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ABSTRACT OF THE DISCLOSURE

This invention is directed to a non-woven fabric that
is continuous and free of independent separate fibers; a
method for producing such a fabric that includes drawing
a cellular structure at its orientation temperature over a
shaped surface to stretch the cell walls until they rupture;
and an apparatus including an annular extrusion die and
a mandrel with a frusto-conical cone portion aimed at,
larger than and coaxial with the extruder die and a cylin-
der portion connected to, of equal external dimension
with, and aligned with the cones base, the cylinder por-
tion being flattened at its outer edge and having a uni-
form uninterrupted dimensional change from its circular
dimension.

N ——

This application is a division of my earlier copending
application, Ser. No. 737,957, filed June 18, 1968, now
Pat. No. 3,539,666 which was a continuation-in-part of
my copending application, Ser. No. 351,751, filed Mar.
13, 1964, now Pat. No. 3,403,203.

The present invention relates to non-woven fabrics and
methods and apparatus for producing such fabrics.

Non-woven fabrics are well known products. These
fabrics have been made in the past a wide variety of fiber
materials including such fibers as cotton, flax, wood, silk,
wool, jute, asbestos, ramie, “rag,” or abaca; mineral fibers
such as glass; artificial fibers such as viscose rayon, cupra-
ammonium rayon, ethyl cellulose or cellulose acetate; syn-
thetic fibers such as polyamides such as nylon, polyesters,
polyolefins such as polyethylene, polymers of vinylidene
chloride such as saran, polyvinyl chioride, polyurethane,
etc., alone or in combination with one another.

The methods for producing non-woven fabrics in the
past have generally involved many expensive and time
consuming operations. In making non-woven fabrics from
synthetic materials, e.g., viscose rayon, polyethylene, etc.,
the process generally included the fiber production steps,
ie., spinning of the monofilament; bleaching, washing,
etc., as required or necessary; and cutting or chopping
into fibers which were dried and baled or otherwise pack-
aged for shipment to the user. Ordinarily the fibers were
unbaled or unpackaged, cleaned, “opened” (i.e., treated
SO as to straighten out all curled, bent and/or twisted
fibers), and carded to form a continuous web. Preferably
the individual fibers of the web were randomly distributed
so that the web would have equal strength in all direc-
tions. .

Then the fibers were bonded together in some manner
in order to form the finished non-woven fabric. The gen-
erally known bonding methods are described in Kirk-
Othmer “Encyclopedia of Chemical Technology,” vol. 13,
p. 865 (1954). This description is incorporated herein
by reference thereto.

It is an object of the invention to provide a new non-
woven fabric.

It is another object of this invention to provide a new
and improved non-woven fabric that lends itself to manu-
facture by a continuous process.
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A further object of the invention is to provide a new
and improved method for producing non-woven fabrics
that may be expediently controlled to assure the produc-
tion of non-woven fabrics having substantially uniform
characteristics throughout their dimensions.

Briefly stated, in carrying out one aspect of my in-
vention, in one form thereof, I have provided a non-
woven fabric consisting of one continuous sheet of plastic
having continuous branching fibril structure across the
length and width of the fabric with fibril orientation both
longitudinally and transversely of the fabric. This non-
woven fabric exhibits at least 25% shrink in both direc-
tions when subjected to high temperature conditions suffi-
cient to relax the orientation. More preferably, the longi-
tudinal shrink is at least 50%. This non-woven fabric is
substantially free of overlapping fibrils.

By a further aspect of my invention I have provided a
method for preparing a non-woven fabric wherein a
plastic sheet with a cellular structure is formed. This plas-
tic sheet is brought to its orientation temperature and
then drawn at this temperature over a shaped surface to
stretch the cell walls of the plastic sheet’s cellular struc-
ture until they rupture, producing a non-woven fabric.
The plastic sheet is formed by extruding a plastic tube.
The plastic tubular sheet is brought to its hardening
orientation temperature by cooling the plastic sheet di-
rectly from its extrusion temperature. The plastic sheet
is drawn over a shaped surface, that is a mandrel, having
a larger peripheral circumference than the interior pe-
ripheral cross section of the plastic tube. The mandrel
has a frustoconical end pointing upstream and thereby
the tube is stretched until the cell walls of the cellular
structure are ruptured to produce the non-woven fabric.
Some of the cell walls may be ruptured prior to the
stretching of the fabric by the enlarged peripheral dimen-
sion of the mandrel by drawing the tube away from the
die at a rate sufficiently higher than the rate of extrusion
to over extend the cell walls and rupture them. As the
mandrel stretches the tube transversely the draw down of
the tube continues to stretch the tube longitudinally to
provide biaxial stretch and orientation. The plastic tubu-
lar sheet is cooled as it exits from the die e.g., by imping-

