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Patented May 13, 1952 2,596,128 

UNITED STATES PATENT OFFICE 
2,596,128 

METHOD AND APPARATUS FOR PRODUCING 
FNE FIBERS 

Marc A. Chavannes, New York, N.Y., and John C. 
Elliott, Madison, Wis., assignors, by mesne as 
signments, to Chavannes Synthetic Fibres, Inc., 
a corporation of Delaware 
Application October 17, 1949, Serial No. 121,855 

(C. 18-1) 13 Claims. 
1. 

This invention relates to a method for treating 
fibers, and more particularly to a method and 
apparatus for preparing extremely fine fibers 
from thermoplastic resinous polymers. 

Heretofore many synthetic polymers, such as 
for example, polyvinylchloride, polyvinylidene 
chloride and copolymers of vinylidenechloride 
and vinylchlorides, have proved extremely useful 
in the textile field in the form of oriented fibers. 
However, a drawback for these fibers has been 
the difficulty of extruding them in thicknesses of 
less than about .004 inch. - 
An object of the present invention is to pro 

vide a method for preparing films and fibers of 
polyvinylidine, or polyvinylchloride or their co 
polymers, in any desired degree of fineness. 
Another object is to produce, as an article of 

manufacture, exceedingly fine strands of poly 
mers which it has not previously been possible 
to prepare in such very fine form. 

5 

2 
Series of operations, and then to A mill diameter 
in the second set of operations. Fibers made 
of copolymer of vinylidenechloride and vinyl 
chloride may readily be converted by our process 
to fibers of 1 mill diameter and lower. Thus by 
a sequence of disarrangement and drawing op 

O 

our invention we heat a fiber comprising a co 

erations, it is possible to draw a heavy extruded 
textile fiber to almost any desired degree of 
fineness. 

In accordance With another embodiment of 

polymer of vinylchloride and vinylidenechloride 
for several seconds at 150° to 205° C. to produce 
disarrangement of the micellar structure, allow 
ing it to shrink freely. We then draw it at the 
Same temperature range, or at a lower tempera 
ture if desired, to approximately its original 
length. While holding it at this length, we then 
submit it to a temperature of 38° to 80° C. and 

20 
A still further object of this invention is to 

provide a new method of handling and drawing 
fibers. Further objects will become apparent as 
the following detailed description proceeds, ref 
erence being made to the accompanying drawings 
wherein: 

Figures 1 through 4 are diagrammatic curves 

25 

showing the results obtained with a Sample of a 
representative fiber of 10 mil diameter composed 
of an oriented copolymer of vinylchloride and 
vinylidenechloride. Figures 5 and 6 are diagram 
matic views of two devices for carrying out the 
process of our invention. . 
In accordance with our invention in its broad 

aspect, we first disorient an oriented fiber by 
heating the fiber to a temperature. Within the 
temperature range at which the fiber undergoes 
plastic flow, and then either at the plastic flow 
temperature or below this temperature draw the 
fiber to a substantial extent, as for example, 100% 
of its length or greater, and then repeat the 
procedure of disorienting and drawing. 

In accordance with a preferred embodiment of 
our invention, the fiber, after being heated and 
allowed to shrink, is first drawn in the plastic 
flow temperature range to a small extent, as for 
example, to its length before shrinkage, or from 
50% to 200% of its length after shrinkage, then 
supercooled below the plastic flow range and 
drawn to a larger extent, as for example, 400% 
to 5000% of its original length at the lower tem 
perature. The entire sequence of Operations may 
then be repeated for the best results. 
We may start with fibers of 10-12 mils di 

ameter, bring such fibers to 2 mill diameter in one 
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then draw it to 10 to 50 times its original length 
at this temperature, producing a corresponding 
reduction in the thickness of the fiber. This fiber 
of reduced thickness may then be subjected to a 
repetition of the same process and drawn again 
to 10 to 50 times its length, i.e., 100 to 2500 times 
its original length. Thus it is possible by further 
repetition of this process to draw the fibers ad 
infinitum to any desired degree of fineness, in a 
continuous process. 

