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Description of the Related Art

The field of art associated with thermoplastic extrusion, and
foam thermoplastic extrusion in particular, is quite specialized,
and indeed, is quite different from that typically associated with

20 metal, rubber, or non-foamed plastic extrusion. Specifically,
foam extrusion generally requires an initiai step of melting
pellets, wusually mwmade of a thermoplastic material, and a
subsequent step of mixing the melted thermoplastics with a foaming
agent, such as a fluorocarbon (whether CFC, HCFC and/or HFC) or

25 bhydrocarbons (such as propane, butane, pentane, etc.), and
possibly other agents such as nucleating agents, fire retardants
and/or coloring agents, in an isclated extrusion environment.
Moreover, the most effective foam extrusion techniques completely
contain the extrusion material during the melting and mixing

30 stages, maintaining the material in a non-foamed, viscous form
until passed through an extrusion die and exposed to external
forces. Indeed, it is when the extruded material exits the die of
the foam extrusion assembly that it will foam (i.e. inflate and
stiffen) into its ultimately usable form, such as films, planks,

35 and large sheets from which meat trays, egg containers, small

containers for butter and jelly, and the like, are formed.



containers for butter and jelly, and the like, are forned. 4 February 2004
WO 01/10617 PCT/ US99/ 17694 Accordingly, precision is inperative in order to
ensure that an effective and conplete m xing of the ing,ﬁ_d%] 2bé
‘achi eved, thereby providing for a properly configured an rg)ene us

product, and further, to ensure that the entire extrusion system5 is well

.cont ai ned wfdithodihe materi al passes through the die, thgé ﬁ.?lﬁg&dl ng
premature foam ng of the extrusion material. O course, 1n adga ron to the

above concerns associated with the formation of a foam product is the need
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15 rather precige extrusion temperature at which a desired range of
viscosity is achieved is unfortunately, less than the initial
"melt temperature", i.e. temperatures at which . the pellets of
thermoplastic extrusion material are melted, but cannot be too
much less than that initial "melt temperature" for reagons about

20 to be explained. As such, a substantial balance wmust be
maintained. For example, if the melted extrusion mixture is
permitted to cool too much, it will become too vigcous and will
fail to achieve the desired product density, becoming unusable, as
in general, it will not move effectively through the extrusion

25 assembly, let alone, out through the die. Conversely, if the
temperature of the melted extrusion material is too high, its
viscosity decreases significantly and the material is net
dimensionally stable or shapeable as it flows through and
importantly, from the die,.

30 As can be appreciated, any one of the previously mentioned
factors can have a significant effect on the productivity rate
associated with the various phases of thermoplastic foam
extrusion. Accordingly, typical thermoplastic foam extrusion
processes are often designed to maximize the regulation and

35 control over each factor. For example, a typical foam extrusion



extrusion. Accordingly, typical thernoplastic foam extrusion processes are
often designed to maxim ze the regul ation and 35 control over each factor.

For exanple, a typical foam extrusion 4 February 2004 WO
-PCT/ US99/ 17694 3 process is broken down into two separat e@%é%r@%@éogﬁd

I ndeed, often requires two separate extrusion devices |inked with one
_anot her. I.rst phase of the procedure typically involves the effective
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15 polished) and the material moves through the barrel as a result of
a frictional engagement or shear when the extrusion material
frictionally contacts the barrel surface. Moreover, it is the
shear effect combined with the heated barrel which provides for
effective melting of the extrusion material.

20 In addition to enguring that proper homogeneous mixing is
achieved, the first phase is also limited by the need to establiszh
and maintain an isolated system. In particular, the isolated
system prevents premature foaming of the thermoplastic material,
and ensures that sufficient heating energy is being applied in

25 order to effectively melt the waterial and permit complete mixing
thereocf. Many advances have been achieved in the industry so as
to maximize the flow-through rates attainable by or within this
first phase of the thermoplastic extrusion process.
Unfortgnately, however, actual output of the extruded product is

30 still limited to levels well below those achievable in this
initial phase as a result of the requirements and limitations of
the second phase of the foam thermoplastic extrusion process.

In particular, unlike conventional thermoplastic extrusion
which primarily requires a homogeneous mix, foam extrusion also

35 includes a second phase which requires the evenly distributed and



i-nitial phase as a result of the requirenments and limtations of the
second phase of the foam thernoplastic extrusion process. In particular,

unl i ke conventional thernoplastic extrusion which prim dll_- s a
- honbgeneous m x, foamextrusion also 35 includes a secorfi %Gﬁg%?ch

requires the evenly distributed and 4 February 2004 WO 01/ 10617
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15 extrusion material with the wall surface of the barrel and
internally by the material itself. As such, an increased flow-
through rate of high quality cannot be achieved merely by speeding
up the rotation of the screw. Furthermore, one c¢annot
indefinitely wmerely counter the excess shear heat that is

20 generated by providing for faster cooling merely by decreasing the
temperature of the barrel, because if the mixture cools too much,
an optimal viscous flow of the extrusion mixture is not maintained
and productive passage through the die is dramatically impeded.
Also, merely increasing the size of the extrusion barrel in the

25 cooling phase is not an effective solution as guch an assembly
would become excessively large, cumbersome and financially
impractical due to using such a large scale factor. Largé gcale
cooling stage processes also involve potentially undesirable
operation cost implications due to the typically longer product

3¢ change-over time factor and the related materials costs of such
large machines. Moreover, if one merely increases the size of the
extrusion barrel in the cooling phase and the passage through the
die is made long enough so as to allow temperature tempering of
the extrusion mixture, the resistance to flow generated by such

35 passage would detrimentally promote heat generation in the



operation cost inplications due to the typically |onger. product 30
change-over tine factor and the related nmaterials costs of such |arge
machi nes. Moreover, if one nerely increases the size of t42F‘ebr bHgk ON
barrel in the cooling phase and the passage through the ie 1s made | ong
enough so as to allow tenperature tenpering of the extrusion m xture, the
resi st ancewbeuidspw generated by such 35 passage woul d degsin®R0i-ghd Y pronote
" heat generation in the 4 February 2004 WO (c)1/10617 PCT/ US99/ 17694
extrusion mxture within the barrel. Further, this restricted |ong passage
woul d negate the normal tendency of the thernoplastic extrusion mxture to
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cool to e desire
15 perimeter layers of the extrusion material, which are in more

direct contact with the barrel surface, cool excessively and no
longer provide a satisfactory extrudate. Thus, a primary
difficulty associated with this cooling phase is the fact that the
quantities of the extrusion mixture which are closest to the shaft
20 of the central screw do not get effectively cooled, as a majority
of the heat that is extracted comesg first from the extruded
material located about the perimeter area within the barrel of the
second mechanical extrusion device. For example, as heat is
extracted, the perimeter guantities of the extrusion material
25 continue to get cooler and cooler while the interior quantities
gradually cool to the degired, rather precise extrusion
temperature. This yields extrusion material which is.not oFf
uniform consistency for proper extrusion. Indeed, in this second
phase, as well as in the fixst phase, it is also noted that
30 complete homogenization of the extrusion mixture is sometimes
lacking, and as a result the finished product can be of diminished
gquality.
Accordingly, it is seen that the overall productivity of the
present industry is still limited by the cooling phase of the

35 extrusion process. To date, the only effective means of ensuring



tenperature. This .yields extrusion material which is not of wuniform
consi stency for proper extrusion. Indeed, in this second phase, as well as
in the first phase, it is also noted that 30 conpl ete horH)lg ' of the
. extrusion mxture is sonetines |acking, and as a result %@#ﬁﬁb@ﬁ%d
product can be of dimnished quality. Accordingly, it is seen that the
overal | pr ty of the present industry is still limted b
cool i ng ph%gé?’i‘#yt he 35 extrusion process. To date, thepqmsg? ’E’]‘s%/ect ive
means of ensuring 4 February 2004 WD 01/10617 PCT/ US99/ 17694 6 an
effectively cool ed extrudable naterialgis to provide a slow, Iengthy, and
gradual cool down process so as to thicken the extrusion material w thout
overly ceol Eﬁge@:rﬁlwelgombbmeé thereidhle ardegtahsSis otAcChHeYRIA al Qﬂgﬁ! m Xxi ng
time for.j se I Z on. The assenbly of t I es I nvention
1L . Lon,
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Wi t hout ¢oRPram siNg. L he, Gu: y ,of | uct, 10, SUMVARY, OF THE
| NVENTI ON The pr esen% |nvent%|lvlon ?el%%%%{ 09‘%§Fﬁg %as:floclf f%)%%‘:eaesx rusion
assend| yherogeielaapienst r Tae ireskemtd vpoddobe pressat u@afentflgam lp@mkm:t, in any
of a var halYe e L HUIRAL3BAPCING | HeedRANfHiCH! Jbmalihes O@tﬁ%
assenbly | ncl udes ane%ﬁctgre I on, 156\2/\h|chlrece|r\[/%s and ts a rasllty of
pel | et s, 2ptefler a?&sylf%ﬁ@%hm%ﬂeesm%@ ifdovpEhreesh rare &fh%ﬁ‘ér@(%qﬁact i on
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assenbly is an agent addition assenbly. Specifically, the agent addition
assenbly is structured to add a foam ng agent to the 20 nelted or nelting
nat endal spEArt O arec eNpErRTEONM| endi ng/ mi xi ng and hormgeni zation therewth.

