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The present invention is a module used in a modular blown film co-extrusion die for extruding multi layer polymer materials In
tubular form. The module including an upper pancake section including an upper melt entry port and melt channels defined in or
face thereof, whereln the melt channels communicating fluidly with the upper melt entry port and a lower pancake section includin

a lower melt entry port and melt channels defined in one face thereof, whereln the melt channels communicating fluidly with tr
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lower melt entry port. The melt channels of the upper and lower pancake sections facing each other and separated by a divider
plate, such that the upper pancake section together with one side of the divider plate defining a top melt path and the lower

pancake section together with the other side of the divider plate defining a bottom melt path, wherein the top melt path producing
top melt layer and the bottom melt path producing a bottom melt layer.

<o
Sy SR VEEEEN
.l.!.\‘\-c.c..--.
. N r
R e [ [ [
T
o

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

d



CA 02541650 2006-03-09

ABSTRACT
[Para 64] The present iqvention [s a module used in a modular blown flim co-
extrusion die for extruding multi layer polymer materials in a tubular form. The module
including an upper pancake section including an upper melit entry port and melt channels
defined in one face thereof, wherein the melt channels communicating fluidly with the
upper melt entry port and a lower pancake section including a lower malt entry port and
melt channals defined In ane face thereof, wherein the melt chahnels communicating fluidly
with the lower melt entry port. The melt channels of the upper and lower pancake sections
facing each other and separated by a divider plate, such that the upper pancake section
together with one side of the divider plate defining a top melt path and the fower pancake
section together with the other side of the divider plate defining a bottom melt path,
wherein the top melt path producing a top melt layer and the bottom melt path producing a

battom melt layer.
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INVENTION TITLE
MODULES FOR CO-EXTRUSION DIES
DESCRIPTION

Heading
Cross Reference to Related Applications

[Para 1] The application ¢laims priority from previously filed United States provisional

patent application No: 60/661,924, titled “Co-extrusion Dies” on March 16, 2005 by Rafael

Castillo,

Heading

Field of the Invention

[Para 2] The invention relates to co-extrusion dies for extruding muitilayer polymer

materials into a singular tubular form. It particular it relates to a module used in slde fed

rmodular blown film dies.

Heading
Background of the |nvention

[Para 3] Many areas of polymer processing require multiple layers of different polymers

to be co-extruded into a single tubular form. One example is the blown film process which

is used to make most of today's commadity bags and also high barrier food packaging.
Although multi-layer packaging can be made from co-extruded flat film, using a tubular

form presents fewer sealing operations, results in less trim scrap and is more canducive to

certain product shapes.
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[Para 4] ‘Tubular forms are used in many applications including the production of multi-
layer pipe or tubing, pipe coating, wire coating, and the production of multi-layer parisons
for biow molding. Tubular parisons are used in making containers of various shapes as
annular dies are typically easier to manufacturer than dies of other shapes, such as oval ot
square. Annular co-extrusion dies are commonly used to process high velume commodity

resins as wall as relatively low volumes of barrier type resins,

[Para 5] Annular co~extrusion dies are generally of ene of two arranhgements;

namely axially fed and radially fed. In either type of arrangement, melt is introduced into an

inlet port from where it has to be evenly distributed about the circumference of an annular
outlet. Good flow distribution is essential to forming film having layers which are uniform

in thickness, appearance and structural integrity. In axially fed co-extrusion dies, melt is
fed In a direction paralle] to the axis of the tubular form to be extruded. Each layer Is

formed between respective die elements which are generally concentrically disposed in a

manner analogous ta cups of different diameter stacked on with an other. The indiviclual

layers are merged upstream in an extrusion passage through which the co-extruded film is

discharged.

