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TITLE 

POLYMER EXTRUSION DIE 

FIELD OF THE INVENTION 

PCT/US95/03015 

This invention concerns an improved die for the 

5 extrusion of polymers, wherein the exit of the die 

orifice{s) is flared, and the flared and unflared 

sections have specified relative dimensions and shapes. 
TECHNICAL BAGKGROllND 

Extrusion of polymers through a die to form shaped 
10 extrudates is a well known process, and is extensively 

used commercially, see for instance H. Mark, et al., 
Ed., Encyclopedia of Polymer Science and Engineering, 

2nd Ed., vol. 6, John Wiley & Sons, New York, 1986, 

p. 571-631 and p. 802-824 (fibers), which is hereby 

15 included by reference. Items that can be made by 

polymer extrusion include films, fibers, sheet, strands 

(including those strands to be cut into pellets for 

further processing), and shaped profiles. The 

extrudates are usually essentially continuous, and are 

2 O often cut into useable lengths . 

The extrusion process is one in which the molten 

polymer is forced through a shaped orifice, and the 

extrudate is then cooled, usually until solid. The 

cross section of the extrudate (perpendicular to the 

25 flow direction) usually has the same shape as the 

orifice. Due to the importance of extrusion 
commercially, improved dies are constantly being sought, 

so that the.process runs more cheaply, and/or with less 

off-quality production, etc. A particular problem in 

30 this process is "die drips'', which are small portions of 

{usually) molten polymer which collect around the die 

orifice, and which can cause problems of product defects 

and downtime. 

U.S. Patent 4,822,546 describes a polymer extrusion 

35 die which is advantageous for use with high flow 
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polymers and whe.rein the die is part of an underwater 
pelletizer. There is no mention of the use of this die 
in other extrusion processes. 

SUMMABY OF TBE INYENTION 

This invention concerns a die havi~g flared 
orifices for the extrusion of polymers, comprising, a 
die body having one or more flared orifices having the 
following components: 

a first zone having surface 51; 
a second zone having surface S2; 
a third zone having surface 53; 
a length L1 which is the total length of said 

first, second and third zones; 
a length L3 which is the length of said third 

15 zone; 

a polymer flow axis A; and 
said die has a surface Ss on a discharge side 

of said die; and 

wherein: 
20 L1/L3 is about 2 or more; 

LJ is long enough so that a polymer going 

through said orifice is in substantial contact with the 
periphery of S3 before exiting said orifice; 

A and S3 are perpendicular to S5; 

25 if said second zone has a one step area 
change, an angle T, which is an angle formed by 52 and 

A, is about 45° to about 90°; 
if said second zone has more than one step 

area change, an analogous angle of each step 
30 corresponding to said angle T is 45° to 90°; 

an area of the orifice in said third zone is 
about 1.1 to 1.7 about times an area of the orifice at 
said first zone; and 

a shape of said first zone and a shape of said 
35 third zone are geometrically similar. 
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This invention also includes a polymer extrusion 

apparatus comprising a die and a means for pumping a 

polymer thr9ugh said die, wherein the improvement 

comprises, a die for the extrusion of polymers having 

5 one or more flared orifices having the following 

10 

15 

components: 
a first zone having surface S1; 

a second zone having surface S2; 

a third zone having surface S3; 

a length Li which is the total length of said 

first, second and third zones; 
a length LJ which is the length of said third 

zone; 

a polymer flow axis A; and 

said die has a surface Ss on a discharge side 

of said die; and 

wherein: 
Li/L3 is about 2 or more; 

L3 is long enough so that a polymer going 

20 through said orifice is in substantial contact with the 

periphery of S3 before exiting said orifice; 

A and S3 are perpendicular to S5; 

if said second zone has a one step area 

change, an angle T, which is an angle formed by S2 and 

25 A, is about 45° to about 90°; 

if said second zone has more than one step 

area change, an analogous angle of each step 

corresponding to said angle T is 45° to 90°; 

an area of the orifice in said third zone is 

30 about 1.1 to 1.7 about times an area of the orifice at 

said first zone; 

a shape of said first zone and a shape of said 

third zone are geometrically similar; 

and providing that surface Ss of said die is 

35 not in contact with a liquid cooling medium. 
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This invention further concerns a process for the 
extrusion of polymer, comprising extruding a polymer 

through a die having one or more flared orifices having 

the following components: 
a first zone having surface S1; 
a second zone having surface S2; 
a third zone having surface S3; 
a length L1 which is the total length of said 

first, second and third zones; 
10 a length L3 which is the length of said third 

15 

20 

zone; 
a polymer flow axis A; and 
said die has a surface Ss on a discharge side 

of said die; and 
wherein: 
L1/L3 is about 2 or more; 
LJ is long enough so that a polymer going 

through said orifice is in substantial contact with the 
periphery of S3 before exiting said orifice; 

