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Extrusion dies may be cleaned, especially of so-called die drips, by passing a wire over the die orifices in the vicinity of the exit face
of the extrusion die. The operation of the extrusion operation Is not affected by the passing of the wire through the stream(s) of the
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(57) Abrege(suite)/Abstract(continued):
extrudate, and so the extrusion operation need not be shut down for the cleaning process. The process Is especially useful for
cleaning dies through which polymers are extruded.



2008/051515 A3 UL VAU 00 000 0RO R0 R 01

O
=

CA 02663038 2009-03-06

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [~
International Bureau |

(43) International Publication Date
2 May 2008 (02.05.2008)

(51) International Patent Classification:
B29C 47/08 (2006.01)

(21) International Application Number:
PCT/US2007/022420

(22) International Filing Date: 22 October 2007 (22.10.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

60/853,923 24 October 2006 (24.10.2006) US

(71) Applicant (for all designated States except US): E. 1. DU
PONT DE NEMOURS AND COMPANY [US/US]; 1007
Market Street, Wilmington, DE 19898 (US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): PETTITT, Delmer,
Ray, Jr. [US/US]; 1 Vince Court, Elkton, MD 21921 (US).

(74) Agent: JARNHOLM, Arne, R.; E. I. Du Pont De
Nemours And Company, Legal Patent Records Center,
44177 Lancaster Pike, Wilmington, DE 19805 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(10) International Publication Number

WO 2008/051515 A3

Al, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, K7, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, 7. W.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, B, CFE, CG, CI, CM,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
19 June 2008

(54) Title: PROCESS AND APPARATUS FOR CLEANING EXTRUDER DIES

N

(57) Abstract: Extrusion dies may be cleaned, especially of so-called die drips, by passing a wire over the die orifices in the vicinity
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CLEANING OF EXTRUSION DIES

FIELD OF THE INVENTION

Polymer which has adhered to the face of a die while being extruded is
removed from the face of the die without downtime by moving a relatively thin
wire or wire-like part across the face of the die to remove built-up polymer.

TECHNICAL BACKGROUND

Thermoplasﬁc polymers are important items of commerce, millions of
tons being produced annually. Typically they are processed and/or formed
into useful shapes by melting the polymer and then allowing it to cool to solid-
ify. This is often called melt processing. One important method of melt proc-
essing is extrusion in which the polymer is melted and then pushed through a
die having one or more orifices having a particular shape. After exiting the die
the molten polymer is cooled and solidified. Among the items which can be
made in this fashion are strands (which may be cut into pellets), rods, bars
and other (sometimes more complex) profile shapes, fibers, and films.

A common problem in extrusion is the sticking of small amounts of the
polymer being extruded to the edges of the die where the polymer exits the
die, this edge sometimes being called the die lip (see for instance US Patent
6,164,948). As this polymer builds up the polymer furthest from the die sur-
face is thermally insulated from the (usually) hot die and often solidifies. This
buildup is called by numerous names, such as die drips, die drool, die lip
buildup, etc., and may be referred to herein by any of these names. This
buildup is deleterious because the heated die may cause the polymer to de-
grade, and/or the polymer buildup typically often contacts and adheres to
(thus breaking away from the die surface) the molten polymer stream being
extruded and may cause a defect in the extrusion being produced and/or con-
taminate the extrudate with degraded polymer.

Many methods have been tried to minimize this buildup (see U.S. Pat-
ent 6,164,948 and references cited therein), since cleaning of the die face
typically causes a shutdown in production, or at least a pause in production, of

quality extrusion, usually with a concomitant loss of polymer, which typically
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becomes scrap. Therefore methods for cleaning of extrusion dies without loss

of production are sought.

SUMMARY OF THE INVENTION
5 This invention concerns a process for cleaning an extruder die, com-
prising, moving a wire across the exit face and one or more extrusion orifices
of said die in the vicinity of said exit face.
This invention also concerns a process for the extrusion of a polymer
using an extruder having a die which has an exit face and one or more extru-
10 sion orifices, wherein the improvement comprises, moving a wire across said
exit face and one or more said extrusion orifices of said die in the vicinity of
said exit face.
Also described herein is an apparatus, comprising, an extruder having
a die which has an exit face and one or more extrusion orifices, and a wire
15  which is moved across said exit face and one or more said extrusion orifices

of said die in the vicinity of said exit face.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1-3, which are pictures show three stages of a wire being
drawn through a molten thermoplastic extrudate as it is extruded through a
die, as done in Example 1. Figure 1 is before the wire enters the thermoplas-
tic, Figure 2 shows the wire in the thermoplastic flow, and Figure 3 shows the
wire after it has exited the thermoplastic flow.

