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ABSTRACT OF THE DISCLOSURE

An extruder screw mechanism has a barrel that is heated by heating
colls, an internal screw, and a cylindrical melt sleeve having a plurality of
circumferentially spaced, axially extending, radial slots therethrough located
between the external barrel and the internal screw. Another embodiment of the
extruder has a barrel and an internal screw, with the internal screw having either a
single central axial bore or a plurality of internal axial bores. The internal screw is
provided with a plurality of external threads, with the threads each having a curved
starting portion with a helix angle that has a finite value and gradually increases
along an initial portion of the screw until the threads are substantially linear and
parallel to the axis of the screw along the melting portion of the screw: a related
embodiment has threadless portion separating the linear threads from the curved
upstream threads. Circumferentially spaced, axially extending, radial slots extend
from the outer surface of the screw along the melt section portion of the screw
radially inwardly to an associated axial bore for removing melted polymer as it

forms between solid polymer and a heated surface.
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TITLE OF THE INVENTION

MELT BLEEDER EXTRUDER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a screw type extruder for melting solid
polymer materials. More specifically, the invention relates to a screw extruder that
transforms solid polymer materials to a melted fluid material by contact of the solid
polymer materials with a heated surface. The heated surface is provided with a
plurality of circumferentially-spaced, axially extending, radial slots such that the
fluid material passes outwardly or inwardly through the radial slots and is removed
from the heated surface to ensure that the heated surface remains in close contact

with the unmelted solid polymer material at all times for improved heat transfer.

2. Related Art

Devices for converting solid thermoplastic materials to a melted
condition are well known in the art. Known devices for use in manufacturing plastic
products utilize, in one form or another, an extrusion device to melt, mix, and pump
molten polymer for further processing. A commonly used extruder is known as a
single screw extruder. A typical extruder mechanism of the single screw extruder

type utilizes a heated barrel, a helical auger or plasticating screw within the barrel
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and a feed throat. The screw is rotated by conventional means. The melting of the
plastic is accomplished by heat conduction and shear energy dissipation at the
inside wall of the barrel. The shear energy is generated as a result of relative
motion between the packed solid polymer particles in the screw channel (solid bed)
and the heated stationary barrel surface. As the solid polymer particles are melted,
a layer of melt is formed on the barrel's inner circumferential surface, which is
continuously wiped off by the screw thread or flight. Barrier type screws are also
known for use in the single screw extruder wherein the external thread of the screw
includes a rear side portion of full thread radius and a leading side portion of
smaller radius, between which a groove is formed. The barrier screw provides an
improved means for separating the melt from the solid bed in order to increase the
efficiency and quality of the meilt.

In U.S. Patent No. 3,689,182 to Kovacs, a screw extruder is shown
wherein the polymer melt is bled radially inwardly into a central axial bore
containing a second coaxial screw. In Kovacs, radial holes of 1/8 inch diameter are
distributed along the leading face of the thread of the external screw at uniform
angular spacings to dispose six or eight radial openings per turn of the thread. In
Kovacs, the assumption is made that the polymer melt forms in a small pool along
the leading side of the thread on the external screw. Hence, Kovacs states that
satisfactory removal of the melt is obtained with openings of 1/8 inch in diameter
distributed serially along the leading face of the thread. In the embodiment shown
iIn Kovacs employing a barrier type screw having a rearward portion of full thread

radius and a leading side portion of a smaller radius of thread, Kovacs assumes
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that a spiral solid thermoplastic body will develop along the full length and volume
of the channel defined by the thread. Melted material is only removed from the
channel by radial holes positioned serially along the groove defined between the
rearward and leading side portions of the thread. Thus, a continuous layer of
melted polymer is allowed to form along the entire circumferential extent of the
spiral channel defined by the thread, with the melt only being bled off at the leading
edge of the thread.

In prior art screw-type extruders, such as the Kovacs extruder, the
thickness of the melt film formed along the inside of the heated barrel directly
affects the efficiency and rate of melting since the heat developed by dissipation of
shear energy between the solid polymer and the barrel is reduced. This reduction
In melting rate is especially important on large extruders wherein the

circumferential length of the solid bed is very large.

