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Abstract: A foam extrusion assenbly (10) having a nmelt regiqQn Q%(

heat extraction region (40) which extracts excess heat froma m gure of
melted material pellets and bl owi ng agent. The heat extraction region

i ncl udes an VP e4i@dY’e barrel (50) having an inlet (31) andeciusseuices (44),
the inlet receiving the extrusion mxture for passage into the barrel
wherein a heat extraction structure_ disposed with the barrel draws heat
therefrom An extrusion screw (60) = in the barrel and includes a
screw flight (64) StI‘UCtur@deOGENaZET]Z@NFHNHANGENbaHeI and urge the
extrusi on m xture towards.th adie (44) is

di sposed in order to forrprlr. %nl s%%fé) pro %{Iéﬁgﬂ]\g@@%ew flight (64)

i ncludes a circulation channel (90) which receives quantities of the

ext rusipn Bmg@wwggnwgt%ﬂ the extrusion screw, thereby
circulatin € extrusion m xtur ovvards the barrel for nore effective and
uni formc tige L 50N mi xture to an extrudabl e tenperature. 4

February 2004 \'@emﬁr%%@%z Egé%ggﬁlzéﬁa‘l\:é@sl%ia{)tél%}moplastic extrusion

assembly which provides a substantially homogeneous product,

preferably a foam thermoplastic product, and which produces said

10 product at a desired extrusion temperature and at an increased
throughput rate over what is normally available, without requiring
that a complex, costly and/or oversized extrusion assembly be
implemented and further, without requiring substantial
modification to existing manufacturing devices and procedures.

15
Degcription of the Related Art

The field of art associated with thermoplastic extrusion, and
foam thermoplastic extrusicn 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 reguires an initiai step of melting
pellets, usually made 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 hydrocarbons (such as propane, butane, pentane, etc.), and
possibly other agents such as nucleating agents, fire retardants
and/or coloring agents, in an isolated 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. 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 jelly, and the like, are formed.



A HOMOGENI ZATI ON ENHANCI NG THERMOPLASTI C FOAM EXTRUSI ON SCREW 5 BACKGROUND
OF THE INVENTION Field of the Invention The present inven{lil:gﬁr reléadogls to a
thernopl astic extrusion assenbly which provides a substanti ILS*?W
honbgeneous product, preferably a foam thernoplastic product, and which
produces saiwodioproduct at a desired extrusion tenperat ur oo

I ncreased "t hroughput rate over what is normally available, w thout
requiring that a conplex, costly and/or oversized extrusion assenbly be

i mpl enented and further, without requirifdg substantial nodification to

exi sting nuf act uii ng._devj ces and procedyres. 15 Description of the
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t her nop] as{d c er. . b u step of mxing_the nelted.

t her nop a:ltéi cgéﬁthbgk?gggn?ngntgge%ﬁ? E"t%tglﬂenréggapfar'?'%?ogg‘?’fﬂ}ﬁh( &t 8= CFC,
HCFC and/ drhelie®@y evo28iny droowmthers fosuthg asf priepamerubidvamytepaniane,
etc.), and poss her. atJ ents, fire. .
etatdants andlor NETot e aaRrie o e AUV A Bk s dtiRen:
Mor eover, fHife hegtetdidrecet ve fioam eaadysitonis ethai geed tonpladinglayn cdwrt ai n

the extrusd:an-yERbar iflxidite nge t he ARlHdNg,a0d; £d Xgﬂeréé’ida& ag&% SR Al ni ng
the material in a non-foamed, viscous form until passed thro fan
ext r usiton HEFSFRINEIPISEY PO LEREE P ISUPESARES . Peingeaded as ithenhenis Hor

e§<t ruded n@eelex@lrugxbhsmitiid e sef asthe {QRmVRXEI Yab Y 3330RRE ¥y thate Het
will foam(i.e. .inflate and stiffen) into its ultimtely usable form such
as films, Pramcdor3sv et Care sREBTLE f PERAPGHI CRTHREE Cfayidie egjg-rusion
cont ai ner spixanadel theongiminerie, f stclbuld ar pasth jeldiy, emsk tdie,| ket afi@ |
formed. 4al:rlerpdlljaa1'r>§ié,ooélé/tp :L]é/ %QG%ngg{ %%%%/rlz:gr%%or?ztypes of dies. The

15 rather precige extrusion temperature at which a desired range of
viscogity 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 reasons about

20 to be explained. Az such, a substantial balance must 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 wmove effectively through the extrusion

25 asgsembly, 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
assoclated with the wvarious phases of thermoplagtic foam
extrusion. Accordingly, typical thermoplastic foam extrusgion
processes are often designed to maximize the regulation and

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



Accordingly, precision is inperative in order to ensure that an effective
and conplete mxing of the ingredients is achieved, therel?¥eprru%§j£’6dlg for
a properly configured and honbgeneous product, and further, To ensure that
the entire extrusion system5 is well contained until the material passes
t-hr ough t he vao enn96tzher eby avoi di ng premature foam ng of t hecw¥dmugsopn
material. O course, in addition to the above concerns associated with the
formati on of a foam product is the need to naintain the extrusion m xture
at a rather precise extrusion tenperature, 10 corresponding the polyner or

subst ance ' u h asis for the extrusion mxture, sqQ as_to
achi eve a%r%g%gf ?}?S%%Zﬁe%‘ﬁ%?“th%o extr B i ??‘ﬁﬁgsarﬁ}‘ éf‘ﬂie?gpr%n
f ormi ng ofreadvdrert rusi separrte ExErubionghewnicke, listkeld adta prof dhe: e,
tube die, eet. die dj ie.or.several. other co types
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thernopl astic extrusion material are nelted, t canno mich Tess
t han that SYASEREPRE meitindepbetiees aatpyial cagloinr sadth U0 tfoahéngxqyeaitned.
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nmelted extrusion mxture is permtted to cool too nuch, it WI|F econe too

vi scous arfdewi PFocqdine tiF abRTEE hevHieRit el predtiudergensind, e bergrtiasy
unusabl e, mshahicgenehdirusibnWddviket Wi ief fecthushypliolghetbhision
extrusion 25 assenbly, |let al one, qut througEh the die. Conversely, if the

t enperst urt ISt YA BRFUSIGT iaferTolt | 300 HIGIES the pRiuislt y
decr eases ildrithi aantdughansh t Beon@ates | Bhrisl n@busdhaerbiconaddatastiahl e or
shapeabl e as it fl t hrough.an | mpor t ant |, fram.the die. 30 As can be
appr eci at e%lcatﬁﬁngg\é\s%efa he®Pite q@&srgr%nf”itr%ﬁgd nGlbdosr Shedn AvePsing

si gni fi careppefifedct midens pheductiadet pirate thassoplaseit wixthushen varieous
phases of i@eggggégstslﬁgégg?e b§%<t agg%%q_. (@L\c or déﬂg_:!ry,clgli(g#‘%glplta@gr rmaprldastlc

f oam extrusi on  process t én desi gned 't o haxi nTze régulatioh and
35 corit ol paviehedachnd ddteomat Fotalb yenysise thaovglpitdal bhoael eod ruseanl Y of

February %QoérYE%£Qﬂép6éﬁg£§§Mé§§9éé7@%éar 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 ensuring that proper homogeneous mixing is
achieved, the first phase is also limited by the need to establish
and maintain an isolated sasystem. In particular, the isclated
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 .1imited 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



3 process is broken down into two separate phases, and indeed, often
requires two separate extrusion devices |inked with one angF@SﬁE"y%ﬂaz first
phase of the procedure typically involves the effective nelting-o
extrusion material pellets, such as a thernoplastic 5 material particularly
suited for MWXMHIHHM desired, and the subsequent m xing ofPATAEI I er i al
pellets with the foam ng agent and ot her various agents, as needed.