_ing fluid air against the tubular sheet substantially in the

area where it exits from the extrusion die. The mandrel is
cooled to further cool the plastic tubular sheet. The man-
drel not only stretches the plastic tubular sheet and pro-
vides resistance against its draw down but also collapses
the sheet so that it may be delivered between pinch rolls,
which supply the draw down force to the sheet to draw
it away from the die and across the mandrel. The plastic
tubular sheet is preferably drawn over a mandrel that
has a frusto-conical mandrel head that is circular at its
base with a cylindrical portion downstream from the cir-
cular base having its upstream periphery engaged with and
coextensive with the base periphery of the mandrel head.
The cylindrical portion extends downstream to a flattened
edge and the intermediate portions of the cylindrical por-
tion of the mandrel changes between these two shapes in
a substantially uniform uninterrupted dimensional change.
This mandrel shape guides the fully stretched plastic tubu-
lar sheet in tant condition to a collapsed condition and
then directly feeds it into the bite of the pinch rolls,
By another aspect of my invention I have provided an
improved apparatus for working tubular plastic to en-
large the cross section of the tube and flatten the tube for
windup. An annular extrusion die is provided for form-
ing the tubular plastic member. A mandrel is positioned
adjacent to the extruder die. This mandrel has a frusto-
conical cone mixed at the extruder die and centered with
the annulus of the extruder die. The cone has a base larger
in diameter than the annulus of the extruder die. The
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mandrel has a cylindrical portion downstréam of the cone
and of equal external dimensions with the base of the
cone, aligned with the cone, connected to and coextensive
with the base of the cone, and extending from the base
of the cone. The end of the cylinder is flattened to a
straight edge and the change in dimension from the base
of the cone to the flattened straight edge is a substantially
uniform uninterrupted dimensional change. Means are
provided beyong the mandrel for drawing the tubular
plastic member “over the mandrel.

The subject matter which I regard as my invention is
particularly pointed out and distinctly claimed in the con-
cluding portion of this specification. My invention, how-
ever, both as to organization and method of operation,
together with further objects and advantages thereof, may
be best understood by reference to the following descrip-
tion taken in conjunction with the accompanying draw-
ings in which:

FIG. 1 is a schematic diagram showing the extruding
of the foamed plastic material and its orientation and
rupture as it is drawn over a mandrel;

FIG. 1A is a schematic diagram of the mandrel 31
of FIG. 1 on a reduced scale showing a view of the broad
side of the mandrel;

FIG. 2 is a schematic diagram showing the extruding
of the thermoplastic and orientation and rupture of the
foamed polymer by inflation;

FIG. 3 is a view 3—3 of the cooling coils and baffle
members of FIG. 2;

This invention is based upon the discovery that prod-
ucts similar to non-woven fabrics in appearance and in
utility can be produced by extruding a foamable thermo-
plastic composition to form an elongated cellular mem-
ber, stretching the cells in the member an amount suffi-
cient to rupture at least a majority of the individual cells
and then cooling the resultant member to temperatures
below the softening point of the polymer.

In a preferred embodiment that makes it possible to
expediently control the uniformity of the non-woven
fabric to relatively close tolerances the thermoplastic
material is extruded through an annular die into an area
of reduced pressure to form a seamless cellular tube
which is biaxially stretched by drawing over a mandrel
shaving a diameter larger than the diameter of the tube
at a rate sufficient to rupture a subtantial portion of the
individual cells in the tube thus forming a porous web-
like structure resembling a non-woven fabric. The re-
sultant structure is cooled, drawn off of the mandrel and
slit, if desired, to form a sheet.

The extruded film or tubing may vary in thickness over
a wide range. The thicker the cellular structure the more
stretching is required to rupture the cells. A preferred
cellular film or tubing is 1 to 50, more preferably 5-20,
mils thick and, after stretching, a substantial portion of
the cells have been broken or ruptured. However, over-
stretching will reduce the strength of the resultant non-
woven fabric-like member, Preferably, the cellular film
or tubing is stretched in two directions or biaxially. Pref-
erably the film is stretched in both directions at least
twice, more preferably 2 to 10 times, its original dimen-
sion. Operating in accordance with the procedures de-
scribed in detail here it is generally necessary to orient
more highly in the longitudinal direction than in the
transverse direction, generally 210 times greater in the
longitudinal direction.

As used herein “hardening temperature” means a tem-
perature at which a polymer material no longer stretches
as a film but pulls apart leaving a rupture. This tempera-
ture is usually close to a temperature at which a signifi-
cant amount of crystallization or recrystallization takes
place for crystalline polymers and for non-crystalline
polymers a temperature at which a significant amount of
the material is at or below the glass transition tempera-
ture. “Orientation temperature” means a temperature at
which some significant degree of orientation will occur
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and “hardening-orientation point” or “hardening-orienta-
tion temperature” means a temperature at which both
conditions exist to some significant extent or more ex-
actly to the temperature having those characteristics that
result in the production of the non-woven fabric described
in this application.