SUMMARY OF THE INVENTION

The present invention provides a device for transforming solid
thermoplastic materials into fluid matenal by contact with a surface, wherein
melting of the thermoplastic material is caused by heat conduction and shear
energy dissipation. The shear energy is created by relative motion between the
solid polymer material and a surface, and the surface is provided with a plurality of
circumferentially spaced, axially extending, radial slots therethrough such that

meited polymer material can pass through the surface into an area for storage or
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removal. The provision of circumferentially spaced, axially extending, radial slots
allows the surface to remain in close contact with the solid material at all times by
providing means for draining off melted polymer at several locations around the
circumference. Hence, the layer of melt interfaced between the solid polymer
material and the surface is kept very thin, thus improving heat transfer and shear
energy dissipation.

In one embodiment, the present invention is provided with an external
barrel that is heated by heating coils, an internal screw, and a floating cylindrical
sleeve having a plurality of circumferentially spaced, axially extending, radial slots
therethrough located between the external barrel and the internal screw. The
internal screw comprises a central core and an external thread so interrelated in
cooperation with the floating cylindrical sleeve as to define a continuous spiral
channel between the screw core and the floating cylindrical sleeve. The portion of
the spiral channel located radially inwardly from the heating coils constitutes a melt
section that includes a substantial portion of the length of the channel and that
terminates adjacent the front or material discharging end of the screw. The thread
and the core of the screw can be shaped through the melt section proceeding in
the direction of material advancement to progressively decrease the depth of the
spiral channel without substantial change in its width. As a result there is a
corresponding progressive decrease in the cross sectional area of solid polymer
material contained in the spiral channel is it advances toward the discharge end of
the screw. The coaxial sleeve fits between the external barrel and the internal

screw. The coaxial sleeve has helical flights or threads cut into its outer
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circumferential surface, and circumferentially spaced axially extending radial slots
cut through to the inside circumferential surface of the coaxial sleeve.

The floating cylindrical sleeve is coaxial with the inner screw and the
external barrel. The sleeve is constrained from axial movement, but is free to
rotate. The speed of rotation of the sleeve is a function of the radial clearances
between the sleeve and the inner screw and between the sleeve and the external
barrel. The shear stress generated by the solid polymer material and melted
material contacting the inner circumferential surface of the floating sleeve causes
the sleeve to rotate in the same direction as the inner screw. Shear stress is also
developed in the melted polymer that has passed through the floating sleeve at the
interface between the melted polymer and the external barrel. This shear stress
retards rotation of the floating sleeve to a speed less than that of the inner screw.
The difference in rotational velocity between the inner screw and the coaxial sleeve
generates the shear stress and resultant heat energy that helps to melt the polymer
at the outer diameter of the internal screw. The axially extending, radial slots
through the cylindrical floating sieeve are spaced around the circumference of the
sleeve such that the circumferential distance between the slots is considerably less
than the circumferential distance of melt film formed on conventional or even
barrier type extruder screws.

In one embodiment of the present invention, the external barrel is
provided with internal threads that serve to wipe the melt film off the external
circumferential surface of the cylindrical floating sleeve and move the melt to the

discharge end of the extruder screw. Alternatively, the cylindrical floating sleeve is
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provided with external threads and the barrel is provided with a smooth internal
surface. A further embodiment comprises a cylindrical floating sleeve with a
smooth external surface, a surrounding barrel with a smooth internal surface and a
separate spiral member located between the floating sleeve and the barrel defining
a channel along which the meited polymer is moved toward the discharge end of
the extruder. Additional embodiments can include means for rotating either the
barrel, the cylindrical floating sleeve, and/or the separate spiral member in order to
provide the advantage of more complete control over the relative rotational
velocities of the parts of the extruder screw for optimum performance.

A further embodiment of the present invention comprises an external
barrel and a coaxial internal screw having external threads that fit closely to the
iInner circumferential surface of the barrel, wherein the internal screw is provided
with an internal axial bore for the removal of the melted polymer material. The
internal screw is also provided with multiple external threads such that a plurality of
continuous spiral channels are formed along the external surface of the screw to
move the solid polymer materials along the screw. In this embodiment, the screw
flights or threads extend axially substantially parallel to the screw axis over a
substantial length of the melt section in the extruder screw. Axially extending radial
slots through the screw are provided at the leading edge of the axial screw flights
or threads, providing passageways into the center axial bore through the screw.

