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(57) ABSTRACT

A modified kneading element for a screw extruder, periph-
erally congruent, aligned, and contiguous with a cross-
sectional profile of a modified conveying element, includes
a central portion defining a root diameter having a shaft
receiving bore defined therein; and at least one lobe extend-
ing radially from the central portion, each lobe having an
outer periphery ridge and first and second lateral sidewalls,
wherein one of the lateral sidewalls of each lobe is concave
between the outer periphery ridge and the central portion.
Kneading blocks including such kneading elements and
screw extruders including such kneading blocks are also
provided.
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KNEADING ELEMENT AND RELATED ARTICLES

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of application Ser.
No. 10/630,210 filed on Jul. 30, 2003.

TECHNICAL FIELD

[0002] This invention relates to kneading elements
employed in screw-type extruders, and more particularly, to
kneading elements used in conjunction with specially
designed or modified conveying elements within screw-type
extruders.

BACKGROUND OF THE INVENTION

[0003] Many commercial industries employ various mix-
ing and extrusion mechanisms such as, for example, a screw
extruder, in a variety of processing operations. Such screw
extruders are employed in plastics applications such as, inter
alia, polymer compounding, production, and finishing;
incorporation of additives such as flame retardants, cross-
linking agents, and plasticizers; production of polymer
blends and alloys; development of multi-purpose of concen-
trates; incorporation of fillers and reinforcement materials
such as glass, talc, clay, carbon black, etc.; extraction of
volatiles such as moisture, solvents, monomers, and
oligimers; dispersion in size reduction of pigments; poly-
merization, polycondensation, polyaddition, and grafting
reactions. Screw extruders, including particularly twin
screw extruders, are also employed in the continuous pro-
cessing of rubber compounds and the production of powder
coatings for appliances, automotive, architectural designs,
lawn and garden items, general metal finishing items, and
functional protective coatings as well as for direct extrusion
of sheets and films, cross-linkable and foamable films,
profiles, tubing, fiber spinning, wood fiber-plastic compos-
ites, and semi-permeable membranes. In other instances,
screw extruders have been used in the production of com-
mercial chemicals such adhesives and sealants, agricultural
products, ceramics, elastomer production, starch modifica-
tion, carbon extrusion, pharmaceuticals, petroleum additive
processing, and energetics, as well as in the food industry for
the production of snack pellets, chewing gum, final mixes,
candy cooking and caramelizing, protein texturizing and pet
food and for processes that include extrusion cooking and
starch gelatinazation.

[0004] Screw extruder throughput, i.e., the rate at which a
screw extruder can extrude one or more materials to make a
particular product, directly affects the profitability of an
overall process as well as the efficiency with which a market
demand can be met. There is, therefore, always a need to
improve the throughput of a screw extruder.

[0005] Additionally, as is well known in the industry,
build-up of degraded material within a screw extruder, and
again particularly a twin screw extruder, can produce
adverse effects on the quality of the extruded product.
Degraded material typically accumulates at dead zones
within the extruder where the rate of fluid flow is either
greatly diminished or static. Dead zones are the result of an
interruption of the fluid flow within the extruder barrel that
allows a portion of the subject material to degrade as a result
of extended exposure to elevated temperatures and/or
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mechanical energy. Degraded material can form a solid
coating on both the screw elements and barrel sections, and
physical properties of a degraded material are often inferior
to a virgin product. Portions of the degraded material often
end up in the finished product and thereby reduce the overall
product quality.

[0006] Efforts to remove degraded material from screw
extruders may typically involve running purge compounds
through the extruder. However, there are instances where
purging the extruders will not suitably cleanse the extruder.
In these instances, the extruder must be at least partially
dismantled and cleaned by hand. That is, cleaning out
degraded material involves removing the screw, i.e., the
conveying and kneading elements, from the extruder barrel
and hand-cleaning both the screw(s) and barrel. Oftentimes,
the extruders will have multiple shafts and each and every
screw will need to be cleaned. Both of these methods, as
well as any other cleansing methods, require that production
be stopped, thereby resulting in lost of production and in
expense incurred in failing to produce during down time.

[0007] There is, therefore, a need to eliminate dead zones
with a screw extruder. In doing so, the relative rate at which
degraded material forms within a screw extruder will be
advantageously reduced. In addition, a need continues to
exist for a screw extruder assembly that can be cleaned
easily and effectively so as to lower cleaning costs.

[0008] A number of differently configured conveying ele-
ments have been manufactured for use in modern screw
extruders. Conveying elements are those elements of a screw
whose essential purpose is to convey material through the
extruder. To do so, they typically have extremely small
clearances between them and the barrel or bore such that
only a de minimus amount of material may be allowed to
flow over the ends of the flights of the conveying elelment.

[0009] Typical conveying elements generally comprise
one or more flights forming a generally spiral structure. For
many conveying elements, two sets of opposing flights are
employed and spirally wound around a central portion
suitable for receiving the shaft of the extruder. By
“opposed,” it is meant that upon examining a cross-section
of the element with these two flights, the flights will be
opposite each other with the shaft receiving bore therebe-
tween. Moreover, for conventional conveying elements, the
slope of the flights will rise and fall consistently and,
therefore, the ends of the elements will have a consistent
elipscoidal or football-shape cross-section to them.