A and S3 are perpendicular to Ss; 

if said second zone has a one step area 
change, an angle T, which is an angle formed by S2 and 

A, is about 45° to about 90°; 
if said second zone has more than one step 

25 area change, an analogous angle of each step 

corresponding to said angle T is 45° to 90°; 

30 

an area of the orifice in said third zone is 
about 1.1 to about 1.7 times an area of the orifice at 
said first zone; 

a shape of said first zone and a shape of said 
third zone are geometrically similar; 

and providing that surface Ss of said die is 

not .in contact with a liquid cooling medium. 
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DETAILS OF THE INYENT!ON 

The disclosure concerning the die and its orifices 

herein applies to the die itself, the die when included 

in an extrusion apparatus, and the die when used in the 

5 process of extruding polymer. 
DESCRIPTION OF THE DRAWINGS 

The Figures herein are not to scale. 

A cross section of a flared die orifice, with one 

step in Z2 (see below), of this invention is shown in 

10 Figure 1. This cross section is perpendicular to 

surface Ss (see below) • Only a part of the die body 

having one orifice is shown. The die may contain more 

than one orifice, and also may have other functional 

parts that extrusion dies may normally have, such as a 

15 means for attached the die to the extrusion apparatus, a 

means for measuring the temperature of the die, a means 

for heating the die, a means for sealing the contact 

surfaces between the die and the remainder of the 

extrusion apparatus (so molten polymer will not leak}, 

20 etc. 

Through the length of the orifice, the orifice can 

be considered to have three zones, a first zone Z1 

having surface S1, a third (flared) zone Z3 having 

surf ace S3, and a second or transition zone Z2 having 

25 surface S2. 54 of Figure 1 is the surface on the inlet 

side of the die, while Ss is the surface on the outlet 

or discharge side of the die. S4 need not be flat, and 

Ss must be flat and perpendicular to A only in proximity 

to the orifice (close enough for extrudate to touch Ss) . 

30 It is· preferred if S1 is approximately parallel to 

polymer flow axis A (by approximately parallel is meant 

plus or minus 5°), and more preferred if it is S1 is 

parallel to A. S3, the orifice surface of Z3, is 

parallel to the polymer flow axis A and perpendicular to 

35 surface Ss. 
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Cross sections AA and BB of the die in Figure 1 are 
perpendicular to flow axis A. L1 is the total length of 
the orifice, while LJ is the length of zone Z3. The 

cross sections at AA and BB go through the (complete) 
5 orifice shown in Figure l. The cross section BB is 

taken at a spot near where zones Z1 and Z2 meet, but it 
is in Z1. The area of the orifice at the cross section 

AA is about l.l to 1.7 times the area of the same 
orifice at cross section BB, preferably about 1.3 to 

10 1.45 (or the area after each step in Z2 is at least 1.1 
times the area of Z1 or the previous step) . Li/L3 is 

about two or more, preferably about 2 to about 20, and 
more preferably about 3 or more or about 3 to about 10. 

The cross sections of the orifice at AA and BB are 
15 substantially geometrically similar to each other. By 

geometrically similar is meant "Two geometric figures 
are similar if one .can be made congruent to the other by 
using a transformation of similitude, i.e., if one is a 
magnification or reduction of the other.", definition of 

20 "similar" from James and James Mathematics Dictionary, 
3rd Ed., D. Van Nostrand Co., Inc., Princeton, NJ, 1_968, 
p. 331. In other words the orifice cross section at BB 
is a reduction in size of the cross section at AA, so 
that the area of the orifice cross section at AA is 1.1 

25 t·o 1. 7 times that at cros·s section AA. 
The angle T is the angle formed by S2 and.A or 

approximately at which the orifice transitions from 51 
to S2, if Z2 contains one step. This transition may be 

in one step or a series of steps. The transition zone 
30 step(s) may also be in the form of a curve. The line R 

is then taken as a tangent to the curve at the point at 
which the curve meets the surface of Z1. In a preferred 
die, angle T (Dr angles analogous to T in which Z2 has 

more than one step) is about 60° to 90°. 
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Figure 2 is an outline of the orifice used in the 

Examples herein. It is described in.those Examples. 

