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Filled Layered Plastic And Method

TECHNICAL FIELD
The present invention relates to improvements in filled plasties

and, more particularly, to filled plastics with improved characteristics and

method and apparatus for making the same.
'BACKGROUND
The terms plastic and polymer are used interchangeably herein.
The invention relates to such materials that usually are arranged molecu-

larly in chains.
The use of additives for polymers is, of course, known. One

purpose of such additives is to reduce the amount of polymer required for a
given purpose. If the cost of the additive and -the effort to add it to the
polymer is less than the cost of the polymer itself, the cost of the overall
part made therefrom may be reduced. Additives sometimes are referred to
as fillers or extenders. Exemplary fillers are caleium carbonate, tale and
carbon black. Exemplary filled material is polyethylene.

It is desirable to be able to maximize the amount of additive
filler for a polymer in order to minimize cost, preferably without detri-
mentally affecting physical properties of the polymer. However, fillers
often have been found to weaken the finished polymer product, for example
redueing such characteristics as tensile strength, tensile impact and fatigue
life, e.g. the latter manifest by stress cracking. Such weakening is believed
due to the separation of polymer chains, the interference with the ordered
alignment of the polymer chains by the filler, the cutting of polymer chains
by the filler, e.g., during bending, and the creating of surface flaws by the
filler. The lack of homogeneous alignment of the additive in the polymer
also contributes to such weakening. Resulting weak spots or faults in the
polymer product may be encountered; for example, too large particle size
additive may tend to occupy space that should be occupied by a polymer
chain thereby interfering with continuity of polymer chains through the
polymer. If the additive particles are too small, the ability to achieve a
preferred alignment of the particles is reduced appreciably, and it has been
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found that randomly aligned filler also may interfere with ordered position-
ing and linking of polymer chains. In the past, efforts have been made to try
to achieve three axes alignment of additive particles to achieve
homogeneity in the polymer and to avoid interfering with positioning and
linking of polymer chains; however, such three axes alignment generally has
been found only in areas of the product that are rather proximate the
surface of the polymer produect itself. The unordered or less ordered
arrangement of additive particles deeper into the polymer product still
would suffer the weakening mentioned above.

In polymer technology it is desirable to maintain substantially
smooth flow of the polymer material through a die and into a mold.
Turbulence in the flowing polymer tends to reduce strength in the finished
product, e.g., by causing surface undulations at the extrusion die, which
undulations freeze upon exiting the die and become sites for stress eracks.

_ Lubricants have been added to improve laminar flow during molding.
Nevertheless, some additive fillers tend to interfere with laminar flow,
increasing turbulence so as to counteract the action of the lubricant.
Accordingly, it would be desirable to improve laminar flow, thus reducing
turbulence in the flowing polymer; and it correspondingly would be desirable
to improve the strength and durability characteristics of the finished
polymer product, the latter resulting from the improvement in laminar flow.

It has been found in the past that if the size of filler particles
for polypropylene were adequately small, the filler would not tend to
degrade the physical characteristies of the polypropylene for various con-
nections of polymer chains, e.g:, cross-linking of adjacent chains, generally
would be unaffected. However, if the size were increased beyond a
preseribed amount, the fillers would tend to create voids in the finished
polymer produet, for example, disrupting such cross-linking and/or other
connections between polymer chains. Accordingly, good adhesion or bond
strength between polymer and filler was needed, otherwise the voids would
reduce the physical characteristics of the polypropylene.

According to the present invention, relatively small size filler
particles are used in a way that effectively makes the voids substantially
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unrecognizable; and such filler particles also, as is deseribed further below,
cooperate with the polymer to effect alignment.of polymer chains resulting
in improved physical characteristics of the finished polymer product.
Exemplary particles used according to the invention include tale, wood,
flour, caleium carbonate, and carbon black.

In the past, fillers generally were added on a gross basis without
grading for size or with little grading for size. This was true also for glass
fibers used, for example, in fiberglass and resin type products. One
convention followed in filling plastics was to try to increase the sizé of the
filler particles in order to span more polymer chains, but, as was mentioned
above, such increased size could result in voids detrimentally affecting the
physical characteristics of the polymer. Further complicating the ability to
grade filler particles on a size basis was the fact that generally in the past

little effort had been made to define the size of filler particles currently
available or to be used to fill a particular material. Ordinarily a user would
just take the word of a supplier of the filler as to amount and size of filler
to use to fill polymer or plastic material.
BRIEF SUMMARY OF THE INVENTION _
Briefly, according to the invention, improvements in filled

polymers are provided by using additive particles of a preferred size relation
to the polymer and providing such additive particles in the polymer such
that the particles are aligned along three axes substantially throughout the
polymer and interact with the polymer to promote alignment of polymer
chains with relatively minimal interruption of cross-linking or other con-
nections between chains. Such improvements have been found to provide
improved fatigue life, for example on the order of up to about seven times
normal without decreasing other physical characteristics of the polymer.
Thus, as used herein, reference to three éxes alignment means
alignment or substantial alignment of particulate filler in a plastic material,
for example, such that the three axes of respective particles are generally
aligned in parallel or near parallel. Attendant alignment, bonding and
layering of the molecular chains of the finished plastic product also is

achieved as a result of such alignment of the filler.
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According to one embodiment of the invention, the polymer is
polyethylene used, for example, in rotating biological contacter devices
and/or in other devices. Particle sizes on the order of from about 5 to about
7 microns in lehgth were used, with widths and thickness characteristies
being so related to width and to length of the polymer chains as to provide
for substantial alignment along three axes, for control of }on, piteh and yaw
of the filler, during molding and afterwards.

According to another aspect of the invention, the additive
particles for a polymer may be used to cooperate with the polymer chains to
achieve three axes alignment of the additive particles, as above, and
improving the laminar flow characteristics of the combined polymer and
additive during flow through a die.

According to another aspect of the invention, since the larger
the size of the additive particles for a polymer, the greater the possibility
of encountering a void, the invention relates to the determining of the
smallest size filler particle that will accomplish the aforementioned charae-
teristies and additionally will increase the number of bonds of adjacent
polymer, thereby minimizing the number of unbonded voids that might
otherwise ocecur if the particle size were too large.

Still another aspect of the invention is to improve the surface
characteristics of a plastic material, for surface defects often result in
reduced strehgth of the plastic material. Using an additive or filler
according to the present invention to affect the flow characteristies of a
polymer during molding, extruding, ete. to achieve laminar flow will
improve the smooth surface characteristics of the finished product by
minimizing disruption of continuity of smooth polymer chains in the product
at and beneath the surface, thus overall improving physical internal strength
of the plastie produet.

According to still another object of the invention, a filler
material of platelet shape particles having size characteristics mentioned
above_ cooperate with the polymer to achieve three axes alignment of the
particles, on the one hand, and improved ordered alignment of the polymer
chains further to improve physical characteristics of the polymer.
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Desirably the particle size of the additive for the polymer is

adequately small to avoid decreasing polymer strength due to unbonded
voids and is adequately large to achieve the alignment characteristies
mentioned. Most desirably, the platelet shape particles of the invention
achieve such cooperative alignment functions with minimum disruption of
the plastic structure. Although spherical particles may work according to
the invention, the preferred form is a platelet shape particle to maximize
alignment functions.

Another aspect of the invention is that by maintaining alignment
of the additive particles and the polymer chains both at the surface and well
beneath the surface of extruded material, such as a plastic sheet, both
surface defects and sub-surface defects are minimized. Consistent with this
aspect, platelet shape particles will tend to dissipate stress to avoid
eracking of the material. Such additive particles further provide a slip layer
to minimize interrupting the interlocking of the polymer chains. Stress
distribution is accomplished by blocking direct application of the stress from
one layer to another or in any event distributing such stress over a relatively
large area, namely the large surface area of the additive particles. Still
further consistent with this aspect, the filler preferably causes a layered
structure of the plastic so that respective layers buttress each other
strengthwise and in reducing transmitting of eracks between layers.

The size of the particles used as the additive in the present
invention may vary in order to optimize fatigue characteristics, flowability
during molding, extruding, ete., and strength characteristics for different
polymers or resins.

Another advantageous characteristic of the present invention is
the ability to reduce the amount of shrink of molded or extruded plastic
material. Platelet shape particles will tend to reduce the amount of shrink
in at least one direction.

Even another aspect of the invention relates to grading of
particles, particularly platelet shape partieles, for use as an additive to a
plastic. Such grading may be effected according to both length and aspect
ratio and possibly also according to thickness of the particles. Aspect ratio
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is a function of a relationship of the effective length and effective width of
the particles. Several materials useful as additives according to the
invention include caleium carbonate, tale and mieca, as well as others
mentioned herein. A particular advantage of tale is that tale particles
generally are platelet shape having an aspect ratio exceeding one thereby to
assist in the desired alignment functions. Mica also is found in platelet
shape particles; but the sides generally are more equal in length (i.e., the
aspect ratio is eloser to 1) than tale particles, which are relatively more
oval in shape. Also mica is harder and sharper than tale and the edges may
tend to cut the polymer chains during extruding and/or during flexing of an
extruded product. Calecium carbonate is less desirable than tale or mica
because particles thereof generally tend to be more spherical in shape,
although such particles may be used according to the invention if the desired
alignment and other characteristics can be accomplished.
According to the invention a layered structure of extruded
* polymer is created to improve fatigue life in the finished plastic material.
Such aligned layers provide increased fatigue life relative to amorphous
extruded plastic material by permitting the layers to slide over each other
as the material bends without cutting respective polymer chains.l The
present invention provides such layered structure, while minimizing inter-
ference with cross-linking of respective layers to each other. Moreover, as
will be appreciated from the following deseription, due to such alignment of
polymer and reliance on the polymer itself for strength in the finished
product, bonding or adhesion of the polymer and the filler is not necessary
for strength in the finished produet. Indeed, such bonding is undesirable
during the extruding process, for the filler promotes the layering of polymer
chains during the extruding process and to achieve that function needs to
encounter some extent of relative movement or slip compared to the
movement of the polymer chains as the mixture of polymer and filler passes
through an extrusion die.
Although the preferred embodiment uses platelet shape particles
as filler for the polymer, it will be appreciated that features of the
invention may be achieved using more spherical shape particles. Such
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spherical shape particles could be used separately or in combination with the
platelet shape particles. Although the spherical shape particles would not
necessarily promote the desired three axes alignment of the filler particles
themselves and, therefore, would not necessarily provide the alignment of
the polymer, they could be used to spread forces during bending or stressing
of the plastic product to reduce the possibility of concentrating the forces
to an extent that would crack or otherwise damage the plastic. Preferably,
_though, the invention uses exclusively platelet shape particles of tale, as is
deseribed in greater detail below. '

