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The invention relates to a nethod and apparatus for

woOhersao3usi on of pol yners to reduce extrudat ePCT/US2004/027228
di stortion and/or surface roughness when processed
through a die, and to extrugates, particularly
pel l ets, produced using the nethod and apparat us.
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source qof several downstream processing problens, such
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[003] The aforementioned phenomena affects some resins more than others.

As an example, LLDPE resins are typically produced using either a titanium-
based, Zielger-Natta (Z/N) catalyst or Group IVB-based (e.g., Zr or Ti)
metallocene catalyst. It has been found that metallocene-catalyzed LLDPE
("mLLDPE") typically will undergo SMF at shear stress levels roughly 20% lower
than their Z-N-type counterparts. Generally, LLDPE resiﬁs (the term used herein
to refer to both Z/N and metallocene-catalyzed resins unless otherwise specified)
with a Melt Index less than or equal to about 1.0 dg/min (ASTM Method D-1238,
Procedure B), are observed to be particularly susceptible to SMF.

[004] Additives designed to be polymer processing aids (PPA) have been



For instance, U. S. Patent No. 6,187,397 suggests the

use of fluorinated elastoners as processing aids "in
woOheosugeak proportions ... generally of the or#er/ustoos/027228

500 ppm'. See also, for instance, U S. Patent Nos.

6, 552, 129; 6,017,991; and 5,2089, 200. [005] PPAs have

proven sonewhat useful to the secondary manufacturer,

e.g., the film processor. However, the prinmary pol yner
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[008] The present inventors have surprisingly
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eliminates polymer solidification within the die.

[008] The present inventors have surprisingly discovered that heating the die
hole wall near to or at (i.e., proximate) the exit surface reduces or eliminates exit

region surface melt fracture in polymers extruded through a shaping device.



die. [G1] In an enbodi nent, the nmethod conprises

heating the die opening wall near or at the exit
weuodsaa@3to reduce or elimnate exit regi on sSuPCa®s2004/027228

melt fracture in polynmers extruded through a die.

[012] In anot her enbodi nent,3.t he apparatus conprises a

die wherein at least a portion of the die opening

capillary wall at or near the exit is heated. [013] In
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and/ or between the die opening and the cooling nedia
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reduce or elimnate SM- in resin extrudate. 1t Is
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an enbodi nent of the inyention show ng t
material is provided %etween the d\{e materlrz]ﬂ ando t\ﬁne hgatenq‘ss) and/or between the

die opening and the cooling media into which the polymer is extruded

[015] In yet still another embodiment, a device is provided to allow
retrofitting of conventional die apparatus in order to achieve the objectives of the
present invention.

[016] Moreover, an embodiment includes the polymer extrudate, particularly
pellets, produced by the apparatus and processes according to the present
invention.

[017] Accordingly, it is an object of the present invention to provide a
method and apparatus to reduce or eliminate SMF in resin extruciate. It is further

an object to provide a method and apparatus to provide pellets with no visible
SMF.



| ocation of a heater and insulation according to the
present invention. [021] Figure 3 illustrates another
wentddemsnt of the invention with a heater andPCT/US2004/027228

insulation. [022] Figure 4 illustrates another

enbodi nent of the inventiongwith a heater, insulation

and cavity for a thernocouple. i [023] Figure 5

illustrates a direct-heating die-ring particularly
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illustrates an enbodi nent of the insert used in Figure
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material proximate said exit orifice. As used herein,
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[028] Figure 10 illustrates a retrofit part according to the present invention.
DETAILED DESCRIPTION
[029] The present invention is directed to an apparatus and method for

reducing or eliminating die-related surface melt fracture, herein referred to
collectively as SMF, in a material by providing, at or near the exit orifice of a
device through which the material moves, a means for heating at least the surface
layer of said material exiting said orifice. In an embodiment the surface layer

material is heated to a temperature above the exiting bulk melt temperature of said



heating at |east a portion of the die through which
the polyner is extruded. In a preferred enbodi nent the

woaodsioane3nf the die heated is near or at the erCEL/UsSZI0An27228

of the polynmer fromthe die, i.e., proximate the die
exit opening In an enbodinegt, a thin |ayer of

insulation material is provided between the die exit
and the cooling nedia, as described in detail bel ow
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polymer layer 'in con act w1t pillary wall by means of heat. In an
example of such a modification, a lower-viscosity layer of polymer material,
relative to the bulk polymer characteristic passing through the die, is created by
use of a heater to locally heat (or superheat) the die wall and the polymer layer
immediately in contact with the wall. As further described below, in an
embodiment the die wall material may be defined by the heater itself, as in a
cartridge heater having a passage drilled through it, or in another embodiment the
heaters may be placed behind and proximate the die wall material defining the

extrusion passage.



conprising a polyolefin and which may or may not

further conprise a polyner processing aid, wherein
wealm/oesase udat e or pellet has no visible (to tReT/US2004/027228

unai ded eye) die-exit surface nelt fracture. In

particular, there are nunergus PPAs based on

fluoropol yners and thus in another enbodi nent the

extrudate or pellet conprises a polynmer conposition
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[038] While the benefits of the invention can be achieved using numerous

shaping devices, particular advantages are achieved using pelletizers such as
underwater pelletizers, strand pelletizers, water-ring pelletizers.

[039] In strand pelletizers, a molten material leaves the extruder in the form of
strands which enter a cooling bath. After exiting the cooling bath, the strand of

material enters a cutter. The cutter may involve a metal lip over which an end of



water flowi ng outward around the circunference of the

round die plate. Wien the extrudate hits the water the
weuodsaae3eool s to form pellets which cool furtRer/uas004/027228

they flow down to a screen separator where nost of the

water is separated fromthegpellets. [042] Mre

generally the present invention is applicable to any

device wherein a material exits an orifice, such as
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include another material. The resins in general may be used for numerous end

uses, such as for films, molded articles, adhesives, and the like. As such, the
composition may comprise a resin and suitable additives (while specifically
excluding polymer processing aids designed to reduce or eliminate SMF)
depending on the end use. In a preferred embodiment of the present invention the
resin is a film-forming resin.

[044] In another preferred embodiment, the composition comprises a
polyolefin composition, more preferably selected from polyethylene,

polypropylene, copolymers and terpolymers of polyethylene and polypropylene,



branching is also known; this "linear |ow density
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nmet al | ocene catal ysts. Relatively higher density LDPE,
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("MDPE"). Polyethylenes having still greater density
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be comprised of these compositions.

[048] In an embodiment the polyolefin may be a homopolymer, or it may be
a copolymer. Included in the definition of copolymer for the purposes of this
invention are terpolymers and even higher order resins ha%zing a greater number of
different monomers incorporated into the polymer.