Usual ly, this first phase of the procegpre is perfornmed within a very

| arge and el ongated nechanical extrusidn device wherein a thernoplastic

extrusi onuh@r6eh eWoodflg Mre spRdntGahhy &i1melds SEheWy YLD Sa%xﬁe of1BLG" 1 al
pell ets through, an el ongat e barrel, causing the generation o rictional
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t hat proper hediwgengoaudlis Xivpg iconfaghtrevash, theel tat pbasesd i sxtah$Gon
limted b . hee tabl | Lntaip an_psol ated system_ |
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t her nopl ageterkal eri afiverandhenqeegs fémt asufdtinsirenpreémsiate Nngemperagyries
belnglﬁpp%b%gvéP, 'éHf¥¥6a59 ?E&gﬁéﬁf@ﬂé’fgggk'hget i k4 naggeﬁ%ﬁﬁkée
conpl ete m xing. thereof. Many advances have bedn achi eved i b the i n astry
S0 as toCRBKEAT z6oPhEng | 8drehratghteatbs heehi asbractiororratie Hiahieked

first phasepel tdherHiRescBPBh@SIHLaLWEr HBé PLJUREES S QL at
however , a?’?ugl out L;Lut of th?extruded p%(r)kduc?t S foe%rﬁllglatl??hi%é/dtﬁgn
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the requi meeants amthinibel AnONBed whhenhSeesnt:PhasemObnthLif9aABY the
thergggl astic extrusion process. In particular, unlike conventional
i

t her nopl aStE Y8RP uSIBRF T 1/ HE Pt i FBPi %P eq@PFERCS. RENUg¥NeBEET# x 2rfoam
ext rusi on ialkeenaBby i el titke smat seicOnd teizase WasC BuER(UAR €5nd e 3 H1 Yw-

diStribUt%%r%ﬂgh4f£%gnb%a£¥ggc&ﬁ%lity cannot be achieved merely by speeding
up the rxotation of the screw. Furthermoré, 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



WO 01/ 10617 PCT/ US99/17694 Y uniform cooling of substantially all of the
nelted and m xed extrusion material to a point where it iaF%hr r)p sary
extrusion tenperature and consistency throughout. Usually, thi's ‘s&cond
phase of the procedure is also performed within a very large and 5

el ongat ed né’&‘ﬁ%ﬁ“é‘él extrusion device wherein a central tREV/BRIPEIHSL i C
extrusion screw, such as a foamcooling screwwth a helix or paddle type
configuration, urges the nelted extrusi mat eri al through an el ongated
barrel to effect a cooling of the matertal. Gven the need for a rather

preci se t esspanativhe mike uhewerehinSikaRi biagart . | | Mbtahbenschelallng 1 & dde
turn rate of the central cooling screw and to the heat extraction rate

achi eved apfld PRESPET VIEHREIPRE s DRl phendssy shadier tharngpladtaia ur n

rate of thextoentival nOxteeoldoNgwall exftes bhBLLE hesauae Hfe the negdd o
m nimze the hzﬁt \Méi.ch resq:lt.s fromshearing of the 15 extrusion materi al
with the wal | STFPASETEHY ¢ - & FEFRaRLPT | M MMSE halsnash&heapeedal of tsel f .

As sucls amrddwrtdasefll 6 mkrouhhotgte ndte ohe hagiguabhty appett heymahi eved

merely by i .Ihe rotatiqgn qf the screw. Furthernore, one cannot
i ndef i ni tei y %glr %%;;e(g:gﬁ{ﬁ et r?geélxgegéséﬁglﬁ?t?‘fgﬁoqlﬁﬁﬁ'i s 20 generated by

provi di ng for Masternncadbei nigdoeteyyhaye deeveasialgsth@ail epes ateddyifzd he

barrel, betg,geps it L. ; e t Qo much an_optinmal viscous fl ow of
the extrusion %bégﬁrcgg?%}fr%e;g n%l?ﬁ?gg%aéo =and Fp?%dt?&‘taﬁle Spas¥ife thrddth the

die is dr ainﬁqS@a"m baveransht LAl Secrammee ke provdadiing ty hef sheesefotrder
ext rusigon Qriely bRatbe& 22 ne0ki A%k ANASS e A0S %ﬁc%r%%gﬁli' V8 SQLYLLON As
such an assenbly ~woul d becone excesswefy farJe, cunber sore - and

fi nanci al 18224 nifhachi ce  gubreetedi B§ stkh FHtavgeoscdleereddorsutimags

scal e . coakifittshage1py 08RESE Sy AbSQNMO| WA D GheRLhali ki HOPERIL B0l &, e
operation v?ﬁ)st I nplications due to the typically |onger product

change- oveP S A fARRHIE i BeRE r &F aBBEE AR | 30 2% 08P sebfeciicielyaragel
machi nes. db=eeweially ofE MeEel yhd Neke2s8soh Neasez€adf rhSugBXhE USigR

barrellé' n Igehe c%ol i Q%Y%hase nd the tﬁ%%sﬁ%%g tq_-reou h the die |es_imade | ong
enough 50 B8 16 “ai'l oW &fpétat e T e hd - e ¥ G8i BRenilkt HIFE t he
resi st ancelimedt ewngerer atied bjeshatrd5 pastage weuldedetssmrntaldis piONDt e
heat generfgﬁég} iBrEQEde a satisfactory extrudate. Thus, a primary
difficulty associated with this cooling phase is the fact that the
gquantities 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, ag heat is
extracted, the perimeter quantities of the extrusion material
25 continue to get cooler and cooler while the interior gquantities
gradually «c¢ool 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



4 February 2004 WD 01/10617 PCT/ US99/ 17694 extrusion m xture within the
barrel. Further, this restricted |ong passage would negatgf,:ggﬁlaﬂpém
tendency of the thernoplastic extrusion mxture to swell after passage
fromthe die is retarded. Accordingly, it is seen that one nust bal ance the
needs of a ¥WOpVWdUctive flow through rate with the requi rsomeotes/imhd
practicality and an effective and evenly distributed cooling. Many in the
i ndustry have nevertheless failed to recognize the above-described
limtations. For exanple, some in the i™dustry have sought to increase the
producti vi o] 1 | . t he,_extrusjon process by
i ncr easi ngé%h%faéréggrw{% ggf egﬁg%cti Q\A}/rc]%%%%i%e% ?%%tl g% at tt’-(ﬁep’ég("i”rcgeéi %ns{)%"f'r el's
surface. isigivunard ygradese protedewes travespr aenas nebf edtiickenbegause
when an anpint,Qfph | faghed ctij,ve |

substanti al | uasﬁlonoﬁl atkﬁ?aegﬁ.lusi on r?a%ﬁ?a%%ﬁ%ﬁg#&%t I,p\éf: %283% E}é??erroe ‘er

| ayers of e &ftrasi ofP maAc@iiede, @hi ¥9nga®e Mixipge tidier edorconhactdsad t h

the barg el h&ide60ate0R! OXELSEida AR BRe LLNGST RLQVLAC.A SALisfactory
extrudate. Thus, a primary _difficulfy associated wth this cooling phase

i s the fact9tiRfcerhdieqRanbienesant nersdisewhighi samadt ik et ¥t sandd cleosest

to the shaitble@obifher cemuigl iserededoc ot 16et 81 IRl 00k eis A5
majority of the_heat that is extracted cones first Tromthe extruded

material | B ed aBotteth EOPRFPRETERY fMeaairtHih ofhehe fimdishef predudtecond
mechani cal extrusion device. For exanple, as heat is extracted, the

peri r guantdt i-es..of sion material 25 continue to get cooler
and g:;‘% er v fﬂeYt ‘LO%UJ- Tt iﬁ‘?%u guantities gradually cool to the desired,

rat her precise Tt r psesent t émpenstione. rdhitesyi ebdsa exdheigicplagBier i &lamihi ch