Even a further aspect of the invention relates to improving the
process of extruding plastic through a die. The plastic tends to be
compressed at the die resulting in viscosity changes and increased flow
speed. The plastic then tends to slip past the filler, and such slippage or
relative movement tends to promote alignment of the particles. Such
slippage can be promoted further by using carbon black particles as a
lubricant. )

In the past strong plastics were made using filaments together
with resin used as a binder; such materials are relatively expensive, and the
same tend to mold or to extrude with reduced slippage at the die, for
example. On the other hand, according to the present invention, relatively
inexpensive fillers may be used to increase the fatigue life of the plastic
while also reducing the amount of plastic required to make a part.

Another aspect of the invention relates to improvements in the
extruding of plastic materials and in such extruded products by using a filler
primarily to assist the extrusion die walls in effecting a preferred alignment
of polymer chains in the extrusion due, whereby the chains align in the die
generally in layers separated by filler particles and freeze in such layered
arrangement to provide strength characteristics determined primarily by the
polymer with minimal impact of filler on the finished product. Further
consistent with this aspect, the filler is selected relative to size of polymer
chain to be of minimum size that accomplishes the preferred alignment both
of the polymer chains and of the filler particles themselves and also to be
adequately small as to minimize interfering with cross-linking .and the like
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bonding between relatively adjacent polymer chains and, thus, layers there-
of. Due to such layered configuration and to minimizing disruptions of
eross-linking, strength of the extruded product is based on the polymer itself
and not on the fiuér.

According to the invention, then, filler is added to polymer
intended. for extruding for the purpose not for using the filler as a
strengthening member, but rather to cause the polymer to align in a
preferred manner to enhance the strength of the polymer chains and/or the
products made therefrom. Therefore, the filler particles may be selected
with attention to size and shape without major concern for adhesion thereof
with respeet to the polymer. Since adhesion between filler and polymer is
not critical, special attention to preparation of filler to maximize such
adhesion is unnecessary.

Still another aspeect of the invention relates to the use of a filler
to provide in an extrusion die multiple extrusion die-like areas {or in a sense
sub-dies) at various times and places during and in the extrusion process,
with the filler particles tending to move along with the polymer material
being extruded in order to achieve preferred alignment of the polymer and
of the filler particles. The filler pérticles travel through the extrusion die
with the polymer, but at a slower velocity than the polymer; however, since
the differential velocity is less than the differential velocity of the polymer
and the fixed extrusion die surfaces, turbulence and differential flow are
reduced thereby to minimize undulations in the flowing polymer and possible
areas of stress cracking and the like. Differential velocity means the
difference in velocity between constituents of the extruded material,
namely the filler and the polymer. These charaecteristies of the invention
are particularly advangageous when the extruded material is a non-
Newtonian fluid, e.g. a thixotropic fluid.

At the die the filler particles are less compressive than the
polymer. Therefore, the polymer extrudes more rapidly and slippage occurs
between the filler and polymer.

To be able to rely on polymer alignment for tensile strength,
according to the invention, it is desirable that the filler particles be

o
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selected in a size range that is described in greater detail below. As a
result of the filler particles being in such size range, a wind vane effect
occurs such that the filler particles and the polymer chains undergo desired
alignment; indeed, such alignment, particularly three axes alignment of the
filler particles, is deep into the finished plastie product (preferably through-
out) and, of course, is desirable to achieve polymer alignment throughout
such product. Too small filler particles will be less likely to afford such
alignment, strength, and like characteristics and operation; too large filler
particles, such as long strand fillers, do tend to promote alignment thereof
and of the polymer chains, but cause other problems, such as more extensive
interruption of cross-linking of polymer chains, therefore requiring the use
of binders to glue the polymer to the filler particle. Binders create
difficulties in pushing/flowing through the extrusion die and, therefore, are

undesirable.
Thus, an aspect of the invention is that binders need not be used.

Yet other aspects of ‘the invention relate to techniques for
determining the preferred size of filler particles for a polymer to ac-
complish the various results described herein.

Other aspects of the invention relate to determination of
particle size for the additives, processes of molding or extruding the filled
plastic material, and apparatus to effect the same.

By selecting the filler particles to be in a size range according to
the description of the invention herein, the desired wind vane effect is
achieved to obtain relative three axes alignment of filler particles, prefer-
ably throughout the finished plastic product, and to achieve the sub-die
effect to influence the desired alignment of polymer chains with ecross-
linking between respective chains and/or layers of polymer thereby to obtain
a strong finished product. Moreover, the foregoing preferably is achieved
with a maximum of filler particles added to the polymer to minimize the
amount of polymer required for the finished product.

Summarizing several important features, the invention improves,
preferably maximizes, strength or other physical characteristics of a
polymer. As a result, relatively inexpensive polymer can be made to

perform like a more expensive engineered polymer.
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Other objects, advantages, features and aspects of the invention
will become more apparent as the following description proceeds.

To the accomplishment of the foregoing and related ends, the
invention, then, ecomprises the features hereinafter fully deseribed in the
specification and particularly pointed out in the claims, the following
deseription and the annexed drawings setting forth in detail a certain
illustrative embodiment of the invention, this being indicative, however, of-
but one of the various ways in which the principles of the invention may be
employed.

It will be appreciated that although a preferred embodiment of
the invention is disclosed in detail, it is intended that the scope of the
invention be limited only by the scope of the claims directed to features of
the invention and their equivalent.

BRIEF DESCRIPTION OF THE DRAWINGS

In the annexed drawings:

Fig. 1 is a schematic front section view of a filled plastic
material according to the present ipvention;
Fig. 2 is a schematic side section view of the filled plastic
material of Fig. };
Fig. 3 is a schematic block diagram of an apparatus for making
the filled plastic material of Figs. 1and 2; .
Fig. 4 is a fragmentary schematic isometric view of an extruding
die and platelet shape particles flowing therethrough according to the
“invention;
Fig. 5 is a fragmentary schematic front section view looking into
the extruding die of Fig. 4;
Fig. 6 is a fragmentary schematic side section view looking into
~ the extruding die of Fig. 4;
Fig. 7 is an isometric view of a platelet shape particle used in
accordance with the present invention;
Fig. 8 is a top plan view of such platelet shape particle of Fig. 7;
Figs. 9 and 9a are fragmentary front views of a filler particle
and polymer chains depicting the desired relationships thereof according to
the preferred embodiment;
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Fig. 10 is a view similar to Fig. 9 showing an alternate embodi-
ment; 7

Fig. 11 is a fragmentary isometric view of a filler particle and
polymer chains depicting the distribution of stress by the filler particle;

Fig. 12 is a fragmentary schematic view through an extruding die
showing plastic produced having a fault in undulations formed in the surface;

Fig. 13 is a fragmentary schematic front section view through a
circular extruding die for practicing the principles of the invention;

Figs. 14A, B and C are photographs taken with an electron
microscope respectively of transverse, longitudinal and top cross sections of
a sample of (_axtruded filled plastic material generally not in accordance with
the present invention, such photographs being provided for comparison with
other examples hereof;

Figs. 15A, B and C are photographs similar to those in Figs. 14A,
B and C, except that the particles actually are larger, but the same result of
failure of three axes alignment occurred apparently primarily due to the
non-platelet shape of the filler particles;

Figs. 16A, B and C are photographs taken with an electron
microscope of transverse, longitudinal and top section views of cured or
frozen output from an extrusion die of filled plastic material according to
an embodiment of the present invention using & mixture of polyethylene and
about 30 percent by weight tale as a particulate filler material having an
average size on the order of about 5.5 miecrons in length;

Figs. 17A, B and C are photographs taken with an electron
mieroscope of transverse, longitudinal and top section views of cured or
frozen output from an extrusion die of filled plastic material according to
an embodiment of the present invention using a mixture of polyethylene and
about 10 percent by weight tale as a particulate filler material having an
average size on the order of about 5.5 mierons in length, the part made
according to this example having exhibited on the order of about 7 times the
fatigue life of a part made using the same polyethylene material unfilled;

Figs. 18A, B and C are photographs taken with an electron
microscope of respective transverse, longitudinal and top section views of
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cured or frozen filled plastic material from an extrusion die generally
according to the invention, the extruded material comprising a mixture of
polyethylene, as used in the examples depicted in Figs. 16 and 17, 30 percent
by weight tale as an additive filler having an average size on the order of
about 5.5 miecrons in length, and a further lubricating type of polymer
forming a general structure as in Fig. 10 above, this example depicting less
alignment of the filler particles than in the photographs of Figs. 16 and 17;
and

Fig. 19 is a schematic illustration of an extrusion die and
extruded filled plastic according to an optimizéd model of the invention.

- DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring, now, in detail to the drawings, wherein like reference

numerals designate like parts in the several figures, and initially to Figs. 1
and 2, the preferred embodiment and best mode of the filled plastic
material in accordance with the present invention is designated 10. The
material 10 primarily is formed of a polymer 12.and one or more additives
generally designated 14. According to the preferred embodiment and best
mode of the invention, the polymer is polyethylene, which has a molecular
chain type of structure, respective chains being designated 16, for example.
It will be appreciated that other polymers may be used in accordance with
the present invention; it is generally preferred, though, that the polymer
used have a chain type of structure, and even more preferably such chain
type of structure would have the capability of linear alignment such that
respective chains generally can be aligned in parallel. Also, there should be
some cross-linking between parallel chains of polymer, as is deseribed
further below, for inter-layer strength.

Exemplary polymers useful in the invention include polyethylene,
polypropylene, nylon, compounds of one or more thereof, and other mold-
able, preferably extrudable, polymers.

Moreover, the additive 14 preferably is in the form of platelet
shape particles meaning that they have generally much larger length and
width dimensions relative to thickness; and most preferably such particles
have an aspect ratio of length to width that exceeds 1, and is adequately
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large to achieve the three axes alignment éescribed herein. Exemplary
additives are mentioned herein; it will be understood that these and
functionally equivalent materials may be used alone or in combination in
aecordance with the present invention. In Fig. 1 representative additive
particlés are designated 18. The additive 14 may be a filler, an extender,
and/or other materials capable of functioning in accordance with the
description hereof.

It has been found that by achieving alignment of filler particles,
especially those of platelet shape, along three axes, the polymer chains of
the filled plastic product also achieve alignment. Various strength and
related characteristics of the filler plastic are achieved as a result, as is
deseribed in detail herein. ‘ .

The filled plastic material according to the present invention
may be used in rotating biological contacter devices that have relatively
large sheet-like structures; and the filled plastic material may be used in
other devices, as well. The ability to fill the plastic with additives
acecording to the invention can reduce the effective cost of the filled plastic
material relative to unfilled materials, for example, and, as is described
herein, also may provide enhanced physical properties.

For convenience, identification of roll, piteh and yaw is pro-
vided. Looking at Fig. 1, the width dimension of particles 18 is shown.
Assuming an axis coming straight out of the plane of the drawing of Fig. ],
roll would be about such axis; a particle undergoing some degree of roll is
depicted in Fig. 5. Assuming & different axis in the plane of the drawing of
Fig. 1, drawn vertically and, thus, parallel to the thickness dimension of the
particles 18 shown in Fig. 1, yaQ would be a rotation of a particle 18 about
such axis. Piteh is a rotation of a particle 18 about a still further axis that
is paz;allel to the plane of the drawing of Fig. 1 and through the width
direction or dimension of a particle 18 causing the leading edge 20 (Fig. 2) of
a particle 18 to be higher or lower than the trailing edge 22 of the same
particle; an example of piteh is depicted in Fig. 6.

As seen in Figs. 1 and 2, each of the polymer chains 16 in the

filled plastic material 10 is aligned in a generally linear fashion with
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respective chains oriented generally in parallel to each other. The filler
particles 18 also are aligned along three axes, pitch, roll and yaw. The
illustrations of Figs. 1 and 2 are optimized ones used to facilitate explaining
the invention; it will be appreciated that perfect pitch, roll and yaw
alignment may not be encountered in a particular product 10, although the
probability of generally maximizing such alignment characteristies is the
intention of the present invention in order to achieve material having the
desired physical characteristics.

As is seen in the optimized model or illustration of Figs.1and 2,
the width of the particles 18 (Fig. 1) extends directly between one molecular
chain and the next one; see, for example, chains 16a, 16b and particle 18a.
Also, as is seen in Figs. 1 and 2, the polymer chains 16 and the particles 18
are arranged in a layered configuration, and such arrangement intentionally
is provided to try to assure that a polymer chain is located between each
such particle and the next one and so that there are polymer chains at each
surface of the particle 18, regardless of the dimension of such surface. Such
layered arrangement, as is seen in Figs. 1 and 2, results in the particles 18
being generally parallel to each other and to the axes of the respective
polymer chains without any (or with minimal) roll, piteh or yaw. Lack of
roll is seen in Fig. 1; lack of piteh is seen in Fig. 2; and lack of yaw would be
seen in a top view and in any event clearly is seen in Fig. 4 referred to in
further detail below. ,

Turning to Figs. 3 and 4, apparatus and method for making the
filled plastic 10 according to the present invention are depicted. The
apparatus 30 includes a source 32 of polymer material 12 and a source 34 of
filler material 14. Those sources may be conventional reservoirs, containers
or the like with appropriate feed mechanisms to feed the respective
materials to other parts of the apparatus 30. Control of such feed is
effected by adjustable valves 36, 38 that are inserted in flow lines 40, 42
and are controlled by a conventional controller 44. The flow lines 40, 42
may be tubes or pipes. The valves 36, 38 may be electronically controlled or
hydraulically controlled valves of conventional design. Such valves may be
of the on/off type, alfhough most preferred would be continuously or

o
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infinitely adjustable valves to provide complete control of the respective
materials flowing through the flow lines 40, 42 to a mixer 46. The
controller 44 may be a computer and associated drive circuitry to operate
the valves 36, 38 according to the desired proportions of materials intended
to be delivered to and mixed by the mixer 46, as is well known. The
controller 44 alternatively may be a hydraulic type controller to control the
valves 36, 38 in the case they are of the hydraulic type. The valves and the
controller also may be of the pneumatic type or of any other type capable of
providing the desired control funetion.

The mixer 46 may be a conventional mixer of the type typically
used to .mix materials prior to the supplying of such materials to an
extruder. The mixer 46 is coupled by a further flow line 48 to a
conventional extruder 50. Appropriate conventional means to force, to
pump, or otherwise to supply the mixed material from the mixer 46 through
the flow line 48 to an input of the extruder 50 may be employed.

The extruder 50 may be of the type that has a rotating serew or
auger intended to force material through an extrusion die 52 in order to
form a part 54 of the filled plastic material 10. The extruder 50 may include
heating mechanism and/or other conventional mechanisms used in extruding
plastic material. Heat may be generated, too, by the interaction of the
rotating auger and relatively viscous material being extruded. An advantage
of using an extruder 50 is that mixed material from the mixer 46 effectively
further is mixed by the extruder and is forced under pressure through the die
52 to make the part 54. Alternatively, if desired, assuming the mixer 46
adequately mixes the material, a piston type or other type of device
intended to receive a charge of mixed material and to force the same
through the die 52 may be employed. _

According to the preferred embodiment and best mode of the
invention, the apparatus 30 includes an extrusion die 52 through which the
mixture of polymer and filler is forced by the extruder 50 to form the part
54 of a particular shape, such as a sheet, a tube, ete. Conventional means
may be provided periodically to cut the part 54 as it is output by the die 52
in order to limit the length of such parts. Alternatively, the mixed material
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provided from the mixer 46 may be forced by an extruder 50, other pump
mechanism (not shown), or the like, into a mold, such as that used in a
plastic injection molding machine to mold the part 54. In such case, there
ordinarily is an entranceway into the mold, and such entranceway as well as
the flow channels to it may provide the desired ecooperative action with the
mixture flowing therethrough to achieve desired alignment of polymer
chains 16 and particles 18.

As is seen in Figs. 3 and 4, according to the preferred embodi-
ment and best mode of the invention, the extruder forces a mixture of
polymer 12 and additive 14 through the extrusion die 52. In Fig. 4 the
extrusion die 52 partially is shown having two parallel plates 56, 58 having a
relatively long width dimension 60, a smaller height or thickness dimension
62, and a length 64, which is adequate to achieve the desired alignment in
the mixture 66 and the constituent parts of that mixture flowing through the
die 52. Such die 52 may be used, for example, to extrude sheet material
that is relatively wide (the width dimension 60) and is relatively thin (the
thickness dimension 62). For clarity only the filler parﬁcles 18 of the
mixture 66 are shown in Fig. 4; the polymer material also is present but is
not illustrated in Fig. 4.

The present invention is useful for extruding various types of
materials; however, a particular advantage inures to the invention when the
material being extruded is a non-Newtonian fluid, such as a thixotropic
fluid. Such non-Newtonian fluids, e.g., thixotropie fluids, as is known,
change viscosity with respect to shear. In the past three axes alignment of
particle fillers was achieved near the surface of extruded material near the
surface of the material apparently due to the relatively high shear near the
surface and,-thus, greater slippagé between the extruded material and the
filler particles; this was not achieved deep down in the material, though. On
the other hand, according to the present invention using filler particles of
preferred size and shape, three axes alignment can be achieved relatively
deeper into the extruded material. According to the present invention using
the multiple dies or sub-dies, as are described herein, fluidization is more
uniform or evened out because the effective shear is evened out throughout
the extruded product.
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Mort specifically, non-Newtonean fluids become less viscous
near the surface, i.e. near the die, because there is greater shear there.
When that oceurs there is the probability of greater velocity difference
between the flowing plastic and the filler particles. The plastic flow
relatively fast near the die surface to provide such alignmerit of the filler
particles near the surface of the extruded material. Typically, though, the
viscosity of the non-Newtonian fluid is greater near the center of the
flowing extruded stream in the extrusion die, and such viscous material
would tend to carry along the filler particles. In the present invention,
though, due to the size, shape, loading and/or distribution of the filler
partieles in the material being extruded, the flow through the extrusion die
is evened out across the entire cross-section of such extruded material in
the die. Due to the evening of flow, turbulence is reduced. Due té the
reduced turbulence and due to the size, shape, loading and/or distfibution of
the filler particles, a relatively small difference in the velocity of the filler
particles and the fluid is needed to achieve the desired three axes alignment

of the filler particles.
In operation of the apparatus 30, including the extrusion die 52, &

mixture 66 of polymer and filler is forced through the extrusion die 52, as is
seen in Fig. 4, for example. Due to size considerations vis-a-vis the
particles 18 and the polymer chains 16, only several of which are represented
in Fig. 4, for example, such mixture flows through the die 52 while
accomplishing certain alignment functions. Specifically, the particles
flowing in the center of the stream through the die 52 tend to align
(sometimes referred to herein as to flatten) with respect to the stream flow
through the die in the manner illustrated; such alignment being with regard
to all three axes (roll, pitch, and yaw). Such aligned center particles tend to
help further flatten and to align particles nearer the outside of the die. The
flow speed nearer the outer part of the flow, i.e. that more proximate the
walls of the die (hereinafter referred to as the outside of the die) is slower
than at the center, as is well known in fluid dynamics, particularly for
Newtonian fluids. Therefore, nearer the outside of the die there is less
difference between the flow speed of the polymer through the die and the
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drag appiied to the particles. Accordingly, interaction of the aligned
particles closer to the center of the flow with the particles closer to the
outside of the die will tend to help align the latter in the absence of
adequate flow/drag difference there.  Such drag considerations are
deseribed further below. At this point, though, it is noted that drag is the
foree applied to the particles tending to oppose or to resist the flow forces
that would tend to carry the particles in the direction of flow. Thus, it will
be appreciated that the present invention is useful in connection with both
Newtonian and non-Newtonian fluids.

