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COMMONWEALTH of AUSTRALIA
Patents Act 1952

APPLICATION FOR A STANDARD PATENT

I/We

Hoover Universal, Inc.

of

49200 Halyard Drive, Plymouth, Michigan, 48170, United States of America

hereby apply for the grant of 2 “¢andard Patent for an invention entitled:
Die head for plastic with barrier forming material

which is described in the accompanying complete specification.

Details of basic application(s):-
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The address for service is care of DAVIES & COLLISON, Patent Attorneys, of 1 Little
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NOTICE OF ENTITLEMENT

We, Hoover Universal, Inc. the applicant/nominated person in respect of Application No.
66757/90, state the following:-

Michael Hirschberger is the inventor.

The Nominated person is entitled to the grant of the patent because the Nominated
person derives title to the invention from the inventor.

Dated this, 17th/day of Dec,ember 1992

Houal ol

(A member of the firm of DAVIES COLLISON CAVE for
and on behalf of the applicant)
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(67) Claim

1. A die head for forming a hollow tubular parison of plastic material
comprising:

a mandrel having an upright longitudinal axis;

a die body enclosing said mandrel in a spaced relation thereto forming
a tubular chamber having an open upper end and an annular outlet orifice
spaced axially below said open upper end, said die body forming an inlet flow
passage axially above said chamber open upper end for receiving a solid
stream of molten plastic resin; and

a diverter sleeve within said die head between said mandrel and said
die body and above said tubular chamber open upper end, said sleeve having a
radially extending connecting port therethrough aligned with said resin inlet
flow passage, said sleeve having an outer surface with a spiral groove therein
extending from said connecting port toward said tubular chamber upper end
forming an outer spiral flow channel in co-operation with said die body, said
outer surface engaging said die body to confine resin within said outer spiral
flow channel for at least approximately one revolution around said sleeve
afterwhich said outer surface is spaced from said die body to permit a portion
of the resin in said groove to flow axially between said sleeve and said die

body forming an outer resin body flowing toward said tubular chamber open
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upper end;

said sleeve having an inner surface with a spiral groove therein
extending from said connecting port toward said tubular chamber open upper
end forming an inner spiral flow channel in co-operation with said mandrel,
said inner surface engaging said mandrel to confine resin within said inner flow
channel for at least approximately one revolution around said mandrel
afterwhich said inner surface is spaced from said mandrel to permit a portion
of the resin in said inner groove to flow axially between said mandrel and said
sleeve forming an inner resin body flowing toward said tubular chamber open
upper end where said inner and outer resin bodies merge together forming a

single hollow tubular resin body in said chamber, said single hollow tubular
resin body flowing axially downwardly through said outlet orifice to form said

hollow tubular parison.
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BACKGROUND AND SUMMARY OF THE INVENTION

This invention relates to an extrusion die head for
making a plastic parison and in particular to a die head for
making multiple parisons  for producing containers having a
matrix resin with a barrier forming second resin therein which
is discontinuous and distributed within the matrix resin.

Certain organic solvents must be packaged and stored
in containers that provide a permeability barrier which is
substantially greater than is provided by conventional high
density polyethylene (HDPE) containers. One way to improve
the barrier 1is by a co-extrusion process which forms a
multi-layer parison having, for example, inner and outer
surface layers of HDPE and a middle barrier layer sandwiched
between adhesive layers. A disadvantage with co-extrustion is
the need for a separate extrusion screw for each plastic
resin. Furthermore, it is extremely difficult to feed several
resins to a multiple parison die head. Another way to provide
a barrier container is by controlled miiing of a blarrier
resin, such as DuPont’s_SELAR RB, with a matrix resin such as

arcier esin

HDPE. SELAR RB, is a modified nylon and an adhesive which can
be dry-blended with a matrix resin, and then extrusion blow
molded using a single extrusion screw. Pellets of the barrier
resin are partially mixed with the matrix resin under
controlled extrusion conditions to flatten and elongate to
form a plurality of discontinuous, thin layer barrier walls

within the matrix resin. These barrier walls overlap one
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another to provide permeability resistance in the wall of the
finished container.