To this end, Lhe foamextrusion. asse m Xxi. ng senbly.
The m xi ng asrléenblpres’e i cHY 4P, ng?%ersabl I?IC|%JC?§&1 REERCERe %iﬂ

regi on, estrsﬂmtaﬂwmbﬂg bflotmgmge mtxut:herémlttce(j:msalhem ah petielei and
the .

foam product in any of a wvariety of extruded shapes. In
particular, the foam extrusion assembly includes a melt region,
15 which receives and melts a plurality of pellets, preferably
thermoplastic material pellets, and a heat extraction region.
Preferably included at the melt region of the foam extrusion
assembly is an agent addition assembly. Specifically, the agent
addition assembly is structured to add a foaming agent to the
20 melted or melting material pellets for complete blending/mixing
and homogenization therewith. To this end, the foam extrusion
assembly also includes a mixing assembly. The mixing assembly,
which is also preferably included with the melt region, is
structured to thoroughly mix the melted material pellets and the
25 foaming agent, thereby achieving a purer, more homogenecus
extrusion mixture. _
Unlike the melt region, the heat extraction region of the
present invention is structured to extract excess heat from the
mixture of melted material pellets and feoaming agents so that the
30 mixture can achieve an extrudable temperature and consistency.
Preferably, the heat extraction region includes an elongate barrel
through which the mixture flows. The barrel, which is preferably
substantially enclosed, includes at least one inlet and at least
one outlet defined therein. The inlet is structured to receive

35 the mixture of melted pellets and fecaming agent therethrough,



25 foam ng agent, thereby achieving a purer, nore honogeneous extrusion
m xture. Unlike-the nelt region, the heat extraction region of the present
invention is structured to extract excess heat fromthe g \e 0864 Melted
- material pellets and foam ng agents so that the 30 mixture can c I eve an
extrudabl e tenperature and consistency. Preferably, the heat extraction
regi on i ncwodemean el ongate barrel through which the mpgpdrsgoifsaws. The
" barrel, which is preferably substantially enclosed, includes at |east one
inlet and at |east one outlet defined therein. The inlet is structured to
receive 35 the m xture of rrelted pel | €& s and foam ng agent therethrough, 4
February 20 4 01/10617 /U899/ 1769€1 referabl fromthe nelt region,
for passage 1HtoYt hE°Bat ee tO&?EéPﬁtl %’F)FP%S?ESSéH XN e RETBArrel of the
heat ext ract itsopeegt tvels c'asbeaédaxitﬂﬁ(themﬂaﬁﬁémﬁtutﬂﬂa hSaeCéiﬁfe%th)én t he

heat structure draws heat fromthe barre |IC]UId 5
cool i ng, '%{ile%le]%(r)gr eé r%%%%n%ét AT O r'ﬁruﬁguﬁ?m uEBeﬁTéﬁiﬂé’d p’%‘l &tand
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extraction regi'on is i €~ ext rusion Ser oW
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Struct Uridird Qhalgob et el WIRD.HAR1 D Ll RNLAl BSodh Guant Ly of the

m xture of nelted pellets and bl own to urge the mxture
of melted pelRiEPesgRdwbY i diaaderrelt ofiarls f¢rt cxtirart dén trrgivar iel , t he

extrusi o SHecbuhbhes IbdmElivdessated €ast TANE SEHEWibhINLrkhe j8Ccrew
fllgjg IS %eferably structured to wap around the extrusion screw and
by PR

t her T@biEoR TR LtiDIFCEEY ﬂ%l%H%\ﬂ%Sﬁoéﬁée‘l’ltﬂblmﬂéé paverelniapdur e
towards idiesautibetred the bat4tel . chareiflewhkba aqf exgrr&f f @ehit¥ens Canpl ete

and even qi tyn?e d coolin gl_{Ntlig 'xt Ie 20 of nelted pellets _and
f oani ng %ée h& \%g? e ‘%ro 9 |t§E P8 etfshé_mﬁ‘r ELeNE Y riRASHY -on TPur t her
includesozdaﬁeastunme thﬂtmlxture of melted pellets and blowing agent
towards the outlet of the barrel, the extrusion screw further
15 includes at 1least one screw flight. The screw flight 1is
preferably structured to wrap arcund the extrusion screw and
thereby rotate upon rotation of the screw in order tc urge the
mixture towards the outlet of the barrel. 1In order to achieve
effective, complete and evenly distributed cooling of the mixture
20 of melted pellets and foaming agent, however, the screw flight of
the pregsent invention further includes at least one, but
preferably a plurality of circulation channels defined therein.
In particular, the circulation channels are generally precisely
positioned in the screw flight sc as to receive quantities of the
25 mixture of melted pellets and foaming agent therethrough upon
rotation of the extrusion screw. Accordingly, upon receipt of the
quantities of the mixture of melted pellets and foaming agent
through the circulation channel, an effective circulation of the
mixture relative to the barrel is achieved and substantially all
30 of the mixture of melted pellets and foaming agent will
substantially unifeormly come into cleose proximity with the barrel
for effective and even heat extraction and cooling thereof.
Lastly, the foam extrusion assembly includes a die. In
particular, the die is cooperatively disposed in £fluid flow

35 communication with the outlet of the barrel, and can take on any



preferably a plurality of circulation channels defined therein. In
particular, the circulation channels are generally precisely positioned in
the screw flight so as to receive quantities of the 25 mggdla0foh®! ted
pel l ets and foam ng agent therethrough upon rotation of the extrusion
screw. Accordingly, upon receipt of the quantities of the m xture of
nel t ed pel@bGiogrd foam ng agent through the circul ati egraikegmieds, an
effective circulation of the mxture relative to the barrel is achieved
and substantially all 30 of the mi xture of nelted pellets and foam ng agent
will substantially uniformy come int$¥ close proxinity with the barrel

f or eff%&tive qgg eveg Qeal %%t action and cooling thereof. Lastly, the
f oam extFust W ERFendt y PRI e E i 8° PR “RarerEivar thendigFere sof

cgopgrahﬁ?&bﬁ géspﬂsedtkhfbhmidgfdgﬂﬁ§s35acOﬂ%FHHxﬁﬂdda?léﬁEémﬁér%;@uél?t of
the barr can take .on any. 4 Februar 4 \\D 0617, PCT/ US99/ 17694
2 of a r%%’e E?HE?U esit é’&dieﬁrﬁ% togmL 8 %%Sjr%%céi 8p?heq$ﬂ({%te r e*oi*s HBPPed
pel | et s enid ffoam hheadéat shatt thdeniexttured degentetper fdbani'e, and héweetbyough in
order: t a, gdesj p d..it J.s upon exit fromthe die that
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t he m x egi ns oat "an ere ‘produce the finished, extruded
product. It H& am ebj ebiect o¢ohetlpr axmsenitniavenbhon ot priovdvdaea af Gapm

extrusi I i i,n | i bs i al.ls
st 11 borS2opeon Yefiinely WL St Ml B BIS Bl LA bl v
di spose@iftEFRPHE ERct b rqasil inghef £t srohaopphest | the pxtrgseet inEte@riny and

uni f or My xie@Rderd g oabs tattial |ohel badfe it hern PSR NBE £ddidkyeal,, an
appropriate extrudabl e tenperature correspondi ng the_polynmer or substance
bei A usffigdephdyhfas FRIEIOHY eXERRTIANT nPUerantiBAYr tHer ©bj &8 of the

present @agseEbby | SatriH10Vade an HprophfidshoneassaEbly Wésdeeamrbe
utilized with existing extrusion .structures wthout substanti al
T0di 11 CAHTGRPYBHRR CIF POBERR Y RPFERRCT e PREIGVBEAE PHhbhghput
rate to the ashtiresedn wixtwwel s as high as generally about a ten to fifty
percent A further object of the present assembly is to provide an
15 extrusion assembly which can be utilized with existing extrusion
.structures without substantial modification, vet which
substantially increases the overall throughput rate to be achieved
to levels ag high as generally about a ten to fifty percent
increase over currently available through put rates, without
20 sacrificing product quality.

Another object of the present invention is to provide an
extrusion screw which can be effectively utilized in existing
extrusion agsemblies, and yet which more effectively provides for
uniform heat extraction from hot and melted extrusion material,

25 without overly cooling the material or heating the material, while
at the same time, still substantially increasing the flow through
rate to be achieved.

An added object of the present invention is to provide a foaﬁ
extrugsion assembly which substantially overcomes the limitations

30 commonly associated with the cooling phase of the extrusion
process.