FIG. 1 is a schematic diagram illustrating one embodi-
ment for preparing the highly porous nonwoven fabric-
like materials of this invention. The compounded homo-
geneous foamable composition 20 prepared previously,
for example, by tumbling in a tumbler blender (not
shown), is fed into hopper 21 which feeds a conventional
extruder 22, A screw 23 is provided in the extruder 22
for working and propelling the composition or mixture
20 from the feed-in hopper 21 to the discharge end of
extruder and through annular die 24, The extruder and
annular die may be heated in any suitable manner, such
as by electrical resistance type band heaters thermally
controlled by electrical circuitry activated by thermo-
couple sensors located within the metal parts. Generally
the pressure within the extruders will maintain the poly-
mer in unfoamed condition until its exit from the die
head. This would, however, not be essential so long as
the foamed cellular structure is provided in the extrudate.
The cellular structure is required in the melted extrudate
because the cellular structure separates the polymer just
prior to the biaxial stretching and initiates a state of
openness. Otherwise an uninterrupted film would be
formed. Generally it is preferable to maintain the poly-
mer unfoamed until its exit from the die by maintaining
sufficient pressure on the polymer in the extruder to pre-
vent foaming. Thus as the polymer exits from the die it
will enter an area of reduced pressure, normally atmos-
pheric, and immediately begin to expand to foam due to
the release of pressure on the gaseous material formed
from a blowing agent.

A cooling means, cooling ring 25, is provided directly
adjacent the lips 26 of the die 24 for immediately bring-
ing the temperature of the polymer from its softening-
extrusion point to its hardening-orientation point. Cool-
ing ring 25 is of the air cooling type and has a continucus
outlet 27 around its upper inner periphery directing air
against the foamed polymer 30 as it exits from the lips
26. The air ring should be so related to the die that it
does not excessively cool the die either by careful direc-
tion of the jets of air from the air ring or by insulation
of the die; thus preventing interference with the efficiency
of the die. Other cooling means could be employed in
place of the air ring, for example, water jets.

It is generally necessary to bring the polymer down
close to its hardening temperature almost immediately
upon its exit from the die in order to build up the vis-
cosity of the polymer so that it may be oriented to a
high degree. This high orientation imparts high tensile
strength to the sheet or web of plastic, The fluid medium
being impinged upon the plastic tube as it exits the die
should be at such a temperature as to bring this condition
about and the specific temperature necessary will depend
upon the working conditions and, in particular, upon the
material being extruded.

A tube working mandrel is provided external of the
die for shaping, stretching and thereby orienting the tube
as it exits from the die. The mandrel 31 should preferably
have at least twice the circumferential dimensions of the
die lips. Generally a circular configuration is preferable
to create a uniform material of uniform characteristics.
However, in particular applications, a mandrel with a
lesser circumferential dimension or a different mandrel
shape relative to the die outlet may be preferable.

As may be seen in FIG. 1 the mandrel 31 is cooled by
supplying cooling air through the inlet conduit 32 and
the air is allowed to exit from the mandrel 31 through
the outlet conduit 33. Of course, other fluids such as
water or oil or other types of coolants could be used. The
cooling air comes into contact with the inner surface 34
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At least one of the pinch rollers is powered. From the
pinch rollers the film is accumulated on a storage roll.
Of course, other means for drawing the film over the man-
drel might be provided.

Surispringly, it has been found that as the speed of draw
is reduced the web becomes coarser and less fibrous, Of
course, to reduce the withdrawal rate beyond a given point
for any material will cause the material to return wholly
to the foamed sheet or tube from which it originated. With
a material such as polypropylene it has been found that
a draw down of less than 5 feet per minute across a
mandrel produces a relatively coarse and uneven non-
woven fabric having large open areas as may be seen, for
example, in Sample 3 when the mandrel is at least two
times larger in diameter than the extruded tube. Preferably,
the mandrel should be from 2 to 4 times greater in cir-
cumferential or peripheral dimension than the extruded
tube. And the draw rate should preferably be 20 to 300
feet per minute. In some instances even a higher draw rate
may be desirable. It has been observed that the higher
the speed of the draw the finer will be the foam for a given
mandrel size. Of course, there is a point at which there
is natural parting of the fabric because of the excessive
thinning out of the nonwoven fabric to such an extent that
its tensile strength is no longer sufficient to hold it together.
For a fine pored fabric a high speed over a large mandrel
is preferable up to the point where the fabric becomes so
thin as to actually no longer have tensile strength sufficient
to hold it together. The finer pored fabric is generally
the more desirable fabric.

It has also been discovered that in general for materials
such as polypropylene the lower the viscosity of the ex-
truded material and the higher the viscosity of the material
at the time of orientation the better and more uniform is
the structure of the nonwoven fabric. In other words and
within tensile strength limits, the higher the melt index of
the material the more uniform will be the web of non-
woven fabric. It is generally necessary to cool the tubular
extrudate rapidly before any great amount of stretching
or pulling occurs so that the tubing can be further in-
creased in viscosity which is necessary for high orienta-
tion. Polypropylene characteristically has high tensile
strength when oriented. This and other high tensile strength
polymers are therefore better suited for fiber formation
than those with lower tensile strength. The presence of for-
eign agents which may induce recrystallization at a more
rapid rate in general produce a less uniform web. Materials
with slow recrystallization rates produce more uniform
fibrous webs. It is generally preferable that the material
remain as soft as possible while it is being cooled and
oriented. The cooling range for the mandrel may be below
the hardening temperature of the polymer but certainly
not above it.

Turning now to the non-woven fabric of my invention,
this fabric consists of one continuous extruded sheet of
plastic having continuous branching fibril structure across
the length and width with characterizing fibril orienta-
tion, both longitudinally and transverse of the fabric. The
fabric also has at least 25% shrink in both directions when
subject to high temperature conditions sufficient to relax
the orientation. Preferably, the longitudinal shrink is at
least 50%. The fabric has many openings or interstices and
may be coarse or fine and sheer.