[Para 6] In radially fed co-extrusion dies, melt distribution blocks are stacked one

behind another along a die axis and melt is fed radially relative to the dje axis into a

respective inlet port in each melt distribution block. The melt distribution blocks distribute
the melt about a central mandrel and discharge the melt in an axial direction into an
axtrusion passage between the melt distribution blocks and the mandrel. Each consecutive

melt distribution block applies an overlying melt layer to the melt moving along the

extrusion passage.
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[Para 7] Axially stacked radially or side fed co-extrusion dies are advantageous in
that it is relatively simple ta vary the number of layers by varying the number of "modules”
stacked axiaflly. Furthermore, each level prasents a similar area and the levels are more

easily thermally isolated than possible with axially fed co-extrusion dies in which heat from

one die element is difficult to isoiate from adjacent die elements. Even melt distribution is
however a much more challenging problem with radially fed co~extrusion dies because of a

much shorter axial distance beirig available for melt equalization and the requirement to

redirect melt flow from a radial to an axial direction after the melt has been distributed into

a thin film.

[Para 8] It is an object of the present invention to provide a module for a radially

fad multi~fayer extrusion die which is effective in providing a uniformly thick film of meit to

an extrusion passage.

[Para 9] It is an object of the present invention to provide modular stacked

radially fed multi-layer extrusion die which is effective in providing a uniformly thick film of

melt To an extrusion passage.

[Para 10} It is a further object of the prasent invention to provide a melt

distribution block for a radlally fed multi-layer extrusion die which can accept and combine

different types of melt,

Heading
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[Para 11] The present invention is a module used in a modular blown film co-
extrusion die for extruding multi layer polymer materials in a tubular form, the modutle
comprising:

[Para 12§ (a) an upper pancake section including an upper melt entry port and melt

channels defined in one face thereof, wherein the melt channels communicating fluidly with

the upper melt entry por,

[Para 13] (b) a lower pancake section including a lower melt entry port and meilt

channels defined in ane face thereof, whereln the melt channels communicating fluidly with

the lower melt entry port, and

[Para 14] {c) wherein the melt channels of the upper and lower pancake sections
facing each other and separated by a divider plate, such that the upper pancake section

together with one side of the divider plate defining a top melt path and the lower pancalke

section together with the other side of the divider plate defining a bottom melt path,

wherein the top melt path producing a top melt layer and the bottom melt path precducing a

bottomn melt {ayer.
[Para 15] Preferably wherein the divider plate being substantially planar.

[Para 16] Preferably wherein the divider plate having substantially smooth upper

and lowear surfaces.

[Para 17] Preferably wherein the divider plate including an upturned end.
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[Para 18] Preferably wherein each melt entry port operably dimensioned to be fed

by indlvidual extruders.

[Para 19] The presant invention also Includes a modular blown film co-extrusion
die for extruding multi~layer polymer materials in tubular form comprising at least one

module as claimed in claim 1,2 or 3 including at Jeast two melt entry ports wherein each
entry port operably adapted to be fed by individual extruders and wherein each module

capable of producing two independent maelt iayers.

[Para 20] The present invention also includes a blown film co-extrusion die for

extruding multi-layer polymer materials in tubular form comprising at least two modules as

claimed in claim 1,2, or 3 stacked one on top of the other, the co-extrusion die including
at least four melt entry ports wherein each entry port operably adapted to be fed by
individual extruders and wherein each module capable of producing twe independent melt

layers.

[Para 21] Preferably further including an external melt intet divider for

communicating polymer melts to multiple melt entry ports the external meit inlet divicer

including:

[Para 22] (a} 2 melt pipe defining a melt flow channel for communicating melts

there through,

[Para 23] {b) a means for splitting the melt into at least two separate paths for

communicating melt to at least two individual melt entry ports.
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[Para 24] Preferably wherein the splitting means includes a splitter biock rigldly
attached at one end of the melt pipe, the splitter block including an upper melt channe! for

communicating to an upper melt entry port and a lower melt channel for communicating

melt to a lower melt entry port.

[Para 25]  Preferably wherein the splitter block further including a valve, wherein the valve

for controlling the division of melt flow within the splitter block thereby controliing the

melt flow to each melt entry port.

Heading
Brief Description of the Drawings
[Para 26] The invention will now be described by way of example only with

reference to the following drawings in which:

[Para 27] Figure 1 Is a schematic side cross-sectlonal view of a radiai{side) fec

madular blown film co=extrusion die shown with melt inlet dividers attached.