' Also an object of the present invention is to provide a foam

extrusion asgsembly which effectively increases the extrusion

production rate without significantly increasing the size and/or

35 complexity of the structure to impractical and uneconomical



i ncrease over currently avail able through put rates, without 20
sacrificing product quality. Another object of the present invention is to
provi de an extrusion screw which can be effectively uti IJ,; u%rgz%j-ts“ ng
extrusion assenblies, and yet which nore effectively providés runi form
heat extraction fromhot and nelted extrusion material, 25 w thout overly

cooling thgowpiwi4 al or heating the material, while at § Sgg,ﬁl%ggi ne,
still substantially increasing the flow through rate to be achieved. An

added object of the present invention is to provide a foam extrusion
assenbly which substantially overconesgthe limtations 30 comonly
associated wth the cooling phase of the extrusion process. Al so an object
of the p %\é‘ye\"irﬁ' invention is to provide a foam extrusion assenbly which

ef fectively i easehekhebgutt st Ahe Rreduati SRvéa!@nMikhedt psbanid icantly
increasiglgmt_rpoe Sélis e and/ or 35 co%‘%xi , of the structure to inpractical
and unec oM S EelsHTAR 15804 0 Y1661 FIBERF LR 176592 1 ats Rl e Vet

anot her ekfeciicaf ntiktupeesadt ehavess i it SsulstHAMRLETEy A {hefompiBAStdic
extrusio cr s e pvel y.circulates the extrusion m xture and
ensur%s f gt Su r\g{%&gjpi aﬁ%ﬁﬁ r%tfeg VorY §ridhemé‘§<f? Yon SARE ur EPte

ef f ect i veFgxigmid yunifedr iy bembsekhractpimxisnnfacwi oif the besteExst amid ng
surface ofthe barkebnBi,the extrusion assembly. Another object of the
present invention is to provide a thernoplastic extrusion screw which
subst anti al | YAnR¥dief| ezbiasd aD thewppaseetn ingennidy éxhitbi trebviyear

ext r usi OpndindpilaR Wit Nixt 3R 184! luskan m%%n@élxyascthﬂsig% PLOY] A0 TRy €

ef ficient_and uniform processing thereof an I eving significan

advah@est 19V (R texfenoRpavhi Gicthifd tedt byice spcaygéon i wipyguydthistan |

anot her epfacdic ddhemBlesenheidMeHrRnditigt AoPE OV iR ich? anlihghMBRkASEI C
extrusi on screw whi ?‘h ef}_ectl vely circul ates the extrusion m xture and

provi desPECSTHEEhEFEEFY*- b G U RantR M fgir gt af f T3 G0 deicFhe rate

at which the extruded product isg produced.
Still another object of the present invention is to provide
15 a thermoplastic extrusion screw which effectively circulates the
extrusion mixture and provides a substantially homogeneous and

high quality product.

BRIEF DESCRIPTION OF THE DRAWINGS

20 For a fuller understanding of the nature of the present
invention, reference should be had to the following detailed
description taken in connection with the accompanying drawings in
which:

Figure 1 is a perspective, partial cut away view of the foam

25 extrusion assembly of the present invention;

Figure 2 is a sectional, partial cut-away view of the barrel
and extrusion screw of the heat extraction region of the foam
extrusion assembly of the present invention;

Figure 3 is an isolated sectional view of the screw flight of

30 the extrusion screw of the present invention;

Figure 4 is a cross sectional view of the screw flight of the
extrusion screw of the pregent invention;

Figure 5 is a cross sectional, isolated view illustrating a
first embodiment of the circulation channel defined in the screw

35 flight of the extrusion screw of the present invention;



BRI EF DESCRI PTI ON OF THE DRAW NGS 20 For a fuller understanding of the
nature of the present invention, reference should be had to the foll ow ng
detailed description taken in connection with the accony ngs in
. which: Figure 1 is a perspective, partial cut-away view oaﬁ%ﬁ"égyggﬁ%{m
extrusion assenbly of the present invention; Figure 2 is a sectional,
partial cut-away view of the barrel and extrusion screw of the heat
extracti onVP8YI%H of the foam extrusion assenbly of t hPPFASIYKHE4 nventi on;
Figure 3 is an isolated sectional view of the screw flight of 30 the
extrusi on screw of the present |nvent) Figure 4 is a cross sectional
view of the screw flight of the extriusi on screw of the present invention;
Figure 5 is a"lgnﬁsss siectal elaahs ssd e, viewl atdStieat i NBust rdd kSt an

enbodi ment, 0 %he circu ciatl % nel defjrned in the screw 35 fli %ht of

t he extrusﬁ%ﬁl SV BWPBC r 8&e Rt AVERLT U SRaBPEhr D04 WO 68F10617
PCT/ US9¥ kE604148ht fwhe 6xtsusi@i G eseoli ohdlprdseakal ek ©; and
illustrating It rnative enbodinent _of the circul ation channel .defined
in the scr ev]i:/%gfl?gh of "%hseechltornﬁgl’oﬁes%?%%lo‘fe vﬁswp?%s@ﬁt A YRREREER:  and
Fi gur®e Tembxdimeptt POt quenspéoni serew evi dfheaprabérr natvereiobh. embodi nent

of the extrusi; t e .oV | gf erence n rals
refer to |i kg'lgcgr ?%E'?}%%Ig%%h%& B rlieéfv%rg &?gﬁsb‘%&? I&PuﬁﬁoﬁﬁsgﬁeﬁETAl LED
DESCRI PTREIGTER 'VF-EWPRE?ELRRE@@NB@E?NEI\H’ 10 The present invention is
directed towards a foamextrusion assembly, as illustrated in Figure 1 and
general |l y indi cat ed as 10. Speci f | cal I t he extru5| on assenbly 10 is
structur ED 3 By (EMBOREMENT whi ch f oans upon

exposire to TR %@éﬂ@' 11@0@1&1{%@ dlrs:é?;rt@ar tbRaPAOUMCEo Ry fdNishad0r seni
15 finished product. To this end, the foam extrusion assenbly 10 of the

present % Yon 2fay L bBSHFF 19 i i tHPTE Huisér dsperally indicated as

10. Specifically, the extrusion assembly 10 is structured to

a¥a

produce an expandable polymer plastic which feoams upon exposure to

an external environment in order to produce a finished or semi-

15 finished product. To this end, the foam extrusion assembly 10 of
the present invention may be utilized with a number of
thermoplastic polymers, including but not limited to polystyrene,
polyethylene {PE), polypropylene, PET or other similar
thermoplastics, including feoaming or expandable thermoplastics or

20 other materials which may be utilized or developed in the future.
As illustrated in Figure 1, the preferred embodiment of the

foam extrusion assembly 10 of the present invention defines a
tandem type assembly, although a single, in-line and/or
intermeshing twin screw assembly may also be utilized, which if

25 utilized, should also be considered as being within the scope and
spirit of this invention. With regard to the tandem assembly
illustrated in Figure 1, however, the foam extrusion assembly 10
includes a first "melt region", generally indicated as 20, and a
second "heat extraction" region generally indicated as 40. The

30 first melt region 20 is structured to receive and melt a plurality
of thermoplastic material pellets, which preferably form the basis

for the product, such as the foam product, to be produced. As is
conventional in the industry, the preferred embodiment includes a
larger funnel type solids inlet 24 wherethrough large quantities

35 of the raw material, such as material pellets and the like, may be



t hernopl astic polyners, including but not limted to pal ystyrene,
pol yet hyl ene (PE), polypropyl ene, PET or other simlar thernoplastics,

i ncl udi ng foam ng or expandabl e thernoplastics or 20 ot hegr F@"tj i whi ch
. may be utilized or developed in the future. As iIIustrat%eF .nﬂ?g{ﬂ‘?e 1,

the preferred enbodi nent of the foam extrusion assenbly 10 of the present

invention @ahifRe @ tandemtype assenbly, although a sipgghReosi76m! | ne
and/or intermeshing twin screw assenbly may al so be utilized, which if 25

utilized, should also be considered as being within the scope and spirit
of this invention. Wth regard to the/tandem assenbly illustrated in
Figure 1, however, .the foam extrusion assenbly 10 includes a first "nelt
regi on", 1‘@%5‘:\?;6\?‘1&% 1PhYi EBE dWPlds 891800 a YeSoMFSeheht B HEE Rty egi on
gener al | yhé nehteatied a2146tsThey 30ndiudd oLl beghosr 20y1 saddilcuat wiypd to
receive ar esIt rplura}cll_libt @{ltﬁerrmﬁlaﬁtic terial pellets, which
pref er abl§ Torh t 18 Basi SP%For TREPr 0F0EE S st 't ESEIMPT-ddaBE, to be
pr oducedpaisidid ategonue rdnyraherncohii qurditsibhryof tie paeteiskdieidhodanent

i ncl udes r ne ol i i.nl et .24 wherethrough l.arge
quantjéfOI ti léeg %@%e?&te ﬁféygawl‘tr%ac%%%ie% ,lng%c et eI]’Tgt B A t|§§I ?cé SHW %tuﬁgtl i ke,
may be 4nEEbingarthea@ef .\WO BitheshdrPCTAIS89/dl769% relt iregioducédmamt 0 t he

nelt regi S i .. e ri I S
i ncl udeggﬁ%}ll@be%l%%%y ?%défcgfﬂtg%/pgezsgﬁq e(%gs}ftalqg‘rggerf %%u%gg F'EEI ggEZ,

chunks, #inesERtepongbringef PRI rfde partsnidlatrellmtanyint ke dordfegaedti on of

the matephigbaWpirg) GaR Rehe gegysﬂi@@tg,yeﬂéltaﬁoqgiugﬁelﬁaw 4 & Blda 689! On 20
for subsequent, nelti ng 5togereo . Furthernore, although the nelt regl on 20
t .

may 1§ ncPHeR E IaPgETGht> O tBE RPN ddchnghe gRtarhel Hodedir vee g
i medi at epe®i £id2019f, & NenhdPcpihat 1 P&IdtlBioh bde, PEGERCEn Altedibrent,
the nelt region 20 preferably jnc]Judes, an el gngated 10 extrusi on harrel 50
t hr ough %f‘gkﬁﬁw et erPaFoPER1RRS Y810 By Pagsdc PFi E5R | el region
t her mopl 28t aued exd rpiviferably edtivdiCibyas A8rgdtdfdrOlassebbly SIZ &3 GE tbs
con t nec 1AL A S0l NSCEb] 1o 0y 200800 LS By o ven
t he bat enrgéd peldcetgh he melt region 20, preferably by the interior melt
gorew 60' 80.as to have essentially a "meat-grinder" effect, heat
energy is produced to melt the material pellets disposed within
the barrel 50'. In the preferred embodiment, at least one heating
source, preferably surrounding the wall of the barrel 50' of the
20 melt region 20, applies heat to the barrel 50'. Moreover, the
interior melt screw 60' contained in the barrel 50' preferably
urges, 1if not forcing, the material pellets against the interior
gsurface of the barrel 50' and against one another, thereby causing
a shear effect which in practice adds the largest quantity of heat
25 to the material pellets and improves the overall melting thereof
until a smooth, yet viscous melted material is provided.