It is believed that my invention operates in theory on the
basis of the following physical principles; I, however, do
not intend to be bound by this explanation of operation
which is given with the intent that even though it is only
theory it will aid in more thoroughly understanding the
invention. As the extrudate is extruded and foams the cell
walls acquire a higher state of orientation than the poly-
mer between the cell walls. The cell walls are also not as
thick as the material between the cells and therefore the cell
walls cool more rapidly than the material between the
cells. Thus as the extruded tubing is pulled away from the
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die the thin more highly oriented and cooled cell walls
exceed their tensile strength and rupture. At the time of
rupture the cell walls have probably passed wholly below
their hardening point. The material between the cells is still
above the hardening point. These thicker areas continue to
elongate and thin in response to the pull down force while
the material is subjected to the cooling environment. The
work of elongation produces heat which helps to main-
tain the thicker areas above their hardening point while
the cell walls are being ruptured.

In my copending application, U.S. Ser. No. 351,751, now
Pat. No. 3,403,203, the following described apparatus and
methods were described. The apparatus is further schemati-
cally illustrated in the drawings FIGS. 2 and 3 and the
method in Examples 9 and 10, which drawings and Ex-
amples also appear in U.S. Ser. No. 351,751, now Pat. No.
3,403,203. The non-woven fabric produced in the manner
described in said copending application constitutes part of
the subject matter of this application.

FIG. 2 is a schematic diagram illustrating one embodi-
ment for preparing the highly porous non-woven fabric-
like materials of this invention. The polymer and blowing
agent are fed through conduits 102 and 104, respectively,
along with any other additives such as anti-oxidants, etc.,
into a feed hopper 106 to a conventional extruder 108. The
polymer and blowing agent may be premixed if desired.
Any suitable type of extruder can be employed which ele-
vates the temperature of the admixture to above the soft-
ening_point or plasticizing point of the polymer and pro-
vides sufficient working to homogenize the mixture. The
mixture is worked and propelled by a screw means 110
toward the discharge end of the extruder and through an
annular die 112. A fluid, such as air, is fed through conduit
114 under pressure through a passageway 116 interiorly of
the annular die 112. The exiruder is cooled by any suitable
means such as a cooling fluid passed through an internal
jacket 109. The molten polymer under pressure is forced
through the die 112 into an area of reduced pressure, nor-
mally atmospheric, and immediately begins to expand to
foam due to the release of pressure on the gaseous mate-
rial formed from the blowing agent. The air pressure
through conduit 116 is adjusted so as to inflate the expand-
ing polymer 118 resulting in biaxial orientation of the
individual cells. However, as the cells begin to cool and
solidify, the continued inflating results in the breaking or
rupturing of the individual cells. It has been found that
by controlling the amount of inflation and cooling that a
substantial portion of the cells may be ruptured to produce
a highly porous nonwoven elongated fabric like member.

In a preferred embodiment, the inflated tube or bubble
is pulled by pinch rolls 128 after cooling by means of
spaced, interiorily cooled, collapsing tubes 122 and 1224.
A coolant is circulated through coils 124 and 1244 respec-
tively. Preferably, these cooling tubes cover a substantial
portion of the external surface of the inflated tube to pro-
vide cooling rapidly after expansion of the polymer. FIG.
3 is another view, along lines 3—3 of FIG. 2, of the
baffles and cooling tubes.

It has also been found that the provision of baffle
plates or backing members 120 and 120a, which may be
secured to the inside of the cooling tubes, assist greatly
in preventing or restricting excessive air loss through the
openings in the inflated tube cansed by rupturing of the
cells. This aids in maintaining a high pressure differential
between the outside and inside of the extruded tube and
results in greater inflation and more uniform pores and
a higher degree of rupturing of the pores. Preferably,
the baffle plates cover a substantial portion of the external
surface area of the inflated tubing and diverge toward
the die as shown in FIG. 2. However, any suvitable means
may be provided for restricting the loss of air from the
interior of the inflated tube. The deflated tube 130 in
FIG. 2 is then rolled up on any suitable means 132 for
subsequent usage. If desired, the tube may be slit to
form a sheet or be otherwise processed (not shown).
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of the mandrel to cool the wall of the mandrel and
thereby bring the outer surface 35 of the mandrel! 31 to
the desired temperature. Of course, if desired different
areas of the mandrel could be readily cooled and heated
to varying temperatures by means, such as providing coils
carrying fluids of different temperatures inside of the
mandrel in contact with the inside mandrel surface 34.
It is preferable that the mandrel be spaced as close to
the die outlet as possible without directly contacting the
die so as to contact the tubing as soon as possible and
assist in cooling it. The mandrel and the die should not
generally be transferring temperature directly back and
forth through their direct engagement. Insulation or space
providing an insulating effect may be provided between
the die and the coolant conduits as at 36.