In the DuPont SELAR process the matrix resin and the
barrier resin are dry mixed prior to being fed into the
extrusion screw. As the pellets of the barrier resin reach
their melting temperature, streaks of the barrier resin will
be formed. These streaks are formed by shear forces in the
resin caused by the rotating screw and are substantially
circumferential. As the resin flows from the extrusion screw
and through the die head to form a tubular parison, the selar
streaks form barrier walls in the matrix resin which, in the
finished container, overlap one another to provide
permeability resistance in the container wall. A prerequisite
to providing the desired permeability barrier is in controlled
mixing of the barrier resin with the matrix resin. Proper
mixing will produce many large, essentially two dimensional,
barrier walls within the matrix resin. If the mixing is
inadequate, the pellets of the barrier resin will not stretch
and elongate to form the barier walls, thus resulting in
little improvement in the permeakility resistance of the
finished article over that provided by the matrix resin
itself. If the barrier resin is over mixed, the barrier walls
will break apart into small particles with little improvement
in permeability resistance resulting.

The proper mixing of the barrier resin with the
matrix resin has been successfully accomplished with single

parison die heads. However, attempts to produce barrier
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containers with multiple parison die heads, particularly three
or more parison die heads, have had little success. ‘In many
cases, the resulting containers have no, or only little,
improvement in permeability resistance. Research has
indicated that one possibletexplanation for the difference in
barriexr performance of containers from single parison die
heads compared to multiple parison die heads is as follows.

At the end of the screw, the flow of resin changes
from primarily a circumferential flow direction to an axial
flow direction as the resin flows into an adapter between the
eXtrusion screw and the die head. During the axial flow,
shear forces in the resin stream cause the generally
circumferential barrier resin streaks to elongate axially,
forming two-dimensional platelets in the matrix resin. ' In the
case of a single parison center-fed die head, these platelets
remain relatively undisturbed as the resin flows into the die
head around the core to form a tubular parison. When the
parison is blow molded, the platelets form a plurality of
discontinuous, substantially two-dimensional thin layer
barrier walls within the matrix resin. These barrier walls
overlap one another to provide permeability resistance in the
container wall.

When the resin is fed from the extrusion screw to a
multiple parison die head such as a triple parison die head,
the division of the resin melt into three separate conduits at
the end of transfer pipe or tube disrupts the desireable

structure of the barrier resin platelets. When the resin is



divided, many of the platelets are broken apart such that in
the finished container, there are gaps or windows in the
container wall having few or no barrier walls. These
containers have no or only little barrier improvement over
that provided by the matrix resin individually.

It is an object of the present invention, therefore,
to provide a multiple parison die head for producing
containers with a barrier resin within a matrix resin in which
the barrier performance in the containers is equal to or
better than the barrier performance of containers produced
with a single parison die head.

It is another objective of the invention that each
parison from the multiple parison die head produce containers
having relatively uniform barrier performance compared to one
another.

It is yet another objective to achieve the above
objectives in a side fed die head which offers cost advantages

over a center fed die head.

The die head of the present ention meets the
above objectives by producing a resi -+ path which has
several features similar to the res. ow path in the

extrusion screw that forms the barrier resin platelets
initially. This is accomplished by a downwardly spiral flow
channel through which the resin melt follows a primarily
circumferential path to rearrange the barrier resin platelets.
During this circumferential flow, molten particles of the

barrier resin will stretch, forming substantially



circumferential streaks. After a predetermined length of
travel in the spiral flow channel, a clearance in the die head
enables a portion of the resin to flow axially downward.
During the downward flow the circumferential streaks elongate
to form the platelets.

The die head of the present invention includes a
diverter sleeve which forms two resin flow channels in the die
head that form downwardly spiral paths rotating
circumferentially in opposite directions from one another.
The two flow channels converge at the lower end of the
diverter sleeve to form a tubular resin body within the die
head that is extruded from the die head to form a tubular
parison. The two spiral flow channels are concentric about a
common axis with one channel radially inward of the other. As
a result of the two concentric flow channels, the parsion is
formed of two concentric resin layers, each having a radially
extending weld line.. The flow channels are configured such
that the two weld 1lines are circumferentially displaced from
one another.

By providing two concentric layers in the parison,
any gaps in the overlapping barrier walls formed in one layer
will likely be covered by barrier walls formed in the other
other channel. Furthermore, the formation of a weld 1line in
the tubular parison that extends radially completely through
the container wall can be prevented. Because no platelets are
formed that extend circumferentially across the weld line,

steps must be taken to prevent the formation of a radial weld
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line extending completely through the parison. By forming the
parison with two concentric layers with the weld line of one
layer displaced from the weld 1line of the other layer, the
weld line formed in one layer will be covered by barrier walls
in the other layer such that no region is created in the
container wall without barrier walls. It is an advantage of
this invention therefore, that no weld 1line 1is formed
extending radially completely through the parison wall.