As the pblymer flows into Z1 it.of course assumes 

the cross sectional shape of Z1 (cross section at BB) . 

5 As the polymer flows through the transition zone, and 

then into Z3, it expands to have a cross section such as 

that at 'AA, i.e., it eventually matches the shape and 

size of the orifice at Z3. The polymer exiting the die 

will therefore have the shape and approximate size of 

10 the cross section at AA if L3 is long enough (the cross 

section of the polymer exiting the die may be somewhat 

larger than the orifice cross section at 'AA due to the 

well known phenomenon of "die swell"). While Z1 is 

necessary for the die orifice herein, the die may also 

15 include an "extension" of Z1 (but not part of Li or Z1) 

which' is not necessarily the same size and/or shape as 

Z1, which extension conducts melted polymer to Z1. 

Within Z2, there may be one, or more than one, 

change in the area of orifice. Each change is herein 

20 termed a step. If there is a single step, the only 

requirement for Z2 is the angle T be about 45° to 90°. 

Z3, immediately adjacent to the step, has 53 as its 

surface. If there is more than one step, each step has 

an angle which corresponds or is analogous to angle T 

25 when there is only one step. Each of these angles must 

also be about 45° about 90°. Only the orifice surface 

downstream (as the polymer flows) of the last step is 

S3. All of the other surfaces in Z2 which correspond to 

S3 (herein collectively S2A) in each of the other steps 

30 is in Z2, and each of these surfaces is parallel to A. 

It is pref erred that each of these surf aces parallel to 

A are long enough so that before the next step the 

pol~mer is substantially in contact with the periphery 

of each surface S2A· 
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It is believed that the minimum value of L3 is 
desirable because it allows the polymer to substantially 
achieve the final shape and size desired for the 
extrudate. By "substantially in contact with" is meant 

5 the polymer is either in contact with, or within 0.13 mm 
of the surface (53 and/or 52A>· 

It is believed that S3 and S2A should not extend 
too much longer than the length required for the polymer 
to substantially contact the full periphery of 53 or 52A· 

10 The length needed (of S3 or S2A) for any particular 
process, which includes the variables of extrudate shape 
and size, polymer used, polymer temperature, extrusion 
rate, etc., can be readily determined by simple routine 
experimentation, by varying L3 in a series of die 

15 inserts, as inserts were used in the Examples herein. 
The die may be made out of any ma~erial that 

polymer extrusion dies are usually made out of, such as 
tool steel. Care should be taken to avoid nicks and 
other blemishes on the orifice surfaces, especially at 

20 angled surfaces. The surface finish of the die should 
be that normally given to extrusion dies. All 
measurements herein are construed to have the usual 
machining and other fabrication errors normal in die 
manufacture. 

25 The extrusion die may contain one or more orifices. 
Many dies have only one orifice, particularly if the 
cross section of the orifice is large. Other dies such 
as those fo~ forming fibers (often called spinnerets) 
usually have many orifices. It is preferred if the 

30 cross sections at AA (Z1) and BB (Z2) (and hence the 
orifice) are both circular, both square or rectangular. 

The extrusion may be carried out in any apparatus 
in which extrusions are normally done. Such an 
apparatus usually includes a means for melting the 

35 polymer (except if molten polymer is supplied to the 
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apparatus), and a means to pump or force the molten 

polymer through the die orifices at an appropriate rate. 

Useful devices for pumping or melting and pumping are 

gear pumps, single and twin screw extruders, pistons (as 

5 in a ram extruder), or a pressurized vessel (as by gas 

pressure) containing molten polymer. Extrusion 

conditions, such as polymer temperature, may be those 

normally used in extrusions of that polymer. 

