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This invention relates to metal containers and 
more particularly to a method of treating col 
lapsible tube containers made of aluminum 
metal, or a suitable alloy thereof, to render the 
same resistant to corrosion and suitable for 
packaging toothpaste, shaving cream and simi 
lar paste-like products. The invention will be 
described with particular reference to the treat 
ment of collapsible aluminum tubes for packag 
ing tooth paste, but it will be obvious that the 
invention is applicable to the treatment of like 
metal containers for packaging other materials 
of a similar nature. 
In the packaging and merchandising of tooth 

pastes and similar pasty products which con 
tain water-soluble salts and the like substances 
which tend to attack aluminum, the problem of 
corrosion becomes a serious one when such 
products are packaged in collapsible aluminum 
tube containers. The corrosive attack usually 
manifests itself in the form of pitting which 
represents a severe form of localized attack, the 
corrosion taking place on the inside of the alu 
minum tubes. The walls of such collapsible 
altiminum tubes are purposely made very thin, 
tisually on the Order of about four or five thou 
sandths of an inch or less in thickness, in order 
to conserve metal and provide a tube which is 
easily flexed and collapsed during use. The thin 
ness of the walls of such a collapsible tube, al 
though desirable for certain purposes, shortens 
the time when a tube may fail by corrosion, as 
for example, where the corrosive attack is so ex 
treme that actual perforation of the thin walls 
of the tube takes place. Such a tube, moreover, 
is easily flexed and dented during handling and 
storage producing local stresses and work 
hardened areas in the metal walls which appears 
to induce corrosive attack at such areas. 
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To overcome this corrosion problem, protec 
tive inner linings such as cellulose acetate, fibre 
less cellulose hydrate, phenolic-type lacquers and 
the like film-forming coatings have been em 
ployed, but the use of inner liners substantially 
increases the costs of the merchandise, and such 
coatings are often attacked by the contents of the 
container. It is difficult, moreover, to form a 
continuous unbroken protective liner or coating 
on the inner surface of the collapsible tube which 
will provide adequate protection to the material 
and not tend to peel or flake off when the tube is 
flexed and collapsed in the usual manner during 
use. Other forms of collapsible tubes also have 
been employed such as tinned lead tubes, but 
such tubes are expensive and have the added dis 
advantage that the contents of the container 
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may become contaminated with lead which is 
to:ric. Aiuminum metal on the contrary is prac 
tically non-toxic and can he suitably formed into 
tubes which are soft and admirably adapted for 
use as collapsible tube containers without Such 
protective inner coatings except where corrosion 
is encountered. 
While numerous methods for treating alumi 

nun and aluminum oxide Surface coatings to in 
prove their resistance to corrosion have been de 
scribed in the literature and patents relating to 
aluminum, no commercially practicable, low-cost 
and simple method has been devised heretofore 
for treating collapsible aluminum tubes to ren 
der the same corrosion resistant and applicable 
for packaging paste-like compositions which 
tend to corrode aluminum. 

in the usual method of producing soft col 
lapsible aluminum tubes, it is customary to ex 
rude the tubes from a slug or piece of relatively 
pure aluminum metal (99.5% aluminun) and 
thereafter subject the extruded tube to an 
annealing treatinent So as to change the Crystal 
line structure of the metal and produce a soft, 
flexible metal tube which is readily collapsed 
and rolled upon itself. While it is known that 
annealing of aluminum neta Which has been 
cold-worked improves its resistance to corrosion, 
it has been observed that the annealing treat 
ment alone, as applied to collapsible aluminum 
tube containers, is not sufficiently effective to 
Overcome this corrosion problem when the tubes 
are filled with electrolytic pastes such as con 
tained in tooth paste and the like products. 
In accordance with the present invention, it 

has been found, after considerable experinenting 
and testing, that a collapsible aluminum tube 
container having improved resistance to cor 
Gsion is prodiced by Wetting the tube with 
water and subjecting the wet tube to a tem 
perature sufficient to cause the film of water on. 
the aluminum metal surfaces to boil. The 
process is relatively inexpensive to carry cut and 
no special equipment is required. Treatment of 
a collapsible aluminum tube container as de 
scribed results in the production of a container 
which is sufficiently resistant to corrosion so 
that it can be used for packaging tooth paste and 
the like products without the necessity of employ 
ing protective liners or auxiliary coatings on the 
inside of the tube as aforementioned. 
A. preferred manner of treating a collapsible 