[049] In the case of polyethylene, the copolymers may be, for example,
polyethylene and one or more comonomers selected from, as non-limiting

examples, carbon monoxide, vinyl esters such as vinyl acetate, alkyl acrylates or
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[051] yme In an embodiment, the material may also be selected from or include
substantially linear ethylene polymers (SLEPs), which are homogeneous polymers
having long chain branching, such as disclosed in U.S. Pat. Nos. 5,272,236 and
5,278,272, they may be selected from polyolefin elastomers (POEs) commercially
available from DuPont Dow Elastomers LLC; and they may be selected from
polyolefin plastomers (POPs) commercially available from The Dow Chemical
Company.

[052] In another embodiment, the composition is (i) a copolymer of ethylene

and of at least one vinyl ester of a saturated carboxylic acid containing 2 to 6



pol ypropyl ene, or bl ends thereof. The honopol yner may

be atactic pol ypropyl ene, isotactic pol ypropyl ene,
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one or nore pol ypropyl ene copol yners. Preferred
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p9stuci nGhepolyoledh composition mayZileytempmsgtnodymepylene, which
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a preferred enbodi nent the resin conprise polyolefin
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oRBLG sofCatBnBodiFl. pliiin soaBerBaf msk T midh of Various

&ypetsa&fl ﬁol?éleﬁﬁ’d aholeding QF ccﬂﬁr%ht‘{cﬂiap lﬁlml-fﬁrt@lhg &olydlefit 8héh as
an "active netal | ocene cat al yst [

anpiog pelyigsipslengintith @n%@salmot @@@featlﬁ@tllmfﬁmaﬁd iato
T R L T
Caﬁﬂlylettef‘mldtm‘bpjflbm:emhe compodsition May aAdcscongprisaddbnotadrersuch as
po?yethy?enaeg or ethylene copolymer ionomers. Numerous other resins are
contemplated, such as polysytrene and polyolefins functionalized with borane
monomers, sufonyl groups, and the like.
[056] The polyolefin may be produced using any known catalyst system for
producing polyolefins, e.g., Ziegler-Natta or metallocene catalysts, and can be
made by, for instance, slurry (which may employ chromium-based catalysts),
solution, or gas phase processes.
[057] In a preferred embodiment the resin comprise polyolefin produced

using a Ziegler-Natta catalyst and more preferred that the resin comprise
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ionizing activator, a Lewis acid, or a conbination
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heaters commerci al | \7/ avail | from
Pat. Nos. 4,808,561; 5,017,714; 5, 055 438 5,064,802; 5,124,418; 5,153,157,
5,324,800; more recent examples are U.S. Pat. Nos. 6,380,122; and 6,376,410;
and W001/98409, and references cited therein.
[062] In a more preferred embodiment the material exiting the orifice is
metallocene-catalyzed linear low density polyethylene (mLLDPE) resin with a
Melt Index less than or equal to about 2.0 dg/min, or in another more preferred
embodiment less than or equal to about 1.0 dg/min (ASTM Method D-1238,
Procedure B).



Wat | ow GrbH of Germany. The cartridge heaters are

concentric with the extrusion orifice pattern, and
woaoomoms2capi | lary wal | proxi mate the capil | aPgTANR04/027228

to maintain uni formheat around the entirety of the

orifice exit. Slots in the-1ti-e hol der 9 all ow passage

of electrical wire (not shown), which are hooked up to

a Variac to control voltage input and thus heat. A
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surface irregularities are observed by visual
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the die opening 7 was heated to various temperatures, by means of the electric
heater 5, ranging from 245-372°C, or approximately 30-170°C above the extruding
product bulk melt temperature, over a wide range of polymer flow rates that
would be representative of or exceed commercial operations extrusion rates.
Successful runs were achieved when the heater temperature and flow rates were
such that the bulk temperature is minimally affected. Various types of
commercially available mLLDPE polymer products (detailed below) are extruded

through the die apparatus in this manner. A water chamber was not used.



Exanple 3. [069] A commercial scal e underwater
pel l etizing extruder having a water chanber and havi ng
woubdsiopds2di es nodified as in Exanples 1 and 2pCalusxm®g/027228
was next used to sinulate a commercial scale run. The
results achieved were not ad3good as those observed in
the single capillary experinents. SMF was observed
visually. Wthout wi shing to be bound by theory, it is
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part of the capillary wall as shown in Figure 2 .- 14-
O herwi se the capillary extruder die was identical to
HOWfe 4. as indicated by like numerals. [071] In
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heat I essen .l osses taq

B0y o°0t B BGFE Rberiutrd S R b SRpestay Rpilable
rfaX(EBEDTM BHEDEX L LHPE, dinﬁlaat@tﬂedﬁULDthsécpm@;&H{p?e Lexcept
s jndicated by like nuner al s. [072] In Exanple

Gevigame TAA- Ve surmsisinghy, mp susface mreg@arsmﬂsratrealmved by visual
ro?ltaﬁ:HV {
i gfneRitrf QPR PRl it Rolixel REE s K
i[oe8Ll at i ‘Ohne ABults hagaﬂdﬂg the cHmihatiof LWf SMP Dsia® AEEMDPE Gvithout

h_t he s in Exanple 5, to provide
HhElA et st Aoaev . Yol i Bischts are ohdebesraaie oiihe di
RERVITHE )t B stk lan iR SSERPAuLNSE 7R
cap:( (rfgt érBA cav}lty 49 s pr oﬁgledrxggg ‘%fm By about 30 to
tah@i*tnlﬂ@ ple to nonitor the tenperature of the die.
[073] The insulating |layer nethod shown in Figures 2-4
using PBlI as insulating material was found to
dsphplest. e successful lab runs with the single die
using a capillary flow rate per hole of up to 24 kg/hr
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good as those observed in the single capillary experiments. SMF was observed

visually. Without wishing to be bound by theory, it is believed that the cooling
effect of the water on the die exit corners had enough of a negative impact on the

superheating effect that SMF is observed at substantially lower flow rates.

Examples 4-6.

[070] A single capillary extruder die 1 was then modified to better insulate
the die exit from the cooling water influence. In Example 4, the die opening is
modified to provide for an insulating insert 21, which is also concentric with the

die capillary, and which forms part of the capillary wall as shown in Figure 2.
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COHGeti vity of steel, or less. [075] It will also be
[eci a ; [ Of)..;:

PPl e, it g, B (S ltng Bk 3] 8 pldBARRGRECBle Reating

tﬂanentrﬁgto lessat heat tidseesatoontberepaatspifethe rliey doeshuwadn Fgiire 3.