After exiting the extrusion die the polymer is 

10 usually solidified (or in the case of elastomers may be 

crosslinked) . Thermoplastics are normally solidified by 

cooling. The cooling medium may be air or a liquid such 

as water. If the cooling medium is a liquid, the liquid 

is not in contact with surface Ss of the die. If the 

15 extrudate is to be cut into pieces, such as pellets, it 

is p~eferred if the cutter (blade) is not in direct 

contact with the die, particularly surface S5. 

The polymers useful with the extrusion die 

described herein include thermoplastics, elastomers 

20 before crosslinking, and thermosets before crosslinking. 

Thermoplastics include polyesters, polyamides, 

polyethers, polyolefins, halogenated polyolefins, 

fluorinated polyolefins, thermoplastic polyimides, 

poly(imide-ethers) and polycarbonates, and the like. 

25 Polymers which are extruded may contain the usual 

additives such as fillers, reinforcing agents, 

antioxidants, colorants, pigments, etc. Exemplary of 

these are carbon black, glass fiber, clay, mica, 

graphite fiber, titanium dioxide, carbon fibers and 

30 natural fibers. 

In all of the Examples herein the orifices had a 

circular cross section (AA and BB) • 
EXPERtMENTAL APPARATUS FOR EXAMPLES 1-3 

A 57 mm twin-screw Werner & Pfleiderer (W&P) 

35 extruder was used to melt the polymer and develop 
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sufficient pressure to force the resin through the die. 
With the exception of the test die, all operating 
conditions, in terms of barrel temperatures, screw rpm, 
feed rates, etc. used were normal processing conditions 

5 for the polymer tested. 
Rynite® and Zytel® resins are coztimercially 

available from E. I. du Pont de Nemours and Company. 
EXAHPLE 1 

The die plate used had holes for two die inserts. 
10 The inserts were placed into the die plate from the rear 

and secured with a retainer ring. The first insert, 
which was the control, had a standard configuration with 
a 4.5 mm diameter die land and an aspect ratio of 3/1. 
The second insert, the test orifice, had a flared 

15 section at the end of the die, as shown in Figure 2. 
The inner diameter in the first section of the.die land 
(shown as l in Figure 2) was 4.S mm, as with the control 
die. The inner diameter of the flared section 
(indicated by 2 in Figure 2) was 5.4 mm, giving a 

20 diameter ratio of l. 2. The ratio of the area in the 
expanded section to the unexpanded section was 1.44. 
The depth of the flare from the face into the die (shown 
as 3 in Figure 2) was 6 mm, or 1.33 times the original 
diameter. 

25 The total throughput of resin was 68 kq/hr, or 
34 kg/hr/orifice •. The resin tested was Zytel• 70G33, 
nylon 6,6 reinforced with 33% chopped glass fiber. 

Within 30 seconds after startup, accumulation of drips 
was evident at the exit of the strand from the standard 

30 die. The strand exiting from the flared die showed 
improved strand quality and no drips. Five minutes 
after startup, the exit face of the die surrounding the 

flared die was still clean. Tl;le exit face surrounding 
the standard die was surrounded with die drips which 
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were approximately 1/8-1/4" long and beginning to turn 
brown due to thermal degradation. 

EXAMPLE 2 

The extruder and die plate were identical to those 
5 described in Example 1. The resin tested was 

Rynite® 530, a blend containing primarily of 
~oly(ethylene terephthalate) resin and 30% chopped glass 
fiber. The test was run with a throughput of 68 kg/hr 
through 2 orifices. An extremely rapid buildup of drips 

10 was observed on the standard die, with significant 
accumulation in less than 2 minutes. Small droplets of 
molten resin were observed surrounding the flared die 
exit shortly after startup. After 5 minutes, the die 
face surrounding the standard die was coated with a 

15 mixture of resin and fiberglass, and substantial 
degradation was evident. The die face surrounding the 
flared die showed the original droplets but no growth 
had occurred. After 10 minutes, large accumulations of 
drips were evident at the standard die, and the drips 

20 were beginning to interfere with the flow of the strand. 
The flared die still showed no growth of the initial 
droplets. 

E:xAMPLE 3 

The extruder and die plate were identical to those 
25 described above. The resin tested was Zytel® 103, an 

unreinforced nylon-6,6 resin. Approximately 20 minutes 
after startup, the standard die showed growth of drips 
surroundin~ the exit of the strand from the die. The 
die face surrounding the flared die remained clear. 