As the material pellets alone will generally not provide the
necessary foaming réaction when hardening, unless a material with
previously incorporated or micro-encapsulated agents is used, and

30 will not become the desired finished foam product, the £foam
extrusion assembly 10 further includes an agent addition assembly
26. 1In the preferred embodiment, the agent addition assembly 26
adds a foaming agent to the melted or melting material pellets,
preferably as they pass through the melt region 20. Moreover, in

35 the preferred embodiment, the foaming agent may include



15 urged through the nelt region 20, preferably by the .interior nelt .screw
60' so. as to have essentially a "neat-grinder" effect, heat energy is

produced to nelt the material pellets disposed within t r . In
the preferred enbodi nent, at | east one heating source, %ﬁﬁﬂ@é{;ﬁ?g@?

surrounding the wall of the barrel 50" of the 20 nelt region 20, applies
heat to tRe, PAbEg! S0 . Mreover, the interior nelt screw R 7&rntained in
the barrel 50" preferably wurges, if not forcing, the materla( pell ets
against the interior surface of the barrel 50' and agai nst one anot her,
thereby causing a shear effect whichW&n practice adds the |argest quantity
of heat 25 to the material pellets and i nproves the overall nelting thereof
until a HWEEPRATYRR  IYEEEUSR TRAT € ARAAPE QIS sapF RlanEdfoaminchagrater | al

pellets g engcw-dd @aneica Lii8RtwRNowadevhbene NRLe88aE Yn QA RYohBAET I ON
when hardenin unless a material with previously incorporated or

ni cr o- er?e’éﬂp%f%tw“&g}gnfee i OqREg, aghtP i Fhextraesfee He cH85PRRd
fini shedrcanahpr psiie textiriig i bAaass@duUioon @sseiyse, 10e f 1k tihRlerisasb@des an

agent_. addi tion assenbl, 26. In the preferred enbodi nent, the. agent

20a1 B ot HabsahrS BT hg a0t D AV a AGA CEgetABS e BEOB Sarb ik RS

mat er i alfyelrkedspendiref epahl yheasiebheyd phigsi dHadopghdide aRbtnxegnase0.

Mor eover,,_ in 35.t pref.erred enbodi nent .. ithe foan. ng agent i nclude 4
Febr uar ybezoﬁffmg\ﬁl%ill‘% Igeé‘?/ U@Sﬁ?%gﬁs%cuofn&g%%% rron?é bdr® and/ or
ot her equitrabentidvaminy Egemslt oregicxt @0es Fhetkef, whi cleasired, adddvol une
to the fjini r i . the f l iQ .$.he

ext 1 Uded et L eakd, SE48 (B e poBhOTRAG LIS, \AREhERy T FIERIREG

i s Ufderastersd Bditat at heelesbinhgaagent Janayiwtberbdedeaddasheto othpr ovi ded

in the [y dgpengd NG RN mkRgedesi red finished product, and nay indeed
be conbined with the thernoplastic material prior to its introduction into

the melt regPefC20RTEiRTIRAY, inFlyest radd thgndel bregEicab Ry - al Brig "WXLRASt he
agent adgdidan®nyasyenbl ¥yhe? 6miiGd! Hiddibil0 Bgeid gl HarayNidelreatingyagent
may further be added to the material pellets being nelted. Alsoh_

pr ef er alfiyFhiekcl Afed®at dthelfeft Ped@it 28T F&ea TG nEFrassBhbl WP39R The

m XiTy assAdlbplP? urgepr afher alltadefriatediBy pellets through the melt
region 20, and provides for more effective melting as a result of
the shear effect produced internally and with the barrel 50'. The
mixing assembly 27 ig structured to substantially mix the melted
material pellets and the blowing agent with one another so as to

20 provide a substantially homogeneous mixture of melted material
pellets and foaming agent. In this regard, it is thought to be
very important that a thorough and uniform foam extrusion mixture
of the melted material pellets and the foaming agent result in
order to provide a desired finished product that contains few, if

25 any, deformations, imperfections or irreqular structures such as
air pockets, irregular cell structures, etc.

Once the extrusion mixture has been effectively homogenized,
it is preferably passed directly into the second, "heat
extraction" region 40. As illustrated in Figure 1 with regard to

30 the preferred tandem assembly, this heat extraction region 40 may
comprise a separate structure, but alternatively, could merely be
a continuation of the melt region 20 as is the case especially in
non-foaming thermoplastic extrusion. More specifically, in the
preferred embodiment illustrated in Figure 1, a connector type

35 conduit 30 may be provided so as to transfer the extrusion mixture



either all or at least a part of the nelt screw 60' which 15 preferably
urges the nelted material pellets through the nelt region 20, and provides

for nore effective nelting as a result of the shear eff
internally and with the barrel 50'. The m xing assenbl y%@etﬁg&g?rﬁggtur ed

to substantially mx the nelted material pellets and the bl ow ng agent

W th one i so as to 20 provide a substantially ho m xt ure of
nmel t ed nater'?laﬁgnpel |l ets and foam ng agent. In this regggg)?’gf”?'qﬁ?”é‘ t hought

to be very inportant that a thorough and uniform foam extrusion m xture
of the nmelted material pellets and thgsifoam ng agent result in order to
provide a desired finished product that contains few, if 25 any,

def or mafr8Ms Ehenpett cEeginis B §9 reliml beaktetorantdonsyetion 4@ir Poekets,

i rregul akatebit AFUSHUEESioRt® 1 ONSErih8 R4 eusfé&imexgaaepﬁa%égegne
effectively honogeni zed, it is preferably passed directly into the second,
"heat (?%F%Hﬁf?%nml%‘%%%ntﬁ%?e%&érq"iglhuﬁqdattéd Y forgde SKERRER £Xg8#8 to 30

the preheatedicandamasertbhyiod hingxbeaé exbhadia@n (1R0i AxAPrdrBy i1 £oNpri se
a separ at F‘éSt ructure, but, El ternati vel%_, coul d nerel be a continuation of
|

y
the Rel fCPAGTONRPRRIREIphE EXLEUARRDT | HARFLRRUTRorR Hahilsg YeREr ABDI ast i ¢
extrusi ap. 3dbréegpes fhnabhyeit N ddpendanef epsed renbpdit@itaddiluskiaged in
Fi gure co ctor type 35 conduit %\% may . be ovi ded sp as to_transfer
t he - ext Fl" Eglgo%n@n'%%eu? & X‘Eecbtfﬁ’gﬁypﬁﬁﬁin lﬁ’f%i%lgfrbeﬂsﬁé‘@ Fr6dRt BB from
t he nel formgentr@@idro driveckeat t ext r aetemmmuye foantid. edthensikeamigxtiract i on
region 40 i3 strushuged.tg recei. g PLOCES t.he .extrusion ogiLxture
t her et hroulg};Dh §n8 to uni Forrrh yggxﬁgﬁgc? %xc’étgxgld%l%gt e ﬁ%\t e%r%g?on
m x&0r e temphratiare o Pt exerwiidn Snatchiiede ian tappop;i dhe extendabl e
Lenper atyne, nabkegobetdfens200yikeo300, degransnd alr enhel be depepding upon
the thernoplastic being used and the anpbunt of" gas present therern. In
arti cubaffirnle Heo F¥amMieker asEdniphet can yseabdenpreduclyy sy hehe
P . . . . . y ! .
extrusi @RtRLXi&K Bnatt-iRA RV Bedsaks Al SNRORLLALE SXtyiklaRle Vi gcosity.
If the 1g,te erature of_ the extrusion material is too hot, the material
thickened and gel-like in order to be moldable and formable
15 through a die 44, without being so viscous as to prematurely
harden. Accordingly, the heat extraction region 40 is structured
to extract excess heat from the extrusion mixture in a controlled,
uniform and evenly distributed manner such that substantially all
of the extrusion mixture will achieve a uniform and effective
20 extrudable temperature, and such that the extrudable temperature
will be achieved throughout the extrusion mixture at an increased
pace than is conventionally available.
Referring now to the heat extraction region 40 and the
remainder of the Figures, it is seen that the preferred embodiment
25 of the heat extraction region 40 includes an elongated barrel 50.
The elongate barrel 50 includes at least one inlet 31, such asg at
the connector conduit 30, seen in Figure 1, and at least one
outlet, such as at the die 44, defined therein. As such, in the
preferred tandem configuration shown in Figure 1, the extrusion
30 mixture is preferably received from the wmelt region 20, in a fully
or substantially blended form, through the inlet 31 for passage
and processing through the barrel 50 prior to formation by the die
44. In this preferred embodiment, the processing to be performed
in the heat extraction region 40 is preferably the cooling of the