BB 0 bR B R A T v e

foonerklee capillary wall by die material, or cartridge
heaters spaced around the capillary walls, may be

u8®Bd, pr &ikyaaplena(Figuisst)athei die cgpillatyt bl in thotenadaneldtive to
i ]y Ol e t.he.dig.exit, - 15 -
PEEk hAPS A Lo MDY bR BiCh G ipimpha hter S
mrl]nld)immlat'rmﬁ%g iteel heatee had inﬁlﬁaﬂicmhctdnﬁelhiaib kithahy ﬂi%fcapillgry 41, as
C. acteristic passjng throygh the die, is create )
IR RRTe 5y o PEPadco Reat to dhe S ity 71 e pliionploatwetber 47 is
o ) e . . Lo fabti _
ORI furfler IR URINR iy T e} 81! T FAEES s
imovided &ire thé¢rmpcpuple tomonite the temptiature oftherdie! ect r odes

d 57, to which | t i lied. T t
dP ") ode Bt WBat e shRv B FBhiescre Fihg T8 as
tifsuldtthgombeFaleWer fouad e ddfIR @ scédseml %%éf%’h%é _@itﬁﬁfefdie

I nconel coated on one side - the cutting de - w

Angna Grritlayflovayae pst heleraf oimi tarddoke/bie by edivsting the capillary
[ e I i OR. L cani um oxi de | ayer,
RCP | atler R (FBOT € ok o DUl EOEEN R, Qe 200
spsirgythe Game gL EBEBNegnewite MI=1 @/atirand Rrdaeysingdf 051G,
the die-rjng. i s made of material wi th nuch higher
r‘%‘g?gqqe‘é”rd[‘?gé):géérl y 2 orders of magnitude higher than
gms of GRPPeHshlatinB® 18ECIE i GnsBRC Yy Wb @Eef@:té}l&é PBI

t
I ssipated into heat i'nside the die Ting. e ring
aglybenzimaiflezalt) ot indixampilesabb.cbome,dnit i eay slsc ibe asher suitable

O Bt ol 0 et
@rquhideably daings, idRrathl B mdaérfal havifg faObAEHeintal BBLGR VIS at

capillary holes of the cutting face of the extrusion

devinclempgratipe.cielative taithe diengatesialagndiethe, queincliing foe cooling
WEctelpl j cpat | ci out ward .a nQ .

g%{dé?n %iﬁ%%tngéefécg E)lyt {I?l%gé)&lglgét?. 119 2 Oh ¥ pf‘jeferglgjly en\%odlment, the

material will have a thermal conductivity roughly 1% of the thermal conductivity

of steel, or less.

[075] It will also be appreciated by one of skill in the art in possession of the
present disclosure that heating means other than that used in the above examples
may be used. For instance, coil heaters such as used in the aforementioned U.S.
6,474,969, which are separated from the capillary wall by die material, or
cartridge heaters spaced around the capillary walls, may be used, provided that

substantially uniform heat may be provided locally and proximate the die exit,



whi ch may engage with the cutting blades. In the case
where the capillary holes are forned prior to vapor
wdepsaue2son of the insulating | ayer, plugs nayPO®USk@ae®27228
into the capillary holes to shield the capillary walls
fromthe vapor deposition prieeess. In a preferred
enbodi nent, the insulation is polished sufficiently to
allow the cutting blades of the pelletizer to ride on
tWierghyatie anvietribodinmhﬁ iari‘ugeloftf]isécrsity ga:tyéfl of b@lgfﬁier material, relative
Te rature tests showed that a die-ring having
R ﬁ%‘?‘ﬁf‘ Pﬂfy&?ﬁ gatacirisic passingfhrqugh dre diertp aveated peaximate the
tdi€etinpner di ameter of the ring. To conpensate, a die
ring was fabricated having a taper to reduce the
thi ckness of the die-ring progressively toward the
if&g=@ﬂg%aneter, whi | e keepi ng the thickness around the
caprrtary hol es and el ectrodes unchanged in order to

1Nl mze_sealjn robl ens. The optimal ratio of inner
oL kel PRt mbotK i 4o HAS PRELHI BIBSE AU thricated
MaricH is1488 a Inonofitic héhtdrNiThefPR% sit 38 ih IR YRR n[%a%@e‘i‘ween

to be approximately 20 degrees fromouter to I"nner
dheatee eppper-elegiiedes if§aand &y, thwhichteeveltagass appliedi rEtenserent

td s €. 1hi.gher. te rat.ure) around the

SR 00 iy Secsd I GAF oyt oBP By B0 REBE S verpanthe
ality ing age fabfricated ofileconeNasiba bRl - AN si¥b L Ryith an
the af orenmentjaoned taper design, it is foundzihat t he
fRswtiont laye ofezitrenipm, pxide darmaasobyy physcal olaper Beposision. The

EaTa LY i it 0 i.ation of no
PN PReA B hE) R ARELEET ol S IGEL iy B8 o Proy
soaftfigechiiQiet(e. i pdasmen Sprayling)s tSindecthe diteriggrRofhdeot maferial
thgkinvgﬁﬁion, tabricategféo retrgfit existing die
STy B e reistisHY  (ngeriyat ordsriiof gpagnguds Bighpr thas that of
@BypRR therdlbdthabhdey Rill 86 bRkl d§s§ig,a ant()ql%m%iﬁ@%'he die ring.
according to the present invention to many existing
gap |dég ring Mgy deangsleafethn|soitatde hiatpriats, saotsgs sainleb stedl) dnd

.51 00d.. those pf skill . .in the art i . )
B HRHRHG, Ut B b Lt Gy nl apsheei oxide
b inecendepilBas helee6 Y BIbéte. AeRHHRHNG niicH 8 capillary holes of
onflgur?tlon of the shaping device. [079] As

@&? § 1asg ob thesxgysian gevige 1 whishdhe dgtniegfl @i atachddy with

: j t C tain.a hole patter
MR o ofidh chithe bR inPild TR Bechplf T e
phichemay ehgpgFivgtir the Snttingttlateal I theedast wheROht c@iBary holes
suclg) as,definped b}/dnum?ral S gZa, 52b, 52c, and/or an
B OFmPd Brigh % YARe derpsHioncoffhe insulating lenercplugs may bemjace
BR6 \(Be tapillaYMdlest BEsHHIE thd REbiRALL i i
by rreangplo%ﬁglbol tss, ?A}g?lgit% ?%égﬂgsﬁv%/lgsfrgglnglemégf ::i%)go%tlon
mrosespplt at prefeared sntiodgnens, thei inswathmdisvpolishedsutfziently to
FHRY WECeiRe BlaeSh AL (R Atzel IEHGE b BBk i LSS e
friction.