Interaction of the polymer chains and particles, the flow/drag
considerations, and interaction of the mixture 66 with respect to the walls
of the extrusion die 52 all ecooperate to achieve the three axes alignment
illustrated in the drawings and described herein.

Schematic representations of the extrusion die 52 and what
oceurs therein also are seen in Figs. 5 and 6. In Fig. 5 a particle 18b is
shown having undergone a slight roll motion, and in Fig. 6 a particle 18e is
shown having undergone a slight piteh motion. It will be appreciated that
the illustrations of Figs. 4, 5 and 6 only show a single layer of particles 18
flowing through the die and several polymer chains 16 flowing through the
die, for example in the direction of the arrows 68. However, it is to be
understood that the illustrations in Figs. 4, 5 and 6 are schematically
representative of the coneept of the invention only, and in actual operation
of thé apparatus 30, including the extrusion die 52, there would be multiple
layers of particles 18 and multiple layers of polymer, particularly polymer
chains 16; and the possibility of multiple layers is depicted specifically in
Figs. 1 and 2, for example, and also by the dots 70 in Fig. 1 representing
expansion of overall thickness of the filled plastie 10.

Particle Size Considerations

Referring to Fig. 7, a particle 18 is shown in isometric view
having length L, width W and thickness T dimensions. The particle 18 is
generally platelet shape, e.g. having a small flattened body, according to the
preferred embodiment and best mode of the invention. It is anticipated that

the actual shape of particles used in accordance with the invention would
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have a degree of curvature where corners are shown in the particle 18 of
Fig. 7 so that such particles would tend to be more oval in shape than
rectangular. Nevertheless, the rectangular shape has been found to repre-
sent a reasonably appropriate model of such platelet particles.

In Fig. 8 is & plan view of the particle 18. Several dimensions "a"
and "b" are depicted in Fig. 8. The force of flow F and the force of drag D
are represented in Fig. 8, as well. Flow F represents the force of the
moving polymer chains that tend to carry the particle 18 through the
extrusion die 52, for example. Drag D is the resistance of the particle 18 to
undergo such flow. The flow F and drag D forces are functions of the
exposed surface areas of the particle 18 that are perpendicular to and, thus,
directly exposed to such forces, and the actual extends of such areas are
directly proportional to the dimensions "a" and "b".  Moreover, such
dimensions "a" and "b" are a function of the orientational alignment of the
particle 18 relative to the direction of the flow F and drag D forces.

The aspect ratio of a‘particle 18 will be defined herein as the
length dimension L divided by the width dimension W. The effective aspect
ratio will be the dimension "a" divided by the dimension "b", as is depicted in
Fig. 8. It will be appreciated that the force tending to orient the particle 18
such that the length dimension is generally parallel to the parallel polymer
chains 16 is a function of the aspect ratio and, accordingly, the influence of
the flow force F, drag force D and difference thereof acting on the
effective surfaces exposed directly thereto.

It has been found that to effect alignment of Barticle length with
the direction of parallel polymer chains, substantially full alignment occurs
with on the order of about plus or minus 2° misalignment when the aspect
ratio is on the order of from about (25-30) to 1, in one example, on the order
of 28.64:l. Such alignment with about plus or minus 5° misalignment has
been achieved using an aspect ratio on the order of from about (7-14) to 1, in
one example 11.43:1. In a still further example, such alignment would occur
with misalignment on the order of plus or minus 10° when the aspect ratio is
on the order of from about (4-7) to 1, in a specific example 5.76:1.

A practical misalignment range is on the order of plus or minus

5°. Such misalignment ean be reduced by increasing aspect ratio.
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The same types of forces that tend to effect alignment of the
length of a particle 18 with respect to parallel polymer chains also will act
on various edge surfaces and top and bottom surfaces of the particles 18 to
achieve alignment along other axes thereby accomplishing overall the three
axes alignment characteristic of the invention.

To achieve the desired alignment of the particles 18, it is
important to the invention to have slip at the extrusion die 52. Such slip
results in a difference between the flow force F and drag force D, and that
force difference tends to promote the desired alignment of the particles.
Moreover, aligned filler particles in turn promote alignment of the polymer
itself. TFor example, the flowing plastic is an amorphous structure.
Therefore, hydrodynamic considerations will cause the flowing stream of
polymer through the die to be generally aligned with the longitudinal axis of
the stream in the direction 68, e.g. as is shown in Fig. 4; and this together
with the action of the aligned platelets on the polymer chains themselves
help to assure averall preferantial linear alignment of the polymer chains
and of the particles.

Desirably the platelet shape particles 18 are rather thin com-
pared to length; and such relationship assures good piteh control as the
particles are carried by, bond to, and align with linear polymer chains.

Control of roll is a function of the relationship of particle
thickness to particle width. Slight roll is shown in particle 18b in Fig. S.
Piteh and roll alignment functions of the filler particles are aéhieved by
interaction of the polymer chains directly on the respective surfaces of the
particles. Indeed, slippage of the particles relative to the polymer chains,
as the mixture 66 flows through the extrusion die 52, helps assure such
alignment. Such slippage is promoted by a certain degree of compressibility
of the polymer material and/or the velocity change encountered at the
extrusion die.

Exemplary computations to determine desired size of filler
particles are presented with respect to the description of Examples 1-3
below.

It is desirable to minimize particle size while still promoting the

desired three axes alignment functions. Minimal size minimizes voids, as
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was mentioned above, and maximizes bonding for strength of the material,
e.g., by allowing relatively maximum opportunity for polymer chains in the
same or different layers to cross-link or otherwise to bond to each other.
Too small a size, though, ma§ not achieve the desired three axes alignment.
As to thickness, the particles 18 should be as thin as possible to
minimize the number of polyrﬁer layers disrupted by the particles. In the
illustrated example and model of the invention, the particles should be on
the order of one diameter or less of the effective working diameter of a
polymer chain 16 in order to achieve the direct interaction of the polymer
chains on the particles for alignment. The working diameter of the polymer
is the effective thickness, i.e. outside diameter, of one polymer chain or,
less desirably, but perhaps more practically, the diameter of a flow stream
of plural polymer chains. If the polymer chain is in the form of a helix, the
working diameter would be the outside diameter of the total loop of the

helix.
' Such polymer chain diameter characteristic assumes that the

polymer chains pass through the extrusion die 52 in respective flow streams
which flow generally linearly through the die; this ‘is an idealized condition
that may not be a totally accurate representation but is adequate on the
average for modeling the invention and achieving the objective thereof. The
polymer chain may tend to stretch out during extrusion and thus have a
thinner diameter in the extruding die. Thus, more preferably the working
diameter of the polymer chain with which the present invention is concerned
is that encountered during normal extruding operation, particularly that
diameter encountered in the extruding die.

The thickness of the particles should be adequate so that the
particles have substance and strength. However, the thickness of the
particles‘ is not particularly crucial to the invention other than the thickness
and width should be adequate to achieve optimum pitch and roll control.
Generally, though, length and width considerations have muech greater
impact on operation of the particles 18 than does thickness.

If a platelet 18 were too thin, there would not be assurance it

would encounter a direct confrontation with a polymer chain at the edge of
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the particle, and ideal alignment would probably not occur. Therefore,
particle thickness should be about that of one polymer chain diameter, as
was mentioned above. Further, as is seen in several of the figures, utilizing
particles having the preseribed thickne;s characteristies, a convenient

ordered alignment of particles and polymer chains with on the average at

least one polymer chain between each pair of adjacent particles in a

particular layer of chain and particles will occur; see, for example, Fig. 1,
layer 72. The locating of at least one polymer chain between each pair of
otherwise relatively adjacent particles 18 helps to assure cross-linking
among polymer chains for distances between adjacent chains are minimized
and helps achieve some bonding of polymer and filler particles. This also
helps achieve alignment in the yaw direction.

Concerning width of the particles 18, desirably each particle
should have a width that is at least three diameters of the working polymer
16 when the respective polymer chains are aligned in generally parallel
planar relation plus the distance between two, pairs of adjacent polymer
chains, as is depicted, for example, in Figs. ], 5, and 9. The width dimension

of the particles 18 may be larger than the just-mentioned minimumj; the .

minimum, though, helps to assure that at least two polymer chains will be
located in direct confrontation with the major surface area 74 (Fig. 7) to
prevent roll. The width dimension should be large enough so the particles do
not fall in "eracks" or space between adjacent polymer chains.