35 extrusion mixture, although added phases such as further mixing



will have too |low of a viscosity, nmeaning it wll be runny and 'difficult
to forminto a finished or useable product. Thus, the extrusion naterial
must be sufficiently cooled or viscous, i.e., thickened grghggl 2bbke in
order to be noldable and formable 15 through a die 44, w thout being so
viscous as to prematurely harden. Accordingly, the heat extraction region
40 is stru 0 extract excess heat fromthe extrusiogon mxture in a
controll ed%%ﬁ%f%r m and evenly distributed manner such PREYSSiBt ant i al | y
all of the extrusion mxture will achieve a uniformand effective 20
extrudabl e tenperature, and such that/4he extrudable tenperature will be
achi eved t hroughout the extrusion mixture at an increased pace than is
convent i BAdl sV lagblievedReflerrdimg now to the heat extraction region 40

and the remednder @b Lhe Rl QW ess 1§ n that -the preferred enpodi nent
25 of the heat _extrraaé?rigp% r%%{ﬁg(r%%zo ‘H\% u%gg a]?\axéﬁec}nggf)eao%a#‘& BH The
el ongat eSBEFR@I1WD | Kegieres 40 | eb®t ene hedtet B8itrsccivms atruthere.

t i , i i , | 1 | , h
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at the die 44, defined therein. u In the ferred tan
conf i gur BERbn RIRSRA2PhY FigRw Ehe, bareeleBOr ushd RBOTRiRGlY e tcs dprwfleathl y

recei vedftpamhdeethis IR0k cale EBndalmdd Wi tQfi oS Whst %%Eg%éytﬂt&&g?d
form th{:gggk?%%étl nl et 31 for passage. and processing through the Dbarrel

50 pri or i°dn by Tt BedPesterred emPpidmpries dritee dedkb 68 FRFE LN he

processi Bgrteche paidiniderd a | dodligrd) 6ot rexiuracidyRh raesgiaonﬁﬂ@réﬁidgf efer ably
t he cool i nglof t he .35 ext Eusi on mXxture ak}éhou h added phases such as

further mxthy £Er & §H280% 0G0 BERIEER W%M%@?ﬁeﬁﬁ}lﬁl rde
achi @0edat rereimateCoofieriatd Viedyredi sposed as tdudthe Hiad r abad0eat ribei dieat

extracti ' is_a heat extracpion structure.  _Specifically, the
heat ext rggg{“?%#}loés]t égctcﬁpe 'S st ungFé%nFoa r AW hedf B’§’ra(5f effrém y*8% om t he
barrel Spgrametaccofdithyl yhatweldr sty heatl indemdt heiloxt pusf@rabliyxt drsy

cont ai ned, Wit fiy And Da3s PP d hrQuah L hes farr %5850quéz&jgﬁq_%spr g%er r.ed

. tl'fe
enbodi nent, the heat ‘extraction structure includes®a cooling structure
such as gxbr@ﬁ%gqtqpxgure disposed in a vicinity of the perimeter 51 of

15 the barrel 50, as will be described in further detail
subseguently.

Contained within the barrel 50 and preferxably sized to
achieve a precise yet rotatable fit, is a thermoplastic extrusion
screw 60, such as a foam cooling screw. In particular, the

20 extrusion sgcrew 60 is preferably made of stainless steel and also
made to be generally elongate, and more preferably, an integrally
formed screw that extends the length of the barrel 50. The
extrusion screw 60 is also preferably connected to a gear

_ agssembly, as at 42, seen in Figure 1, which rotatably drives the

25 extrusion screw 60 within the barrel 50, although it is also
possible for the extrusion screw to be stationary but with an
input force applied to urge the extrusion mixture through the
barrel. Regardless, the extrusion screw 60 preferably includes at
least one screw flight 64, which in a more preferred embodiment is

30 structured to wrap completely about a central elongate shaft 62 so
as to define a continuous elongate screw flight 64, although one
or more angled scraper blades could also define the flight.
Furthermore, while the preferred embodiment includes a single
gscrew flight 64, in an alternative embodiment, as illustrated in

35 Figure 7, two or more screw flights 64 and 64' may be disposed in



cooling coils or channels 52 preferably di sposed generally about 10 a
perinmeter of the barrel 50. As such, the heat extraction structure 52 can
draw a substantial amount of heat fromthe perinmeter of 4%@ I 50, and
indeed will preferably draw substantial quantities of heat r%&zﬁh‘é
quantities of the extrusion mxture disposed in a vicinity of the

peri neter 5 the barrel 50, as will be described in further detail
subsequent"lé(%.09 61317t ained within the barrel 50 and preferé’ﬁlrrﬂp%gﬁ’/@gyd to
achieve a precise yet rotatable fit, iia t her nopl astic extrusion screw
60, such as a foamcooling screw. In particular, the 20 extrusion screw 60
is preferably made of stainless steel and also nade to be generally
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| engt h el, 50, T US| i | so_npr.ef erabl
connect 2%1%%%5%35 Sogsgsemlglg ,‘fégsm%t %2] i%!é%%" ?%EF?E&%% a,&hv\h?%ﬁ F%‘Fat ably

drives tHE25E%t F‘E§F‘é¥ﬁscr BoRe hilh sheulshibeebhobed dihathough sictreivs al so
possi bl effomd R @l USt O &ERW fegtaﬁdSéﬁéi%igJ $1Qgg wlé[ %1%% 'sgp%_l& force
oug he rrel . Regar

applied to urge the extrusion mxture throu ' | eSs, the
ext r usi oSt e80 59r SeBrasLYY | wePudee grixingasheahing candd o iagiel i6g, whi ch

in a nmoreedqrigkaened enbed ke w139 5?;&&'&5 WRd che Yaap: Sorpl elakweabout a
central el ongate, ha%% %ZSSEP as to define a continuous el ongate”screw
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the fligdreovienr,t baenspeci it langlle opr eheldathLediodhaestrdnciudes 84Si ngl e
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7, two oftore SEF&RTTPPgHS B2 EREUSAC mk 8 pbeEaueh whiehr SRey 2004
WO 049 1084tAueCohUB28L 176 M dvs Ithmeught thonmraaat ber or side by side as in

extrusi on modtdr SCEF Lauphe P SBulch BRL IR BeneFREr (T eRR oot 64
may but ¥eewdotitéxtbadsbafire? yinl omy dthensakbné2nosusd dheadoarenelds50
dependi ng; dan 1N6,ed:Ag1 yhe2tBgu AN 05 £OQlIdN Dpon rotation of the
entire extrusion screw 60. Moreover, the screw flight 64 is
15 structured to extend from the elongate shaft 62 into substantially
cloge sgpaced relation with an interior surface 51 of the barrel
50. Indeed, that closely spaced relation between the screw flight
64 and the interior surface 51 of the barrel 50 is generally to
very precise tolerances (usually to within generally about .001
20 times the inside barrel diameter which is often about 6 inches)
such that minimal seepage of the extrusion mixture passes
therebetween upon rotation of the extrusion screw 60 within the
barrel 50. Moreover, although the surface of the screw flight 64
is preferably smooth and generally of a lower friction than the
25 interior surface 51 of the barrel 50, the nature of the interior
surface 51 of the barrel 50 is such that movement through the
barrel 50 is achieved. Accordingly, as the extrusion screw 60
rotates, the relative movement between the screw flight 64 and the
interior barrel surface 51 tends to urge the extrusion mixture
30 forward, as illustrated by arrow B in Figures 1 and 2, in
accordance with the rotation of the extrusion screw 60, as
illustrated by arrow A. This movement of the extrusion mixture
towards the end that preferably includes the outlet 44 therefore
functions to drag or push the extrusion mixture forward, forcing

35 the melt through the die 44 so as to form the foam product 45



requirtenents of the particular systemand the particul ar polynmer or
material be used as the basis for ‘the extrusion m xture. Moreover, the
speci fic angle of incidence of the screw flight 64 can kereta92089 as to
regul ate the speed through which the 10 extrusion m xture flows through
the barrel 50. The screw flight 64, which may be separately or integrally
formed w twobimesshaft 62 in one or nore continuous or SegiRRbREs4PI €CES 1S
preferably structured to rotate upon rotation of the entire extrusion
screw 60. Mreover, the screw flight 64 is 15 structured to extend fromthe
el ongate shaft 62 into substanti al | y /& ose spaced relation with an

t hat cl gsel aced rel ation
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mixture which are closest to the perimeter of the barrel 51 become
over cocled relative to the quantities of the mixture which are
closest to the shaft 62 of the extrusion screw. As a result, the
heat extraction process of conventional systems must be
substantially slow in oxder to ensure that all of the extrusion

20 mixture arrives as the extrudable temperature uniformly.
Conversely, the structure of the present invention is such
that a faster throughput rate of the extrudable mixture through
the heat extraction region 40 can be achieved by permitting a
greater degree of heat to be withdrawn by the heat extraction
25 structure 52. Specifically, and as illustrated in Figures 2
through 7, the screw flight 64 of the thermoplastic extrusion
screw, and especially the foam cooling screw of the ﬁresent
invention includes at least one, but preferably a plurality of
circulation channels 90 defined therein. The circulation channels
30 90 are preferably disposed at a spaced apart distance from one
another along the screw flight 64, and wmay extend along the entire
screw flight 64 if desired. Preferably the circulation channels
90 are disposed in a generally offset alignment from one another
along the preferred continuous screw £light 64, which may be

