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An improved die, containing one or more orifices, for the extrusion of polymers is disclosed wherein the orifices are flared at the
polymer discharge end, and the orifices have certain relative dimensions and configurations. The dies are useful for producing items such
as films, shaped profiles, sheets, fibers, strands, etc. Also disclosed are a process for using the die, and an extrusion apparatus containing
such a die.
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di amet er awolomxi303 the die through an extrusion orifice 10 PEFUIYWEP er
diangter. |In particular, the ratio of the di aneter of the extrusion
orifice to that of the channel in theidie plate through which nolten
pol ymer enters the extrusion orifice is 1.1-2.0.

SUMVARY OF THE | NVENTI ON 15 This | tion concerns a die having
flared orifices for the extrusion o nmers, conprising, a die
body having one or nore fl ared ®OIYMERS EXIRUSJONNBIE fol | owi ng

conponent s: a fiiiﬁLﬁEBﬁ_ﬁﬁﬁlfﬁﬂﬁﬁi%%fe Slerr]; 20
a second. zone havin% surface SZ; ~a third zone having surface
Slerr]; hisgipwegthon|eengenps can | Wrpravedidile [forgtheof sai d

first, second apdrhBipd €8NSSiymers, wherein thd |84 Bl 3nwhigel is the
| ength of said thir zZone; ymer flow axis A, and

1ird 2 Z a poly
said die has af3tffigeésk] 25 rflaredy AREHhyLlaxed and ynfdareddie; and

wherein: 30  sections hil€rspééifidd rélathiod An@nsTOnG and shapes. L3
is long enough so that a pol yner | aid orificels in
substantial contact with the S ore exiting said
orifice; ExtrudiandoS3pal pmees peicbwa & die Feerfidrm 3haped

e for B85 GeEPE "8 SEP MG, proBROind Rtk eciilen 10 an
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. 1Items 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
20 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. '

_ ﬁ.s. Patent 4,822,546 describes a polymer extrusion

35 die which is advantageous for use with high flow
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2A i f said second zone—has-—apre.than one ste
change W@P524383 ogous angl e of each;/st'ép S%s:L(wwces nd1 nd q%”%é’“ﬁmangl e ,T i's

45[err] to 90; an aﬂﬁﬁ;EﬁﬁE?EAﬁﬁg#lce iin said third zone is v
about 1.1 to 1.7 about tinmes an aréﬁ“ﬁﬁ‘fﬁﬁzeintﬁe,at said first zone}
and a shape of said first zone and a shape of said 10 third

é%??uggg/gg %g&ﬁgggléﬂds&ﬂ@}éqn the df@oi%5¥%§%ogf ag underwater Thi s

i nvention aPSélPhiredes Bhper yifernementsioon of theapgar afuthésngiesing a die
and a means;f0btREPPERPrd@sion processes.

SUMMARY OF THE INVENTION
5 This invention concerns a die having 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 Si;
10 a second zone having surface S3;
a third zone having surface S3;
a length L; 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 S5 on a discharge side
of said die; and
wherein:
20 L3/L3 is about 2 or more;

) L3 is long enough so that a pélymer going
through said orifice is in substantial contact'with the
periphery of S3 before exiting said orifice;

A and S3 are perpendicular to Ss;
25 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
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 o
a shape of said first zone and a shape of said
35 third zone are geometrically similar.
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pol yrer® t iwamsgasmai d di e, wherein the inprovenent confGT&e¥0P1yi e for
the extrusion of polynmers having 5 one or nore flared orifices having the
fol | owi ng conponent s: 3 a first zone having surface
Slrerr]; a second zone having surface Serr];

a third zone having_surface S[err];_ 10 , | ength L[err] which is
the total |ength ofTQ&FdlnvenL+??s?}s%e%ﬁﬁ&PQﬁﬁj?rﬂéi?“fﬁ%@?FrLSlOk

a length L3 whiegbarattibecomppiding sadik tdarid & meanszdive; pumping a a
pol ymer flow axis A, _apd 15 . . 1.d di a S[err] on a
di schar ge sidepoiymEBfggﬁ?ﬁg%i%El%u%fe’ éﬁéref$‘%ﬂé %n%g%&%%%ﬁ@ '
L[err]/L[err] kompbdees? ardherfor the extrusion off polymegsghanaaigh so that

a pol ymer goin néofrgmgegghé@é& SF1£1 &8s Imadihg e F¥Riggnt act with the

peri phery ot Slerr efore exiting sard orifice; A and
S[err] are per FERBPBEREF't0 S[err]; i f said second zone has
a one step area chapg€iran asgeehdvindi shirfsceansgngl e forned by S2 and
25 A, is about 45[err] to _about. 90[e if said second

rrls. ,
zone has nore than one sfef€cRd P83 %%gﬁﬁ%,s%ﬁf%%%J%ﬁbus angl e of each
step correspondi ng wotkdrd angeehdvisg4sShefagetI8/90[err];

an area ofyghe orifice 14 S@ndehnhl dgPOR 18 i tohblilichgbr el shiahout

times an area of the ori rst zone;
first, second and third zones;

a length L3 which is the length of said third
zone;
a polymer flow axis A; and
15 said die has a surface Ss on a discharge side
of said die; and
wherein:
L1/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 Ss;
if said second zone has a one step area
change, an angle T, which is an angle formed by Sz 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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a shape_of id first zone and a shape of said thir e
geone?rlggyiéo imlar; and provi di ng trmgbéﬁgga%@ S[err] of
said dieis 35 not in contact with a liquid cooling nmedium WO Y
95/ 24303 4 PCT/ US95/ 03015 -
4 This invention further concerns a process for the