[0010] Tt is also known to use conventional conveying
elements which have only one flight or as many as three
flights on them. While the conveying elements having only
one or three flights on them will not have opposing flights or
elipscoidal cross-sections, the slope of the flights will rise
and fall in a generally consistent and uniform pattern which
is well understood by those skilled in the art such that the
peripheral profile of the conveying element will be convex
in nature. For purposes of describing the present invention
as compared to the prior art, the terms “conventional con-
veying elements” and/or “standard conveying elements”
shall mean these types of elements.

[0011] However, not all conveying elements are conven-
tional. Many extruders now employ “modified” conveying
elements that are specially designed to improve the perfor-
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mance of the extrusions taking place. By the term “modi-
fied,” it is meant that the conveying elements (and later the
kneading elements) do not have conventional, cross-sec-
tional profiles of a completely convex nature. Generally,
these modified conveying elements may have differently
angled or sloped flights with respect to each flight’s front
and back. That is, while the back slope of a flight may be
essentially the same slope as for a standard conveying
element, the front slope may be much steeper, or vice versa.
Such a configuration of flights of the conveying element
provides a completely different shape to the cross-sectional
configuration of the conveying element. In the instance of a
two opposed flight-modified conveying element, the element
will have an “S-shaped” cross-section rather than a “foot-
ball-shaped” cross-section. It will be appreciated that if both
slopes are significantly steeper, then the cross-section con-
figuration will be “narrower” at the tips of the flights. In this
situation, the conveying element will have at least a part of
the cross-sectional profile be concave in nature.

[0012] Such modified conveying elements having
S-shaped cross-sectional profiles, hereinafter sometimes
referred to as “S conveying elements,” are well-known in the
art. However, while S conveying elements and other modi-
fied conveying elements have gained in popularity within
the extrusion industry, the industry has continued to use
conventional kneading elements. Those modified conveying
elements having even narrower flights, i.e., are highly sloped
on both the front and back of the flight, will sometimes be
referred to hereinafter as “SS conveying elements.” It will be
appreciated that such S conveying elements and SS convey-
ing elements are typically differentiated and modified from
those conventional conveying elements having two “nor-
mal” opposing flights. However, for the present invention, it
will be understood that any modified conveying element
modified to include a flight that provides a cross-sectional
profile with at least a portion of the periphery thereof being
concave in nature will be included as a modified conveying
element, regardless of the number of actual flights.

[0013] In preparing a screw extruder for use, both con-
veying and kneading elements are typically used. Kneading
elements are used not only to melt, mix and knead the
extrusion mixture, as its name implies, but also to create a
gap between conveying elements so that, where there are
changes in the configuration, size or shape of the conveying
elements or where the processing temperature or pressure
might change, the kneading elements allow for these
changes to occur over a greater period of time or along a
length of the screw, not instantaneously, which could be
deleterious to the extrusion mixture. Kneading elements are
differentiated from conveying elements in that their essential
purpose is to melt, mix and knead the materials pass through
the kneading zone of the extruder. To do so, kneading
elements have a greater clearance between their periphery
ridge (i.e., their outer edge) and the barrel or bore of the
screw extruder as compared to conveying elements used for
the same barrel or bore. This greater clearance allows
material to flow over the end of the kneading element which,
in turn, allows for greater dispersion and/or distributive
mixing of the material as compared to that done in the
conveying zone by the conveying elements.

[0014] Heretofore, conventional conveying elements and
conventional kneading elements (conventional kneading
elements being hereinafter defined as having the same cross
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sectional profile as the conventional conveying elements)
were aligned in a contiguous manner such that the material
being extruded would flow from the conveying element to
the kneading element without being interrupted in any
manner. However, with the advent of modified conveying
elements like those described above, it should be appreci-
ated that, while the conventional kneading elements are
commonly aligned and contiguous with the modified con-
veying elements, the interface between a modified convey-
ing element that is aligned and contiguous with a conven-
tional kneading element unfavorably creates an interruption
in the material flow within a screw extruder. The interrupted
material flow occurs because the cross-sectional profile of
the conventional kneading element and the cross-sectional
profile of the modified conveying element are peripherally
incongruent. For example, where an S conveying element is
used with a conventional kneading element, the S-shaped
profile of the S conveying element does not match the
football-shaped profile of the conventional kneading ele-
ment. There is, therefore, a need to eliminate this cross-
sectional peripheral incongruency between a modified con-
veying element and a kneading element.

SUMMARY OF THE INVENTION

[0015] Broadly, the present invention seeks to solve the
problem of incongruency between a modified conveying
element and a kneading element by reconfiguring the knead-
ing element to match the cross sectional profile of the
modified conveying element. It has been found that chang-
ing the profile of the kneading element to match that of the
conveying element not only increases the free volume and
potential input capabilities of a screw extruder, i.e., provides
improved flow and throughput of a material through a screw
extruder, such as a twin-screw extruder, that employs the
modified, i.e., non-conventional or non-standard, conveying
elements contiguous with kneading elements in its screw
configuration, but also decreases the amount of residue left
or otherwise trapped in the screw extruder because of dead
zones and the like. Thus, the screw extruder is most easily
cleaned. Moreover, it has been surprisingly found that the
“modified” kneading element produces more distributive
mixing than would be associated with conventional, e.g.,
those having a football-shaped cross-section where two
opposing flights are present, kneading elements. Such con-
ventional kneading elements are also called Erdmenger
kneading elements in some industries.