I s not of I.far ' n p xtrusiqon. Indeed, in this, second
phase, as %J%gqﬂl %@g%@ﬁ#fré%’ tj’;) astg'l,b%i t%q-'lrgc% %%d NSt BECPRSE 30 edmpiee
honogeni zaf$ah dFothet exity uainyn afi xeuretistyonef | mesruladkigigapeand asima

resul t thepémicﬁn%@,pﬁ:ﬂ@U%aﬁaexbfugiorgia(e's[gnﬁﬁgdinw&éééya peLorfddy. 1t
is seen that the overall productivity of the resent 1 ndustry i S St
i m t etP by} cE8FEHEDhABE dfelitife &3P laxal sy opfpreclelss:s, Topdeferakiye

only effecthymandpansief mehstidNGellets, and a heat extraction regiom.

Preferably included at the melt region of the foam extrusion

assembly is an agent addition assembly. Specifically, the agent
additicn 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 homogeneous
extrusion mixture.

Unlike the melt region, the heat extraction region'of the
present invention is structured to extract excesgs heat from the
mixture of melted material pellets and foaming 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 foaming agent therethrough,



4 February 2004 WD 01/10617 PCT/ US99/ 17694 an effectively cool ed extrudable
material is to provide a slow, |engthy, and gradual cool gewg. P S so
as to thicken the extrusion material w thout overly cooling on portions
thereof, and so as to achieve a longer mxing tinme for increased 5
hoanenlzat“Hhm“?ﬂé assenbly of the present invention, hoWRSI&ISYI7¥dr esses
the probl ens and needs which remain in the art and is able to
significantly increase the flowthrough~ate of extrusion material wthout
conprom sing the quality of the finished product. 10 SUMVARY OF THE

| NVENTI O\IpPﬁeEeE&BBﬁﬂﬁrdnﬂ\tQﬁt mentr ekgiss, tooR Jdheafepiast i G d eaR.gxtrusion
assenbl y of th& 8& e str éred to roduce an extruded foam proguct I n any
of a variety o TRdedsh bégos?%w Iy thedralizel: RE Fhenkeakt P ant ion

assenbl y mglludesSa angldatr @jdtﬁﬁ,ctl5n\/\/@lt(ﬂlctﬁﬁél vegpahdr imls,, a dpleUn@laict y of

Il et f t ti t | pell et d heat t t
ogion. | BIEFEFRbY) THORINER GT=tRJRE Frpug toF tEhe TdnPety doidnd |

assenbby |cs>oamnggeruhea@dbn:eonrm:sﬁmbgl yhe&8peirbinC adHey , mibeugest n@i(tileﬁl on

assenbly is o e d a foam ent to the melted or nelting
mat eri al Eeﬂﬁékg %Hé g%gr’rrg ry agtﬁ r%ae% R:é’ Eﬁlﬁuﬁﬁnﬁéﬁtﬁ Ya] | DTS P t h.
To this emdxtune &mmtamgh@nexasséame/ tzadrmriarnuirad:emgae m xi ng assenbl y.

The m xing assgk i I f el luded_with the
region, is struc %Sreedw?lo no%g%gﬁgyr/%nfng he 4 r}& % %Jél?n pre?qlé’tns 1gnd
the 25 foam ﬁgeawﬁasqmrewraéh@@viww pure’i‘hlmreectimmganemnsew is

ext r ugioon greXkuLs v Wlddeg ihie <RBLY, 4804101, dtlggoggétw:ﬁﬁﬁ {’xéo,@arrxe %%dOf

the presént invention I s structure T0 axiTaEe exchas fFom
m xt ure ofiSnePtRiFLHRES: | BP pEteées BRRrFSEanivhgn addmt sbwetlhaponh@llm) a

m xture camaachipver amexiudakl et aepeLat ys e and a%angné&,ﬁ%ya erfer ©f %ab' Y,
the heat extraction regi on I ncl udes an el ongate barrel throu gf'n whi ch the

mxture fIOBWET FRe WES dife i EHGSs P Pttt yPekiasst and d?]{%wlélﬁc l2g€8d,

i ncl udes aowhedst tase duthet @t e | BasEe]l ONENOUskEtuiRh Ned-dhargitherThe
inlet_is strlljictured to I’ECEI ve 35 the mﬁure of rreltedcpellets and f oam ng

agent therdhrgigh, 2% RrERPTar P"20GF TV ight. rew flight is

preferably structured to wrap around the extrusion screw and
thereby rotate upon rotation of the screw in order to urge the
mixture towards the outlet of the barrel. In ofder 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 least one, but
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 mixture of melted pellets and foaming agent therethrough upcn
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 c¢irculation of the
mixture relative to the barrel is achieved and substantially 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.
Lastly, the foam extrusion assembly includes a die. In
particular, the die is cooperatively dispeosed in £luid flow

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



WO 01/10617 PCT/ US99/ 17694 7 preferably fromthe nmelt region, for passage
into the barrel. Cooperatively disposed with the barrel of g, aﬂ??ﬁ
éxtraction region is a heat extraction structure. Specifical I y, the Qh
extraction structure draws heat fromthe barrel, such as by liquid 5

cool i ng, th&®HaPE7r enovi ng heat fromthe m xture of nelt ETFEVEEY and
foam ng agent in order to ensure that the extrusion mxture arrives at the
extrudabl e tenperature range. Di sposed wWthin the barrel of the heat
extraction region is a thernoplastic e®trusion screw. This extrusion screw

is 10 prefeerAll sk Coot | B SRRl &y dESPESed Wi LA fahteh%?c%ksl o%nd IS
structured to rotate therein when the barrel contains a quantity of the

m xture offeHEFECRE bt 1R recahEaBi v duFEGentt Hie wftdadabbeur geoqdndurext ur e

of nelted tﬁ%'rla@hﬁo@élﬁj ihl ovkag @YeRirm hoyes dsd Raaput | eﬂnaéfedt hee bag r@lon the
extrusion screw further (15 includes at | east one screwf ht. The sScrew

flight isS*pFefEPBbFYesttactifted o Mrdpcsr B§F4RENECe ?‘P%l ARE dhsreRid
t her ebg r eiratiecepeie rf.)itrislitelkféﬂ oéxth@dé@r@%du&torder to urge the m'xture
towards the ou%let of t go In order tq achjeve effective, conplete
and evenly distFi bt 8% ‘8 ‘1’?9190 fEHH PRSP ¢ FE7 b Oetq eQir‘bvéiqeetas toRa
f oam ng agentushoneyesemdtie wbterw ddmg]lgt the codbigf esRBk, | suentdryialakt her

i ncl udes east one, but refe I ura ity .of circulation channels
hori mag®: AlipsEaBhe Pl nethor BhS' SEAR S TrBollbRid Yol SLIGH 8L Rl A
preci sel y migosrei ahisgosadt hﬂthcmethEI ipnreso ashdrehyveomnee gfifendt itvedy, Of

