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‘BACKGROUND OF THE | NVENTION Fi el d of the Invention The presggbriaRyeig4 on
relates to a thernoplastic extrusion assenbly which provides a

substanti al | hormgeneous product, preferably a foamthernoplastic product,
and whi ch pPoHUe&87sai d product at a desired extrusion te®SEfEPUrEand at
an increased throughput rate over what is nornmally available, wthout

requiring that a conplex, costly a rsi zed extrusion ass | e
i npl enented and further, wthout rggé&érl%st antial nodifi cammwnwmu”ﬂ"mm
exi sting manufacturing devi dcHOMAGERE ZRABOAN EWHABGEREi pti on of the Rel a

Art The field of art assembmiGstaide WBRHTBRMANIGY QeREHST o, and fUEH
thernopl astic extrusion in particular, Is quite specialized, and indeed, is
quite different fromthat typically associated with netal, rubber, or

non- f ogne gapikasbimp exk ks ongveRagenf i cal |y, foam extrusion generally

requires an initial step of melting pellets, usually made of a
t her nopl adiiSdSnBfeEReHIDVRREION, \hsequent step of mi xing the nelted

t her mopl ast i csThet brasénaningeRgRit , rélitesA% A of |tiRsAea1 DeR: & Woetheli SFC,
HCFC and/ or HE‘% or .hydrocarbons (such as propane, butane, pentane, etc.),
and possi B3PGPhEr “gﬁéﬂlsp§8¥h 88 FucPURRt IR Laddut shomqgegepssarrERfustand/ or
col oring agefesablp anfoamwl EHiamhaiastscoprefydt ORINWhiMar 88¥@iced gy itDSt
effectli ve f%%m ext Lusi 041 t.echni g‘%es conpl et el Y contain the extrusion

mat er el EHCAG Tt RE Pel 195G S X PAg s CERRS 2 HHiSh 13Tty FhelBRASASeA in

a.non- f oardoughpobusa fovernvhat passetmé hwaghidabbx} mithent denaiit ng

exposed t tern es e pt. 1 s when the extruded material exits
the die 019: ht%})éee% og%ﬁn%%)?’us?%%#&ggsgrﬁ%{ %/rtﬁ\é?rsle “SH I(qu'frélﬁﬁof‘i .aég.seim% Yat® and
stiffen) iimpedemestafti nandl y furtdbles.f or mitBoeth asrdquiimgngpl amkisdtandaiar ge
sheets fr i TeAt L F AYSo+ 4 j : o) iners for butter
and | ol | v PRt TPR eb XS 0 r ANk AL R e T o L A PR

PCTI U389/ 17694 o~. Accordingly, precision is inperative in order to ensure
that an efjeetdiveiands£ormd el sHexl RgeOf the ingredients is achieved,
thereby providing for a properly configured and honbgeneous product, and
further, to endbfeftid qfhérErﬁqqcé”@%?gu‘é’r‘Hh tdgspepiastic extrusion, and

foam thermoplastic extrusion in particular, is quite specialized,

and indeed, is quite different from that typically associated with

20 metal, rubber, or non-foamed plastic extrusion. Specifically,
foam extrusion generally requires an initiai step of melting
pellets, usually made of a thermoplastic material, and a
gsubsequent step of mixing the melted thermoplastics with a foaming

- agent, guch 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. Indeed, it is when the extruded material exits the die of

the foam extrusion assembly that it will foam (i.e. inflate and
stiffen) into its ultimately usable form, such as films, planks,

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

containers for butter and jelly, and the like, are formed.
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51is well contained until the material passes through the die, thereby

avoi ding premature foam ng of the extrusion material. O course, in
‘addition to the above concerns associated with the formatisFepfuafy Sovam
product is the need to maintain the extrusion mxture at a rather precise
extrusion tenger ature, 10 corresponding the polyner or substance being used
as the basi SYPB8V106¥e extrusion m xture, so as to achi eve aPU§9eM7694 SCOSIity
of the extrusion mxture and permt proper formng of the extrusion mxture
through a die, such as a profile die, tupe die, sheet die, annular die,

