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The present invention relates to the manufacture of 
arti?cial ?lms, and more particularly to an improved proc 
ess for quenching shaped streams of molten thermoplastic 
‘material to provide ?lms having more desirable properties. 

Generally, in the manufacture of arti?cial ?lms, a 
molten thermoplastic material is extruded as a shaped 
stream and is rapidly quenched, as ‘for example by being 
immersed within a bath of cooling liquid. In another pro 
cedure, the shaped stream of molten thermoplastic mate 
rial is passed downwardly into a generally con-?ned pool 
of liquid which is maintained in the nip formed by a pair 
of rolls which are rotated at equal peripheral speeds and 
in the direction of travel of the shaped stream. These 
contra-rotating rolls are partially immersed Within a bath 

, ‘of cooling liquid so that each carries a thin ?lm of liquid 
into the nip as it is rotated. Excess liquid is discharged 
at a controlled rate from opposite ends of the nip so that 
the pool of liquid is maintained substantially constant. 

In both of these conventional procedures the established 
flow patterns of the cooling liquids fail to provide for 
uniform quenching of the shaped stream of molten mate 
rial. More particularly, the passage of the shaped stream 
of molten material into and through a cooling bath does 
not set up an effective circulation of the cooling liquid so 
as to insure uniform quenching of such stream along its 
entire length. On the other hand, when using a generally 
con?ned pool of liquid, such liquid must flow laterally 
toward the opposite longitudinal edges of the shaped 
stream of molten material before being discharged and 
thus ‘the stream is non-uniformly quenched in a transverse 
direction. ' 

Further, with \both of these known procedures, fluctua 
tions, such as ripples, along the surface of the cooling 
liquid will give rise to thickness or gauge variations and 
defects along the surfaces of the resulting ?lm. With an 
open bath such surface fluctuations may be caused by the 
movement of the shaped stream of molten material itself, 
while in the last described procedure the lateral ?ow of 
the cooling liquid will tend to impart turbulence along the 
surface of the con?ned pool. Although such thickness 
variations and surface defects may not be visible to the 
naked eye before the ?lm is subjected to furthertreat 
ments, such as stretching the ?nal ?lm produced will gen 
erally be found to be ‘of uneven quality. Accordingly, a 

_ primary object of this invention is to provide a generally 
new or improved and more satisfactory process for quench 
ing shaped streams of molten thermoplastic material. 
Another object is the provision of an improved process 

for more uniformly quenching a shaped stream of molten 
thermoplastic material with a cooling liquid. 
A further object is the provision of an improved proc 

ess for quenching a shaped stream of molten thermoplastic 
material vvithin a bath of liquid Iwithout imparting surface 
irregularities or variations in thickness along such stream. 

Still further objects will appear from the following de 
scription. I 

Broadly, the process of the present invention involves 
passing a freshly extruded shaped stream of molten 
thermoplastic material downwardly in-‘between a pair of 
contra-rotating rolls which are at least partially immersed 
within a bath of liquid maintained at a temperature below 
the melting point of the thermoplastic material. The rolls 
are spaced from each other a distance at least equal to, 
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and preferably slightly more than the thickest portion of 
the shaped stream of molten thermoplastic material and 
are together rotated at substantially equal peripheral 
speeds in the direction of travel of the shaped stream as 
it moves in-between such rolls. 
With the arrangement described, a layer of cooling liq 

uid is carried by the respective contra-rotating rolls to 
ward and against the opposite sides of the shaped stream of 
molten thermoplastic material and travel with such stream 
as it passes in-between the rolls. These concurrent flows 
of cooling liquid assure rapid and uniform quenching of 
the shaped stream of molten thermoplastic material along 
its entire length and, additionally, minimize turbulence 
within as well as surface fluctuations along that portion 
of the cooling liquid through which the shaped stream ?rst 
passes. As a result, the ?lm which is produced is gener 
ally free of surface irregularities and/or unintentional 
variations in thickness or gauge. ' 
For satisfactory practice of the process of the present 