DETAILS OF THE INVENTION

Herein certain terms are used and they are defined below:

By a wire is meant a relatively rigid (When in position to be used — the
wire itself may not be rigid but in use it is. For example it may be held rigid in
a frame.) thin elongated object whose preferred maximum thickness at a right
angle to the extrudate’s flow direction and at a right angle to the wire's long
axis is no more than 20% of the maximum dimension of the extrudate cross
section, or less than about 0.50 mm, whichever is smaller. More preferably
the wire is less than about 0.25 mm, especially preferably less than about
0.15 mm thick, or less than 10%, and very preferably less than about 5% of
the maximum dimension of the extrudate cross section, whichever is smaller.
Thus a wire may, for instance, have a circular cross section (which is pre-
ferred), a square cross section, or have a ribbon (rectangular or oval for In-
stance) shape where preferably the large dimension of the cross section of
the ribbon is parallel to the extrudate flow.

By “in the vicinity of the exit face” is meant that wire is close enough to
the surface of the exit face to dislodge from the exit face objectionable
amounts of extrudate (die drips) which have stuck to the exit face. Alterna-
tively it also means the wire may be in contact with the exit face across all or
part of the exit face.

By “exit face” is meant the surface of the extrusion die through which
the extrudate exits the die.

By “extrusion orifices” is meant one or more holes through which the
extrudate flow through and out from the die.

By “across the exit face of the die” or “across the orifices” is meant the

wire is moved in a direction substantially parallel to the exit face, such that

“die drips” on the exit face of the die, especially in the vicinity of the extrusion

PCT/US2007/022420
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orifices, are dislodged. This is preferably done when the die is in place
(mounted) on an extruder as it would be when the extruder is in operation
and/or preferably done while the extruder is in operation, i.e., extruding some-
thing.

The wire may be made of any material that is suitable to survive the
conditions to which the wire is subjected. For instance the wire should have
enough tensile strength so that it does not break easily in normal use, have a
sufficient temperature resistance so it is not adversely affected by the tem-
perature of the extrudate and/or extruder die, not be substantially corroded or
otherwise chemically affected by the extrudate or air, and be able to be at-
tached to a frame or other suitable device (see below) in the apparatus. Use-
ful materials for the wire include metals, carbon fiber and polymer fibers which
are not adversely affect by the conditions of use. Preferred wires are metal

(alloys), and useful metals include stainless steel, corrosion resistant alloys
such as Monel® and Hastelloy®, platinum (alloys), gold (alloys), and steel,

and preferred metals are stainless steel and steel. Steel, especially high ten-
sile strength steel wire, is preferred because wires with small cross sections
may be used with less chance of breakage.

The direction of movement across the exit die face and orifices is often
not critical and may be up, down, diagonal (to the horizontal or vertical) or
horizontal, or any combination of these, for example up and down. The con-
figuration of the extrusion orifice(s) may affect which direction is best. For ex-
ample if one has a film die whose long dimension is horizontal, it may be de-
sirable to have the wire move horizontally along the long axis of the orifice. If
the orifice(s) is(are) circular, it may make no difference in which direction the
wire moves. Blown film dies are typically in a horizontal position (with the
polymer exiting the die up or down), and the wire may be drawn across the
face of those dies horizontally.

The wire may be used in any method which moves it across the exit
face of the die to effectively remove the die drips as described herein. For in-
stance the wire may be moved by hand across the exit face of the die by util-

izing an apparatus somewhat similar to a large cheese cutter or coping saw In

which the wire takes the place of saw blade (see Examples 1-3), or it may be

PCT/US2007/022420



10

15

20

25

30

CA 02663038 2009-03-06

WO 2008/051515 PCT/US2007/022420

mounted in relationship to the exit face of the die in an appropriate frame that
moves the wire across the exit face and orifice(s) of the die. This frame may
be mounted to the overall extruder apparatus or may be mounted independ-
ently so that it is in position to move the wire appropriately. |

This frame may be moved by hand or may be moved by a mechanical
device such as an electric motor. The rate of movement across the exit face
may optionally be varied by adjustment of the motive force (for instance the
electric motor or gears attached thereto). Assuming for instance that the mo-
tive force is an electric motor, the movement may be automated by use of a
timer mechanism so that the exit face is “cleaned” at a given interval. Forin- -
stance the wire may move up one time, and then down another, especially for
instance if the cross section of the orifice(s) is(are) circular. The interval be-
tween “sweeps” of the wire across the exit face may set so that buildup of
large amounts of die drips does not occur.