{Para 28] Figure 2 is a tap plan view of a side fed modular blown film co-extrusion

die with some maelt inlet dividers attached.

[Para 29] Figure 3 is a schematic cross-sectional view of a melt inlet divider,

together with a valve.
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[Para 30] Figure 4 is a side cross~sectional schematic view of a radial (side) fed
modular blown film co-extrusion die having three vertically stacked moduies shown with

two melt inlet dividers mounted thereaon without valves,

[Para 31] Figure 5 is a top plan view of a pancake section showing the melt entry

ports, melt channels and melt spirals.
[Para 32] Figure G is a side cross-~sectional view of a radial {side) fed modular
biown film co—-extrusion die, together with some single melt inlets, rather than meit inlet

dividers as shown in Figure 1.

[Para 33] Figure 7 is a top cross-sectional schematic view of the side said modular
blown film ¢o-extrusion die shown in Figure 6, together with some single melt inlets

attached.

[Para 34] Figure 8 is a schematic cross-sectional view of one prior art co—-extrusion

module section showing one internal melt divider.

[Para 35] Figure 9 is a schematic cross-sectional view of one co-extrusion module

according to the present invention.

[Para 16] Figure 10 is a side cross-sectional view of a radial (side) fed modular
blown film co-extrusion die, together with one meit inlet divider delivering melt to two

separate modules.

Heading
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Detailed Description of the Preferred Embodiment

[Para 37] Referring first of all to Figure 8, showing the existing prior art devices,

Figure 8 shows one module of 2 current side fed modular blown film die 500 having a path
divider 141 having melt channels 182 and melt spirals 186 defined on the bottom and top
thereof. The module has defined therein an internal melt divider 400 and a single die entry
port 180. The prior art path divider 141 has defined on the top surface thereof, a top melt
path 707 creating a top melt.laygr 706. The bottom of prior art divider 141 defines a
bottom melt path 709, creating a bottom melt layer 708. In prior art device, prior art
pancake saction 111 is installed on top of the prior art path divider 141 and prior art
pancake section 113 is placed on the bottom of prior art path divider 141. The combination

of prior art path divider 141 together with the two prior art pancale sections 111 and 113

creates one module 750.

[Para 38] In the prior art device, the melt is divided aftar entry into the module [n
ather words internally after the die entry port 180. Melt division occurs internally in the
prior art path divider 141 and therefore provides no flexibility in terms of being able to
select and/or control externally the division of melts into the melt channels 182. This

arrangement restricts the number of individual and separate melts that can be fed into prior

art side fed modular blown film die 500 without having to disassemblie the unit.

[Para 39] It will becoarme apparent to the reader that the presently invented module
850 having external melt inlet dividers 102 provides for greater flexibility in terms of
selection of number and type melts fed into the dje as well as reducgion in <ost of operating

the side fed modular blown film co-extrusion dies. In addition pancake sections 110 can

be rotated about the axial direction 128 in order to stagaer melt inlet ports so that the one

Page 8 of 29



CA 02541650 2006-03-09

can select to either have adjacent melt inlet ports stacked one on top of the other in other
words aligned along the axial direction or staggered such that the melt extruders attached
tc each melt pipe 150 do not interfere with the one above or balow as shawn in Figure 2 for
example, Therefore with 6 pancake sections 110 ane couid have six independent melt

pipes 150 feeding 6 independent melt entry ports 180 all of which are staggered around the

outside of the modular blown film co-extrusion die 100. The reader will know that each
individual melt entry port 180 can be fed with a single melt pipe 150 wherein each melt

pipe 150 is fed by an individual melt extruder.

[Para 40] " The present invention is depicted in Figures 1 and 2 and is shown as a
radial or side fed modular blown film co-extruston die generally as 100, having mounted
thereon external melt inlet dividers 102 which are shown in schematic cross-sectional

fashion in more detail in Figure 3.