extrusion of pol Wl‘ﬁrs lmtii&hnguexhéﬁdwgcarwlayrmfocess fdy au@h a die
havi ng one more flared orifices aving j’ f ol | owi,ng conponents: 5
a first zonee%ér\ﬂsﬁﬁ £ 38gy§F€rrf°mpns g extry 1N & P8 ®Fone havi ng

surface S| ertHrough a die having anéhor dnars ef lTwarad @rsifrifcese havdng] ;

a length L[%ﬁg%)éMYrH%lha Egﬁggﬁéﬁ£§[ength of said first, second and

~third zones h L3 which is the length of said third

zone; S ) fpiovgpmorﬁ Savings snrfang Sii said die
has a surface S[err] oq @eégn'ip%zﬁehgwq%g surf@kesgbd die; and 15
wher ei n: errJ Llerr], 1S about 2 _or nore;

a thlrd one having surface S3;

a length Li which is the total length of said
first, second and third zones; '

10 a length L3 which is the length of said third
zone; .

a polymer flow axis A; and

said die has a surface S5 on a discharge side {
of said die; and

15 - wherein:

L3/L3 is about 2 or more;

L3 is long enough so that a polymer going
through said orifice is in substantial contact with the
periphery of S3 before exiting said orifice;

20 : 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°;

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

30 . 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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L3 is | ongomsaydd so that a pol yner going t hrough sai FDAPMERTs in

substantial contact with the periphery of S3 before exiting said
orifice; 20 A and S3 are perpegndicular to S[err];
| f© said second zone has a one step area change, an angle T, which is

an angle fornmed by S2 and Hﬁ%a%ﬁ%iggét 4 40, about 90[err];
I f said second zone has nore t ange, an anal ogous
angl e of each step The discleswpomdtorremmizw drenglie Ands i45] exdffires

90 g d
abgﬁ{r]l l1to a ou?u.)L ??l@s an%ﬁggs CEE llf?'efth% %ﬁ'e wheh! Qnagggeas

I st

zone; 30 in an extzhgden cippadatys.r andzghe sde a'hGHaBéeéf igakhe

third zoneE@repgg@gggrbgaé*g%@aiaéegblymer and providing that

e Sler o Stsos © | brscrueitby BroRBk Fhatihls® ! o d cooling

medi um WO 95/ 24303

Bg$grfg5ég3gag INVEThe Figures herein are not to scaie. i |
ure cer ni ng,.t ie an

its orifices NSF@?’E AR ?% 3 hfe]Ej eA selofrq'%ltlﬁg rai elg\%hgﬁel ncl uded

in an extrusi osteppanatas{semdalaw)di efivtbdisudoyenticheis 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 sgaling 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 2
having surface S;, a third (flared) zone Z3 having
surface S3, and a second or transition zone Z; having
25 surface S2. S4 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 S; is approximately parallel to
polymer flow axis A (by approximately parallel is meant
plus or minus 5°), and more preferred if it is S; 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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5 process of extrudi ng pol yner. DEQ CF‘ THE
DRAW NED 95/24303 The Figures herein are not to scal TRSshost A

cross section of a flared die orifice, with one step in ZZ(see
bel ow), of this invention is shown in 610 Figure 1. This cross section’
I's perpendicular to surface S[err] (see below). Only a part of the

di e body h:&%@gseeeleﬁgfmeab& BE QY. tﬁ@%ﬂa’ %.m‘g‘%&'%t 3l grgor €
t han one orifice ave, ot her funct t hat

ext rusi on d|p8§pf"r§9 ﬁBF‘ﬁﬁl T’?nﬁiﬁ’/‘é agiRPas g 1 §?’err§8'ﬁ§lf 6?“8‘5{‘a8f1ed t he
die to the eherosidiiceppehdlesL; ais the leneams ofozomeagyt i nDhé he
tenperature of the di for_.heati.ng.the die, eggmeans f or

seal i ng t he E8Rfalct® Tond ggﬁa%xég %%t%e%’f%lﬁq.‘ n‘&%\?& frai nder of
t he 5 extifiseosheppaiat Bsgése ol tBe pntc;ﬁrasrsen'duonnm ieak) , 20

etc. taken &B' QUQEOE hged £NGh&r&f 24 s Oy 'n‘ae,zzt heef! f)h@elt‘?an

be considered to have three zones, a first, zone Zlerr] havi ng
surface S[er] 1n0aZani r BhefaER2 AL A oni QR @F the cross:pgetied and a

second or tpangist hBBu%O'ﬂelZ@ohﬁV? NGgimes the WA ©52he Samefl Figure 1 is
t he surface on .the inle i de_of the dlg}fv\/ﬂlleSerrSklsthe

surface on PFEEdGE af Eross sﬁ?tb?%c%%'r Rrefiskaty @boufi d.-3sk%need not be
flat, ab@ 1.45 (Sfkethp ausd dEtér atacmdstep riencﬂzclilsaatt deAsbnﬂ.yli n

roximt t r pg touch
g[ e)r(lr] ) . Y §'6'mes Eﬂe QQe e&r>:r.egF éxcs?éee S aﬁe’prox g’? '?I el to
pol yner fl owbaxits tﬂO( by appeoxpmfetthar&bdtm 2 $qmmtut 20, angdl us or
mnus S[ert hboreapdel &sb@geafaﬁedz §z'doté of Wddut 3 to aboudigl!el o Al

S3, the orifice Surface o err
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 6ther.", definition of

20 “similar" from James and James Mathematics Dictionary,
3rd Ed., D. Van Nostrand Co., Iné;, Princeton, NJ, 1968,
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 to 1.7 times that at cross section AA.