the 23,m g 185 1€ L&d Rﬁli'f%&%l ”dréngfefr?:]@% a&&ﬂ‘éta&'&‘i&ﬁ‘l&"%ﬂ{‘ PO e

r ot at| on o € extTusron screw. Accofr upon r€ecei
quantiti e§mﬁuﬁhenmmﬂmadf atl tanl pepbrepsiand f@mud@bégentempemh t he

circul ati Qn,¢hapnghndnRf ge@%.hgf e gﬁﬂéé&ﬁgg igfaht&ﬁemg Whe B&%Pé ree Lo

the barrel is achieved and substantially al e mxture o
pel | et s aridref BERFHGIAYSHE*EMTE- substantially uni formy conme into cl ose

proximty wthat Berbaefebny é@tE stferti ﬁﬁe@é&% eé(@ibnhﬁ%l 1%Xttf@%ﬂd¥1d%n@n
cooling thereof. Lastly ?1 f oam extrusi on asserrbl%]I includes a die. In

parti |arex‘3FH§laf1ea?%er&*€}d'béfF]éFPv€P9 Be sPosktEsth WiH §*fFhipg 3g¢trusion
conmmuni catde@fictutBst hewpttidied OfsubBeaheisa®l , milhfaaattiake ONy&nly 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.

Ancther object of the present invention 1is 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
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so as to receive the mxture of nelted pellets and foam n‘gpgg,%gpys?hoqt t he
extrudabl e tenmperature, therethrough in order to forma desire ape.

I ndeed, it is upon exit fromthe die that the m xture begins to "foant and
thereby 5 SYOUI®7the finished, extruded product. It is ACTOEPEEEf the
present invention to provide a foam extrusi on assenbly which, during the
cool i ng phase, substantially distribut gas t he cooling effects throughout
the extrusion material mxture disposedwithin the barrel, thereby nore
effectivelyvel@.effici ent I y and uniformy rendering substantially all of
the extrusion rrgterl an appr.o i ate extrudabl e tenperature

cor respondi ng the B %br3 ﬁ[&g BEFRT usEY S 1PRe 1 BakP PEVFide Re
extrusion tmemmpéasmé uekhensndm eetren‘r whechr eSEéétﬁE@.@m:M:‘dLﬂatt@Spﬁﬂl\él de

an 15 extJu S shocan be t|||z i St extr. 5|on
,structur ee; v%ihgﬁgﬁt agﬂgs%( V\@B | SHodi T ctgiait ﬁé?n\%\ﬁ‘% sldfggT
i ncreages thise ewbragion hmoxglpet ebffect iordly aehdemadlfdxmlhzeved:rﬁe@s :hit@h as
general ly t O fLf e | v ur rent avai l abl e
;ﬁ%%‘ihl@ ﬁgt% tilt!_% lé%atp é ctlng o Og C% gE ﬁ%‘[ H;;ﬁ (?8] ect

t hrough put rates; sacrificin qua
of the pr@@ﬁFSFQVeﬁWWhS to provide an extrusion screw whi ch can be

effectively uthbbegd: | BpSXLE! 30 cifX! bHSLAN: asaeORlies. 3 andoy gl oihch more
effectlveI%Jorow es for” uniformheat extraction fromhot an

ext r usi on THEEEPPARSE DS RKERBEICHYEFTSW cBiFagsthet antiadilal mdiféasi idet he
mat erizal , M BatBbrh Neore@ME vt LHRibStdd Inys %Sta_ﬁteﬁéic!ry i 2ELeaS L&A | ow

through rate to be achieved. An added object of present invention is

to provi dE*XEFTPGART BXEFTRON HETERE ?rﬁm-@%P%d‘E%IfearﬁfféFF?n‘év@%dﬁ@sfotlﬁ‘e
limtati oq&ocaas@ﬁ@mmc&s&eﬁl at:nﬂewﬁgh d:.@m@@@éhﬂslgad%ms%ntﬂ?e lelusi on
process. S0.an O‘%ﬁ 19 46@‘2 segt invention is to provide a foam
ext r usi on aasé“@r’rﬁfly i Th- et tpr\‘}> PGCi e r e extrusion production
rate without sisghilisacther ioicieeasiofgthbepsézentandh@htion is to provide
15 a thermoplastic extrusion screw which effectively circulates the
extrusion mixture and provides a substantially homogeneocus and

high gquality product.

BRIEF DESCRIPTICN 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 present invention;

Figure 5 is a creoss 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;



35 conplexity of the structure to inpractical and unecononical 4 February
2004 WO 01/10617 PCT/US99/ 17694 9 levels. Yet another Objfﬁéb,ﬁg%ﬂﬁm
present invention is to provide a thernoplastic extrusion screw
effectively circulates the extrusion mxture and ensures that

subst anti al IWQow/foemot all of S the extrusion m xture eff aatriossdyréand
uniformy conmes into proximty with the heat extracting surface of the
barrel of the extrusion assenbly. Another object of the present invention
is to provide a thernoplastic extrusi off screw which substantially nodifies
the 10 flow pat romal | Dit. y xtrusi.on m xture wthin an
ext r usi on asse%%&%gtﬂgrsggyg%?%%ré# n%leoqrr%lrié gg P:E%?eeéjntwgﬁ’dg}]]ﬁil?tbzﬁﬁmg an

pr ocessi nglitgErabl varemdimentngfsthai ticentattidvanhesneh ddlineat ein ahewhi ch
the extrudgdenr edughe sy RhadUged, s R Ido2noLkher, ohl 86t 0 ; Lhe present ,
invention is to provide 15 a thernoplastic extrusion Screw which'’
effectively ci Fédrat ed the soetigspdn REXERRE ied vpewvplesn scaludstaanivieal | y
honogeseousmraRdmeht bt QUR sk rAEQEHCE o BRI G PESCRL BTN [JenLiE, DRAW NGS 20
For a fuller understanding of the nature of the present 1nvention,

ref erence shouldkBerREH RS HFISwiTTFedetai Lékie Beset i Priconwhcakerhin
connect i OsewelrAlt e CITRARY dRgwdhgi Ngs in which: Figure 1 is a
perspective, partial cut away view of the foam 25 extrusion assenbly of
the present invention; Figure 2 is a sectional, partial cut-away view of

t he barr elDETANHEDXDESCH IRTISGT eW DAEt beshesiere santig@r r egi on of the foam
extrugi.on assephly of the present inveniion; Figure 3 1s an isolated

sect i §Ra| Vi ewgg? PhES TR} e%‘fefrfetdﬁfl of® %etcﬁgdegi)‘f’%%c?%rﬁ sty Bt g on
present i mesetbdn; BEgulbustistesl drogsigeet ilonal yeswrally hendekewdf bkght
of the extrusi C t pr t .lnvention, Figure 5 1S a cross

sect i onal ?&toi'sol %?%é {vl?}glv%/g' Il B:S Sr aet%?c%glsam%f iarssstemg%obilgrréﬁt S&‘F“Fﬁﬁreg to

ci rcul ati Frodhgam? adkekindable palymegcpéastic which foams 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 foaming or expandable thermoplastics or

20 other materials which may be utlilized 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 assémbly 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