For further explanation of the process, we refer 
to Figure 5, which is a diagrammatic view of a 
device embodying the principles of our invention. 
In Figure 5, fiber 1 enters the device at triple 
rolls (hereinafter, "rolls')2 from which it passes 
into oven 3, cut away to show electric heating 
Wire 4, insulation 5 and rolls 6. Rolls 2 main 
tain any tension in the fiber which may be 
necessary prior to its entry into the device. The 
fiber passes from rolls 2 to rolls 6 which turn 
at a slower rate and allow fiber to have sub 
stantially no tension and to shrink freely between 
rolls 2 and 6. The fiber then passes to rolls 7 
which turn faster than rolls 6, drawing the fiber 
to approximately the length it had prior to en 
tering the machine. Fiber then enters oven 8 
maintained at a lower temperature than oven 3 
by electric resistance wire 9. The fiber passes 
then through rolls to which turn at a faster rate, 
drawing the fiber to 4 to 50 times its original 
length. Fiber then passes over idler roll 
and may then pass on to other processing ma 
chinery or to storage or may be subjected to re 
petition of the process just described, as for ex 
ample, in the device shown, where the fiber passes 
over idler roll 2 to rolls 3 which turn at sub 
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stantially the same rate as rolls (). The fiber 
then enters oven 4 maintained at substantially 
the same temperature as oven 3. Oven 4 is cut 
away to show electric resistance wire 5, insula 
tion 6 and rolls 7. In this oven it passes 
through rolls 7 which turn at a slower rate to 
allow the fiber to shrink freely between rolls 3 
and 7. The fiber then passes to rolls 8 which 
turn faster than rolls f and draw the fiber out 
to approximately its original length. Fronin rolls 
8 fiber then passes to oven 9 maintained at 

substantially the same temperature as oven 8. 
The fiber then passes through rolls 2 which turn 
at a faster rate than rolls 8, drawing the fiber 
to 4 to 50 times the length it had upon entering 
oven 4. The fiber then passes over idler rolls 
2, 22 and 23 and may then pass on to other op 
erations or may be subjected to further repeti 
tions of the process of this invention, as de 
Scribed. 
Another form of device for carrying Out Our 

process is shown in Fig.6 wherein the reference 
numerals 25 and 26 designate a supply Spool and 
a wind up spool, respectively, for a fiber 27. The 
fiber in passing from the supply spool to the Wind 
up spool passes through a plurality of pairs of 
rubber covered rollers 28, 29, 30 and 3. These 
rollers are driven at various peripheral Speeds 
by means of worms 32, 33, 34 and 35, respectively, 
the Worms being mounted on a common WOrm 
shaft 36. Suitable gearing 37, 38, 39 and 40, 
respectively, is interposed between the pairs of 
rollers and their respective worms. Between 
rollers 28 and 29 there is disposed a heating 
chamber 41 and a cooling chamber 43. The 
heat may be developed by any suitable means, 
such as a resistance Wire or by Superheaters 
using radiant heat, or the fiber may be heated 
by a blast of hot air which is Supplied to the 
chamber 4 by means of a pipe 42, as shown. 
Similarly, the fiber may be cooled by Supplying 
coil air to the chamber 43 through pipe 44. A 
Similar heating chamber 5 and cooling chamber 
47 are provided between rollers 29 and 30, the 
chambers being provided with Supply pipes 46 
and 48, respectively. A third set of heating and 
cooling chambers 49 and 5 are provided between 
rollers 38 and 3f, together with the supply pipes 
50 and 52, respectively. 
In operation, the rollers 28 may be driven by 

means of Worms 32 and gears 37, at 100 revolu 
tions per minute so that the fiber is fed into and 
through the chambers 4 and 43. In the chamber 
4 the fiber is heated to approximately 170° C. 
Which causes shrinkage, after which the fiber is 
cooled as it passes through cooling chamber 43, 
SO that at the time the fiber is engaged by the 
rollers 29, it is chilled. As above indicated, the 
Cooling may be effected by Supplying cold air of 
a temperature of approximately 10° C. through 
the supply pipe 44. The rollers 29 are driven at 
Substantially 50 revolutions per minute in order 
to allow for the shrinkage which occurs in the 
heating chamber 4. The rollers 30 may be 
driven at 100 revolutions per minute so that in 
passing through the heating and cooling cham 
bers 45 and 47, respectively, the fiber is restored 
to its original length. In the heating chamber 
45 the fiber is heated to approximately 170° C. 
and it is suitably cooled in chamber 47 by cold air, 
at approximately 10 C., which is supplied thereto. 
The main drawing operation occurs as the 

fiber is drawn through heating chamber. 49 and 
cooling chamber 5?, and the last pair of rollers 
3 may be driven at the speed necessary to effect 