The angle T is the angle formed by Sz and A or
approximately at which the orifice_transitions from S1
to S2, if Z; 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 2;. In a preferred
die, angle T (or angles analogous to T in which Z2 has
more than one step) is about 60° to 90°.
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barallef WO %Rd380l yner flow axis A and perpendicular to g§§n19v0(gae

S[err]. WO 95/ 24303
PCT/ US95/ 03015 7 6 Cross
sections AA and BB of the die in Figure 1 are per pendi cul ar to fl ow

axis A Llerr] is t?@gﬁ?éab Lenghho@iline ot hodrddifive Widee i3 the t he

| ength of zone_Z3. The Cross sectjons th h th
(conpl et e) Eﬁ?WPFE% REBSH i n H gtd ?Pcréﬁﬁgﬁgqo§g°§§c %ﬁﬁprgu?s ©
taken at a spot neaAsmhheepzﬁymeerhmwi amicb Zfjerdit] ofeeuriset assumes s in
Z[ err] ) The ar ﬁgeogrggg g%:%{igr?af‘tsﬁgbee CJP%S]_ S(%go'sgnsectlo {:SBg OUt 1.1

to 1.7 tines the area” of Cross sectlon
preferably @aboas £ha poliﬂerlfﬂéhicnhtdughuuhgzﬁﬁaasuayﬂn gp@prlﬁn22 is at

least 1.1 thbﬂe§n£gez§reftc&xﬁﬁﬁﬁé]td”hé%@ﬁap%@WsQU%eéﬁgah such as
L[err]/L[err] iIs out two or nore, preferably about to about 20,

and nor e phsf—e#&b%: abe®t r 3ilore AL Y RARKCS S Gh&oéﬁlﬁpfo and

The cross sectisgps gk the erifiee at zsﬁ armaeBgoame%exauaaganneaah;
geonetrically simlar to _each other. eonetrlca%ﬁy s|n1l S
e

meant "Two geoWdfdi Ehergfipee have the %ﬁ%ﬁ?eﬂnéﬂaﬂﬂﬁ?ﬁﬁﬂ? Sh&§e © ongruent
to the othes byhe crodsi Bgchibdnaasfak nbf ilon icf long lenoudd, (the. crpBsone is

a 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 23 is
necessary for the die orifice herein, the die may also

i5 include an "extension" of 23 (but not part of L or 2j)
which’ is not necessarily the same size and/or shape as
Z1, which extension conducts melted polymer to Z;.

Within 23, 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 22 is the angle T be about 45° to 90°.
Z3, immediately adjacent to the step, has S3 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 Zz which correspond to
S3 (herein collectively S2a) in each of the other steps

30 is in Z3, and each of these surfaces is parallel to A.
It is preferred that each of these surfaces parallel to
A are long enough so that before the next step the
polymer is substantially in contact with the periphery
of each surface S2a.

SUBSTITUTE SHEET (RULE 26)



magni fgﬁg%%?r%s reduction of the other.", definition ofpcQusospsdis! ar” from

Janes Mat hemati cs Dictionary, 3rd Ed., D. Van Nostrand Co.
Inc., Princeton, NJ, 1968, p. 331. In other words the orifice cross ,f
section at BB is a reduction in si&e of the cross section at AA so

that the area of the orifice cross section at AAis 1.1 25 to 1.7 tines
that at cross sedti as BAlieved that ﬂltle mivginun val dehe fangl esformed by

S[err] and 0 i ch the aorifice,tran ns from S1
to S[err] i e%fé??fec§§EéP%%n%% \ﬁhﬁ:?%axﬂﬁﬁ ot Hﬁ§a 1a i? in one
step or a sechesveftBEeﬁsnthehapeuand|sﬁzeuﬂasiakd Soepthe nay al so be in
the form of TRE h { & tan to the
curve at thg%ﬁ%#ﬁ!@e §§ %ﬁﬁéé%nﬁé?%iﬁvépﬁgg%%K&hgqggrfggeﬂgghg [err]. In
a prefer?edthe podymerahgl eitheprinmpniacinaisdousn within @pIdhmE2 has

nore than oeg ghepsur§as®oyss e dd $,)20[err]. V\D 95/ 24303 _
PCT/ US95/ 03015 Figure 2

is an outline of XndSoPeiieredsthat S3and Saa snERﬁﬂpP%E EFAD. It s

descri bed i mobhaaehExangeesthan the lengtWredidried EoRr thleoﬁfél]l{ﬂEQ Z[ err]
Cr oss

Lot onur G S Rne g1y, LS EL0Se ST OOl SRS, 8 bElshErCn
10 The length needed (of S3 or S2a) for any partlcular
process, which includes the variables of extrudate shape
and size, polymer used, polymer tempereture, extrusion
rate, etc., can be readily determined by eimple routine (
experimentation, by varying L3 in a series of die
15 inserts, as inserts were used in the Exampies herein.
The die may be made out of any material 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 surfeces, especially at
20 angled surfaces. The surface finish of the die should
be that normally given to extrusiqn'dies. All
measurements herein are construed to have the usual
machining and other fabrication errofs 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 for forming fibers (often called spinnerets)
usually have many orifices. It is preferred if the

‘30 cross sections at AA (21) and BB (Zz) (and hence the
orifice) are both ci;cular, both square or rectangular.