The circumferential spacing of the radial slots through the internal

screw is determined by the number of axial threads provided on the screw. The

pressure created by the flow of melted polymer into the center axial bore of the
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screw forces the melt along the axial extent of the bore until it exits from the

discharge end of the extruder screw. The force to keep the solid polymer material

moving along the axial threads in the melt section of the extruder screw is provided

by the beginnings of the threads in the feed section which are provided with a helix
5 angle.

In a further embodiment of the present invention, the internal screw
can be provided with a plurality of internal axial bores providing multiple
passageways for movement of the polymer melt to the discharge end of the
extruder screw. These multiple internal axial bores are arranged in a circular

10 pattern a short distance below the surface of the screw such that the depth of the
radial slots passing from the screw channel to an associated internal axial bore is
kept short. The number of screw threads provided along the internal screw equals
the number of internal axial bores for moving polymer melt to the discharge end of
the extruder screw. The radial slots pass from the leading edge of each screw

15 thread radially inwardly to an associated internal axial bore.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is better understood by reading the following Detailed
Description of the Preferred Embodiments with reference to the accompanying

drawing figures, in which like reference numerals refer to like elements throughout,

20 and in which:

Fig. 1 is a side elevation view of a first embodiment of the present
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Invention having a driven outer rotating barrel and a stationary melting sleeve,
showing the hopper for feeding solid polymer materia into the main internal screw:

Fig. 2 is a side elevation view in partial cross-section and broken away
to show the main internal screw inside of the stationary melting sleeve of the Fig. 1
embodiment;

Fig. 3 Is a side elevation view of a cylindrical melting sleeve according
to the first embodiment of the present invention:

Fig. 3A is a cross-sectional view taken in the direction of arrows A-A in
Figure 3;

Fig. 4 is a side elevation view in partial cross-section of a second
embodiment of the present invention having a rotating melting sleeve, a rotating
internal screw and a stationary outer barrel;

Fig. S Is a side elevation view in partial cross-section of a third
embodiment of the present invention having rotating flights or threads and a
rotating internal screw with a stationary melting sleeve and a stationary external
barrel:

Fig. 6 is a side elevation view in partial cross-section of a fourth
embodiment of the present invention having a rotating internal screw and a rotating
threaded barrel and a stationary cylindrical melting sleeve;

Fig. 7 is a side elevation view in partial cross-section of a fifth
embodiment of the present invention similar to the embodiment shown in Fig. 6 and
having a rotating internal screw, a rotating threaded barrel, and a stationary porous

cylindrical melting sleeve;
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Fig. 8 is a side elevation view in partial cross-section of the sixth
embodiment of the present invention which has a rotating internal screw, a rotating
threaded barrel, and a stationary slotted melting sleeve;

Fig. 8A is a cross-sectional view taken in the direction of arrows A-A in
Fig.8;

Fig. 9 is a side elevation view of rotatable flights or threads such as
used in the third embodiment illustrated in Figure 5;

Fig. 10 is a side elevation view of a slotted melting sleeve similar to the
slotted melting sleeve used in the fourth embodiment illustrated in Fig. 8, except for
the fact that the slots extend continuously along the entire melting section rather
than consist of a series of discrete, axially spaced slot as in Fig. 8;

Fig. 11 is a side elevation view of an internal screw used in a sixth
embodiment of the present invention which has eight circumferentially-spaced,
axially extending threads along the melt section of the screw, with eight radial slots
extending from the leading edge of each of the threads into one of eight internal
axial bores provided through the screw;

Fig. 12 is a cross-sectional view taken in the direction of arrows 12-12
In Fig. 11;

Fig. 13 Is a cross-sectional view taken in the direction of arrows 13-13
in Fig. 11;

Fig. 14 is a side elevation view of an internal screw used in a seventh
embodiment of the present invention and having four axially extending threads

extending along a melt section of the screw with radial slots extending from the
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leading edge of each the four threads into one of four internal axially parallel bores

extending through the screw;

Fig. 15 Is a cross-sectional view taken in the direction of arrows 15-15
in Fig. 14;

