WO 2001/ 040232 PCT/ US2004/ 027228 -1 MELT FRACTURE REDUCTI ON FI ELD OF THE
| NVENTI ON 10011 The invention relates to a nethod and apparatus for the
extrusion of polynmers to reduce extrudate distortion and/ or surface
roughness whemopneeessed through a die, and to extrudat escT/p8tobi/carbsr |y
pel l ets, produced using the nmethod and apparatus. BACKGROUND OF THE

| NVENTI ON 10021 Many resins, such as polyners conprising polyethyl ene, have
hi storically been vul nerable to polymer extrudate distortion and surface
roughness, notably "shark skin", when subjected to high velocity through

resin shaping devices. Suc&%ﬁmﬁﬁﬂ@eﬂaﬁwer ein as exit region
surface nelt fracture, or . navariety of

i nstances, including without Ilimtation, dies for pelletizing, sheeting, or
blown film In conventional resin shaping devices such as die-based,
under wat er pEIELRORIHE ENFENHON the source of several downstream

processi ng problens, such as polyner fines generation, pellet dryer
foul i ng, pooiodd devxéﬁteriademmhlrelaﬁcs td acmethe dcargledpipatatirufde thersirusion pfor  bul k

solids bin fl h se d wit the corrponents in
cownst r oam pneB Y gelit S RENE Betogion SHLPEITE MaUBRLYher FHBRSAL pol y et
parts. [0031yf e enaf SIS EA)] f r han
others. As %né%ggénge gﬁcmdDPE rggé?ns ar e@f%)f,l Fggtgl r%gﬁ%gu@ ﬁ?:@gﬁgfit her a
titani um bamsdgppdrathsger-Natta (Z/ N) catal yst or Goup |VB-based (e.g., Zr

or Ti) netallocene catalyst. It has been found that netall ocene-catal yzed
LLDPE ("nLLDPE") typically will undergo SMF at shear stress |evels roughly

20% | ower tﬁg@ﬁbﬂdvﬁﬂ\bﬁmm@wmﬁvt s. Cenerally, LLDPE resins (the
termused he d netal | ocene-catal yzed resins
unl ess ot her e sp e al about
1.0 dg/nmin ( ?ﬁhlfc?; g‘%ﬁ‘%B sh ro@éhﬂﬂé}g) 5015&2&8% ggl\ygg] og’oehatv8
particul arl yhxstatmelmyl biea tvalnshdble [tBOAﬂﬁblyAﬁtdl taxwradatd e glisgrreidn t andesyddcgnmer

rocessing ai ds, (PPA) have been WO 2005/ 040232 PCT/US2004/ 027228 -2
P J roughr(less 1)10tab y "shark skin", wgen subjected to high velomty_ through resin

shaping devices. Such phenomena, referred to herein as exit region surface melt
fracture, or "SMF", are seen to occur in a variety of instances, including without
limitation, dies for pelletizing, sheeting, or blown film. In conventional resin
shaping devices such as die-based, underwater pelletizers, SMF can be the source
of several downstream processing problems, such as polymer fines generétion,
pellet dryer fouling, poorly dewatered pellets, decreased pellet bulk density, poor
bulk solids bin flow, physical segregation when mixed with other components in
downstream processing, and non-uniform, defective surface, finished polymer
patrts.

[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 resins (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



devel oped with the specific intent of reducing or elimnating the polyner
SMF  phenonenon, and it is conventional to add such additives as a nmatter of
course. For instance, U S. Patent No. 6,187,397 suggests the use of

fl uori nat eq,(ﬂ{ﬁglhﬂ S as processing aids "in the usual BE?H%&@“?%Z%M

generally of t order of 500 ppm'. See also, for instance,

Nos. 6,552,129; 6,017,991; and 5, 089, 20Q. 10051 PPAs have proven sonmewhat
useful to the secondary manufacturer, "é.g., the film processor. However,
the primary polymer manufacturer, i.e., the polynmer processor, does not
realize the sa benefits PPA reductiqn of additjve- _ induced SMF inhibition
when proces séwgﬁtpﬁg vGih g}enscgecﬁg Wienf Og ﬁ?‘g‘%’@l Melimigating the polymen Mkt i onal
pell eti zer. i rat k . f i t of the
P oduct ~and PagroBfa a8 o RorenfiCi? (8 sl ddaRR A oAkl Bk P}

addi ti ve appFesiaktaic, NS Hatail Nee 61187390 seggsn ghd e dBVmopihatdranaimdrnder
comrercial, high flowrate processing conditions esFeci ally for nilDPB
resins. 1008 PINPessBEsads "an thssmalarepeitionne senerally of thegrgerdf W0omex't t hol e,
die capillar I i j : SW een

post ul at ed ageec‘gg%gélj %%ta%%':_@?é_llﬁag%néﬂég,r%gf{ﬁgi%‘?g}ﬁégi@?? n?’@?%g%(gl e roughness

effect” and ey acc@PXs hove proven sofmetvher usfillabi B8 sebshdaey ihdntifichger, esul t s
reported in the open literature. Wile mnor inprovenents may be achieved
for those di eg-tthadlBaprecesserst Howeser, dos pEmanbpolymer manyiaciyres i.epdhfshi ng of
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die and di e amueabSMF dhibiteh when peeessind the Brigivhhpéigmien tan viiler fopalihet i zer .
The die has a coiled heating el ement described by the patentee as being
upstream fr othe(qon@t?r;noaﬁlsmeélegzqrh el hgi iscasporetioopel P A% addsitp dhe mapuieturing

reference) whj ccordi t n [ [ m pol ymer
AT oL [ Bhsihe elW%gﬁ@’%pﬁﬁﬁ@g%%%&gpégﬁe’th%%ﬁnnag rodicl "Ffhig Srisingly
.di scover ed t faf adibidd agproih #i @efibeive Wedddraasiap the SMF athehbmenon idexi nat e)

‘the exit surface reduces or elimnates exit region surface nelt fracture in
pol ymers ext comEgraialy highhlow wiepropessing sreditionspesrgonily Joxmb LBEE resing04/ 027225

o SR gt TR Tl Y80 SO a0
~and/ or sur f aggtérialighlogim, Aideapiiidry geometry have been postulated as causes of SMF.
These effects are called "microscale roughness effect" and may account for some
of the variation and conflicting results reported in the open literature. While minor
improvements may be achieved for those dies that have substantial defects by, for
instance, polishing of the die orifice or capillaries, such improvements cannot
substantially imiprove or eliminate SMF.

10071 U.S. Patent No. 6,474,969 B1 discloses a die and die assembly for use
in association with an underwater pelletizer. The die has a coiled heating element
described by the patentee as being upstream from (i.e., distal) the die exit hole
(see Figure 1 of the reference) which, according to the patent, reduces or
eliminates polymer solidification within the die.

[00s] 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.



region surface nelt fracture (collectively "SMF') when processed through a
shaping orifice. (0101 In an enbodinent the material is a polyner and the
shaping orifice is a die. [GIl] In an enbodi nent, the nmethod conprises
heating the die opening wall near or at the exit surface to reduce or

el i mi nat QA0P/048¢% on surface melt fracture in pol ymer BCEMSPUHEY 22 ough a
die. 10121 In another enbodi nent, the apparatus conprises a.die wherein at

| east a portion of the die opening cadpillary wall at or near the exit is
heated. [0131 In yet another enbodi nent, the invention relates to a process
that does not require the use of polymer processing-aid additives to help
al l evi at e SHRMVMARY OFJIHD INVENKION®It fracture phenomenon. [0141 In still
anot her enbodi nent, a | ower-viscosity |ayer of polynmer material, relative
to the bul kgoppol yMeTheC habRednek idibbted BRSSh&Bod Bh@WBParhil® foH Be ekfrusibd eat ed by
use of a heater to locally heat the die wall and the polyner |ayer

i nredi at el pf imatemalt tacredwie lextrurdatendistortion aadfsr efusfase doeghves fronx exh
insulating__mterial iIs Qvi de et.ween Wi e material .apd the heater(s)
and/ or bet WK 5 5“%%“’“858?&1‘%?9 cé)ﬂ CHYE, c§gﬁ ggwhﬁstﬂipﬁocleﬁﬁeg @ﬁ‘iﬁqugﬁ #he pol yner
I s extrudedn drifige. yet still another enbodinent, a device-is provided to
allow retrofitting of conventional die apparatus in order to achieve the
obj ecti ves @8] t he gﬁ;ﬁb@@ﬂdlﬁlﬁxﬁ@rﬁmﬁnﬁ{l@%}dmwm&@ shapingniydteneat i ncl udes
t he pol yner,.extrudate, particularly pellets, produced by the apparatus and
processes éléec:ordi ng to the present invention. [0171 Accordingly, it is an
obj ect of @) pr esgidn émbRNbRNtHendtheY tetEpAses REMOHR e SpRRigivais t o reduce
or elimnate SMF in. resin extrudate. |t is further an object to provide a
net hod and ngppetrHithe exibspfase iteieedyes peelimigiathexibrogios sirkace gt frapre 005/ 040232

PCT/ US2004 - Thesa_and ot her objects, features, and
advant ages%%gﬁésc%%hgéﬁ%'@%ﬁ%s reference is made to the follow ng
det ai | ed dg@@[ i pt i Banobice fe@iboéichen€ the ghpmRaths cofpAssaade whetkinppesged cl ai ns.

a portion of the die opening capillary wall at or near the exit is heated.

0131 In yet anothér embodiment, the invention relates to a process that does
not require the use of polymer processing-aid additives to help alleviate the exit
region surface melt fracture phenomenon. |

[014) In still another embodiment, 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 the die wall and the polymer layer
immediately in contact with the wall. In a preferred embodiment an insulating
material is provided between the die material and the heater(s) 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.

[817] Accordingly, it is an object of the present inventipn to provide a
method and apparatus to reduce or eliminate SMF in resin extrudate. It is further
an object to provide a method and apparatus to provide pellets with no visible
SME.



BRI EF DESCRI PTION OF TIE DRAWNGS [0191 Figure 1 illustrates an enbodi nent
of the invention showing the |ocation of a heater according to the present
invention. [0201 Figure 2 illustrates an enbodi nent of the invention show ng
the | ocaty eater and insulation according to th tind ntion.
[0211 Fi gh‘r]tga%dgifof(?agtrat es anot her enbodi nent of the invgﬁlﬁfgﬁﬁg\}/%ﬂgseheat er
and insulation. 10221 Figure 4 illust ra4t es anot her enbodi nent of the
invention with a heater, insulation and cavity for a thernocouple. 1 [0231
Figure 5 illustrates a direct-heating die-ring particularly suitable as a

retrofit part, whi i s an aspect. .of t resent, i npvention. Q241 Figure 6

i |1 ust rat es!®8lpri or FigsE ”dﬁi |0§{)qrzglpje%s{ &gaataﬁt éndc dyagtages 1W§{S3'~’eﬁ%i'ﬁr e 7
illustrates SDRUINEBIOf Ralekd 8hé ZBH ‘m;r%i " Aol e present
i nvention. ?%5211%] Fi gt?r es céa i:SI I Sst rates anoe o‘gﬁ %ger??&%\s?ﬁ?ﬂﬁéelﬂ»ilﬁ%%ﬁaaused in
Figure 7, embbdidienty, tramtses, andlappesdédiclaoms. parts. (0271 Figure 9 illustrates

anot her enbodi nent of a direct-heating die-ring particularly suitable as a
retrofit part, which is an aspect of the present invention. [0281 Figure 10
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near the exXidcatioh bf & Bedér i@cordRigi t6 €hd presind nvehiieh the material noves, a neans
for heating at |east the surface layer of said material exiting said

orifice. |nlRRAl enbodigrne ilhstraigy fasc embadigent it e Bvention shaveiagt tea

t enper ature exiti te: t . : id WD 2005/ 040232
peT! s2004) 07558 of € Beffl ool ASEorkido IR el ifenddl” 10 Uced herei
the term bulge1f enpeFiguty ® illuggaes ahdtbierd @npatiacnt 6f thb atvendon difhes h@agur ed at a
particul ar crqgss-section of flowif the flow at that cross-section were
col | ected i #ng RyBtignAd t horoughly nixed. Cup tenperature as used herein is
the bulk te at ur |47 i 00: X1k .o nadie exit,
injection n zzF e, aﬁ‘&“ﬁ‘gﬂf“?g@@ aﬁ‘xﬂ.lﬁgsr gﬁ%ﬁ&%ﬁ't@?m@éﬁﬁmﬁ&tﬂahﬁkﬁ

“insulation and cavity for a thermocouple. ' 0

[023) Figure 5 illusirates a direct-heating die-ring particularly suitable as a
retrofit part, which is an aspect of the present invention.