35 wviewed from either a top or bottom view of the extrusion screw 60,



5 Fi gure 2. In this enbodinment, nore heat is extracted fromthe quantities
of the extrusion m xture which are nearest to the interior perineter
surface 51 of the barrel 50. As has been expl ained, howgy nti al
considerations relate to the rate at which the extrusiﬁ%@?ﬁgaéﬁn pass
t hrough the heat 10 extraction region 40 in order to attain an appropriate
ext r udabl rature. For exanple, while nerely incr I heat
extracti oﬁw?gl re'IE]L:e’n conventional systens woul d appear toq’i%ﬁ'lé'&g%{g%& a

t hroughput rate, if excessive heat is extracted too quickly in an attenpt
to speed up the process, the quantiti g3 of extrusion 15 m xture which are
closest to the perineter of the barrel 51 become over cooled relative to
the quarfi BFeSC ofntHeruntx BuFECwht Gthrmed fdbosasd vedocheyshed ts®2eotot he
extrusi QRovenew e tliesildne G mbpak ﬁgaw.a%@%i%%sﬁ%o&f q%%%%figt' onal
systens nust_be substantially slowin order to ensure that a6 he
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scré® f1ight A64beahdshayn eit ehtbwteoryy tdeehemtiree fitglew 64 i g feihbilly
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as to interrupt a cross-channel flow and velocity and so as to provide a
nore t urBt eMt9%hdit keWaFApwththe Miekc BeRSSeFecitagiéinag surface 72,

15 displacing the extrusion mixture near the screw shaft 62 up
towards the interior surface 51 of the barrel 50, and interrupting
the normal laminar melt £flow, while simultaneously dragging it
forward towards the die 44. In the preferred embodiment, the
circulation chamnel 50 extends from the leading surface 70 to the

20 trailing surface 72 such that the extrusion mixture contained
within the barrel 50 passes through the circulation channel 20, as
in the direction illustrated by arrow C, shown in Figure 4, upon
rotation of the screw flight 64. Moreover, as the guantities of
extrusion mixture move from the leading surface side of the screw

25 flight 64 to the trailing surface side of the screw flight, the
quantities of extrusion mixture disposed generally at the trailing
surface 72 of the screw flight 64 are displaced and pushed upward
towards the interior surface 51 of the barrel 50. This
circulation of the extrusion wmixture through the c¢irculation

30 channels 950 substantially ensures that an even, uniform
distribution of cooling is achieved throughout the entire quantity
of the extrusion mixture, and that accordingly, a greater quantity
of heat can be uniformly extracted sco as to permit a more rapid
flow through rate. Specifically, more heat can be extracted and

35 the rate of movement can be increased utilizing the present
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are also preferably disposed in a | ower region of the screw flight 64 so
as to be in closer proximty to the screw shaft 62 than to 5 the interior
surface 51 of the barrel 50, and nost preferably, are dispasesyoengrally
- directly adjacent to the root of the extrusion screw 60. Mreover, a
perineter surface of the circulation channels 90 is preferably conpletely
encl osed awdodmti7ned by the screw flight 64. 10 As bestpcahiawsnzsa Fi gure 2,
each screw flight 64 preferably includes a |eading surface 70, a trailing
surface 72 and a perineter edge 80. %cordi ngly, as the screw flight 64
rot at es, the | eadi ng surface 70 esselftially scoops up t he extrusion

1 Xt t he .l t f 72, 15
i sl aci et Reo gy ERGEE Ll R BB r SRR P edd B ERARER (e
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channel 90, as in the direction illustrated by a row own-1n Frgure 4,
upon r GIOHE| oAYBESEhe NG ewnFIREREd 64bY MYeRsy et 00 aspeteds uaret t hewr of

ext r usi arpFeXbHE endioye shibamnhbeal e@éb@@ctswri aﬁ?cx%a%% Fyehe36higns?y flight
64 to thehr#g%%c:in surface side of the screw flight, the dquantities of
e

ext r usi 6iF WS P Ty i1 197 0aPOURESt PAT | PP« SHREUREENTINGFat he
screw fldoghtin6éeadse idi @ﬁb&&&dlandypushed upward towards the interior
surf%ce 51 o ulatlon of the extrusion m xture
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15 8uch a configuration essentially scoops in maximum guantities of
the extrusion mixture for circulation therethrough and tends to
provide a "jet" effect that maximizes a flow velocity through the
circulation channel 90 and an increased disruption of the state of
the extrusion mixture behind the trailing surface 72 is achieved.
20 Furthermore, the circulation channel 90 ig preferably structured
to be substantially short in length and with a greater inlet area
than exit area. Accordingly, as the flow converges into and
passes quickly through the circulation channel 90 the extrusion
mixture tends to exhibit a maximum swell upon exiting the
25 circulation channel 90, a characteristic that also tends to
disrupt the flow patterns and increases a mixing and circulation
of the extrusion mixture. Also in the preferred embodimeﬁt, and
as best seen in figure 3, two of the edges of the circulation
channel 90, such as the left and right edges 101 and 103 are
30 inwardly tapered to achieve the above-described jet effect and
flow convergence, while two of the edges, such as the top and
bottom edges 100 and 102, are generally flat. The effect of the
flat edges is to generally result in a slippage and erratic
shooting through the c¢irculation channel 90, creating flow

35  vortices and disrupting the flow on the trailing surface side of



19 invention since the greater heat extraction is spread out through all
of the extrusion m xture and no portion of the mxture is cool ed:-nore than
another in an attenpt to extract heat from neglected regﬂﬁéb?uar&t@ﬂ@ﬁfd’ by

. way of experinmentation it has been 5 noted that with the present 1 nvention,
f oam production output in sonme systens has increased by over 400 pounds

per hour, woepigsenting a substantial production increa vi ously
exhi bi ted maxi nuns of about 950 pounds per hour, represZﬁﬁs‘gﬁ&éﬂg‘ﬁ@%

increase in productivity. 10 Turning to Figures 3, 5 and 6, so as to nore
effectively provide for the circul ati%hn of the extrusion nixture t hr ough
the <circulation channels 90, in_a preferred enbodi nent of Figure 5, the
ci rcul att¥n et S1BY -ar e INd0RE dI §5t aperesslEr 6/ tthe labeviengecigefiace 70
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and increases a mxing and circulation —of the extrusion mxture. A'so in
t he 1§ ef'éia ed renbabimerehanned s §9'best seen in figure 3, tw of the edges

of the circulakkoyp, &t@%@ebrg@io@fﬁhiﬁéié&&d,eftheiﬂ&j&&e%g J&gg@%olg% and

103 are 30 inward é#apered to achieve the above-descri be effect and
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on tiwe treidtengasdr tReefSamleexifrusion mixture is urged forward. In the
illustrated preferred embodiment, and so as to achieve an improved
and more effective rotation, the perimeter edge 80 of the screw
£light 64 is preferably beveled with a trailing portion 84 angled
away from the interior surface 51 of the barrel 50 and a leading
20 poxrtion 82 generally confronting and corresponding the contour of
the interior surface 51 of the barrel 50. Such a configuration
achieves the necessary scraping effect, while also minimizing the
surface area that comes into close proximal contact with the
interior surface 51 of the barrel 50, to result in the reduction

25 of potential heat shearing.

Since many modifications, variations and changes in detail
can be made to the described preferred embodiment of the
invention, it is intended that all matters in the foregoing
description and shown in the accompanying drawings be interpreted

30 as illustrative and not in a limiting sense. Thus, the scope of
the invention shoﬁld be determined by the appended claims and
their legal equivalents.

Now that the invention has been described,



4 February 2004 WD 01/10617 PCT/ US99/17694-1q the screw flight. Indeed, as
a result of the above recited, preferred asymmetrical inlet area structure
of the circulation channel, increased honopgeni zation of the extrusion
m xture is achieved, and in the case of the foamcooling screw, a greater
5 circulation for nore even cooling of the extrusion mxture is achieved.
In an alternative, |less preferred enbzai nent of the circu BébroaryGoannel
90', as illustrated in Figure 6, an inward taper may be provided from both
the | eading surface 70 and the trailing surface 72 so as to funnel the
extrusign m xture through 10 the circulation channels 90'. Lastly, and as
previo EW]lndl cated, the perineter edge 80 of the screwflight 64 is
di sposed in substantially cI ose spaced relation with the interior surface
51 the foam extrusion, barr { or der tto mdn mgdf ﬁﬁeﬁgge t her ebet ween
as the 'scref ?T%Qﬁ”'zéﬂmi%“'?aé‘%'ﬁee%‘ rﬁﬂ‘&“ THEWAQ R IEREYIFEIT AP XEIYEM s ur ged
f or war dbarrbmftdteermddlmtemhmibmaesbmblye%;&&h&dnmﬁnsmgnd so as to achieve an
i nproved and nore, eff ctlfine rot.at per.i meter ??%e f_30 of the screw
3 7
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quantity of the extrusion mixture disposed at said leading surface of said screw flight and in
spaced apart relation from the interior surface of the extrusion barrel to pass therethrough
towards said trailing surface of said screw flight and thereby urge a quantity of the extrusion
mixture disposed at said trailing surface of said screw flight and in spaced apart relation from
the interior surface of the extrusion barrel to move upward toward the interior surface of the
extrusion barrel; and

an inlet area of said circulation channel being greater than an exit area of said

circuiation channel so as to maximize a flow velocity and swell of said extrusion mixture from
said circulation channel.

2. A homogenization enhancing extrusion screw as recited in claim 1, wherein said
circulation channel is defined a generally spaced apart distance from said perimeter edge of

said screw flight.

3. A homogenization enhancing extrusion screw as recited in claim 1 or 2, wherein said
circulation channel includes at least one inwardly tapered edge extending from said leading
surface of said screw flight towards said trailing surface of said screw flight, and structured to
maximize the quantity of said extrusion mixture which enters said circulation channel, and to

maximize a flow velocity and swell of said extrusion mixture from said circulation channel.