Fig. 16 is a side elevation view of an internal screw and its associated
barrel shown in section used in an eighth embodiment of the present invention
having four axially extending threads provided along the melt section of the screw
with spaced, axially extending, radial slots passing from the leading edge of each of
said threads into a single central axial bore;

Fig. 17 is a cross-sectional view taken in the direction of arrows 17-17

in Fig. 16;

Fig. 18 is a cross-sectional view taken in the direction of arrows 18-18
in Fig. 16;

Fig. 19 is a cross-sectional view taken in the direction of arrows 19-19
in Fig. 16;

Fig. 20 is a side elevation view of a screw used in a ninth embodiment
of the present invention having four axially extending threads along a melt section
of the screw and having a barrier flight or thread provided along the length of the
axial portion of each of the threads, with axially extending, radial slots passing from
the groove between the barrier thread and the main thread into a single central
axial bore of the screw;

Fig. 21 is a cross-sectional view taken in the direction of arrows 21-21

in Fig. 20;
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Fig. 22 Is a cross-sectional view taken in the direction of arrows 22-22
in Fig. 20;

Fig. 23 is a cross-sectional view taken in the direction of arrows 23-23
in Fig. 20;

Fig. 24 is a side elevation view of an internal screw used in a tenth
embodiment of the present invention having eight axially extending threads along
the melt section of the screw wherein each of the threads is formed by a separate
insert that is inserted into a tapered radial slot extending into one of eight internal
axial bores;

Fig. 25 Is a cross-sectional view taken in the direction of arrows 25-25
in Fig. 24; and

Fig. 26 Is a cross-sectional view taken in the direction of arrows 26-26
in Fig. 24.

Fig. 27 is a side elevation of a ninth embodiment which is similar to the
embodiment of Fig. 16 but differs therefrom in that the screw has spiral upstream
spiral threads which terminate upstream of the upstream ends of the radial threads
so as to provide a threadless space immediately upstream of the radial threads:

Fig. 27A is a sectional view take along lines 27A-27A of Fig. 27;

Fig. 27B is a sectional view taken along lines 27B-278B of Fig. 27;

Fig. 27C is a partial sectional view of the screw of Fig. 27 illustrating

the internal construction of the screw: and

Fig. 27D is a sectional view taken along lines 27D-27D of Fig. 27C.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In describing preferred embodiments of the present invention
llustrated in the drawings, specific terminology is employed for the sake of clarity.
However, the invention is not intended to be limited to the specific terminology so
selected, and it is to be understood that each specific element includes all technical
equivalents which operate in a similar manner to accomplish a similar purpose.

Referring initially to Figure 1 of the drawings, the first embodiment of
the present invention is shown. This embodiment includes an extruder screw
assembly 10, an infeed section 12 and a melt section 14. A hopper 16 is provided
In the infeed section 12 for directing solid polymer material in pellet or the like form
to a central screw 20 having a spiral thread 22 of uniform pitch and a tapered core
24 which increases in diameter in the direction from the feed section 12 to the melt
section 14. The spiral thread 22 is formed with a uniform outer radius for mating
operation within a floating cylindrical melting sleeve 30 that is, in turn, surrounded
by an outer barrel 26. Cylindrical melting sleeve 30 can be provided with external
outwardly extending threads, or alternatively, barrel 26 can be provided with
internal inwardly extending threads. The resulting annular gap between the outer
circumferential surface 29 of floating cylindrical sleeve 30 and the inner
circumferential surface 27 of barrel 26 constitutes a spiral feed channel 23 along
which meited polymer passes and finally exits from the extruder screw through
passageways 13 (Fig. 1).

Referring to Figure 2, the melt section of an embodiment of the present
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invention is shown wherein cylindrical melting sleeve 30 is provided with an
external thread 32 and a plurality of circumferentially spaced, axially extending,
radial slots 34 that pass through the cylindrical melting sleeve, thus providing
communication between the tapered internal main screw core 24 and the spiral
feed channel 23 between barrel 26 and floating sleeve 30. Slots 34 have a
length/width ratio that is greater than 1.

