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the Invention The present invention relates to a thernoplastic extrusion
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t hernopl astic extrusion, and foam thernoplastic extrusion in particular,
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and m xi ng 30 'stages, maintaining t ri a? ‘non-T1oamed. i §¢08s
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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,.'ru_bber, or non-foamed plastic extrusion. Specifically,
foam extrusion generally requires an initial step of melting
pellets, usually made of a 'thermoplasti'cl matérial, and a
subsequent step of mixing the melted thermoplastics with a fdaming :
agent, such as a fluorocarbon (whether CFC, HCFC and/or HFC) or

25 hydrocarbons (such as propane, butane, pe_ntané, etc.), and.
possibly other agents such as ﬁucleating agents, fire retardants
and/or coloring agents, in an isolated extrusion environment..
Moreover, the most effective foam extrusion techniques completélj"'
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. 1Indeed, 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 ijelly, and the like, are formed.



v2. Accordingly, precision is inperative in order to ensure that an
effective and conplete m xing of the ingredients is achieved, thereby
providing for a properly configured and honogeneous product, and further,
to ensureWOMMI06Ke entire extrusion system5 is wel | contBGHRSIORM4| ¢ he
mat eri al passes through the die, thereby avoiding premature foaning of the
extrusion material. O course, in additjon to the above concerns associ at ed
with the formation of a foam product the need to naintain the
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"melt temperature", i.e. temperatures at which the pellets of

thermoplastic extrusion material are melted, but camnnot be too
much less than that initial "melt temperature" for reasons about

20 to be explained. As such, a substantial balance mwmust be
maintained. For example, if the melted extrusion mixture is
permitted to cool too much, it will become too viscous 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 not
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



3 process is broken down into two separate phases, and indeed, often
requires two separate extrusion devices |linked with one another. The first
phase of the procedure typically involves the effective melting of
ext rusi on WAOBI6H! pell ets, such as a thernoplastic 5 natRaespme4 i cul arly
suited for the foamdesired, and the subsequent m xing of those material -
pellets with the foam ng agent and ot her various agents, as needed.
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thernopl astic material, and ensures that_sufficient heating energy is
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so as to ,rrax_lmﬁe t he flow_through rates attainaple by or within this
first pHEEEtIrngfe ReRY nopRdst 28X EFEY ot cpelting) hgatynis efping
however ,agfified. OLmdudd,OfthehsueRace &l the otheimopl ad@ist ekt rhé it edrbn

| evel s well be] ow t hose achi evaté):;e_i n tg}j_s iniitial phase as_a result of
the requit eFBRPET arft} HHBHYat PHnLEFRI%: hE Rec oREEFRaSETAME: HR1Z and
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extrus) o EFLGEIoRaT SPamdenens Dok, Frank oW o Rire SRFLS PR TRIaTLS L

di st ri bufricctamshaElgn Icontacts 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 ensuring that proper homogeneous mixing is -
achieved, the first phase is also limited by the need to establish
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 material and permit complete mixing -
thereof. 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.
Unfortunately, however, actual output of the extruded product is

30 still 'limi-ted 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 reguires the evenly distributed and

nams



WO 01/ 10617 PCT1US99/17694 uniform cooling of substantially all of the
melted and m xed extrusion material to a point where it is at a necessary
extrusion erature and consistency throughout. Usual l @kgl econd
phase of'Wﬂélm&EEedure i s also performed wthin & very I5¥6 #@ﬂ%

el ongat ed nechani cal extrusion device wherein a central thernoplastic
extrusion screw, such as a foan1coolln€ screwwith a helix or paddle type

configuration, urges the nelted extrusion material through an el ongated
barrel toifdfrectoalingl iafy-subdtdrnicialint ealhl ofGulen méktextednBomixedat her
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machi nes. Moreover, If one nerely increases t Silze O rusi on

bar A8 iSXtEHEieBoIMakeiRlsewabl tthe pwallgesunfiasigghof hehedi barselhn@®d ong
enough sQ,:asnk91¢! EQWthﬁwﬁSEéW&f i@&@ff' NOART sudile &t IMSIOULE i1he  the

resi stance to_flow gener.ated g such passage woul d detrlnentalky pr onot e
heat gerfdyRuEBnrate (¢ highoarabsly cmmysbs/ a9iipved merely by speedin
up the rotation of the screw. Furthermore, ‘one - cannot

indefinitely merely 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 such an assembly
would become excessively large, cumbersome and financially
impractical due to using such a large scale factor. Large scale
cooling stage processes also involve potentially undesirable
operation cost implications due to the typically longer product
30 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



..extrusion mxture within the barrel.:. Further, -this -restricted .long
passage woul d negate the normal tendency of the thernoplastic extrusion

m xture to swell after passage fromthe die is retarded. Accordingly, it is
seen that WO TSt bal ance the needs of a 5 productive RATAHWH6Mgh rat e
with the requirenents of practicality and an effective and evenly :
distributed cooling. Many in the i ndusk-Fy have nevertheless failed to
recogni ze the above-described |limtatTons. For exanple, sone in the
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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 comes 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 quantities of the extrusion material

25 continue to get cooler and cooler while the interior quantities

gradually cool to the desired, rather precise extrusion

temperature. This yields extrusion material which is not of

uniform consistency for proper extrusion. Indeed, in this second

phase, as well as in the first 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
quality.

- 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

o



an effectively cooled extrudable material is to provide a slow, |[|engthy,
and gradual cool down process so as to thicken the extrusion materi al

wi t hout overly codling only portions thereof, and so as to achieve a

| onger ni WoRp®éte for increased 5 honogeni zation. The aREMRY 14 t he
present invention, however, addresses the problens and needs which remain
in the art and is able to significantly increase the flowthrough rate of
extrusion material w thout conpron si g the quality of the finished

pr oduct . IIYBRY. I t | at 0 a
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whi ch i svaftexsiads E’#éh Bt compramiaing thet @éakidy °|f-e %rﬁlf}lsgheﬁit Pyetuged to
thoroughly mx the nelted material pellets and the 25 foam ng agent,

t her eby achi evi ng nore honbgeneous extrusion mxture. Unlike the
mel 114 e R BMARY: K pASEYBN region of the present invention is

structured topmt b&‘ébeﬁ%ceﬁﬁv&@@ioﬁr%lfaft%s Nyt Ug € eriRidl8@ et eEbath
pellets and foam ng egr[bnts so that the 30 mi xture can achieve an extrudabl e
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" 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 coinplete 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 homogeneous
‘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 foaming agents so that the

3¢ 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 foaming agent therethrough,



Cooperatively disposed. with the barrel of the heat extraction regionis a
heat extraction. structure.. Specifically, the heat extraction structure
draws heat _fromthe barrel, such as by liquid 5 cooling, therefore renoving
heat fromYQ¥ ¥ ure of nelted pellets and foani ng ageRCT{UPBTEY o
ensure that the extrusion mxture arrives at the extrudable tenperature
range. Di sposed within the barrel of the heat extraction regionis a

t hernopl astic extrusion screw. This extrusion screwis 10 preferably a
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di elPs dpepudesi \afl y leasboserei Baqe diight. 35 Tbamustred i Flightt his he
out | et %fresfg‘faﬂf%r Srrudldredn dAkerdd aBYuAg! thb' e ubioh06drew and
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thereby rotate upon rotation of the screw in order to urge the

mixture towards. thg ~outlet of the barrel. In 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 present invention further includes at 1least one, but

preferably a plurality of circulation channels defined therein.

In particular, the circulation channels are generally precisely
positioned ih the screw flight so as to receive gquantities 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 éubstantially all
30 of the mixture of melted pellets and _foaming .agent will
substantially uniformly come into close proximity with the barrel

for effective and even heat extraction and cooling thereof.
o _. Lastly, the foam extrusion assembly includes a. die. In
particular, the die is cooperativel_!.y dispoged in fluid flow

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



of a nunber of desired fornms so as to receive the mxture of nelted
pellets and foam ng agents, at the extrudable tenperature, therethrough in
order to forma desired shape. Indeed, it is upon exit fromthe die that
the m xt ur¥OBUYISEL to "foant. and thereby 5 produce the fPAFUREETy¢ r uded
product. It is an object of the present invention to provide a foam
extrusi on assenbly which, during the cgpling phase, substantially
distributes the cooling effects througlout the extrusion material m xture

di _sPosrebew & hinambbe lasfg r‘fésjiﬁﬂﬁmﬁmé? tﬁEfQ:Qii%Jé&éﬁgvel(Hﬁ{fﬁ_fiﬁﬁét Yofind
uni f or renderi.ng substantia all o e _extrusion_material at an

appr opr i ]ete‘@ﬁt?ﬁ}g Be 2PEnHRABIRE LIS e 850 RBE nFFEHAaR) S herPsEakuEet ance
bei ng usgeridtudininsot@ér tdEcam aUGeSIred Hhipe. AThdééderitohjseaponf the

pr esent assegpl ig to,provide an 15 extrysiqgn assenbly which can be
Uti 1 2o 5T MR o A8 THRS dihe SHRite Reditensa "E08Tf appfafhereby
modi 3 capreduce/ afheMBicli shedhsefbiudéd Yorddidnses the overal | throughput
rate to be achieved tq |evels %Egég? as generally about a tgn to fifty
percent increase o?féroi&ﬁ?terﬁqa: e VERGHCPutor RESY1AG; fndaRm 20
sacrif i césgrysioh Gissgmbliyt yhidhptdierimbjted coblihg priaseNisubacantianiys to
provide an . e trusigglscre .mhic? c%#bggleffgptive$ utilized in existing
ext rusi o+ 2&% SRS ?aﬁ8°$%99wﬁ Tsf T orEVE % PFFHHFEE FFESTAALf or m
heat extmictursm 8isposed sudhirl ttde cbdrisl ONtheiehy amords efifekedivedyer!y
cool j ng tg . naterd al _or, heating.the naterjal, ﬁﬁi#e at. t he e tine,
St 1102 SERITTSR R, JHB e et iDL BHES PR e 0 cadth o o e an
added obg¢rctusfon hangressedt atvemti Gpproprdapeovesderaddlslan taxperatape
assenbly _which sq% tantiall ver cone he limfation 30_.co nl
associ at 80- W thot ’-sen%&%’ﬁ ﬁﬁ%ﬁ%seorofsu?)ﬁ SRSt usﬁ?o?ﬁs%be %&%ﬁoﬁbj ect
of the pthseextrumient imixthsret.0 provi de a foam extrusion assenbly which
effectively ipc t;g. rusi ion_ rate without significantly
i ncr easi ng tﬁg éﬁgéﬁéﬁd o?géé %@n%ﬁ%xg?gggﬁétﬁ%séﬁPﬁ%tﬁ?eg?opF +9%t PRal
and lUmecexromzidn \AB3ENMLI6 WhikBTLe89be1WE911ized ewktly . existing extrusion
structures without substantial modification, yet which
substantially increases the overall throughput rate to be achieved
to levels as 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 assemblies, 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 foam
extrusion 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 assembly which effectively increases the extrusion
production rate without significantly increasing the size and/or