aluminum tube container to render the same cor 
rOSion resistant in accordance with this inven 
tion comprises immersing the tube in water so 
that the surfaces of the metal become coated with 
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a film of water and thereafter introducing the 
Wet tube into a chamber which is heated above 
the temperature of boiling water to cause the film 
of Water on the surfaces of the tube to boil form 
ing steam. A number of tubes ordinarily will be 
treated at the same time, the tubes being wet with 
Water and then heated rapidly to a temperature 
which causes the film of water on the aluminum 
metal Surfaces of the tubes to boil, thus subject 
ing the metal surfaces to the action of boiling 
Water and Steam. Heating of the tubes may be 
effected in any suitable manner, but a preferred 
method comprises placing the wet tubes in a 
heated oven such as commonly used for anneal 
ing collapsible aluminum tubes. The presence 
of air or oxygen during the heat treatment is 
beneficial, tending to enhance the results ob 
tained. 
Aluminum tube containers which are to be ren 

dered COrrosion resistant in accordance With this 
invention may be treated at any suitable time 
prior to filling the containers. The treatment, for 
instance, may be performed either before or after 
annealing the containers. A convenient time for 
carrying out the process, and that which is gen 
erally preferred is during the annealing treat 
ment. Such method of heat treating the alumi 
num tube containers while initially wet with a 
film of Water is conveniently referred to herein 
after as “wet annealing.' 
In the following table the results of test data, 

are given showing the improved corrosion resist 
ance of collapsible aluminum tube containers 
which were treated in accordance with the meth 
od of this invention prior to being filled with 
tooth paste. The heat treatment for both wet 
and dry tubes was the same in each case. Tubes 
which were to be wet annealed were innersed in 
Water immediately prior to transferring them to 
the annealing oven. Upon removal of the heated : 
tubes from the annealing oven they were allowed 
to air cool gradually to room temperature. They 
were then filled with tooth paste and stored at 
roon temperature for six weeks, and at the end of 
that time examined for corrosion. The results 
are tabulated as follows: 
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has been formed, for example by extrusion as 
commercially practiced, the surfaces of the alu 
minum tube are suitably cleaned of foreign mat 
ter, including any lubricant such as is commonly 
employed during the extrusion process, so that 
the surfaces of the tube, particularly on the in 
side, are clean and can be thoroughly wet with 
water. Cleaning of the tubes may be effected in 
any suitable manner as by Washing with conven 
tional cleaning solutions, for example using an 
aqueous alkali metal phosphate or carbonate so 
ution, or Suitable mixture thereof, and Such as 
emulsify and renove greases and/or other for 
eign matter. The cleaned aluminum tube is then 
insed with water to remove the cleaning solution 
leaving a film of Water on the Surfaces, or if al 
lowed to dry the tube is again wet with water, 
then introduced into the annealing Owen. In 
Some instances the cleaning operation may be 
performed by heating the tube to a temperature 
sufficiently high to volatilize and burn off organic 
matter after which the tube is washed with Water 
to remove carbon and residual matter formed 
during heating and remaining on the surfaces of 
the tube. In this manner the surfaces of the 
tube are freed of foreign matter so that a con 
tinuous film of Water Will be left on the Surfaces 
upon the application of water or aqueous Solu 
tions thereto. 
The water employed for application to the alu 

minum tubes prior to annealing may comprise 
ordinary Soft or hard waters and may contain, 
or have added thereto, Small amounts of a sur 
face-active agent if desired to enhance the Wet 
ting properties. It is preferred however, that the 
Water or aqueous solution employed for this pur 
pose be relatively pure and free from sediment or 
solid matter which would lower the efficiency of 
the proceSS. Distilled Water may be used to ad 
vantage where the cost is not prohibitive. In 
stead of innersing the aluminum tube in Water, 
wetting of the tube may be effected by other 
methods such as by employing a water spray, or 
by Suitably condensing Water vapor on the Sur 
faces of the tube prior to introducing the same 
into an annealing Oven. 