invention, the pair of contra-rotating rolls must be im 
mersed within the cooling liquid bath to a depth equal to 
between one-half and one times the roll diameter. Prefer 
ably, less than one-half of the respective rolls should be 
exposed, and in no case should the rolls actually be sub 
merged below the bath surface. Further, the peripheral 
speed of such rolls should be equal to or less ‘than the 
rate of travel of the shaped stream of molten thermo 
plastic material so that the concurrent ?ows of cooling 
liquid which are established exert no apparent stretching 
in?uence upon such stream during the quenching thereof. 
In general, the speed of the rolls is reduced as the gap 
between such rolls is increased. 
When quenching a shaped stream of molten thermoplas 

tic material which is of substantially uniform thickness 
across its entire width, the rollers are spaced from each 
other a distance slightly greater than the thickness of such 
stream. ‘On the other hand, when a stream of irregular 
cross section is being quenched, as for example in the pro 
duction of beaded edge ?lms, the gap between the rolls 
should be at least equal to the thickest portion of such 
stream. When the gap between the rolls is larger than 
necessary, less e?icient cooling of the shaped stream of 
‘molten thermoplastic material results and, in extreme 
cases, stagnant layers of cooling liquid may remain along 
the path ‘which is assumed by the shaped stream. 
The cooling liquid employed in the process of the inven 

tion may be varied as desired to suit the particular thermo 
plastic material which is being extruded and/ or to satisfy 
other operating conditions. When applicable, a cooling 
water bath is preferred in view of the obvious economies 
and its e?icient quenching action. Further, the process of 
the present invention is adapted for use with a variety of 
thermoplastic ?lm-forming materials, as vfor example ethyl 
ene and propylene polymers. For the sake of simplicity 
and ease of explanation, the process of the present inven 
tion is hereafter described in detail as employed in quench 
ing a suitably shaped stream of molten propylene polymer 
within a bath of cool water to provide a ?lm having a web 
of substantially uniform cross-section and enlarged or 
beaded longitudinal edges. 
The invention will be more clearly understood by re 

ferring to the following detailed description and the ac 
companying drawing in which: 
FIGURE 1 is a longitudinal section taken through an 

apparatus which is adapted for use with the processes of 
the present invention; and 
FIGURE 2 is a section taken substantially along the 

line 11-11 of FIGURE 1. 
Referring now to the drawing, the illustrated apparatus 

includes a nozzle 11 for extruding molten polypropylene, 
a tank 13 for containing a bath 15 of cool water, a pair 



O 
of cooperating ?ow controlling rolls 17 and 19 and a 
plurality of idler or guide rolls 21, 23 and 25. The nozzle 
11 is of the type customarily employed in the manufacture 
of beaded edge ?lms and may be of a construction as de 
scribed in U.S. Patent 3,072,962. The water bath 15 is 
maintained at a temperature below the melting point of 
the molten polypropylene, preferably by refrigerating and 
then circulating the same through the tank 13 by means 
of inlet and outlet conduits 27 and 29, respectively. 
The rolls 17 and 19 are of conventional steel construc 

tion and, as shown, are immersed within the bath 15 to 
such an extent as to expose only a relatively small portion 
of the same above the bath surface 31. Suitable means, 
not shown, are provided for rotating the rolls 17 and 19 
together at the same peripheral speed and in the directions 
as indicated by the respective arrows 33 and 35. Prefer 
ably, the speed of the rolls 17 and 19 is substantially equal 
to the rate at which the molten polypropylene is extruded 
from the nozzle 11 to avoid stretching of the extruded 
stream. 