35 complexity of the structure to impractical and uneconomical



Yet anot her object of the present invention is to provide a thernoplastic
extrusion screw which effectively circulates the .extrusion m xture and
ensures that substantially, if-not all of 5 the extrusion m xture
ef fecti veYPOABni formy comes into proximty wth t hePREHEMOEIBtacti ng
surface of the barrel of the extrusion assenbly. Another object of the
present invention is to provide a thernoplastic extrusion screw which
substantially nodifies the 10 flow peﬂtern normal Iy exhi bited by an
extrusi ggvalgiure within an extrusi on assenbly, thereby: providing nore
efficient and uni form processing Lhereof and, achi evi ng significant
advances in b FRQ%ERenORA6GH ofh Ehex Pragent pt RtRRY19 1§ sQupEavide 2|
anot her théracpladtidiceRt £6€16n | BYedli GRith eFFREOIVEEy &brouidtesdophastic
extrusion screw whjch effectively cirgulates the -'ﬁf”“ fon m xture_and
b ovi deSREESHERR ARHFAITS TACHRARAR SIRF SOREAGHAPT 1Y pi botet  AbR oF
DESORI PEhéN éXt rdsiorDRMdbdGbe20e Fecttivelly €andndanstsuitliyng comekheifes ure of
t he present, jnvention f erence sh(%tul d be gad to tgﬁaf gl | oW ngfqdet ailed
r

descri pPFERPERE VTR c‘B’P\‘% FF eI AESRFENFFn R thi ch:
Fi gure éxtsusigeragssnblye, partial cut. away view of the foam 25 extrusion

assenbly of the present ipventign; Figure 2.is sectional , part. al
cut - away Vi Q&‘%‘F&%@E&?? I °r%an'§‘éexP¥%§?rbrn éBY%’g\F’O‘?n t hd %é’at&e??f ct? on
regi on ehethieplasiic cektussion asseed| whoéht Bebptaseidliyveosdifivs Ftigeire 3
S I sol at ed_sectional .view of. the.screw flight.of 30 the extrusion
sor 2B of TPReSRy ESeh ca it BBt el 060 35, S exk Bl mBthb LW EhA A" e
screw f exghtisibn t assenbldy ,usheredyr providing pmaserdffiindenti end Bnjfioem5 is a
cross sectional, i.solat LeW i J Lr odi. 0 e
circul aP F8ﬁe%ﬁﬁ%%e&édt%° ﬁg\é‘di %Ic%‘#e%gﬁc# ng%d;’gﬁ f F%’gh%é%%?%sg}g? %ﬁs%%%gscr ew
of the ptewhkithitive extondedOp@o80081¥s ROHOAIREN.17694 /0 Figure 6 is a
cross sectio [ [« i L leu ' . r.nat i.ye ' t of
Che ol roul at Pon-LaREi, gHiRY o BhE bklledt! 1MdftidA! 1K° BB IEL

15 a thermoplastic extrusion screw which effectively circulates the .

extrusion mixture and provides a substantially homogeneous and

high quality product.

BRIEF DESCRIPTION OF THE DRAW_INGS _
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 present 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;

o




screw flight of the extrusion screw of the present invention; and Figure 7
is a sectional, perspective view of an alternative 5 enbodinment of the
extrusion screw of the present invention. Like reference nunerals refer to
li ke part WY Jhout the several views of the draw ngs.P 1

DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 10 The present invention is
directed towards a foam extrusion ass ly, as illustrated in Figure 1 and
general ly indicated as 10. Specifical’l’y, the extrusion assenbly 10 is

Structured t gigiredsces an Wé&bh&oﬁaﬂy NMEsoated ivcieaohilqnu‘seaaﬁlﬂ@oah
exposure to an extern envi (ra?% In order, to oduie a_fini shed or sem
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evel oped in_the future trat r referre

embod hent | oFikee “4SARPER: PHEFEALE. SEAGF, Lo0 1 §Re! REFEP CRPOEROEN: Fih

def i nes sevdr@idedewgpofashendtawimgs hough a single, in-line and/or

i ntermeshing twin screw assenbly may also be utilized, which if 25

utilized, should also be considered as belng mnthln t he scope and spirit

‘ (E {PRET ) illustrated in
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pr oducedprodudes amenpmrﬂabtmlpqlrymeh'epladusc rwhidhh §opme fupore expoisadenent

| ud f et t
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bead or I ca
thermoplastic polymers, including but not limited to polystyrene,

polyethylene {PE), polypropylene, PET or other similar
thermoplastics, including foaming 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 inventiom. 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



pel l ets, |arger cubes, blocks, chunks,.. flakes, powder defining
particulate or any other. configuration of the material which can 5 be
conveni ently introduced into.the melt region 20 for subseguent melting

t her eof . 3% ore, although the nelt region 20 may i REMHES/HYM,, ge vat
or other heating container for direct and inmmediate nelting of the
material pellets, in the preferred eppodinent, the nelt region 20
preferably includes an el ongated 10 extrusion barrel 50 t hrough whi ch t he

mat er i alinpebetsd a:tm:mrtg@l.mel‘ipa@gflbnalzby, of t beuirey) Y 116 eeitedStRAt .
Screw. , o ) nelt_s w 60’ t ai ne thln t he barrel
of the tE Qa@%rfal éc)isl }f)r%?%‘f% ]\/Z’f?aﬁg -l é’%éﬁ? ak¥Bfbly 22
S0 as tpelietatelarghrncuhesnehﬂockguonhﬁﬁksAsfuhkegat@bwaérpebEehSngre 15

50 so B2 Eiulale (el AriRpRles colifafiatioh S FpE et stial wHichoganc

prodﬁcebetcomménlaﬂuiynmnsmbdhcpdlintc thespmﬂedragihmraotﬂu&-h&bbehuéﬁt I'n

Sur rounEbEEA cERREeOE L FehERPbrSsCalERbIAl i bt  BEFIAR 80 o 1 s

heat toinhdudar acllasge. vHuremveotheheheatﬁmglcmntaﬂnerstmﬁmdﬁﬁécmoaﬁalned

in th 1 b th t | et
agai net heSiacd mI LY | clEOhacerdle peflELdd hORRT BrePerbtaer
therebyemhqélmgnta.QMQamekﬁfzgglwwu2ﬂ1preﬁﬁnahiwcan@dddeshanladgngated

qua?l I L& ereo‘?‘Il unt]rgti gbgn%cﬁ[d R\%lls@(&)%s"%‘negﬁtlgg ﬁa e?%%?ar%VSrS%él ded.
As the ﬁaemf-maﬂehl @t sharmla\ﬁiﬂ-ic gotongioy surewyr sucticas e interisary
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i ncor por ated or m cro- encapsu at ed agents IS uUuse
the deskPeandis sprefaxabiypdrdven byha lerge gsan nssemblysa@bBg a® tart her
i ncl Ude§oé‘&;é‘9$£‘£hﬁ§'dtﬁé Oﬂei‘ésﬁgBié{n 26; |Rst hﬁep&sEe}gis ggggg%geﬁ?tthe

agent addition assenbly adds™a foam ng agent i ng

mat &7 anrged | eizough tﬁeefneiabr?sa%n t4by Pressrahivueih thee interipsgheit 20.

Mor eovekerel N6o 3%d B@ tBr BAOLT essaitbrdigeat "méQ@—é:?ﬂiHélg' ¥Rkt MYedCl ude
[flog WO 01110617 PCT/ US99/17694 fl uordcarbaon, { ro carbon, _and/or ot her

" equi val ERETEVaRF NBTEGNCRS R med & the Mateniads RRliletswatEPaged WikR t o t he

fini shedngrggityédl 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, if not forcing, the material pellets against the interior
surface 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 reaction 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. In 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

nemn ‘




and will pronote the foam ng action when the extruded nelt. energes from
the foam extrusion assenbly 10. O course, it is understood 5 that other

f oam ng y al so be devel oped or provided in the endi ng
upon theaﬂﬁgvagﬁaflnlshed product, and may indeed; be coﬁ%&h@%ﬁrgﬁﬁ t he

t hernopl astic material prior to i'ts introductioninto the melt region 20.
Further, if desired, and preferably apong with the agent addition assenbly
26, a coloring 10 agent and/or a nucleating agent may further be added to

t he nafkudmd:czgﬂdm,t shyhlm’mganhdmecandlxlos:OptheEfapﬁbia;lekmcfuaiemgtagdmmI t
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second, maheanaleaglh%t$cﬁﬁlnsxﬂQ%tede As illustrated in Figure 1 with
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40-may conprise a separate structure, but alternatively, could nere
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extraction region 40 is structured to receive and procéss the
the shear effect produced internally and with the barrel 50'. The

mixing assembly 27 is 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. 1In 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, imperxrfections or irregular 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 alternmatively, 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



extrusion m xture therethrough and to uniformy extract excess heat from
that extrusion m xture such that the mxture will 5 achieve an appropriate
ext rudabl e te erature, often between 200 to 300 degrees fahrenheit,
dependi ng WR8KI%He t her nopl astic being used and the anoREE/USIYEEM present
therein. In partlcul ar, in the foamextrusion process it is necessary for °
the extrusion mxture to be provided an appropriate extrudabl e
viscosity. |f the 10 tenperature of tHe extrusion material is too hot, the,
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t he heatto extract iawrassgheat 40rom thehextrugiondixsnret inct ontrolled,
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 as at
the connector conduit 30, seen in Fiqure 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 melt 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