[024] Figure 6 illustrates a prior art pelletizer with a water chamber.

[025) Figure 7 illustrates an embodiment of a pelletizer modified dccording

to the present invention. ,

[026] Figures 8 illustrates an embodiment of the insert used in Figure 7,
including heater and insulation parts.

[027] Figure 9 illustrates another einbodiment of a direct-heating die-ring

particularly suitable as a retrofit part, which is an aspect of the present invention.

[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



cup tenperature is intended to be consistent with the Third Edition of
Whittington's Dictionary of Plastics (1993). 10301 In an enbodi nent the
material is a polyner and the orifice is a die. 1031] According to an
enbodi mrent of the invention, exit region surface nelt fracture is reduced,
wi t hout t hOWR§ES/@P23301 yner processing-aid additives, by merUBIgat72ieast a
portion of the die through which the polyner is extruded. In a preferred
enbodi ment the portion of the die heated is near or at the exit point of

the polyner fromthe die, i.e., proximte the die exit opening In an

enbodi nent, a thin |ayer of insulation material is provided between the die

exit and then£qel 'pﬁgumﬁﬁdéai’d cAb oﬂﬁé@r Ip&eﬁsea MefiBl aht 1R Wk p@%éat&re a

preferred embodi nent, a finite I ength of the di é openi ng near or at
the exit sunﬂ@uethestequ:atﬂulrettbatawbeldpbw antetasmreshlabaqnalrﬂmmla&x¢msmlsamgomrufduct bul k

melt tenperaiure erature 10331.1n anoth preferred
enmbodi ment 3&0 (l.fag]f3 go‘ﬁcﬂxttg%fncrg?s ~§R7E 0l ECTP s"oﬁ tEip & ‘Eilpaa?‘iﬁlﬂa‘gp%ﬁﬁfe about
30C above t gt yate] [§iTeenils xt ruded,
preferably glgéut %gltm%ag%lgev?ltl%g extr Jgﬁ%&gg%uﬁ&atgkeﬁk& tggtélr%rper ature.
[0341 In st |rbshn almpmgae:xﬂe(leign,cﬂlmt,,mﬁcmdﬁtemmm el thedikie).i Thisidefinitoncfused i n

the polyner I n contact e die. capil]l | b rTeans of heat.
In an examﬂ“@ ganpijE?('fWe lf'ndﬂﬁe’f“}(m@;ttf’o © gons t@c&%ﬂa tQgk ool yrrer

material, rghRktHEr'S PidkiBE q)lfqugﬁj;y 63 haract eristic passing through the
die, is creat ed bg{ us}a 1o 312 heater to I}c:)cally heat (or superheat) the die

wal | and t heg03spl yrrehl dregrebodimemebé atmedrial isrm pdyrhercindwhd dmﬁcteaswahé As further

descri bed below, in,an .enbodi nent the di.e wall materj al, e defined by
the heater iPHE|f, AScHrAmg toeaﬁmbomj’ée%’éﬁ@ YenfioneXit 15 g mei ted

through it, Bfonid 1@%&@5‘6& ’%\Hﬁn‘éﬂi MR Gsd N ;%chﬁﬁ&e focERnAd PhARehs b% nd and

pr oxi mat e the die wall material defining trusi on passage.
2005/ 040232 Mﬁymwla@m%of the qlﬁﬂﬁmugmwhmprthef polyedr entpddidedntintahe bul k
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thin layer of msulatmn material is provided between the die exit and the cooling
media, as described in detail below.
[032] In a preferred embodiment, a finite length of the die opening wall near
or at the exit surface is heated to a temperature above the extruding product bulk
melt temperature, i.e., the cup temperature
[033] In another preferred embodiment at least a portion of the die is heated
to a temperature about 30°C above the extruding bulk melt temperature of the
resin being extruded, preferably about 30-170°C above the extruding product bulk
melt temperature.
[034] In still another embodiment, a rheological modification is caused in the
polymer layer in contact with the die capillary 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 waill material defining the

extrusion passage.



preferably including the end zone of the portion of the opening closest to
the die opening exit, allowing for an optional |ayer of insulation
material. As used herein, the term"insulation" neans thermally and
electrically insulating, unless otherwise specified. Exanples of such
material s MYV her ei nbel ow. [ 0361 Anot her enbodi nent PCRAISAYEH2RAS
extrudate fornmed by a shaping device, preferably a pellet forned by a
pell etizer, conprising a polynmer conposétion conprising a polyolefin and
whi ch may or may not further conprise a polyner processing aid, wherein
said extrudate or pellet has no visible (to the unai ded eye) die-exit

surface nel typfsjaqhy ﬁrcférfbd%ﬁﬁddﬁﬁérﬂrthe bfﬂljkrt@m?éﬁnﬁb' R PoIRRP se@Re s On
fl uoropolyners and thus in another enbodi ment the extrudate or pellet
conprises achtiveliranchanged die foothe ivery utef residenpotins! vefiieninasedtacbwith ¢het ai ni ng a
f | uor opol yner wherein said extrudate or pel.let hag no.visible die-exit
surface nel ;W?l}“éaé%?@}’mleﬁ ir{ ?‘f’é’)&feéﬁ) e%“%‘ﬁ%ﬂ’rﬁ? me Td@’letie@téé 48t OPlé(aEeS ot her
than di e- eXitp belvbRg GrabBdit of maedtm@xdgtﬁ oF theBd pRA@maRthé dhalihe bublnoR agents,
and the like - may be added provided they are not fluoropolymers. These

addi ti ves neyrefesdbdy ineduding thecend\dont bf $he povtiore af theuepeammg clossst tootheiditer ed to
contribute to the die-exit surfac .t fract . [0371.1n a ferred
enbodi ment,  THBTREHep T E e BOeBdpF P s aGop s AsSBbEERon not
cont ai ni NG aghk k4T 'GRANATTR" rMansicndBNAHdEbotri Ety BQNARAE) RGsRothBRYYdTET
processing aid and a nLLDPE having a Melt Index |l ess than or-equal to about

2.0 dg/ min, specifivdafsamples ofpsdimatenials srogivandereinbadgwal to about 1.0

dg/ mn, d ASTM..Net hod, - 1238, . P rein,said pellet
nas o vioi biista Snetbs SThprehl HEmaer An dxpadt Touhit firia Beph difer  [o of
the inventi opreiblPa 9@1*1&%%@%?@ pENeTRReR) Wompivaty A0pai9itief @8mpogfidd cul ar

advantages are achieved using pelletizers such as underwater pelletizers,
strand pel | eedmprising agwdyolefimgndwhichimae pg mayosy furthersegmapidsegepdlgmerers; a

nolten materjal | eaves the extruder.in the formof. .stra whpch enter a

cool i ng bat hPTORFYSERE & i"?'}i‘eﬁamtsalg e%‘%Bﬁla}t%S} Bei{eﬁ,ﬁa%% V?fbﬁégtar}%maﬂ%@eery? | enters
a cutter. Thgjecdkit! RkfabBYndlFadtve. dnPattduldr] ety 8fe idthedus PPARGasid MO :
2005/ 040232 PCT/ US2004/ 027228 -7 the strand of material hangs until the end

is cut off biluercpelyaernhendothysin anpthen prbadiment theexdrudgte erapallzbsamprisae |
d ' i NS i ich i . Smal |
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wherein said extrudate or pellet has no visible die-exit surface melt fracture. In

N3

the latter example, additives for reasons other than die-exit surface melt fracture -

for instance, antistatic, slip agents, and the like - may be added provided they are

not fluoropolymers._These additives may make the surface visibly. uneven, but are

not considered to contribute to the die-exit surface melt fracture.

(0371 Ina preferred embodiment, the pellet consists essentially of a polymer
composition not containing a fluoropolymer or more generally not containing a
polymer processing aid and a mLLDPE having a Melt Index less than or equal to
about 2.0 dg/min, or in another embodiment less than or equal to about 1.0
dg/min, as measured by ASTM Method D-1238, Procedure B, wherein said pellet
has no visible die-exit surface melt fracture.

[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



kni fe bl ades whi ch have knife edges in contact with the die face. In this
regard, cooling water is circulated through a cooling chanber which

encl oses the die face and the knife blades such that water flows over t he
di e face ar;bg E |fe bl ades. 10411 In water-ring pelletizers

extrudate exPr 2(ﬁgh di e openings of a round die plat é’CJfUS@We”“éﬂz?uder
Smal|l bits or "drops" of extrudate are cut off by rotating knife bl ades
whi ch have knife edges in contact with -t/he die face. The nolten extrudate
“drops" are flung by the knife blade into a cylindrical curtain of water
flowi ng outward around the circunference of the round die plate. Wen the
extrudate hi ﬂE smtaad vhineterithieangsinfitiidbe embissut off byrarrofaghg dlagewhi ch cool

further as t w down to a,screen, separator where nost of the water is
separ at ed fr Olﬁémﬂéﬁ“éater[ﬁﬂﬁ}ze%&ée ﬁ}&ﬂ’élf‘t&l gxjts thaugly eresinesiinedit i on i s

applicable t [ Wy%f@ n@é.. as slit
die for ext rg I ng a \sé#glg% Tﬁkm gltandng Sggiéﬁ%a?é;%rg E‘{eé’@ﬁ?éﬁ&gg W t hout
limtation, fhifeélddaywhirhdmvarknift adgeomecintgt fadth ﬂ:mtdimﬁca.ghbihm/\fegﬁndl, m and

the |like. The advantages.of, t resent __invention are rticularly realized
in the case \ﬁiﬁ&“&g ‘f"ﬁ W&P]I@H t’é&‘?ﬁ% acRelig phamber thhé“ﬁgﬂs?%‘i}ﬁ‘eﬂeafaée [ 0431

The i nvent i onyh $heR@ife bt @bich tﬁa'v&ﬁai ol Obvel BRI dle R gﬁa ﬂieﬁfnafg%héq% ng

hydrocarbon resins, rosin resins, terpene resins,

preferred eneapi menin witer-rieg peilatﬁem thel extiuddte remmthhxiMe@bemﬁgy@ﬁ efl ns,
whi ch may furt er.i The resins in general nay be

he ncl uge anot
used for num@?‘éﬂé lé:li’(lﬁteg the extyger. §§na\t‘uo?ltsf‘?1] TRropsA getrudate g %Of%h}ﬁem ves,
dthe lik it bl
an e like, éﬁnépem {4385 vARIPRR)e! léﬂ le%eﬁ%%hﬁéﬁw?thrtﬁé'dﬁe ?%g S‘H apbl e

addi tives (mhl |ca 'y exclu ymer processing a esigned to
reduce or el |mmlteateatr8&té>)'dropxé‘parmﬂﬁung bgrthst kaifehbideseo alaylindcad tentaie of
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WO 2005/ 04023BvPdawiUee @stt R A2 ator 8vheam thogt &t theewatbhis Bpax:ate(doﬂﬁm thel a more
preferred enboﬂl ment, the corrp05| tion may conprises one
[042] More generally the present invention is applicable to any device
wherein a material exits an orifice, such as slit die for extruding a sheet of film,
and any shaping device such as, without limitation, thosc having an annular
opening for extruding blown film, and the like. The advantages of the present
invention are particularly realized in the case where the material exits the orifice
in a molten state.
[043) The invention is particularly suitable for resin materials including
hydrocarbon resiﬁs, rosin resins, terpene resins, and the like. In a preferred
embodiment the resin is a polyolefin, or blend of polyolefins, which may further
inchude 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 climinate 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,



or nore of the various types of polyethylenes known in the art, including

| ow density pol yethylene, |inear |ow density pol yethyl ene, nedi umdensity
pol yet hyl ene, and very | ow density pol yethylene. [0461 Low density

pol yet hyl ene ("LDPE") can be prepared at high pressure using free radical
initiatorsWVarRl5theA3eal Iy has a density in the range of 0.BAEUS200402728F cnB.
LDPE is al so known as "branched" or "heterogeneously branched" polyethyl ene
because of the relatively |large nunber of-1ong chain branches extending
fromthe main pol ymer backbone. Polyethylene in the sane density range,
l.e., 0.916 to 0.940 g/cnB, which is linear and does not contain |Iong chain
branchi ng i sanad soxtkreavheredthi s "1 i near | ow density pol yet hyl ene” ("LLDPE")
can be produced with conventional Zjiegler-Natta catalysts or with _
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catal ysts. Vaelyetyleneerrd very oW ety nolietiyleneDPE")  is al so known. VLDPEs
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sometimes referred to as medium density polyethylene ("MDPE"). Polyethylenes
having still greater density are the high density polyethylenes ("HDPEs"), i.e.,"
polyethylenes having densities greater than 0.940 g/cm’, and are generally
prepared with Ziegler-Natta catalysts. Very low density polyethylene ("VLDPE")
is also known. VLDPEs can be produced by a number of different processes
yielding polymers with different properties, but can be generally described as
polyethylenes having a density less than 0. 916 glem®, typically 0.890 to 0.915
g/em® or 0.900 to 0.915 g/em’,