" The extrusion may be carried out in any apparatus
in which extrusions are normally dohe. Such an
apparetus usually includes a meens for melting the

35 polymer (except if molten polymer is supplied to the
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t hen. i nt ow@52433 expands to have a cross section such as PCTUSOYGRS or an
i.e., i1t eventually nmatches the shape and size of the orifice at Z3.
The pol yner exiting the die will téerefore have the shape and

appr oxi mat e si ze of 10 the cross section at AAif L[err] is |ong enough

(the cross section _of, the gol yer exit(i)gg tzhe dti_ﬁae rrxgta/ltbe somewhat
|arger than t RPRRATFTER 7c P8 B BEPRSN 8t PRRP 40% TR°The TR known
phenonenon of paliymesnwdlhropghWiheedipeprifices at annapesspriaterratwe. di e
orifice herei | £.3 |.50 ngl AC! £ 8lq " %ﬁﬁ' N £1 (but
not part of L{%sr%?ﬁoﬁae%[lerrj )%& pumﬂé\?ﬂi gﬁ {dgfnotgn%gaessarﬁ}}gt re sane size
and/ or shape &ear pumpsj| gdnglenpnghtEinefSrer evhEedess mPtEPHoI (Afer to

Z[err]. 5  in a rai HtRudér)thereanByebSupDed OveSBEE (A Prfas

change in the area of orifice. Each ihange S hereln}g 20, terned a step.
If there is aRASHWRt SEAEAASIGH PoLten POLYYGF r enBRETYDI°%2 is the angle
T be about 45[mnditieond)| euich as polym€3, tempedathed )y maly doenthdse t he step,
has S3 as its surface. Lf _there iLs step, each step has
an angl e whi chn%ron}arlelsypélrﬁ?s i F%‘té:ﬁgﬁ‘%ﬁ%ugg?%ﬁ%%gﬁglg‘g&25 when there is
only one step. Eackftsr tewdddngndghes exigusion dieathe pelwmentisi5err]
about 90. 16Nl %, &Ne 1Qf Idd1901FIEA B in theUEHOS!SEAE A SorhdlSs Y BY T Oows)
of the | ast steﬁﬁf_::l's%fr gg\err]q. r:Allfl (_)fet he ot her surfaces in,%Z whi ch
correspond to crosslinkediher FheTREPLASELGE| §TS20e Rl b cIP bt e tier

steps 30 iscddlifdy. anthec@ob19hgt ReaguRURERCHE 45r PoF ad | Riquid Auch
It is preferred that each of these iurf%cgiugagalleL%tg. ~€%§r£ | ong
enough so t hat®hhSF « hdIndPe SPepiPHTe Pof ymertdr SRR A 1y in
contact with tie rperiipherontact witbf seafhceuds ack Sierdie. If the
15 extrudate is to be cut into pieces, such as pellets, it
is preferred if the cutter (blade) is not in direct
contact with the die, particularly surface Ss.
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).
EXPERIMENTAL 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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8 WO} 5 peljeved that the mininumvalue of L3 is deS| rabl e
because it allows the polymer to substantially achi eve the final shape-*
and size desired for the extrudat @@ By "substantially in contact wth"

Is nmeant 5 the polymer is either in contact with, or within 0.13 mm
of the Surfégﬁfﬂiaﬁﬁﬂﬂ p&@@éﬁ&esﬁgrf$ice the re51n|ﬁhﬁdﬁd%8hh%vaﬂethat S3 and

S2A shoul d er Ihan the | engt,h required for the
o yor - Wit Ene Excepsi ) eBnthe CERE HAFT ek RRRAF 08 Sterr] or
Slerr]. 10 éﬂnﬂﬂumqmsh daededmsobebarréloteﬂﬁeraﬂ@résm’smrpwpamhucular

process, uhigld nliides et yachoibes olefl WG S gnase 3R o120

pol ymer use npér attre, extrusion rate, etc., can be
readily &eteﬁanﬁhtI@plym#pleesbedlne experinentation, by varying L3 in

a series of die ni S, n°d él'@efé r&y%&&ml@(aml es herein.

The die nay be nmade out o materi a ner “extrusi on dies
are usual | y 3Hfelahike fr°“5§c asdu P°n‘t'-06? ggrmrs @}% COMAATY -be taken to -
avoi d ni cks and ot her blen1shqmgnuuung10r|f|ce surfaces, especially at

20 angled surfacgs; NS 2884’ hRisshoPls! BS: b RPN hserts.

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 1 in Figure 2) was 4.5 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 1.2. 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 2f was 6 mm, or 1.33 times the original

_ diameter.

25 The total throughput of resin was 68 kg/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. The exit face surrounding
the standard die was surrounded with die drips which
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be that - nBMEA33gi ven to extrusion dies. Al measur el SHREGUFn are
construed to have the usual machi ni ng and other fabrication errors
pormal in die manuf acture. 25 Ibe extrusion die may contain one
or- nore orifices. Many di es have only one orifice, particularly if the

cross sectlon brbMeppeblifgcisy! 780/ 3 Nindl it Sifloning 33 Llone, for

formng fibers (often cal splnnerets) ave “many orifices.
It is preferreHrPWntﬂEeSBO E?%%%a%e%%QE#ﬁ?Q&OQ&A (Z[err]) and BB (Z2) (and

hence the orifice) are both C|rcqnﬁnﬁugggh square or rectangul ar.
The' ext rusi on may bg carried. out in ang gﬂﬁgaatus ) I,n which extrusions
are normal |y done. SHEheXRruder and.die R M5 iiflentdeals toe dheseor

mel ting the535depokyhed {exEsatplé 10| tHie pedgitetedstedupalsi ed to the VO

95/ 24303 ® 5/ 03015
9 appara¥us§e é neglgn?ocﬁnﬁ%lﬁfn?d?%%??#ii&n) en pol yner
through the dleoéYKétbpteae tereptrioplata)e neswiion and 30%Uskbppedevgilass for

P Lag oF el ELBE: TR0 HE cun wi GO IRInOH Gke RN HED SCT O

extruders, pistons In a ramextr ressurlze vessel (as
by gas pF€§§Hgb)zc©ﬁ¥§4%ﬁ%g rﬁﬂtQ¥tqﬁﬂ§@ﬂE¢aPEﬁtb@gﬂdnp 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.