Specifically, the heat extraction structure is structured to draw 5 heat,
preferably fromthe barrel 50, and accordingly, to draw heat fromthe
extrusion m xture:contai ned within and passing through the barrel 50. In
the pref eW@®UGBodi ment , st he heat extraction structure BGTYSINEE94 cool i ng
structure such as a plurality of cooling coils or channels 52 preferably
di sposed generally about 10 a perlnetﬁg of the barrel 50. As such, the heat
extraction structure 52 can draw a sUBstantial anmount of heat fromthe

perimet gpohi1EBeplagiRievii iildiRdeed will preferably draw substantial
quantities of heat fromthe quantities of the _extrusion mxture di sposed

in a vicinit§osperabiyely netigposedof witht Hdiehabpsrelbo,5%s ofi | thee hiateri bed
in furthek detabh SepRAUeNsbY. £ont gl nedeldtt hidkdhelanr el séPuémre

preferably sized to achieve a precise yet rotatable fit, is
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Figure 1, which rotatably drives the 25 extrusion screw 60 wthin the
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through the Dbarrel. Regardless, the extrusion screw 60 preferably includes

at Y0east BEEIMRGeX, P 2arigh cBO0t n AfFECh efder é'éFaéTnb%Fﬁ%ﬁ’ﬁl‘?% 30

st ruct Urgddc® uMed P52 OBRheldaw aR0WubataaRiasl atlbundatlsr shaht &&o&p t@s to
define a continuous,_el onga}t e screw fl |a}%t 64 al t hog?h one nor e angl ed

scraper BAMEEeT, PH &PSo RAFTHe PFlle MAGhindeed WA ntH’i?fe\mﬁ ¥t

pr ef er r eshydaediiarnt quaﬁtﬂﬂﬁésa cm ng:leat scfew f&heghfgﬁﬁtxltlieén aft ethat i ve
embodi nent, as illuystrated.in noyr e screwfll s 64 and
64' may ?ié“a%%p%"s RO fP?BSﬁ? gc‘i‘/ US§§7‘1‘7%92f 1the | perimeter g‘%’e

anotiser the Silterdwl - Ssale- ass i nwilhe bél udesetited al 1121 NBhidige50 AStdil
define at .| east n?:ﬂg flow path for the extrusion mxture. O course, it
- _

shoul d HRURRRaMe the screw

Contained within the barrel %0 and preferably 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 screw 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
assembly, 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
screw flight 64, in an alternative embodiment, as illustrated in

35 Figure 7, two or more screw £lights 64 and 64' may be disposed in
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flight 64 may but.need.not extend entirely along the shaft 62 or 5 the
barrel 50. dependi ng upon the m xi ng, heating and/or cooling requirenents
of the. particular systemand the particular polyner =or material be used
as the badY@O¥I§F17t he extrusion m xture. Moreover, the sPSOVUSIYIZM| e of
inci dence of the screw flight 64 can be varied so as to regulate the
speed. through which the 10 extrusionen xture flows through the barrel 50.
The screw flight 64, which may be sep %ately or integrally formed with the

shaft 63jijd Q&I oHRY ﬁn@a@ﬂ@km&ussi’aesﬁg@t&d adl h8%HS PIRIGA Q:ggi

structured to rotate upon rotation of t entire. extrusion Screw
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m ni mal TSSMGZEMEBESt RE Ehe (RATLIC WA (BYSteHs 38 tbﬁ@%% Lﬂs?dff“\eé‘t ation

of the ¢ rsiari=HcrBY S@ed (4l NthBe bdidly e£0P0thdDIBR¥ 1 o tﬁ%%}et he
surface of the screw flight 64 is preferably smooth and generally of a
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t he_ barrel s achi eve Accqr di ngl as the extrusion screw 60
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interior barmrak sur&acelﬁhteads wwhgﬂairhﬁeeaégsaﬁwlymdﬂ L!.rrﬁ:e%QaﬁQgWﬁrd
as illus rat ures in accordance with t
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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 wmixture passes
therebetween upon rotation of the extrusion screw 60 within .the
barrel 56. 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



preferably di sposed about a perineter of the barrel 50 as shown in 5
Figure 2. In this enbodinent, nore heat is extracted fromthe quantities of
t he extrusion mxture which are nearest to the interior ' 2 r surface
51 of the"BAMII7 50. As has been expl ai ned, however, su %ﬁfhﬁﬁ ?’4
considerations relate to the rate at which the extrusion mxture can pass
through the heat 10 extraction region,40 in order to attain an appropriate
extrudabl e tenperature. For exanple, ile nmerely increasing the heat
‘extractwioic ai£ ubtimavelyi ardlizgdt aas thell Poxficion tof | BheeEifished
througzﬁlgt rate, if excessive heat is extracted too quickly in an attenpt
to spe ?ﬂ'}“‘i € process, the quantities of extrusion 15 m xture which are
cl osest to Az previmesdy dohdibetéd; rtHe hikatceanracbien smnicmhreclsat ive to
t he quantiéie of jthe m tu]{)oeuwhich are. clo‘ée‘ﬁ h)o thg gQaft 2 of .the
ext r usi BRI SHRYY AESROPEE FPouy i PERARPLEL: PR D RIFF5E RS HF SBONPehfi onal
syst®ensFimste bz. sUbsthisi amnbpdiment| nmordehetd dssexetrbhaedalfironf thae .
extrusion. 20 mxture. arriyve . the extrudabl e tenperature unifor :
Conver saTgPernes hoeiie Ser i dulv it thirhn e HedredtaiSnthisy e

t hr oughpoteriire périthetext sudfiste Bilxtafr echdirbaghel t Bo. hedis ehas abeenn

i 40 ' d ] j . , d t b
i har aohpEEle BeeVeet BUpBERALIA b 831 8he BH1 e Yo 153, rhBe C
i || ustratedvhichFi dgipees eXtrubionghmizture samewphbeghthfcugt tthe heat
th ' js f ' [yt . (] f
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ci rcul ateopexdturesl s IPoxefexaapleherwiile Therely cuirstrieasiogantte sh8@to0 are

f ' ' t th
erew  PRFei Yol fh WARRIRAR. BrBEARS Suol R HiftanniY] 6y, (N
desi reda Phrédughmity nate ciifc gxpsissivenhaat| s eftractet fmsenmiickly in
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Jorow 1 PhoAFERRb: HbOPBEN b OELE Gra0ER (end) qkhe i o BBl 1ot
t helext mistere sdviah ege vzpegmmrhpmﬁmqﬂm_thgohamb Shbecrust a
cross- chgapelobi oy f@f‘aﬁ’fxlr@cééytﬁé‘dqééht?isciéﬁé &Hcl:‘f#éj%igit e whithuheat and

m xed flow. The circulation channel5 are also preferably disposed In a
| oner r E4P8RSHItR Hees @hafts BRgRE the exrrwpion BSYEN.-cl B8 HaMitni thet o

the- schgyrshaktr8etiBAN bPocess of conventional systems must be

substantially slow in order 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 present
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 may 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 flight 64, which may be

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



5 the. interior surface 51 of the barrel 50, and nost preferably, are

di sposed generally directly adjacent to the root of the extrusion screw
60. Moreover, a perinmeter surface of the circulation channels 90 is

pref er abl YW@BMFEt el y encl osed and defined by the screwFOTY¢iI®8 10 As
best shown in Figure 2, each screw flight 64 preferably includes a |eading
surface 70, a trailing surface 72 and(.!a) perineter edge 80. Accordingly, as
the screw flight 64 rotates, the |eadi'hg surface 70. essentially scoops up
the extsgshentsi xiteLrup Wres-chahA¥Rr ffow thd PeBBCRESSSM &sd T g
surface 72, .15 di s(g]IFaci nggéhe extrusion, m xture near the screw shaft 62 up
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quant it F@?ntE' x??u%?oﬂrﬁ%%?]é’ d&?ﬁ?&&iyeﬁﬁf’g???d And Hiefﬁnﬁdl X theyr f ace
72 of tlzerser €dightgbd. 64 are di splaced and pushed upward towards the
interior surface 51 of the.barrel 50, Thi circul atiqgn of the extrusion

i xBBr o t hr oABHOERE BReHIl 4R BASHES cRanffh SPSULERANG B4 PreterPELY hat
an evenincidufiesma dileddibgt ismxrfakcecond ;| ng i sraichimey esuifucsighoutarideaentire
gquanti t of the extrugion Juxtur.e, .and_th accor di ngl greater ,
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has beerffhe normal laminar melt flow, while simultaneously dragging it

forward towards the die 44, In the preferred embodiment, -the
circulation channel 90 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 90, as

in the direction illustrated by arrow C, shown in Figure 4, upon
-rotation of the screw flight 64. Moreover, as the quantities 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
gquantities 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 mixture through the circulation

30 channels 90 substantially ensures that an even, uniform
distribution of cooling is achieved throughout the entire guantity