For relatively low molecular weight polymer, which may co;xsist
of large diameter and small diameter polymer chains 16, 76, as is seen in
Fig. 10, it is necessary to rely on the relatively larger diameter polymer
chains 16 for determining the width of platelets 18 plus the space taken by
the smaller diameter polymer chains 76. Thus, as is illustrated in Fig. 10,
the width dimension of a platelet particle 18 is equal to the working
diameter of three large diameter polymer chains 16 plus the approximate
diameter of two small diameter polymer chains.

Fundamentally, though, the intent is that the particle width be
at least large enough to span three large diameter polymer chains, regard-
less of what other polymer chains might be intermixed therewith in order to

7
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achieve maximum alignment interaction between the polymer chains and the
particles to prevent roll,

Looking in the direction of flow of polymer material through an
extruder die, for example, the minimum width of the filler should be a width
that provides the desired interaction between the filler and polymer. The
width dimension provides the drive for the particulate in the polymer
moving it along through the extrusion die.

The just-described width characteristics relative to polymer
chain diameter also achieve desired bonding and some degree of piteh
control.

The length of the platelets 18 should be at least twice the
effective length of a polymer chain to assure overlap of the platelet with at .
least part of two, possibly three or even more, polymer chains lengthwise.
The effective length of a polymer chain is the maximum length that occurs
during the extruding process as the polymer is extruded through the
extrusion die 52, even though the polymer may be somewhat helical or other
shape so that if stretched fully it would be longer than its effective length.
The reason for relying on the polymer chain length in the extrusion die is
that it is in the extrusion die where alignment characteristics are most
notably achieved and have greatest impact on the polymer and ultimate
finished part.

Moreover, the length of the filler particles should be longer than
the width of the particles so that the particleé will align with respect to the
flow of material, particularly the polymer, through an extruding die.
Reference is made to Fig. 8 of the drawings where the width dimension of
the particle 18 clearly is shorter than the length dimension so that the drag
foree D and flow force F act on the particle 18 tending to align it in the
extruding die in parallel with the polymer chains flowing through the
extruding die. Such alignment occurs because the dimension &, which is the
projected area of drag, is less than the dimension b. In general, though, the
length of the particle 18 should be longer than the length of a polymer chain
and preferably should be the length of at least two polymer chains so that
the particle will not fall between polymer chains and will tend to interact
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with the polymer chains to achieve the desired alignment of the particles
and of the chains.

In practice it may not be possible to obtain platelet shape
additive particles having ideal dimensional characteristies, as was described
above. .However, it will be appreciated that other sizes may be used, but
such sizes should be designed generally along the principles described herein.
Moreover, since it is not possible precisely to place a particular particle
relative to particular polymer chains, the mixture percentages based on size
or weight with appropriate length, width, thickness and diameter grading
will provide a statistical average assuring near optimum distribution of
particles in the polymer, for example in the manner illustrated in the
several figures.

One struectural advantage that inures to the inventjon, when a

filled plastié 10 has partieles 18 and polymer chains 16 related as above, is .

the distribution of stress over several polymer chains, as is seen in Fig. ll.
By distributing stress, as is illustrated, the strength of the filled plastic
product is enhanced over products not made according to the invention;
stress failures are reduced in the filled plastic of the invention.

According to the invention, improved characteristics are
achieved in the filled plastics described. Such improved characteristies are
accomplished by using filler that tends to align the plastic molecular chains
and also particles that themselves align in three axes. The filler is selected
as to be so small that minimum displacement of the polymer chains oceurs,
thus decreasing the realized appea;ance of voids, which accordingly de-
creases the need for separate binders or other mechanisms to bond the
polymer and filler partieles.

Another important aspect of the invention achieved using the
aligned particles is the alignment effected by the particles on the polymer
chains. Referring to Fig. 12, for example, schematically illustrated are a
number of polymer chains being extruded through an extrusion die 80 in the
direction of arrows 82 without benefit of the particle filler of the invention.
Such polymer chains tend to have undulations, and those undulations
especially tend to appear at the surface. Such surface irregularities tend to

h
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be areas where stress can be concentrated and breakage in a finished
product too easily can oceur.

However, the platelets 18 of the invention tend to smooth out
such wave function or undulations. The forces between the platelets and the

" polymer chains as a function of the slippage occurring in the die, generally
regardless of the shape of the die since the cross-sectional dimensions of the
platelets are extremely small relative to even an incremental surface area
of the die, helps to maintain smooth laminar-like alignment and flow of the
polymer through the die.

Moreover, an internal lubricant, such as carbon black, may be
used further to aid in the reducing of undulations in the polymer chains and
finished produect produced by the extrusion die 52. Such internal lubricant
would tend to promote slippage between the polymer chains and platelets,
thus increasing the planar parallel three .axes alignment characteristics
described.

An aspect of the invention is the promoting of layering such that
the platelets are in respective layers, and those layers are separated by
respective layers of polymer chains, for example without platelets therein.
Such layering further increases yield strength of the finished produect.
Layering is promoted since the extrusion die 52 is a flow through device
without a dead end, and the polymer chains 16 and particles 18 will tend to
align statistically in layers generally in the manner illustrated in the
drawings, for example Figs. 1 and 2. Further, with the particles 18 selected
to be of a size large enough to meet the above criteria of length, width and
thickness, such particles will tend to produce a reactionary force with the
plastie strata to generaté layers.

One method for determining a relatively optimum size for

. particles 18 for use with a particular polymer would be to mix an array of
fillers of sizes that are believed to be useful for achieving the alignment
function with the polymer in question. Thereafter, the mixture would be
extruded or molded. An electron microscope or like deviee would be used to
observe which size particles achieved alignment along three axes and which
did not; those particles sizes that did align would be selected for use with
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the particular polymer. Altematiyely, the electron microscope could be
used for photographing longitudinal, transverse and planar sections of the
extruded product, and thereafter the number of aligned particles and the
sizes thereof could be counted to obtain an indication of those which
achijeved the best alignment characteristics. Moreover, such method could
be refined further by selecting the smallest size particles that would
undergo the three axes alignment and selecting such particles for use with
the particular polymer.

' Another aspect of the invention relates to the facilitating of re-
forming the extruded filled plastic material. In particular, in the past a
filler would tend to stiffen a part and that part would not be particularly
conducive to subsequent forming. In the present invention, though, stiffneés

'is achieved when the material is frozen; however, when the material is
warmed, the slip planes and layers in the material may be used to promote
forming, e.g. to form an intricate part by vacuum forming processes. Upon
re-freezing of the part, excellent stiffness would occur.

Accordingly, an aspect of the invention is a product formed by
making a layered structure of polymer chains and platelet shape particles
that provide increased fatigue life and increased thermoformability over
prior filled plastic materials. Such improvements being due, on the one
hand, to the layered configuration and stress distribution represented, for
example, in Fig. 11, and due to the slip planes created when the material is
warmed, as was described above.

Three axes alignment of particulate filler 18 has been found as
deep as 50 mils into the filled plastic material extruded through-a die
according to the invention. The size of the particulate filler should be so
selected in relation to the polymer acéording to the description herein that
the polymer chains tend to align and the filler tends to align on three axes.
In effect, a unidirectional mat tends to be achieved. Such alignment of
polymer chains tends to increase the tensile strength of the plastic material
at least in the direction of the aligned polymer chains. Also, weak spots in
the filled plastic product are minimized because faults are eliminated and
because of the stress distribution mentioned earlier.

n
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Further to maximize the uniform layering and desired alignment
characteristies of the filled plastic material of the invention, it is desirable
for the extrusion die 52 to be rather open to avoid presenting turbulence
ereating points.

The present invention facilitates using regrind polymer material
because of the improved characteristies created by the platelet filler. Thus,
regrind material can be substituted for previously required virgin material
which in turn reduces the overall cost for the finished product.

Although in the past filler was added to plastic materials as a
function of weight percent or volume percent, in the present invention filler
is added according to size, shape and alignment characteristics, and then a
biend of filler and polymer is made that statistically would result in the
desired relation of filler particles 18 to polymer chains 16. More specifi-
cally, referring to Figs. 1 and 2, the statistical number should be determined
so that the number of particles and the number of chains in the optimum
case would result in alternating layers of all polymer chains, on the one
hand, and of a mixture of polymer chains and filler particles. Moreover, in
those layers which have a mixture of polymer chains and filler particles, at
least one polymer chain would separate each otherwise relatively adjacent
pair of filler particles. This arrangement is shown in Fig. . Furthermore, in
the length direction of the filler particles and of the filled plastie product as
viewed in Fig. 2, for example, in each layer of a mixture of polymer chains
and filler particles there should be at least one polymer chain 16 between
each pair of otherwise relatively adjacent filler particles. Taking such
criteria into account together with the size criteria described above, one
can determine the effective statistical mixture based on weight, volume,
ete., of course having known in advance density and/or other characteristics
of the materials being mixed. The inventor has discovered that three axes
alignment has been achieved in materials made according to the deseription
herein with such alignment occurring 50 mils deep into the material, a
dimension that is rather large compared to the previously encountered
surface alignment in the prior art.

As is seen in Fig. 13, principles of the invention apply to circular

eross-section extrusions as well as polygonal ones. In the circular die 90 the
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filled plastic material 10 of circular cross-section flows with three axes
alignment of the particles 18 about the central axis of the die; in a sense
according to a polar coordinate system. The polymer chains 16 flow
longitudinally through the die 90. " The relationship of particle size to
polymer chain size and ratio of number of particles to number of chains is
according to other deseription herein.