[0016] The advantages of the present invention over exist-
ing prior art relating to screw extruders and kneading
elements used therein, which shall become apparent from
the description and drawings which follow, are accom-
plished by the invention as hereinafter described and
claimed.

[0017] In general, one or more aspects of the present
invention may be accomplished by a kneading element
comprising a central portion defining a root diameter having
a shaft receiving bore defined therein; and at least one lobe
extending radially from the central portion, the at least one
lobe having an outer periphery ridge and first and second
lateral sidewalls; wherein one of the lateral sidewalls on the
at least one lobe is concave between the outer periphery
ridge and the central portion.

[0018] Other aspect of the present invention may be
accomplished by a kneading block comprising a plurality of
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kneading elements, wherein at least one kneading element of
said kneading block includes a central portion defining a
root diameter having a shaft receiving bore defined therein,
and at least one lobe extending radially from the central
portion, the at least one lobe having an outer periphery ridge
and first and second lateral sidewalls, wherein one of the
lateral sidewalls of the at least one lobe is concave between
the outer periphery ridge and the central portion.

[0019] Still other aspects of the present invention may be
accomplished by a screw extruder comprising at least one
modified conveying element having a particular, non-con-
ventional, cross-sectional profile at at least one end of the
conveying element, and at least one kneading element
contiguously aligned with and adjacent to the conveying
element, wherein the kneading element has a cross-sectional
profile peripherally congruent to the cross-sectional profile
of'the conveying element at an end adjacent to the conveying
element, such that the cross-sectional profile of the convey-
ing element is peripherally congruent, aligned, and contigu-
ous with a cross-sectional profile of the kneading element at
adjacent ends.

[0020] Still other aspects of the present invention may be
accomplished by a screw having a configuration formed by
a modified conveying element contiguous with a modified
kneading element wherein a cross-sectional profile of the
modified conveying element is peripherally congruent,
aligned, and contiguous with a cross-sectional profile of the
modified kneading element.

[0021] Yet other aspects of the present invention may be
accomplished by a kneading element having a cross-sec-
tional profile that is peripherally congruent to a cross-
sectional profile of a modified conveying element when the
conveying and kneading elements are aligned and contigu-
ous with each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a perspective view of one embodiment of
a modified kneading element of the present invention of the
type known hereinafter as an “extended S kneading ele-
ment.

[0023] FIG. 2 is a perspective view of another embodi-
ment of a modified kneading element of the present inven-
tion of the type known hereinafter as an “extended twisted
S” kneading element.

[0024] FIG. 3 is a perspective view of a conventional,
prior art, kneading block comprising four (4) kneading
elements and a known modified conveying element, also
known as an “S conveying element,” aligned and contiguous
with the first kneading element of the kneading block.

[0025] FIG. 4 is a perspective view of one embodiment of
a modified kneading block of the present invention wherein
the kneading block has four (4) kneading elements, the first
and fourth elements being of the type hereinafter known as
“S” kneading elements and the second and third being
conventional prior art kneading elements, and wherein an S
conveying element, as set forth above, is aligned and con-
tiguous with the first S kneading element of the modified
kneading block.

[0026] FIG. 5 is a perspective view of a twin-screw
configuration wherein twin S conveying elements, as above,
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are each aligned and contiguous with the first of four
conventional, prior art, kneading elements of a conventional,
prior art, kneading block in a manner as shown in FIG. 3.

[0027] FIG. 6 is a perspective view of one embodiment of
a modified kneading block of the present invention wherein
the first and fourth kneading elements represent another
embodiment of a kneading element of the present invention
hereinafter known as “SS” kneading elements and wherein
the second and third elements are conventional kneading
elements.

[0028] FIG. 7A is a fragmentary, perspective view of a
screw configuration wherein an S conveying element, as
above, and a first S kneading element, as above, of a
modified kneading block of the present invention is aligned,
contiguous, and peripherally congruent to each other.

[0029] FIG. 7B is a fragmentary, perspective view of a
screw configuration wherein an S conveying element, as
above, and a first conventional, prior art, kneading element
of a conventional prior art, kneading block is aligned and
contiguous but not peripherally congruent to each other.

[0030] FIG. 8 is a perspective view of a twin-screw
configuration wherein twin S conveying elements, as above,
are each aligned, contiguous and peripherally congruent
with the first of four kneading elements of an S kneading
block of the present invention, the first kneading element of
each block being an S kneading element of the present
invention.

[0031] FIG. 9 is a perspective view of another embodi-
ment of a modified kneading block of the present invention
wherein all four (4) modified kneading elements represent
another embodiment of a kneading element of the present
invention hereinafter known as a “forward twisted S knead-
ing element.

[0032] FIG. 10 is a perspective view of another embodi-
ment of a modified kneading block of the present invention
wherein the middle two (2) of the four (4)modified kneading
elements represent another embodiment of a kneading ele-
ment of the present invention hereinafter known as a
“reverse twisted S” kneading element.