- of the extrusion mixture, and that accordingly, a greater quantity

- of heat can be uniformly extracted so 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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5 noted that wth the present invention, foam production output in sone
systens has increased by over 400 pounds per hour, representing a
substanti r ction increase over previously exhibitgyreeoh of
about 950%%%@(1 gwper hour ,.:representing a 40% i.ncrease in pr oductivity. 10
Turning to Figures 3, 5 and 6, so as to nore effectively provide for the
circulation of the extrusion nixture §8rough the circulation channels 90,
in a preferred enbodi ment of Figure 5  the circul ation channels 90 are

i nwar dl ynvepeied singn the brgarry heatfexra-icn dRespreadi ot sthriowah 72 of
the screynf lheginebdxchRustitl i £UHd WA AONHEFEEM | 8F! ¥neCHARtuir8 T@Xi mum
quantities _of the extrusion mxture for circulation therethrough and tends
to progeaded maxe’ EharcANPRBET el nAReftEeMPEW bRkl SXFXCE hhsagh finem

ci reul atjegleehdnfdg Hthaind 13ReLAS BFSHay b Tdiid:AheRt at 18nSi £l a P bedn®
extrusion"m xture behind the trailinhg surface 72 is achieved. 20 ]
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area. Accordingly, as the flow convergés into and passes quickly through
the ci r@@&??@ﬁtéﬁ%nﬁel’?%t@ﬁélé}t rw%tlﬁpxtweaﬁénﬁ’%ro %‘f%ﬂ%ﬂé{_ _
Maxi MIMeSHR bl + BROMaRXinhd Jof N8t ChE6Ub8tih@8 SEANMGAr I0refr L tAGEH Sti C
that also tends to disrupt the flow patterns and increases a m xing and

ci rcul athO%n ingreese X RPERIWFEINLEYre. Also in the preferred enbodi nent,

andjpas best raefingnthbi GuRrs 30 Hf ahdiessddss aaf td1andid CoEALdORe1gnaNNEl
90, such as the _|eft_ and, right gdges 101 and 103 are 30 inwardly tapéred to
achi eve RAViggofer ke  Fiheet}ak i 1l ttham EXtrusHoro By BEWER cRRT gl &heno of

the edgesrcedahiafi thanhéPsapd, bAt hopredgesed Obmishdlindd: o ergaRA &,y
flat. The effect_of  the_ flat edges is.to ‘gﬂ;rally result in a sli

. Ppage
and err &% CLEABORELOR (TR (72 arecinwe dipnsred §69mc1=aat1r<??gd=%p903v 35
vorti cessuFacd sroupid Nghé herdl Dingnstibffaté anhi 68 Thel Hedrew dA iGht\WR4 .
01/ 10617 PCT/ US99/ 17694 lg t he scr;eé\éxa:l];l 's%ht' | ndeed, .,as. a result of the
above r R CORFAPEFAEICTSTARRRT Y |FHOOPS, A0 Meri R FRanfitips of
ci r cul atina exttiruzieh, niktoeas€drheivgalat ddbhothetfet o ratsd aferds<tvg e i S

achieved, ade' 1 W8 Fafedle Wik AMGO%L"Y AP Yer3c3E§% Bhough 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 is 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 embodiment, 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 circulation channel 90, creating flow

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



5 circulation for nore even cooling of the extrusion mxture is achieved.
In an alternative, less preferred enbodi nent of the «circulation channel
90', as il § trated in Figure 6, an inward taper may be rOV|ded from both
t he Ieadlr?lﬁ Eh”r“f’e?ce 70 and the trailing surface 72 so a¥{3"SPUHIY the
extrusion mxture through 10 the circulation channels 90'. Lastly, and as’
previously indicated, the perineter egge 80 of the screw flight 64 is

di sposed in substantially close spaced relation with the interior surface

51 the themmtewusﬂmmarretnasedn asder #emulithidh ZEhscapage wleenebat ween
as the scr wfI ght 64 ff~ tates and the foam xtru5|on mxture S
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drawm ngs Dbe m?erpre e as illustrative and not in a linting sense.
Thus, the schpetly., andeaprivesniauslshdotidcaeedetthenpariméyer tesigeppendid
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screw conpri sing:
15 rotates and the foam extrusion 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
flight 64 is preferably beveled with a trailing portion 84 angled
away from the interior surface 51 of the barrel 50 and a leading
20 portion 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,
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5 an elongate shaft, said elongate shaft disposed in the extrusion barrel;
at | east one screw flight extending fromsaid elongate shaft; said screw

flight includi | eadi ng surface, a trailing surface, L.reter
edge; 10 sg’i%a‘h@g?zw flight being structured and di sposed ?&%ﬂ?sgﬂg'{swga, d
peri meter edge of said screw flight is disposed in substantially closely
spaced relation to. an interior surfac&®f the extrusion barrel and an

extrusion m xture contained in the extrusion barrel is nmoved to an end of
t‘he extrusion barrel at 15 | east pacladmey as a result of said screw

flight; and said rew fli incl udi.ng.at lLeast_one circylatiqn channel
ext endi ng froﬁi sa?g) I \tgsaedi- _r%%’t?r §ceg’€'gg%§i a2 r oFFT RGP 1 reg‘help%of 2 said
ci rcul at therndpiasiict extrusddnt capsembly 2 Guahbmbgenbdzat hen exdnhasicdihg
m xture gjcé?.?éﬁfh aécxse%'% %Jr!rn?@q_isgglﬁsurface of said 20 screw flight and in

ro

spaced apart relation the ifterior .surface of the extrusion barrel
to pass thereahr edghgabearskathi dsatidai ¢longahe f shefof dimpdsedr eim f Itihght
and therghy. %aqw_ity of the extrusion mxture di sposed at said
trailing surface of said screw flight and in spaced apart relation from
the interior 26 laastaopeoscrene Ghdightsestehding|ftam said ebowrgake mkafd ;t he

I nterior sur e Sls el i rea _of__sai,d
circulation c %ir:lcﬁegégée‘lpng%%felgt :elgleflﬁg'rhﬁsa% éei%gfﬁg e%h%%aggi’dacitrrcalﬁlélpﬁon
channel surfaceo andiaiparimetiegwedgelocity and swell of said extrusion

mxtyge fromgaid ghrgy! E%&QHt %Qiﬁﬁla%@%ctareé‘ Qagv%%gég&{a%u%ﬂh%%kng.
extrusion screw as recited Tn clal wher el n sai circulation channel is
defined B2§@neperinetemadsspat @addanserevonflaght peis nelispasgge dh sai d

o BBy RSPt N i S e R e 88,
clai m 1 ®Rer exhryaienchregrht PHA @Raerirysionuddsture| coptadned inndhel y
tapered edgeusxbendipel 98 Ack88dLBY Al IhAC OO Rkt rusion barrel at

15 least partially as a result of said screw flight; and

said screw flight including at least one circulation channel
extending from said leading surface to said trailing surface
thereof, said circulation channel structured to permit a quantity
of the extrusion mixture disposed at said leading surface of said

20 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

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

30 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.

35 3. A homogenization enhancing extrusion screw as recited in
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screw flight towards a trailing surface of said screw flight, and
structured to nmaximze the quantity of said extrusion mxture 5 which
enters said circulation channel, and to nmaxim ze a flow velocity and swell
of said eWOOWEEN i xture fromsaid circulation channel PCEUS917694

honogeni zati on enhanci ng extrusion screw as recited in claim1l wherein
said circulation channel includes at ast one 10 generally flat edge

structured to nmaxim ze a slippage of id extrusion mxture through said

ci rcul al1iaQkh clhw HLie : 18ty tra| i urface of -
said screw flig There aérr%:’lalr%équ%{ a&Lormgem Za u Qzﬁ%f%eﬂ"r%m on
m xturé—n‘“‘é‘rdAYh(‘}ﬁ@gf?ﬁidz mnggfcmnrmsllﬁad;mge\IsMabecdfedsam 15

cl ai m LaMaer eh igRel %&&&&'é@ﬁ&ﬁhﬁngﬁl»fa&'&'w%%lﬁngg%ﬁl"ﬁ {468 an ' et

area so as to disrupt a flow patter sal d extrusi

sai d ciStEMCEured Goarverinine t e capanbityi ofngadd imm:gmuonatmmdrleereof

6. A hQMGANicild SN | W reci aim1l

i ncl udin @ I ur;ﬁnty of gg?%lﬁgldfa%%%]ﬁanﬁ? gsdl‘"%%%égﬁeaﬁo?& % engt h
of sai d’eg'PGﬁgé{t and Hafell pfgeaid eﬁ#t)rbtﬁlmemlxt@ratﬂmm faddh anwaatibar . 7. A
honpgerinaahie@n enhancing extrusion screw as recited in claim1l wherein
said perineter ed is beveled with a trailing 25 portion thereof angled
away fromthe i n@g?qmg%qagé@nognkm@cm e¥trusipareetevs esasecitdddnl i t at e

rotati @lalimmyeiRitei®f did ciRWtilondHhansledt '1Y1%1hae§h§te)igﬁg§' gReharrel
W|thout subsé’zntlal generation of shear heat and seepage between said

perPneEnezaddy Jilakaefgs rdhFugtugied 4 naeiniae 1a shibpage| of38a8d To be

di sposeesublibn AlxewtsUShooudRr s£La Ofi foulADRIATHES SHbT U3kaBeagsem! y,
a horm ni zati on enhanci_n ex rusion screw conprising. an elongate shaft,

sai d e RYaV T EFAR At (ﬁaslﬁ‘ogﬁﬁ H'PQ surfacer o spidh screw, Lhight. thexebyne
screw faixght zg&ng ea dhooddriRfrdicth of0Bgal CeRbRldior Imibdchbel 11111 T1ij 1 T1II]

L CSL S iIhomovégnglz/a:tli?.gﬁkr?hgrlxcgsr?gg/e}:tz.ggglon screw as
. recited in -
15 claim 1 wherein said circulation channel includes an asymmetrical
inlet area so as to disrupt a flow pattern of said extrusion
mixture through said circulation channel and thereby maximizing a
homogenization thereof. '
6. A homogenization enhancing extrusion screw as recited in
20 claim ‘1 including  a plurality of said circulation channels
disposed along a length of said elongate shaft in generally offset
relation from one another. '
7. A homogenization enhancing extrusion screw as recited in
claim 1 wherein said perimeter edge is beveled with a trailing
25 portion thereof angled away from the interior surface of the
extrusion barrel so as to facilitate rotational movement 'of said
screw flight relative to the extrusion barrel without substantial
generation of shear heat and seepage between said perimeter edge
"of said screw flight and the extrusion barrel.
30 8. To be disposed within an extrusion barrel of a
thermoplastic extrusion assembly, a homogenization enhancing
- extrusion screw comprising:
an elongate shaft, said elongate shaft disposed in the
extrusion barrel;