4. 
the desired amount of drawing. For instance, 
the latter rollers may be driven at 600 revolu 
tions per minute; the fiber may be heated in 
chamber 40 up to 60° C.; and, it may then be 
cooled in cooling chamber 5 by cold air Supplied 
thereto at a temperature of approximately 10° C. 
The above described device is illustrative only 

since it will be appreciated that the speeds and 

0 

s 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

temperatures are subject to considerable varia 
tion depending on the particular results to be 
obtained. In the above illustration, it is assumed 
that the diameter of the rollers is somewhat less 
than 4 inches So that the circumference of the 
rollers is substantially 1 foot. Thus, rollers 28 
rotating at 100 revolutions per minute Serve to 
feed the fiber at 100 feet per minute. 

Suitable means may be provided for driving 
the supply and wind up spools 25 and 28 at 
the proper rates of speed. 
In each stage of the process it will be observed 

that the filament is chilled by cold air so that 
it is never touched by the rollers when it is in 
its heated condition. 

Results obtained with fibers of a copolymer of 
vinylidenechloride and vinylchloride (Saran) are 
shown by reference to Figures i, 2, 3 and 4. 

Fig. 1 is a graph wherein the initial heating 
temperature of the fiber in a hot bath is plotted 
against the maximum length to which the fiber 
could be drawn. 

Fig. 2 is a graph wherein the temperature of 
the drawing Zone in which the fibers are drawn 
is plotted against the maximum length to which 
the fiber could be drawn. 

Fig. 3 is a graph wherein the hot bath ten 
peratures of from 155° C. to 206° C. for the fibers 
are plotted against the maximum inches of 
stretch of the fiber. After disorienting the fiber 
in the hot bath and stretching to 4 inches, the 
fiber was drawn to 21 inches in a cold bath main 
tained at 68° C., removed and the drawing con 
tinued in air until the fiber broke. 

Fig. 4 is a graph showing the effect of varying 
the cold bath temperature from 40° C. to 80° C. 
the hot bath being maintained at 168-169° C. 
The disorienting and stretching procedure was 
the same as described for Fig. 3. 

It is not essential to the invention how the 
heating is arranged. We may employ induction 
heating methods, hot air, radiant heat, or we 
may immerse the fibers and pass them through 
baths of heated oil or any other heat transfer 
medium. Which does not attack or interfere with 
the fibers. - - 

In this manner, the fibers are drawn to any 
desired degree of finenessS. 
The applicability of the invention will become 

further apparent from the following specific ex 
amples which are given here by way of illustra 
tion only, and not in any sense whatever by way 
of limitation. The parts shown in the examples 
are by weight. 

Eacample I 

A two inch length of pigmented fiber com 
posed of a copolymer containing 85 percent poly 
vinylidenechloride and 15 percent polyvinylchlo 
ride and having a thickness of .012 inch was im 
mersed for 2 seconds in a bath of oil maintained 
at 173° C. while being allowed to shrink freely. 
While still in the same bath it was then drawn 
to its original length and was then immediately 
transferred to an oil bath maintained at 68° C. 
and drawn, in the bath, at the rate of 6 feet per 

75 fiber had a diameter of .002 inch. 
minute to a length of 70 inches. The resulting 
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Eacample II 
A two inch length of pigmented fiber composed 

of a copolymer containing 85 percent polyvinyl 
idenechloride and 15 percent polyvinylchloride 
and having a thickness of .012 inch WaS in 
mersed for 2 seconds in a bath of oil maintained 
at 155° C. While being allowed to shrink freely. 
While still in the same bath it was then drawn 
to its original length and was then immediately 
transferred to an oil bath maintained at 74 C. 
and drawn, in the bath, at the rate of 6 feet per 
minute to a length of 21 inches. The resulting 
fiber had a diameter of .0015 inch. 

Eacanple III 
A two inch length of pigmented fiber composed 

of a copolymer containing 85 percent polyvinyl 
idenechloride and 15 percent polyvinylchloride 
and having a thickness of .012 inch was im 
mersed for 2 seconds in a bath of oil maintained 
at 203° C. while being allowed to shrink freely. 
While still in the same bath it was then dra Win 
to its original length and was then immediately 
transferred to an oil bath maintained at 68° C. 
and drawn, in the bath, at the rate of 6 feet per 
minute to a length of 39 inches. The resulting 
fiber had a diameter of .0015 inch. 