flat die or several other conmmon types dies. The 15 rather precise

ext rusion ptcem&a&aéwe Bre MU ichh qsd%%lpre%t&@eg?cn%réié§c€§' éé{sdzs leved is
unfortunat#éy | ess than the initial ™" enperature”, et era fur es
at whi ch tHEEGERVEL &ngf IHBLRSHI élkltxilélgeﬂfr U@F%nlm%dlwtsar@ ned:mmjredout
cannot be &mewcfpfcﬁ&m&l@anféflata i pkbpatiy mﬂohf&%{ﬂ?@é atdfL" h&gégéxf‘e%%%”s
about 20 to expl a such, a substantial Dbal ance nust

mai nt ai ned*® ?r% gurtrlfert h&OmEREBHES ekBbisi i TABATSr EXE UL IS 0
cool tao nilschwellt Mbﬂl&ahmﬁimﬁnﬁﬂo uhécm&eamdlwphlsséal b ni-8ugghicgxe dihe
desired pr duc denSI(ﬁl%d%bec m n usaple, as.in general, it will not nove

effectivels e’trﬁ Sughct ﬁrﬁff?ltB 2EOAING AT Ehee PXEFYAEON it erRadugh t he
die. Conversel pf chbutde, tmmeldatﬂdsxe s t&heabebée@brﬁi@ﬁdésla_geoaﬁét%d Qliths too

high, its cr ss |f| A an t he terlal 1S not

di nensi ona:l\q C?}"L#e % a%eaf &9 uc%’l tR7 ofigh aﬁ& iMgGEeant e from
the die. t/msgan tmxappaecatat ed rmmnpreﬂlﬂd’]eepﬂ:ﬁmmlﬁ| yerijpetd taiied
factong c f oductl Vit e _asso at ed
w h Ohe. vartossoRathg g BTimEL Bl hile MM kodh dors b BiRAR For
typical tHerEprEseien frarhuaes r egl ¥ 7 geddeve arrermﬂarewldeesgmcbﬂ @he

maxi m ze tdig a d a o] r. e
typi cal foamﬂél)%t:g Etlsﬁdolﬁ&uga Iéei%r ﬁ%ér]{/rﬁl;ﬂooﬁi‘%ele g?f%gl%7ggcf?ﬁ89%%%§2n
process i SMBTEEENtHRIEH @t 81ewPuBpasat oFEisles digndtibricde, ofieen diequires

two separ alrfn@skl 88é PNE ARV IdaRS ok i SRSk A td&h@ﬁ_lecamwecryp }hsffaléé Phgge of
t he procedur?ﬁryglrcal Ig i nvol ves the effective nelting ext rusion

mat er i ‘al SRR ST U NSFIMREFREVES At afiigh ﬁa???émchrlfiﬂ%upf-ed

for ht hﬁ f ?amm:ityed,s m{;@@egsumawtumatemg, Oﬁ.ebbostglagatt@l'é' alnlll%filahﬁt S

with the foani nt .and ot her various agents, as, needed. Usually, this
ot s FEEPREACYT

first phasé o FSEREGr & it perFOPREACUFEhi AtaWPeFy CRRgEeAREERI Ghgat ed
mechani cal thedmopd henidewkceuader ahat e itale ravep | nssitied , emtuﬁaaﬁoiobgcrtaw, and

nor e speci ahly a t rges erj.al l.et s_t hrough.an
el ongat e brétdrc?lel ecgugg% tf%% el\gl)nlé:lria |orrrllg?)? %%?ﬁ'%ﬁlale h&8F, © aﬁ%orﬁgfgoﬁom
whi ch 3fel tﬁmgbhea@xmlsalbadng ap‘]sﬂ i @eichl ndeediubistiensual adelefickhemust be

t her nopl astd G845 LELSI o reyahs & at her [ LY. 50V, (i of ten
chrone pl at eld and 15 <|§L§he anéd't £ %%e&%glt%ﬁoveé%ﬁrggﬂ Iﬁ'l%ﬁgr%arrel as
a result dfempiftedt F@napobn’ga@efh@h drt SHddr beisemet heoe)(mwa)ran@amﬂﬂal

fractional {34108t 86 Seddenbadd $ reit k888t MURAYE | bééonh%gt Bfus gLf ect
conbined with the heated barrel which provides for effective ne tlng of the

