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Matter enclosed in heavy brackets L appears in thae 

original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 
This invention relates to a method of forming con 

tainers from plastic materials capable of shrinking upon 
the application of heat. 
One of the principal objects of the present invention is 

to provide a simple and highly effective method for mak 
ing containers from tubular plastic stock, the method 
'utilizing the shrinking properties of the plastic in the for 
mation of the containerS. Another object is to provide 
an inexpensive and fast method for forming containers 
from a selected plastic material, or from a combination 
of such materials, so that the finished article will have 
all of the desirable electrical properties and other physi 
cal properties of the material or materials from which it 
is formed. Other objects will appear from the specifica 
tion and drawings in which: 
FIGURE 1 is a longitudinal sectional wiew of a tube 

and disc Supported by a mandrel in a preliminary stage 
in the formation of a plastic container; 
FIGURE 2 is a longitudinal sectional view similar to 

FIGURE 1 but showing the tube after it has been treated 
and shrunk in a later stage of container formation; and 
FIGURE 3 is a longitudinal sectional view of a plastic 

tube shrunk upon a mandrel and illustrating a modifica 
tion of the method of container formation. 
One aspect of the present invention lies in the recog 

nition that tubular plastic materials may become oriented 
during the extrusion process by which they are formed 
So that they will shrink upon the later application of 
|heat, and that such a property of oriented plastic tubes 
may be utilized in the formation of plastic containers. 
Thus, it has been found that extruded tubes formed from 
oriented Mylar (polyglycol terephthalate manufactured 
and sold by E. I. du Pont de Nemours & Co., Inc., Wil 
mington, Delaware) will, upon the application of heat, 
undergo a molecular reorientation and in so doing will 
shrink to form a tube of Smaller internal and external 
diameter. Other plastic materials capable of shrinking 
upon the application of heat might also be used. For 
example, a tube formed from oriented polystyrene will 
also shrink when subjected to heat and may be used ef 
fectively in connection with the method of the present 
invention. 
More specifically, the method of this invention involves 

closing the end of a plastic tube to form a container by 
shrinking an end portion of that tube about a dimen 
sionally stable closure element. The method thereby uti 
lizes a physical change in the tubular member at elevated 
temperatures to provide a physical and extremely secure 
connection between that member and an element which 
is dimensionally stable at the higher temperature. How 
ever, it is to be understood that the physical connection 
between the parts might also be accompanied by fusion 
should the stable and unstable elements be heat sealing 

at the temperature required for the shrinking of the tube. 
For practicing my invention, I provide a mandrel or 

arbor 10 which may be of substantially uniform diame 
ter, as illustrated in FIGURES 1 and 2, and which has 
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an axial passage 11 extending therethrough. The man 
drel is rigidly connected at one end to any suitable sup 
porting structure (not shown) and passage 11 communi 
cates with a pump or other suitable device (not shown) 
for withdrawing air therefrom. 

In the first step of the method, a section of oriented 
plastic tubing 12 which is capable of shrinking upon the 
application of heat is placed upon the mandrel 10. From 
FIGURE 1, it will be seen that the internal diameter of 
tube 12 is substantially greater than the external diame 
ter of mandrel 10. The tube is positioned upon the man 
drel So that one end of the oriented plastic tube extends 
beyond the end of the mandrel a distance substantially 
greater than the wall thickness of the tube but less than 
the diameter of the mandrel, ~ 

Thereafter, a disc 13 of dimensionally stable material 
is inserted into the open end of tube 12 and is placed or 
drawn against the free end of the mandrel. The disc 
has a diameter greater than the diameter of the mandrel 
but less than the internal diameter of tube 12. It may be 
formed from metal, paper, board material, or any Suit 
able plastic material as long as such material is dimen 
Sionally stable at the shrinking temperature of tube 12. 
Thus, the disc may be formed from the same plastic ma 
terial as tube 12 as long as the plastic of the disc is un 
Oriented and will not shrink at the temperature which 
causes shrinking of the cylindrical tube. 
The drawing of a partial vacuum has been found to 

be a particularly effective way of holding disc 13 in place 
upon the end of mandrel 10. The withdrawing of air 
from passage 11 also assists in pulling (or pushing by 
atmospheric preSSure) the disc into the projecting end 
of the open tube and, if desired, mechanical means (not 
Shown) may be provided for positioning and inserting 
the discs, such means acting in conjunction with the suc 
tion effect already described, 