30 Sixty minutes after startup, growth of the accumulations 
around the standard die had continued and the flared die 
remained clear. Although the rate of accumulation of 
die drips on the standard straight through die was 
slower for unreinforced resins than for the two 

35 reinforced resins cited in Examples 1 and 2, the flared 
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die provided an.operating improvement vs. the standard 
straight through die. 

EXAMf LE 4 

A 40 mm W&P twin-screw extruder was used to melt 
5 the resin and develop-pressure sufficient to force the 

melt through the die plate. The die plate used was the 
same as described in Example 1 above. The resin tested 
was Rynite® 530 at 68 kg/hr. The diameter of the 
original land (1 in Figure 2) was 4.5 mm. The diameter 

10 of the flared section (2 in Figure 2) was 5.4 mm. The 
flared section extended 6.0 mm back from the face of the 
die. The second orifice tested had two expansions, from 
4.5 mm to 4.8 mm and from 4.8 mm to 5.4 mm (diameter 
ratios of 1.067 and 1.125). Each flared section had a 

15 length of 4 mm. Both of these configurations were 
effective in reducing the accumulation of die drips at 
the die face exit when compared to the standard, 
straight-through die design. 

E:xAMPLE 5 

20 A 40 mm W&P twin-screw extruder was used to melt 
the resin and develop pressure sufficient to force the 
melt through the die plate. The die plate used was the 
same as described above. The resin tested was 
Rynite® 530 at 68 kg/hr. The extruder was operated at 

25 normal processing conditions. The first orifice tested 
was the flared orifice with 1.2x ratio of diameters 
described above in Example 4. The second die tested had 
three expansions, from 4.5 mm to 4.8 mm, from 4.8 mm to 

5.05 mm and from 5.05 to 5~4 mm. Each flared section 
30 had a length of 3 mm. Both of these configurations were 

effective in reducing the accumulation of die drips at 
the die face exit when compared to the standard, 
straight-through die design. 

SUBSTITIJTE SHEET (RULE 26) 

J 

, " 



· WO 95/2~303 PCT/US95/03015 

;::::::::=====-====-- . i 

13\ THIS SHEET HAS BEEN I\ 
\ REPLACED : _jJ 

CLAIMs 

What is claimed is: 

1. A die having flared orifices for the extrusion 

of polymers, comprising, a die body having one or more 
5 flared orifices having the following components: 

a first zone having surface S1; 

a second zone having surface S2; 
a third zone having surface S3; 
a length L1 which is the total length of said 

10 first, second and third zones; 
a length L3 which is the length of said third 

zone; 

a polymer flow axis A; and 
said die has a surface Ss on a discharge side 

15 of said die; and 

wherein: 
Li/L3 is about 2 or more; 

L3 is long enough so that a polymer going 

through said orifice is in substantial contact with the 
20 periphery of S3 before exiting said orifice; 

25 

A and S3 are perpendicular to 55; 

if said second zone has a one step area 
change, an angle T, which is an angle formed by S2 and 

A, is about 45° to about 90°; 

if said second zone has more than one step 

area change, an analogous angle of each step 
corresponding to said angle T is 45° to 90°; 

an area of the orifice in said third zone is 

about 1.1 to about 1.7 times an area of the orifice at 

30 said first zone; and 

a shape of said first zone and a shape of said 

third zone are geometrically similar. 
2. The die as recited i~ Claim 1 wherein Li/L3 is 

about 3 to about 10. 

1111\11\ \l\ll\ 1111\ \ll\l ll lll\ 
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3. The die as recited in Claim 1 wherein S1 is 

approximately parallel to A. 
4. The die as recited- in Claim 1 wherein the 

angle T or analogous angles are about ~0° to about 90°. 
5 5. The die as ·recited Claim 1 wherein the area of 

the orifice in said first zone is about 1.30 to about 
1.45 times the area of the orifice--in said third zone. 

6. The die as recited in Claim 1 wherein L1/L3 is 
about 3 to about 10, si-is approximately parallel to A, 

-

10 the angle T or analogous angles are about 60° to about 
90°, and the area of the orifice in said first zone is 
about 1.30 to about 1.45 times the area of the orifice 
in said third zone. 