As the wire proceeds across the exit face of the extruder die it dis-
lodges the die drips present. Some of these “particies” may then become at-
tached to the extrudate flowing from the extrusion orifices. However, If the die
drips are small enough this may not be a problem with extrudate quality. The
interval between wire sweeps may also depend somewhat on how long it
takes the die drip material to significantly degrade, for example thermally de-
grade because of the extrusion die’s temperature. An optimum interval, tak-
ing into account these and other factors, will depend on the material being ex-
truded, the configuration of the extrusion die, especially the die lips, the extru-
sion conditions, and other conditions, but will be readily ascertainable by
minimal experimentation.

Provision may also be made to “change” the wire periodically. For ex-
ample new wire may be on roll mounted on the frame which causes the wire
to sweep over the exit face. There may also be a take-up roll for wire that has
been used. The wire may be advanced manually, or the advance may be
automated to occur at set intervals of time or after a set number of sweeps of
the exit face. If the wire is moved by hand, for example in the "coping saw-
like” apparatus of Example 1 the wire may be changed manually. Changing
the wire is particularly useful if sweeping over the exit face causes the wire to

be fouled in such a way so as to reduce its effectiveness (for example inter-
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rupt the polymer flow because there is solid on the wire) and/or cause the ex-
truded polymer to become contaminated from material on the wire. |
The wire may be heated, for example either by an external heater or an

electric current passed through the wire to heat it. For this purpose an electri-

cally resistant wire such as Nichrome® may be used.

If the die drips or other unwanted material(s) stick to the wire the wire
may be cleaned instead of changed. The wire may be vibrated or tapped, or
may be wiped in some way, to remove the unwanted material. A combination

of cleaning and changing the wire may be used.

The great advantage of the present method is that even if it is decided
that the interval between the sweeps of the wire should be relatively short, no
production time is lost and there is no or virtually no wastage of the extrudate.
This is because the sweep of the wire does not cause the “breakage” of the
continuous “liquid” extrudate. For example video pictures of thermoplastics
being extruded show that the extrudate simply flows around the wire while the
wire crosses through the extrudate and the flows around the wire “reunite” af-
ter they have passed around the wire (see Example 1 and Figures 1-3).

A preferred material to be extruded is a thermoplastic polymer (TP) or
an elastomeric polymer (EP), more preferably a TP. Useful types of thermo-
plastics include: poly(oxymethylene) and its copolymers, polyesters such as
PET, poly(1,4-butylene terephthalate), poly(1,4-cyclohexyldimethylene
terephthalate), and poly(1,3-poropyleneterephthalate); polyamides such as
nylon-6,6, nylon-6, nylon-12, nylon-11, and aromatic-aliphatic copolyamides;
polyolefins such as polyethylene (i.e. all forms such as low density, linear low
density, high density, etc.), polypropylene, polystyrene, polysty-
rene/poly(phenylene oxide) blends, polycarbonates such as poly(bisphenol-A
carbonate); partially fluorinated polymers such as copolymers of tetrafluoro-
ethylene and hexafluoropropylene, poly(vinyl fluoride), and the copolymers of
ethylene and vinylidene fluoride or vinyl fluoride; polysulfides such as poly(p-
phenylene sulfide); polyetherketones such as poly(ether-ketones), poly(ether-
ether-ketones), and poly(ether-ketone-ketones); poly(etherimides); acryloni-
trile-1,3-butadinene-styrene copolymers; thermoplastic (meth)acrylic polymers

such as poly(methyl methacrylate); thermoplastic elastomers such as the
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“block” copolyester from terephthalate, 1,4-butanediol and
poly(tetramethyleneether)glycol, and a block polyolefin containing styrene and
(hydrogenated) 1,3-butadiene blocks; and chlorinated polymers such as
poly(vinyl chloride), vinyl chloride copolymer, and poly(vinylidene chloride).

The TPs or EPs used herein may contain materials normally found Iin
such polymers, for example, fillers, reinforcing agents, antioxidants, pigments
dyes, flame retardants, etc., in the amounts that are normally used in such
compositions. However TPs or EPs containing materials whose longest di-
mension is quite long, such as long fiber reniforcements, may not be preferred
in the present process since such large items, especially flexible ones such as
fibers, may hang up in the wire. Discontinuous fibers, preferably less than 13
mm long, more preferably less than about 6.4 mm long (average size actually
measured in the composition after exiting the extruder, as for instance by op-
tical microscopy), however may be used.