Briefly referring to Figs. 3 and 4 again, the extruding process
according to the invention is depieted. The particles 18 and the polymer
chains 16 tend to flow through the die 52. The particles flowing in the
center of the stream tend to flatten and to align with respect to the stream
flowing on all three axes. Such aligned center particles tend to help further
flatten and to align particles nearer the outside of the die. The flow speed
nearer the outside of the die is slower than at the center, as is well known in
fluid dynamics; therefore, nearer the outside there is less difference
between the flow speed and the drag. Accordingly, the interaction between
the aligned particles closer to the center and the outside particles, which
are flowing more slowly, helps to align outside particles in the absence of .
the flow/drag difference there. Thus, three axes alignment is achieved over
a wide cross-sectional area of the ﬂowiné material schematically depicted
in Fig. 4 even though there is a difference in flow rate at the center and
outside portions of the die.

Considering speed of the material flowing through the extruder
die, it is most desirable to have the particles move at the same speed as the
polymer sheet through the die. Uniform speed minimizes fault areas.

It is desirable, therefore, for the particles to have a minimum
width of the diameter of at least three polymer chains so that they do not
fall through cracks between polymer chains and yet remain aligned on three
axes as aforesaid. Also, to achieve the desired alignment characteristies
and to assure that the particles do not fall between longitudinally aligned
polymer chains, the length of the éarticles should be at least about seven
times the width of the particles, and the length should be such that the
particles span at least two polymer chains in length.

If the particles were too large, the differential drag during
extrusion may not be adequéte to achieve the desired alignment along three
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axes and voids eould occur in the plastic. If the particles were too small,
influences to promote the three axes alignment would not occur as much in
the inner layers of the extruded filled plastic material as did occur in the
outer layers near the die face. In thixotropie fluids ordinarily there would
appear to be more shear at the die face than internally of the fluid flowing
through the die. By employing the filler of the invention with thixotropic
fluids, though, the léyering created by the platelets makes the shear more
uniform throughout the extruded plastie in the die to avoid turbulence in the
die, to even out viscosity of the material throughout the die and otherwise
to provide a finished product that has improved characteristics, e.g.
strength, compared to the same extruded plastic without the filler hereof.
Tale particles tend to be relatively longer and thinner than they
are wide. Tale particles can be graded on maximum size bases insofar as
length and aspect ratio are concerned. Accordingly, tale ié an example of a
preferred particle used in accordance with the invention.
Examples 1, 2 and 3 .
Tale particles with polyester polymer chains, according to the
dimensional relationships described above, were extruded through an ex-
trusion die. In Example 1 plus or minus 10° of particle misalignment ocecurred
when the aspect ratio (width to length) of the particles averaged about
5.76:1. In Example 2 plus and minus 5° misalignment occurred with an aspect
ratio of 11.43:1; and in Example 3 plus or minus 2° misalignment occurred

when the aspect ratio was on the order of 28.64:1.

Although three axes alignment may have occurred in the past,
the prior art does not disclose achieving three axes alignment using
minimum particle size according to the present invention, nor does the prior
art disclose three axes alignment deep into the finished plastie produet. In
the past, if strength of a material was the result of the polymer perse, then
adding an additive to the polymer tended to reduce the strength; on the
contrary, in the present invention, though, adding an additive to the polymer
tends to enhance strength by achieving three axes alignment and conse-
quently improving fatigue life of the material while reducing the amount of
the polymer material required. The invention appears to provide true
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layering and, therefore, does not just rely on bonding of materials for
strength, particularly insofar as tensile strength and stress resisting strength
are concerned.

Previous discussion concerning size of the filler particles was
related to the sizé of the polymer in which the particles are to be used so as
to assure the deseribed impact on the filler particles. The following
deseription concerns a mathematical technique to compute the estimated
size parameters of filler particles that may be used according to the
invention; and such technique is demonstrated by the experimental results
described in Examples 1-3. The technique is generally theoretical and
ignores frictional considerations.

The invention seeks to determine the minimum size (L, length;
W, width; and T, thickness) for particles that will display hydrodynamic
stability within the extruded streams at the extrusion die to displace the
fewest number of polymer molecules while facilitating the greatest possible
alignment of the polymer molecules. Desirably the invention minimizes (or
at least reduces) the amount of polymer required to achieve certain funection
while preferably maximizing (or at least increasing) strength and/or other
characteristies of the finished polymer. Also, the invention preferably
maximizes (or at least increases) the strength characteristics of a particular
polymer above those characteristies that inure to such a polymer that is
made in a pure or unfilled condition. Further, the invention provides in a
filled relatively inexpensive polymer the ability to achieve characteristics
of a more expensive specially engineered polymer or resin material. As is
mentioned elsewhere herein, such features are achieved by selecting a filler
that has a preferred size relation to the polymer as to react in the manner
described, e.g., as is demonstrated by achieving alignment of the filler
particles along three axes in the finished filled polymer product substan-
tially throughout the polymer or at least at and substantially deep beneath
the surface thereof.

Referring to Fig. 8, there is shown the drag foree D due to

slippage as the particle 18 tends generally to flow with the polymer while

slipping relative to the faster flowing polymer. The drag force D is the
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force which tends to align the particle such that the axis M thereof would

tend to align in the direction of flow F to minimize yaw.
For the purpose of this description, it is assumed that the

. particle 18 is rectangular with right angle corners. (Although this is an

approximation, it is a good model to determine the theoretical particle size
for use in the invention.) Therefore, relative to the axis N along which the
flow direction F and drag forece D occur, an angle alpha ( ) can be defined in
the manner illustrated in Fig. 8. The projected area "a" is a function of that
angle and the length L of the particle 18; specifically "a" equals L times the
Sine of angle ( ) alpha. Likewise the projected area "b" equals the width
dimension W times the Cosine of angle ( ) alpha. Note equations (1) and (2)
below: .

(1) a=LxSin()

(2  b=WxCos()
For hydrodynamic balance of the particle, the projected areas
"at and "b" must be equal, Therefore, setting "a" equal to "b", one derives
the equation (3) relationship of length to width, as follows:

(3) L/W=Cos( )}/Sin( ).

Equation (3) can be solved to determine the ratio of length L to
width W, i.e., the aspect ratio, of particles 18 that would achieve axial
alignment within the tolerance of angle () alpha. For example, for
alignment within plus or minus two degrees, i.e., angle ( ) alpha is two
degrees, the ratio L/W should be about 28.64. Other relationships are

presented in the following:

TABLE 1
L/W Angle ( ) Alpha
28.64 2 degrees
11.43 : 5 degrees
5.67 10 degrees
3.73 ’ 15 degrees
2.747 20 degrees

Relying on the above values and the above relationships between
the particle size and the polymer size, e.g., particle width W should at least
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equal three polymer working diameters (plus packing space) and particle
length L should equal at least two polymer effective lengths in the extruding
die, one can determine the desired size parameters for particles to be used
as a filler for a particular polymer. Then, with such determination having
been made, one can determine what size filler particles are commercially or
otherwise available to be obtained and used as a filler for the particular
polymer. '

Similar computations can be carried out to determine the
preferred ratio of particle width W to particle thickness T, as is shown in
Fig. 9a. Roll of particles about the particle axis M should be minimized to a
tolerable amount. Forces contributing to roll are due to incompressibility of
the extrusion die face and the action thereof via the polymer chains to apply
force directly to the face 18f of respective particles. Since such forces act
on the projected areas of the surface 18f along the width dimension W
thereof and along the thickness dimension T thereof, a set of equations
similar to equations 1-3 above can be drawn with respect to roll. Specifi-
cally, the angle of roll will generally be limited to the following relatic'm-
ship: ,
@) T/W = Cos ( )/Sin ( ),
wherein T is thickness and W is width of the particle as shown in Figs. 7-9,
and angle ( ) theta is the angle of roll of the particle about the axis M, for
example from an orientation that generally places the surface 18f in parallel
to the surface of the extrusion die face.

Applicant has found that as a practical matter axial alignment
(both yaw and roll, as well as pitch, which can be detrmined according to the
mathematical modeling techniques just described for yaw and roll, for
example) of the particles within plus or minus about 5 degrees to 10 degrees
satisfactorily accomplishes the objectives of the invention. In some
instances a greater degree of alignment may be preferred. Nevertheless,
the noted range of 5-10 degrees permits use of commercially available filler
particles, particularly tale, that have an aspect ratio on the order of from
about 5 to 1 to about 10 to 1 with size values that would satisfy dimensional
requirements for use with polyethylene, as is deseribed herein.

i
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The strength characteristics of the present invention appear to
be achieved at least in part due to the layering that oceurs in the filled
plastic material. By aligning the filler particles according to the techniques
described herein, it is possible to control turbulence in the polymer during
extrusion thereof. For example, in a circumstance where there is substan-
tial misalignment of the filler particles, there are relatively low pressure
void areas in the shadow of the flowing filler, e.g. in the area 18v depicted in
Fig. 8. Such voids tend to create vortices which allow the flowing polymer
to enter the void and at least partly to fill the same. In this way the
polymer from one layer can c€ross mix with the polymer of another layer.
Accordingly, it will be appreciated that by controlling the degree of
misalignment, particularly in the yaw direction, the degree of cross mixing
in the polymer can be determined and controlled thereby to determine
particular structural, strength, ete., characteristics of the finished plastic
product made using the invention.

' Quantities of Materials Used

The present invention uses the polymer material as the strength

member of the filled plastic. The particulates are used to enhance strength

and certain forming characteristics while minimizing the amount of polymer

required. Figs. 1 and 2 depict an exemplary optimized model of the
invention to achieve a substantially maximum amount of filler material in
the filled plastic 10. Desirably, the filler particles are not so great in
number or size that two particles would tend to be directly adjacent each
other without being separated by at least one polymer chain.