Eacample IV 
A two inch length of pigmented fiber composed 

of a copolymer containing 85 percent polyvinyl 
idenechloride and 15 percent polyvinylchloride 
and having a thickness of .012 inch was in 
mersed for 2 seconds in a bath of oil main 
tained at 190° C. while being allowed to shrink 
freely. While still in the same bath it was then 
drawn to its original length and was then in 
mediately transferred to an oil bath maintained 
at 40° C. and drawn, in the bath, at the rate of 
6 feet per minute to a length of 20 inches. The 
resulting fiber had a diameter of .0018 inch. 

Eacample V 
A 1000 foot length of a pigmented fiber com 

posed of a copolymer containing 85 percent poly 
vinylidenechloride, and 15 percent polyvinylchlo 
ride and having a thickness of .012 inch was 
wound on a spool. The spool was then mounted 
in such a manner that the fiber could be drawn 
from it and passed through a device comprising 
two oil baths and five Sets of rollers which 
gripped the fiber strongly and three idler rolls, 
substantially as shown in Figure 1, The first 
bath was maintained at 172 C. and the Second 
at 79° C. with electric heaters and controlling 
thermostats, The rolls were driven by a Series 
of V-belts and chains and Sprockets from a vari 
able speed drive driven by an electric motor. 
The fiber was passed through the apparatus at 
a rate which permitted it to shrink freely in the 
high temperature bath for 2.2 Seconds and to be 
drawn to 0.96 times its Original length, in the 
high temperature bath, in 1 second. The fiber 
then passed from the hot bath into the cold bath 
and was drawn therein to 10.6 times itS original 
length. The resulting fiber had a diameter of 
.002 inch. 

Eacample VI 
A two inch length of fiber composed of a co 

polymer containing 90 percent polyvinylidene 
chloride and 10 percent polyvinylchloride and 
having a thickness of .015 inch was immersed for 
3 seconds in a bath of oil maintained at 225 C. 
while being allowed to shrink freely. While still 
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6. 
in the same bath it was then drawn to approxi 
mately, its original length and was then immedi 
ately transferred to an oil bath maintained at 
100° C. and drawn, in the bath, at the rate of 3 
feet per minute to a length of 56 inches. The 
resulting fiber had a diameter of .002 inch. 

Eacample VII 

A two inch length of a pigmented polyethylene 
fiber having a thickness of .012 inch, of the type 
sold commercially as "Avisco Type B"' was in 
mersed for 15 Seconds in a bath of oil main 
tained at 132° C. while being allowed to shrink 
freely. While still in the same bath it was then 
drawn to slightly over 42 its original length and 
was then immediately transferred to a bath main 
tained at 100° C. and drawn to 7.0 inches in 
length. It was then re-immersed in the 132° C. 
bath for 5 seconds while being allowed to shrink 
freely and Was then transferred to the 100 C. 
bath and drawn to 8.5 inches. The resulting 
fiber had a diameter of .0041 inch. 
The above examples by no means exhaust the 

different possible applications of our invention. 
They have been shown by way of illustration only 
and not in any sense by way of limitation. 
The examples have shown the use of poly 

ethylene and of copolymers of vinylchloride and 
vinylidenechloride as the Synthetic resins com 
posing fibers to which our invention is applica 
ble. These are not to be considered limiting in 
any respect; the invention is not confined to 
these particular resins. Fibers formed from 
polyvinylchloride, polyvinylidenechloride and 
resinous copolymers formed by the copolymeri 
Zation with vinylchloride or vinylidenechloride 
Ol' copolymers of vinylchloride and vinylidene 
chloride of Such other monomers as may be so 
copolymerized are also the Subject of this inven 
tion. Such copolymers include for example; co 
polymers of vinylacetate or vinylbutyral with 
vinylchloride, vinylidenechloride or vinylchloride 
and vinylidenechloride, copolymers of acrylic 
acid esters or methacrylic acid esters with vinyl 
chloride, vinylidenechloride, or vinylchloride and 
vinylidenechloride, and copolymers of styrene or 
dichlorostyrene with vinylchloride, vinylidene 
chloride, or vinylchloride and vinylidenechloride, 
The bromides or other halide compounds corre 
Sponding to the above chloride compounds may 
also be used. 
The examples have shown the use of several 