A prefrred process'involves the formation of particles, typically pellets
or granules, of the TP composition, now practiced extensively commercialy.
This is done by meiting the TP in an extruder and optionally mixing in other
ingredients, extruding through one or more orifices in the extruder die plate,
solidifying the polymer into a strand, and then chopping/cutting the TP into
particles. Typically the largest dimension of these particles is about 12 mm,
often smaller. The die orifices are typically have round cross sections ands
range from about 1 mm to about 6 mm in diameter. When these types of
strands are cut the cut length typically averages 2 mm to about 10 mm.

These pellets or granules are then typically sold for further melt processing,
and they are put into hoppers where they readily flow by gravity for further
processing. The use of the present apparatus for removing the die drips often
results in a higher quality pellets and/or a higher quality TP (composition).

The same process may be used to granulate elastomers, although
here the strand does not solidify in the sense of forming a solid, it is merely of
high enough viscosity so the strand is self supporting.

Other products may be extruded (without necessarily being heated) us-
ing the apparatus as described herein to clean the die face. The same sorts

of advantages seen for polymers are épplicable here also. Such products In-

clude foods which are viscous and/or solidify on cooling, asphalt, adhesives
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(which may contain polymers) éspecially hot melt adhesives for instance on
packaging lines, and caulks and sealants (which may also contain ponmérs).
Example 1

A 0.23 mm (nominal) diameter stainless steel wire was mounted on a
frame. The frame, which was bent from 32 mm thick wire was shaped like a
coping saw without the blade, and had small pegs welded where the coping
saw blade would be attached. The wire was wrapped around these two pegs
to tautly mount it in the frame (where a coping saw blade would be). The
span of the wire between the pegs was about 21.5 cm and the depth of the
handle was about 12.7 cm.

A partially aromatic polyamide having repeat units derived from 1,6-
hexanediamine, terephthalic acid, and adipic acid (no fillers or other ingredi-
ents except for stabilizers) was extruded from a 40 mm Werner & Pfleiderer
twin screw extruder. The die with a flat exit face had two circular cross sec-
tion orifices each 0.48 cm in diameter. The two orifices were lined up ap-
proximately horizontally, and thé orifice holes were horizontal. The polyamide
was extruded with extrudér barrel temperatures of 310°C and a die tempera-
ture of 320°C at a rate (both orifices) of about 61 kg/hr. The horizontally held
wire was wiped by hand vertically (up or down, it didn't seem to make a differ-
ence) across the exit face of the die. Although the rate of movement of the
wire did not seem critical, a typical speed was about 2.4 mm/sec across the
face of the die.

The polyamide was extruded until easily visible die drips formed and
then the wire was wiped across the face of the die. Figures 1-3 shows a se-
quence of pictures of a single wipe of one orifice. Figure 1 shows the wire
(going down vertically) just before it contacted the flowing polyamide. The die
drips appear as the white appearing (they are solidified) material somewhat
parallel to the flowing molten polymer. Figure 2 shows the wire in the midst of
the extrudate stream. Figure 3 shows the wire just after it exited the polymer
stream. The descriptions for Figures 1-3 refer to the right hand polymer
stream. Note that in Figure 3 the die drip is now attached to the wire and is
being carried away from the orifice and extrudate stream. Sometimes the
wire dislodges the die drip and it may stick to the wire, or drop away, or be-

come attached to the polymer stream and be carried along with the polymer.

PCT/US2007/022420
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The polyamide was being extruded into a strand to be chopped. When
the wire was moved through the polyamide stream the strands were not bro-
ken or interrupted. As can be seen in Figure 2, the polyamide simply flowed
around the wire and the flows rejoined on the downstream side of the wire.

Examples 2

In this Example the die used as similar to that used In Example 1, i.e., it

had two circular holes 0.48 cm in diameter. The extruder was a 30 mm

Werner & Pfleiderer twin screw extruder. The composition extruded was

Rynite® 530, a poly(ethylene terephthalate) containing 30 weight percent of
chopped glass fiber and minor amounts of other materials (stabilizers, crystal-
lization promoters, etc.) available from E.l. DuPont de Nemours & Co., Inc.
Wilmington, DE 19898, USA. The composition was dried under manufacturer
recommended conditions before use. The extruder barrels and die were set
at 310°C, and the composition was extruded at an approximate rate (total of
both holes) of 18 kg/h.