Accdrding to the invention, then, a particulate is selected that
yields three axes alignment while minimizing particle size and maintaining
or increasing strength characteristies of the filled plastic product and also
minimizing the amount of polymer and maximizing the number of particles
in the product. As a corrollary, the invention relates to maximization of the
filler amount with minimal effect on the product characteristics, and
preferably the foregoing is accomplished without relying on internal bonding
of the polymer to the particles. The invention provides for internal
streamlining in the extruder die while decreasing turbulence and achieving

all the other characteristics deseribed herein.
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In the past, low viscosity fluids were used with flowing polymers
to control flow characteristies from the outside, one exemplary flow
characteristic would be turbulence. In contrast to using materials to alter
viseosity to control flow in an extruder die, the present invention controls
flow characteristics from within a high viscosity fluid, namely the polymer.
By evening out viseosity the characteristies of the flow also are evened out
across the cross section thereof.

Example 4

According to an example of the invention, a filled plastic
product was made. The polymer selected was polyethylene. The particles
were tale and had a length of 5-1/2 microns. Relative quantities and size
relationships were as deseribed above. A mixture was made as is deseribed
herein and the mixture was extruded. Upon examination of the particles in
the extruded produect through an eleétron microscope, substantially all of
the particles appeared to be aligned on three axes according to the
invention.

Examgfe 5

An example that did not work in accordance with the invention
was the combination of polyethylene and filler particles having ‘a size
(length) on the order of 2 microns with relatively large aspect ratio and
other size relationships as above. The three axes alignmént did not occur in
such material. Apparently the particles were too small.

The present invention provides one or more of the following
advantages: *

L Vortex generation and turbulence in a fluid during flow
through a die or other confined path is reduced and can be controlled.

2.  Particulate filler having a preference for three axes align-
" ment in the fluid promotes unidirectional flow of the fluid inereasing
strength of the finished product and facilitating flow and flow control during
extruding, for example. '

3.  Particulate filler for the flowing polymer of the invention
promotes an inerease in fatigue life, distributes forces through the finished
product, and does not detrimentally affect the finished plastic product;
indeed, the filler reduces defects in the plastie produet.

PCT/US38/03680
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An important aspect of the invention is the use of filler to do
work internally of material that is being extruded during the extruding
process by achieving alignment characteristies of the polymer and of the
filler itself.

Particle spacing should be such that there is at least one polymer
chain between each pair of relatively adjacent particles in all directions.
Moreover, if the particles are in layers, then there should be a complete
layer of polymer chains with which bonding may occur with respect to other
polymer chains and/or to the particles themselves and/or with respect to the
polymer chains located between adjacent particles in a particular layer that
contains such particles. Spacing should be such that two particles do not
overlap each other without being separated by a polymer chain.

The length of the particles should be such that they span at least
two polymer chain lengths while on the other hand minimizing particle size
and providing a length to width ratio of at least 7:1. Spacing of particles
lengthwise should be such that there is a polymer chain between each pair of
relatively adjacent particles.

According to the foregoing, then, maximum loading by volume -
according to the invention is on the order of about 25 percent filler particles
to polymer. Experimental results have demonstrated increased fatigue life
of filled plastic relative to unfilled plastic when the filler particles were on
the order of from about 10 percent to about 20 percent by volume of the
finished product. However, it also was experienced that beyond a point of
anywhere of 25 percent to 30 percent by volume of filler particles, the
fatigue life tended to decrease again.

Example 6

An example of the invention includes use of a polyethylene
polymer and a tale filler. The tale filler was platelet shape. The polymer
chain had an effective length on the order of about 0.8 micron. The chain
was generally helical in shape and if stretched out the actual length would
have been longer than the effective length mentioned. The tale particles
were about ten times the length of the particle chains, i.e. from about 5 to
10 microns in length. The width of the tale particles was about 2 to 3
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microns. Loading was about 20 percent by weight of filler to polymer. An
effective filled plastic polymer having an increased fatigue life over unfilled
polymer was achieved.

Turning, now, to Figs. 14-18, photomicrographs of several samples
‘made in accordance with the invention are shown. Comments on the
respective photographs follow.

Example 7 (Fig. 14)

Referring to Figs. 14A, B and C, a mixture of polyethylene
(Phillips Resin HXM50100) was mixed with a 30% by weight particulate filler
material of calcium carbonate. The size of the filler particles was

relatively small and not in accordance with the size constraints deseribed
above according to the invention. The caleium carbonate filler particles
were spﬁerical. The mixture of polyethylene and filler particles was
extruded through an extrusion die of rectangular cross section. Figs. 14A, B
and C are, respectively, photographs taken with an electron microscope of
transverse, longitudinal and top section views of the cured or frozen output
from such extrusion die in the form of a filled plastic material according to
this example. Such Figures show a random distribution of the particles in
the plastic without any apparent alignment or regular aligned orientation of
the particles.
Example 8 (Fig. 15)

The same materials and steps as in the Example of Figs. 14 were
employed except the size of the particles was larger but still spherical. The
result was the same as can be seen in Figs. 154, B, C, which are transverse,
longitudinal and top views of the filled plastie material

The failure of alignment detection in Examples of Figs. 14 and 15
above appears to be due primarily to the non-platelet, i.e. spherical, shape
of the filler particles.

Example 9 (Fig. 16)

A mixture of polyethylene (Phillips Resin HXM50100) was mixed
with a 30% by weight particulate filler material of tale having an average
size of about 5.5 miecrons in length and generally meeting the other size
restrictions deseribed above according to the invention. The mixture was
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extruded through a rectangular extrusion die, as above. Figs. 16A, B and C
are photographs taken with an electron microscope of respective transverse,
longitudinal and top section views of the solidified filled plastic material
output from the extrusion die, according to this example. In Figs. 16A and
B the axial alignment of the filler particles is quite evident. Moreover,
looking at Fig. 16C, there is a general alignment of the particles. Based on
an ‘inspeetion of'-the photographs of Figs. 16, it is clear that there is a
greater homogeneous distribution and alignment of filler particles near the
center of the material and a somewhat more turbulent condition nearer the
exterior or surface. This clearly demonstrates that according to the
invention the alignment function tends to work from the inside toward the
outside (exterior surface) of plastic material.
Example 10 (Fig. 17)

A mixture of polyethylene (Phillips Resin HXM50100) was mixed
with a 10% by weight particulate filler material of tale having an average
size of about 5.5 microns in length and generally meeting the other size
restrictions described above according to the invention. The equipment,
procedures, and results of the above Example 9 referred to regarding Fig. 16
were the same in this example. However, ubon tesfing it was found that the
fatigue life of a part made of the filled plastic material according to this
example was about 7 times the fatigue life of a part made using unfilled
plastic material derived following the same steps and equipment as this
example but using only polyethylene (Phillips Resin HXM50100) without any
filler particles.

In Figs. 17A and B, the axial alignment of the filler particles is
quite evident. Moreover, looking at Fig. 17C, there is a general alignment of
the particles. Based on an inspection of the photographs of Figs. 17, it is

clear that there is a greater homogeneous distribution and alignment of
filler particles near the center of the material and a somewhat more
turbulent condition nearer the exterior or surface. This also clearly
demonstrates that according to the invention the alignment funetion tends
to work from the inside toward the outside (exterior surface) of plastic

material.



WO 89/04750

-38-

Example 11 (Fig. 18)

In the example depicted by photographs of Figs. 18, a mixture of
polyethylene (Phillips Resin HXM50100) and a further lubricating type
polymer forming a general structure as in Fig. 10 was mixed with a 30% by
weight particulate filler material of tale having an average size of about 5.5
mierons in length and generally meeting the other size restrictions deseribed
above according to the invention. The materials, equipment and process
were otherwise substantially the same as in Example 9 depicted by Figs. 16
above. The results showed some alignment in the transverse and longi-
tudinal photographs, but such alignment was much less than in the examples
of Figs. 16 and 17; and in the top photograph Fig. 18C the alignment also was
less than was encountered in examples of Figs. 16 and 17, although there was
greater apparent alignment in all three photographs of this example relative
to Examples 7 and 8 depicted by Figs. 14 and 15 above.

Turning to Fig. 19, a theoretical model 100 depicting operation of
the invention is illustrated. In the model 100 a mixture 66 of polymer 16 and
particulate filler 18 according to the invention is flowing through an
extrusion die 52. The polymer may be polyethylene having a molecular
chain structure, several representative chains being designated 16. Such
polymer chains are generally elongate overall and are aligned generally in
parallel as they flow through the extrusion die 52. Such parallel alignment
is due in part to the tendency to align in the flow direction through the die.
Such alignment also is due to the interaction of the surfaces of the die and
of the particulate filler 18 on the polymer chains. The size and loading of
the filler particles 18 are according to the description above.

As is known in fluid dynamies, the flow profile of a fluid flowing
through an orifice usually is such that the veloeity near the orifice walls
(boundary layer, ete.) is noticeably slower than the velocity away from the
walls. Also, as is known, due to velocity differences in plastic flowing
through an extrusion die defects, undulations, ete. may too easily occur in
the finished plastic product. Such defects often tend to occur at or close to
the surface of the product where flow through the extrusion die is much

slower than at the center. Surface defects or near surface defects are often
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the area where cracks and other failure conditions of the finished plastic
part oceur.