Now t hat the invention has been described, 20 4 February 2004 Cains 1. A
honogeni zati on enhanci ng extrusion screw to be di sposed within an extrusion
barrel of a thernoplastic extrusion assenbly, said screw conprising: an

el ongate shaft, said elongate shaft disposed in the extrusion barrel; at

| east one screw flight extending fromsaid el ongate shaft; said screw
flight including a | eading surface, atrailing surface, an‘HFabfpéfm%@ﬁer
edge; said screw flight being structured and di sposed such that said

peri meter edgeorRgesization eiasaing|exusion scravaseeitediin anlsse oh theatresediigsel y
spaced Jiphatiiieih QaRtirb b S @{anﬁﬁlrlﬁ&@@escgt Jéajg'? ?érfelr'aﬁl%/(?@t Qé’ghar &huchpdy an
extrusion mixture contained in the extrusmn to an end of
t he ext® MexHHzDHA pliRagaof paid sxtrysign midurg thigugh $€é% airquladion shaned epéarepts ght ;
and Sa'a@lo’%ﬂ&o@t@x fak bﬁbﬁralhﬂ&%b’r@éd&%f%"&d's‘é?ﬁﬂu&lﬁ‘teth%kébg%é&h% C%‘a””e' ext endi ng
fromsaid |eading surface to said trailihg surface t er«g sai d

ci r cul HOMeAeRERigRAT saidietutipRmixteepernit a  quantity of the extrusion

m xture disposed at said | eading surface of said screw flight and in

spaced apart relation fromthe interior surface of the extrusion barrel to
pass t Rer et Wy aiatoenizatian erhagging extrasion pew@sfraeiteddn aswpae eidthewrdcetigat and
ther eb)éla‘r’rﬁﬂ@mﬁérélH@Bﬁ'cﬁrbﬁulQﬁoﬁ&]‘%nﬁéltlﬁéﬁdé%rhn égy?‘rﬁﬁﬁtﬁca‘ﬂ'rﬁé?% Pds ﬁ)adnﬂruﬁtr ailing

surface of said screw flight and in sgaoe apart ation from
i nt er i Grilo¥RatigEroisTiq edrusionmisuEmthruonarid drctilien dipnaetandihaiedyt he interi or

sur f acendmiting a HOMddepiAabrPRErRE; and an inlet area of said circulation
channel being greater than an exit area of said circulation channel so as
to maximze a flow velocity and swell of said extrusion m xture from said

ci rcul gt i on AchnditRinization niPERERtrgabh Q&e\‘r’d%@%@&te'agn QPﬂr B@bﬂﬂeﬁ anas

recited in claim1, wherein said circulation channel” i1s fine

gener alc lajms yeiesrin g payrelity PE%%%é'éCLFﬁt@mC@aFQP'%@EPW@O@@@”@W ofsaidd screw
flight glohgate INEAROGEHFALY JHREBRADS rB& heldrddien screw as recited in claim1l
or 2, wherein said circulation channel includes at |east one inwardly
taper ed edge extending fromsaid | eading surface of said screw flight

towar dy, sai ¢ RdndddenpatiSédrmeing fexfradish §€réﬁ"¥sfréés%tm a%gnébf #etured to
maxi m ze the quantity of said extrusion m xture which enters said

ci r cul RfSSSANGIEIAEI Whespin spid PeREgteriedge & bqvaﬁd\)@tfb%tr@lyngamrh@wereqﬁf sai d

ext r usizAgledlatay fronf the MteRirdulbéLo thé bRFAUSIMBEIR] so 34 tdaERRIdRMicAR04 4. A
honogeni zat i on enhanC| ng extrusion screw as recited in any one of

t he
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gener alof shddr AbatefitscepadtChativesh shi@ pgﬂﬁﬁbt@r &8g&ofidiPaes fli@rht 8Rd gheext rusi on
m xt ure thr ough sal d circul ati on channel and create ow vortex at said

traili GERT R of said screw flight, thereby maxinizing a

8. A thermoplastic foam extrusion assembly comprising:
a) a melt region structured to receive and melt a plurality of material pellets;
b) an agent addition assembly structured to add a foaming agent to said material
pellets;
¢) a mixing assembly structured to substantially mix said melted material pellets and
said foaming agent;
d) a heat extraction region structured to extract excess heat from said mixture of
- melted material pellets and foaming agent such that said mixture of melted material pellets
and foaming agent is at an extrudable temperature, said heat extraction region comprising:
an elongate barrel, said barrel including at least one inlet and at least one
outlet defined therein, said inlet being structured to receive said mixture of melted

pellets and foaming agent therethrough for passage into said barrel,



honogeni zation of said extrusion m xture. 5. A honbgenization enhancing
extrusion screw as recited in any one of the preceding clains, wherein
said circul ati on channel includes an asymetrical inlet area so as to
disrupt a flow pattern of said extrusion m xture through said circulation
channel and thereby maxi m zi ng a honogeni zation thereof. 6. A
honogeni zati on enhanci ng extrusi on sc2&w as recited i n anyt Beluady 2004
preceding clains, wherein a plurality of said circulation channels
di sposed al ong a kédwegt extektigastdictuze oogerativelyafisposed giheaid|bayrebdrfds et
relation fr ni zation enhanci ng extrusion screw as
recited in %@&Qﬁeﬁ?;ﬁé‘*at?’b al(}?ﬁ%}gegl ains, wherein said perineter edge is
beveled with a tranIwhgsiqnosqrewMlslphaafdeuofsaldamgﬂeé@awmcjruﬁlomIscl'ehIenmlludleg aor
surface of [ [ I ment of
ai d sor ow TTELEE SPUROEAA Eipd SRk ahBishbodt iyfifhgh baG e AR
gener ati on sek rgikkia omatedaraélets@@pé@ﬁembgaMns s@ied tpyearidsreaid outietgd saifl sai d
screw flight, ap ‘da;@e extrusion barrel. 8. A thernoplastic foam extrusion
assenmbly conpri $ing: a) a nelt region structured to receive and nelt a
plurality of mat esalalscw flignidncligdingat leagt nte ahmiiatioorchasrwdbﬁr;edsthenein ured to
add a foam I gmﬁ
structured ggdggg&pemo? eﬂ/e[ﬁﬁraﬁ{ﬂegé)fgﬁ%j rrﬂ%tﬁ (ﬁertﬁtgpp)éh%}? aﬁjan hgsal d
f oam ng agergentdherathiveugh 9@>asrta@tr0tdatersegh romtuse omeﬁa@bﬂets andtfoamingexcess
heat from sg f ’,gpll gent such
that said thr&trr%%éﬂfdg%a@ b2l t@gfé?ﬁe% é?d;gérhﬂ%t%fc%gﬁh fﬂ@{@oﬁ%[nﬁl s at an
ext rudabl e Mdsﬁffém an uﬂ@i,ar%@fcsaicbtartcumom glearinghis Igeeytemh@roalpexat;aneg of agidel ongat e
barrel, sai I e t i t out | et
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barr el ’e&%%ire ?]tF g&‘ c}’re%QQe sé‘ e RLreS e p%ﬁet LR % alr'r[hffg %Q&R%‘I@égvel y
di spose sal arrel structure raw omsaid barrel; an
extr usﬁé&?ﬁucéﬁthlﬁetﬁnmeéqi@@ébefﬁ?hrwm barrel, sai d extrusion screw including at
| east one screw flight and bei ng struct ured and di sposed within said barrel
such that said mixture of nmelted pellets and foam ng agent is urged
t owar d€- sai d\ feam exrusipn sasembipas resited indeined Whereinesaid cirgyhetion sbanrdi isg at
| east eBfindd Sl AP gD G8lerdfdaEch LI Gbiine I?I-n%tafd'*bca‘i-r‘éf ed to receive
sai ure 0 o]
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10. A foam extrusion assembly as recited in claim 8 wherein said circulation channel
includes at least one inwardly tapered edge extending from a leading surface of said screw
flight towards a trailing surface of said screw flight, and structured to maximize said
guantities of said mixture of melted pellets and foaming agent which enter said circulation
channel and to maximize a flow velocity and swell of said mixture of melted pellets and

foaming agent from said circulation channel.

11. A foam extrusion assembly as recited in claim 8 wherein said circulation channel
includes at least one generally flat edge structured to maximize a slippage of said mixture of
melted pellets and foaming agent through said circulation channel and create a flow vortex
at said trailing surface of said screw flight, thereby maximizing a homogenization of said
mixture of melted pellets and foaming agent.



agent therethrough so as to circulate said mxture of nelted pellets and
foam ng agent towards said barrel for nore effective and conplete cooling
thereof; and wherein an inlet area of said circulation channel is greater
than an exit area of said «circulation channel and is structured to

maxi mze a flow velocity and swell of said mxture of nelted pellets and
foam ng agent fromsaid circul ation channel; e) a die stru¢Fabmdntaoodecei ve
said mxture of nelted pellets and foam ng agent at said extrudable
tenperature therethrough. 9. A foam extrusion assenbl y as reci ted in cI aim
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Screw HeBRRATA G bolRGich SO0 BB Pt PRT Rl el ang

st r uct uhoptbgeoization thewef.said quantities of sai d m xt ure of mel ted pellets
and foam ng agent which enter said circulation channel and to maxi m ze a
flow velocity and swell of said mxture of nelted pellets and foam ng
agent fiom dafcancéxtweioatassemiclhannadited irlclaif fDahereit said cinnlziss ehdringl as
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in claignfg. ?d&:r lf@hfl rcul ati on channel includes an asymretrical inlet

area so as srupt | ow pattern of said mixture of nelted pellets and
f oam ng agent t hrough said circul ation channel and thereby maxi m zing a

homogentazat | ORah Sifillon abdrnh LOREN I USHOR RRABENL MyByEkiyed 11 claim

12 wherein gaid crrculation inc udes a Fnwardly tapered
edges girculgtian dwnnels gisppsgdzaong ﬁIIQ]ﬂMIVQfIS@EI etyngateislsamhlgenérallysaﬁfs:étm xture of

el ted pgk +rffro°‘rp%ﬂg akgﬁa]g} ng agent fromsaid circulation channel, and a pair
of genera t ges structured to nmaxim ze a slippage of said mxture

of nelted peI |l ets and foam ng agent through said circul ati on channel and

create 4 fl Wwouprd&x II%I:I a§§é-rﬁIb]g I:l?'r%fltgg in EI':IIII:TI g,gﬁ'ne%i %%Id%lrﬁﬁléﬁ nﬂ?l 14. A
f oam extrusi on assen‘g as 'm I nclu a] y of sai d
ci r cul aubganiiyshert in lah@tbese@ %ttt@hgefatd remigtlihe efcomr@se)lndmﬁartfe;asimMure n
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as reC|te In sard circul han antially
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m xt ure

16. A foam extrusion assembly as recited in claim 8, wherein said heat extraction
structure is disposed generally about a perimeter of said barrel so as to draw a substantial
amount of said heat from said mixture of melted pellets and foaming agent disposed in a
vicinity of said perimeter of said barrel.