[047) All of the aforementioned materials are suitable in the processes
according to the present invention and thus pellets according to the invention may
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:ving a greater number o.f
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



sui tabl e conononers include al pha-ol efins, exanples of which are 1-butene,
1- pentene, 1-hexene, 1-octene, 1-nonene, 1l-decene, 1-unidecene, 1-dodecene
and the like, as well as 4-nethyl-1-pentene, 4-nethyl -1-hexene,
5-nmet hyl -1 - hexene, vinyl cycl ohexene, styrene and the |ike. 10501 the

appar at us 3gg9hdipaest 0 the present invention may al so be qggeidhech788 bei ng
useful with any thernoplastic polyner including honmopol ynmers and copol yners

wi th narrow and conmononer distribution (&arrow and broad, including
bi nodal , nol ecul ar wei ght distribution) Such as copolyners of ethylene with
one or nore alpha olefin (C3 to C20), ethylene copolynmers with unsaturation

(EPDM or EODM that. is ethyl ene-npr,opyl ene-diene or ethyl ene-octene-diene),
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vi nyl ali phat; EW | | ael hyl ene-styrene interpol yners,
syndiotatic p‘}&ﬁ/ls yrengﬁé’gpgg@te%gﬂg% 1>1/1§e:. yrene, hydrogenated pol yvi nyl
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I nclude substantially |linear hyl ene paol rs (SLEPs), ich are,
honogeneous pBHYREE §T %Wé‘?/g]ﬁ’ga Ple‘}h@ Eade f2 Téﬂﬁﬁ%é?wgm#é%u%%@@a in US.
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styrene/ethylene/butylene/styrene (hydrogenated SEBS), styrene/isoprene/styrene
and the like), substantially random interpolymers of at least one alpha-olefin with -
at least one vinyl aromatic or hindered vinyl aliphatic comonomer including
ethylene-styrene interpolymers, syndiotatic polystyrene, atactic polystyrene,
hydrogenated polyvinyl cyclohexene, PET (poly(ethylene terephihalate)), PBT
(polybutylene terephthalate), PEN (polyethylene naphthalate), polylactic acid,
thermoplastic polyurethanes, polycarbonate, nylon, poly(methyl methacrylates),
ABS  (acrylonitrile/butylene/styrene), polysulfone, polyphenylene oxide,
polyphenylene sulfides, polyacetal and polyvinyl chloride.
{051] 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



carbon atons, (ii) a copolyner of ethylene and of at |east one al kyl
acrylate or nethacrylate in which the al kyl group contains from1 to 10
carbon atons, (iii) the above copolynmers further copolynerized with naleic
anhydride or glycidyl (neth)acrylate, or (iv) the mxtures of at |east two

of the abeyg.i@au9ned copolymers. [0531 In still anot hg,r 'dﬁﬂs t he
conposition conprises as a conononer a vinyl acetate (i.

preferably EVA consisting of 10-40 wt. 10% nore preferabl y 12- 28 W . % and
even nore preferably 15-25 wt. % vinyl "“acetate units. [0541 The pol yol ef m
conposition may al so conprise pol ypropyl ene, which my be a honopol yner of

pol ypropyl ene_or a random or bl ock_c ymer pol ypropyl ene, or bl ends
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thereof. Such blends may inclide so-called impact copolymers, elastomers, and
plastomers, any of which may be physical blends or in situ blends of
polypropylene and one or more polypropylene copolymers.  Preferred
comonomers in the polypropylene copolymers include monomers selected from
ethylene and C, to Cy alpha-olefin derived units.

[055) In an embodiment, the resin composition may be a mixture of various
types of polyolefins, including a conventional film-forming polyolefin such as
polyethylene and/or polypropylene with a material not conventionally formed into
a film by itself, such as an ethylene elastomers, which are polymers comprising
ethylene and propylene. The composition may also comprise ionomers such as
polyethylenes 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-Naita catalyst and more preferred that the resin comprise



-11 pol yethyl ene produced using a Ziegler-Natta catal yst. 1058] It is still
nore preferred that the polyolefin be a netall ocene-catal yzed polyolefin.
As used herein, the term"netallocene catalyst” is defined to be at | east
one netal | ocene catal yst conponent containing one or nore substituted or

Ut’lSUbStI tﬁﬁ%g‘f{"%}%gem adi enyI noiety (Cp) in conbinati oq,(,yly\at]gzlgmzocur up 4,

or met al 10591 The netal | ocene cat al ors
generally require activati on with a sujtable co-catal yst, or activator, in
order to yield an "active netall ocene catalyst”, 1i.e., an organonetallic
conplex with a vacant coordination site that can coordinate, insert, and

pol yneri ze d%‘ﬁ Q The actjve catal f/st systens generally includes not only
the netallo ﬂﬁ%@ﬁ%@ uvaétusmgsaoz@ﬁeawﬁ@a%@ws -such as an al unpxane or a

deri vati ve t@gg}eof IP{sE‘sfn?lrlﬁ eﬁ) %@Q@d tH?iPtHe dg@%'ﬂeﬁl cen@wt%&%%:f aC' d,

or 'a conbinatiron thereo rmxane |ona y sul

cat al yst actpolpslefis. AOGLRE hbhen, @Hé aah)AS'me&ylsmmdamlm efs@lefibbd toshipqaedsed on a
carrier, typically an i nor?anl c oxide or chloride or a resinous nateri al
such as pol y&tehpdgiloceng eatalysh Compomette AANHREE 6BE Ty B15C astEise85es are

(Gor nara P i Bt yp R AR EnSRARG EB) W vorhha BB G el Ve 2

1995) ; Resco@iranditioh metal @ef)ectivity in Propene Pol ynerization with
Met al | ocene Catal ysts, 100 CHEM REV. 1253-1345 (2000); and I, 1l
METALLOCENE- BA8ED PAbeanetpilogsng pytplygt pecusss genendllyj requive aptivalion vgthhat ent s,

5055 438; SRS aﬁﬁyﬁzﬁﬁﬁﬁ% e e ARG BB L
are U. S. Patie]Nom c@ gaifdtheldlic @nehiéx 3¥ith 4d Opacadn dodAalibh 84100 thandan

references cited thereln 1062] In a more preferred enbodi ment the mat eri al.
exiting the 6p9rdingts, insertopadypolymisHiae olefing-Lheyaqtive catalyss wysiems igeyerally
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PCT/ US2004/0 g%rlzssacui 1021'1a combination thereof. Alkylalumoxanes are additionally suitable
as catalyst activators
{060} The catalyst system is preferably supported on a carrier, typically an
inorganic oxide or chloride or a resinous material such as polyethylene.
[061) The aforementioned catalysts and processes are well known in the art,
and are described in, for example, ZIEGLER CATALYSTS (Gerhard Fink, Rolf
Mulhaupt and Hans H. Brintzinger, eds., Springer-Verlag 1995); Resconi et al.,
Selectivity in Propene Polymerization with Metallocene Catalysts, 100 CHEM.
REYV. 1253-1345 (2000); and 1, I METALLOCENE-BASED POLYOLEFINS (Wiley &
Sons, 2000), and numerous patents, such as WO 96/11961; WO 96/11960; U.S.
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 WO01/98409, 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).



EXAMPLES [ 063] The follow ng exanples are neant to illustrate presently
preferred enbodinents of the present invention, wherein |ike nunerals refer
to like parts throughout. Numerous nodifications and variations are
possible, and it is to be understood that within the scope of the appended
clains, t (jﬂmg&h' n may be practiced otherw se than as ssecifical
described herein. Example 1. [064] A single capillary ext PGdefs2¢#421228¢
shown in Figure 1 was fabricated havig& a brass die body 3 nodified so that

a portion of the capillary is heated by“a heating elenent 5 including the

end zone of the capillary closest to the die opening 7 by neans of die
hol der 9, al s e of brass, which may be attached to the die with bolts
(not shown) . ers, having an inner dianmeter (ID) of 3.2 nmmand a

l ength of L=15.2 nun are cartridge heaters comercially available from

Wat [ ow GrbH 881 Ger ndhg . folihwingagramnlefe atfe Mcantston tldnstatec praseitly preftrreche.

extrusi on orjfice tter nd,f. the _capill.ary wal r.OXi e the
capillary efﬂﬂ,o “‘f’%%?'rgf ﬁﬂ%P%S%ﬁ ilg{(;)%ﬂr%oﬁbggm%no{ﬁﬁed%mgmi%F?fgléjf({rﬁ%‘? PEffe orifice
exit. Slots thibupheutdNemehelsd@bdificatdmRVindassiadensodreiREbld, Gall iy ® Kot
shown), which are hooked up to a Variac to control voltage input and thus

heat. A gasRederstoodtthal witbal thagceps, pE e appgededaciainms, dbih éavention may b pl aced
bet ween body_ 3 .an i e hol.der foe ional .gap indicated by nuneral 8,
al so shown imaqé}cgﬁpglgnglﬁzﬂmgg%p%éﬁi rdegcr%f g&@eﬁeﬁg extruder die 1 "upstreant
of the die part at the point indicated by nuneral 11 and exits at die
opening 7. The die capillary closest to the die opening 7 was heated to
various tenpitampleds, by nmeans of the electric heater 5, ranging from

245-372C, or approximately 30-170C above the extruding product bul k nelt
t enperat ur e, [06er aAwsidgler @pirotxtpoley mix 1 fif showmireFigunatl wasofabdcdied

representatiyve,of or excee 0 cial ,operat.ons _extrusion ra .
Sugcessf ul r}EﬁYéng/\%ﬁré‘s%a‘ﬁﬁ’é’gﬁﬁ r\r?\nﬂ’%ﬁe ﬁ%ﬂﬁg?af’ lo’é‘é’iﬂﬁ%&)ﬂiaéyé‘"’r#a%q%arat es
were such tfatink lfh@elﬁéﬁtks Eﬁéﬁ%h@ttﬂé &nldSzdHeNb{MRle! aaeptagaihﬁca%gest Y& th@ e t ypes of

commercially avarlable nLLDPE pol yner products (d ed below) are extruded
t hr ough t he ofiemingppby mteass ofidic hoklenBaler made ofdiress, vhichbany basttanhed tsed. WO
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- mm and a length of L=15.2 mm are cartridge heaters commercially available from
Watlow GmbH of Germany. The cartridge heaters are concenfric with the
extrusion orifice pattern, and form the capillary wall proximate the capilléry exit;
to maintain uniform heat around the entirety of the orifice exit. Sldts in the die
holder 9 allow passage of electrical wire (not shown), which are hooked up to a
Variac to control voltage input and thus heat. A gasket or other sealing device,
such as an adhesive, may be placed between body 3 and die holder 9 at the
optional gap indicated by numeral 8, also shown in Figures 2-4 ‘
[065] Polymer enters the extruder die | "upstream" of the die part at the point
indicated by numeral 11 and exits at die opening 7. The die capillary closest to
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 iemperature 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.