methods for carrying out the heat treatment of 
a fiber according to our invention, but these 
are not to be considered limiting in any way. 
Our invention contemplates the use of any meth 
od of heating which can be applied to a syn 
thetic resin fiber and the application of heat 
to fibers in both continuous and non-continuous 
devices. Such heating may be accomplished in 
the following ways, for example: with an oven, 
With a liquid bath, with induction coils, with 
radiant bulbs or surfaces, or by passing the 
fiber over heated rollers. 
We prefer to carry out the initial heating step 

in the process Of Our invention at temperatures of 
130 to 240° C. for a duration of 2 to 15 seconds. 
Useful results, however, are obtained at tempera 
tures of 120° to 245 C. and durations of .5 to 30 
Seconds. We prefer to draw the fibers to at least 
%their original length and to not more than 1% 
times their original length while still at the 
temperature of the initial heating, but useful 
results are obtained if the fibers are drawn to 
from 4 to 2 times their original length at this 
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temperature. We prefer to maintain the tem 
perature of the second or low-temperature Zone, 
in which the fibers are drawn to 4 to 50 times 
their original length, at 35 to 110° C. but 
useful results are obtained at 30° to 220 C. 
Satisfactory results are obtained if the draW 
ing steps are carried out at drawing rates of 
1 to 50 feet per minute but best results are ob 
tained if the drawings are carried out in the 
preferable range of 3 to 25 feet per minute. 
The rates shown by the examples are not limit 
llg. 

Figures 1 and 2 show, diagrammatically, the 
result of applying this invention to .012' di 
ameter fibers composed of a copolymer con 
taining 85 percent polyvinylidenechloride and 
15 percent polyvinylchloride. The method of 
this invention was applied to samples of Such 
fibers and various temperatures were used for 
the different steps of the process. 
The curve of Figure 1 shows the length to 

which such fibers could be drawn at 6 feet per 
minute at 68° C. after being immersed for a 
period of 2 seconds in a bath of oil held at 
various temperatures while being allowed to 
shrink freely and after then being drawn to 
approximately their original length at the Sane 
temperature. 
in this curve; these occur at 173° C. and 190° C. 
and fibers could be drawn to 3360 and 3220 per 
cent of their original length, respectively, after 
initial heating and drawing at these tempera 
tures. - 

The curve of Figure 2 shows the length to 
which such fibers could be drawn at various. 
temperatures, using a drawing rate of 6 feet 
per minute, after being immersed for 2 Seconds 
in an oil bath held at 168 to 169° C. While 
being allowed to shrink freely and then being 
drawn to approximately their original length 
at the same temperature. This curve also has 
two sharp peaks. These are at 68° C. and 74 C.; 
fibers could be drawn to 3450 and 3500 percent 
of their original length, respectively, at these 
temperatures. 
While we do not wish to commit ourselves to 

any particular theory as to the mode of function 
of our invention, it is our belief that the initial 
heating of the oriented fiber, which is accon 
panied by extreme shrinking of the fiber, pro 
duces disorientation of the polymeric molecules, 
effecting disarrangement of the molecular con 
figuration and micellar arrangement. Drawing 
the fiber to A, to 1% times its original length at 
close to this same temperature is thought to 
cause some chemical unbonding of bonds which 
are weakened by the heating. Subsequent draw 
ing to very great lengths at lower temperature 
to produce a very thin fiber of reoriented mole 
cules is made possible by this disorientation and 
unbonding. - . 

Optimum temperature conditions for carry 
ing out the initial heating and slight drawing 
occur above the softening point of the resin. 
Optimum temperatures for the Subsequent draw 
ing to great length are found below the Soften 
ing point. . . . . . . . . . . . 

It is to be fully understood that the invention 
is broad in scope, and is to be restricted only by 
the claims, in which it is our intention to cover 
all novelty inherent in the invention as broadly 
as possible, in view of prior art. 
Having thus disclosed our invention, we claim: 
1. The process of producing a fine fiber from 

a thicker fiber of an oriented thermoplastic 

Two sharp peaks are observed 
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8 
resinous polymer which comprises disorienting 
the fiber by heating the fiber to a temperature 
at which the fiber undergoes plastic flow, allow 
ing the fiber to shrink, drawing the fiber at a 
temperature within the plastic flow temperature 
range after the fiber has undergone shrinkage, 
cooling the fiber to below the minimum tem 
perature of plastic flow, and drawing the fiber 
at said lower temperature to a greater extent 
than at said higher temperature. 