No. of Tubes 
No. of Heat Treatment, - Tubes 1160 °F., for saying 
Tested Twenty Minutes 

144 Annealed (Dry)--- 
71 Annealed (Wet).--- 
66 --...-- do------------ 

Run ii (control).--------- 
Run i2 . . . . 
Run #3. . . . . . . . .-------- 

Weeks' Storagi: 

53 
3 
1. 

Percent; 
Tubes 

Corrosion 
Free 

As the tabulated results show, aluminum tubes 
which were subjected to wet annealing have 
greatly increased resistance to corrosion as COn 
pared with like tubes which were annealed dry 
as connonly practiced. While the reason for 
this increased resistance is not exactly known 
it is believed that the improvement is brought 
about due to the removal of impurities from the 
metal surface and the production of a relatively 
thick continuous non-porous Oxide and/or hy 
droxide layer over the Surfaces of the aluminum 
tubes Which provides the increased resistance to 
attack by corrosive Substances. 
The collapsible aluminum tubes may be formed 

in any suitable manner, a number of different 
processes being known, and such preformed tubes 
thereafter treated in accordance With the method 
herein described to provide a collapsible alumi 
Inum tube having improved resistance to corro 
SO 
In carrying out the process with a tube which 
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The temperature to which the collapsible alu 
minum tube is subjected during the process gen 
erally lies. Within a range of about 250 and 1250 
F., the preferred temperature of treatment be 
ing between about 900 and 1200° F. The dura 
tion of the heating Will vary depending upon 
the temperature, but preferably is on the order of 
about three to thirty minutes at temperatures 
above 900 F. Lower temperatures, for example 
between about 250 and 750 F. nay be employed 
with a correspondingly longer duration of heating. 
It is important, however, that the temperature 
and duration of heating he sufficient to cause 
the film of water on the tube to boil or flash off 
rather than merely evaporate to produce a tube 
having improved corrosion resistance. By car 
rying out the process in accordance with the in 
vention, a soft, annealed aluminum container 
is provided which has excellent resistance to cor 
rosive attack. The invention also makes possible 
the production of collapsible aluminum tube con 
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tainers which are particularly useful for packag 
ing tooth paste and similar products such as COS 
metic creams, pastes, etc., which under the Con 
ditions of storage and use tend to corrode alumi 
num metal Surfaces. 
Although a preferred method for treating Col 

lapsible aluminum tubes has been particularly 
described, it is to be understood that Variations 
of the method may be used to accomplish the 
Same purpose by those skilled in the art and that 
Such variations are intended to be included in 
the present invention, being limited only as Spe 
cifically called for in the appended claims. 
What is claimed is: 
1. A process of packaging pasty material in a 

collapsible aluminum tube container, which na 
terial is corrosive to aluminum metal Surfaces, 
Comprising the steps of wetting the surfaces, all 
of Which are free from an artificially deposited 
coating of aluminum oxide, of a collapsible tube 
of aluminum of a purity of at least 99.5% with 
water, thereafter subjecting the tube while thus 
Wet With Water to an annealing temperature be 
tween about 250 F. and 1200°F. for a period of 
time Sufficient to provide a tube Which is readily 
flexed and Which has increased resistance to cor 
rosion, and then filling said collapsible aluminun 
tube with said corrosive pasty material. 

2. A process of packaging pasty material in a 
collapsible aluminum tube container, which ma 
terial is corrosive to aluminum metal Surfaces, 
comprising the steps of Wetting the surfaces, all 
of which are free from an artificially deposited 
coating of aluminum oxide, of a collapsible tube 
of aluminum of a purity of at least 99.5% with 
water, thereafter Subjecting the Wet tube to an 
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annealing temperature above the boiling point of 
Water for a period of time of approximately 3 to 
30 minutes whereby a flexible tube is attained 
and the corrosion resistance of the tube is in 
creased, and then filling Said collapsible alumi 
num tube With said corrosive pasty material. 
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