commer ci al | y-avai | abl e EXCEEDTM 350D65, a PPA-containing nLLDPE resin, to
extrude through a 0.125-inch die capillary at 24 kg/h wi thout any visible or
tactile evidence of SMF. This flow rate exceeds three tinmes the normal flow
rate threshold for SMF for these resins at these processing conditions. The
flow rat e®O HE¥842Bed herein are per hole unless ot her wi SETHSEUA 2B npl e 2.
[067) The above experinment was repeated using conmercially avail abl e
EXCEEDTM 350D60 nLLDPE, sinilar to thelftLDPE used in Exanpl e 1 except
having no PPA. Very surprisingly, no surface irregularities are observed by
visual or tactile inspection of the extrudate even at flow rates up to 28
kg/ hr. [068]106%he r ek s tigundBat Hiip glia-tp bepting trghnigne ¢f cgrbleusi aldowingDPE

i t hout PP .obt aj f wh t. t
of the die cRiFiRE BV RE RRCBAEI S Aot S o iR RIP L fotit e ¢
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Ccha

underwat er pel | etizing extruder having a water \anber and” having mul tiple
di es nodi f i dertdsevidererHfSMIEE ThisnHow ratgigaoeeds whrse timex theuswmat fowireigl ate a

comrer ci al al.e n. resul ts. achjeved were .not d .as those
Chaorved i n el o SR iR {-8inS S lEle frot el el litns I 06 A e0e | .
Wt hout w shieb&ite@ hBRiPadRer Byle URRSY dthervisd Sotbe! | eved that the cooling

effect of the water on thé die exit conmers had enough of a negative inpact
on the superheating effect that SMF is observed at substantially |ower flow

rates. Example -5. [070] A single capillary extruder die 1 was then

nodi fi ed tg%iqgigfﬁ nsulate the die exit fromthe cooling water influence.
In Exanple 4__the die opening is nodified to, provide for. i ns ting
insert 21, Wf7bn i s AP SAPORERRRETFR WPt HepRicd Bt SRl AR ch f or s
part Of L he IROREDAY suBkh o33 0 Winildt (bie 1 HPEMRAR BAAAOR 2cxoept . -

PCT/ US2004/ 027228 14 O herwi se the capillary extruder die was identical to
Figure 1, ashaving melRAl Bery sucerisinglyeroetusface OvepularitieEsambserved bumisbalsul at i ng

| ayer 31 is pl.aced. around e heatin el nt:.9 tg l.essen heat |osses to
other parts fta‘%ﬁ%mal’%’%o Q%g’r‘?o%ﬁm#ﬂe g}’f‘d{ﬁtg{%{ rates up o 28 k/hr.
[068] The results regarding the elimination of SMF using mLLDPE without '

PPA were obtained, however, only for the case where the temperature of the die

exit (Tgie exit) i5 greater than the temperature of the melt (Tpe) by about 30 to
about 170°C.

Example 3.

[069] A commercial scale underwater pelletizing extruder bhaving a water
chamber and having multiple dies modified as in Examples 1 and 2, above, was
next used to simulate a commercial scale run. The resulis achieved were not as
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.



Again, other parts of the extruder die are identical to Figure 1, as

I ndi cated by like nunerals. 10721 In Exanple 6 (Figure 4), the die
capillary 41 is shortened relative to Exanples 4 and 5, a die insert 43 is
provided in die holder 9, conprising heater 5 and insulation 45, the heater
and i nsul A¥Q 2WsHeM8entric with the die capillary 41, as HGT/@@QWZéz@ to
provide heat to the die exit 7. An additional chanber 47 is provided to
further tel escope the polyner into capild-ary 41. A cavity 49 is provided
for a thernocouple to nonitor the tenperature of the die. [073) The

I nsul ating | ayer method shown in Figures 2-4 using PBI as insulating

mat eri al wadOthermise the wipiilary exteuden dicesasf idbnticabtor Eigarevd, ah iddientad bglike di e
using a capillary flowrate per hole of up to 24 kg/hr by adjusting the
capillary v%nile%lé'rrperature up to 390 Cwith a bulk polyrrer malt t enper at ur e

of 240C usi t he 1.d '- of
0.917 g/ cc, [ﬂ%]t h i@r%(aﬁ]“% ﬁ? %H@%ﬁ'nl lnssgflag% ayer or{%l sert may
be, for instdement PR lesé@ohpﬁidnssesrmiaﬂmt @}m:asf ithre Enaaﬁ)bmﬂﬂﬁﬁme\fie, but it

may al so be other suitable materjal, that n I nsul at or, such_as_other high
t enper at ur e PBEHB PR Rrts Pt t %@ﬁﬂ#@é@?é‘%@fﬂéﬁﬁ to Higareeh, é‘ﬁF’%ﬁﬁ%ﬁt‘P@b}éP &l having

a Iom/therngé %uct|V|ty at roomtenperature, relative to the die
mat eri al e quenching or cooling nedia encountered by the

extrudate. |w7a nor dnietpiabl Fignbdilithedie cdpiléary Adtie rshadienwid! relakisg @o a
t hermal cond ct|V|t 1% of _t he thernmal uct|V|t . teel, or
| ess. 10751 FXampley X&n@% Eé‘leaﬁlﬁiﬁéé?’éft%f&"gﬁdéthémd?o i% Fomanwﬁ%ha@tfsrg

Possessi on_ ofnd REusREEAE the HERE ARUAGIIACoRSAA4 IR ekl dEs  hat

used in the ove exanpl'e use I nstance, COi ers such as
used in the mexanpllatS otnqﬂo{zids heat ol i, ﬁegmtvml din additiseqlachatnber #7dm t he

capillary wal | di e terial, or,  cartrid heat.ers ,spaced around the
capillary vvaP‘l'C’é’1 chalp %%%é@eSWS\FPE@?EWt g’t%&BE lanst Ao | 4 Do Beat may

B?:TI/O [Jg\zli)géelf 0%13’ Eli%ia%ﬂlwﬁfe"?e%@m @rﬁl %ﬁtog%c}gépre mwo?@9%€48?ggoél ty layer of
pol ymer nateprsl , rellat inselating layer iefliodpshomrerin chigneest 24di sting RBE s5ng :
through the Pﬂsglatullgs matera %jas ond to ctie htcgt% sugclegsfuﬁabruns with the single die

using a capillary flow rate per hole of up to 24 kg/hr by adjusting the capillary

wall temperature up to 390° C with a bulk polymer melt temperature of 240°C

using the same mLLDPE resins with MI=1 dg/min and a density of 0.917 g/cc,

with and without PPAs.

[074] The insulating layer or insert may be, for instance, PBI

(polybenzimidazole) as in Examples 4-6, above, but it may also be other suitable

material that is an insulator such as other high temperature plastics or a

machineable ceramic, preferably a material having a low thermal conductivity at

room temperature, relative to the die material and/or the guenching or cooling

media encouniered by the extrudate. In a more preferably embodiment, 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,



Exanple 7 [0761 In another enbodinent, a die-ring part 51 in Figure 5 1is
fabricated, which is also a nonolithic heater. There is a slit 53 in the
die ring part between the two copper-electrodes 55 and 57, to which a

vol tage i s ®pRlohHshozzkhe current wll flow from one el ect redepsions/ozrgis t he
die-ring 59, to the other electrode. The die ring was fabricated of Inconel
coated on one side - the cutting side -.yth an insulation |ayer of

zi rconi um oxi de forned by physical vapor deposition. The zirconi um oxide

| ayer may be applied by other suitable nmeans, such as a spray coating

techni que (€. ghereBy A5 GREANNEA) a Josdd GRscobify ngr?r'ﬁf ?ninér Hﬁ%ﬁsﬁg}el : &rial

wi th much higher resistivity (nearly 2 order’s maigni t ude an t hat
of copper), tothebhBopalymererheragigriviid pashiag timionfly theti dis iipercadd praxémhbieahe i nsi de
the die ring. ,, The die ring may be made of other suitable materials, such as
st ai nl ess ste@'le,exgnd the insulation coating may be of any suitable type,
such as chrom um oxide. Fourteen capillary holes 6l1a, 61b, etc. are forned
to match the capillary holes of the cutting face of the extrusion device to
whi ch the di eExkample5 is attached, with the zirconium oxi de coating facing
outward and now becomi ng the cutting face, which my engage wth the

cutting bl ademell n t e SRMer WidHinide €aR-Hh@purthDl BSFigate 5iormattapsd, or to
vapor deposition of the insulating Ia%gar, pl ugs may be place into the
r

capi | | ary hol wichois tsoea mopplithicdisater.afiieigais assiit (S8 rin thre digate patepessicer on

process. In agprefe i t. the, i Lat | .S i sh sufficientl
to allowt hetﬂc%u'ﬁq é}cga%gf-glggtg%gﬁ? ﬁieldgzr fde?’i%gc ré ltvgl'f'a ed%ggﬂr’]het%he qgt}r%en\% th ay
mi ni mum of  f wiilt floenfrohiohé lelcbaome tadouple tiecdit Singhsoes! tehakeraletrodé.i The S1

havi ng uni form thickness  resulted in higher tenperatures in the inner
di aneter of t & Hnshyas fepricated of dugoael coptedi en pnggidaadhe aWting sided Wity phg a

taper to redu tihi Kﬂezﬁﬁz t e I i r he
i nner di anet e%’?sui tl?flafl‘elgifse%epi ngoﬁ%lén Pﬁﬁ%ﬁg@é@%}f%ﬁ%ﬂ%lﬁ@bfé%ﬁ/ SF@% ﬁ'g%es and
el ectrodes unefremgest éoxidotayer mhp bei applied &y sethdri sujtableahéamgpsuch Her sphy nal
ratio of inner thickness to outer thickness was found tq be abgut WO

2005/ 040232 Pegatssisommauer(e:s, plasims $Praingl . Sigps theriewing 1g gade of gRtardber was

R
around the capoppe),thdelkesic endrzy will be medinlg«hishigatedniatoaheat inside the die ring.
The die ring may be made of other snitable materials, such as stainless steel, and
the insulation coating may be of any suitable type, such as chromium oxide.
Fourteen capillary holes 61a, 61b, etc. are formed to match the capillary holes of
the cutting face of the extrusion device to which the die-ring 51 is attached, with
~ the zirconium oxide coating facing outward and now becoming the cutting face,
which may engage wuh the cutting blades. In the case where the capillary holes
are formed prior to vapor deposition of the insulating layer, plugs may be place
into the capiliary holes to shield the capillary walls from the vapor deposition
- process. In a preferred embodiment, the insulation is polished sufficiently to
allow the cutting blades of the pelletizer to ride on the plate with a minimum of
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



significant advantage of the die-ring enbodi nent. However, with the

af orenenti oned taper design, it is found that the tenperature is very

uni form anong the holes between the .inner and outer dianmeters, with a
variation . than 10C within the operabl e tenperapgiRstRIGLS28

st udi ed. [géﬁ?ﬁgfgﬁ?% 5 illustrates one enbodi nent of the invention,
fabricated to retrofit existing die plagge configurations. A part simlar to
die ring 51 nay be fabricated to retrofit the SMF technol ogy according to
the present invention to many existing pelletizing die plate hole
configurations, | AR ( thase of skill i he art in
possessi on of %tlﬁlg‘/n%?%réé\#?t %sgcgféég@eﬂea%%:ﬁg&@s #)l}% rtg)lcjose ap&r%paheé% izgnieggﬁg

possi bl e depefdin@rnartotiitercahdten riatvas sbivddatshaRiig H6éi is®nse LA As
exenplified by Figure 5 a plate can attach directly to the die cutting
surface and cbirt-aiigher tesmsratere} avoynd Hhe capitlatyckoles svhieh inbelievedetopbates’