As the solid polymer material is melted, it forms a melt film along the
internal circumferential surface 31 of melting sleeve 30. Because the creation of
such a melt film along the surface 31 of melting sleeve 30 reduces the generation
of shear energy created by the relative motion between the meilting sleeve and the
solid polymer materials, it is desired to drain off the melt material at frequent
intervals axially and circumferentially along and about feed channel 23. Such drain
off is provided by axially extending radial slots 34 passing through floating sleeve
30 at circumferentially and axially spaced intervals such that any melt film formed
along the internal circumferential surface of floating sleeve 30 is quickly removed
and passes through the floating sleeve to the annular space 35 (Fig. 2) between
the floating sleeve and the internal circumferential surface of barrel 26. External
threads 32 on floating sleeve 30 then move the melt material along the axial extent
of melt section 14 until the melt material is ejected through passageways 13 at the
discharge end of the extruder screw 10.

The second embodiment which is illustrated in Fig. 4, employs a driven

melting sleeve 30' which is identical to floating sleeve 30 except for the fact that

driven sleeve 30' is rotated about its axis in fixedly positioned barrel 26 by
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conventional means, such as a motor M and gear train G as shown. Internal driven
screw 24 s also driven to rotate about its axis to provide a continuous flow of solid
polymer material in the form of pellets, powder, chips, or the like, from hopper 16
along feed channel 23 formed between the thread 22 of tapered internal screw 24
and the internal circumferential surface 31 of cylindrical melting sleeve 30'. Heating
of the solid polymer material passing through feed channel 23 is achieved by
heating convential bands not shown in Fig. 4 but provided around the outer
circumference of barrel 26 in the manner of bands 40 shown in Figure 5, and by
shear energy dissipation created by the relative motion between the solid polymer
in feed channel 23 and the internal circumferential surface 31 of melting sleeve 30'.
Referring to Figure 5, an alternative third embodiment of the present
invention is shown wherein a stationary melt sleeve 30S is provided between
tapered internal screw 24 and a driven rotating thread 32' (Fig. 9) that is driven by
gear G’ of gear train G and has a radially outer surface 27 closely fitted with the
internal circumferential surface of barrel 26. Solid polymer material is passed
along channel 23 between screw 24' and stationary melt sleeve 305 and the meilt
polymer passes radially outwardly through axially extending, radial slots 34' of
stationary sleeve 305 into the annular gap 35' between stationary melt sieeve 30’
and surface 27 of barrel 26. Rotating thread 32' is rotated to drive the melt material
along this annular gap and expel it from the discharge end of the extruder screw.
An alternative fourth embodiment is shown in Figure 6, wherein barrel

26' is provided with internal threads 26" and is rotated by motor means. Melt sleeve

30S is held stationary, and rotary internal screw 24 is rotated by motor means.
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Radial slots 34’ extended through stationary melt sieeve 30' and provide means for
draining off stationary melt formed along the inner circumferential surface of
stationary melt sleeve 30'. As solid polymer particles pass along the spiral channel
23, melted polymer is prevented from accumulating over a circumferential distance
along the inner circumferential surface of melt sleeve 30' any greater than the
circumferential distance between radial slots 34'. Thus, the total surface area in
contact with solid polymer Is increased, and the amount of heat generated by shear
energy dissipation is increased, with a resultant increase in the melting rate of the
polymer over the melting rate in conventional extruder screws, such as the one
shown in Kovacs ‘182 patent.

A further alternative or fifth embodiment is shown in Figure 7, wherein
fixed melt sleeve 30" is provided with a plurality of radial pores or ports P
therethrough for passage of the melt polymer from feed channel 23 of rotary
internal screw 24 into the annular gap 35" between melt sleeve 30" and barrel 26'
for removal from the extruder mechanism. It should be noted that annular gap 35"
progressively decreases in dimension from the infeed (left) end to the outfeed
(right) end of the device as shown in Figure 7. Heating of the polymer material is
provided by a heater 40" in addition to the heat resultant from the shear energy
generated by relative motion between the solid polymer in channel 23 and the
internal circumferential surface of melt sleeve 30".