[0033] FIG. 11 is a schematic representation of a screw-
type extrusion machine in which screw elements of the
present invention are employable.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] Screw extruders are well known in the art. There
are at least two common types of screw extruders. One type
is a single screw extruder, wherein there is one set of
axially-aligned mixing elements positioned on an axially-
extending screw shaft within a generally cylindrical bore.
The second common type of extruder is a twin-screw
extruder, wherein there are two sets of axially-aligned mix-
ing elements positioned side-by-side on two axially-extend-
ing screw shafts within a double barrel-like bore. Although
the present invention is particularly suited for these types of
extruders, it is not necessarily limited thereto. Multiple
shafts of eight or more have been made within a single bore,
and may be relevant and a part of the present invention.

[0035] One representative form of a screw-type extruding
machine suitable for use in the present invention is presented



US 2007/0147169 Al

generally as numeral 2 in FIG. 11. Screw-type extruding
machine 2 has a housing 4 comprising a plurality of sections
6, 8, and 10 that are disposed axially, one behind the other,
and flanged to one another. The housing section 10 com-
prises sections 10', 10", and 10". A screw-receiving bore 12
may be defined axially by the housing 4. In a twin-screw
extruder, there will be two barrels 12, 12' of parallel axes and
of horizontal-figure-eight-type intersection provided in
housing 4. For purposes of the description of the extruder, a
twin-screw orientation will be set forth throughout this
description unless otherwise indicated. Concentrically of the
axes of the barrels 12, 12', two shafts (not shown) are located
in housing 4. These shafts may be driven via a gearbox 14
by a motor 16. Housing 4, gearbox 14, as well as motor 16
are supported on a base, such as ground 18, by way of stands
20. In use, a receiving hopper 22 discharges material to be
processed into the first housing section 6 serving as a feed
zone. The material to be processed may be supplied to the
receiving hopper 22 by any means known in the art such as,
for example, by a proportioning device 24 in the form of a
conveyor-type weighing equipment for granulates, for
instance, and/or by a proportioning device 26 in the form of
a proportioning worm for powder, for instance. Some form
of'an outlet 28 is provided at a housing section 10. It will be
appreciated that where twin screw drive shafts are
employed, the drive of the axial shafts, via gearbox 14 and
motor 16 is unidirectional, i.e., the shafts rotate in the same
direction.

[0036] The axial shaft(s) within the mixing zone receives
the screw(s) used to mix and extrude the material being
processed. Both prior art, conventional screws having prior
art, conventional and modified conveying elements and prior
art, conventional kneading elements, and screws of the
present invention having known modified conveying ele-
ments and modified kneading elements of the present inven-
tion can be employed and used in the configuration of the
screws disposed in a housing section 10 subsequent to the
feed zone.

[0037] One such prior art screw configuration is shown in
FIG. 3, as a single screw configuration represented generally
by the numeral 30. In FIG. 5, another prior art configuration,
this time a twin-screw configuration, is represented gener-
ally by the numeral 32. In these prior art embodiments, a
modified conveying element 34 having a modified, and more
particularly, an S-shaped, cross-sectional peripheral profile
generally has a central portion 36 where the chain lines 38
generally represent the outer limits of central portion 36.
Within central portion 36 is a central shaft-receiving bore 40
extending axially for the length of modified conveying
element 34. Modified conveying element 34, which may
also be referred to hereinafter as an “S conveying element”
for this particular embodiment, has at least one conveying
flight 42, and preferably at least two opposed conveying
flights 42, 42', extending axially from central portion 36 and
traverses a spiral path around the axial length of central
portion 36. It will be appreciated that the spiral path of the
two conveying flights 42, 42' creates the S-shaped cross-
sectional peripheral profile of S conveying element 34.
However, it will also be appreciated that where fewer or
more than two flights are employed, the peripheral profile
will not be that of the S conveying element.

[0038] Notably, as a modified conveying element, the S
conveying element 34 has asymmetrical slopes or curves 44,
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44' and 46, 46' along an axial plane described by the front
and back sides of each conveying flight 42,42'. As best
shown in FIG. 3, each side of the flight 42, 42' has a slope
or curve 44, 44', 46, 46' extending from the central portion
36 of the conveying element to the outermost radial tip of
each flight 42, 42'. A cross sectional profile of such a
conveying element may be deemed to be “non-conven-
tional.” In contrast and as noted hereinabove, a conventional
conveying element with a conventional cross-sectional pro-
file is defined as having symmetrical, convex slopes along an
axial plane described by the front and back sides of a flight;
each side of the flight has a curve or slope reaching from the
central portion to the outermost radial tip of the flight.

[0039] Thus, one embodiment of the present invention
provides a screw having at least one modified conveying
element having a particular, non-conventional, cross-sec-
tional profile at at least one end of the conveying element.
Preferably, the other end of the conveying element will also
have the same non-conventional, cross-sectional profile. It
will be remembered that conveying elements convey mate-
rial through the extruder and have a relative smaller clear-
ance between the end of the flight and the bore so that little,
if any, material can escape over the end of the conveying
element.