35 flight of the extrusion screw of the present invention; 4 February 2004
WO 01/10617 PCT/ US99/17694 /0 Figure 6 is a cross secti ongh ﬂ)%)to d Vi ew
illustrating an alternative enbodi nent of the circulation ¢ anne t'i ned
inthe screwflight of the extrusion screw of the present invention; and
Figure 7 is “éoglé‘(?g Yonal , perspective view of an alternati FETUSYSHEY¥dI ment

of the extrusion screw of the present invention. Like reference nunerals
refer to |ike parts throughout the N'Iﬂral views of the draw ngs. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 10 The present invention is

directed tiowanpdacadfDers ets uwleNredsseMd y, @S doulds! r 8¢ eds ihddgyhgel and
general ly indic ted P%%P Specifically, the_ extrusion assembly 10 is
e

st ruct ur ed¥o mapr (Yol xpdantiEivgey FBRL bl BERF connFehitdbak@lusyne
exposure tpellahsexflergak enbesonhsﬂ:ﬁt:ksn ehﬁatstmmlwcq;@dd‘elrmcﬁglﬁglgg sem

15 f h Ta. t f t th
oresent | SRS EaREhe W WS pfBEy dE SRR RSR SRy %%?%Jam%svf%whpsppn;s
i ncl udiéng muponmeniemnlt}ednttmo;jobyétwm&he melyeﬁégﬂoaneo(f’&;} subsequent

pol ypropy'n%a%mgglfle&eé?ﬁhef FEEghO oréh 3t es ng'y%%'gqul ?52% o

expandabl e t her astics or er erla S I'ch
devel oped ingluge ﬁutl@fr@e vag 91 ustheat elmbamnél qumgalpethéopr e‘f[leec'edand

enmbodi ment; thes f trusi i w4 10, gf e pfes ent.i.9
defi nes amﬁ%g eﬁet;%gwégéen%?y?ﬂe ﬁgl gpe(nigleqe:g {‘fl ﬁgga erreQ

i nt er meshiSAE LHPARE cr Ehe a@%@hﬂ%ﬂﬁﬁy ?eﬂ Qéfeliérabhﬂ zwum ain |eflO’.r_>1§ated
utilized, ssheubdoalisaa consikiengd as:being %EQH'alt %%1%899 é‘géﬁ' rit

of this invention. _Wth regard to the tandem assenbly " FustTate
Figure 1, SREfederaline & Bawaﬁ%w%eéggéwry spgew; rﬁuqmég an finterionel t

region", generakkywi ol cad ebrmtei28d dNehen SRCOBGreNegt e racld Rgi6R9I ON
general | y i ndi ﬁated as.40. The 30 fiyst nelt region 20 is structured to

recei ve and feft *8 PFEtsidltly 957 VERePHoDI LtES 9ﬁ§FeF‘F§?mlﬁéfl2@t $° {fi EA
pr ef er abl woterm whehbastbe feoltt hegpsoduct , Elelfh@Smiﬁ'@:lfaQalﬁdlﬂ@dbchret0 be

ProvuSt (Bl EATAPTHICEL ! b0 B ar 5, BeLED o, S e

guantiti escrew 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, 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 wmay include
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rTegion 20. O course, it is noted that the material pellet ude
smal| bead or cylindrical type pellets, |arger cubes, blocks, chunks,
flakes, powdx01défi¥ ni ng particul ate, or any other configdﬁﬁﬂﬁ®m76ﬁ the

mat erial which can 5 be conveniently introduced into the nelt region 20 for
subsequent nelting thereof. FurthernDr al t hough the nelt region 20 may
include a | arge vat or other heating cdntalner for direct and inmmediate

mel ting of1hbgcsmisdd ahyheh! &hrbor, naﬁaﬁozpr&fh%&r {}erﬁ‘am%%@' EBIL; n%%,%eHErough

region 20 preferably includes an el ongat ed 10 usi on barre
whi ch t he OratertEepélrEretari¢h g@él aééewmr@%mw the £heishgl eredect

extrusi onapanem 1 pHehcds @ik If@h&&h@racﬂEAﬂ u&%&eﬂh@%xt'xﬁdga%@w%%e%&@ n
the barrel of the nelt region 20 and I:lrgrefera driven by a |l arge gear

assenbl y 35°¥qEhg fiogm PSF&P%1%tarﬁSr?"tbﬂr¥ It Pegicvirsse. 1nsis hadeassppdl

pel | et s akRalotHegedobht oy Huddie ﬂﬁbtalﬁﬂlwdgeel@gﬁéi raph¥v¥ed e tALEri or
mel t SCF%M/GO é%ﬁEP§ to have ?ﬁhgntla a "neg rinder"” effect, heat
energy i s BFoE% ipgl tPYh & AivaflEr 1579 fdmisPeddpsyiicdd arinmay inAgeBarr el
50'. In the pt@f&eﬂ[aﬂj enfredi mhRat taérqu:a]sasum;e haakkrDgl seiigie, tprefiesably
surroundln |1 of the. barrel 50 e 2 | t on 20, .appli.es
heat to tﬁe g?w$' lnﬁﬁb% overﬁ tﬁ?gloﬁtéﬁror8H£$# %TﬁégNdéflrsgﬂt Pfled in
the barrepréfergrlaf exlabicy witthgebe at_f;emmtaddm"tmomg,asshmbnﬁtml a dqeablehs
agai nst, t t ur e agai nst e anot her,

Jai b B8ehAt QL0by SWMARER AN DA Chad 0 B0 B0RNS 4 P aNOLhe

t hereby cadsi ng i'n practice adds the 1argest quantlty
of heat ZQatethbigﬁhhﬁﬁSabepéglﬂﬁkt%ﬁd |nproves the overall nelting thereof

until @ smoot hay y&t Jeseous: gel Lot dil el ghel fe P 04 qu 265 1, yateptal

pellets alone wll %enerally not provi neces oan1ng react
when har défFAEPlnkéss Fhgatriian vﬁscsﬁmb&ﬁ’e\?ﬁou@l Wﬁ%ﬁbéva@éélmd bY

i cro-encapsybat @d1209At §i S1dsRd, 2 and 80 ¥ | knBotyhecous dhesgesiggdy
finished foam product, the foam _extrusion assenbly 10 further includes an

agent 1§ddPFP6ﬁr%E%3énﬁF%es 26he| gedfedprefterial é’ﬁ%éa}:ﬁeﬁ?m‘ﬂ% Shenpelt
addi ti on asgeshl yo 2GnagdsvadésafpngnageBErbor ihe waltiad 85 AMBtdding of

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

25 any, deformations, imperfections 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 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



preferably as they pass through the nelt region 20. Mreover, in 35 the
preferred enbodi nent, the foam ng agent may include 4 Febryaty gg%)

01/ 10617 PCT/ US99/ 17694 j, P- fluorocarbon, hydro carbon, and or

equi val ent foam ng agents or m xtures thereof whi ch wil | add volune to the
finished prwdugtiesiand will pronote the foam ng acti on whemCriusoewssduded
nelt energes fromthe foam extrusion assenbly 10. of course, it is
understood 5 that other foam ng agents q?y al so be devel oped or provided in
the future depending upon the desired k4 ni shed product, and may indeed be

Combi ned webl) Lhe hOPC "POLASE o B SOAEI ndld Oid:0.dcSy 'yngr 8flught Onht 0

the nelt region . desired, and prefera Fon Wth
agent addhepbresiysariop pegien @l @ﬁlWQ@la@@ntoamﬂeoweaanducngGsmgthgent

may furtheg, pﬁs agd elqutc@ufé" ethé@étﬁfr‘o%‘ghp ellets, bxﬁ-h%r% t %g(trﬁ‘%]? 0 eygess,

preferablé included at the nelt region 20, is m Xi ng~ asse
M xi ng as§erbl FTPR | Ehalr ePEFEBIiORIeRiNEEr Dy Suéht H@latalqh%rmalttllueasmél part

of thes ”EEEh§é&@V\ér§%ﬂme€cliaté prefeiAbly dingRSatiBe Mebfied, MRLGLLA! 2B6! | et's

through the nelt_  region . and provides for nore effective melting as a

resul t of ©9t Be0 Srsresss ﬁ@E?eW%CQ&PPHFéPEaW%P &he wherremeasida Seingl.