The particular mandrel shown in FIGS. 1 and 1A is
an important aspect of my invention. Mandrel 31 has an
upper cone shaped portion 40 for shaping and orienting
the tubing 30 as it is drawn down onto the mandrel by
the pinch rolls 41 and 42. The upper portion of the man-
drel is a cone shaped working surface 40 which is frusto-
conical to allow a closer positioning of the working sur-
faces of the mandrel with the die 24. The cone could
have an eliptical or even an irregular bottom or base 44
shape rather than a circular shape if some special and
particular fabric characteristic were desired in a specific
instance. In certain instances the cone could also have a
regular cone shaped and terminate in a point at its up-
per end.

The lower portion 43 of the mandrel 31 is a cylinder
that is collapsed at its outer or downstream end. The uvp-
stream end of the lower cylindrical portion of the cone
has the same configuration and is complementary to and
joined to the base of the cone. The dimensions of the
cylinder 43 may be seen to change from those comple-
mentary to the base of the cone to a flattened outer edge
in FIG. 1. The cylinder diminishes regularly from an
enlarged spaced apart dimension at 44 where it junctures
with the shaping portion 40 to be a flattened edge 45
which prepares the worked tubing for draw off through
the pinch rolls 41, 42 without the necessity of the usual
draw down rollers such as are shown in U.S. Pat. No.
3,260,776 which have in the past so frequently been nec-
essary. The particular mandrel employed had a circu-
lar configuration at 44 and was flattened at its lower ex-
tremity 45 with the change from the circular dimension
to the flat dimension being a uniform uninterrupted dimen-
sional change made in a regular cylinder having uniform
dimensions. However, in particular instances it might be
desirable to employ a mandrel having, for example, a
ripply surface as it changed dimensions to further treat
the fabric by tensioning and releasing the tension on the
fabric as it was pulled across the mandrel surface. Such
a ripply surface could be employed to reduce the friction
that would be inherent in pulling the fabric across the
mandrel surface. The frictional engagement of the plasiic
tubing 3¢ as it is drawn over the mandrel in the preferred
embodiment shown in FIG. 1, first stretches the tubing
to its desired dimensions and works it to produce the non-
woven fabric in cooperation with the drawing forces and
then shapes or collapses the tubing to a flat shape for
passage between the pinch rolls and for roll-up on the
accumulation roll 50.

‘By my invention I also provide a new and improved
method for preparing a nonwoven fabric. First, plastic
material having a highly foamed cellular structure is pro-
vided. This plastic material is preferably produced by ad-
mixing a plastic material with a cell-forming agent, such
as a blowing agent which has a normally gaseous state
at elevated temperatures. By then heating the admixed
plastic material and blowing agent in a confined zone at
a temperature above the softening point of the plastic
and then releasing the pressure on an admixed material
a cellular structure is provided. This is done in a prefer-
able embodiment by admixing a normally solid thermo-

10

20

30

40

50

55

60

65

70

5

plastic material with a blowing agent in a confined zone
at a temperature above the softening point of the poly-
mer and at elevated pressure sufficient to prevent expan-
sion of the blowing agent and thereafter extruding the
admixture through an annular die into an area of re-
duced pressure to form a tubular shaped cellular struc-
ture.

A highly foamed cellular plastic structure is thereby
provided at a temperature above its hardening-orienta-
tion temperature. The temperature of the cellular struc-
ture is then adjusted to its hardening-orientation temper-
ature and the cellular structure is stretched by drawing
it down onto and across a shaped surface. The degree of
stretch is such at this temperature that the cellular struc-
ture of the foam is ruptured to produce a nonwoven fab-
ric. The dimensions and frictional characteristics of the
shaped surface and the rate at which the foamed plastic
is drawn across the surface together with the rate of ex-
trusion and draw away from the extrusion die must be
correlated to rupture the cells and produce the desired
nonwoven fabric.

In actual practice in the preferred method the foamed
plastic tube is drawn away from the die and its cross-
sectional dimensions expanded by the mandrel at a speed
that over stretches and thins most of the cell walls rup-
turing the cells. The fibrils left between the cells are then
further oriented and randomized Iongitudinally and trans-
versely as they are drawn across the working surfaces of
the mandrel.

Thus in the preferred embodiment, the plastic mate-
rial is extruded as a tubular member and then drawn
over a mandrel exterior of the extrusion die. The man-
drel has a circumferential dimension larger than the in-
ner cross-sectional dimensions of the tube. This larger
dimension serves a multifcld purpose. It provides the
counter force or resistance to the draw down force io
stretch the tubing laterally or transversely and also re-
strain the tubing so that at relatively high draw down
speeds the tubing will not be torn away from the die,
distributing the draw down forces between the mandrels
working surface and pulling the tubing away from the
die. The tubing resists being pulled away from the die
at a rate greater than the extrusion rate.

Drawing the tubing over a circular shaped mandrel
has been found to provide a fabric of uniform charac-
teristics throughout its dimensions. Other shapes would
undoubtedly provide special characteristics and, of course,
other shapes could be used which would produce substan-
tially the same characteristics as the circular mandrel.