[077) Temperature tests showed that a die-ring 51 having uniform thickness
resulted in higher temperatures in the inner diameter of the ring. To compensate,
a die ring was fabricated having a taper to reduce the thickness of the die-ring
progressively toward the inner diameter, while keeping the thickness around the
capillary holes and electrodes unchanged in order to minimize sealing problems,

The optimal ratio of inner thickness to outer thickness was found to be about



i ndi vidual cartridge heaters for each capillary in the

die plate. The plate attaches directly to die cutting
weundsamae3as a retrofit. [080] A preferred enbodCmeistooan27228

the present invention is illustrated in Figure 7, with

reference also to the prior-1@art as illustrated in

Figure 6. [081] Figure 6 illustrates a prior art

underwater pelletizer 7 1 with water chanber 73

al.1anh edm. Thettutdst e bhmeefasadotnd &) bs BsOxifkely 20 degrees
conveni ence of view. Water enters the water chanber 73

dfora w&am@nvsdlaweteéxltt%as obsesweq thiat thererigasimpredatense heating
U ?ﬁ%?religé ure arou-HaethQQJ g&%g WRERLS Ep&edggabe a

anne ts out the se e di e or| |ces
8dgmﬁ&m (adxcmtarge mnﬁ nthencclee-nmg yethbodimentt € $uwwver,i Wvith the

R einshGutedclrbe” BRI Bl Lo g &@2{93@3%%'935?@( Hittorm
@fﬁdnggtfhe tHdEesOhetf b the Shfer et?ﬂibout&l&iaﬁét%rsn QhithSA Qfﬁﬁatlo-ﬁh@f no

di e is typically heated by neans of opt i onal
dﬁ@llerth@g]é)" lin shedpseable femperatire yang¢s7stud13<5 The die

th £ t.er
AU o b PSSt ot P istins o6 The isBlich FiEHFY o
usedﬁﬁ ﬂ(lﬁfrfgsdib pigtatcohBgasors! O gafesifhiler &S RMMY 51 may be
[ 082] ure 7 illustrates an enbodi nent of an

JA ‘aréqam refiefit ghe SME tgehnplegsr ancagling ta the presenéimvention to
| RN Qe eﬂ&‘ﬂl%ﬁﬁﬂ% é@ﬁeq{é)?ér g(%lf%l%ga%%ﬁs ?aﬂg ‘Sfvalhgge understood

conveni en nt ad

dne'\mhomof/\siull din thee atrEadpd)gseﬁhmarfethe ptesertiniiscbdsuskibat nimerous
hh 2’8 Simlar, .t Fiaure f r enters at entrance

aher designs grg pos§itl dergnpineond "p%‘?f} gpetipp ofihg shaping device.

fdr91 As | RstdiRmiplitied 13 FiguROkY TBlal@®lah ARER rcﬁre%ﬁﬁmc@ he die

79 and exits out one’or nore die exits 95.
puting 98faga\andecontsan edhdly patiemsthef matdhes ther retmfxt edw tpyates'

SRk Bathy Ty R ST nd e TRV s icBiog dafpre by

Surriegals 5RaISIAABLE dnb/od @h dukerilip Fortb,Sush ad H@ﬁﬁe@lVW flimeral
aiélt orifices which typically wll conprise t

p &1t WEVeat Btain he 5119 ¥R Dpriie the die, surtege by means of bolts,

[ b
icvf"éwlﬁ ragftﬂtéé H@){h% ?%e Gngﬁ@hc‘atﬁ; aécg lgéc oy tﬁfs\%ﬁ}bgﬁlment can
\b@wlnwld@@dtals erresmtfwe)oe dnduotitdibeating tghaigee ﬁﬁelbmm‘lfe&né;n&fd for

di
“P‘# @P'f%a tﬁé'ftérg for %09 ? %%33%%%@@?%? Ve wlate, gttaches

tdmycm'zggﬁwac@asglr&wfﬁ 10, discussed further
beI ow. [083] Frgure 8 shows a preferred enbodi ment of

t[ﬁf@] i nveAt besferradi emppdimsn® ®f sthel weseet ivertion |is ibustateld in
a7 Rt U8, ETE B ey e B 2"
k!gslpart Higukob )illﬁStraféEbl patt &k underwater pelletizer 71 with water
chamber 73 attached. The cutting blades are not shown for convenience of view.
Water enters the water chamber 73 at entrance 75 and exits, along with the formed
pellets, at exit 77. The polymer melt enters the channel 79 and exits out the
several die orifices 8la, 81b, 81c (for convenience only three are shown; in
practice there are typically many more orifices). Also for convenience of view,
cutting blades engaging the exit of the orifices 81a, 81b, 81¢ are not shown. The
die 83 is typically heated by means of optional cartridge heaters placed in cavity



the capillary at channel 79 and exits downstream at

orifice 7, as in previous figures. The renovabl e
wagesmpi232 (95 in Figure 7) conprises heater 10BCamS2004/027228

associ ated heater and plate front insulation 101,

housed in the renovabl e asseambly 107 which may be nmade

of the sane material as the die plate 93. The

assenbly, concentric with the extrusion die capillary

e3tdi Ty die plpe ninag bé, hea’ﬁ:dlb’yStHeadIﬁ@nﬁlr ol ke KHafrd kA bRlinary
93 g%aggsket 105. [.084] gure 9 shows an enbodi nment

dtro néPaSatUEﬁﬁtanﬁﬂ? E@e(}a 1/ |0HE{ wep te pEpetdwaklopesaifrmamthe die

ofssddiGiydi € ring assembly to provide direct resistive

heatlng to a die plate (e.g., 93 in Figure 8)

a6%20r di ngiguoe thélystreserin émbatimentinof Gopprlervedtac peltsdiesr 91
are illustrated b nunerals 55 and_ 57, as in Figure 5.
Sording 1 Qe nBreent 1V RUIPTD VB oficr GufiRe BRdsSIdasvy for

neAREniGicePOU Ky, DOtHe ROAREMEABES cddidl dRices ’w&ﬁfi be readily

mounting. The ring may be fitted around an outer

rappaicat Wgoneuqf@kﬂhla the art.4 Siniksir te Higuee 6fveatexenterdet edyance 75

P it g e B SRS AT ASHE IR ! Do

anelt efﬂbs dhahjiﬂ 79 aicli @tk @t gEN6Y MbteydiBYexRYDEY Al dkd Plate 93
115, pically wll be arranged in a pattern

dBHE Bﬁ Pﬁ‘teéﬁwn%ﬁné @ healer ébpavity) 85axThe dic exits, wihish may be
Hjeﬁ‘lto?ablg | é‘[rea}no&ﬂ'\éﬂt éc%éll;d}rﬁg gJ tﬂelﬁpsserﬁt fv ntﬁ)tﬁowl‘)le exit 95 is

dotted outli ne, ate hea ers
pﬂeslramﬂs Inydeteid gn |Fbgu;te (&. Ghe semtalt exitBbrifices meuh egpibaliynebill

. Al N mIa
Fby&ﬁéeﬁlslo'i tie &6 Iﬁﬁg‘iﬂlhs@rateﬁ'nlﬂ § %:gh?é b BPsihiiBr é@\h@&%hﬂ;ﬁﬂ% v?ctul@be
lgure 9 bolted wt

die ring as in Figure 5

thamafiized to3the dﬂ%Platecﬁ%b}pmaar@ 025 BoK99t Hieientieer die emglamemgaly

t %gg%ﬁgvstrrﬁ%tl gbﬁ@%tdt%? h fvggllék&rrﬂ 911824 §y:} th81f rnlﬁyébe segn n
iE’lglﬁetIOQﬁscarseedrmrthsﬂmwwl n this figure, but may be the

same as the details shown in Figure 8. Again, polyne
A3 ent E1RYT} éh%%ﬁ@lferxeﬁ&n&s&dw%yf #g igventios. Die plate 93