The niXi Qgeass@ithy 2dohst Ui YekUpLssdtr LHRstant i ald paktXcther N8l ede
mat er i al Eel | ets and the bl ow ngaa ent with one another so as to 20 provi de
r

a subst ant P&l FHOHDYEh EFFSCRF XL br £5 oFSTRATRY MeFeFPal X pRIHars "fduFdan ng

agent. | ntbhibe Ip&g&lidedl Bti snt b.@pgbpri@té)eexﬁ&ﬁfd&bllﬁp@ﬁtsaﬁb1.H?lat art hpeough

and U?l form f oam extru &6 m xt ure mé t.ed material pellets and the
8 T *3%e

foam ng agSRPSTRSHT ¢ d%}FW%SlﬁrnoWadh’ee 3% &8°F Mt h&FSpMBEGEL 2t hat
cont ai ns e} hév@Staoylo\decfaf)raatrueoesltyr,penéaamngoris orililr lbegu-luamy and

structureg, %E%Qufé tcSaI 01%09_5 kﬂﬁf&%‘%} roxc'ﬂslea%géug}r?éucst usmgﬁet he

extrusion ure has been e ectlve onbgeni zé 'S preferably
passed di estrhyiomimptdrdadesunt, béhelafflce»ﬂntelm iconled egr onisipushsi.e.,

i1l ustrat ed;bR-FLYULEGL Ju1l filﬁcegam ba3D the pL efgiagthd agqamffm%gggy :

this heat extraction regdion nmay conprise a separate structure
al t er hat i F8Fpugoal diferdy %bth%lfcolﬁﬂ%aﬁpof‘rléﬁotlﬁeaﬁeItto r@@“@ﬁuzslﬁs i s

the case espaehal Idedd¥dingly, 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 extrugion 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 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 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. 1In 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



non-foam ng thernopl astic extrusion. nore specifically, in the preferred

enbodi ment illustrated in Figure 1, a connector type 35 copfj %{ggmy be
‘provided so as to transfer the extrusion m xture 4 February 20%3
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region 40. Theouriwet extraction region 40 is structured topdpe®oNfeand
process the extrusion m xture therethrough and to uniformy extract excess
heat fromthat extrusion mxture such thgt the mxture will 5 achieve an
appropriate extrudabl e tenperature, oft&h between 200 to 300 degrees
fahrenhei t,_ depending_upon tc?e t hernopl astic being used and the anmount of
gas present®¥ %ﬁ@i hf‘e PRUPAFES CHSF#i%n the foam extrusion process it is
necessary for tthepextrigébn miixbvsed twidle previsied-«at an appPr epei &t

ext rudabl e_yi ity. Lf the 10 tenperature of the extrusion material is

t oo hot, t%%ersr?;c%ér%lal S ha?/% t 69 | ot oﬁiedatvi sBBETISL 1 SeanPhEUFEUSG 1| be
runny and SpiRdifficaliyvt oti@rmatnestaatt hds hedueturs eddl & piceduel. cdhiisaw t he

trusi ' ffici | ed i i.e., thickened
ond gels 1R, pReSEPARLP IR ERE el SBY S Boobe TR g ontipy e
wi t hout befrgn ddhevissdousias mbxpresmtomedinecharidéin Acdopdbaghy, thtmdieat
extracti on.geqi09e405bS ShHUEﬂér"e%%feI&e gfnﬂs&gﬁé&ﬁ?%h%e%tetatr

h f Q%%%F ion
extrusion mxture in a control unitorm an evenly di'stri bute manner

such that RUBMIEARE ANAJUSEE 20fCald REXIFUBICETRI eughe asi |4 pIORiaEYa Of
uni f or m angb&ffrRCIHN 8 528y exh & arelaty et %@E@'&Hif’dfé&sﬁeﬁc ehgf%li}ﬁheabout

extrudabl e tenperature w |l be achieved throughout” the éxtrusion mXxture
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that the preferred en%od%krrer% 23 of the heat extraction region_40 includes
an el ongatRTBEFEE %b. e WS hFgat barPel BGepAcIidds Rieisgasdlyorfran et

31, such asultaritHelcoguectiyieondti t h8dy SRem i BhEl gianchtriand &t |@ast
one outletthusgL%nas .%Euggedgi e 44, j’dmefail ned .t h reiO : és such, in the
preferred Tandem Conrigar at fore showt T f Fgure Y, EhE ExPPESTOFERP niSk ure
is preferabhy rimoeialed F0,omashe widllt regi cles2@ibed aihul Eyrtiofr detail
subst ant i aé&gséau%%gﬁg_form through the inlet 31 for passage
Contained within the barrel 50 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
agsembly, 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 thrdugh 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 continucus 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 flights 64 and 64' may be disposed in



and processing through the barrel 50 prior to formation by the die 44. In
this preferred enbodi nent, the processing to be perforned 4ngﬁ@§,ﬂﬁﬁ¢
‘extraction region 40 is preferably the cooling of the 35 extrusion m xture,
al t hough added phases such as further m xing 4 February 2004 WD 01/10617
_PCT/ US99/ 17&8x1mest7al so be achi eved therein. Cooperativel ypoahs09sask W t h
the barrel 50 of the heat extraction region 40 is a heat extraction
structure. Specifically, the heat extraction structure is structured to
draw 5 heat, preferably fromthe barrel/-50, and accordingly, to draw heat
fromthe qxtrusL%%_nixture ont ai ned , q;n and passing through the barrel

t '
50. In the'preferted Enbol? et , Ot n&figat exPtaet #8n 10stihifet §4r@tedes a
cool i ng stiteruaeiseickoasam pburddfiing oft teabt Nngneoifi®worp£ANpeL S the

pr ef er abl ' al | 10 a_peri r of the barrel 50. As
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heat fromftthehtpetimaer érutofnaedde nipar egtefd, emnidrdlydeedna the patefmr abl wrdr aw
substagti ahqyuaptities gL r q dties of.the trusion
‘mxture di sgos_eg %en a v?c %?%n%f%ﬁeh%eﬁﬁﬁielgfgﬁ e ?l}n@%arcroéﬂ B8, as
wi |l be desgpibedents feff it rdetdculagubgetpmerdd th€opsat hedla tphilymehe

barrel 50 andniafignably §528d 40 1AL hiﬁ%fs afgf:]?(;‘;ihﬁe ééﬁ:ltr.ursqgﬁt qg_'x%u}:iet.’ s

a thernoplastic extrusion screw 60, such as a foam cooling scréew. I'n
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formed screw t hat extends the Iength of the barrel 50. The extrusion screw