35 at least one screw flight extending from said elongate shaft;
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said screw flight including a | eading surface, a trailing surface, and a
perineter edge; said screw flight being structured and di sposed such that

sai d peri e of said screw flight is disposed in tantially
il PRSP o

cl osely spac ation to:an interior surface of «the ext and
an extrusion mxture contained in the extrusion barrel is noved to an end
of the extrusion barrel at |east parQi@ally as.a result of said screw
flight; and said screw flight including at |east one circulation channel
10 ext endi ngs2#@nfsEed Fiighhgisglbdingt @ seadingaisuinfgceyr faaceratihareof

sai d Ci apkabé ONakda) iy ifldt! ggﬁgg.to permt a quantity of the extrusion
m xture di sposed at sald | eadi ng 3ufface of said screw flight and in

spaced apartSa&d asrBevwf £oiohhebpingr isgructuredcendf dispoert wsichn tmtr el to
pass thggeghr r i S trsad | ur f i dyscrew fli.ght and
t her eby urge g""gﬂ%‘%ﬁfi%ﬁét %glexsttarl?si S%Q%ﬁxtéﬁgsﬁi?sp%%e 1a5fcp°ssae| trailing
sur f ace sybssantiakly cqlegelyhtsrared relntioh dmaran rigitarior fauwrfadee of
i Nt eri OgpeSkkan8ish t I i d;th
interior esurfacelof %)Egrgét rléggl %ﬁl ltohg{ti e s;ltogingﬂg‘%uggy\%ro%t%gﬁ?ét il%ln%c Fannel
i ncl udi RFCEPELSRsPaBERL | AfaPared tapane@ndd®E dheemiitmysioombarireddiaty
sur f ace1ehstab8reL4 BNy f&é.wtresﬁﬂ\ﬁabcésﬁai&r é&i—é@gfl%fl&r&a-c ngf said screw

0

flight, and structured to maxim ze the quantity sai d extrusion mixture

whi ch ent er 53R ey &dightoAnehuding, atnkpass eari aizeulatiow aleinnslty and
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di sposed_wi thin an,  extrusion barrel of a thernoplastic extrtdsion assenbly,
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sai d scawehbbobt Hied RktTusichupadrandedi hetdeRrbhigh tiearddd Bhlk
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1% trailing surface og s\é\t?.d 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

20 said circulation channel including 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 the quantity of said extrusion mixture which enters said
circulation channel, and to maximize a flow velocity and swell of

25 said extrusion mixture from said circulation channel.

9. To be disposed within an extrusion barrel of a
thermoplastic extrusion assembly, a homogenization enhancing
extrusion screw comprising:

an elongate shaft, said elongate shaft disposed in the

30 extrusion barrel;

at least one screw flight extending from said elongate shaft;

said screw flight including a leading surface, a trailing
surface, and a perimeter edge;

said screw flight being structured and disposed such that

35
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said. perineter edge of said screw flight is disposed in substantially
closely spaced relation to an interior surface of the extrusion barrel and
an extrusion mxture contained in the .extrusion barrel is. noved to an

end of the"8RAML on barrel at 5 least partially as a restff¥USPA% d screw

flight; and said screw flight including at |east one circul ation channel
extending fromsaid | eading surface tg®aid trailing surface thereof, said
circulation channel structured to perm t a quantity of the extrusion

m Xt ur e sdiidpoperim¢tani dedmdldﬁg saa:fdacecﬁréwsaflhéﬂt scigw didgidledangni n

d th t f f, th t b |t
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oy o oxt Pue SRS B Phighll Theilifaa O ARdet BhE HBiad AL RRakER
maxi m zemgeadhngngmmzaaam leadihgw sufrfat®. tho dmidli spamﬂng\n tshlrﬁaee
extrusi Qg 985{59'55% %1 A" fERBhaéﬁéﬁné‘i“é&%c%réﬁ gge #m ho”‘)gpgh gt ' on

enhanci ng I'ONn Screw conpr ongate
shaft diofptbedextrusicon zﬁwnmeuduspoaed ragi ;sadd D.eadingrmnsliacsaNoffl sghﬂ

t epd ' : . d .| eadi
cur lce Mxsp B QBRI SbldS SBRLE RENSHibn' Gllod "ERCMERLGEL Y
st ruct usudtfand @if m@dctm@honhharrsb toipkgse charethrougfe toiwagdisdsgtd ew
f1ight k:%aﬁ!i?{?@z&g;ffébt Yoghaat h@i‘éﬁar %ifé peﬁsﬂ?b,ﬁ xgc# Qn )tg%.\gnefty

i nterior sur e extrusron dan ex
cont ai n&d the t%r@ms\wﬁuﬁa@@ma@dmtieaax@ taqiddngosurface ofr a8idn

barr el %t:retweaﬂt g@&rtaleal ¥nASg é@éu!abaeé %@ﬂtisaev]%xfdd gbﬁe 3o dposal d
screw flight inclfuding at |east one circul ati on channel RERAREBRRERRR
Di i 1511 8v¥Eace 19f bhecegtgu81on barrel to move upward toward the interior

surface of the extrusion barrel; and
said circulation channel including an asymmetrical inlet area
.80 .as to disrupt a flow pattern of said extrusion mixture through
said circulation channel and thereby maximizing a homogenization
20 thereof.

10.. To be disposed within an extrusion barrel of a
thermoplastic extrusion assembly, a homogenization enhancing
extrusion screw comprising:

an elongate shaft, said elongate shaft disposed in the

25 extrusion barrel;

at least one screw flight extending from said elongate shaft;

said screw flight including a leading surface, a trailing
surface, and a perimeter edge;

said screw flight being structured and disposed such that

30 . said perimeter edge of said screw flight is disposed in
substantially closely spaced. relation to an interior surface of
the extrusion barrel and an extrusion mixture contained in the
extrusion barrel is moved to an end of the extrusion barrel at
least partially as a result of said screw flight; and

35 said screw flight including at least one circulation channel
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FIN WO 01/10617 PCT/U399/17694 extending fromsaid | eading surface to said
trailing surface thereof, said circulation channel structured to permt a
gquantity m;lﬁ 7extrusi on m xture disposed at said | eadi gg of said
screw flight a i n spaced apart relation fromthe interior surface of
the extrusion barrel to pass therethrough towardsi'said trailing surface of
said screw flight and thereby urge a,qus‘ant ity of the extrusion mxture

di sposed at said trailing surface of said screw flight and in spaced apart
T el at i oextergihnchefromesadd Ieading sbarfaceexor ugdaizh buaidbing o smrfacepwar d
t owar d | 1d er] A8 ' barrel i | met er
edge betlt'lkr:]%r c;t;,E\/'eIsjtf‘f‘ghvm’c'é‘: %cgi'téfr:g:o\ﬁ%a por i@g%h%?ﬁgggogéaﬁ%%?%v@ag F gﬁ&t he

i nt eri opf b ;xErysicnemdxtuyei diepared At saidsleadingigunface oft seidnal

movenend, wsﬁﬁ.digﬁﬁr%dfkhg%]arﬂdatéﬂﬁé ogaﬁst%hr oty PR 9 Crrw&&tseut
substantial 15 g&neration of ear heat and seepage between said perineter
edgeés ofuxntace Rf Shef pr§rusion baxrekitupass bherethrough Aqwandesd sefd

cool i nge 0 LXEMHr At Luda : f oam
bt uo Sral PR BedreOReTLkI Betdy M 1GHE A FRELEINEIIS U BneiRE (oo
of : 20 of &b exEEusiPRORIREWER | egyat Baiditnaid ipar purface gfhgaide
eXtr uSi 8oy X ied ght AN 1 hNGhAlde! ab¥e! 42188 108U RIm Ofné h%n%&&ﬁ&:
circulating at |&ast sonme quantities of the extrusion mxture which are

di sposefuEiagR @ thgarktansien RamedntoneoyR URNALS toyard thedaterioke

barigl LEWesEs dHRedAhaicnUbhasel Ofaddie barrel so as to achieve
substantially uniformcooling of the extrusion mxture. 12. A nethod of

cool i ng a foeddxPeriPereri e8ae cbeingnberrieddWirE feofgaiddinge PEILioRi t ed

in clai ghdtedbehfbleddnday! 2RoRl £hd0 itedybal istgraged ol thRaExtS¥on
quantities of the extrusion m xture which are disposed said spaced apart
di st ancB2FF8h €Re 3fr FRetf@ci ld§argc FB¥rUipBa) o MAfeMeRNa Rl BRRD pSCEREL er

surf ace gefghbe Rardt8lve f bt hee C@IRELEEEN! NEardeD Withéuf CUhBdragitsand at
| east sone gua,ntltl s of the extrusion 35 mxture whjch are di srposed sai d
spa&@d Qﬁ&? agicR 4 esQQQFanﬁ; and seepage between said perimeter edge

of said screw f£light and the extrusion barrel.

11. A method of cooling a foam extrusion mixture to an
extrudable temperature as the foam extrusion mixture passes
through an elongate barrel comprising the asteps of:

20 drawing heat from a perimeter surface of the barrel;

urging the extrusion mixture through the barrel towards an
ocutlet of the barrel;

circulating at least some quantities of the extrusion mixture
which are disposed a spaced apart distance from the perimeter

25 surface of the barrel towards the perimeter surface of the barrel
so as to achieve substantially uniform cooling of the extrusion
mixture.