It is another advantage of the invention that with
two partial weld 1lines rather than a single weld 1line, the
strength of the resulting container will be increased. This
strengthening effect is more pronounced with Selar RB resin
than with a homogeneous resin.

It is still another advantage of the invention that
the die head has no or few resin stagnation points in the flow
channels. This enables faster resin color changes to be made
in comparison to standard side fed die heads.

It is still another advantage of the invention that
greater uniformity in the distribution of thé barrier resin is
achieved. Uniform distribution of the barrier resin results
in uniformity in resin stretching during blow molding and more
even wall thickness distribution in the finished container.

Further objects, features and advantages of the
invention will become apparent from a consideration of the
following description and the appended claims when taken in

connection with the accompanying drawings.



BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an end view of a container wall
manufactured according to this invention with a portion broken
away and enlarged to show the barrier walls within the matrix
resin;

Figure 2 is an elevational view of the die head in
section illustrating the diverter sleeve used to form the two
counter-rotating resin flow channels;

Figure 3 1is an enlarged elevational wiew of the
diverter sleeve shown in Figure 2; and

Figure 4 is a.sectional view of the diverter sleeve

as seen from substantially the line 4-4 in Figure 3;

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An end view of a plastic container 10 made from the
die head of the present invention is shown in Figure 1. The
plastic article 10 is blow molded from a plastic parison
containing a matrix resin 12 suck as high density polyethylene
and a barrier resin such as SEILAR RB which forms a plurality
of discontinuous, thin layer Dbarrier walls 14 in the matrix
12. The barrier walls 14 overlap one another in the wall of
article 10 to provide a permeability barrier.

The die head of the present invention is shown in
cross-section in Figure 2 and designated generally at 16. The

die head 16 is useful for the production of multiple parisons,



in this case three parisons, of a matrix resin having a
barrier resin forming barrier walls therein. The die head 16
is constructed of a die body 18 surrounding a generally
cylindrically shaped mandrel 20 in a spaced relation thereto
to form a tubular chamber 22. The chamber 22 includes an
open upper end 24 and an annular outlet orifice 26 at its
lower end.

A tubular resin body is formed in the chamber 22 and
extruded through the annular outlet orifice 26 to form a
tubular parison, such as parison 28 shown below the outlet 26.
The mandrel and the die body, adjacent their lower ends, have
radially inclined surfaces 30 and 32 respectively which are
generally parallel to each other. Axial movement of the
mandrel 20 in a direction parallel to the upright mandrel axis
34 will vary the spacing between the inclined surfaces 30 and
32 so as to regulate the resin flow rate through the outlet
orifice 26 forming the parison 28. The mandrel 1is supported
in the die body by a threaded collar 36 at the upper end of
the die body which can be rotated to provide~axia1 movement of
the mandrel to adjust the resin flow rate. A flow adjusting
ring 38 is included in the die body which is adjustable by a
plurality of radial screws 40 to adjust the resin flow in the
tubular chamber in  order to balance the resin
circumferentially in the annular chamber.

A diverter sleeve 42 surrounds the mandrel and is

positioned immediately above the chzmber upper end 24. Sleeve
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42 is used to form barrier walls from the barrier resin in the
matrix resin. Sleeve 42 1is in communication with an inlet
passage 44 in the die body which is in turn in communication
with an extrusion screw to receive molten resin from conduit
46. Conduits 46a and 46b feed resin to two other tubular
chambers in the die head'for producing multiple parisons. The
inner surface 54 of the sleeve 42 is adjacent the mandrel with
a portion of the sleeve inner surface 54 engaging the mandrel
and a portion of the sleeve spaced from the mandrel as will be
described below. Likewise, the outer surface 58 of the sleeve
is adjacent the die body with a portion of the sleeve outer
surface 58 engaging the die body and a portion of the sleeve
spaced from the die body.