EXAMPLE 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
surrounding 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
slowei for unreinforced resins than for the two

35 reinforced resins cited in Examples 1 and 2, the flared
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conditionséﬁ%tdgh as polymer tenperature, may be those  pepu§a¥id3Bis ¥y used

in ext g% f that polyner. After exiting t e extrusion die
the polynmer is 10 usually solidified (or in the case of elastoners may be
crosslinked). Thernoplastics are normal®y solidified by cooling. The
cooling nmediummay be air or a liquid such as water. If the cooling
medi umis adlleqwr@vmaa hhqupélratmg ifiprifendhtC WY ag¢heNisitAnddirhace S[err]
of the die. If th % 5 ex date is to be cut into pieces, such as
pel l ets, it Straight F8P8 ﬁerf the cutter (blade) is not in direct
contact with the d|e part|cuIarIyEﬁEﬂEﬁEEAS[err] The pol yners
useful with the Lt 0 | S

t her nopl asti cs, %i(aso'tj%#rne?gg ggigefgfée]‘gc%#sﬁ??en %aeé q,g e(r?“r?olget s before

crossl i nki ng‘,he reSinTﬁédrr@ﬁVQé@PcBr$$ﬁ:¢Iﬁi€51p‘cﬁJy@§!‘¢r §o ;f&:y:smta@s

pol yet hers, raley@heblgs. tha! eﬂénﬁi%’e polmpd e‘éié’%late usefd YRS Raked
polyoleflns t hernopl asti.c p |n1 e I m de- ethers) and

ol'y
polycarbonatsﬁg'le éﬁddFﬁGerﬁé 2%x¥mﬂy%é¥§ﬂﬁﬁﬁbh FASRIEESHRE cont ai n
the usual was F@dﬁrtb@/%sosuehsaswvhker SThéedﬂilﬁéﬁéflgoﬁgﬁﬂéS

Ao 9at e Gl g IS P0ullCy) ALY Bl mae teRRL S0 "
carbon #Dbercst ame fl@redt seetibnbé2sin Figure 2) was &.4 ain.t MaeExanpl es
e AT Lo e apf 610 g RS 6551 0, (et OB,
Werner & Pf|ddieger &he( Bgppnd Qsiﬁkt:?uwt%@%éd*q @ml’tsﬁqlﬂé:p(fwmer and
devel op 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 1length 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.
EXAMPLE S .
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.
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10 suf fici ent pmgy mﬂ“umu ce the resin_through t Wth

i he exception of the operaig,g SSHE@ppdsunmms” |n terns of
aﬁ ’B i qorpsed were nor nal

barrel tenperatures, screw rpm feed |

processing conditions 5 for the poIyaﬁéﬁggégggzﬂw"_w—-~;=ﬁyn|te[err] and
Zytel[err] resins are connerC|aIIy | able fromE. |I. du Pont de
Nenours and Conpan¥What is claimed is: EXAMPLE 1 The

die plate used had”hol e 1oL huQ;dLect DREK! Sey oo d Mol ISR IS MRIY N aced

into the die plate romthe rear Secure a retal ner ri'ng. The
first insert, of polwherh, waempihibs ot raoldiehdpdy deariadgr oneopki garati on with

a 4.5 nm di amgtgredi 8yl 2D @%@{h SeeLed Ald ts:The second
i nsert, the test grlffce g% %ked ;;i sg@¥?%n opﬁg gnd of the die,
t

as shown in Figure 2. 1?ﬁ§ Fﬂﬂ%rhﬁY T3] KA i rst section of the

die | and (shown aSalsbﬁoﬁdgﬂbﬁeZhavﬁﬁg4sﬁtfﬁneEBQWMt|1 t he control
die. The inner dianeter E flared sectio élndlcated by 2 in

t.h
Figure 2) was 5.4 m gIVIHérg 5874 %ﬁ%?%rs?ﬁﬁa 371.2. The ratio of the
area in the a length L3 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:

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

20 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 Sz and
A, is about 45° to about 90°;

25 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 in Claim 1 wherein Li/L3 is
about 3 to about 10.

A O
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‘expanded section to the unexpan: 4. th of the
This| SheeeHds *face into the di in Fi Salrl:egg%ﬂ\?\gs 6 mm or
original di aneter. e total throughput of ¢
g/ hr, or 34 kg/hr/Mrifice. The resin tested was :
ytel|lerr] 70G&33, nylon 6,6 reinforced with 33% chopped gl ass fi ber.

Wthin 30 second3. af Thes ddeuaaurecmnadﬂihacuadmoﬁ dhepein S1 iMms evident at
the exit of the strand fronh ﬁ 3 Rdard 30 die. The .strand exiting from
the flaredRRELEHRTY para.hs ovE8d™ st r and quality and no drips. Five

m nut es af ter sThetdiex aheaendited doeCihimhé @herednrvbedi ng the

f1ared o eoyose stdL phonftodSiids WA SUEROUSIBY abous b5t andard die

PCT/ US®5/ 03015 S. The die as recited Claim 1 whg;ein themé?éaa®§rOX|nately

1/8-1/4" | one sPdefegimigagd Qitﬂé'i:nzone 18r awBueug. 3@ tdHedpdite degradation.
EXAMPLE 2 The extruder |§ gﬁate mei identical to those 5
descri bed Jrnﬁix"aﬁ'ﬁ‘ﬂ% the prea of; the.ordifiggsin sa %y Whied F99e 530, a bl end

containing prinme6il yTné die asadqd:ﬁid@lim@lh&mphhhekeﬁ.n) Li{£s3 nisand 30%
chopped 9l a8§ut 3 to about 10, S1 is approximately parallel to 2,
10 the angle T or analogous angiés 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. o {
7. A polymer extrusion apparatus comprising a die )
15 and a means for pﬁmping a polymer though said die, -
wherein the improvement comprises, a die for the
extrusion of polymers having one or more flared orifices
having the following components: o
a first zone having surface Si;
20 a second zone having surface S3; -
a third zone having surface S3;
a length Ly which is the total length of said
first, second and third zones;
a length L3z which is the length of said third -
25 zone; )
a polymer flow axis A; and o :
said die has a surface Ss on a discharge side -
of said die; and _
wherein:
30 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
periphery of S3 before exiting said orifice; -