12. A method of cooling a foam extrusion mixture to an
extrudable temperature as recited in claim 11 wherein said step of

30 circulating said at least some quantities of the extrusion mixture
which are disposed said spaced apart distance from the perimeter
surface of the barrel towards the perimeter surface of the barrel
further comprises the step of:

circulating said at least some quantities of the extrusion

35 mixture which are disposed said spaced apart distance from the
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Preefe teeer rreer rerer e verl WO 01110617 PCTIUS99/ 17694 . peri et er
surface of the barrel away fromthe outlet of the barrel so as to urge
trailing 45 of -t he extrusion m xture which are disposed

sai d. spac%@dgf di stance fromthe perimeter surface {YR2ILP4 e
towards the perimeter surface of the barrel. 5 13. A nethod of cooling a
foam extrusion mxture to an extruda@Pe tenperature as recited in claimi1l
wherein said step of urging the extrusion m xture through the barrel "

t owar dspehimensy eurfaicet b G redrrelr ahey £oowitheesut Det SE e baeteli ng an

T0” sk f¥| 14 Al BldriBs B BF (R8P nRich REFEPR Mhishoe e
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the extLHsipn g XtHr & JRwakEds %aﬁ?gﬁé%r %‘[ face ggh?g%o{)% | ng a foam

extrusi on m Xxture 1o an  extru enperature. claim 13
wher®i n sai dt¥i e[j\ omethed cipfc idantliimg sai doam Iemmsiorrerrquanret ites ah t he

extrusi g A& ciiplatiee s nAral SR ezi’fﬁ:?‘h RRLEefh LA B LLORE L Ne
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barrel ufginddhec 9#§W§é§ntmﬂé€ts-t1@p tbﬁfO\lghridlﬁ zb:arrurgl smwla:ads lthas busbete

quantitLesepd pe“ mﬁFﬁééHr h&héo%b e t%@‘i Ei'oﬁ ged

apart di stance omt sur ace arre are arsposed
at the extxMsipn sﬁﬂ#%évlc;ﬂ'llmhéhgcbéwell gich tthasugh latadb.agssuvﬁece of

ci regl abi rehapednidebenadd Ngth sqte%ééétgh aft$ £3RBEL off)

nce
from %ue perineter” surface of the barrel, and Fowar s a tral FI ng g%
sur f aceeBgager BRe cOXETUHIAN Juixiaineo witde thee pguraneter esunfacecof exhe usi on

M Xt ur ep¥pi-&D S8 e dliveP %ﬁédeiﬁ)f&é’ibn a&%&hz@' $bRas8s EROBdigperi meter

surface of the barrel and at the trafl % surface of the screw fl'ight
towards t he ¥beri fet BetRed s 8fe QS?°]{1F?8 aba pam. exgrysgion mixkygeoftacodting a

- foam exgitshddbIB Xeiperhtusl af¥ddidanl ent@IDEH 3BUgReASid fb%lfdoal%ﬁ%f usi on
m xture passes . through an el ongate barre| conprising the . steps

dr ab® ngSHERHL3Y 0t £33 PhetRAst fPmgceudtt ttien of he ewpﬁgmhﬁt@%hgat e
extrusi gRigk'&ve Widhdbddhashar é@bcé& abarBaidt dHQe FrbR eXb! PELDRedXt Ur e

' tovvardss&gfé)getlc&t t?f ra].?:rgilrégvllargs the perimeter surface of the barrel

further comprises the step of:
circulating said at least some quantities of the extrusion

20 mixture which are disposed said spaced apart distance from the
perimeter surface of the barrel and are disposed at the leading
surface of the screw flight through at least one circulation
channel defined in the screw flight a spaced apart distance from
the perimeter surface of the barrel, and towards a trailing

25 surface of the screw flight so as to urge the quantities of the
extrusion mixture which are disposed said spaced apart distance
from the perimeter surface of the barrel and at the trailing
surface of the screw flight towards the perimeter surface of the
barrel.

30 - 15. A method of cooling a foam extrusion mixture to an
extrudable temperature as the foam extrusion mixture passes
through an elongate barrel comprising the steps of:

. drawing heat from a perimeter surface of the barrel;
rotating an elongate extrusion screw within the barrel so as

35 to urge the extrusion mixture towards an outlet of the barrel; and
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I WD 01/ 10617 PCT/ US99/ 1769.4 passing at |east sone of the extrusion
m xture through a circul ati on. channel defined in at | east one screw flight

of the extrusion screw and having an inlet area |arger t%ﬁg _pg;l et
area, so JPVIRY cylate at |east sone guantities of the T8R4 5

nmi xture which are di sposed a spaced apart distance fromthe perineter
surface of the barrel towards the per bet er surface of the barrel, thereby
achi eving substantially uniformcooling of the “extrusion mxture. 16. A
‘net hod of cqmHssignon dtwabeast r ssmen ofi xthe eexorawi o Omixturelabheotghper at ure

as the fo I USi ) X%t . hr n_el ongate.barrel _c ri sing
t he ste%%gg’}fggolrog‘w%q?ggt Laf’e% %%?g?alr iatrtr:etlce)e%%lslur &St %&lgé rgF; 2he
r ot at i ngxtousiangatew xandishavingrew wnlatnarkes bargel thaasant outdge t he

eXt 1 usi gp Il Xig FOVAY LS, AL O SLaBl Lhfe RARE: 130045 R2%)G 3bn! cast
some of € extrusron mXxture through a circulation channe ef1Tned’tn at
| eas® oméxserewwhichhtand dheposedr @si spaced ewpant Ihstagpest fromt tbee

i nwar dl e i_n LN ' r
1ight PobEBEtet Siacd UetheSarkll SRl \he effifecty UERSIBE | o
at | easthe(baxyed ,qtherebycachieving eubstenthahl X tuniforn choding difspbeed a

spaced | tﬁi]?&‘ omthe perineter surface of the barrel towards the
peri met g?%%?%%e 0 e're' barrel and to nmaxim ze the quantity and flow

vel ocity of 3@i d Zxmetbedn ofi x¢egleinghi 8h foamerextmusgidnci mixtuned ovo channel ,

t her gby . @\ Stlégl% ,ak! VadlNidh | f r ysi :
m xg'gr egﬁ%?#&%ﬁ%t ho tg?.gtgggh naéla t#‘%ramfg%'?r ﬁésilmofr#g%o%t ultrng;%‘g%n es%tgrsudabl e
t enper athreugh amceXongateharyiedn compripingathe stens @fgh an el ongat e

bar rel compr jsling Nfect SonPle’ plidbRErNEREFISOTBR RS LEBLRA UM Face of

the barrel; 30 rotating an el ongate extrusion screw wthin the barrel so as
to urge the ERERLERD AHiedongateoRBEHYSHPN RATen withipetharbasrela®® agassi ng

at | east ;SQPBe Afhd & ceukE Al Rkl WhaAzoaode Kt o4 8hié 0 channelhg

defined in g%l east one screw flight of the extrusion screw and having an
asydfret ri cal PRARERI apEa ledgtasame BE Ehecerhrusien| Bastusenthyouahi & es of

the extili$QNafidhUsBaiéLdefined 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
20 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 and to maximize the
quantity and flow velocity of said extrusion mixture which enters
gaid circulation channel, thereby achieving substantially uniform

25 cooling of the extrusion mixture.

17. A method of cooling a foam extrusion mixture to an
extrudable temperature as the foam extrusion mixture passes
through an elongate barrel comprising the steps of:

drawing heat from a perimeter surface of the barrel;

30 rotating an elongate extrusion screw within the barrel so as
to urge the extrusion 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 asymmetrical inlet area, S0 as to

35 circulate at least some quantities of the extrusion mixture which
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di sposed a spaced apart distance fromthe perineter surface of the barrel
towards the perineter surface of the barrel and to disr ,&%A,g pattern
of said eYQUIOE nixture through said circulation chand& othereby _
achieving substantially uniform5 cooling of the extrusion m xture. 18. A
nmet hod of cooling a foam extrusion nﬁﬁ ure to an extrudable tenperature as
the - foam extrusion m xture passes ‘through an el ongate barrel conprising
t he steasedlisprasd agspaced fapantadpetanee efranuthecpenimeter Fanfaice 49 ’
rotating, an,el onga usik on . Vi erl e t |

bevel edit'ﬁ?gr??a}tﬁrgg&%or%hgor?%gr’%g\rgg% aér?i%jlfgggavo\/gy F(r)n;l?g%ﬁell'n erior
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achi eve substantiall'y uniformec of the. extrusion mXxture. 19. A
t her nopeastrudabbamtempeyatune astenithe chopni sxtyusapng mstgunegpaases

t t | | Il ge.pellets; . b
Sgent agfrerdn SLRIGARE Bocrsd QolbFLatity oo BEeps 86 NF O Shi d mutarial

pel l ets; 25 drawing heaf feoenbdl pesimetenreurfares dfschat PaFrelm x said
mel  gd mat erfé‘&a?ﬁ& e eﬁ%ﬂgﬁ@ﬁggkﬁ’ﬁ%fﬁh aRR hiifg e PerBXidtas! £Qge €9i ON

strucCtured to extrdctt exces it fromsaid mxture.of nelted materi al
pel | et sthatl isaheveledgeith &udiraiddngs ppatienttherest analed Awpyr £apm

pel lets anq,3Q.68ankNgragenbsi tndl pakreX! M wiehle tROPBAALLT £, 55208 Dgat
extraction region conprising: an el on%g barrel, said barrel_ inc]uding at

e
| east omege] HhetexhrRsion BESEUER & HATAS 2B RF PheFRP PaXEg g WiEPEEE pei ng
struct ureilst Qnt § £F Ghaife SR ibnTot! Bheae! haBt | aghdel | ets :

i5 ~ _ 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

. o as to achieve substantially uniform cooling of the extrusion

mixture.
20 19. 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; ;

25 c) 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 mixtﬁre-of_nwlted material pellets and foaming
agent such that said mixture of melted material pellets and

30 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

35 .. and foaming agent therethrough for passage into said barrel,
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35 and foam ng agent therethrough for passage into said barrel,

1111111111111 LT 11112 110 11HiE ¢ L 'M W0 .01/10617 PCT/ US99/ 17694 a8 a
heat extr ;t ructure cooperatively disposed with s3gicqeifés and
structure t aw heat fromsaid barrel; an extrusion screw disposed in

said barrel, said extrusion screw incl udi ng at |east one screw flight and
being 5 structured and di sposed witi@# said barrel such that said mxture
of nelted pellets and foaming agent is urged towafds said outlet of said
‘barrel, and sai dasbeat extretior |afqusiure reaperakively clisposed withnnel

defined thergija pad-ghr URhUEELuELLEESE Ay G tiAidsll 2Som!8aPh 1?&&1”1 xture of

mel ted pellets and foam ng agent therethrough so as to circulate said
m xture of nelted@n peKEEUSiaRd $ekeW ndispesed: ohar dsatdi darxedel #aidnore

effective af&t%ﬂibﬁt EcEQQ'iﬁkﬂlﬂé‘ﬁfglet 1@9&'; E‘an@s‘ék‘éwsfiiﬁﬁ& a2 by ce| ve

h
said mxture of nelted 15 E | ets "and foam ng_agent at said “ext ruda
P
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a generally spaced apart distance fromsaid barrel. 20 21. f oam

extrusi on asidtbiptaety of sadd hatrel m¥P wherein  said ci rcuI ation channel

i ncludes at | easigaQie éém dfhéﬁpeiﬁé‘lu&ﬁﬁf &t Qaggeg ohéo@ﬁ-cluﬁaéhaﬂ
surface of said screw fli %ht towards a traili ng surface of said screw
|

flight, and hamelycefingd FRKFRiD AndSFRGENERE EQ ¥rcali) avprtitdesf

nelied pel | edp a5 ofiodRired 3FeNheMBeqN SaLlPétsSaighd] rfaahahgonagl%enel
and to maxim.ze a flow velocity and swell of said m.xture of_nel

pel l ets and ERSEERIPUSentOr @fin §3i FIETHGtS | 8L hAHFERTrer Of Amedtad

extrusi on assermdns aanRecid@find) agahth k%wm@elgal&nua&kal KA pbreai d
circulation channel is qgreat %ﬁrﬁt han exit rea of said circul ation

channel and $teqtiyg *PnfoR hn$I'ERFITFé? icid? and swel | of said
m xture of n@ted pahéetsa:xawtuxfeaammgraeewef lHAIAS amiktiireC UbAt el tefannel .