Figures 8 and 8A show a sixth embodiment similar to the embodiment
shown in Figure 6, wherein the means for driving rotary barrel 26' comprises a

motor 50 and gear train 52. As in Figure 6, a stationary melt sleeve 305, details of
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which are shown in Fig. 10, is provided with an outer surface having a diameter
such that it fits closely with the inner surface of the internal threads 60 on barrel
26'. The wall thickness of barrel 26' is decreased toward the discharge end of the
extruder screw while maintaining a constant inner or minor diameter for the internal
threads 60 of the barrel in order to provide for a progressively increasing root depth
of the internal threads 60, thus progressively increasing the cross sectional area of
channel available for moving melted polymer towards the discharge end.
Circumferentially spaced, axially extending, radial slots 34' provide passageways
through melt sleeve 305 from feed channel 23 of internal screw 24 to the annular
gap between melt sleeve 305 and barrel 26'. The internal threads 60 of barrel 26'
then move the melt polymer along the axial extent of the melt section of the
extruder screw to the discharge end of the extruder screw.

Referring to Figure 11, a sixth embodiment of the present invention is
shown, the sixth embodiment employs a driven extruder screw 65 having several
flights or threads, generally designated 40, formed of curved spiral upstream
components 70 in the feed section which receive and generally linear downstream
components 70' in the melt section provided around the periphery of screw 65 for
use in an extruder mechanism such as for example in Fig. 16. In this embodiment,
multiple upstream screw threads 70 start in the section feed of the extruder with a
helix angle that gradually increases to an infinite value in the melt section such that

the downstream thread components 70’ in the melt section are substantially linear
and parallel to the screw axis. In the embodiment shown in Figure 11, eight

threads are provided having eight separate channels therebetween for moving solid




10

15

20

CA 02273433 1999-06-01

- 17 -

polymer materials along the length of the screw 65. The embodiment similar of
Figures 14, 16, 20 and 24 employ four threads 40 formed of components 70 and
70" oriented and shaped in essentially the same manner as the threads of the
Figure 11 embodiment. The various screws shown in Figures 11,14,16,20, and 24
are all mounted in convential infeed sections and melt sections barrels provided
with external heaters such as shown in Figs. 1,7, 27 etc.

The helix angle on the threads in the infeed section of the screw 65 of
the embodiments of Figures 11, 14, 16, 20 and 24 provides the force necessary to
keep the solid polymer material moving along the screw 65. Furthermore, the core
diameter of the screw 65 increases along the screw toward the discharge end of
the screw such that the depth of the channel provided between the screw threads
decreases towards the discharge end of the screw. Rotation of the screw 65
shown In Figures 11, 14, 16, 20 and 21 in a clockwise direction as viewed from the
left side of the aforementioned figures results in the movement of the solid polymer
materials along the screw from the left to the right.

In the embodiment of Figure 11, axially extending radial slots 87 (Fig.
13) are provided along the leading edge of downstream melt section thread
components 70' and extend from the outer circumferential surface of the core of
the screw 65 radially inwardly to a plurality of internal axially parallel bores 89 as
shown in Figure 13. The radial slots 87 extending along the leading edge of screw
threads 70' are formed as slots that extend the full axial length of the melt section

of the screw, as shown in Figure 11.

The embodiment of Figure 16 differs from that of Figure 11 in that the
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Figure 16 embodiment has slots 87 all of which terminate at a common axial bore
89 (Fig. 17). The Figure 16 embodiment also differs from the Figure Il embodiment
In that the slots comprise a series of shorter aligned discrete slot segments 87"
provided along the leading edge of downstream thread component 70' as shown in
Figure 16. Discrete slot segments 87' have a length/width ratio that is greater than
1. The circumferential spacing between the radial slots is determined by the
number of threads 40 provided along the length of the screw. For instance, in
Figure 13, wherein eight axially extending threads 40 are provided along the screw,
radial slots 87 would be spaced at 45' from each other. In the embodiment shown
in Figure 15, where there are four axially extending threads 40 provided along the
screw, the radial slots 87 would be spaced at 90' from each other.

The provision of a plurality of internal axial bores along the screw
corresponding to the number of radial slots 50, as best seen in Figures 13 and 15,
provides a further advantage of reducing the radial distance that melted polymer
must travel when being removed from the surface of each channel between the
threads, and hence, reduces the generation of excessive heat in the melt caused
by shear energy dissipation between the melt and the radial passageways.