capillary hol e tern.ln Fig , soptional. inaner. |i ortions.,, ssch as

defi ned by nﬁlﬁgﬁi{ﬁ@t Saéigaﬁgg‘lb&%;}éé g‘%&ﬁ% %%bo@a@gl}t. I igl OBPIF¥’orWlt1§u_{£l§ as

defined by nugRiréhenthhed rtapﬁs&lrs%@,-ﬁmsr Riual thath theiefrpeiatife A8 Nery Quiifdfndi e
wel di

surface by neans of bolts, ng, adhesives, and the |ike. The apparatus
according to eniosg dhbbelcadetwaesarthe rencs mpfgydsr dizmeterseavidy & wariation efnet i ve

heati ng t echni gue..t b t f L ndi vi | ;cartridge heaters
For each capt FIF oS el bRubBhure R Bea °51 L LTy 10 e
cutting surfagesps a FighfobiillustidGO0dneA eibeligione &f ahd e oesh, Gfbrichednbesent
invention is illustrated in Figure 7, with reference also to the prior art

as il ustr at edetrofitmxigiing de plays configugatieuse A pagissipdlppdo diepring S lamay be

under wat er pel Lzar. 7 | v?ﬁ@r . e ' bl ades
are not shown f bg-lrcaégnt\‘/)e%fﬂéﬁ% gl eo Vi t(g\(/;v. ?%fégc@%?@%ﬁrea&é@?ﬁ%%%}gr 73 at

entrance 75 amghn§xdxistinggleliogzivg tfe ple Hobs emdigupstionstahd iatvikt betunddrstobie
polymer nelt enters the channel 79 and exits_out the_  several die orifices
81 a, 8lb, s1dy(these elofkildin discat Bhpessessiweoithe pEgssirdisglpsure that mumerqu§er e ar e

typically man Reerl £l , r : | . Lng bl ades
engagi ng t he ‘e>t<t|[&? dg?lgéil%%grgﬁql%ééﬁ g’?fng,ongti}?%ﬁ%ﬂﬁlg&g}? fabffr%dt S%\séh%l\%n%%fﬁé_ die 83
is typically hemfed bhsneanplifitd &t Fipaed Scarplatedgm bitarhedisegplyatoe thel diecavi ty
WO 20051040232 PCT/ U52004/ 027228 -17 85. The die Iattﬁ e, %tbe heat ed by the
optional die [SHHIE sERce e d, gngnion iy e Hiat S8 rihe GPURTAY Paies

typically onl y.hsg héle phif! 1 BHurd 9SSRRnhY AL 1} psHidns, such as defined by

numerals 52a, 52b, 52¢, and/or an outer lip portion, such as defined by numeral

54, may serve to retain the die ring part to the die surface by means of bolts,
welding, adhesives, and the like. The apparatus according to this embodiment can
be employed as a resistive or inductive heating technique to eliminate the need for
individual cartridge heaters for each capillary in the die plate. The plate attaches
directly to die cutting surface as a retrofit.

[080] A preferred embodiment of the present invention is illustrated in
Figure 7, with reference also to the prior art as illustrated in Figure 6.

[081] Figure 6 illustrates a prior art 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, 8l¢ (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, 81c are not shown. The

die 83 is typically heated by means of optional cartridge heaters placed in cavity



assenbly. 10821 Figure 7 illustrates an enbodi nent of an underwat er
pelletizer 91 according to the present invention, w thout the cutting

bl ades shown for convenience of view The arrangenment of cutting devices
woul d be r arent to one of skill in the art. Si /5S4 € 6
wat er enteﬁgsﬁb @Bgnce 75 and exits, along with the pe?qgﬁﬁ¢§?§¥%% at
exit 77. As in the prior art, polyner t enters channel 79 and exits out
one or nore die exits 95. The die plate 93 may be heated by nmeans of a
heater in cavity 85. The die exits, which may be renovable, are nodified

di t t,.95 || lustrated detail i
eore 5 e ECBl 88 Wi mar M BB o biutRnid plid RENESrodlpL | T
appar at us accpiodksdGerhferhiifes! NS tti19ER1ly Bhly aeemm@at et 1¥ss84 BB ﬁ\@ didy means

of the diering illustrated in Figure 6 or simlar devices, which would be
then affixed sssembly. di e plate 93 by neans of bolt 99. The entire die ring

assenbly is not illystrated. in Figure for co ven| ence of view, by rather
may be seen iH8 2]FI guﬁ;ség“?fﬁ F? l‘é%{?"é"sse@l FB’?’Pﬂ’éﬁ‘eﬂB@ | URGATYRLcE; RRilFEZer éhows a

preferred enbadipgnd f THethés@H@ N &@fon D“ﬁthlah@ttﬁe 9@&&1%1 %l&?e%eﬁhcﬁﬁi( for

il lustrated by part 96, ar he same as in Figure 7/ I nsul at1 on gasket,
al so present EmmnxenceBoﬁwdevV The idrtangament exf dottipgardevidds vaﬂd/rbrraaéily enters
the capillary_at ch nneI nd_exits,.downst eam t orifice 7,

previous fi gﬁP@eﬁ Bt etk ot VRigT Sntgrs E‘o"r?‘ﬂi‘i@%"eg5 heat er
103 and assogh@tge Qﬁﬁg %1}1%21@ rﬁ&l@ﬁeﬁbﬁﬁéﬂﬂm bide '?47 atAon dhe ébnop QS EGyhie: t he

renovabl e assenbly be made of the sanme material as“the die
pl ate 93. Thenm&tsmﬂﬂn yhannebﬁ!éand |eiuts ottt dnet dremenetdie skin93li dhealid plate 93 end| ng

at opening 7 t.ed from e 9 asket 084
B oo e ol eI o e Okt Bt 5 Caily B | TR e WhBRameY beq
embodi ment  of (&Realiee abd %cﬁﬁaf@a&afdﬂa ligt ﬂlepﬁ&yérﬁqn%ﬂtﬁﬁt RS xitl ¥§ Beat' ng

toa die plate (e.g., 93 in Figure 8) according to the present invention.
Copper . el etlustated inrdetail iuEiguae 8d Bhe nevvenl aixst @Eﬁmdﬂﬁah typically Iﬁul@ur e 5.
Die ring assenbly 111 may be bol ted to the extruder nmeans,. of ural bolt
ol es. 113a. SRBHSGEE PIEHS ARTHEIgJ T VPRI Jy tsceomv QBT e RS an
out er retai ni By gidapgolRe %@éﬁ%ﬂﬁ%&&e&’@ﬁiﬁﬁ?@@é{ Qﬁﬂl&?&mce%whmh%ul&%t ed to
t he extruder by bolts 115a, 115b, etc and an inner retaini ng rin

then affixed to the die plate 93 by means of bolt 99. The entire die ring assem

is not illustrated in Figure 8 for convenience of view, by rather may be seen in
Figure 10, discussed further below.
[083] Figure 8 shows a preferred embodiment of the invention. Die plate 93
and water box, illustrated by part 96, are the same as in Figure 7. An insulation
gasket, also present Figures 6 and 7, is illustrated by part 97. Polymer melt enters
the capillary at channel 79 and exits downstream at orifice 7, as in previous
figures. The removable assembly (95 in Figure 7) comprises heater 103 and
associated heater and plate front insulation 101, housed in the removable assembly
107 which may be made of the same material as the die plate 93. The assembly,
" concentric with the extrusion die capillary ending at opening 7, is insulated from
the die plate 93 by gasket 103.
[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



116 bolted to the extruder by means of bolts 117a, 117b, etc. The bolts,

I ndi cated generally by nunerals 113, 115, and 117 typically will be
arranged in a pattern concentrically around the central axis of the die

pl ate. Pl urgdo s@wodopes 119a, 119b, etc., shown in dotted eatrhisees/oatzew for
die plate heaters as previously described (e.g., cavity 85 in Figures 6 and
10). Plural capillary openings. (each simg.ar to exit 7 in Figure 8) are
shown generally by nuneral 121. [0851 Figure 10.is a schematic illustrating
the attachnment of a die ring 111 as in Figure 5 or Figure 9 bolted with
bolts 131a an 3 [ h ' r bl . . Bolt
133 attaches glul'éL1 é%aﬁifﬁ#?n%@?%ﬁlggtﬁgliahglﬁil’gﬂ:?’l %‘{gﬂ‘?g’“. geté@%prljag)e. The
details of di elliorisdted t® hessxtrudet bysineams ofibolthil $74,i1¢ Wb estc.bThe balys, itlicdtdte sane

as the details sho in Figure, 8 .Again | yoer, nelt. enters _the channel
i ndi cated by RFUSRYYiY %‘ﬂlgrﬁ[fe]d& i} a%f%}ﬁ’g%@aﬁytmllpbeeéwesimérﬂaﬁ@m out
ool | shani by b , q ) j ‘n
of plural 's fipdo@leelﬁgggnﬁ%g%qmgeggﬁﬁﬂ R¥s e &R p1 B! PZ&aY‘@Hvﬁ%solqu,;frlgﬁ, &

heated die insert erences i n extrudate snobot hness
observed to beetr shovirpal dyttad oitling tallow fir diaplateluensdrs s Pievidishhéakctitledar t

(e.g., position of the heater), (b). e length of the_ portiogn of the
openi ng heat ec{é-%n‘iiw{tbf)gr&t Wel? @Y%é) %’!‘hﬁ& ¢ Blugah Capiliaryeopenings (saflosimilan @t ed.

I n under wat er ' Uééﬁg q]@'ﬁ h and tenperature of the
wat er had a &%ﬁﬁ{lnggﬁ?gﬁ)%%?ﬁgﬁl efa%gg’xi u gﬁggﬁheat flux of the die

exit region. Qossjof omigurarly iskistHematictiestratihg therettpclsaesifarliofing el pg esent
di scl osure, can nani pul ate the foregain araneters in order .to _achi eve the
obj ectives of PHEZIESRE Fegire ?d@%fg'?ﬁ@r go@r leﬁﬁc?@i Grbriocatie Risth SacE bt
observed in S : S i ' aﬁﬁfd' . ' |

Strai ght exit !\ﬁpgﬁlﬁ% exggi,%%alr}g' (?gjtljtnftggr' grg%scbfg&e%?&ar e %%%grgirﬁ %ggg&g% may
benefit equal |t the div plhe. prlesdatdilsiof\déninsenn 95 afat tngtrshgearrthis Ggomedbiti may i ons,

such as .di e tapering, may be enplqyed., ienfatjon of the capillary outlet,
e.g., horizont thsr Sepas o g detal oo i Eigoteod Agat pvrieE M satersithfice the
benefi 1 of _{ Nyh S ARicaloR 5ol A8-is ERRAMEIAR BB YR BRhsdrk iffvehibn, Bht SCt O
t he nunber and arrangenent oOf die openings was conduct usi ng an -
arrangenent of ofiplarad ghaping erifiesd divdteddby yTb] amd Bc edrictecan@isedks hemted
configurations,, Conmercial extruders currently WO 2005/ 040232

