limited quantities. 
As an example of our invention, an atmosphere 
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having the following composition has been found 
to be satisfactory for annealing aluminum foil in 
stacked or coil form whereby the foil is prevented 
from sticking during and after the annealing 
operation: 

Not less than ‘70% by volume of nitrogen 
Less than 1% by volume of oxygen 
Less than 2.1% by volume of water vapor 
Not over 10% by volume of carbon dioxide 
The remainder comprising reducing gases, such 

as hydrogen, carbon monoxide and methane. 

While the method of preparing the above at 
mosphere is not critical to the present invention, 
such an atmosphere can be obtained by incom 
pletely burning a hydrocarbon mixture such as 
city gas in a reaction chamber. By varying the 
proportions of air and gas burned in a manner 
well understood by those skilled in the art, the 
composition of the resulting gases coming from 
the reaction chamber may be controlled so as to 
produce any desired composition within the 
range set forth above. Where the ratio of air 
to gas is such that nearly perfect combustion 
is obtained the resulting gas becomes strongly 
oxidizing in nature. Thus, if nearly all the hy 
drogen, carbon monoxide and methane are con 
sumed, the resulting atmosphere will be high in 
nitrogen and will also contain more than 10% 
carbon dioxode. On the other hand, if such 
gaseous mixture is partially burned by using a 
smaller amount of air, the nitrogen and carbon 
dioxide content will be lower. For the purposes 
of our invention, it is essential that the nitrogen 
content should not drop below 70% by volume 
of the total atmosphere. It is also necessary that 
the oxygen content of the atmosphere be main 
tained within predetermined limits or sticking 
of the foil will result. As previously stated, the 
oxygen content should be less than 1%, prefer 
ably in amounts of about 0.6%. This sticking of 
the foil also accounts for the 10% limitation on 
the content of the carbon dioxide as well as the 
limitation on the amount of water vapor that 
may be present. . 

In practicing the method of our invention, with 
the view in mind of preventing the adjacent lay 
ers of the aluminum foil from sticking during 
and after the annealing step, the aluminum foil 
is placed in an enclosed space and enveloped in 
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a controlled atmosphere as outlined above. This 
atmosphere is maintained in the enclosed spaced 
during the entire period of the annealing opera 
tion. After the annealing operation is completed 
the aluminum foil is allowed to cool and may 
then be removed from the heating chamber. 
No further treatment of the aluminum foil is 
necessary to facilitate its being unwound and 
rewound into capacitor rolls without the inter 
layer sticking that has been so prevalent in the 
processes employed prior to our present invention. 

It is to be ‘understood that the above descrip 
tion is merely illustrative and that the invention 
is not to be limited in any respect except as 
de?ned in the following claim. 
What we claim as new and desire to secure by 

Letters Patent of the United States, is: 
The method of preventing interlayer sticking 

during the heat treatmentof aluminum vfoil ‘in 
coil form which comprises heating the coil :at 
annealing temperatures in a closed chamber in 
an atmosphere consisting of the incomplete com 
bustion products of a mixture of gaseous hydro 
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carbons, said atmosphere consisting by volume 
of not less than ‘70% nitrogen, not more than 
10% carbon dioxide, not more than 1% oxygen, 
less than 2.1% water vapor and the remainder 
a mixture of the reducing gases, carbon mon 
oxide, hydrogen and methane. 

ALEXANDER G. JARVIE. 
CYRIL H. HANNON. 
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