7. A polymer extrusion apparatus comprising a die 
15 and a means for pumping a polymer though sa1d die, 

wherein the improvement comprises, a die for the --­
extrusion of polymers having one-- or- more flared orifices­

having the following components: 

20 

a first zone having surface Si; 

a second zone having surface S2; 
a third zone having.surface- S3; 
a length Li which is the total lenqth of said 

- -

first, second and third zones·; 
a length LJ which is the-length of said third 

25 zone; 

a polymer flow axis A; and 
said die has a surface Ss on a discharge side- -

of said die; and 
wherein: 

30 Li/L3 is about 2 or more; 
LJ is long enough so that-a polymer going 

through said orifice is in substantial contact with the 
periphery of S3 before exiting said orifice; 

A and S3 are perpendicular to Ss; 

' lllllll \l\l\l 11111 111\1 ll llll 
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if s~id second zone has a one step area 

change, an angle T, which is an angle formed by of S2 

and A, is about 45° to about 90°; 
if said second zone has more than one step 

5 area change, an analogous angle of each step 

corresponding to said angle T is 45° to 90°; 

10 

an area of the orifice-in said third zone is 

about 1.1 to 1.7 about times an area of the orifice at 

said first zone; 

a shape of said first zone and a shape of said 

third zone are geometrically similar; 
and provi_ding that surface S2 of said parallel 

flared die is not in contact with a liquid cooling 

medium. 
15 8. The apparatus as recited in Claim 7 wherein 

Li/L3 is about 3 to about 10. 
9. The apparatus as recited in Claim 7 wherein S1 

is approximately parallel to A. 

10. The apparatus as recited in Claim 7 wherein 
20 the angle T or analogous angles are about 60° to about 

90°. 
11. The apparatus as recited Claim 7 wherein the 

area of the orifice in said first zone is about 1.30 to 

about 1.45 times the area of the orifice in said third 
25 zone. 

12. The apparatu~ as recited in Claim 7 wherein 
L1/L3 is about 3 to about 10, S1 is appro~imately 

parallel to A, the angle T or analogous angles are about 

60° to about 90°, and the area of the orifice in said 

30 first zone is about 1.30 to about 1.45 times the area of 

the orifice in said third zone. 
13. A process for the extrusion of polymer, 

comprising extruding a polymer through a die having one 

or more flared orifices having the following components: 

111111111111111111111111111111 
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a first zone having surface 51; 
a second zone having surface S2; 
a third zone having surface S3; 

PCT/US95/03015 

a length L1 which is the total length of said 

5 first, second and third zones; 
a length L3 which is the length of said third 

zone; 
a polymer flow axis A; and 
said die has a surface Ss on a discharge side 

10 of said die; and 
wherein: 
L1/L3 is about 2 or more; 
L3 is long enough so that a polymer going 

through said orifice is in substantial contact with the 
15 periphery of $3 before exiting said orifice; 

A and S3 are perpendicular to Ss; 
if said.second zone has a one step area 

change, an angle T, which is by S2 and A, is about 45° 

to about 90°; 

20 if said second zone has more than one step 
area change, an analogous angle of each step 
corresponding to said angle T is 45° to 90°; 

an area of the orifice in said third zone is 
about 1.1 to 1.7 about times an area of the orifice at 

25 said first zone; 
a shape of said first zone and a shape of said 

third zone are geometrically similar; 
and providing that surface S5 of said die is 

not in contact with a liquid cooling medium. 
30 14. The process as recited in Claim 13 wherein 

L1/L3 is about 3 to about 10. 
15. The process as recited in Claim 13 wherein S1 

is approxir .~ely parallel to A. 
16. ··;:·•e process as recited in Claim 13 wherein the 

35 angle T or analogous angles are about 60° to about 90°. 

11111111.1111111111111111111111 
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17. The process recited Claim 13 wherein the area 
of the orifice in said first zone is about 1.30 to about 
1.45 times the area of the orifice in said third zone. 

18. The process as recited in Claim 13 wherein 
5 L1/L3 is about 3 to about 10, S1 is approximately 

parallel to A, the angle Tor analogous·angles are about 
60° to about 90°, and the area of the orifice in said 
first zone is about 1.30 to about 1.45 times the area of 
the orifice in said third zone. 
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