PCT/ US2004/ 02738 805eTt -

[086) Differences in extrudate smoothness are observed to be principally a

function of (a) geometry of the heated part (e.g., position of the heater), (b) the
length of the portion of the opening heated, and (¢) the temperature to which the
exit zone is heated. In underwater testing, both the submerged die length and
temperature of the water had a significant effect on the magnitude of heat flux of
the die exit region. One of ordinary skill in the art, in possession of the present
disclosure, can manipulate the foregoing parameters in order to achieve the
objectives of the invention. '
[0871 There are no significant enhancements observed in SMF performancle :
as a function of the exit configurations. Straight exit, 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



use slot-based die plates wth one, two, or three rows of di'e openings per -
slot. The nunber of rows of die openings was not observed to affect the
outcone and any of the aforenmentioned variations my be used with any of
the commercial extruders regardl ess of arrangenent of die openings. [089]
Regar di ng t%%@ Sofipherial, the advantages of the present pay@Ride@tr7208y be
seen in dies ‘nuner ous materl al s, such as stainless steel dies, carbon
steel dies, ceramc dies, brass dies, andidhe |ike. Hardened inserts
surrounding the die hoIe exit (e.g., of tungsten carbide, and the |ike) may
be used. [090] Trade nanes used herein are indicated by a TM synbol or (r)

synbol , |nd|ca|n e protected by .certai.n trad

rights, e.g., Lfs SS; %?fig é‘gegrsﬁ@ t%é’d ﬁgﬁlﬁgrﬁ“ﬁs \9§|dfeoﬁg T‘Bﬁs%eal i?i ons.
[091] Al pat eTfiesmatiberRAtBRs oft P bﬁei\ﬁﬂg@rbﬁas 1t Dhs T QL RUFRS tHeSotiEbAS at TM
met hods, UL nethods, and the |ike), and other docunments cited herein are

fully incorpomat eiathgyafnmgnei variations atyebe usadciwithiasny| efsihe ecommeroial

i nconsistent with this Tent r.all | ur| sdictions in which such

i ncor poration ‘?WE‘?S&?%EFQ 5 n%’é"ﬂ“gm Of IRRTHES| ower linits and numerical
upper limts afpgylist %g%}ﬁﬁ@&ﬁb dfeaﬁﬁeﬁat rAe aMhtd rT%Wf the rﬂr&seh@n%ﬁtlbﬁ’per
limt are conterrplated ile the illustrative enbodi ment's of the invention

have been descmapdd &ﬁﬁm hﬂ dpﬁr@ﬂ Ruherpig ;nateirtalmsmh e stamdrse stasbdieshearbomr i ous

ot her nodifi catl nt n adi I nrade hose
skilled in the''d teg ey oot %‘8?32’?%%5(;?& iRt Elﬁf‘ﬁ‘?‘? R

i nvention. AccgieHoROhys (elgl, dftu tenldaﬁﬁawaﬂdmmikepﬂﬁybéeenﬁ of the clains
appended hereto be limted to the exanples and descriptions set forth

herein but rat[#8e] thatTl'ﬁ‘ﬂﬂan%maﬂ mdti@r@oras@ m’e@t@sb)engg‘rqwmlmg ® symbole

features of pa t t he sen entio

i ncluding all mﬁ ? gﬁ‘“&?} %?HX%IB?% grcl cggqh&c%ané ﬂﬁ grﬁl%rﬂ{ ek tﬁ?y by
those skilled jaybbeedstbredAradeibaAd il P&idR@midicianper t ai ns. [093] The

i nventi on has been descri bed above with reference to nunerous enbodi nents

and specific elfdtpl es. Alﬂm;ent&aambpm@ntsamhcau@msgg@quq&éwm(m a0ASIMbse

obvi ous var i abFisak PRhen opl dBs AR Enf Bk gBLAGRF blel heRin B pil "
claims. WO 2005/c8A4RZ3ed Bt/ 1B €42% suck QisdBfifte 1sT1itﬂ lﬁ@dnhl@tﬁhﬂ@ltﬂml@ I's

preferred and nore preferred enbodi nents of the
invention and for all jurisdictions in which such incorporation is permitted.

[092] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated. While
the illustrative embodiments of the invention have been described with
particularity, it will be understood that various other modifications will be
apparent to and can be readily made by those skilled in the art without departing
from the spirit and scope of the invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the examples and descriptions
set forth herein but rather that the claims be construed as encompassing all the
features of patentable novelty which reside in the present invention, including all
features which would be treated as equivalents thereof by those 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.



I nvention, which may be conbi ned where applicabl-e;--as woul d be apparent to
one of skill in the art in possession of the present disclosure. 10951 An
enbodi ment i ncluding an extrusion die assenbly conprising at |east one die
capillary having an initial, upstream zone conprising an opening for
receiving Mol ymer melt having a tenperature Tneu, an internedi ate zone for
conveyi ng @0581#923r nelt, and a final, downstream zone REVHFRAITG5ai d
extrusion die assenbly at an exit opening whereby said polymer nelt exits
said extrusion die assenbly, said zones2®i sposed respectively adjacent each
other, and including a heating neans for said downstream zone whereby said
polymer nmelt may be locally heated to a tenperature greater than Tntt.

Wil e the exdod} tenhedbllowingaletdils phefetnéd antbmost prefenred endodiméieadiet o wi | |
be determ ned by .routine experingntation, the heating.is such that a

r heol ogi cal rﬂﬁ?ﬁé}t}‘)&‘a?"l 3y bg gpEege WhPF?eaR?é‘Fﬁ%raSIWﬂﬁl b APPYRRLILONGI t h t he
die capillary,mahl 'nbt:ﬁeqmﬁiog{essi&?@fthe H&S@ﬂ’t cﬁg&?dgp}ee of such a nodification,
a |l ower-viscosity 1ayer of “pol'ymer  material, relative to the bul k pol yner
characteri stij9oqassi nn tembodihert haclddiag as exitusdat dib hyserdly obmaribiagtar to

| ocal |y heat (or superheat) the die _Wa,lli and the polyner layer imediately
in contact wileRStoRs difapiliany baving apdpitigl URRIEWR AN COMIBING 1k OPEWREI%t ure of

t he pol yner l.at.i h t ; ' rgsi dence
time whi o i resgnie.f eyt fEloh i EasR it 1ol 38 IKBipdRlq Binc BF\
tenperat ure wdnvepinp sxd godyigadmblt, and @ fihalp dbOGsireane fzenahéyminaiingedid t han
5C, nore preferably not nore than 1C. 10961 Anot her. preferred enbodi nent of
the method deZHFUSKEGARASESIRE Y @n XHQNGHNE: Whers FRid pobmenael| gy said

mat eri al out : [ [ | | O, L | lal

havi ng a bul kg{%%ﬁoz{]%‘e & Egeéﬂgﬁy’s%ﬁid@élé tIa ﬁggélé{l ﬁ)éée&ec?ﬁ%§ td?ﬁg?%%%%@ﬁ@%%ﬁgri si ng
heating at | easiudidiea Swathigemehmyir saifl doaindtremt eonaivherby shidapelymed theltxi t
orifice to a tenperatureogreater than the bul k tenperature of the materi al

at said exit BRYibdocallyoherisd i af EPPEHWRLIEATE Mt Tmithe WBIRJEE ex#ftl udes:
a nmethod for E&ﬂ.nzei 129whi ' LS : ' . r
resin nelt th%g{tf]ge an extr%?%%"ﬁ@sﬁ%@%ﬂ?ﬁ%%ﬁ%??ﬁ’%ﬂgﬁ \a%g@?ﬁgiéggi e
capi |l l ary hasoutipe cexpigmeniatiohothe, hesting iismsncy @b rat rheotugidab inmardifiesionniy at

| east a portion of , said die capillary so thaj the tegperature of the die
exit portion -?@S@%&ﬁ@? pobyaer dRLEr vinos %?W&Eéé@dﬁcqﬁm@wmlgﬁﬂ@ns&-

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. In a preferred embodiment
the bulk temperature of the polymer stream is relatively unchanged due to the very
brief residence time while in contact with the wall-layer polymer. Typically the
bulk temperature will not be changed by rnofe than 10°C, preferably not more
than 5°C, more preferably not more than 1°C.

[096] Another preferred embodiment of the method described hereinabove
includes: a method for extruding a material out of a shaping device having an exit
orifice, said 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. Amnother 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



tenperature of the polymer resin nelt. (0971 Either of the aforenentioned
process enbodi nents may be further nodified by one or nore of the foll ow ng
even nore preferred enbodi nents: wherein the tenperature of the portion
heated proxi mate the exit opening is about 30-170C great _

t enper at ur ¥ OFOBSRYZZH yrer resin nelt; wherein said pol y(rirfgrjtl&gg?”‘?\&?rrzezlst does
not contain a polyner processing aid; whegrein said polynmer resin nelt

conpri ses pol yethyl ene; wherein said porggbr resin melt conprises an
mLLDPE; wherein said polynmer resin nelt conprises an LLDPE; wherein said
pol ymer resin nelt con¥rise an LLDPE having a Melt Index |less than or

equal to 2.0 GEPHAES YReHESIRE- Mot hod D-1238; wherein said pol yner

resin nmelt c I ses ' I e M€ to 1.0
dg/ mn as mag[gg{]e by %Fkﬂ%@ﬁgﬁg %—H%Bg%% ?\ﬁg%i ﬁngﬁﬁﬁgpﬁ?ﬂgﬁ? bae'f glr.@r%nt i oned
pol yners, whemodiftedusie dne arcoonti offtheofollowingeetradmofe prederrédh embbdiaentsand
through a .125 inch_die capilla at 24 g%g{hr (per h@ll e).has no, visible
SMF. [0981 St VRFredHe AePrealiuPhiBRtPorien PIORBfo e SRt OPERINgihePtt r esi n
conprising: (&). L ' ' : i i d oduct
into a shapi ?\%@gﬁﬁaﬁttﬁa@e} %glglté led?#\rg %(tﬁgﬁgé’&#&%gﬁq?g?’nggﬁ%?ag% said
product out opolyser desipentiirdnes niod cantgire acpulyrgermphcassign did; dvhareinesdid vel y
heating the exit surfgce of said apeftglrg@t_o t enperature above the

t enper at ur e oPOWRKT dssip JaEl FoprBeT polysthvipne; yherein saida poYIKT JE¥R JB8l of nuch

| ower Vi scosi E%mﬁxﬁisets he Iinﬂlﬁgjpﬁ WiaGE 4Rl }%,)oflf?’t%%r feb &k boMprik&iCars ﬂﬁgg\% s the

devi ce; where regul ar di séngagenent e extrudate® as It
di e aperture wheroadsaidgoliwhererepnahdt cadpestd ad i LTEDPE hanmigud Mebnindex teseor e of

the foll ow ng; wh in th ini I ' [ :
e o 2 T R 4 BT R PR S
Speremess CBober L HGA BN U0t s YAy oy M R 21

wherein the resi'n Is a polye ess t or equal
to about 1.0 dd) rig'mms asnmemssure lyy ASTM Ndethodl ID-12283, wRemoe daye oB; thaher ei n

the resinis a nMLLDPE .resi n havi a Melt, I ndex.l ess than gr .equal to
about 1.0 dg/ ARHCHSTREL SRS AR maiTuh ESHIRE B e ametion Shitbe e n
sai d shapi ng @a¢hfen,i shd BrbSH 8112 cA i€ Chfiflady’ £M24 e/ (@EPhSIENRAS hb NI Of
an underwater pelletizer, astrand pelletizer, and a water-ring pelletizer;

wherein said apihle SMF.is sel ected fromthe WD 2005/ 040232 PCTI US20041027228
(098] Still another embodiment includes a method of extruding a resin

comprising: (a) providing a molten resin product; (b) feeding said product into a
shaping device with at least one exit aperture; (c) extruding said product out of
said aperture into a quenching media; and (d) selectively heating the exit surface
of said aperture to a temperature above the temperature of the extruding product
so as to create a thin surface of much lower viséosity' at the inner surface wall at
the exit of the shaping device; whereby irregular disengageinent of the extrudate
as it leaves the die aperture is reduced. More preferred embodiments include one
or more of the following: wherein the resin is a polymer having an extrusion rate
through said shaping device limited by the occurrence of gross surface unevenness
on the extruded product; wherein the resin is an mLLDPE resin; wherein the resin
is a polyethylene having a Melt Index less 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