17. A foam extrusion assembly as recited in claim 16, wherein said circulation channet is
structured to move said quantities of said mixture of melted pellets and foaming agent
disposed in a vicinity of a base of said screw flight towards said perimeter of said barrel for
effective cooling thereof by said heat extraction structure.

18. A foam extrusion assembly as recited in claim 17, wherein said heat extraction
structure includes a cooling structure disposed about said perimeter of said barrel.



of nelted pellets and foam ng agent, and maxim ze a swelling thereof upon
exit fromsaid circulation channel. 16. A foam extrusion assenbly as
recited in claim8, wherein said heat extraction structure is disposed
general ly about a perinmeter of said barrel so as to draw a substanti al
amount of said heat fromsaid m xture of nelted pellets and foam ng agent
disposed in a vicinity of said perinder of said barrel. 4Febrhafyd®2ddd
extrusion assenbly as recited in claim16, wherein said circulation channel
i's strifct ureigamexirusien sasainkjy as tédited i @y wwid clins Bite 13 finchedingd pel | et's

and fo BOERS ' | crew flight
toward?msgallﬁ per[| ?r%rg‘k’ %@?seﬂ%p%egarérpé‘:&# %ﬁfarf)(fil?@ (\?/rg%co(sa ﬂ'&ﬂ her eof by
said heat extraction structure. 18. A foam extrusion assenbly as recited in
claim ral I ol ing

struct t?rae di g%g@e%d&ra%'gn Qggégtggge” tb?m CES’EH h%‘%rérsgélsld%%ﬁ@m&gbr uary 2004
19. A fbuetuesdtandglispesed teeiend aieng etﬂﬂ@%ﬁsmcbﬂmgaheshﬁﬁ clainms 8 to 12,
including a plurality of said screw flights di sposed a spaced apart

di stance fromone another. 20. A foam extrusion assenbly as recited in
cl ai m &1. whéyieam axtiugios assambily ag hacited in gaimu, twheeeln aaid sdrevpftigltds t o ext end

I
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at | eadean pxirddsigvagsamiblydsorgited ihslan 1, wﬁem shubs@ragdtight shedifuctupR] toA  f oam

extr USIr&QE?%I%‘ﬁ@ o's 4 rr?% %tﬁgut'sr&bgljaﬁﬂég]sg%prélﬂ%ﬁff%lﬂ rﬁlgf[ug%éfgré%i’édfdélt tands

structure rota ative to sai W T ho ant seepage
of sai doaming agentdetwasintssill peew Sigbt amdisaid bamélng agent bet ween sai d screw
flight and said barrel. 23. A foam extrusion assenbly as recited in claim
8, wherein the extrusion screwis as defined in any one of clains 1 to 7.
24. A A8t hod\ feamcadLbing aasdnokiyrae raaited inogiaim & twheeein thesgxtrigion sdeeiw ie as

t enper ALEE& Iﬁ%nkfage of QaiMEXIg#si on m xture passes through an el ongate

barrel, the net conprising the steps of: drawing heat froma perineter
surface of the barrel; rotating an el ongate extrusion screw within the

barrel 530 as ek g)?ccsd?.ﬁ%%amw%.?malrg% ol eRf i hofdkrfthre 2 hE'S

barrel; and passing at somne he ext Fust on mXx rou

ci r cul Fean AxiEusionaiXtue Prstes thiopgaen elpagatedaeres theemethiod ghnpasing H@ HepT usi on
screw apd having an inlet area larger than an outlet area, so as to
circulate at |east some quantities of the extrusion m xture which are

di sposed a Spadedinegidiom apstimaieesyrfasmof the hasrelinet er surface of the barrel

towards the Irot fild éﬁeé!@ﬁ a?é‘%f(tﬁ?:ﬁorgcrﬁpﬁnthiﬁrtﬁé’Barréi@%ra%t{éf u%@ékt’?&mn

subst anti al orm<coolin extrusi on m Xt
mixture towards an outlet of the barrel; and

passing at least some of the extrusion mixture through a circulation channel defined
in at least one screw flight of the extrusion screw and having an inlet area larger than an
outlet area, so as to circulate at least some quantities of the extrusion mixture which are
disposed a spaced apart distance from the perimeter surface of the barrel towards the
perimeter surface of the barrel, thereby achieving substantially uniform cooling of the
extrusion mixture.

25. A method as recited in claim 24, said method further comprising the step of:
passing at least some of the extrusion mixture through a circulation channel defined
in at least one screw flight of the extrusion screw and having at least one inwardly tapered
edge extending from a leading surface of said screw flight towards a trailing surface of said
screw flight, so as to circulate at least some quantities of the extrusion mixture which are
disposed a spaced apart distance from the perimeter surface of the barre! towards the
perimeter surface of the barrel and to maximize the quantity and flow velocity of said
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25. A nethod as recited in claim24, said nethod further conprising the
step of: passing at |east sone of the extrusion m xture through a
circulation channel defined in at | east one screw flight of the extrusion
screw and having at | east one inwardly tapered edge extending froma

| eadi ng surface of said screw flight towards a trailing surface of_ said
screw flight, so as to circulate at |€ast sone quantities bfebHaye00fusi on
m xture i.ch a v&] osed a spaced apart distance fromthe perineter
surfacé S'?’I"\E]"ﬁ‘&'rer Ich GHterseiq Heulahien el haphacdieyingiwbsaidi¥l and to
maxi m gifbfecsiagof e exfidsibh Mixtvel oci ty of said 25 4 February 2004
extrusion m xture which enters said circul ati on channel, thereby achieving
substantially uniformcooling of the extrusion mxture. 26. A nethod as

recite@si n ol mefod24 r@dﬁuea&n clamg Bt Im dalithéthed f@mapédn%r@mgtth@st% Qp of
passi ng at | east sone extrusjon mxture through a circulation

channel def iPREING &t lﬁ?StISQQ‘?tc’?H??ee’g%‘ﬁ@W W'W&W%htwceb@tl%gh%we&qf@aﬂ and

havi ng imat Iaée}tlmetsbﬁeﬂﬁﬂlghtfdfﬂie éXir@8ion SBrewddnd aviigl s hrfnetficd Rt lars) 88
quantltlﬁs of the extrusion mxture which are disposed a spaced apart

di st an@8 ¢ FiErHAtR &t 585t sameuantiiesfdhe extrysiongaixiuse WPGMF%IQ‘SIPCI’%C';%?HH%‘{’ er
surfac %p@ﬁ dishhce hhi Bl pRAfheted sdifsdeidtth@bdr@ oS ﬁfe'bé?‘fn&é}'s@rfﬁé‘é 6i4fRé ON

m xt ur @)%ﬁh sai clﬁ@ rcul ati o Ewrannel t her eby achi evi n% substantial ly
uni f or g disruRtiadlon paties Bhsai xfusion mirturathreuahRaidarckistion gRpnngl any of
cl ai ns tI%eﬁpa&ﬁbvn@%%st@hél@djrffwnﬁ Bedling Ve Sitrdgioh Mxtusd eps of © rotating

sai d el ongate extrusion screw having a perineter edge that is beveled with

a trailing portion thereof angled away froman interior surface of the

barrel 27w t I methbe abasditel in S0y ofafaiing 241G 26! SR MstHodFurier BbmbHsifg tHawar ds an
out | et fei ﬁt e barrel w thout substantial generation of shear heat; and

ci rcul &t9° at | east sonme quantities of the extrusion m xture whi ch are
di sposed a reiptrepshidipnjateiestragieresdren Mating awrmmr@dgé wﬁa‘t acreveledivitg darr el

Lg:"?g?ﬁq @Bglpgﬁlgn geérgﬁésng[&d?qﬁ\%yggnﬁagﬁgrgrrsgzl‘facseoofatlhe barrel, Vt}lthell’\l/ %esb%l?rse} %gt rally
as to urge the extrusion mixture towards an outlet of the barrel without substantial generation
of shear heat; and
circulating at least some quantities of the extrusion mixture which are disposed a
spaced apart distance from the perimeter surface of the barrel towards the perimeter surface
of the barrel so as to achieve substantially uniform cooling of the extrusion mixture.