In the embodiment of the present invention shown in Figures 24
through 26, the axial portions of the threads 170 on the screw are formed from
separate inserts that are inserted into radial slots extending from the channels
between the threads into a plurality of axially parallel bores 189. This embodiment
provides the advantages of allowing the threads to be made from a material having

a higher hardness than the hardness of the body of the screw, as well as allowing
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for the machining of the radial slots with an internal angle so that the slots taper
from a smaller width at the screw surface to a larger width at the merger with an
internal axial bore. The tapered slots further reduce the generation of shear energy
as the melt passes through the slots to the internal axial bores, thus preventing the
overheating of the melt.

The embodiment of Figure 27 is similar to the embodiment of Figure 16
embodiment in employing a screw 65' in which the cored spiral upstream thread
components 70 in the feed sections of Figure 27 terminate at downstream their
ends 71. Such termination provides an open flightless or threadless space 90
upstream of the upstream end 100 of the linear downstream threads 70' which are
positioned in the melting section. The threadless space 100 is in the area where
the melting section begins and results in enhanced performance due to the fact
that the compacted polymer in the flightless or threadless space becomes one
annular mass ensuring that each melting section channel 110 receives an equal
volume of resin.

Modifications and variations of the above-described embodiments of
the present invention are possible, as appreciated by those skilled in the art in light
of the above teachings. For example, the number of threads provided around the
internal screw can be varied and the channels along which the solid polymer
material and the melted polymer material are moved can be maintained at a
constant cross section along the length of the extrude, or can be increased or
decreased in cross section along the length of the extrude. It is therefore to be

understood that, within the scope of the appended claims and their equivalents, the
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iInvention may be practiced otherwise than as specifically described.
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WHAT IS CLAIMED IS:
1. An extruder comprising;

a screw having an outer surface, central axis, and upstream and
downstream ends;

a melting section having a barrel having an inner surface

surrounding
and enclosing said screw,

said screw having an internal axial bore therein;

said screw further including a plurality of circumferentially
spaced external threads extending outwardly from said outer surface of said screw
along a portion of said screw with said threads including linear thread potions which
are substantially parallel to the central axis of said screw and which have an outer
edge closely facing said inner surtace of said barrel and wherein the portion of said
outer surface from which the linear thread portions extend is of outwardly flaring
shape so that the radial dimension of the linear thread portions decreases from an

upstream portion to a downstream of the linear thread portions.

2. The extruder of claim 1, further including:
a plurality of radial slots parallel to the central axis and each
having a length/width ratio that is greater than 1, with each of said radial slots
passing Inwardly to said internal axial bore from an external surface of said screw

from which said linear thread portions do not extend.
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3. The extruder of claim 1, further including:

a plurality of lengthwise extending radial slots provided in the

screw with each of said radial slots passing inwardly to said internal axial bore from

an external surface of said screw at a location adjacent one of said linear thread

portions.

4. An extruder screw having an axis comprising:

an elongated screw; said screw having an internal bore

extending there
through and including a central axis;

said screw being capabie of rotation about its axis while
remaining stationary axially and further including a plurality of circumferentially
spaced external threads extending along a portion of said screw with said external
threads including spiral upstream thread portions and linear downstream thread
portions positionable in a melting section of an extruder that are substantially
parallel to said central axis of said screw and wherein said screw is devoid of spiral
threads in said portion of said screw in which said linear thread portions are
provided and wherein the space between adjacent ones of said linear thread
portions comprises first and second flat surfaces which intersect along a line

between such linear thread portions.

5. The extruder screw of claim 4, further including:

Fobo ve nol e (38 30 QOIS 10w i THTO R PR Ty 150 4 T4 ARG 1 1o 1 ek drtn i nad s v d v ass 1adadds #4d dan ™
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a plurality of axially extending radial slots provided in said screw
each having a iength/width ratio that is greater than 1, with each of said radial slots
extending inwardly of said screw in an area adjacent to one side of one of said
linear thread portions to said internal bore and wherein said first and second flat
surfaces flare outwardly downstream from their upstream portions and said internal

bore is an axial bore.

6. The extruder of claim 4, further including:
a plurality of lengthwise extending radial slots provided in said
screw with each of said radial slots passing from an external surface of said screw

adjacent one of said external threads to said internal bore and wherein said internal

bore is an axial bore.