After the disc has been positioned against the man 
drel's free end, tube 12 is heated to cause molecular dis 
Orientation and shrinking of that tube into the condition 
illustrated in FIGURE 2. This may be accomplished by 
|emersing ihaimer'sing the mandrel and the tube support 
ed thereby into a bath of heated mercury or other Suit 
able liquid which will not boil or evaporate excessively 
at tube shrinking temperatures. An especially effective 
method for heating tube 12 consists of directing a stream 
of hot air Over the tube until it has shrunk into surface 
contact with the Supporting mandrel. Shrinking has also 
been Successfully achieved by open gas fiames converg 
ing at a central point through which the mandrel is rap 
idly passed, or by an electric heating coil spaced about 
the mandrel. It is important that the tube be heated uni 
formly Since, if one side reaches shrinking temperatures 
first, the uneven shrinking will cause permanent distor 
tion or wrinkles. While the precise temperature to which 
the tube is heated depends upon the character of the plas 
tic material Of which it is formed, it has been found 
that when the tube is made of oriented Mylar a shrink 
ing temperature in the range of approximately 350-450° 
F. is effective and, in the case of a tube formed from 
Oriented polyStyrene, a temperature within the range of 
185° to 250° F. might be used. 
When heated to shrinking temperature, the end portion 

Of tube 12 which projects beyond disc 13 shrinks and 
bends inwardly into surface contact with the outer face 
of the disc. Since the disc is of greater diameter than 
the mandrel, the tube also shrinks into peripheral surface 
contact with the inner face of the disc, thereby firmly 
locking the disc against axial movement with respect to 
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the tube 12. . The result is a plastic container having a 
base 13 securely interlocked to one end of a cylindrical 
plastic body 12. The container may be removed from 
the mandrel by any suitable means and, if desired, the 
flow of air in passage 11 may be reversed to assist in 
such removal. 

It will be noted that the container illustrated in FiG 
URE 2 has an annular and external enlargement 14 about 
its base caused by disc 13 which prevents full shrinkage 
of tube 12 in that area or zone. Since the presence of 
such an enlargement or bead might be objectionable in 
Some instances, I provide an alternative method for form 
ing a container without Such an enlargement, as indicated 
in FIGURE 3 of the drawings. The equipment, ma 
terials and procedural steps are identical to what has been 
already described except that mandrel 10' is provided 
with an external annular · indentation 15 at its free end. 
Disc 13° has a diameter greater than the diameter of the 
reduced end portion of the mandrel and preferably the 
Same or less than the diameter of the remainder of the 
mandrel. Thus, when tube 12' is heated and shrinks into 
circumferential Surface contact with the mandrel, a por 
tion 16 of that tube shrinks into the annular space 5 to 
form an internal shoulder for locking the base disc 
against axial movement with reference to the tubular body 
without at the Same time, producing the external enlarge 
ment 14 in the previous embodiment. 

EXAMPLE I 

Two inch sections of tubing having inside diameters 
of 0.255 inch and having wall thicknesses ranging be 
tween 2 to 10 mils were placed upon hollow mandrels 
having 0.250 inch outside diameters. The tubes were 
formed of Oriented Mylar (*Mylar'' is a trade designation 
for polyglycol terephthalate manufactured and sold by 
E. I. du Pont de Nemours & Co, Wilmington, Del.). 
Disc caps of various materials (metals and unoriented 
Mylar) and having diameters of 0.255 inch were in 
Serted into the open ends of the tubes projecting beyond 
the ends of the mandrels and were held in place by par 
tially evacuating the air from the mandrel passages. The 
tubes were then heated to approximately 375° F. by 
enerSing immerying the same in a heated mercury 

bath. After cooling, the tubes and caps were withdrawn 
from the mandrels, the tubing having shrunk to inside 
diameterS of approximately 0.250 inch and the caps being 
firmly locked in place within the ends of the tubes. 

EXAMPLE II 

The procedure set forth in Example I was followed 
except that the oriented Mylar tubes were heated to 
shrinking temperatures by each of the following methods: 
(1) subjecting a tube, supported by a mandrel, to a blast 
of heated air; (2) passing the end of a mandrel support 
ing a tube through the central area defined by a series of 
converging gas flames; (3) inserting the tube and man 
drel end into the cylindrical space within an electric heat 
ing coil. Shrinkage of the tubes and secure interlocking 
with the caps was achieved in all cases. However, rota 
tion of the mandrels and tubes during heating by pro 
cedures (1) and (2) was found helpful in avoiding 
wrinkles in the tube surfaces that might otherwise be 
caused by unewen shrinking. 