In the practice of the process of the present invention, 
molten polypropylene is extruded downwardly from the 
nozzle 11 as a continuous shaped stream 37 which has a 
central portion 39 of substantially uniform cross-section 
and enlarged longitudinal edge portions 41. After travel 
ing only a short distance through the surrounding atmos 
phere, the stream 37 passes into the bath 15 and in 
between the rolls 17 and 19. 
The rolls 17 and 19 are spaced apart a distance at least 

equal to the thickness of the streamedge portions 41 so 
as to con?ne a relatively small surface area of the bath 
15 without applying any pressure to the stream itself. As 
the rolls 17 and 19 are rotated in the directions of the ar 
rows 33 and 35, each carries a layer of cool water on its 
surface which together provide for rapid and uniform 
quenching of the shaped stream 37 along its entire length. 
Additionally, the movement of the rolls 17 and 19 causes 
portions of the bath 15 to ?ow substantially concurrently 
with the opposite sides of the shaped stream 37 as it 
enters and travels between such ‘rolls. As a result, turbu 
lence within and along the bath surface is~minimized so 
that no distortion of the stream 37 occurs during the 
quenching thereof. 

After the surface of the stream 37 is sufficiently 
quenched to provide a beaded-edge ?lm, as indicated gen 
erally at 43, it is passed about the idler rolls 21 and 23 
which maintain the same submerged to insure complete 
cooling. The ?lm 43 is then withdrawn from the bath 
15 and led by the roll 25 to a suitable collection means, 
not shown. As a result of the quenching process em 
ployed, the ?lm 43 exhibits no surface irregularities and/ 
or unintentional variations in thickness or gauge and is 
therefore well suitable for further processing, as for ex 
ample stretching to provide for orientation of the polymer 
molecules. ' 

It is to be understood that changes and variations may 
be made without departing from the spirit and scope of 
the invention as de?ned in the appended claims. 

I claim: 
1. A process for quenching a shaped stream of molten 

thermoplastic material including the steps of passing the 
shaped stream downwardly in-between a pair of contra 
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rotating rolls immersed within a bath of cooling liquid, 
said liquid being maintained at a temperature which is 
below the melting point of the thermoplastic material so 
as to rapidly quench the shaped stream to a solid'state, said 
rolls being spaced from each other a distance slightly 
greater than the thickest portion of the shaped stream and 
being rotated at substantially equal peripheral speeds in 
the direction of travel of the shaped stream whereby 
the cooling liquid adjacent to opposite sides of the shaped 
stream of thermoplastic material flows with the stream as 
it enters and travels between the rolls. 

2. A process as de?ned in claim 1 wherein the rolls 
are immersed in the liquid bath to a depth not greater than 
their diameter. 

3, A process as de?ned in ‘claim 1 wherein the rolls 
are immersed in the liquid bath to a depth equal to be 
tween one-half and one ‘times their diameter. 

4. A process as de?ned in claim 1 wherein the rolls are 
rotated at a speed not greater than the rate of travel of 
the shaped stream of thermoplastic material. 

5. A process for making a beaded edge ?lm including 
the steps of shaping a stream of molten thermoplastic 
material to provide the same with a central portion of 
substantially uniform thickness across its width and lon 
gitudinal edge portions which are of greater thickness 
than the central portion thereof, passing the shaped stream 
downwardly and in-between a pair of contra-rotating rolls 
immersed within a bath of cooling liquid, said bath being 
maintained at a temperature which is below the melting 
point of the thermoplastic material so as to rapidly quench 
the shaped stream into a solid beaded-edge ?lm, said rolls 
being spaced from each other a distance at least equal to 
the thickness of the edge portions of the shaped stream 
and being rotated at substantially equal peripheral speeds 
in the direction of travel of the shaped‘ stream whereby the 
cooling liquid is caused to travel concurrently with and 
along opposite sides of the central portion of the shaped 
stream as the stream enters and travels between the rolls. 

6. A process as de?ned in claim 5 wherein the rolls 
are immersed within the liquid bath a distance equal to 
between one-half and one times their diameter. 

7. A process as de?ned in claim 6 wherein the rolls are 
spaced from each other a distance equal to the thickness 
of the edge portions of the shaped stream of thermoplastic 
material and are rotated at peripheral speeds substantially 
equal to the rate of travel of the shaped stream as it 
enters therebetween. 

8. A process as de?ned in claim 6 wherein the rolls 
are spaced from each other a distance slightly greater than 
the thickness of the edge portions of the shaped stream of 
thermoplastic material and are rotated at peripheral speeds 
slightly less than the rate of travel of the shaped stream 
as it enters therebetween. 
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