7. An extruder mechanism comprising:

a barrel having a cylindrical inner surface, a feed section, and a
melt section positioned downstream of said feed section and having a discharge
end,;

a rotary screw positioned in said barrel and having a central axis

and including:

(a) curved upstream thread components disposed on the
rotary screw and positioned in said feed section and

(b) linear downstream thread components having upstream

and downstream portions and disposed on the rotary screw and having a radial
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thickness dimension which decreases from the upstream to downstream portions
of the linear thread components;

the curved upstream thread components being positioned in
said melt section for moving a solid polymer material in an axial direction along said
feed section to and through said melt section to said discharge end;

means for heating said solid polymer material in said melt
section for producing a polymer melt along said cylindrical inner surface which is
removed from said cylindrical surface by rotation of said linear downstream thread
components for subsequent delivery to said discharge end; and

a plurality of lengthwise extending radial ports located at
circumferentially spaced positions of said rotary screw and having at least one
planar surface in circumferential alignment with portions of one of said linear
downstream thread components for removing polymer meit from contact with said

solid polymer material to maximize the surface area of said polymer exposed to

said means for heating.

8. The extruder mechanism of claim 7, wherein:
said curved upstream thread components have a downstream
end and said linear downstream thread components have an upstream end spaced

downstream of and facing said downstream end of the curved upstream thread

components.

9. The extruder mechanism of claim 8, wherein:
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said linear downstream thread components extend lengthwise
along said rotary screw paraliel to said central axis and have an inner termination

canted relative to said central axis.

10.  An extruder mechanism comprising:

a barrel having a cylindrical inner surface, a feed section, and a
melt section positioned downstream of said feed section and having a discharge
end;

a rotary screw positioned in said barrel and having a central axis
and including curved upstream thread components disposed on the rotary screw
and positioned in said feed section, and linear downstream thread components
each having a planar side and having a radial thickness dimension which
decreases from the upstream to downstream portions of the linear downstream
thread components;

the upstream thread components being positioned in said melt
section for moving a solid polymer material in an axial direction along said feed
section to and through said melt section to said discharge end,;

means for heating said solid polymer material in said melt
section to produce a polymer melt along said cylindrical inner surface which is
removed from said cylindrical surface by rotation of said linear downstream thread
components for subsequent delivery to said discharge end; and

a plurality of lengthwise extending radiatl ports located at

circumferentially spaced positions of said rotary screw and having at least one
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planar surface in circumferential alignment with the planar side of one of said linear
downstream thread components for removing said polymer melt from contact with
said solid polymer material to maximize the surface area of said polymer exposed

to said means for heating.

11.  An extruder mechanism comprising:

a barrel having a cylindrical inner surface, a feed section, and a
melt section positioned downstream of said feed section and having a discharge
end,

a rotary screw positioned in said barrel and having a central
axis, curved upstream thread components having upstream and downstream ends
and positioned in the feed section, and linear downstream thread components
having an upstream end spaced downstream of said downstream end of the
curved upstream thread components and having a continuous reduction in radial
dimension from their upstream to downstream ends and being positioned in said
melt section for moving a solid polymer material in an axial direction along said
feed section to and through said melt section to said discharge end;

means for heating said solid polymer material in said melt
section to produce a polymer melt along said cylindrical inner surface which is
removed from said cylindrical surface by rotation of said linear downstream thread
components for subsequent delivery to said discharge end; and

a plurality of axially extending radial ports located at

circumferentially spaced positions of said rotary screw in circumferential alignment
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with portions of said linear downstream thread components for removing said
polymer melt from contract with said solid polymer material to maximize the surface

area of said polymer exposed to said means for heating.

12. A method of extruding solid polymer material to produce a
polymer melt wherein a driven screw is rotatably mounted within a housing and the
screw has a feed section at one axial end and a meit section having a discharge
end, said method of comprising the steps of:

feeding solid polymer material into said feed section of said
screw, rotating said screw to move said polymer material axially along said screw
through said feed section and said melt section to said discharge end with said

solid polymer material contacting said screw along a surface area of said solid

polymer material,

applying heat to said solid polymer material through a
combination of conduction through said housing and shear energy dissipation
generated by relative motion between said solid polymer material, said screw and
said housing, and

removing melted polymer produced by said application of heat
from said melt section and directing said melted polymer to the interior of said

screw for subsequent discharge through said discharge end.
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