[0040] In addition to conveying elements however, the
screw configuration also includes one or more kneading
elements. Heretofore, only conventional kneading elements
such as those shown by the numeral 50 in prior art FIGS. 3
and 5 in the form of conventional kneading blocks, indicated
generally by the numeral 48, have been used in conjunction
with the modified conveying element 34. As shown, con-
ventional kneading block 48 includes a block of four knead-
ing elements 50. It will be appreciated that any plurality of
kneading elements, i.e., 2 or more, may form a block, with
the alignment and arrangement of the elements being pre-
determined by one of skill in the art to provide particular
mixing characteristics to during this stage of the mixing
process. Thus, any arrangement or alignment of the elements
within a particular kneading block may be employed without
departing from the spirit and scope of the present invention.

[0041] With respect to the conventional kneading ele-
ments 50 shown in prior art FIGS. 3 and 5, each, like a
conventional conveying element, generally includes a cen-
tral portion (not shown) wherein a shaft-receiving bore
extends axially the length of the conventional kneading
element 50. In one embodiment, two opposed lobes 52 are
defined generally as extending radially from the central
portion. Each lobe 52 includes two opposing convex lateral
sidewall 56 extending axially for the length or depth of the
conventional kneading element 50 and extending radially
from the central portion to an outer periphery ridge 54
positioned at the outermost tip of each lobe 52. A broad
surface 58 can be found at both axial ends of each conven-
tional kneading element 50 wherein the area of broad
surface 58 is made up of the cross-sectional surface areas of
opposed lobes 52 and the cross-sectional surface area of the
central portion and wherein the periphery of the broad
surface 58 basically defines the cross-sectional profile of the
conventional kneading element 50. This “conventional”
kneading element is often referred to as an Erdmenger
element.

[0042] As best shown in prior art FIG. 7B, but also shown
in prior art FIGS. 3 and 5, it will be appreciated that, while
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the cross sectional profiles of a conventional conveying
element would match that of the conventional kneading
element, the cross sectional profile of the modified S con-
veying element 34 does not match that of the conventional
kneading element 50. Thus, when a conventional kneading
element, such as 50, is contiguous and properly aligned with
an S conveying element 34, the two are not peripherally
congruent with each other. That is, a portion, as at 60, of
broad surface 58 of the contiguous and aligned kneading
element 50 is visible and may deleteriously affect the
operation and performance of the screw. For example, the
flow of material being processed may be interrupted causing
processing delays. Moreover, the protruding broad surface
may act as a dead zone where material may get caught or
otherwise trapped in the screw, causing not only interrupted
material flow, but also build-up of degraded material that can
oftentimes only be cleaned by removal of the screw from the
extruder.

[0043] Similarly, where modified SS conveying elements
have been used with conventional kneading elements, the
problem is even more exacerbated. In this instance, there are
actually two “dead zones.” Not only does the material get
caught in the “dead zone” along the leading edge of the
element, but there is also a “dead zone” on the trailing edge
of the element with respect to the rotation of the screw
element. Residues of the material being extruded regularly
get left in these dead zones, and in the case of the zone
trailing the flight, there is simply no way to purge or remove
it without physically cleaning the extruder.

[0044] To solve this problem, a kneading element has been
developed as described herein. Notably, at least the kneading
element that is contiguously aligned with and adjacent to the
conveying element has a cross-sectional profile peripherally
congruent to the cross-sectional profile of the modified
conveying element at the end adjacent to the conveying
element. Thus, there will be a smooth transition of the
material being processed between the conveying elements
and the kneading elements. In order to properly melt, mix
and knead however, it will be understood that the clearance
between the periphery ridge 54 and the bore will be suffi-
cient large enough to allow flow over the end of the ridge for
proper dispersion and distributive mixing. This clearance, at
a minimum, will be greater than the clearance between the
end of the flight of the conveying element and the bore.
Nevertheless, the congruency between the profiles of the
elements has been found to result in a significant reduction
in material build-up and degradation, providing for
increased throughput and faster cleanup between various
batches of materials.

[0045] One representative embodiment of a screw con-
figuration of the present invention is shown in FIG. 4, as a
single screw configuration represented generally by the
numeral 70, and again in FIG. 8 as a twin screw configu-
ration represented generally by the numeral 72. In these
embodiments, a modified conveying element 34 having an
S-shaped cross-sectional peripheral profile, like that
described hereinabove in FIGS. 3 and 5, is again shown. The
description of the S conveying element was previously
provided hereinabove and can be referenced with respect to
FIGS. 4 and 8 as well. The screw has at least one modified
conveying element having a particular, non-conventional,
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cross-sectional profile at at least one end of the conveying
element, particularly the end contiguous with and adjacent
to the kneading element.

[0046] In the present invention, and as shown in FIGS. 4
and 8, at least one of the kneading elements 78, 80, and
particularly at least the kneading element contiguous with
and adjacent to each S conveying element 34, is modified in
a manner such that the cross sectional profile of the modified
S conveying element 34 matches that of the modified
kneading element. Thus, when a modified kneading element,
such as 80 in FIG. 7A, is contiguous and properly aligned
with an S conveying element 34, the two are peripherally
congruent with each other. That is, no portion of the con-
tiguous and aligned kneading element 80 is visible so as to
deleteriously affect the operation and performance of the
screw.