A and S3 are perpendicular to Ss;

RN QR e
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fiber. Thwdssmusosas ThighbesiHagBeen Eijghputi J ROTVGR9§M30LS
orifices. An extremelﬂ“\ . L ‘ p of dffi paskR:-Was 0 on t he
i

standard die, with si accurgy at i gfgdn le§ 2 mnutes.
Smal | dropl ets of nolten resin were erved-sUl I g the flared
di e exit shortly after startup. After m nutes, the drie face

5
surrounding the standar d*8i 823RsSeeRLFMWE Fas B A& HP &F%%sin and
fi bergl ass, anchandst ot iaxigle T, ddgrchddisi an eaglevEdemed Bheodi 82 f ace
surroundi ng the flared dig.showed the g gi nal droplets but no growth
had occurred. ¢t lbsn?lﬁ?fftegsl grog %é‘rc{u Ations of drips were
evident at the standard dfesadddsedendiriqgree 2tasvararebagiamiong tseepnt erf ere

with the flsow ‘.Q{.%ér g%ﬁ%én%n anal-g&%ufs!r ;.@(ied'bg shih! 3§5€V\Bd no grow h of

the initial ) ' e’extruder and die plate were
i dentical to tPRSECSEPRERNT iteEabANIIG risidPt £t 89 has Zytel [err] 103,

an unr ei nforced nyl 08n6afed €5t Neh\PF L dBBLIG] Y2l HIHIHEZone idfter
startup, the standard die s rroun91$§ the exit
r

h wt.h of d
of the strand 3YOHr thet cﬁ%.l‘%ﬁg%&@&il@egaéﬁr égfg?oaﬁd?ﬁﬁ PRE+FErRY die

remai ned cl earsaidd Sxdty 2808t es after startup, growh of the accunul ati ons

around t he,standard di e had, contipued. and. the flar e r i
clear. A ?‘k?ough the rat eaof’h%g%u?rﬁl%?ll(gn&o?& zon% gaq’éirjiapsShgﬁet %?E?g'%dard
strai ght throughidd ezaorees are gelometrifcad lynsémafier¢ced resins than for the

two 35 reinforced resingngi bedvidids AMAESur e B, bEeshliar pdraliel
flared die is not in contact with a liQuid cooling
medium.
15 - 8. The apparatus as recited in Claim 7 wherein
L1/L3 is about 3 to about 10.
9. The apparatus as recited in Claim 7 wherein S
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 apparatus as recited in Claim 7 wherein
L3/L3 is about 3 to about 10, S; is approximately
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:

e
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i s cl aivieas?4303 1. Adie having flared RCVEPRREFor the
extrusi on 5 of polyners, conprising, a die body having one or nore v
flared orifices having the follow ng cbéponents: a’
first zone having surface S[err]; a second zone
havi ng surface S2; : : : | zone having surface
Slerr]; 10 a flrSt zgnFeREYh?i[%ﬁﬁfg%éﬁéﬁfis the total |ength of
said firs® SecepAdzane haviwg zewetace Sz; a

length L[err] which ig therhenshd Rhvsagdsibidck s3; zone;
a polyner flow axis A

S[err] on a dischargeasﬁgggth L# w&?ch H Eﬁﬁ(fQﬁéinﬁ%ﬁgdg %%ss%i%yrface
A and S[®rririzee, peepend sadathifd Sones; S the shape of
Georet 1 cal [y i ar & 189968 B wnich is tne Byl ldf AUF LA, 1,
by that: zone; L[err]/L[err] is about 2 or nore;
| 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 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 by Sz 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 Ss of said die is
not in contac¢t 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 sl'
is approxir .tely parallel to A.
16. 'i.ie process as recited in Claim 13 wherein the
35 angle T or analogous angles are about 60° to about 90°.

I
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13 is | onWOMERA so that a pol ymer going t hr oRGRASEVPOLY i fi ce

is in substantial contact with the peri phery of S[err] before
exiting said orifice; 25 17 if said second zone has a one
step area change, an angle T, which is an angle fornmed by S2
and A 45 abut a [ i f
sai d second zone has rmf’igllét 4%cggs Qggitgg Eﬂlm 13 whe :%:rhatr}bee area

anal ogous angl°§ 5heea@hfgt:epm Sald tai;)rsttmqr@spm@bwg:ttd .S4i docappbetT is 45

to 90; 45 t:Lmes the aréd€ A% cgrfﬂecé)“{xf s%'?.d' Rh§3d ,bBkrd zone is
about 1.1 to about .7 tines the area of the ori sai d
first zone. 18' The procgssTag H?%l'é%dr’e%lqgﬂ-m rii]‘{i}e(ﬁel}%erel n

L[err]/L[eSr] LigLs is ab&&t .‘iabmltab'butto 1@hogt 16. approximatel
14 recite r)rCIalm wher ei n i%err
e G,

S IS
appr oxi nat el ypﬁéP;EFél {"f’oﬁ1 _the ang IR 3DIES BES Pﬁ°€Fal m 1
wherein the 60°at|glebd'ut)r9@‘17alamgiou:$1ealagleas°ar eheboutif&@éeﬁ.h] sk@dabout 90.