&xH rv%#@rdbox' Nnitael o G Rk ggﬁgtas J,rgy'“f"é;l%é on, A i#sul% ion

plural shaping orifi S|ﬁ|cat

\aasm adsmprsiese Figueestfeaidet 1&11illastratlabln}t p&b97.[ BB]@}ner melt enters
fferences i,n eﬁt%§d e snnothness are qbserved to be

T SRS ¢ Shanfiflc (7 GRO Gty ApWgsiEsaEr Al OBfICE He a8 el REGVious
HRdubes( €THe retf6®Abld @bseftblyt t% fheﬂg%fa 7 (cmng;lgfshfé@ﬁ&t To®bng

the portion of the openi ng}k1 eat ed, and
aspstatest ipater pad N@t%ﬁioﬁt fiesulation 19 bwusesl ihdl mehovhble assembly

t h t he supme d die length and
07N Blay e bRt B b G TERP PR AR T Bhg aSimbl,
tchecemaimwith diee eftriséoat dié lcapﬂl&l‘fy ending at opening 7, is insulated from
the die plate 93 by gasket 105.

[084] Figure 9 shows an embodiment of Figure 5, but illustrating a preferred
embodiment of the die ring assembly 111 to provide direct resistive heating to a
die plate (e.g., 93 in Figure 8) according to the present invention. Copper
electrodes are illustrated by numerals 55 and 57, as in Figure 5. Die ring
assembly 111 may be bolted to the extruder by means of plural bolt holes 113a,

113b, etc., for mounting. The ring may be fitted around an outer retaining ring



the die exit region. One of ordinary skill in the art,
i n possession of the present disclosure, can

woamspddzate t he foregoi ng paraneters in order POT/US2004/027228
achi eve the objectives of the invention. [087] There
are no significant enhancenerg-s observed in SMF
performance as a function of the exit configurations.
Straight exit, round exit, and counterbore exit are

cbmmmlltyd s et andidenly bemelisa, eustaletdy, 4ddoam foer REBSIRR tring
éggtlon O her geonetric modi fi cations, such as di®

(plpf‘gi tofag cxfmdanby W@@p of(lgoﬂtéﬁtlaq ﬂéﬁb,@ftc t Tke bolts, indicated
, I
B B 0, PO i 6
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RS gEvIAg Tigg 146 ¢ BeBdaB migaches opter rq@gmgmnggl:’vﬁwé thtj die ring
t h t

”fg tgée 'éiﬁel }?Iﬁtte A Iefglgq}&%'ﬂts 39 ﬁﬁeolgéer{ rrgbfarg %? gl’inﬂ H'Ahf%ﬁ #An Ye, B may
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br.ass .di Like. rdened. inserts surroundjn

CSHE e andiEed BY 7D a1 Sruged i RGO ionce b e g B, out
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cated by a (tm ,
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t b d d i
vggﬁoas ﬁﬂ%?%’%%f%&%‘ dﬁgﬁ%ﬁ e%%?é%%a 3 E%Pbﬁﬂpﬂb’a
afapttiads Cd)%eoﬁletﬁ’%'] ot Beliddepart hp@sﬁtldiSEMmela&sa)s ((jb) the

e like), and ot her docunents cite

UL net f%ods and
Hgngihso dhePertion of ﬂi*ﬁ:@i?eemgahe@@dbgfndr €D dheteameragure fie which the
G € neStCHbatlyS ChOg e PwhiSr R:gﬁrg, o ?ﬂe%u\?aiﬁer 4 (tﬁetleng‘cth and

invention and for a Jurits 1 ons
i mmpeptureani dre wa;tephadm B@ﬁtﬂicanﬁt%&]:t Mhehie magitutie af héa@\ﬂek of

e B St e ordRREL ekill h i, S ipupospashion otk present
CAisd164iBd, ot £ maWﬂula?e HhE fhlebbiak rﬁatrélﬂ@celﬁnﬁlo diqeen acﬂfeve the

the invention have been deScribed W t particularit
|QW®W$¢Sb%m9ﬂd@ﬂ§mbod that various other nDdlflcatlons

\;YEH 1 ed %’1@ r erQ tg.o{s?%n?%gﬁF ggglﬁeeq Qérvng?l ﬁXF per. rmance ‘

iN
as a function of the exit configurations. Straight ex1t, round exit, and counterbore

exit are commonly used and may benefit equally from the present invention.
Other geometric modifications, such as die tapering, may be employed.
Orientation of the capillary outlet, e.g., horizontal or vertical, was not observed to
significantly enhance the benefits of the present invention.

[088] An investigation into the effect of the number and arrangement of die
openings was conducted using an arrangement of die openings designed to

duplicate commercial extruder configurations. Commercial extruders currently



fromthe spirit and scope of the invention.

Accordingly, it is not intended that the scope of the
woheisrmaomppended hereto be limted to the exanpCeaSamd/ 027228

descriptions set forth herein but rather that the

cl ai rs be construed as enconpassing all the features

of patentable novelty which reside in the present

i nvention, including all features which would be

t measbdbasededielpmmwith dnbetveRforbifireehoee oFkdid bp@hmgs pereslot.

art to which the jnvention pertains. [093] The

| ST R 50%%%‘3{#18 SREHPS WAL BRhRDSSVed tor afifest éfwc@ltmsne and
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i msg]nded gepng st B¢ e Eﬁg Rlicte avxg Orzlothe reyga| inpgption
f eddyowd Bndiat dibd of BiRERUS Acht@Rds, REE a@ Et‘ﬁfn@ésﬁ Qfbe] dies, carbon
enbodi nents of the invention, whi ch may be conbi ned

mﬁf@fsledla?p FFTaEzip ies, tresswhier andthedkpaHendened inserts sfrosking the

[ BistTe 8L (o & BORRERE QR AT FRk pEuSE 01
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' ﬁ{a9rﬁé'%ggl§{e?edzt%mfaﬂ{s ifr QA6 r}ﬂﬁ‘t@sd?&foﬂ polymer nelt, and

final,”downstream zone term nating said extrusion
d i®lasse rdllypagents and pateno peplicagonsh east pyocsdirds gaick sr ASTM

d ext r,ysi die, a sai.d zones
arielsER U BRtioes roi i SRei aft SHEE fouttal clihercin are fully
| elotsbrited By Bﬁ@khé@toﬁﬁ@@;&eﬁt@hcﬁ éiséioﬂﬂmdi GROhGALA with this
wher eby said polyner nelt may | ocally heated to a