EXAMPLE III 
The procedures set forth in Examples I and II were 

carried out using thermoplastic polystyrene tubing. Upon 
heating to temperatures of approximately 200° F., and 
COoling thereafter, the tubes were found to have shrunk 
into circumferential contact upon the mandrels and to 
have become tightly interlocked with the caps. 
While in the foregoing I have disclosed two embodi 

ments of the present invention in considerable detail for 
purposes of illustration, it will be understood by those 
Skilled in the art that many of these details may be varied 
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without departing from the spirit and scope of the inven 
tion. 

| claim: 
1. In a method of forming a plastic container of pre 

determined dimensions, the steps of placing a plastic tube 
upon a mandrel of Selected diameter smaller than the 
tube's internal diameter, said tube being formed from an 
Oriented plastic material capable of shrinking into cir 
cumferential contact with Said mandrel upon the applica 
tion of heat to form a tube of smaller predetermined size, 
positioning said tube so that one end thereof extends be 
yond the free end of said mandrel, inserting into said one 
end of Said tube a dimensionally stable disc having a diam 
eter greater than the external diameter of the mandrel, 
and thereafter heating said tube to shrink the same about 
8aid mandrel and Said disc and thereby lock said disc 
against aXial movement with reference to said tube. 

2. The method of claim 1 in which said tube is heated 
by subjecting the same to a stream of heated air. 

3. The method of claim 1 in which said tube is forrned 
from oriented polyglycol terephthalate. 

4. The method of claim 1 in which said tube is formed 
from oriented polyStyrene. 

5. A container forming method comprising the steps 
of positioning a plastic tube upon a mandrel of selected 
diameter with one end of said tube extending beyond 
the mandrel's free end, said tube having an internal diam 
eter greater than the external diameter to said mandrel 
to provide a Space therebetween, said tube being formed 
from a heat shrinkable piastic material and being capable 
of shrinking into circumferential surface contact with the 
mandrel upon the application of heat, inserting into said 
One end of said tube a dimensionally stable disc having a 
diameter greater than the external diameter of the man 
drel's free end portion, said one end of said tube extend 
ing axially beyond said disc, and thereafter heating said 
plastic tube to shrink the Same about said mandrel and 
Said disc and thereby lock the disc within said tube. 

6. A container forming method comprising the steps 
of positioning a plastic tube upon a mandrel of selected 
diameter With one end of said tube extending beyond the 
mandrel's free end, said mandrel having a passage ex 
tending therethrough and said tube having an internal 
diameter greater than the external diameter of said man 
drel to provide a space therebetween, said tube being 
formed from a heat shrinkable plastic material and being 
Capable of shrinking into circumferential surface contact 
with the mandrel upon the application of heat, inserting 
into Said one end of said tube a dimensionally stable 
disc having a diameter greater than the externa1 diameter 
of the mandrel's free end portion, withdrawing air from 
Said paSSage to hold said disc against the free end of said 
mandrel, said one end of said tube extending axially be 
yond said disc, and thereafter heating said plastic tube to 
shrink the Same about said mandrel and said disc and 
thereby lock the disc within said tube. 

7. The method of claim 5 in which said plastic tube is 
heated by directing a stream of hot air over the external 
Surface thereof. 

8. The method of claim 5 in which said plastic tube 
is heated by inserting the same into the central space of 
an electric heating coil. 

9- The method of claim 5 in which said plastic tube 
is heated by LemerSing immersing the same into a bath 
of heated liquid. 

10. The method of claim 5 in which said plastic tube 
is heated by passing the same through open fiames. 

11. In a method of forming an end-closed plastic con 
tainer of predetermined internal diameter, the steps of po 
Sitioning a plastic tube upon a mandrel with one end of 
Said tube extending beyond the mandrel's free end, said 
mandrel being of Selected external diameter substantially 
Smaller than the inside diameter of said tube and corre 
Sponding with the desired internal diameter of said con 
tainer, Said tube being formed from a plastic material 
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capable of shrinking upon appropriate treatment into cir 
cumferential Surface contact with said mandrel, inserting 
into said one end of said tube a dimensionally stable disc 
having a diameter greater than the external diameter of 
the mandrel's free end portion, said one end of said tube 
extending aXially beyond said disc, and thereafter treat 
ing said plastic tube to shrink the same until its internal 
diameter is substantially the same as the external di 
ameter of said mandrel, thereby locking said disc within 
said tube and forming an end-closed container of pre 
selected internal diameter. 

12. The method of claim L111 6 in which there is the 
additional step of reversing the flow of air through the 
passage of said mandrel to remove said container there 
from, 
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