The wire used was mounted as described in Example 1. It was a
stainless steel wire with a diameter of 0.13 mm. It was passed vertically (up
and down) or horizontally through the polymer streams as described in Exam-
ple 1 and successfully removed the die drips without interrupting the polymer
flow. However if the wire were passed too rapidly through the polymer stream
the polymer flow was interrupted, so slower “traverse speeds” were desirable.
A typical useful speed was about 3.1 mm/sec across the face of the die. |t
was noticed on video of these wipes that a section of the polymer composition
stream sometimes separated from the main polymer stream. When a
stainless steel wire with a 0.23 mm diameter was used the flow of the polymer
stream was more “disturbed” but the wiping could still be done without inter-
rupting the polymer stream.

Example 3
The same conditions were used as in Example 2 with the 0.13 mm di-

ameter wire except the barrel and die temperatures were 330°C, and the
polymer composition used was Zenite® HX6130, a liquid crystalline polyester

polymer containing 30 weight percent chopped glass fiber, available from E.I.
DuPont de Nemours & Co., Inc., Wilmington, DE 19898, USA. Again when
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the wire was passed through the polymer streams vertically (up and down) or
horizontally it smoothly removed the die drips without interruption of the poly-

mer streams.

10
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PCT CLAIMS

1. A process for cleaning an extruder die, comprising, moving a wire
across the exit face and one or more extrusion orifices of said die in the vicin-
ity of said exit face.

2. A process for the extrusion of a substance using an extruder having
a die which has an exit face and one or more extrusion orifices, wherein the
improvement comprises, moving a wire across said exit face and one or more
said extrusion orifices of said die in the vicinity of said exit face.

3. The process as recited in claim 1 or 2 wherein said wire is a metallic
wire.

4. The process as recited in claim 1, 2 or 3 wherein said moving takes
place at predetermined intervals.

5. The process as recited in claim 4 wherein said moving is automated.

6. The process as recited in any one of claims 1 to 5 wherein said wire
is changed at predetermined intervals.

7. The process as recited in claim 6 wherein said changing Is auto-
mated.

8. The process as recited in any one of claims 1 to 7 wherein said wire
is less than about 0.15 mm thick or less than 10% of the maximum dimension
of the extrudate cross section, whichever is smaller.

9. The process as recited in claim 2 wherein said substance comprises
a thermoplastic polymer or elastomeric polymer.

10. The process as described in claim 9 wherein said substance addi-
tionally comprises one or more of a filler, reinforcing agent, antioxidant, pig-
ment, dyes, or flame retardant.

11. The process as recited in claim 2 wherein said substance com-
prises a thermoplastic polymer and particles of said substance are produced.

12. An apparatus, comprising, an extruder having a die which has an
exit face and one or more extrusion orifices, and a wire which is moved
across said exit face and one or more said extrusion orifices of said die in the
vicinity of said exit face.

13. The apparatus as recited in claim 12 wherein said wire is a metallic

wire.

11
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14. The apparatus as recited in claim 12 or 13 wherein said moving is .
automated, and takes place a predetermined intervals.
15. The process as recited in claim 12, 13 or 14 wherein said changing

IS automated and is done at predetermined intervals.

12



CA 02663038 2009-03-06

WO 2008/051515 3 PCT/US2007/022420

gl nf are et b0 o Bk gamaemn e nl'e



WO 2008/051515

. _'-»':"ﬁ'zm MLRE

r
t
S

CA 02663038 2009-03-06

PCT/US2007/022420

2/3

T G

BTN &
103 oy
Q)!}kf tﬁ:‘

tql' ': »" - :1
il ¥l

{.

9; 'y
F's
.

LK R !
AT T AT
Sl vl
[ ‘ t e - S - '(']- j
z."lr...‘la 1 ¢ P *
' b | . X A7
i
l."‘"i . ‘-.
1,'1;,.?4.&, ':'.{.

Fe

P
[

4

A, - ‘r‘tu- ':“', g, ".j‘]-"-‘t‘n?' -

2

FIG.



WO 2008/051515

-ﬁﬁg&erdu

CA 02663038 2009-03-06

PCT/US2007/022420

3/3

> .
o
[ <
-t
LA N

s ‘Il

!

31 " $a
i if«-’ : i’g

L
3

g

3

FIG.



gL ke s padl e




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - abstract drawing