5. The die asghggit ang ?E”&Q‘owe{%& t':[oheahar etal 45 times the area of

the orifice in said third zone.
10

HI|\II\ | ||||l l\IlI \l l|||
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the orifice in said first zone is about 1.30 to about 1'45c&hE§5 t he
area of the orifice in said third zone. 10 6. The die as r¥&’{&d
in Caiml wherein L[err]/L[err] is about 3 to about 10, S[err] is
approximately parallel to A the angle T or anal ogous angl es are about
60 to about -~ 90[err], and the area of th& orifice in said first zone is
about 1.30 to about 1.45 tines the area of the orifice 15 in said third
zone. 7. A polyner extrusion apparatus conprising a die and
a neans for punping a polyner though said die, wherei n the inprovenent

conprises, a die for the extrusion of polyners having one or nore
flared orifices } e foll owng conponents: a first
zone having surface S[err]; -~ asecond—zone _having syrface

Slerr]; a third zone having surface S[err]; g a
| ength L[err] ichis the total length of saig 25 first, second{and third
zones; a length L[err] which is D idithird
zone; a polynmer flow axis A, an ~ sajd die has
a surface S[ern] on a discharge side 30 of sajd die, wherein
A and S3 are peérpendicular to S; t he shape of said first
zone and the shape of said third zope giing geonetrically sijmlar
said die in sajd apparatus being charEETETi

\J

35 by ‘<
Ll[err]/L[err] 1 s about 2 or nore;

T

.&;. \\\
/\<- T | Lo

54

FIG.1
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L3 is Ionavoegnscl)zdé3 so that a pol yner going t hrough sai choTrnf 9?’8’?30135 in
substantial contact with the periphery of S[err] before exiting said
orifice; *CB~L INII~

15 if said second zone hgg a one step area change, an
angle T, which is an angle formed by S2 and 5 A, is about 45 to about
90[err]; if said second zone has nore than one step ar ea
change, an anal ogous angl e of each step corresponding to said angle T
is 45 to 90; the area of the orifice in said third zone is
10 about 1.1 to about 1.7 times the area of the orifice at said first
zone. 8. The apparatus as recited in Caim7 wherein

L[err]/L[err] is about 3 to about 10.

FIG.2
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9. The apparatus as recited in Claim?7 wherein Serr] 15 is approximtely

parallel to A 10. The apparatus as recited in Caim7 wherein
the angle T or anal ogous angl es are about 60[err] to about 90[err].

11. The apparatus as recited daim?7 mhere&n the 20 area of the orifice in
said first zone is about 1.30 to about 1. 45 tines the area of the

orifice in said third zone. 12. The apparatus as recited in
d ai m 7 wher ei rpolymend énd fmbegedn ithealddiet i3 paxtb@mft ah) undecmwalt eirs

approxi mately 251 RAAdel Uhdbe I ARl JUHOULS YWIE P APOU

60 to about 90, and the area of the orifice In sal irst-zone1s
about 1.30 Po adbiRthemBAtRRsdom Pracessss. the orifice in said third

zone. 13. FhRigdds Pdtdnd pprddatsich ®©f560I el s ogyd sing
extrudi ng a polynmer through a dﬁ? haV|quone 9{ more flared orifices
havi ng t he fcﬂl%ﬁﬂ#ﬂf R3stics extruder die, wherein molten

plastic enters the die through an opening of a smaller
diameter and exits the die through an extrusion orifice
10 of a larger diameter. 1In particular, the ratio of the
diameter of the extrusion orifice to that of the channel
in the die plate through which molten polymer enters the
extrusion orifice is 1.1-2.0.
SUMMARY OF THE INVENTION
15 This invention concerns a die having 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 $;;
20 a second zone having surface S3;

a third zone having surface Sj3;

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

) a length L3 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 Li1/L3 is about 2 or more;

L3 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;

35 if'said second zone has a one step area

charze, an zngle T, which is an angle Zormed by Sa2 and

-

A, is akout 45° to arout 30°;

This is the replacement sheet

Date: 1§ SEP 1396

AMENDES SHEET



ol L . s * WO 95/ 24303 if said second zone has a

one step area change, an angle T, which is an angle forned by of S2
gnd A is about 45[err] to about 90[err]; if said second
zone has nore than one step 5 area changQA an anal ogous angl e of each step
corresponding to said angle T is 45 to 90[err]; an area of
the orifice in said third zone, is about 1t017about tines an area
of the orifice at sai #f 13344 sRrpnd gpne has more t r?é‘eofsqéﬁ d first

zone and a shapzred crde, ant linad cgons ahqlgeom'ebabhabtgpy mlar;
and providipg that_ surface of ! rall e o . f g die is not in
cont act vm'tﬁ a 95 f °&f§1 47\?6&81]?%1113 45° £d Yo
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

10 third zone are geometrically similar.