60 i s8I sEFHrBPLPANT* ChderEd FBraugRaibe deserbl §0- as at 42, seen in
Figure 1, whicltheotatabl yl ity est t hehidhn ey bsl @Bpse4€M LM Hitidy 0y
barrel 50, altgoughhithi S a(_lgo ossible for the extrusion screwto be

st at i onar y BEESWE R ahte | AthT & B a1 19 M5 Bu PGB RS sTOSTeRERBUr e

t hrough t Ipdechar iel prieé¢gandlesstribieusd ritsi o800 eiwoh0 rprakerabby ihel udes

at least one_screw flight 64 ich ip a nore preferred eppodinment i s 30
St ructur o8 ToTh S EORIPR B THbG o HeRETUr el et Chat LS B8 48 to
def i né5a cgmtichuvesd v exgand ScorewhEl egtngdds sahfhoimghinonesubstantially

close spaced 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 (usuaily 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 sérew 60
rotates, the relative movement between the screw £light 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 wmovement 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



or nore angl ed scraper blades could also define the flight. Furthernore,
whil e the preferred enbodi nent includes a single screw f'h%hrféf‘yﬂ)dh an
alternative enbodinment, as illustrated in 35 Figure 7, two or nore screw
flights 64 and 64' nay be disposed in 4 February 2004 WO 01/10617

PCT/ US99/ 178®pilipsae Wit h one another or side by side as i mrcrhusedi7budst r at ed
alternative so as to define at | east one flow path for the extrusion

m xture. O course, it should be noted that the screw flight 64 may but
need not extend entirely along the shaft®62 or 5 the barrel 50 depending

upon the ghxiRd:shgating.and/ QL;epoldn Uigl of .the particul ar
system and the Egrti cuﬂar 1p}gl yrrJér %)c? %t Eérﬁ?galfogggg%% gg ttﬁg %gl‘lgH?@r t he
ext rusi onPHEPREEF®. Mreover, the specific angle of incidence of the screw

flight 64  cambe eanied50ias: i de0uha! felle gnerd sthr guphouhic,the 10
extrusion mxture flows through the barrel 50. The screw flight 64, ich
may be sePAPREEINLY0ALFRPEGE ARt POPREHSH T ofhehs Hesnred2 5P e rdicyn bor e

conti ngousighrsegmentfdenpkeefBod Smdtief el Vel UG Wied-a@ cROERLE LRON
rotation of the . entire extrusion screw 60. Moreover, the screw flight 64
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| ndeed, that. cl oscgll )ﬁ fs’\,;éaced rel ation liet ween_.the screw flight 64 and the
AEHLTS 5
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interior StPt VRE: bAMTEIAEG s CEBALIST I Y TeLrbS predihgerate
t ol er ancest( ughiatt y the wekbiwsgenemabdyrabotdn . QRks20thioBsh t e NEkEE

barrel .di apeter. whi ch i.s_often about i hches such_that m ni mal seepage
of 1 neex EREETe I HediBnosb ol W Bp DELSE] b AEPsPRET ofE GritenastEl
extrusi ontsupeyatBiren t hifpn hexabple el wbdle Muegeler , imtndaaigh tthee shedace of
t he screw_fl] . 84 ] e -§wt g I of a'laower friction
t han t he 5&%%?%%05%%% Fl glcfggé?g%%/lt. e bstz}r#erél SS%?SE ﬁeé%%?aurr 3-‘001‘:L HPRE3=E
interior asthfaeshBIt gfatehe ibarkepsSlVs fienichist hat raovedento dwickdh the
barrel 50 .S achhgveds Aocof diddlne ﬁ%ﬁc%@@,eéhéugﬁ f%ﬁé@Né¥)engbgig , the
rel ative novenent between the screw flight 64 and the 1nterior barre
surfaée STIKEWER " cr §Eet Herssat §9i b morinesesef shwabarrels 51 baserat ed

by arrow BveR Fbg&@srdl ite? td RhedCRARE2REEs Woit Nehdeniatall QRief, Lhe
eXtrUSIOncigggg%(¥% £ % shaft 62 of the extrusion screw. As a result, the
heat extraction process of conventional systems must be
gsubstantially slow in order to engure 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
i” . 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 chamnnels 90 defined therein. The circulation c¢hannels
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,



illustrated by arrow A. This novenent of the extrusion m xture towards the
end that preferably includes the outlet 44 therefore funchiFgpgahpasis/g or
push the extrusion mxture forward, forcing 35 the nelt through the die 44
so as to formthe foam product 45 4 February 2004 WO 01/10617

PCT/ US99/ 178@ombéieh is ultimately utilized in the formatirmrr/asonises
finished products. As previously indicated, the heat extraction structure
52 is preferably disposed about a peripeter of the barrel 50 as shown in

5 Figure 2. In this enbodi ment, nore he is extracted fromthe quantities
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Conversely, th ructure of, t resel I_nyention such_that_a faster
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circul ation channel s 90 defined therein. circulation hanne §°30%90 a
pref el8bl $igpPipesed dheca FPatEdoRpARtXtHTSt aPRIT f EBM Girrevartdfdr 62 omg t he

screw fligbtabds @nd ifREre¥end A QNG1tHE @ bherel 50, and interrupting
the normal laminar melt flow, while simultaneougly 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 gquantities 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 mixture through the circulation
30 channels 90 sgubstantially ensures that an even, uniform
distribution of coeling is achieved throughout the entire quantity
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



screw flight 64 if desired. Preferably the circulation channels 90 are

di sposed in a generally offset alignment from one another 4#epR@AN SR04
preferred continuous screw flight 64, which may be 35 viewed fromeither a
top or bottomview of the extrusion screw 60, 4 February 2004 WO 01/10617
PCT/ US99/ 1769201§i8613s to i nterrupt a cross-channel flow andGralsd¥1m3 and so
as to provide a nore turbulent and m xed flow. The circul ati on channel s
are al so preferably disposed in a | ower,g egion of the screw flight 64 so
as to be in closer proximty to the scr' w shaft 62 than to 5 the interior
surface Sinoéntien haricel chO. oAk aDSlcah! BkEEA Jon 5CapflapRAd tQEBG%ﬁl ly
directly adjacent to the root of the extrusion screw% Mor eover
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m xture and urges it towards the ressure trailing, surface 72 15
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surface 51 of the barrel 50. This circulation of the extrusion m xture
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provide a "jet" effect that maximizes a flow velocity through the
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circulation channel 90 and an increased digruption 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 830, a characteristic that also tends to
disrupt the flow patterns and increases a mixing and circulation
of the extrusion mixture. BAlso in the preferred embodimeht, 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



of the extrusion mxture, and that accordingly, a greater quantity of heat
can be uniformy extracted so as to pernmt a nore rapid fhopaphlipogiy rate.
Specifically, nore heat can be extracted and 35 the rate of nobvenent can be
increased utjlizing the present 4 February 2004 WO 01/ 10617 PCT/ US99/ 17694
invention siR&PRE greater heat extraction is spread out REFERYHH4al | of
the extrusion mxture and no portion of the mxture is cooled nore than
another in an attenpt to extract heat f[tpm negl ect ed regi ons. |ndeed, by
way of experinentation it has been 5 noted that with the present invention,
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per hour, _representin subst anti al production increase over previously
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is preberabkycsieucdti g cHbonRessypstantially short in length and with a
gieater inlet area than exit area. Accordingly, as the flow converges into

and passes quPRRFY + ROGUBR R¥RYIGUSdYl Brdirrtesanke mRyimes eexedassisonot

m xture tends sieexHRighta gmexd STum syslda PN @ ddtdat e 2306k" gikathon
channel 90, .a characterjistic that alsg tends to _disrupt the flow patterns

and i ncr eAS&8E LT WiHy FRRH L FORA P BhACH S | Bl SFERYALRR e TeAl B8 in

the pref erinedraaboth neimimized seapabesthensietwachi gyr €nd, sd My aflibhe ggdges
edges 101 and

of theccirculation ,cl anr}%I 905{ such as the |eft and right
103 ard 3G°rAvardry tlz}beere&m}g SERPEYR THEESVE- 85%%‘5|%é‘a“ﬁr&- eflfeEReand
fl ow conveélgeateatehidrefewoedfettielisdges, asdicle as tdachapvanth 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 should be determined by the appended claims and
their legal equivalents.