[Para 41] Figure 1 shows a typical side fed modular blown film co-extrusion die
100, having the following major components, namely a number of pancake sections 110,
and divider plates 142, wherein two pancake sections 110 and a divider plate 142 males up
one module 850. Side fed modular blown film ¢o-extrusion die 100 in figure 1,4 and 6

includes a bottom module 112, an intermediate module 116 and a top module 114, stacked
one on top of each other and supported by support columns 130. Each module 850

includes an upper pancake section 811, a lower pancake section 813 and a divider plate
142 for separating top melt path 807 from bottom melt path 809. The adjacent upper and
lower pancake sections 811 and 813 each face onto a cantral divider plate 142. Side fed

modular blown film co-extrusion die is built up of any number of vertically stacked modules

850.
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[Para 42] Side fed modular blown film co-extrusion die also normally
includes an inner lip 122 and an outer lip 124 and a die exit or die lip 120, which is
the termination point of the melt accumulation channel 140 which is also sometimes
called an extrusion passage in the industry. Melt accumulation channel 140 is
defined by central pin 118, together with pancake sections 110 in the assembied
condition. Melt flows horizontally through the pancake sections 110 in the radial
direction 126 towards the melt accumulation channel 140 and then upwardly in the

axial direction 128, towards die exit or die lip 120 whare the thin film is produced.

[Para 43] External melt inlet dividers 102 are attached externally to the pancake

sections 110 as shown in Figure 1 and more particularly shown in detail in Figure 3.

[Para 44] Figure 2 is a top schematic plan view of the side fed modular bfown film
co-axtrusion die shown in Figure 1, with the external melt inlet dividers 102 shown

mounted radijally around the outer circumference of the pancake sectlons 110.

[Para 45] Referring now to Figure 3, the external melt inlet divider 102 Includes the
following major components, melt pipe 150, extruder adapter fiange 152, melt flow channel

154, splitter block flange 156, splitter block 160 having melt entry channels 162 and
adapted to fit into die entry port 180, adjacent pancake sections 110. Splitier block 160 of

axtarnal meit inlet divider 102 further includes a upper melt channel 861 and a lower melt

channel 862.
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[Para 46] Optionally external inlet divider 102 also includes a valve 164 having a
valve flange 1886, a valve locking nut 170, a valve stem 168 and valve seat 172. With the

addition of option valve 164, the division of flow within splitter block 160 betwean each

melt entry channel 162 can be somewhat adjusted and controlled.

[Para 47] Figure 4 shows schematically in cross—sectional view, alternate side fed
modular blown film extrusion die 100 together with external melt inlet dividers 102 which
in this case do not include valves 164. From this diagram it is apparent that each pancake
section 110 would receive 14 of the melt received through each of the melt flow channels
154 within each melt pipe 150. Top melt path 807 for example includes melt received in
each pancake section at melt entry port 180 shown in Figure 5 which is directed initially
through melt channels 182 which is further divided at melt bifurcation peints 184 and
eventually flows through melt spirals 186. The melt exits into melt accumulation channel
140 which is also sometimes termed as an extrusion passage 140. Top melt path 807 for
example produces a top melt layer 806 and bottom melt path 809 produces a bottom layer

808. Top and hottom melt layers 806 and 808 may be sclected to be the same or different

melt compositions. Referring now to Figure 4 and 9, a divider plate 142 separates the melt
paths of each of the pancake sections 110. In this manner, 4 of the melt received through

melt flow channel 154 is divided and directed into separate panhcake sections 110.

[Para 48] Madule 750 of priar art devices shown in Figure 8 includas a top malt
path 707 and a bottom melt path 709. In the present invention, module 850 also includes a
top melt path 807 which defines a top melt layer 806 in the finished preduct and a bottom
melt path 809 which defines a bottom melt layer 808 in the finished product. Module 850

includes as shown in Figures 4 and 9 for example, an upper pancake section 811, a lower
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pancake section 813 seperated by relatively thin smooth divider plate 142. Divider plate
142 is preferahly less than 3 inches thiclk and normally between 14 inch and 1/2inch thick,
The melt channels 182 and the melt spirals 186 forming part of top melt path 807 form a

tap melt layer 806 in the finlshed product. Notably absent is Internal melt divider 400
since each melt path 807 and 809 has its own independent melt entry port 180 and melt
entry channel 162. In this manner if the same melt material is to be introduced along the
top melt path 807 and the bottom melt path 809, then an external melt iniet divider 102
would be selected and attached to the respective melt entry ports 180 defined on each

pancake section 110,

~ [Para 49] On the other hand, if one selects to have a different polymer and/or melt
introduced along top melt path 807 and the bottom melt path 809, than a single melt inlét
302 would be attached to each individual melt entry port 180, of each individual pancake
section 110. In this manner, one could introduce a different melt polymer along top melt

path 807 and bottom melt path 809.