t @njsation andiogall surésdictivaminTwhich thl lacqrmrammpenmtted
t er at eam zo S
b dRh B ek RAY 0 GRTLARH Sumed Mt Rred
haeadeim) gariges $rogh aﬁﬂﬂ wer linhie@ agy a@&er it Eﬂeqmnwﬁﬁplatéd While
S€ |nthep mer layer in contact with the di
cgﬁ Hugiptiyg | ngvi/lﬁ’éﬁ'ﬁs obt thee dtvention olipvex bmn ede@qerl@dc Avith
ap%@hlfahﬁﬁtito%ll Be! PiREs oéﬂbﬁﬁg ?6u§ Difedr H{é@f&ﬁr will be

material "' relative to t mer chara eri st
p apEreTy to land ggin be In@addy gnade sbyc(hem &kuildd)ﬂn ubean leﬂthEﬁé};ﬁf'tlng

to | | 1y. heat heat) the di J1 and th
oBPYNER s aRa berngat HERYOTIn. Jieachnaly hisied Miended thak the
asddpefgithe dlaghid %eﬁ&&t hérB® ‘&Ullnhlt&ﬁfmﬁé %k%ﬁle@fan% 6scri tlons

polymer streamis relatively unchanged due to the ve
bpgtefprth dsraie e ratherethainthe e:lamns dwsmeoastruedi asherrchmpassing all the

the,bul k t t
W?E{ Furlasa atgﬁ%aggl{e)‘\éelgy \Qh%ﬁ a]r’slet!i}% %Esergsug? Exlrtlgg,lulyelﬁgllng all
maeirésehich Grouldbetrgatal &y @llnivyalemst théres£byt thage skilled in the art to

which the invention pertains.

[093] The invention has been described above with reference to numerous
embodiments and specific examples. Many variations will suggest themselves to
those skilled in this art in light of the above detailed description. All such obvious

variations are within the full intended scope of the appended claims.



[ 096] Anot her preferred enbodi nent of the nethod
descri bed herei nabove includes: a nethod for extruding

wa 20at0e0232l out of a shapi ng device having an egTHUS2004/027228
orifice, said material having a bulk tenperature a
said exit orifice, the inpraoenent conprising heating
at least the surface |ayer of said material proxinate
said exit orifice to a tenperature greater than the

bbd t enpRieabls@ingfdetalle proféresd aald nddre pedfekr&Xéhbafiinkhts 6f the
Anot her preferred enbodi nent of the nethod includes: a

B RRPS Srhighenpebe sombined PoprprppLicabls, As WoHldrhestnpgrent to one
eeﬂfsw'i ngartnﬁgmﬁgsu{ne(ﬁ*tﬁk ﬁéém higasmg an extrusion

die asse rersin 'east one die capillary
h@9slng a Ah emndMMI1mlud1hg anngxtosienedic assembly dongrising at

heatin | east ~a .porti.qn of said die capillary so.
cTeat oPRgle BAYRE 67 iR, HpsLreagZons GompHFng atl opening for

OfcB&ikRIg 4 fp@[yxﬁé}eme@ having tefRlepdtteer.Qf, 4 euBMIRE zone for
resin melt. 97] Either of the af or'enent i oned process

emaym reaid rmlynm thelk.t 4nslr a rfodl,f dewhstgamnzoner termineting said
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nRPLyIneT JAver igyme dipty ct withghe @falle B PieEgsred embodiment
| e e BRI O 1R hoRkd LA il %7%19%@@59@%& b0 thebery

provi g a nolten n pro uct g sai
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ture trudin sai r oduct ot of sai
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edifice adadd ‘' material having a bulk temperature at said exit orifice, the
improvement comprising heating at least the surface layer of said material
proximate said exit orifice to a temperature greater than the bulk temperature of
the material at said exit orifice. Another preferred embodiment of the method
includes: a method for pelletizing a polymer resin comprising extruding a polymer
resin melt through an extrusion die assembly comprising at least one die capillary
having a die exit hole, the improvement comprising heating at least a portion of

said die capillary so that the temperature of the die exit portion is greater than the



as it leaves the die aperture is reduced. Mre

preferred enbodi nents include one or nore of the
woabdsomiz3zg: wherein the resin is a pol yner havPag/uamo4/027228

extrusion rate through said shaping device limted by

the occurrence of gross surfzice unevenness on the

extruded product; wherein the resin is an niLLDPE

resin; wherein the resin is a polyethylene having a

Meintpetatighe)of tlegwlyhanmresdn nedgual to about 1.0 dg/nmin as

ure Qy  AST t hod D- 1238, Procedure B; wherein
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D ph TSR i A58 oA, HESHR F
riasérgioaNnefd eahe af 029Mima diBaBillhty POSA :kgnn Qpert H‘%F)a has o

sha%gﬁlchannel ; wherein an insulation yer-i1s
bt Fhe exit portion and the cooling nedia;
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rrongrisingct(s) p@ividiag 4 niotige sesil PRGLCtA) thatingd 84 ?fdd%@t into a
eﬁ{tﬂ;Odl ragn.t ncl udes the follow ng products of the
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& & lemess thotie dppitee ds dyceds dVgramstfenred habbdignents include one
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conprising a resin resu ro

dlironghenid slepéin eviredisies, bysihe dedqyeleh@s o PRYdsNErA& unevenness
Vi %blél’“%lgﬁ e%da&a.s%rf ace nelt fracture; a shaped _

SRR . Profygt avheggn ﬁg PR 1snzﬁyd|@L§PP§ﬁ9s1gfw ¢rein the resin
& 8 pRIRMHyIR&AVRHOL #EHCRde2Ms than or equal to about 1.0 dg/min as
measure by ASTM Method D-1238, Procedure B; wherein the resin is an
mLLDPE resin having a Melt Index less than or equal to about 1.0 dg/min as
measure by ASTM Method D-1238, Procedure B; wherein said shaping device is
a pelletizer selected from the group consisting of an underwater pelletizer, a strand

pelletizer, and a water-ring pelletizer; wherein said aperture is selected from the



even nore preferred, any of the aforenenti oned shaped

articles, extrudates, or pellets that exhibit no
woieishue3sM- when nmade by any of the foregoi ngPCT/US2004/027228

processes including a step of extrusion of the resin

through a .125 inch capillar3z-die at the rate of 24

kg/hr with or without one or nore pol ynmer processing

aids. Any of these shaped article, extrudate or pellet
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atle¢tdeatcagridggsassage at sai d downstream openi ng. Even
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gRRedtant Ya §Hdpeﬂd£r't161@| comftisiRYh Nesif SHBSLARL lb}althé/ any of the
uni form di améter from said upstreamface to sai d
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Wol-B oS et f?a{ctl.lrg aeﬂha ar%@]%s §1%§8F1¥1\g %ﬁrgs&? r%% twgﬁté(g{l élpy of the

one passage pas’ses rou
safoi'entelnabnﬁhpltd)cmwﬁ, Ivﬂmreﬁhefsald 8Bagddearttéll lhaPing SR Fisible die-exit
pas g ﬁ i mate said downstream face; further