_22 group consisting of. (a) a slit die for extruding sheet; (b) a slit die
for extruding film (c) an annul ar opening for extruding blown film and
(d) a die for wire and cable coating; wherein an insulation |ayer is placed
bet ween the shaping device and said quenching nedia (insulatjon ed
herein meafY®d&%B8tH3t hernally and electrically insulati né’,ca‘ﬂ“%(gg@‘%g?%erw se
specified); wherein said heating of the exit surface of the aperture is
sufficient to increase the lubricity of “the nolten resinin the shapi ng
device without raising the bulk tenperature of the nolten resin; wherein
the source of said heating is provided by an integral resistance heater
forming the efioUpsertisttng of (e slikdis W@eémﬁélsheag%@ﬂéisﬂﬂdrﬁ forsupadingn | ayer
is placed begye ' 1 : hNQ ha; swherein the
source of sai gﬂﬁ’ﬁ@%}lﬁ%ﬁ@é} gﬁ%lﬁ%ﬁogte?{gﬁmhggog%h\h/\lﬁé?’%r?[ﬁbtah%‘%ﬁwgg ag‘lfa sai d
heating is oneabi¢ coming; wieesih ranCiasulteon layeloie Spladed Merwésnothdeshapingf @k iced
enbodi ment includes the follow ng products of the invention; a shaped
article conprpad sid guenching Bistliai (Hspladiongs peed basgingneaning bethdhematlyiasded
processes whergln: sal i . dle-exl. rface nmelt
fracture; a s h%%tglﬁ 2@? ?ﬁsﬁﬁgﬁg’gﬁlg%s% g ﬁlr? gvgé ?peersalﬂine\ﬁ:) ,e%g%rglin%aﬁifl}eg ##1% R ?/ ng f&fth e

af or ement i onegurfdce Of sixeaperithe isduffiGaiido shagad ey TubtibRy bAttiendolién Mshii il e
die-exit surface nelt fracture; a pellet conprising a resin obtainable by

any of the afhsr dipmg dedae pridhosd §é1§1,ngst§PoP‘1é’élfP@Pem1gm w§ the mplebiresinii e- exi t
f | ‘ \ | e e . f
The af or oment PUREH W soBl B shld SANRE 5P Gk 67l iHERH IR IARY ©

surface nelt fomadhgtes efit Poaprdof dict itapiag dutridldahereidbn ﬁﬂédlmomﬁ?& Ry any
of the aforenentioned processes; .and, _even nore_ preferred, any of_ the
af or enent i one@®aspd petyess thecexdtsportion anghihe egoling medjay wherein fhe souxge ofisidno

visible SV whenpde, by aain HealdiCy L RARL heBE BF 853 SRaidd 1 il SinéheSt e Of

extrusion of ft esin rough a .71 capi I lFary di rate of 24
kg/ hr with or elctrivaldareiigesr nore pol ymer processing aids. Any of these

P e sk el el e e o
S NBl T i ndox Isnaby:fa impld skl npiRE"g e GRRRLAE P OE Ay W el
| ndex | ess t haforementioped| ptooessbo wthefieid) sdig/ shaped cartitle #E hawisibleadiebxit | ndex
| ess than or equal to _.about 2.0 dg/m.n; and/.or an.LLDPE haying a |t | ndex
| ess than or &HHage xpg)lt fracture; a shapedgartlcle COmMPIISINg a resin resu rmgaixllomgany ol the
aforementioned processes, wherein said shaped article having no visible die-exit
surface melt fracture; a pellet comprising a resin obtainable by any of the
aforementioned processes, said pellet having no visible die-exit surface melt
fracture; a pellet comprising a resin resulting from any of the aforementioned
processes, said peliet having no visible die-exit surface melt fracture; a shaped
article, extrudate, or pellet made by any of the aforementioned processes; and,
even more preferred, any of the aforementioned shaped articles, extrudates, or
pellets that exhibit no visible SMF when made by any of the foregoing processes
including a step of extrusion of the resin through a .125 inch capillary die at the
rate of 24 kg/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 etlual 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



WD 20051040232 PCT/ US20041027228 23 about 2.0 dg/mn (where the Melt | ndex
I s nmeasure by ASTM Met hod D-1238, Procedure B). 10100] Preferred

enbodi ments of the apparatus described herei nabove include: a die plate
conprising:_(a) an upstreamface; (b) a downstream face; (¢ at | east one
passage havP'y83%4%%€t opening in said upstream face wher eb§TN5H0AA272¢% s n
may be received and a second opening in said downstream face whereby nolten
resin may be extruded; and (d) a heater Poxi mate said downstream face and
proximate with said at | east one passage at sai d downstream openi ng. Even
more preferred enbodi nents include one or nore of the follow ng: wherein
said at | eastbowel palgdmiye(WheredeeMalt Indey isi maasucaby ARTMaMiethgd D-1238,
substanti al | yPuni f.or di aneter from said upstreamface to said downstream
face; wherein §3?e&uﬁeg%)fer is concentric with said at | east one passage;

wherein sai d éipbeast PRAGIAPSSRSRIAGRSESf B QpSitafs PAEdHBE OherSiahbbyaeat er,
such that said portion defines the wall of sai passage proxinmate said

downst r eam f adecludeira die plato ppmprising €@) annpetreanh dxce; ftaeddvalstreamtfhepude)s wit h
said heater and,said die plate.and.concentric with said. heater abqut said .
o Menert oo MR S pBafie el BR BRREE eortt bl cart Dy S0l T2l g
an_insul ati on rg@f ehdyRbe ¢QRHRA! dddCa WedoRd STPefinglin! REB HoWAGreRRSHIY whestX| Mat e

said downstream face and form ng at |east a portion of said downstream face
at sai d secondnelpraniesig; may) be isstudasirpnd {dng heaten prowinate seid rdovasiresm danecent ri ¢

i th idat | t d ti i 1 t | { t.i ol f
said “heat | ng T eCREE SRR A0t AR pRER AT aBhp SRR o BB O
exit opening; myfesirefeRed @nfbotifedd McRideon® RN Id R follovimy: a¥ieréinfigidei n t he

termnonolithic as used herein neans that the ‘ﬁart‘ is constructed of one
pi ece, while dtllenst vge prevage i senaidly, cylowdricdatndhbavieg ai sipstagfisdlyi wrbrauch as

the provisionsg for iasul ation escribed. ' l. .of. - el ect rodes
to provide necdelsrg%itre §/?r8#1esga§dr ﬁ%sgﬁegmi n%eu{%’) Sglm%ﬁ%ﬁﬁ%@gﬁa%’g’fhge@g 1§ hg g‘lﬁgfﬁ ses a
first plate havnbehtEaindthiHaht atdedm bacpassard; whetc siid apleadtent @uésm% Piadiseh
downstream face and said heater, said first and second  plates fluidjcally
connect ed by dhranghta petien of saidobepiesgench dhal with Porion defimes theywall ofispid  as

used herein, t . Ip 8-}{3'}@ b : t ] . he
relatively uniq"ra'rap{%l%h gdgfoﬁ%%a%a%gtéé part ?‘" ?&ﬁ%&p&q‘% "2}9@1’%% ié} ?h%v#latg% d at
| east one passaagfal edidigubey ®ith sadl lbathr eng|saidedie iyt iand soncemmicewithlsakiel ect ed

from brass, , . . .
heater about said at least one passage proximate said downstream opening; further
comprising an insulation material concentric with said at least one passage
proximate said downstream face and forming at least a portion of said downstream
face at said second opening; further comprising an insulation material concentric
with said at least one passage and contignous with at least a portion of said
heating means, and contiguous with said at least one passage at said exit opening;
wherein said die plate is a monolithic die plate (wherein the term monolithic as
used herein means that the part is constructed of one piece, while allowing, for
instance, for coatings or impregnations such as the provisions for insulation
described herein and placement of electrodes to provide necessary electrical
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 Inconel™; wherein said insulation material is selected from



stainless steel, and Inconel TM wherein said insulation material is selected
from WD 2005/ 040232 PCT/ US2004/ 027228 24 hi gh tenperature plastics,

machi nabl e ceram cs, ceram cs which may be deposited by spray coating
techni ques,y, anlyGgAT cs which may be deposited by vapor geRRghldRfzs
techni ques; Wherern Said insulation material is selected from high
tenperature plastics, machi neabl e ceram Cop ceram cs which may be deposited
by spray coating techni ques, and ceram c$s %hi ch may be deposited by vapor
deposition techniques. (ololl Another preferred enbodi nent of the apparatus

Is: an extrusion die assenbly conprising.a die plate having .at |east one
passage i ncl udd ISWPPWF‘FFaP%aStlﬁpQE‘P@ﬁﬂ?ag’%é’e@éWﬁ?si segMeEs Fhiglh HANgPS or
receiving a p ' t Ahid | ggeg:i,-ate
zone for conv?ﬁ%ﬁﬁ%&ga@dépg%f)\é%}%gﬁ%?ﬂ?&&%ﬁHE{H;%| na%?w %i?vm}&s%? raﬁeka%ébg)gi&le

term nating saiagoexdtpassion tatheiqass ewbdryinagaidiinsaiation aperibh¢ weneb\reai d
pol ymer nelt (ﬁgi ts said extrusion die  assenbly, further conprising a
heating means M@h EEIPGTaiHEn Plasieim FEAENGHNS stsfanaies, sg@mies pBER omay obe sai d
pol ymer nelt I t r . L and
al so incl udes %P@ﬁgr@?%%rrgggéﬁgﬁ%?ﬁlﬁgﬂ%g ’ %Hgﬁérg‘g‘%m%é@é}?%{aga?%%é‘gﬁ? means
conpri ses a heaper depsitmntiedimigtiet.h t he extrusion orifice pattern; wherein
said heating neans is proximte said ecﬁ;igt openi ng; wherein said downstream

zone further BWbri siphsy praicmed sahpdiment; ofathe chRaris, isc afy exHusign Fipassage
and contiguo ] : [RreTa k] | | Sald die
assenbl y; y\hga'r% g%lglga‘%glﬂé%\?\‘f%% ?éegﬂlageo%g Erlt?%éas? 0§0%$S?g%§% glglkﬁ?%g%ll ap ?gn

mat eri al conceystream ainkhcosgirded af sagepeaing 0o pédeptingla pdlyenmeltdasinga
portion of saigmgeati ng means, and cqntiguous with said_passage at said
exi t opening; WHERPRPTaRIY Lpusinigiermediatiaetoe Apn spycying g palymmansladrfg a
substantial |y 49" SGhariahP bold Mitdththy ORERAGIER i€ GEEMID ot SarP Qi TET
melt to said exit dpening; erel n sal él e plate conprises plurality of
said at | east opmippsdagby sdidpelymesanelt dixés phidt extiusioa disvasedrhbly) fordiee

pl ate; wherein said die plate corrptri Seﬁéﬁ) first plate having an upstream
face and conpr PERPISIaG A deatRg means 105 seid fdogmsirease eonf Wherely Aklsertg portion
downstream f ac 3 | ‘ ' ' lui dical |y
connected by gglﬁagtﬂ g@%ﬁ?ﬁ%ﬁ% %e;%gggye?éa\?\ﬁe@gﬁ%ﬁgéﬁ%%ga %Fgl%aiei 12"5‘??6&&3 es a
plurality of salsd imtluddsemete preferpeisenbedimenisncs an gviergh sael béggingfmeasd at

| east one passage and wherein ] ] . . . .
P cgmpnses a heater concentric with the extrusion orifice pattern; wherein said

heating means is proximate said exit opening; wherein said downstreamn zone
further comprising an insulation material concentric with said passage and
contiguous with at least a portion of said heating means and said die assembly;
wherein said downstream zone further comprises an insulation material concentric
with said passage and contignous with at least a portion of said heating means,
and contiguous with said passage at said exit opening; wherein said passage is
generally cylindrical and having a substantially uniform diameter from said
opening for receiving a polymer melt to said exit opening; wherein said die plate
comprises a plurality of said at least one passage; wherein said die plate is a
monolithic die plate; wherein said die plate comprises a first plate having an
upstream 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



said first and second plates are fluidically connected by each of said at

| east one passage; wherein said die plate conprises a material sel ected
from brass, stainless W 2005/040232 PCT/ US2004/ 027228 -25 steel, and

| nconel TM wherein said insulation material is selected fr ' ( .
tenperaturevﬂ?ﬁ@Pﬂ% fznachineable ceram cs, ceramcs mhichqﬁgebﬁguﬁ%gg§ited
by spray coating techni ques, and ceram cs_which nmay be deposited by vapor
deposition techniques; wherein said insul"dtton material is selected from
hi gh tenperature plastics, machi neable ceram cs, ceram cs which may be

deposited by spray coating_techni ques, and ceram cs which may be deposited
by vapor deposgFel gwdt B@ﬁﬁ&qu‘esﬁhexﬁﬁbrséidnu@ala&og dugadalpisaselesied ofrerat highi t

part. [01021 Y, ' he g red enpodinent. of .the rat.u

part ob0102L Bkl ARSRCRESLEL! SslRIbodirn R AR by
having at | easkprapecosdip ieh@igustl endr téramiss SRidh bRt BE :!?wm@i ¥yl vigdr face
to engage said at | east one extrusion die orifice of said resin shaping
appar at us and depassiend tachaigueppukireia saidilosulation mptegiel imselestedt fromehighssage

b idfir d d_f d i al ' i d |
one.extruei on rEPeses BESRR medfiRLR Bt Bt by B8 BBy’ °°"
fluidically cogpmagt eshimpdicohgigaRy mdmedhfitsMihedh dlayPBs Sddposite!thyObas d at.