2. The process for producing a fine fiber com 
posed of a copolymer of vinylidenechloride and 
vinylchloride which comprises heating an ori 
ented fiber of said copolymer at 150° C. to 205 
C. for 2 to 15 Seconds With the fiber being allowed 
to shrink freely; drawing said fiber to 2 to 1/2 
times its original length at approximately the 
same temperature; and then drawing said fiber 
at 38° C. to 80° C., increasing its length 3 feet per 
minute at 25 feet per minute, to 10 to 50 times 
its original length. 

3. The process for producing a fine fiber com 
prising a copolymer of vinylchloride and vinyl 
idenechloride which comprises heating an ori 
ented fiber comprising a copolymer of vinyl 
chloride and vinylidenechloride at 120° C. to 245 
C. for 0.5 to 30 seconds with said fiber being 
allowed to shrink freely; drawing said fiber to 4 
to 2 times its original length at approximately 
the same temperature; and then drawing said 
fiber at 30° C. to 220° C., increasing its length 1 
foot per minute to 50 feet per minute, to 4 to 50 
times its original length. 

() 
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4. Apparatus for the processing of fibers or 
the like comprising a plurality of successive 
means for engaging and feeding a continuous 
filament, thereby providing a path for the ad 
vance of said fiber, means disposed along said 
path between the first two of said feeding means 
for heating said fiber to cause shrinkage thereof, 
driving means for operating the second one of 
said feeding means at a slower Speed than the 
speed at which said first feeding means is driven 
to compensate for Said shrinkage, driving means 
for operating a third one of said feeding means 
at Substantially the same Speed as that at which 
said first feeding means is driven in order to 
draw said fiber to approximately its original 
length, driving means for operating a fourth one 
of said feeding means at a substantially greater 
speed than that at which said first feeding means 
is driven in order to draw said fiber to a Sub 
stantially greater extent than that at which it is 
drawn by said third one of said feeding means, 
means disposed along said path between said 
third and said fourth feeding means for main 
taining said fiber at a temperature substantially 
less than the temperature to which it has been 
raised by said first mentioned heating means, 
and heating means disposed along Said path be 
tween said second and third feeding means in 
order to heat said fiber during the first of said 
drawing operations. 

5. Apparatus as claimed in claim 4 provided 
65 

70 

15 

with cooling, means between each of said heat 
ing means and the succeeding feeding means 
whereby said fiber is chilled prior to the time 
that it is engaged by Said feeding means. 

6. Apparatus for producing a fine fiber con 
prising four sets of fiber feeding rollers, three sep 
arate fiber heating means, one of said heating 
means being disposed between each adjacent pair 
of sets of rollers, means for driving said first and 
third sets of rollers at approximately the same 
peripheral speed, means for driving said second 
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set of rollers at a peripheral speed less than that 
at which said first and third sets of rollers are 
driven, and means for driving said fourth set of 
rollers at a speed greater than the speed at which 
Said first and third Sets of rollers are driven. 

7. Apparatus as claimed in claim 6 in com 
bination with three separate fiber chilling means, 
one fiber chilling means being disposed in front 
of each of said second, third and fourth sets of 
rollers whereby a continuous fiber passing 
through each of said successive heating means 
will be chilled prior to the time that it is en 
gaged by Successive sets of rollerS. 

8. Apparatus as claimed in claim 6 in com 
bination with common driving means for all of 
said sets of rollers. 

9. The process of claim 1 wherein the polymer 
is polyvinylchloride. 

10. The process of claim 1 wherein the polymer 
is a copolymer containing polyvinylchloride. 

11. The process of claim 1 wherein the polymer 
is a copolymer of vinylchloride and vinylidene 
chloride. 

12. The process of claim 1 wherein the polymer 

5 

O 
is a copolymer of vinylchloride and vinyl ac 
etate. 

13. The process of claim 1 wherein the polymer 
is polyethylene. 

MARC. A. CHAVANNES. 
JOHN C, ELIOTI. 
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