(Para 50) Module 850 as shown in Figure 4 and 9 includes an upper pancake

section 811 defining a top melt path 807 and a lower pancake section 813 defining 2
bottom melt path 809, the pancake sections 811 and 813 separated by a substantially

smooth flat divider piate 142.
[Para 51] Referring now to Figures 6 and 7, rather than using external melt inlet

dividers 102 as shown In Figures 1, 3 and 4, one could use single melt inlets 302 as shown

in Figure 6 In which case, each pancake section 110 would be fed by an individual single
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melt inlet 302, thereby effectively doubling the number of polymer lavers that could be

extruded through one madule,

[Para 52) Referring ta Figure 9 divider plate 142 is substantially planar and smooth
with an upturned end 871. Divider plate 142 having smooth upper surface 881 and a

smooth lower surface 883 in that there are no melt channels 182 or melt spirals 186

defined tn divider plate 142,

Heading
In_Use

[Para 53] Referring first of all to the prior art dlagram shown in Figura 8 which has
an internal melt divider 400, one will note that internal mek divider 400 is located after the
die entry port 180 and is internal to the side fed modular blown film co-extrusion die. In
other words, with this type of die, only one type of polymer can be fed into the two sets of
melt channels 182 that are located within the module. To run more meits additional
modules would have to be used or added. This can be a time consuming and expensive
process making this type of extrusion die very inflexible in terms of being able to quickly

select differant numbers of polymer to be extruded through the die.

[Para 54] n practise, customer requirements may require films being made that
have any number of layers or components. On each pancake section 110 the melt channels

182 and melt spirals 186, potentlally could provide a separate layer to the extrusion film as

required by the customer. With the prior art device, one Is limited to one polymer being
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used in both the top melt path 707 and bottom melt path 709, of the device shown in

Figure 8,

[Para S5] The present invention shown in Figure 4 and 9, the extrusion machine by

way of example only is comprised of three modules 850 namely bottom module 112,

intermediate module 116 and top module 114. Each pancake section 110 has an individual
melt entry port 180. The number of melt layers one is able to extrude is limitecl only to the
number of melt entry ports in the side fed modular blown film co-extrusion die. In Figure
1 and 4 for example, a total of six separate entry ports 180 are defined in six separate

pancalce sections 110, This is double the number that would be available in the prior art

modules.

[Para 50] As shown in Figure 6, each of these melt entry ports 180 could be fed hy

single melt inlets 302 as shown In Figure 6 and this would require each single melt inlet

302 ta be connected at the extruder adapter flange 152 to six separate extruders.

[Para 57] On the other hand if one wishes to produce a film having three separate
layers, one could use external melt inlet dividers 102 which divides the meit received
through melt flow channel 154 in splitter block 160 into two melt entry channels 162 which
are connhected to melt entry ports 180 of pancake section 110. In this manner, one can use
three extruders attached to each of the external melt inlet dividers and feed six melt entry

ports 180 with three diffarent polymers.

[Para 58] It will be apparent to a person skilled in the art that any combination of

external melt inlet dividers 102 and single melt inlets 302 can be used, such that any
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number of individua! polymers can be introduced into side said modular blown film co-

extrusion die from one to six in any combination thereof. For example, one could include

two external melt inlet dividers 102 and two single melt iniets 302 for a combination of four

polymers being fed into side fed modular blown film co~extrusion die.