[0047] 1t will be appreciated that proper alignment of the
kneading element 80 with the conveying element 34 may be
insured by the design features of the screw elements. In
particular, most screw elements have locking mechanisms
such that they may be placed on the screw shaft in only one
particular way. Such locking mechanisms can include, but
are not limited to, keys within the bores for of the screw
elements so as to align the shaft and screw elements.

[0048] As with the prior art kneading elements, the knead-
ing elements of the present invention such as those shown by
the numerals 78 and 80 in FIGS. 4 and 8, are illustrated in
the form of kneading blocks, indicated generally by the
numeral 76. As shown, the kneading block 76 of the present
invention includes a block of four kneading elements
wherein the first and last kneading elements 80 are S-shaped
and modified and wherein the second and third kneading
elements 78 are conventional and football-shaped. It will be
appreciated that any plurality of kneading elements, i.e., 2 or
more, may form a block, with the alignment and arrange-
ment of the elements being predetermined by one of skill in
the art to provide particular mixing characteristics during
this stage of the mixing process. However, at least the first
or the last kneading element is preferably a modified knead-
ing element as described in the present invention. In one
embodiment, it is preferred that all of the other elements
may be modified kneading elements like 80. In another
embodiment, it is preferred that only the first and last
kneading elements be so modified. Thus, the total number
(N) of modified kneading element per block may be based
upon need and desirably of the manufacturer or user of the
screw and can be determined without departing from the
spirit and scope of the present invention.

[0049] With respect to the modified kneading elements 80
shown in FIGS. 4 and 8, each, like an S conveying eclement,
generally includes a central portion (not shown) wherein a
shaft-receiving bore extends axially the length of the con-
ventional kneading element 80. At least one, and preferably
two opposed, lobes 82 are defined generally as extending
radially from the central portion. Each lobe 82 includes two
opposing lateral sidewall 84, 86 extending axially for the
length or depth of the kneading element 80 and extending
radially from the central portion to an outer periphery ridge
90 positioned at the outermost tip of each lobe 82. However,
rather than each lobe 82 having two convex sidewalls, at
least one wall, such as 86, is concave. Preferably, the
concave wall 86 of each lobe 82 is not the mirror image wall.
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That is, the concave wall 86 of each lobe is preferably the
front or leading wall with respect to the rotation of the screw.
A broad surface 88 can be found at both axial ends of each
modified kneading element 80 wherein the area of broad
surface 88 is made up of the cross-sectional surface areas of
opposed lobes 82 and the cross-sectional surface area of the
central portion and wherein the periphery of the broad
surface 88 basically defines the cross-sectional profile of the
modified kneading element 80.

[0050] Furthermore, it will be understood that, while for
purposes of the present invention, a S-shaped cross-sectional
profile has been shown and described, other configurations
are possible since the kneading and conveying elements
need only have one, and more often have two or three (or
more) sets of flights which create the lobes 82 of the
kneading conveying elements 80 of the present invention.
Hence, for each lobe 82 having an outer periphery ridge 90
and first and second lateral sidewalls 84, 86, at least on of the
lateral sidewalls on the lobe is concave between the outer
periphery ridge and the central portion.

[0051] Tt will be appreciated that kneading elements 78 in
FIGS. 4 and 8 are conventional kneading elements as
previously described herein. Because the kneading elements
are intentionally misaligned to provide a proper mixing and
kneading environment, it does not matter whether the cross-
sectional profiles of the middle kneading elements of a
kneading block are conventional or modified. However, it
has been found that improved distributive mixing charac-
teristics may be imparted by the use of the modified
S-shaped kneading elements within the kneading zone of the
extruder. Some variations of the positioning of the elements
in the blocks will provide better results in this respect than
other variations. Also, the more kneading elements of the
present invention employed the more distributive mixing
conducted in the kneading zone.

[0052] With reference to FIG. 7A, but also shown in FIGS.
4 and 8, a kneading element 80 of a kneading block of the
present invention having an S-shaped cross-sectional
peripheral profile is employed as being contiguous with a
peripherally congruent cross-sectional profile of a modified
S conveying element. The two profiles are preferably periph-
erally aligned such that there is a smooth transition between
the surfaces of the two contiguous elements. Such a smooth
transition, i.e., lack of dead zones between the conveying
element and the kneading element adjacent thereto, will
promote continuous material flow within a screw-type
extruder, resulting in faster throughput and easier cleanup.

[0053] With respect to FIG. 1, another embodiment of a
modified kneading element of the present invention is
denoted generally by the numeral 92. The representative
form of modified kneading element 92 is shown as having an
axial length or depth which is much longer than that shown
in FIGS. 4 or 8. Such an “extended S” element preferably
has an axial depth greater than the diameter of the shaft
receiving bore therethrough, but only differs from kneading
element 80 in that manner.