In order to produce a gradual transition in the diam-
eter of the tubing the tubing is drawn down over a frusto-
conical cone provided at the top of the mandrel. This
first or cone section of the mandrel has a planar upper
tip to allow the cone to be positioned directly adjacent
to the die outlet so that the tubing will naturally be at
an elevated temperature and to provide for a good con-
trol of the temperature adjustment from the extrusion
temperature to the hardening-orientation temperature.
This close control is provided because there is only a
small space between the tube leaving the die and its en-
gagement with the mandrel. The tubing is cooled as it
exits from the die by impinging cooling air on it. The
shortness of the distance between the die and the man-
drel provides less chance for ambient conditions to effect
the tubing. Furthermore, the space required for opera-
tion of the apparatus is reduced by using the frusto-coni-
cal cone rather than a pointed cone.

The tubing is stretched to its preferred diameter and
drawn to its desired extent over the mandrel. As the tub-
ing leaves the widest extent or reaches the most exten-
sive peripheral dimension of the mandrel the tubing is
pulled over a shaped surface of the mandrel to provide
its flattening into a two-ply member for drawing through
pinch rollers. The pinch rollers provide the drawing force
for drawing the film across the surface of the mandrel.
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In performing the method of the invention of this
application it is only necessary to form or extrude the
gel mixture at temperatures and/or pressures sufficient
to cause substantially cqmplete foaming of the selected
foamable composition as it issues from the die orifice,
and while the extruded tube is still hot to stretch it suffi-
ciently to burst at least a major proportion of the indi-
vidual cells in the foam as extruded.

Substantially complete foaming can be accomplished
by use of very high extrusion temperatures or, if there
is any concern about polymer degradation, by incorporat-
ing in the foamable composition a substance to activate
or speed up the release of the foaming gas at lower
temperatures. Suitable foaming activators for various
foaming agents are known to those skilled in the art.
Exemplary materials are various metal soaps and metal
oxides, e.g., lead stearate, zinc stearate, titanium dioxide,
silica, etc.

The invention is applicable to a wide variety of foam-
able compositions including, but not limited to, foamable
compositions of polyvinylchloride, polystyrene, polyure-
thanes, cellulose acetate polymers, polyamides, polycar-
bonates and numerous polyolefins such as polyethylene
(either high, medium or low density made by high or low
pressure processes), polypropylene, poly (butene-1), poly
(hexene-1), ethylene-propylene co-polymers, ethylene-
butene copolymers and many other like materials.

The foamable compositions may contain any suitable
type of flowing or foaming agent which will produce, or
cause to be produced, a normally gaseous material at
the conditions of extrusion including chemically or phys-
ically decomposable blowing agents. Exemplary chemical
foaming agents include, but are not limited to, azobis-
formamide (also known as azobicarbonamide), azobis-
isobutyronitrile, diazoaminobenzene, 4,4’-oxybis (ben-
zenesulfonylhydrazide), benzenesulfonylhydrazide, N,N’-
dinitrosopentamethylenetetramine, trihydrazine-symtriaz-
ine, p,p’-oxybis (benzene-sulfonylsemicarbazide), barium
azodicarboxylate, sodium borohydride and other like ma-
terials. Physical foaming agents include, but are not
limited to, low boiling liquid hydrocarbons, e.g., hexane,
pentane, heptane, petroleum ether, etc.; various fluoro-
carbons, e.g., dichlorodifluoromethane, trichlorofluoro-
methane, 1,2-dichlorotetrafluoroethane, etc., and other
like materials.

The foamable composition, per se, is not a part of the
present invention. Various commercially available foam-
able compositions can suvitably be used. If desired the
foamable composition can be prepared and extruded in
accordance with the invention in one continuous oper-
ation. The particular synthetic organic thermoplastic
polymer and the particular foaming agent to be used in
the process depends primarily upon the properties desired
in the final product. The temperatures and pressures em-
ployed for the mixing, extruding, and foaming operations
are also well known. In general, the thermoplastic and
blowing agent are intimately admixed, elevated in tem-
perature to above the softening point of the thermoplastic
and above the temperature at which the gaseous blowing
agent is formed under elevated pressure, and expanded
at atmospheric pressure.

Practice of the invention is further illustrated by the
following specific examples. All parts are parts by weight.

EXAMPLE 1

A substantially homogeneous foamable composition
was prepared by dry mixing the following materials for
about 15 minutes in a commercially available tumbler
blender:

Resin—99 parts by weight of polypropylene of 4 melt
flow (Shell 5520 polypropylene, obtained from Shell
Chemical Company)

Blowing agent—1 part by weight of azobisformamide
(Celogen AZ™ obtained from Naugatuck Chemical Co.)

The admixed materials were then extruded in a stand-
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10
ard polyethylene type extruder which was a 15 inch
24:1 Dilts Extruder having a die with a 3% inch cross-
head with a 100 mil gap. The extruder barrel was heated
as follows:

°F.
Rear zone . 400
Middle zone - O 460
Forward zone .- . _______ o ____ 470

The die was heated to 470° F. The screw speed was 15
r.p.m. driven by a 7% horsepower motor at 17 amps,
25 volts. The pressure was 1400 p.s.i. and the extrusion
rate was 26.6 grams per minute.