The present invention tends to reduce the difference in the
velocity of flow near the center of the die and the velocity of the flow near
the die face. The effort to reduce such difference in velocity in effect
provides the work effort that contributes to the aligning of the filler
particles along the three axes as is described herein. This is achieved by the
interaction of the filler particles 18 on the polymer chains 16, on each other,
and with respect to the surfaces of the extrusion die 52 in effect to create a
plurality of discrete sub-dies, orifices or venturi-like areas between which
the polymer effectively flows. Such areas are designated 102 in Fig. 19. The
existence of such sub-die areas 102 and their interaction with the polymer,
as is described below, helps to promote further the three axes-alignment of
filler particles 18 deep into the plastic rather than just at the surface. -

The existence of the areas 102 is possible due to the alignment of
the filler particles 18 on three axes, as was described above. Such alignment
at least in part is due to the characteristics of flow through the extrusion
die 52. As.the polymer 16 and filler particles 18 flow through the extrusion
die 52, there tends to be created (due to three axes alignment of the
platelets) the effeect of a plurality of polymer streams being extruded
through respective extrusion dies or sub-dies 102, which are defined by the
incompressible platelet (flat) filler particles. Such sub-dies are at and near
the surface of the extruded material as it flows through the extrusion die 52
and are deep into the material in a sense creating a deep alignment effect
within the flowing material. This is believed to contribute significantly to
the ability of the invention to achieve three axes alignment deep into the
finished product as opposed to only surface alignment achieved in the prior
art.

The invention relies on some differential velocity between the
filler particles 18 and the polymer 16 to achieve the three axes alignment of
the filler particles. Such velocity differential and the desired size and shape

" of the filler particles 18, as are described herein, promote a wind vane
effect between the incompressible filler particles and the extrudible plastic
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to obtain the three axes alignment of the filler particles. The invention
tends to even out the flow profile through the material being extruded
through the extrusion die and, therefore, tends to decrease the velocity
differential between respective sub-die areas 102; and the invention also
tends to inerease the velocity differential between the flowing plastic and
the filler particles in order to achieve a wind vane effect to provide three
axes alignment of the particles deep into the extruded plastic material.
Various advantages and improvements to the finished plastic product are
believed to inure to the invention, such as reduced failures, eracking, etc.,
increased fatigue life, uniformity of material, and so on.

It is known that in plastics the strength of the material often is
manifest primarily in the surface strength or characteristies of the plastic.
The invention improﬁes fatigue life by reducing surface faults, as was
described just above and elsewhere herein. Moreover, the invention
promotes forming the plastie product in a layered type of structure in which
respective layers of polyrﬁer chains are separated in part by a layer of filler
particles, while still providing for some cross-linking or other bonding
between layers, as is illustrated in the several drawings. By providing such
layered structure, in the event a defect occurs in one layer, the probability
of that defect permeating to another layer is reduced; and, therefore, the
overall strength, particularly fatigue life, of the plastic is improved over
prior extruded plastic materials.

Another advantage to the layered structure of the invention is
the ability of the layers of polymer in the finished plastic product to slide
over each other to some extent, preferably without breaking the cross-
linking between layers. Therefore, as the plastic is flexed, such sliding is
possible so that cracking will not occur in response to such flexing.
Moreover, since the strength of the finished plastiec product is due to the
layered structure, aligned polymer chains and inter-layer and intra-layer
cross-linking between and among polymer chains, the fact that the polymer
may not bond to the filler particles is substantially immaterial to the
strength, fatigue life and the like characteristics of the plastic material.
Rather, the contribution of the filler particles is to the achieving of layered
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structure and permissible polymer cross-linking in the plastic produet,
especially in an extruded product.

Further, by selecting the filler particles to be of a size and
loading relative to the polymer, as is described in greater detail above, the
number of disruptions of normal polymer interconnections, eross-linking, and
the like is minimized. Also, the possibility that a filler particle might cut
through a polymer chain or through a layer in the solidified plastic part is
reduced, as was mentioned above. These further help to provide added
overall strength and fatigue life characteristics to the finished plastic
product.

Tale is a particularly good filler according to the invention.
Another good filler would be milled Teflon or similar material. Mica may be
used, but a disadvantage to mica is the rigidity of the mica and the sharp
edges of mica, both of which may contribute to the mica cutting polymer
chains when the plastic is flexed; and, thérefore, mica is a less desirable
filler than tale or Teflon type filler.

INDUSTRIAL APPLICATION

It will be appreciated that the present invention provides for the
filling of plastic material to reduce the amount of polymer required in the
finished plastic produet and preferably while also improving strength and/or

fatigue life characteristics of the product.
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CLAIMS

L. A method of making a product comprising:

a. mixing polymer and non-fluid particulates,

b. said particulates having a size characteristic to tend
to cause three axes alignment thereof when mixed with and flowing with
such polymer, and )

e.  with such polymer in fluid form directing such fluid
with said particulates along a flow path during which flow such axial
alignment oceurs.

2. The method of claim 1, wherein such particulates have a
size relation to the polymer such that the width of the particulates is at
least three working diameters of the chains forming the polymer.

3.  The method of claim 1, wherein such particulates have a
size relation to the polymer such that the length of the particulates is af
least twice the working diameter of the chains forming the polymer.

4, The method of elaim 1, wherein such particulates function .

during extruding of the polymer and particulates through a die such that the
particulates nearer the center of the die apply alignment forees to particu-
lates nearer the die walls. '
3. A method for producing improved streamlining in a flowing
fluid, comprising
mixing with the fluid non-fluid particulates having size
characteristics that would promote alignment ‘along three axes to form a
mixture, and
directing the mixture along a generally non-turbulent flow
path.
6.  The method of claim 5, said directing comprising extruding
the mixture through an extruder die.
7.  The method of claim 35, said particulates effecting longi-
tudinal alignment of chains forming the polymer.
8. A produet comprising
a. a polymer
b.  a particulates filler in said polymer,

®Q
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c. said polgrmer comprising plural polymer chains that

are unidirectional with minimal stress riser causing defects, and
d. said particulates being aligned in three axes.

9. The product of claim 8, said polymer comprising poly-

ethylene.
" 10, The product of elaim 9, said particulates comprising tale.
11. The product of claim 9, said particulates being platelet
shape.
12. The product of claim 8, said particulates comprising talc.
13. The product of claim 8, said particulates being platelet
shape.

14. A composition of matter, comprising

a. apolymer, and '

b. a filler for said polymer, said filler being selected to
maximize distribution of stress from layer to layer in the polymer and to
minimize the amount of polymer displaced by the filler.

15. The composition of eclaim 14, said polymer comprising
polyethylene.

'16. The product of claim 15, said particulates comprising tale.

17. The product of claim 15, said particulates being platelet
shape.

18. The product of claim 14, said particulates comprising talc.

19. The product of claim 14, said particulates being platelet
shape.

20. A method for improving fatigue life of a product formed of
a polymer, comprising

a. mixing with such polymer a non-fluidic particulate
capable of generally three axis alignment when flowing with a fluid state of
such polymer, and

b. causing the flowing of such fluidiec polymer and
particulates to effect such three axis alignment while forming such produet.

21. The method of elaim 20, such polymer comprising poly-
ethylene.



WO 89/04750

-44-

22. The method of eclaim 20, such particulate comprising
platelet shape particles.

23. The method of claim 20, such particulate comprising talc.

24. The method of claim 20, said causing comprising extruding
a mixture of such polymer and particulate.

25. The method of claim 24, wherein such particulates near the
center of an extruder die effecting the extruding flow faster than the
particulates near the walls of the die and cooperate with such particulates
near the walls of the die to provide three axes alignment thereof.

26. A method for reducing defects in a plastic material,
comprising

' a. mixing with such polymer a non-fluidie particulate
capable of generally three axis alignment when flowing with a fluid state of
such polymer, and .

b. causing the flowing of such fluidic polymer and
particulates to effect such three axis alignment while forming such product.

27. A method for determining the size of non-fluid particulates

. for addition to a fluid polymer to achieve three axis alignment of such

particulates, comprising:

a. mixing together plural particulates of plural respec-
tive size characteristics, _

b.  mixing such mixed particulates with a fluid polymer,

c. passing such mixture of particulates and polymer
along a flow path,

d. freezing the mixture after such flowing,

e. inspecting the frozen product to determine the
smallest size particulate that aligns.

28. The method of elaim 27, said passing comprising extruding,
and such inspecting including cutting and inspecting along three orthogonal
axes.

29. A method of producing a deep sub-venturi~like effect in an
extruded material, comprising mixing a particulate filler with the material
intended to be extruded, selecting the filler particles to be of a size relative

PCT/US88/03680
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to the extruded material and a loading relative to the extruded material
such that the filler particles cooperate with each other and with the
extruded material to form plural sub-venturi-like areas in an extrusion die
during the extruding of the mixture. )

30. The method of claim 29, further comprising extruding the
mixture through an extrusion die.

3l. The method of claim 30, further comprising selecting the
extruded material as chain polymer type material, and selecting the filler
particles to be of a size relative to the polymer to undergo generally
parallel alignment along three axes during the extruding.

39. The method of claim 31, further comprising selecting the
filler particles to be of a size such that the length thereof is at least as long
as the effective length of two polymer chains, the width thereof is at least
as wide as the effective diameter of at least three polymer chains, and the -
thickness thereof is on the order of about the effective diameter of one
polymer chain.

33. A method of controlling the relative velocity of an ex-
truded material through an extrusion die to average out venturi effects,
comprising producing a sub—die in the extruded material as it flows through
an extrusion die, said producing comprising mixing a particulate filler with
the material intended to be extruded, selecting the filler particles to be of &
size relative to the extruded material and a loading relative to the extruded
material such that the filler particles cooperate with each other and with
the extruded material to form plural sub-die areas in the extrusion die
during the extruding of the mixture to interact with the extruded material
to determine the respective velocity differentials between the extruded
material and respective filler particles as the same pass through the
extrusion die.

34. The method of claim 33, further comprising selecting the
extruded material as chain polymer type material, and selecting the filler
particles to be of a size relative to the polymer to undergo generally

parallel alignment along three axes during the extruding.
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35. The method of claim 34, further comprising selecting the
filler particles to be of a size such that the length thereof is at least as long
as the effective length of two polymer chains, the width thereof is at least
as wide as the effective diameter of at least three polymer chains, and the
thickness thereof is on the order of about the effective diameter of one

polymer chain. .
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