%ﬁ%ﬁ dp tyris 41 RRlich SORRTIERE A resimtdbiivelde Wiyt lany ifdthe
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heat er about "sai d one ssage proxl ma
disaateey eamllcp eqmpgang ar tekiar resalripg ifsoinm @narofi the Lalf@émemtmned
material c ﬁii} ¢ Wwth.said.at | east one passage

pRBSI 878 AeCLIBRHGE POARIPIS S5RH SPOReR M drachasict shaped

patitleOBxifidabRiod peAvNaLALBNhRGT tBE aﬁﬁbﬂeﬁ‘tﬁﬁl@ﬂ g)rocesses and,
openi ng; further conprising an insulation nat

coyisB enetie Rrefgried, gy ef dhe ploramentinned slupad ertisles, extrudates, or

dort of s eat

T A T -
aihclading step ob peimisig: ofhe resimtitaigh 41i1@5ahelt GapiBard die at the
m)noltlézm(c die plate (wherein the termnonolithic as

rate o g/hr with or without one or more polymer processing aids. Any of
these shaped article, extrudate or pellet embodiments may further include the
limitation that the polymer composition comprises, or in the alternative consists
essentially of, or in the alternative consists of a mLLDPE having a Melt Index less
than or equal to about 1.0 dg/min; a LLDPE having a Melt Index less than or
equal to about 1.0 dg/min; a mLLDPE having a Melt Index less than or equal to

about 2.0 dg/min; and/or an LLDPE having a Melt Index less than or equal to



used herein neans that the part is constructed of one

pi ece, while allow ng, for instance, for coatings or
wonpsageeati ons such as the provisions for i nsubPariuszn4/027228

descri bed herein and pl acenent of electrodes to

provi de necessary electrical2si-nput); wherein said die

plate conprises a first plate having said upstream

face and a second plate having said downstream face

agtsbus 2100 dPedh Ewherdathel Méll BideR idinefRe By PA StXISMethod D-1238,

fluidically connected by said at | east one passage

( pdIrAB)he termfluidically, as used herein, neans
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b3t lepst Brecnataga ds wertalhg odindrigplgendehaming ¢ sbstettiatsyuniform
daDos] . onOSiti ) ‘ . .
ARt HonD i B ea RO RPN A5 R aid pter i
eodnlcalstﬁo iwithi snicstsleadoye pTBHagei; shegirbsaid et l{ahﬁbﬁe pavghgepasses
at | east one pass i ncl udi an_ initial, upstream .
R BPTOB TR e PR PR o) BORIOR; s i ol seid
”iﬁ%{sga%%a\f)i‘d}&mﬁteb Hill 1SIREEAhUERe:T flirth@n cbrgf)ﬁ‘ﬁi?? ddlﬁatil?sulation
zone Tor conveying said polyner nelt, and a nal ,
doaissial eentignowsewith rspidnizeaten gnd anid dix tptaies aod colicentric with said

senb at . exjt openi ng wher ehy. id polynmer .nelt
b Wty Fi G e el DohS S by e, fyther
acoM@EHdinLY aERRSlafied B@éihl deNOsdtFie amitE ARl WheERPYbndtpassage
| east a portion of said polymer nelt may be |l ocally

herrisepte spid downgenas fapeangh forming o least apartiomeisaid dovnstream
| err : yy .
B S50 ROl BB R AR TR . FMGHBT R hopnucc
twith esaid aslcast omd passegpand eomjguobhe mdthnas ddast hgaitiongof said
ans i s proximate sai d'thi't openi ng; wherein ,‘iai,d .
B¢ ME3RY, A5 CORYFIOHR Wit SAtdrat d5anonerPastags ahaid it opening;
o EaiE AR is ORI e B AR e R AR hig o
dised dwseinivhaans winé s pars & condyunied of ane piace, While hidowing, for
clonpri ses .an g.nsul ation ma%t eri al cont%ent ric.w tfh sai ):i .
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h@atiibgl HeRRS an@fadeaitht 88 QilksetiOtEN t6 HréhviBATS8&8ar !t electrical
sai d exit opening; wherein said passage is
input); wherein said die plate comprises a first plate having said upstream face and

a second plate having said downstream face and said heater, said first and second
plates fluidically connected by said at least one passage (wherein the term
fluidically, as used herein, means that a fluid flowing between the two parts will
be relatively unimpeded from part to part); comprising a plurality of said at least
one passage; and wherein said die plate comprises a material selected from brass,
™,

stainless steel, and Incone wherein said insulation material is selected from



generally cylindrical and having a substantially

uni form di ameter from said opening for receiving a
weoabosroae23zel t to said exit opening; wherein saPdTaiSe004/027228

plate conprises a plurality of said at |east one

passage; wherein said die plate is a nonolithic die

pl ate; wherein said die plate conprises a first plate

havi ng an upstream face and conpri sing said upstream

zoigh aadpaanes oslsktioh,aheachinealg eersfionsice@mms agfcianday be

said heater, said first and second plates fmdically
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r ef §08 Pbﬁyh{ég nRIRS Bk PEA ﬁ&tﬁﬁ@@&éﬁﬁ&atggv Qfgelatil?+ ?,gi} and

one extrusion die’orifice, said heater ng a
f alse indudesgmges prafetredt enhtwaiimenss sudhxasy whemin shié heatifg means
of i.d. resin shaping. a ratus, and a secongd fac . .
o BBl Eler (PReRh RIS EE |3ulion fuTEE detiga’ Sehesain aid
s Bedlinll M84nsaiROprdRiERie shidCOst apshiy helaadihi @ld owRiteédth zone
said at |east one extrusion die orifice, whereby said
ofurthes ecomppyising @n pinseladen gnaterial ygancentric ywith nsséd tnagsaga dand
I teri b Q. f id.at. | east, . .
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t hereihsaid idawpstsamgene furtteer dompriss iah hhsb1dtiea neferiad B6ncentric
neat?ls t(i) rovi de, el ectri cal engeragy to said nmpnolithic
h¥&flei?ld Brijasn ! IR b dragnh BertieB R ssaih Batiag geans,
afind B8Mtigol® WitkPdad Pédsagé‘atsﬁi&' eﬁ?%gagné;a\&ﬁéreﬁ said passage is
plurality of said at |east one pasSage; erein Sgl 3
heenesallymgybrdridal iagd sisivingt edsubstentiddlyassiforst afiavheers from said

steel. nd_| nconel X ein sajd insulationis ..
< biine A TpteRRE Gipob s abaF s, Pk Opco e wietsii i cie plate
Cesapiiss.a pRIEANY GOF ol 6 1eaBYorRepA0NRS MREbiP¥aidPdidYlate is a
coating techni ques, and ceram cs which may be _
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NEAIRAm face and comprising said upstream zone and a second plate having a