The mandrel was a hollow sheet aluminum air cooled
structure illustrated in FIGS. 1 and 1A with the lower
portion formed from a cylinder having a 10 inch diam-
eter. The cylinder was flattened at its lower extremity
and circular at its upper extremity with a uniform un-
interrupted dimensional change therebetween. The top
portion of the mandrel is a frusto-conical cone having a
plane at its apex which is circular and has a diameter of
3 inches. The cones base diameter is 10 inches and its
height is 2 inches with uniform uninterrupted sides in-
between. The total height of the mandrel is 20 inches.
The mandrel was centered below the die with the apex of
the frusto-conical cone about ¥4 inch below the die head.
The extrudate engaged the surface of the mandrel about
1 inch above the juncture of the cone and the cylinder.
The mandrel was air cooled and the temperature was
maintained substantially constant at 24° C. during oper-
ation by cooling air supplied to the inside surface of the
mandrel as illustrated in FIG. 1.

A cooling ring was provided, as illustrated in FIG. 1,
surrounding the die just below the die outlet. The cool-
ing ring had a continuous air gap at the upper edge of
its inside wall of about 144 inch. The cooling rings inside
diameter was 5 inches and the air outlet was almost on
level with the die so that the air impinged on the ex-
truded tubing at its exit from the die lips. Ordinary com-
pressed air under ambient conditions of about 70° F. was
supplied at 90 p.s.i. to the air ring.

Pinch rolls were provided below the mandrel and these
drew the extrudate away from the die and over the sur-
face of the mandrel. The pinch rolls had variable speed
characteristics. A windup roll was provided beyond the
pinch rolls for winding up the processed material, The
tubular non-woven fabric was not slit.

In operation for the procedures of Example 1 three
samples were made varying only in the speed of draw
down by the pinch rolls which were 15.5 feet per minute
for Sample 1 which is shown in FIG. 4; 11.5 feet per
minute for Sample 2, which is shown in FIG. 5; and 5.0
feet per minute for Sample 3, which is shown in FIG. 6.

The conclusion drawn from this procedure was that
as the draw speed is reduced the web of non-woven fabric
becomes coarser and less fibrous, ultimately the web
would approach the foamed extrudate from which it
originated.

EXAMPLE 2

The procedure of Example 1 was repeated except the
air cooling ring was shut off. This caused the web forma-
tion to break.

The conclusion drawn from this procedure was that a
rapid cooling of the extrudate during the drawing step
was essential under the conditions and using the plastic
materials employed.

EXAMPLE 3

The procedure of Example 2 was repeated except 1.5
parts by weight of a thickener, a fine dry pyrogenic silica
with a surface area of 200 sq. meters per gram (Cab-O-
Sil obtained from Cabot Corp.) was added to the com-
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position at the beginning of the dry mixing and the amount
of resin was reduced to 97.5 parts. The extruder barrel
was heated as follows:

°F.
Rear zone _ o 420
Middle zone e 500
Forward ZOBe e 500
Die o 520

Two samples were prepared using different draw down
speeds. Sample 4, which is shown in FIG. 7 was drawn
at 18.3 feet per minute, Sample 5, which is shown in
FIG. 8, was drawn at 9.9 feet per minute.

The conclusion drawn from this procedure was that
finely divided particles within the foamed polymer re-
sulted in a less uniform web.

EXAMPLE 4

The procedure of Example 1 was repeated except the
resin used was polypropylene of .7 melt flow (Shell 5220
polypropylene). One sample was prepared, at a draw
down speed of 18.8 feet per minute. This is Sample 6,
which is shown in FIG. 9. The extruder barrel was heated
as follows:

°F.
Rear zOme o 420
Middle zone 500
Forward zone oo 500
Die e 520

The conclusion drawn from this procedure was that
high viscosity polypropylene was a relatively poor resin
material for use in this process as compared to low vis-
cosity polypropylene which produced a non-woven fabric
with smaller openings and more fibrils.

EXAMPLE 5

The procedure of Example 1 was repeated except the
resin was polystyrene 150 sold by W. R. Grace & Co.
The motor was driven at 16 amps, 25 volts and the pres-
sure was 1300 p.s.i., and the extrusion rate 42 grams
per minute. The extruder barrel was heated as follows:

°F.
Rear zone . e 420
Middle ZONe e e 500
Forward zone _ o 500
Die e 520

1t was found that fibers could not be drawn out when
the extruder was operated at a slower extrusion rate
under the existing operating conditions.

The rate of draw employed was 18.8 feet per minute
and the Sample 7, produced is shown in FIG. 10.

The conclusion drawn from this procedure was that
polystyrene was relatively more difficult to form into a
web than polypropylene using this process and the at-
tendant operating conditions. Only a discontinuous web
was formed because the material could not be stretched as
much transversely as the polypropylene. A smaller di-
ameter mandrel would be required if a continuous web
was to be formed using the procedure and conditions
described.

EXAMPLE 6

The procedure of Example 1 was repeated except the
resin was a high melt index polypropylene, 15 melt flow
(Sheil 53824). The extruder motor was operated at 16
amps, 35 volts, the screw was operated at 25 r.p.m.,
and the pressure was 1400 p.s.i. The extrusion rate was
40.5 grams per minute. The extruder barrel was heated

as follows:

°F.
Rear ZOMe a e 400
Middle zone o 440
Forwardzone ... ___________ ______________ 440
Dl 490
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The rate of draw employed was 17.2 feet per minute
and the Sample 8, produced is shown in FIG, 11.
The conclusion drawn from this procedure was that
the high melt index polypropylene produced a relatively
superior web having smaller interstices and finer fibers.