15 pellets and foaming agent  at said extrudable  temperature
therethrough.

20. A foam extrusion assembly as recited in claim 19 wherein
said circulation channel is defined in said screw £flight a
generally spaced apart distance from said barrel.

20 21. A foam extrusion assembly as recited in claim 19 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 quantities of said mixture of melted pellets and

25 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.

22. A foam extrusion assembly as recited in claim 19 wherein
an inlet area of said circulation channel is greater than an exit

30 area of said circulation channel and is structured to maximize a
flow velocity and swell of said mixture of melted pellets and
foaming agent from said circulation channel.

23. A foam extrusion assembly as recited in claim 19 wherein
said circulation channel includes at least one generally flat edge

35 structured to maximize a slippage of said mixture of melted
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23. A foamextrusion assenbly as recited in claim19 wherein said

circul ation channel includes at |east one generally flat edge 35
structured to maxim ze a slippage of said m xture of nel 111111
LErrr i SYO910637 | o 01/ 10617 PCTI U399/ 17694 Pel | et s 3’%&% agent |
t hrough said circul ation channel and <create a flow vortex at said trailing
surface of said screw flight, therelg9maxin zi ng a honogeni zation of said
m xture of .nmelted pellets and foam ng agent. 5 24. A foam extrusion
assenbl yeEBetf € cand dfbamihagi aﬂgéﬁtwhhreugh saiid ciirculatiom chammel amd!| udes '
an asymmetrical inlet are t.od ttern of.s m xture
of nel t SHEPEF | 8¢ 4 V?B%"ﬁ n§ agen ?%%P%nial ldg%l%'?é?cé atsla(‘)lnd c %%%el and
t her eby£1haghst 1 thereby hnamym"mmg i @nhbmegemizat]ibxﬂtbf Aediohmixturesi of)
assenbl S cided in clair said circul ation channel includes
a pair’ %‘Ff‘f ‘%\/&3 lfckt é@e%oglg g\@é%ructured to maximze a flow velocity
and swel | of2&ai A rﬁonnuentrmlmlamméyl as regidedoini ekpim a9t wheveinai d
circul ati on chan s n g dyd

i i oeeEd @R o Bhlafn Bl dnludiE Shnesmie IO & HEbE el D

throughteadﬂsmptcm aflom mam ofh cBasid anigctareel &ﬁ/ welted peliets andailing

sur face coln sl d SELAW thi8lbn. 26asd (DABILLIUA OMnaRAADIYaAScheELbPd 1N
claim | ng a p ity o sal circulation channel s di sposed

al ong ﬁéxamimgg ta dfomngerignbhgnt ehere@f-in generally offset relation from
one, gnother. ,27. A QM eXt-hyedon xsafecfﬁ@é @H efhﬁk §'4”%ﬂ8r¥‘ﬁ?r ein
sal%i circul a%l on ‘thannel I's substanti al short 1n

st ruct usedldtairduliatiion ghavne} cinslydes; @xrﬁ anwamlﬂv éa«ﬂerzé fegeRd
pellets ggg {-, aeaD 122?% @Féhmréﬁo@l%ﬁd NydNe§0haiPAxeXEd from
cu 1 on C anne

said cit oam extrusion assenbly as recited in claim
19 wher efrmekted peddetexand figaning pgent ron sgidpeiecripticorarhenagbut a

peri met 9?! a%fa Sgéflrb%rfr eg!{erg?caaqyt ot @ Wed ?éabsstt&u&akeamantmﬁma&esaad heat
| r

fromsard mxture of nelted pel'lets and oamngl t%e dls%gfedlna
vi clBi t plopprage d Ofersansd e'FliS‘Fu%%u afpaelerd RelletpoAndxfoeing 39%Rhbly as
reci tedohpoghil M3 £8 Y¥Rhfllation channel and create a flow vortex at said :

trailing surface of said screw flight.
26. A foam extrusion assembly as recited in. claim -19
including a plurality of said circulation channels disposed along
20 a length of said elongate shaft in generally offset relation from
one another.
27. A foam extrusion assembly as recited in claim 19 wherein
said circulation chénnel is substantially short in length and is
 structured to minimize a compression time of said mixture of
25 melted pellets and foaming agent, and maximize a swelling thereof
upon exit from said circulation channel.
28. A foam extrusion assembly as recited in claim 19 wherein
said heat extractidn. structure is disposed generally about a
‘perimeter of said barrel so as to draw a substantial amount of
30 said heat from said mixture of melted pellets and foaming agent
- disposed in a vicinity of said perimeter of said barrel.
29. A foam extrusion assembly as recited in claim 28 wherein
.said circulation channel is structured to move said quantities Of.
. gsaid mixture of melted pellets and foaming agent disposed in a

35 . vicinity of a base of said screw flight towards said perimeter of
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,said circul ati on channel is 's't_ruct ured to nmove said guantities of said
m xture of nelted pellets and foam ng agent .di sposed in a 35 vicinity of a

base of SW%S@?WH'QM towards said perineter of IIIIIlld ,‘Hsb)ﬁé‘{llllllll
e

1111111 L /10617 PCTI US99/17694 30 said barrel for ective
cooling thereof b " “said heat extraction structure. 30. A foam extrusion
assenbly as recited in claim29 wherefp said heat extraction structure

i ncludes a cooling structure 5 disposed about saitd perinmeter of said
barrel . s3id barmedmioxt eGEechive seomlingishesenfeliyi satd dhentl Extinackidnng a
pluralijty ‘gé ,%ae%d screw flights disposed a:spaced apart distance fromone
anot her. 5 oam extrusion assenbly as recited in claim19 wherein 10
sai d screw f3Q ght? if9asy exeryseen Arpanbdyosedracited dadchrim2 d whegegnh of

sai d el g0gat el bxe Aot forl OULLRRLMS OLnPRID! & 280525y Chirthklabm 19

wherein said screw flight is disposed so as to define at Teast one Iow
pat 1P al 8hepesedRRINtoBadAl @e@@ﬁgareoéhaﬂd baxr®ed.- A foam extrusion

assenbly as F£Ci tﬁdfbamclékﬁ&&awera%émbi | dagC x‘?%ﬁ:.ftle'dgh&n Bifnichyred to

rotate relative to said barrel wthout substanti seepage sald m Xt ure
of nelt éAcheding sagpdurpdakyn@fagaid b%@Wénf]sw@F%cﬁMP@W@hﬁ spacedi d

barrel . o33rt Asi e | 8T onkOaRbeKEEUSI On assenbly conprising: 20 a) a
melt region structured to receive and nelt a plurality _of naterial

pel l ets; b) 32mi @ feanseEhbP§ice raggandy p8 semktethimariaimi X° shegeine| t ed

mat 4 i alsali’&' Eékéwaﬁﬂ:@hﬁhlé Beaticedragenha a)i.sﬁogéét tSXTeEc%EhHO'AIE:ﬁg' an
structured to extract excess 25 heat fromsaid mxture of nelted materi al

pel | et s 1&RATR o2k $Rtd KJOMIGHDREr said nixture of nelted material

pel I ets and 33 0am nbaadeRtrisich sebéndivdablécitdParAingm SRivhdiRah
extraction _region ﬁfgrlm ng,,. an elongate barrel, said barrel |ncI udi ng

at | easBadfeSCEEV| nte 2415R088d AR At rdefdmanat thrast ene flow
path along a length of said elongate shaft.

15 34. A foam extrusion assembly as recited in claim 19 wherein
said screw flight is structured to rotate relative to said barrel
without substantial seepage of said mixture of melted pellets and
foaming agent between said screw flight and said barrel.