downstream face and said heater, said first and second plates fluidically connected
by said at least one passage; wherein said die plate comprises a plurality of said at
least one passage; comprising a plurality of said at least one passage and wherein
said first and second plates are fluidically connected by each of said at least one

passage; wherein said die plate comprises a material selected from brass, stainless



having a generally circul ar perineter and a void

generally in the center defining an inner dianeter of
wead/aeater, said heater having a plurality oPCatus2004/027228

| east one passage, wherein the thickness of the heater

between said first face and-sai d second face is

tapered to reduce the thickness progressively toward

the inner dianeter. [0103] Yet still another preferred

estoeldiamdninconelMydeseih exitlr isilaton neitétms §8Melected from high

conprising an extrusion die having a plurality of .
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polymer resin nmelt conprises an L , Wherein said _
L owbreet saidtat daasl ong ertrusion Nis|orifica dey Hedwated bapassingthumigh said

t 0 in, preferably l.ess than or,equal. to 1.0 .
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Pmogleton as Belected from high temperature plastics, machineable ceramics,

ceramics which may be deposited by spray coating techniques, and ceramics
which may be deposited by vapor deposition techniques; wherein said heater
having a generally circular perimeter and a void generally in the center defining
an inner diameter of said heater, said heater having a plurality of at least one
passage, wherein the thickness of the heater between said first face and said
second face is tapered to reduce the thickness progressively toward the inner
diameter.

[0103] Yet still another preferred embodiment includes an extrusion die
assembly comprising an extrusion die having a plurality of extrusion orifices and
the monolithic heater as set forth above, said monolithic heater having a plurality
of extrusion orifices fluidically engaged with a plurality of extrusion orifices in

said extrusion die.



7. A shaped article conprising a resin obtainable by
the process of any of the above clains, said shaped
wanbisghesbavi ng substantially no die-exit surface/useloy27228
fracture. 8. A pellet conprising a resin having
substantially no die-exit surface melt fracture
obt ai nabl e by the nethod of clains 1, 2, 3, , 5 or 6.
9. Adie plate conprising: (a) an upstreamface; (b) a
demsivMsam face; (c) at | east one passage having a
first opening in said upstreamface whereby nolten
resin may be received and a second opening in said
g £am face whereby nolten resin may be extruded,

and ? g ‘a heater proximte said downstream face and
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d wnst r,eam.openi n - 10. The die plate accordin

"ol afmethogar B l?tlgag& mﬁm%@ﬁlwapﬁa%ﬁguﬁag a polymer
gener a|rq:s§,n 4 HERusE AN AHYSIAR S gssamBlyneomansising gtyleast one die
uni f or GRRHL ameh@@ng Aot $xitdhalpswheraim dtalgasttao pergion of said die
downst capitatyas deated Thihatithe tpinperatuse elbthdidiegexiopatign &f greater
t he cl damgh®teorpetByurewd dregiolymarirdsihaslter i s concentric
with said at | east one passage, or wherein said at
| gast Qhe pPeHHAYEf RaSMES, WHetigthd RAYheORe Hat d:ompnses
heat er poRifiyldnBat said portion defines the wall of
sai d passage prOX|nate said downstream face. 12. The

dige p: ghe n?e"flﬁ:&féy t oCclln egab J(cha%s Hlereﬁﬂ"{h:quﬁ er
heat er Dot 0t oyt phrd ik P B Sl of

h 0120
eat er ta n at e, and
heaterlgﬂ%ﬂ¥ e 5? "east one passage prOX|nate said

wnst r Pﬁge{g ng, or further conprising
sul atl Bﬁn R ascafding e 8t pf thedboNe SRIRS, ayhereiasaidoppiymer

pas sag&esr it daeencd spatacvipdymerpro¢essing aidd f or i ng at
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7. A shaped article comprising a resin obtainable by the process of any of the
above claims, said shaped article having substantially no die-exit surface
melt fracture.

8. A pellet comprising a resin having substantially no die-exit surface melt
fracture obtainable by the method of claims 1, 2, 3, 4, 5 or 6.

9. A die plate comprising:

(a) an upstream face;

(b) a downstream face;

(c) at least one passage having a first opening in said upstream face
whereby molten resin may be received and a second opening in
said downstream face whereby molten resin may be extruded; and

(d)  a heater proximate said downstream face and proximate with said
at least one passage at said downstream opening.



13. The die plate according to clains 9, 10, , or 12,
wherein said die plate is a nonolithic die plate. 14.
woheosdue3pl at e according to clains 9, 10, 11, BET/USR004/027228

13, wherein said die plate conprises a first plate

havi ng sai d upstream face and7a second pl ate havi ng

said downstream face and said heater, said first and
second plates fluidically connected by said at |east

one passage, wherein said die plate optionally
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15. The die plate according to claims 9, 10, 11, 12, 13, or 14, wherein said die
plate comprises a plurality of said at least one passage.

16.  The die plate according to claims 9, 10, 11, 12, 13, 14, or 15, wherein said
die plate is a metal, preferably said die plate comprises a material selected
from brass, stainless steel, and Inconel™.,

17. An extrusion die assembly comprising the die plate of claims 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19 or 20, preferably further comprising at least one
passage including an initial, upstream zone comprised of an opening for
receiving a polymer melt having a bulk temperature Ty, an intermediate
zone for conveying said polymer melt, and a final, downstream zone
terminating said extrusion die assembly at an exit opening whereby said



melt to said exit opening. 20. The extrusion die
assenbly according to claim17, 18, or 19, wherein
weawd/dis2pl ate conprises a first plate havi ngPamwus2004/027228

upstream face and conprising said upstream zone and a
second pl ate having a dovx:né%‘r‘eamface and sai d heater,
said first and second plates fluidically connected by
said at | east one passage, optionally wherein said
secongolghsi enéls eits ehidotxttuspar die 2kemblye fextherusoropriging a
assemhbatingGa&Hne fdtbalddciitrsam Zonevvbérebynatsaast alpeetionngf said
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preferably said nonolithic heater conprises brass
Aai nIBesextusioh, dio assemblnatcordipg t@glainrHd, néwesin spid heating
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f?udlcally connected and whereby a molten material passing out of said at
least one extrusion die orifice may be heated by passing through said
passage of said monolithic heater, means to provide electrical energy to
said monolithic heater, and optionally said plurality of extrusion orifices
are fluidically engaged with a plurality of said at least one passage in said
monolithic heater.

22, The monolithic heater of claim 21, wherein said monolithic heater
comprises said insulation material on said second face, optionally said
monolithic heater comprises a plurality of said at least one passage,
optionally said monolithic heater is a metal, preferably said monolithic
heater comprises brass, stainless steel, or InconelT

23.  The monolithic heater of claim 21 or 22, where said monolithic heater
baving a generally circular perimeter and a void generally in the center
defining an inner diameter of said heater, where the thickness of the heater
between said first face and said second face is tapered to reduce the
thickness progressively toward the inner diameter.