The sleeve 4z, in cotperation with the mandrel and
die body, forms twe separated, counter-rotating spiral flow
channels 48 and 50. The radially inner spiral flow channel 8
is formed by a spiral groove 52 machined in the inner surface
54 of the sleeve 42, Channel 48 directs the resin in a
circumferential direction counterclockwise when viewed axially
from the top of the die head 16. Outer channel 50 is formed
by a spiral grcove 56 machined into the outer surface 58 of
the sleeve 42, The flow chiinnel 50 directs the resin 1in a
circumferentially clockwise direction when viewed axially from
above the die head 16.

The upper end of the two resin flow channels are in
communication with one another through a connecting port 60 in

the diverter sleeve 42. The connebting por*. 60 is disposed in
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alignment with the inlet passage 44 such that resin flow from
the extrusion screw is divided in two, with a portion of the
resin flowing through the inner spiral flow channel 48 and the
remainder flowing through the outer spiral flow channel 50.

The inner su: 7ace 54 of the diverter sleeve engages
the mandrel during approximately one revolution of the spiral
flow channel 48. In this portion of the flow channel, the
flow of resin is restricted to a circumferentially spiral flow
intended to duplicate the circumferential resin flow 1in the
extrusion screw. After one revolution, the sleeve inner wall
54 is spaced from the mandrel as shown at 62. This clearance
between the mandrel and the sleeve allows a portion of the
resin to {low vertically downward between the sleeve anddthe
mandrel while the remaining portion of the resin in the inner
flow channel continues to flow circumferentially.

The clearance enables a gradual runoff of the resin
from the sprial flow to a vertical £flow to form the tubular
parison. It is necessary to prgvide for a gradual runoff of
the resin rather than releasing the resin from the spiral
channel at a single point. The gradual runoff prevents an
uncontrolled spread of the resin around the mandrel in a
manner which c¢ould destroy the platelet structure and also
prevents the formation of a 1localized thickening of the
parison wall. The clearance between the mandrel and the
sleeve provides a gradual runoff of resin as it continues to
flow circumferentially, thus controlling the resin flow and

providing a uniform wall thickness in the tubular parison.

- 10 -
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Likewise, with respect to the outer flow channel 50,
the outer surface 58 of the dJdiverter sleeve engages the die
body so that the resin flow in the outer spiral channel 50 is
in a circumferential spiral direction. Again, after
approximately one revolution, the outer surface of the sleeve
is spaced from the die body as shown by the clearance 64 so
that a portion of the resin will flow vertically downward
between the sleeve and the die body while the remaining resin
continues to flow circumferentially.

During the circumferential spiral flow 1in the
channels 48 and 50, particles of molten barrier resin elongate
to form streaks within the spiral matrix resin. These streaks
are formed by shear forces within the spiral resin flow
stream. When the xesin flows verticallv downward, the streaks
in the resin are elongated to form substantially two
dimensional platelets within the matrix resin. These
platelets are also formed by shear forces in the downwardly
flowing resin. The ﬁlatelets remain in the resin as it flows
through the chamber 22 and outlet orifice 26 forming the
parison 28 and form the barrier walls in the finished
container.

When the resin flowing in the two channels 48 and 50
reaches the 1lower end 51 of the sleeve 42, the two resin
streams merge together and flow through the open upper end 24
of the tubular chamber 22. 1In the chamber 22, the resin forms
a tubular body which is extruded through the annular outlet 26

to form the tubular parison 28. The resin from the outer

- 11 -
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channel flows radially around the resin from the inner channel
as the resin flows into the tubular chamber 22. As a result,
the tubular resin body in chamber 22 1is formed of two
concentric layers.

It is desirable that both the inner and outer layers
have approximately equal amounts of resin. To provide an
equal division of resin into the two spiral flow channels, the
developed length of each spiral channel 1is the same so that
the resistance to flow through the channels will Dbe
substantially the same to produce equal resin flow rates
through the two channels. Because the inner spiral flow
channel is wrapped around a smaller diameter, it will have a
greater number of revolutions around mandrecl. The outer
channel completes one revolution in the spiral channel before
the clearance allows downward resin flow. To provide the same
length of spiral flow in the inner channel before the
clearance, the inner channel must complete .sore than one
revolution.