EXAMPLE 7

The procedure of Example 1 was repeated except the
resin was polypropylene of 4 melt flow obtained from
a different source (Profax 6420 obtained from Hercules
Chemical Co.). The blowing agent in Sample 9 was 1
part by weight and in Sample 10 was 2 parts by weight.
Three parts by weight was used but the web formation
was very poor and no sample was retained, The extruder
barrel was heated as follows:

Die
The screw speed was 45 r.p.m. The motor was operated
at 17.5 amps, 5 volts. The pressure was not recorded
and the extrusion rate was 89.5 grams per minute.

The rate of draw employed was 18.4 feet per minute.
Sample 9 is shown in FIG. 12 and Sample 10 in FIG. 13.

The conclusion drawn from this procedure was that an
azobisformamide blowing agent content below 19 yields
a relatively better quality non-woven fabric than an azo-
bisformamide blowing agent content above 1% employing
the procedure and conditions described.

EXAMPLE 8

The procedure of Example 1 was repeated except the
resin was reduced to 97 parts and was polybutene-1
(BH1 8 obtained from Mobil Chemical). Three parts of
the blowing agent were used. The extruder barrel was
heated as follows:

°F.
Rear zone e 400
Forward zone __________ 400

The die was heated to 350° F.

A. smaller mandrel, measuring 7 inches at the cone’s
base was used. The mandrel had the same configuration
as in Example 1.

The conclusion drawn from this procedure was that
the material produced showed an extremely fine fibrous
structure. Polybutene-1 has relatively slow recrystalliza-
tion rates compared to polypropylene.

EXAMPLE 9

A substantially homogeneous foamable composition
was prepared by dry mixing the following materials for
about 15 minutes in a commercially available tumble
blender:

1000 parts powdered polypropylene resin (Profax)
30 parts azobisformamide (Celogen AZ)
10 parts of zinc stearate.

The zinc stearate is a lower temperature decomposition
activator for the azobisformamide.

The admixed materials were then extruded in a stand-
ard polyethylene-type extruder having a 1Y% inch screw
and a length to diameter ratio of 20 to 1. The rear and
front sections of the extruder barrel were heated to 400°
and 415° F., respectively.

The die temperature was maintained at 425° F. The
die was a standard tubular die having a 1 inch diameter
orifice opening, the annular width of which was .030
inch (30 mils).

Rotation of the extruder screw at 34 revolutions per
minute caused production of tubing at about 12.5 feet
per minute. The tubing was extruded between a pair of
baffie plates as illustrated in FIGS. 2 and 3 of the draw-
ings. Pressurized air (30 p.si.) was introduced through
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a pipe in the die mandrel into the interior of the tube.
This expanded the tubing to a diameter of 2 inches and
a wall thickness of about .010 inch (10 mils). Practically
all of the cells in the foamed polypropylene tube were
burst by this expansion.

The product made in accordance with this example
is shown in FIG. 15. The upper portion of the photo-
graph shows the tubing lying flat with the lower portion
showing the tubing after it had been slit to form a
fabric. The photomicrograph of FIG. 16 is a five fold
magnification of the product shown in FIG. 15. The
porous non-woven fabric-like design is readily apparent
from these photographs.

EXAMPLE 10

In this example a substantially homogeneous dry blend
was prepared in exactly the same manner described in
Example 9. The admixture contained the same materials
in the same proportions except for the substitution of
commercially available high density ethylene-butene co-
polymer (“Crex”, W. R. Grace & Co. .950 gm./cc.
density) for the polypropylene.

The extrusion set-up was the same as that described
in Example 9. Barrel temperatures were maintained at
375° F. in both sections and the die was maintained at
375° F. The screw speed was 28 revolutions per minute,
resulting in a tube production rate of about 7.5 feet
per minute.

The foamed tube was rapidly expanded to an external
diameter of 2 inches and a wall thickness of about .010
inch (10 mils). A porous non-woven fabric-like member
was the result,

While certain examples, structures, composition and
process steps have been described for purposes of illustra-
tion, the invention is not limited to these. Variation and
modification within the scope of the disclosure and the
claims can readily be effected by those skilled in the art

I claim:
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1. A non-woven fabric consisting of one continuous
extruded plastic web consisting predominantly of a ran-
dom, open, continuous, branching fibril structure across
the length and width thereof and having a thickness ap-
proximating single fiber thickness, said non-woven fabric
being further characterized by fibril orientation, both
longitudinally and transversely of the fabric whereby said
fabric will shrink at least 25% in both directions when
subjected to high temperature conditions sufficient to
relax the orientation, and said non-woven fabric being
substantially free of overlapping fibrils.

2. The non-woven fabric of claim 1 wherein said fabric,
when subjected to said high temperature conditions will
longitudinally shrink at least 50%.

3. A non-woven fabric consisting of one continuous
web of plastic having a random, continuous, branching,
fibril structure across the length and width of the fabric
and being substantially two-dimensional with the third di-
mension, thickness, approximating single fiber thickness
with the fibrils of each structure being oriented both
Iongitudinally and transversely of the fabric.
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