AMENDED SEEET  This is the replacement sheet
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- CR-9509-A _ . : :
15 8. The apparatus as recited in Claim7 wherein Llerr]/L[err]

is about 3 to about 10. : 9. The apparatus as recited in Claim7
wherein S[err] is approximately parallel to A 10. The
apparatus as recited in Caim7 wherein 2003 he angle T or anal ogous angl es
are about 60[err] to about 90[err]. 11. The apparatus as
recited Caim erein,he . . area of the orifice in said first zone is
about 1.30 to znﬁﬁ%é%h%%élﬂfﬁiaﬁk;the area of the orifice in said third 25
zone. 12. The adppdkeatheviasy rEdret orlfieesn fomitdreigxtrusion
Llerr]/L[erg] ise o] o Jlael [ Q%1 I rallel
to A the angle T or@ﬁ%%gous%ag%gﬁgg'a[rae d;i]beoﬁt%ép%a%rg?ﬁ tgragg%% 90,
and the area offlidFedboriifdees, haylaasthe Lol loviag sompeaents30 to about
1.45 tinmes the area of a #iwstoridne mdvwisdightfidel gqne. 13. A
process for the extrusion of_ polyner omprising extruding a polyner

t hrough a di e havi ng one a se%%“%%ﬁﬁ??l%ﬂ%i??ﬂ§?? i ng the foll ow ng

conmponent s: WO 95/ 2480third zone having surface S3;
PCT/ US95/ 03915 : a length Lj which is the fg%al length of said

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

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

A and S3 are perpendicular to S;

the shape of said first zone and the shape of
said third zone being geometrically similar.

20 said die being characterized by that:

L3;/L3 is about 2 or more;

L3 is long enough so that a polymer going
through said orifice is in substantial contact with the
periphery of S3 before exiting said orifice;

25 if said second zone has a one step area
change, an angle T, which is an angle formed by Sz and
A, is about 45° to about 90°;

if said second zone has more than one step

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

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

2. The die as recited in Claim 1 wherein Li/L3 is
35 about 3 to about 10.

- .This is the replacement sheet
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a first zone having surface S[err]; a second zone having

surface S2; a third zone having surface Serr];

g length L[err] which is the total length of said 5 first, second and
third zones; a length L3 jch is the length of said third
zone; - a polymer flow axis A and said die
has a surface S[err] on a discharge side 10 of said die; and

wher ei n: 3. Therdi¢lderré¢citedbutClain hovherein s; is

L3 is long eno Q%!¥ﬁ§ t hrough said orifice is in
substantlal tgékf vm#%g?ika St Q%er' of S3 before exiting said
orifice; 4. Man@issaareew%rm cehaim tlo wifexedn the :

if said second & Sbs Hffles ar@hﬁ@@n e@v &0l clit Wyoch i s
by S2 and A is agout 45[err] to apou é 9 if_ said
second zone has nore §hanTB?|ed%?e$s recited L 4:41’&?\ "baﬁf'%lt&fo@sre%@fe of
each ste|of ] ﬁﬂér@ﬁm{kﬁhngxéﬁiicalﬂﬁwanE i1 ‘Hiiogﬂtr]l .30 Q] abl’o}m ]

an area of the i C aid thir ne is about
tinmes an area of Hw & frH° dstt] f‘ﬁ}sfticzeoﬂ% 1a thitd ohe?

shape of saPd first zﬁ)ne 'ﬁhel diehapereﬁtifseﬂldin Claimi¥ ohenpimrda/Ls is

geonetrical Iy Séﬁ@&§”3 to about 10, S ‘iﬁﬁ?@ﬁﬁ*a%@l&hﬁhrﬁﬂichgosherr] of
said die is In contact wth™a liquid cooling nedi um

the angle T or analogous angles are about 60° to zbout

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
15 in said third zone. '

7. A polymer extrusion apparatus comprising a die
and a means for pumping a polymer though said die,
wherein the improvement comprises, a die for th _
extrusion of polymers having one or more flared orifices

20 having the following components:
a first zone having surface S;;
a second zone having surface S3;
a third zone having surface Sj3;
a length L which is the total length cf said
25 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
30 of said die, wherein
A and S3 are perpendicular to S;
the shape of said first zone and the shape of
said third zone being geometrically similar.
said die in said apparatus being characterized
35 by that:
Z-/23 is azZcut 2 cr more;
L3 is long enough so that a polymer going
through said orifice is in substantial contact with the

periphery of 53 before exiting said orifice;
This is the replacement sheet
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30 14. The process as recited in Caim1l3 wherein

E[err]{L[err] I's about 3 to about 10. 15. The process as recited
isn Claim13 wherein S[err] is approximately parallel to A

16. The process as recited-in Caim213 wherein the 35 angle T or

anal ogous angl es are about 60[err] to abob® 90. WO 95/ 24303

PCT/ US95/ 03015 17 17. The

process recited O aim 131phgselnséb6ndl £8ne hadfatbre Ostébcerea said first
zone i s about 1.30 to about t.i NEes

1. 45, h idi ' i
third zone. change, 3y angie p?'ocw&]scréslﬁ eatch teae%]re% %c%éér?fg’p I ?agildnn Eal |
%[e;r]ih[esr]lAsTgboaboﬁrtQsabmmtaﬂﬁutspe?x] i s approxi mately parall e

o A e angle T or anal,
; F9945"00LEL L 6nd R, moxpCOEY hpioselglt o) o0

the area of the orifice I Zzoneé i s about about 1.45
times the areaapéa change, oanfanmligowsiangle reif e 3tep

corresponding to said angle T is 45° to 90°%
the area of the orifice in said third zone is
10 about 1.1 to about 1.7 times the area of the orifice at
said first zone. _
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 S;
15 is approximately parallel to A.

10. The apparatus as recited in Claim 7 wherein
the angle T or analogous angles are about 60° to about
80°.

11. The apparatus as recited Claim 7 wherein the

20 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.,

12. The apparatus as recited in Claim 7 wherein
Li/L3 is about 3 to about 10, S; is approximately

25 parallel to A, 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.

13. A process for the extrusion of polymer,

30 comprising extruding a polymer through a die having ore
or more flared orifices having the following compoznents:

W i
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