[0054] Thus, in FIG. 1, a modified kneading element 92,
also referred to as an extended S kneading element, having
an S-shaped cross-sectional peripheral profile generally has
a central portion 94 where the chain lines indicated by
numeral 96 represent the outer limits of central portion 94.
Within central portion 94 is a central shaft-receiving bore 98
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extending axially for the length of modified kneading ele-
ment 92. Two opposed lobes 100 extend radially from
central portion 94 to an outer periphery ridge 102 at the
radially outermost tip of each lobe 100. Each lobe 100 has
two lateral sidewall sections 104, 106 extending axially for
the length of the extended S kneading element 92 and
between the central portion 94 and periphery ridge 102.
Notably, each lobe 100 has one lateral sidewall which is
concave and the other which is convex. The concave side-
wall is preferably the front face of the lobe 100 when the
lobe is rotating. Thus, in FIG. 1, the modified kneading
element would preferably turn in a clockwise direction. A
broad surface 108 can be found at both axial ends of the
extended S kneading element 92 wherein the area of broad
surface 108 is made up of the cross-sectional surface areas
of opposed lobes 100 and the cross-sectional surface area of
central portion 94 and wherein the periphery of the broad
surface 108 basically defines the cross-sectional profile of
the modified kneading element. It is also noted that the broad
surfaces of the modified kneading elements of the present
invention preferably lie in parallel planes.

[0055] Another representative form of a modified knead-
ing element of the present invention is indicated generally
by the numeral 110 in FIG. 6. Kneading element 110, also
referred to herein as an SS kneading element, has a com-
pletely different cross-sectional peripheral profile. SS knead-
ing element 110 generally includes a central portion 112
where the chain lines indicated by numeral 114 represent the
outer limits of central portion 112. Within central portion
112 is a central shaft-receiving bore 116 extending axially
for the length of SS kneading element 110. Two opposed
lobes 118 extend radially from central portion 112 to an
outer periphery ridge 120 at the radially outermost tip of
each lobe 118. Each lobe 118 has two lateral sidewall
sections 122, 124 extending axially for the length of the SS
kneading element 110 and between the central portion 112
and periphery ridge 120. However, in this instance, both
lateral sidewalls 122, 124 are concave, providing a much
“narrower” cross-sectional profile to the SS kneading ele-
ment 110. A broad surface 126 can be found at both axial
ends of SS kneading element 110 wherein the area of broad
surface 126 is made up of the cross-sectional surface areas
of opposed lobes 118 and the cross-sectional surface area of
central portion 112 and wherein the periphery of the broad
surface 126 defines the cross-sectional profile of the modi-
fied kneading element.

[0056] Kneading elements of the type described above
were more commonly be used in the melt zone of the
extruder where it would not be subjected to as high a shear
force as it might in other sections of the extruder. To that
end, it should be recognized that the flights of the SS
kneading element are generally weaker than the flights of the
S kneading element or conventional kneading eclement,
given that its cross-sectional profile is so much narrower.

[0057] Twisted kneading elements are still another repre-
sentative form of a modified kneading element of the present
invention, and they are presented in FIGS. 2,9, and 10. Each
of these kneading elements 140, 150, and 160, in FIGS. 2,
9, and 10, respectively, like the others, has an S-shaped
cross-sectional peripheral profile. Each kneading element
generally has a central portion 142, 152, 162 where the chain
lines indicated by numeral 143, 153, 163 represent the outer
limits of central portion 142, 152, 162. Within central
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portion 142, 152, 162 is a central shaft-receiving bore 144,
154, 164 extending axially for the length of modified knead-
ing element 140, 150, 160. Two opposed lobes 146, 156, 166
extend radially from central portion 142, 152, 162 to an
outer periphery ridge 147, 157, 167 at the radially outermost
tip of each lobe 146, 156, 166. Each lobe 146, 156, 166 has
two lateral sidewall sections 148, 158, 168 and 149, 159, 169
extending axially for the length of the S kneading element
140, 150, 160, respectively, and between the central portion
142, 152, 162 and periphery ridge 147, 157, 167. Again, as
with the other S kneading elements, each lobe 146, 156, 166
has one lateral sidewall that is concave and the other which
is convex. A broad surface 141, 151, 161 can be found at
both axial ends of the twisted kneading elements 140, 150,
160 wherein the area of broad surface 141, 151, 161 is made
up of the cross-sectional surface areas of opposed lobes 146,
156, 166 and the cross-sectional surface area of central
portion 142,152, 162 and wherein the periphery of the broad
surface 141, 151, 161 defines the cross-sectional profile of
the modified kneading element.

[0058] 1t will be appreciated that forward twisted S knead-
ing block shown in FIG. 9 and designated generally by the
numeral 130, and reverse twisted S kneading block shown in
FIG. 10 and designated generally by the numeral 132, differ
only in their orientation of twisting with respect to the
middle two modified kneading elements. However, signifi-
cantly different, mixing characteristics can be accomplished
by the two types of directional, twisted kneading blocks. In
both FIGS. 9 and 10, the direction of flow of material is from
the kneading elements (block) to the conveying element.
Thus, the closest kneading element is the last kneading
element of the block.

[0059] All of the elements of the kneading blocks 130, 132
are twisted. However, in FIG. 9, all of the kneading elements
150 are twisted such that the leading edge, as at 137, of the
concave lateral sidewall 158 of each kneading element 150
is forward of the ending edge, as at 136, of the same sidewall
158. It will be appreciated that a gap or a spacer of up to 1
mm or more may be necessary to make these type of
kneading blocks perform adequately in mixing and kneading
the material within the extruder.