Now that the invention has been described,



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 4 February 2004 WO 01/10617 PCT/ US99/ 17694
the screw flight. Indeed, as a result ofo the above recited, 4 psglafreds
asymmetrical inlet area structure of the circulation channel, increased
honogeni zati on of the extrusion mxture is achieved, and in the case of

t he foaqb§ﬁﬁling screw, a greater 5 circulation for nore even cooling of
the extrusloh mxture is achieved. In an alternative, less preferred
enbodi nent of the <circulation channel 90', as illustrated in Figure 6, an
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of 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
circulation 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 channet is defined a generally spaced apart distance from said perimeter edge of
said screw flight.

3. A homogenization enhancing exfrusion 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.



the invention should be determ ned by the appended clainms and their |egal
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Clainms 1. A honobgenization enhancing extrusion screw to be disposed within
an extrusion barrel of a thernoplastic extrusion assenbly, said screw
conprising: an elongate shaft, said el odyate shaft di sposed HiFebhary 2004
extrusion barrel; at |least one screw flight extending fromsaid el ongate
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flight; hostogenizatoorofeaiflexybdion midturdi ng at | east one circul ati on channel
extending fromsaid |eading surface to said trailing surface thereof, said
circulation channel structured to permt a quantity of the extrusion
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spaced a r.el at.i f he . ln surface of .t xtrusion barre

pass the?’g[n&urcv)@gﬁé'h g %%?rglé%ig %‘apbg .l q%%essqnesa@gn%tpcagéql% ART BRAP 19 ﬁ'EuPénd

t her eby aflge mttguesftsiaidexifusiph enietate thsaugh said oitcutation chaosedndithesetyd trail i ng
surface n spaced apart relation from the
interior m(su?’? %%%ﬁﬁqghfég@’%g '%H% barrel to nove upward toward the interior
surface of the extrusion barrel; and an inlet area of said circul ation
channel Rei ng i d |rculat|on hannel .. so as
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generally spaced apa tance rom sai perlqﬁgt er edge of said screw
flight. 3. A honopgenization enhancing extrusion screw as recited in claim1l
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tapered edge exte om sard sur fI i ght
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pr ecedi ng al ms, Wher CI rc atl on c annéel rne %ast one
gener al | §xtfusign t@ﬂ@b st ruct ur ed to maxi m ze a slippage of said extrusion
m xture through said circulati on channel and create

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
peliets;

¢) 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 materiat 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,



a flow vortex at said trailing surface of said screw flight, thereby

maxi m zi ng a honogeni zati on of said extrusion m xture. 5. A honobgeni zation
enhanci ng extrusion screw as recited in any one of the preceding clains,
wherein said circul ati on channel includes an asymmetrical inlet area so as
to disrupt a flow pattern of said ext28sion m xture through fabingary 2004
circul ati on channel and thereby nmaxi m zi ng a honogeni zation thereof. 6. A
honogeni zat i on enha@fgat gxisaation stroctursceoonemdivele dispeskd witrasaid bareel@ndt he
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barrel , exrudabienmpargtupotbarethraegh. extraction structure cooperatively

di sposed with said barrel and structured to draw heat fromsaid barrel; an
extrusion screw disposed in said barrel, said extrusion screw including at

| east ofe scriefRam exjvsioamgseablygsseciiedtinclatin &rheriéin paidaitcwliatidni chapaelds bar r el
such t h¥efinsPindafd 2drdl Rich ] i's urged
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| east one circul ation channel defined therein and structured to receive
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t heret hrough so as to circula ard mxture o t ets anaelf oam ng
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 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 frailing surface of said screw flight, thereby maximizing a homogenization of said
mixture of melted pellets and foaming agent.



agent towards said barrel for nore effective and conpl ete 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 nmaximze a flow
velocity and swell of said mxture of nelted pellets and foam ng agent
fromsaid circulation channel; e) a di&3structured to recei vidrebaiaty 28064 ur e
of nelted pellets and foam ng agent at said extrudable tenperature

t heret hrough. 9. A foam extrusion assenbly as recited in claim8 wherein
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maxi m zehosigenizgliemthetdobs of said mixture of nelted pellets and foaning
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ern

di srupt a tlow pa said m xture of nelted pellets and foam ng agent
t hrough said circul ati on channel and thereby maxi m zing a honopgeni zation
t her eof ., 413. | ; I | i erein said
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and foanbagoRfshtonk MMl d circul ation channel, and a pair of generally
flat edges structured to nmaximze a slippage of said mxture of nelted
pellets and foaning agent through said circulation channel and create a
flow vorfrex & fo% thhfs%h'ds@&gbﬁl‘érsfr?&’edq cBith@ FRERH Jalic’ &%,ati@:ﬁch@u{e‘?%m
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t hereof upon exit fromsaid circulation channel.
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.  Afoam extrusion assembly as recited in claim 16, wherein said circulation channel 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.



16. A foamextrusion assenbly as recited in claim@8, wherein said heat
extraction structure is disposed generally about a perineter of said
barrel so as to draw a substantial anount of said heat fromsaid m xture
of nelted pellets and foam ng agent disposed in a vicinity of said
perineter of said barrel. 17. A foam extrusion assenbly as recited in claim
16, wherein said circulation channel is24structured to nove dSdieruann2d4 i es
of said mxture of nelted pellets and foam ng agent disposed in a vicinity
of a basd9of Adpamsutrusion assgmbly aswaciied inany operol fleines 8 &f 13 dndllidingra el for
effectlvelég Ilng here@ Y. sai d heaté%xtr ciion %? ructure, 18 A foam
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xture era ure as m xt ure passes
t hrough an el ongate barrel, the nethod corrprl sing the steps O . draw ng

heat fro ating an el.ongate.extrusion
ey i CA TR AR R T e
out | et odeﬁﬂed ilbamy ene ofataimpddeirng at | east sonme of the extrusion mixture
through a circulation channel defined in at |east one screw flight of the

extrusion screw and having an inlet area larger than an outlet area, so as
to circulate Atmétbad of cmling gdean iexirgsiorofmidre t@ah exidableveriperaturshascthear e
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| east ongpleabwhids LARRKET tﬁélsgrréxérﬁﬁdl ng froma | eading surface of said
screw flight towards a trail ace of said
passing at least some of e 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 fo 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 barrel towards the
perimeter surface of the barrel and to maximize the quantity and flow velocity of said



screw flight, so as to circulate at |east sone quantities of the extrusion
m xture which are disposed a spaced apart distance fromthe perineter
surface of the barrel towards the perinmeter surface of the barrel and to
maxi m ze the quantity and flow velocity of said 25 4 February 2004
extrusion mxture which enters said cir2ul ati on channel, therkEdhyuay084i ng
substantially wuniformcooling of the extrusion m xture. 26. A nethod as
reci ted exrusioai migtupiwbich 26tersedid cinestiation channdlgtherebyachisving sulbstardialy of :
passi ng at: : ] ion mxture through a circul ation
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steps of: J -
rotating said elongate extrusion screw having a perimeter edge that is beveled with a
trailing portion thereof angled away from an interior surface of the barrel, within the barrel, so
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.