35. A thermoplastic foam extrusion assembly comprising:

20 : a) a melt region structured to receive and melt a plurality
of material pellets;

- b) a mixing assembly structured to substantially mix said
melted material pellets and with a foaming agent;
c) a heat extraction region structured to extract excess

25 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

30 inlet and at least one outlet defined therein,

a heat extraction structure cooperatively disposed with
said barrel and structured to draw heat from said barrel;

an extrusion screw disposed in said barrel, said
extrusion screw including at least one screw flight and being

35 structufed and disposed within said barrel such that said
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a heat extraction structure cooperatively disposed with said barrel and
structured to draw heat fromsaid barrel; an extrusion screw disposed in
said barrel, said extrusion screw including at |east one screw flight and
bei ng 35 V@MW Tr ed and di sposed within said barrel suclPGHEPYY84 cL msS
WO 01/ 10617 PCT/US99/17694 31 mxture of nmelted pellets and foam ng agent’
Is urged towards said outlet of saideharrel, said screw flight including
at least one circulation channel defTred therein and structured to receive
quantities mifureiict teltedepelletd tall Fohmeéhs agent fianira@dagowhrds

t heret hrough so, as_to circul.gte said m xture of nelted pellets and

f oani ng’ agerﬁa’t%\%’rtdsetséﬁfdsﬁéargf‘r?% 'nmore effective and conpl ete cooling

t hereof, and sai Gzid Csdrdw Ofl Ddienehciudingli 8y akabtasheordércudatiby 10
t apered edge extendi %Sifr mg | eadi n SL{__rfa e _of, ‘said screw flgggt t owar ds
°d 5B FudtaPedt19°

a trailing sthd SRR s e S vl L
recesve sai Cofri xgalice Giixtririecd offel imellsedndpébbetsg @genifoamingi dagent udabl e
compri oi ng: P THAUAEgPen A8 r Bt (AT RS okt te TRASHER: & pPRrartry of
mat eri al pelpetetd) andni foamirgssagehy siowastier eshid bdapseantficad | yorex sai d
Tegi on structiredFv s sepeareecsoOR RIS P Do of molted
material pellets sl tcdavubgtiageHamedhinbitding datnlrast onef invatdlly
noatd oxtFact FRRFRLIS CRHFCa B Erbl & 1800 (ABERCE LiREIA! Hfe 2O €
i ncl uding atfligist wwardmleetradding sevfacoms aaidescyevi fbightheragidh, a
e e 87 o HELY FARECR ) HpdbsdEo gl Whoiaid S pilcet] |
sai d bapetletsaidnd foaming agent at said extrudable temperature
therethrough.

15 36. A thermoplastic foam extrusion assembly comprising:

~a) a melt region structured to receive and melt a plurality
of material pellets; 

b) a mixing assembly structured to substantially mix said
melted material pellets and with a foaming agent;

20 c) 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 coﬁprising:-

25 an elongaté barrel, said barrel including at least one

inlet and at least one outlet defined therein,
a heat ektraction'structure cooperatively disposed with
said barrel and structured to draw heat from said barrel;
an. extrusion screw disposed in said barrel, said

30 extrusion screw including at least one screw flight and being

structured and disposed within said barrel such that said
mixture of melted pellets and foaming agent is urged towards

. said outlet of said barrel,
said screw flight including at least one circulation

35 .. .. channel.  defined therein and structured to receive guantities
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30 extrusion screw including at | east one screw flight and being
structured and di sposed wthin said barrel ‘such that said m xture of

nmel t ed peﬁ/b?ﬁﬁoé‘i‘d foam ng agent is urged towards said geirhysboessai d
barrel, said screw flight including at |east one circulation 35 channel
defined therein.and structured to receive quantities IlI1111i11111111
LELEILILITEL * €L MS gl06; WO 01/ 1047 PCT/ US99/ 17694 of said mixture of
mel ted pel |l etand foam ng agent _therethrough soas. to circulate said

m xture of @& té&ldpeF"I’-é‘PEgSnd#oaﬁ?ﬁE‘%gePﬁ]:lq fardd s £0amREr eRIEBE nore
effective anthea@FBFr8LEHCOSH | BAG tB6T RGncudaded Sdid Nktrakea ¢ maided
circul ati on channel bei n%é) reater than an eai t area of said circulation

channel so R&YEteNIR; ovAgRMtocitoyarAg Sadd Brrraid tR%t BPES of

mel ted pel l&tfectidel andl BompUEHE €3b1imy tIRiréoE,r augati on channel ; and 10
d) adie structured,tg recei ve gaid i xture of melted fi)ll,ets and foam ng
~agem at said ex®PudBEE PERDPLLLL cigeraphigtgrhantel baing grRrEeTi ¢

fogm ef<t r usi?{aralsaﬁn‘@:mc%ﬁé Sblﬂ_gisla’ﬁ)d F‘fﬂi‘s‘éﬁléﬂ)ﬁﬂirpngﬁéﬁﬁléii ugecrirb altsp tgceive
and nelt a pluralit 0 terlia els,; a, X] Ng asse

T uctur ed MRS FIPPyvATGCLE i el ol efidiniaiyes Stamelkedn o

f oanmi ng agergelletsA dikhifoaninaC bgentr egioingt said Wb latdsh’ ahanAsless
heat from said, m xture of nelted material pellets and foam ng 20 agent

such that s nixture of melted material pell ets and foam ng agent is at
an pxtrudabld) t erpedféurstrustusttelcadio estebed | aide gt U@ PG Smeftedn

el ongat e rrel,_said_barrel including at_ |least gne .-inlet and at |east one
outl o BEFTHRAl 190 o) FoAbue, AR, (Fhc 9t o PR o SEMRER LGS

di sposethatéthramil barrel and structured to draw heat fromsaid barrel;

an extrusi on3,;.c r%\Wtcﬂes %%?L%sltgcs%Egmbg:r;{ret!LSiosnaladssembly comprising:

a) a melt region structured to receive and melt a plurality

15 of material pellets;
b) a mixing assembly structured to substantially mix said
melted material pellets and with a foaming agent;
c) a heat extraction region structured to extract excess
heat from said mixture of melted material pellets and foaming
20 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 ocutlet defined therein, -
25 - a heat extraction structure cooperatively disposed with
said barrel and structured to draw heat from said barrel;
an extrusion screw disposed in said barrel, said
extrusion screw including at least one screw flight and being
structured and disposed within said barrel such that said
30 - mixture of melted pellets and foaming agent is urged towards
said outlet of said barrel,
said screw flight including at least one circulation
channel defined therein and structured to receive quantities
of said mixture of melted pellets and foaming agent

35 therethrough 80 as to circulate said mixture of melted
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extrusion screw including at | east one screw flight and being structured
and di sposed within said barrel such that said 30 mxture of nelted

pellets a pg agent is urged towards said outlet o rrel,
sai d scr evnvaf)l g | ncl uding at | east one circul ation cha&ﬁg’ﬁb%@? ﬁed

l
therein and structured to receive quantities of said mxture of nelted ) '
pell ets and foami ng agent 35 therethr@dh so as to circulate said mxture i
of nelted 1111111 2111222 L0 FEELL Li I MS WO 01/10617 PCT/ US99/ 17694 :
33 pellets prdlebariang afeamingwagints atowdds esalidr banml efdecimiore and

conpl ete coo e 5{@55 l h I ncl udi ng an
asymmetri cal Ietege{:%ér%%dso e[scaé cqi: I ST uﬁg QL%?QOE‘pa%rpcgr n of said m xture of
5 melted pellets aﬂudf@emuclgtdganchammhgncsadﬂnmmalsmenrtdaahmﬂet
thereby maxi GehNGc d0MPGCHiEIEEN of NEYGP! padikhn dde 2568 RhlIGEUr&F 1O
receive said mxture &l ets and®T oam ng agen a

extrfdabl e t BapEedt Eﬁéle!:ﬁete@@hr ingl Agedt Ahrengho@Eaist | oifodmtdonr usi on

avsenblY, COmBhbAhaY; MlefeilP dantiifl:Ahoob! HORUGERL LI BrkgeBR] FEA' 2

plurality of materi a Xi ng se ruc ured
subst anti al | f) ni xas&ie sEreekn eWalregseret §aem?d wmixture f ofinimedtaedent ;

15 ©) agiglrgxt Eﬁﬁt'QBaﬁﬁﬂbol pQEAt Ot HE £0shPa CXLERFLAMIRS S, enfdbelikam sal d

m xture mat eri al &ts and foanmi ng agent suc
m xt ur e toergshredghnt eri al pel lets and foaming agent is at an extrudabl e

tenpgrat ure, 3gai dahegérmspidaald %aﬁrﬁ&kﬁi‘uﬁi’&i?%ééé?&lf%oﬂ@r%@ ate
barrel, said barrel including at | east one 1nlet and. | éast onhe outl et

defined ther@)n, & TRkt reaicR ErERCEyTert ter zeesbyRang meily RIipdpEaddtyi t h
sai d bardfeha@gglgirﬁgim@g to draw heat fromsaid barrel; an extrusion

screw di sposed in said barrel, said 25 extrusion screw i ncI udi ng at | east
one screw fl Pght gnml§ép$gassembly structured to substantially mix said

melted material pellets and with a foaming agent;

15 c) 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:
20 an elongate barrel, said barrel including at least one
inlet and at least one outlet defined therein,
a heat extraction structure cooperatively disposed with
said barrel and structured to draw heat from said barrel;
an extrusion screw disposed in said barrel, said
25 extrusion screw including at least one screw flight and being
structured and disposed within said barrel such that said
mixture of melted pellets and foaming agent is urged towards
said outlet of said barrel,
said screw flight including at least one circulation
30 channel defined therein and structured to receive quantities
of said wmixture of melted pellets and foaming agent
therethrough so as to circulate said mixture of melted
pellets and foaming agent towards said barrel for more
effective and complete cooling thereof, and
35 said screw flight including a beveled perimeter edge
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structured and di sposed wthin said barrel such that said mxture of
nelted pellets and foam ng agent.is urged towards said outlet of said
barrel, said screw flight including at |east one circul atj annel
defined t BOYM2nd structured to receive quantities of yggﬁ’&ﬁgﬁre of
melted pellets and foam ng agent therethrough so as to circulate said

m xture of nelted pellets and foaniQ?Yagent towards said barrel for nore
effective and conpl ete coali.ng thereot ! and 35 sai.d screw flight including
‘a bevel ed peritieaectraiijindg Ipddtiorn hhelredbflangléd|dwall firbinl ah ©nteM S BI N i
WO 01/10617 PCL/US99/ 17694 3y.with-.a trailing pogtiaon . thereof. apgled, away
from an i nt ¥FRSsuPt ad q3 ?&F&eﬁsar?% & gg t a‘fjglrc]ﬁar St §°F8Fg??%}1al
novenent of moviethentr efv sdid)lscresl flight txeletiidrebaior sdidvbiadrnell withettant i al
generation of .shear .heaf and see sai [ieter edge_of said
dorow 11§ ghe b kgL e i aCLRN A I Bl BelBial BeineliSat

m xtaure of rExtiawtegekdgesofindaidasirey dfjdghtamndasdidxbamdabi earidenper at ur e

therethroughy) 1 1 1gfe 1atrbctdrdal tb 12dddive 1hdial midtuke™ ¥ Smeltea

pellets and foaming agent at said extrudable temperature
therethrough.
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