[0060] InFIG. 10, the first (farthest away) and last (fourth
and closest) kneading elements 160 are twisted in the same
manner as in FIG. 9. However, for the middle two elements
160, the elements are twisted such that the leading edge, as
at 139, trails the ending edge, as at 138, of the same sidewall
168. Such an arrangement provides for slowing the flow of
material as it attempts to reverse the flow of material. Such
twisting with one or more reverse directional elements will
provide a further increase in the amount of dispersion and
distributive mixing that takes place within the kneading
zone.

[0061] In FIG. 2, an extended S kneading element 140 is
twisted in a forward direction, assuming flow from out of the
paper, such that the leading edge, as at 135, of the concave
lateral sidewall 148 of each kneading element 140 is forward
of'and leads the ending edge, as at 134, of the same sidewall
148.
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[0062] 1t will be understood that a twisted kneading ele-
ment may look similar to a conveying element. However,
two characteristics clearly and succinctly differentiate these
kneading elements from conveying elements. First, as noted
hereinabove, the clearance between the end of the kneading
element closest to the surface of the bore is greater than the
clearance between the end of the conveying element closest
to the surface of the bore. This allows for more flow over the
end of the kneading element, resulting in more dispersion
and distributive mixing as compared to a conveying element
used in the same bore. Second, the angle of the twisted
kneading element is typically less severe than the angle (i.e.,
known in the industry as the “pitch”) of the conveying
element. Typically, conveying elements will have more than
2 diameter pitch while the kneading elements will not.

[0063] Hence, it should now be evident that the modified
kneading elements of the present invention have a cross-
sectional profile that, when aligned and contiguous with a
cross-sectional profile of a modified conveying element, is
peripherally congruent to that profile of the modified con-
veying element.

[0064] In operation, it will be understood that the screw
configurations of the present invention are set forth in the
barrel a screw extruder. The peripheral ridges at the tip of the
kneading elements are aligned so that they substantially
wipe the walls of the barrel and knead the material being
processed, typically a polymer or other well-known com-
positions. For conventional kneading elements set forth in a
twin screw extruder, the kneading elements are aligned in a
manner such that the sidewalls or peripheral ridges of one
kneading element on one screw is always in close contact or
proximity to a similar kneading element on the other screw,
thereby allowing the kneading elements to “wipe” against
each other and knead the material over the peripheral ridges
of the element.

[0065] However, because of the concavity of at least one
of'the sidewalls of the modified kneading elements, it will be
appreciated that during rotation of the twin screws, there is
a point at which one kneading element is not in close contact
to its counterpart on the other twin screw. That is, as the
peripheral ridge of one kneading element begins to swipe
along the lateral sidewall of its counterpart kneading ele-
ment on the other twin screw, a gap is formed between the
peripheral ridge of the first kneading element and the
concave sidewall of the counterpart kneading element. It has
been found that this gap allows for a higher free volume of
material to pass through the kneading zone of the extruder,
resulting in faster throughput of material and also providing
improved distributive mixing without a perceptible loss of
dispersion mixing capability within the kneading zone of the
screw. High speed twin screw extruders may further benefit
by reducing the amount of shear rate in the kneading zone,
allowing more sensitive materials to be processed without
zone heating and degradation resulting therefrom.

[0066] In light of the foregoing, it should thus be evident
that the present invention substantially improves the art.
While, in accordance with the patent statutes, only the
preferred embodiments of the present invention have been
described in detail hereinabove, the present invention is not
to be limited thereto or thereby. Rather, the scope of the
invention shall include all modifications and variations that
fall within the scope of the attached claims.
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What is claimed is:
1. A screw extruder comprising:

at least one modified conveying element having a par-
ticular, non-conventional, cross-sectional profile at at
least one end of the conveying element; and

at least one kneading element contiguously aligned with
and adjacent to the conveying element, wherein the
kneading element has a cross-sectional profile periph-
erally congruent to the cross-sectional profile of the
conveying element at an end adjacent to the conveying
element.

2. The screw extruder of claim 1, wherein the screw
extruder is a twin screw extruder and wherein both screws
include at least one kneading element having a cross-
sectional profile peripherally congruent to the cross sectional
profile of a conveying element adjacent thereto.

3. The screw extruder of claim 1, wherein the screw
extruder includes an S conveying element aligned and
contiguous with an S kneading element such that the cross
sectional profile of the S conveying element at one end
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thereof is peripherally congruent with a cross-sectional
profile of the S kneading element at an adjacent end.

4. The screw extruder of claim 1, wherein the screw
extruder includes an SS conveying element aligned and
contiguous with an SS kneading element such that the cross
sectional profile of the SS conveying element at one end
thereof is peripherally congruent with a cross-sectional
profile of the SS kneading element at an adjacent.

5. A screw having a configuration formed by a modified
conveying element contiguous with a modified kneading
element wherein a cross-sectional profile of said modified
conveying element is peripherally congruent, aligned, and
contiguous with a cross-sectional profile of said modified
kneading element.

6. A modified kneading element that has a peripherally
congruent cross-sectional profile when aligned and contigu-
ous with a cross-sectional profile of a modified conveying
element.