As a result of the two resin layers in the tubular
parison, any gaps or windows in the overlapping barrier walls
within one layer will likely ha c~overed by barrier walls in
the other layer. Th2 two layers in the parison also prevent
the formation of a weld 1line in the tubular parison that
extends radially completely through the container wall. Each
layer will have a weld line that extends radially through only

that layer. By constructing the spiral flow channels so that

- 12 -



the weld lines of the two layers are circumferentially offset
from each other, there will be no weld 1line radially through
the container wall. It is necessary to prevent the formation
of a radial weld line because no barrier walls will extend
circumferentially across a weld 1line. If a radial weld line
is formed through the parison wall, there will be a gap in the
barrier walls at the weld line, thus increasing the
permeability of the container. With the die head of this
invention, the weld 1line formed in one layer >f the parison
will likely be covered by barrier walls in the other layer to
reduce the container permeability.

The die head of the present invention provides a
controlled structure of a barrier resin within a matrix resin,
such as high density pdlyethylene, to form a tubular parison
that includes a plurality of relatively thin, substantially
two dimensional overlapping barrier walls in the matrix resin
even though the structure of the barrier walls was destroyed
by splitting the melt flow from one transfer tube into three
conduits. When the parison is blow molded to form a finished
plastic article, the overlapping lkarrier walls serve to reduce
or prevent permeability through the container walls.

The diverter sleeve 42, while shown in a triple
parison die head, can be used in die heads for producing other
numbers of parisons. In addition, the diverter sleeve can
also be used to form a parisoﬁ of a single resin where the

advantages previously discussed are desired such as faster

- 13 -



color changes and the prevention of a single weld line through
the parison.

The die head of this invention achieves the
objective of producing containers having a barrier performance
equal to or greater than the barrier of containers produced
with a single parison die head. This is accomplished by
forming the barrier platelets in the die head immediately
prior to the resin being extruded from the die head. By
forming the platelet in the die head, there are no disruptions
in the resin flow path which destroy the barrier structure
after formation.

By forming the barrier structure for each parison in

the multiple parison die head under the same conditions, the

‘'objective of uniform barrier performance in containers from

each parison is achieved. Both of these objectives have been
met with a side fed die head.

It is to be understood that the invention is not
limited to the exact construction illustrated and described
above, but that various changes and modifications may be made
without departing from the spirit and scope of the invention

as defined in the following claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A die head for forming a hollow tubular parison of plastic material
comprising:

a mandrel having an upright longitudinal axis;

a die body enclosing said mandrel in a spaced relation thereto forming
a tubular chamber having an open upper end and an annular outlet orifice
spaced axially below said open upper end, said die body forming an inlet flow
passage axially above said chamber open upper end for receiving a solid
stream of molten plastic resin; and

a diverter sleeve within said die head betwe«n said mandrel and said
die body and above said tubular chamber open upper end, said sleeve having a
radially extending connecting port therethrough aligned with said resin inlet
flow passage, said sleeve having an outer surface with a spiral groove therein
extending from said connecting port toward said tubular chamber upper end
forming an outer spiral flow channel in co-operation with said die body, said
outer surface engaging said die body to confine resin within said outer spiral
flow channel for at least approximately one revolution around said sleeve
afterwhich said outer surface is spaced from said die body to permit a portion
of the resin in said groove to flow axially between said sleeve and said dic
body forming an outer resin body flowing toward said tubular chamber open
upper end;

said sleeve having an inner surface with a spiral groove therein
extending from said connecting port toward said tubular chamber open upper
end forming an inner spiral flow channel in co-operation with said mandrel,
said inner surface engaging said mandrel to confine resin within said inner flow
channel for at least approximately one revolution around said mandrel
afterwhich said inner surface is spaced from said mandrel to permit a portion
of the resin in said inner groove to flow axially between said mandrel and said
sleeve forming an inner resin body flowing toward said tubular chamber open
upper end where said inner and outer resin bodies merge together forming a

single hollow tubular resin body in said chamber, said single hollow tubular

920813 kayspe.001,66757.cla,15
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resin body flowing axially downwardly through said outlet orifice to form said

hollow tubular parison.

2. The die head of claim 1 wherein said inner and outer spiral grooves are

counter rotating relative to one another.

3. The die head of claim 1 further including means for producing
approximately equal resistance to resin flow through said spiral grooves

whereby resin is divided substantially equally to flow through said grooves.

DATED this 13th day of August 1992
Hoover Universal, Inc.

By Its Patent Attorneys

DAVIES COLLISON CAVE

920813,kayspe.001,66757.cla,16
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