| east one extrusion die orifice nay be heated by passing through said
passage of sai depasiéon teplimiqursawbereingatl secontbplats ipa caifofié pettect ri cal energy to

said nonolithi eat ey, and al so mor.e pyeferr.ed di nent s, i ncl.udi ng an
hsul ati on | medGofar o et S Bl ARGRel SBhifear PT o, ikt AfHERE One
passage; wher einforivditiflc HeeRE €6 rollbEEing! a irSsi$ hgsihe dppdrais Havfify atSleadt WneSS
steel, and Inconel TM wherein said insulation is selected from high

t enper at ure pl g&rhgen digetrifipeagidehentsrdmving a fusirfaes tosengngersaithgt lsestdmsosi t ed

by spray coati achni. g apd .ceram . Whi ch ki .vapor
deposition t ec%%réﬂgg ;Hl?/\#llgﬁgf ﬁpgaéi& geﬁixgngt?%}ng ﬁ%‘?/%r%tg?én‘ggnsg?@qu ?"g?’Pﬁ%’ﬁ"‘ r
perineter and gaMofitht FROGI Al lesti dhet Pedsageehét@iert 8hidNfilRg andNsdcofv® facdk anmat er of

said heater, said heater having a F urality of at |east one passage
wherein the thisshsieatiallyrmeting sad ek eapleensoerrusingie jorifices wherehl saidagrifices ec ond

et or - ho1 0t el TR WE AP Eam I AN ALY HONE fhalf pilAe
extrusion di e oussfsdid yt leadtiont sxRgicindiextifivs an be heatbdby passtagdihedughishid of

extrusion orifices and . . ) . )
passage of said monolithic heater, and means to provide electrical energy to said

monolithic heater; and also more preferred embodiments including an insulation
material on said second face; a plurality of said at least one passage; wherein said
heater material is selected from brass, stainless steel, and Inconel™; wherein said
insulation is selected 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 immer
diameter.

[0103] Yet still another preferred embodiment includes -an extrusion die
assembly comprising an extrsion die having a pluralify 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.



the nmonolithic heater as set forth above, said nonolithic heater having a
plurality of extrusion orifices fluidically engaged with a plurality of
extrusion orifices in said extrusion die. -26- CLAIMS 1. A nethod for
petletizing a polyner resin conprising extruding a polynmer resin nelt

t hrough an extrusion die assenbly conprising at |east one die capillary
having a die exit hole, wherein at |east .agportion of said die capillary is
heated so that the tenperature of the die exit portion is greater than the
tenperature of the polymer resin nelt. 2. The method of claim1l, wherein
the polyner resin nmelt conprises pol yet hgLaddS 3. The net hod according to
any of the above clains, wherein the tenperature of the die exit portion is
about 30-170C greater than the tenperature of the polyner re5|n melt. 4.
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t he above claims VR e|n said polymer resin nelt conprises an LLDPE,

wherein said LLDPE has a Melt Index less than or equal to 1.0 dg /mn at
nmeasured by ASTM C-heapghodrof cigim nvehgesin %@é@elmermgﬂsmdn%lhgrorwrlssheolaﬁbsd@lec| ai ns,
wherein said polyner resin nelt conprises a nLLDPE, meunsmdr&UPEh%
a Melt I ndex }.ess Theanetbed aagonding to an® of tiegbaiaclaias, wheasir thd tdmypeA@Tiv olbtehbel
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wherein said polyner resin nelt conprises a nLLDPE, wherein said nlLLDPE has
a Melt |ndex 4.ess THeafethéd ecpodding Qo ady Of Mg/abbvt, claissradsieirechid yolhmbM-dvit el

D- 1238, Procedure dBes ot cbns vkl préée@sif@AAr i Sing a resin obtained by the
process of any of the above clains, said shaped article having
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6. The method according to any of the above claims wherein said polymer resin melt
comprises an LLDPE, wherein said LLDPE has a Melt Index less than or equal to 1.0
dg/min at measured by ASTM D-1228.

7. The method according to any of the above claims, wherein said polymer resin melt
comprises a mLLDPE, wherein said mLLDPE has a Melt Index less than or equal to
2.0 dg/min, as measured by ASTM Method D-1238, Procedure B.

8. The method according to any of the above claims, wherein said polymer resin melt
comprises a mLLDPE, wherein said mLLDPE has a Melt Index less than or equal to
1.0 dg/min, as measured by ASTM Method D-1238, Procedure B.

9. A shaped article comprising a resin obtained by the process of any of the above
claims, said shaped article having substantially no die-exit surface melt fracture.

10. A pellet comprising a resin having substantially no die-exit surface melt fracture
obtained by the method of claims 1-8.

11. A die plate comprising:
(a) an upstream face;
(b) a downstream face;



(b) a downstream face; -27- (c) at |east one passage having a first opening
in said upstream face whereby nolten resin nmay be received and a second
opening in said downstream face whereby nolten resin maybe extruded; and
(d) a heater proxinmate said downstream face and proxinmate with said at | east
one passage at said downstream openi ng. The die plate according to
claim1l, wherein said at | east one passag¥ is generally cylindrical and
‘having a substantially uniformdianeter fromsaid upstreamface to said

dounstream face. &F. HacHonblialse @ﬁ g&%%smﬁ%&f sdid & &Le@ihq”ﬁacéjwh%eb}z
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‘further conprising an PHHEHPY frEEI“PQPe ti guous with said heater and
said die plate, and concentric with said heater about said at |east one
passage proxifmt elenfig ri¥waseardiaente slaimng, whereinrseed di leag| anecpassgoidgengrally
‘any of clains 11 exinddedl and theving enpibiteitinylyamiforrs wlizndteniromesaist ipstrego foentor i ¢
with said at | eassaibdevipirssad®epr oxi mate sai d downstream face and form ng
at least a portion of said downstreamface at said second opening. 16. The
die plate accdrdiTig de plhw elfcoeding & ah} 4fotht3clditist NEfor CONRIesdiA GafN heater is
insul ation materédikeQE GotshidCat Wasoredadsagt, dr@dekei® 98d RARIA e PAage passes
contiguous W th afydi@Rst pdriioR0sH LR h@itelsas'u %@tshlﬂgpdm?r?%eﬁﬁ& %ﬁos%l} Q?ghﬁﬁ

with said at | eas%% Q{élggp@éﬁ%%cgi@tdomgt amefé!:et openi ng

according to any erein said |nsul atlon material is

sel ected frOLiQ,r hi g ttdrce ‘ﬁ tics, chl n igmf‘_g% cerani.cs
deposi t ed by spr (S ﬂga%eagy %%:g Q:ng’\l?B ype an
deposi tion techni g@ 1on11§a W@OH ?B‘i SF ?19 aEﬂS g with
wherein said die Pt ]E‘eéltqré‘b%i“ﬁ%‘ﬁ@F cptfioge p%ﬁs%gerﬂr%ﬁl@atefgl dpR@sEcaEn pReRIng
according to any of clainms 11-18, wherein said die plate conprises a first
pl ate havi ngl&ai dThq)slmrm@tmamfémart@l agy 9écbiras pl 4o &3 Hanhen govwriging cirissuiaiom

face and sai d heamrial gaicehtfic vgth sadl ak ket moe glassags pfdximatk caidl Jovostrere tfad by
sai d at | east oneandfassiagat least a portion of said downstream face at said second opening.

16.  The die plate according to any of claims 11 to 13 further comprising an insulation
material concentric with said at least one passage and contiguous with at least a
portion of said heating means, and contiguous with said at least one passage at said
€Xit opening.

17.  The die plate according to any of claims 11-16, wherein said insulation material is
selected from high temperature plastics, machineable ceramics, ceramics deposited by
spray coating techniques and ceramics deposited by vapor deposition techniques.

18.  The die plate according to any of claims 11-17, wherein said dic plate is a monolithic
die plate.
19.  The die plate according to any of claims 11-18, 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.

20.  The die plate according to claim 19, said die plate comprises a plurality of said at
least one passage and wherein said first and second plates are fluidically connected by
cach of said at least one passage.

21.  The die plate according to any of claims 11-20, wherein said die plate comprises a
plurality of said at least one passage.



20. The die plate according to claim 19, said die plate conprises a
plurality of said at |east one passage and wherein said first and second
plates are fluidically connected by each of said at | east one passage. 21.
The die plate according to any of clains 11-20, wherein said die plate
conprises a plurality of said at |east ong8 passage. -28- 22. The die plate
according to any of clainms 11-21, wherein %aid die plate is a netal. 23. The
die plate according to any of clains 11-22, wherein said die plate

iconprises a pat er vRd §is plBCAROrdid ARy 883aindtidLAY, Gdre gl ™™
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polymer nelt exits said extrusion die assenbly. 26. The extrusion die
assenbly of 2f.ai miaSxfrusivindie assembly somgrisinpeke diegplareadsing of ctamsl 1 | dvingheream
zone whereby at | easrismgpatritasonn®passagedngdodiyigran imehl upsyeamezdne campyisedndained
to a tenperature geddigeor idaiRingiiolymat melllR@ird Hulls tedipethit@e 55680 In¥ermediate
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assenbl y accordi ng,4:Rio%l égsergga wherein said heating nmeans”is proximte to
S

said exit openi ng 29. The extr |on d| e assenbl y accordl ng to claim?25 or

26, wherein trea zone, I Si n In uatlon
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29, wherein said passage has substantially uniform diameter fromsaid
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29.  The extrusion die assembly according to claim 25 or 26, wherein said downstream
zone further comprising an insulation material concentric with said passage and
contiguous with at least a portion of said heating means and die assembly or said
passage at said exit opening, wherein said passage is generally cylindrical.

30. The die assembly of claim 29, wherein said passage has substantially uniform
diameter from said opening for receiving a polymer melt to said exit opening.

31.  The extrusion die assembly according to any of claims 25-28, wherein said die plate
comprises a first plate having an upstream face and comprising said upstream zone, a
second plate having a downstream face, and said heater, said first and second plates
fluidically connected by said at least one passage, and wherein said second plate is a
retrofit part.

32.  The extrusion die assembly according to claim 25, wherein said heating means is a
monolithic heater for retrofitting a resin shaping apparatus having at least one
extrusion die orifice;

said heater having a first face to engage said at least one extrusion die orifice of
said resin shaping apparatus, a second face opposite said first face, and at least
one passage between said first and second faces and mating said at least one
extrusion die orifice;



fluidically connected by said at | east one passage, and wherein said second
plate is a retrofit part. 32. The extrusion die assenbly according to claim
25, wherein said heating neans is a nonolithic heater for retrofitting a
resin shaping apparatus having at |east- one extrusion die orifice; said
heater having a first face to engage sai %t 1east one extrusion die orifice
of said resin shaping apparatus, a second face opposite said first face,

and at | east one passage between said first and second faces and mating
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34. The nonolithic heater of claim 33, wherein said nonolithic heater
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tapered to reduce the thickness progressively toward the inner dianeter.
34.  The monolithic heater of claim 33, wherem said monolithic heater compnses a

p]urahty of said at least one passage.

35.  The monolithic heater of claim 34, said monolithic heater comprises brass,
stainless steel, or Inconel™.,

36. The monolithic heater of any of claims 33-35, wherein monolithi¢ heater
having a generally circular perimeter and a void generally in the center
defining an inner diameter of said heater, 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.