[Para 59] This provides the operator of side fed modular blown film co-extrusion
die with great flexibility to be able to praduce film having any number of layers from one to

six inclusively, In the prior art devices, in order to achieve this, one would have 1o take

apart the entire machine and replace the pancake sections and/or add a pancake section

as required in order to produce the number of layers required by the customer.

[Para 60] By providing for external melt inlet dividers 102, rather than internal melt

divider 400, the side fed modular blown fllm co-extrusion die become much more flexible

and user friendly and more efficient to operate and run. In addition, the capital cost far

purchasing these machines is reduced, in that with the same number of pancake sections,
one is able to produce film having a number of different layers, rather than having to have

additional pancake sections 110 available for increasing the number of layers.

[Para 61] In addition to external melt inlet dividers 102, one can also fit them with
a valve 164 shown in Figure 3. In this manner, one can balance the flow of melt through

melt entry channels 162 and therefare, the flow of melt into each individual melt entry port

1 80.

[Para 62] With the present invention, one can run separate polymers by connecting

additional extrudes to single melt inlets 302. One does not need to replace the die to
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increase or decrease the number of layers in the extruded polymer, but simply need to add

or subtract the humber of external melt inlet dividers 102 and/or single melt inlets 302.

[Para 63] It should be apparent to persons skilled in the arts that various

modifications and adaptation of this structure described above are possible without

departure from the spirit of the invention the scope of which defined in the appended claim.
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THE_EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY QR PRIVILEGE |5

CLAIMED IS DEFINED AS FOLLOWS:

[Clalm 1] A module used in a modular blown film co-extrusion die for extruding multi

layer polymer materials in a tubular form, the module comprising:

(a) an upper pancake section including an upper melt entry port and melt channels
defined in one face thereof, wherein the melt channels communicating fluidly with

the upper melt entry port,

(b) a lower pancake section including a lower melt entry port and melt channels

defined in one face thereof, wherein the melt channels communicating fluidly with

the lower melt entry port, and

(¢} wherein the melt channels of the upper and lower pancake sections facing each
other and separated by a divider plate, such that the upper pancake section together
with one side of the divider plate defining a top melt path and the lower pancake

section together with the other side of the divider plate defining a bottom melt path,

wherein the top melt path producing a top melt layer and the bottom melt path

praducing a hottom melt layer.
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[Claim 2] The module claimed in claim 1 wherein the divider plate being

substantially planar.

[Claim 3] The module claimed in claim 2 wherein the divider plate having

substantially smooth upper and lower surfaces.

[Claim 4] The module claimed in claim 3 wherein the divider plate including an

upturned end,

[Claim 5] The module ¢claimed in claim 1 wherein each melt entry port aperably

dimensioned to be fed by individual extruders.

[Claim 6] A modular blown film co-extrusion die for extruding multi-layer polymer
materials in tubular form comprising at least one module as claimed in claim 1,2 or 3

including at least two melt entry ports whetein each entty port operably adapted to be fed
by individual extruders and wherein each module capable of producing two independent

melt layers.

[Claim 7] A blown film co-extrusion die for extruding multi-layer polymer
matertals in tubular form comprising at least two modules as claimed in ¢laim 1,2, or 3
stacked one on top of the other, the co-extrusion die including at least four melt entry

ports whereln each entry port operably adapted to be fed by individual extruders and

wherein each module capable of_ producing two independent melt layers.
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[Claim 8] The module claimed In claim 1 further including an external melt inlet

divider for communicating polymer melts to multiple melt entry ports the external meit inlet
divider including:;

a) a melt pipe defining a melt flow channel for communicating melts thare through,
b) a means for splitting the melt into at least two separate paths for communicating meit to

at least two individual melt entry ports.

[Claim 9] The module claimed in claim 8 wherein the splitting means inclucdes a
splitter block rigidly attached at one end of the melt pipe, the splitter block including an
upper melt channel for communicating to an upper melt entry port and a lower melt channel

for communicating melt to a lower melt entry port.

[Claim 10] The module claimed in claim 8 wherein the splitter block further

including a valve, wherein the valve for controlling the division of melt flow within

the splitter block thereby controlling the melt flow to each melt entry port.
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FIG. 7
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