ext r usi on Yatgsael 26 ¥idddiNdtoMvs éﬁ*fsf&Ftheilﬁthﬁ?‘éﬂ}értfrﬁ)rﬁ?@éfn@éeg

M Xi NRd s Hdn@ued, leke dliohst ram@secur@ughwhtel Aited DYorlve@sBeed 4@ the
establish and maintain_an.isol qﬁ: stem ILP%grtlcular the | sol at ed

syst em pr eVERE A5PEfafr &% "'ttﬁé‘stlﬁﬁr PR c LfafePi &ighandts
ensures t h@dtscmsflftym euatrémg ngsn.@imelfgyansuaelatgi aflel ethat8r 26 orider nbe
effectivel y, nel t. mat er and P& nplLete, m thereof Man
advances h%lv nt?é‘é’rr]lag% i es\‘iteab fhe ? a{bﬁf s8%astt o)%r}é{%’l m PRFQYFE an
flowt hrougtpqmiam;lattﬁrmbﬂe dieor within this first phase of the

t her astic trusi ¢ U for t el owever act ual ut of
t he gnfdruded p?%g'du%?‘ BEBEESPae by e o, P8 ReR i, hardieh

achi evabl efagtansi §a|nn|haval Fpheigmidd cant esfifecof on htahe egnodmmayaﬁdte
im tationg, olcitheaseqopd phase ol tde f aamIder IoP! RRLLG SIS Ooar

process. In particular, unlike conventio “her rfopl & TUsi o
primrily $EgHsien.a hbﬁﬁg@fﬁ@éﬁﬂaf(m xypieEm émmcml@mtalcscf@@ i vl vdéona

second phagg. Mgy e besehNaiavenkY dist hhpuhesl apde MRRLL19010,4

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



4 February 2004 PCT/ US99/ 17694 uni form cooling of substantially all of the
nmelted and m xed extrusian nmaterial to a point where it is at a necessary
‘extrusion tenperature and consistency throughout. Usually,4 Fébraaseooad
phase of the procedure is also performed within a very large and 5

el ongat ed nechani cal extrusion device wherein a central thernoplastic
extrusi on sM®WEich as a foam cooling screw with a hel i PCIUSSHEe t ype
configuration, urges the nelted extrusion material through an el ongated
barrel to effect a cooling of the material. Gven the need for a rather
preci se tenperature, 10 however, signi chant limtations relating to the

turn rat ep@i)céhs i BirbRkn CAGIE NGtSCERY APh @ ol Bﬁaé’@sﬂt aft 5.&&%%9” Jrikh

to this second phase of the process. Specifica the turn

achi eved a

rate of tﬁge}%’ﬁ?? Ao EESA Ry e§EF%W?% ‘H%Cteé’d lﬁébaﬁs‘el‘eh Qe W&leﬁe

m ni m ze tthe hemdt Wiagde bESthé Splfdcﬁémﬁ-léea?pﬂ@apfy tilolDe8Xt KdISd fHL JFRL RS | al

with the WaH:l urfgc gf t he barrel ajg 1r}lrﬁernal by the material itself.

As such, an rhe? e3sef HBALRR ollgheTif cﬁﬁ'gg’lhl BF canmRrRPlaskieved

nmer el y5bymspeedahg Payrtiikelaolat icon teld tﬂersmmzw oAt t [RIgIREa, Q1@ Cangeot

i ndefinit y er -t X eat that ener at ed by

provi di ngg Xs termgg(ggbl !r;1fg tlr’b\ere %g hjgrp&}rsileﬁa ¥H tt(l?ﬁpg?%l %a@‘Fthe

barrel, beedL@ehelf Vlahreonﬂxagnrezmoelssnee)@edmctlsuanlp,ptuml fyrseaisadd ew of

the extru n [ [ d product assage .t hro t he
Bhan dLERUGEe | 5N PedFUAA AR AN B Odit L e R SRR N2

dieis dramatlcallﬁ merel’y i ncreasin
ext rusi onmgghapica ?ﬁ‘érlzgl@@oldeﬁgcpha@eresnn@t Hremfdpdatsitie sodtittis@npnas

such 8 asseabl yauauld:ecaRR 2xCarey Vel hch 8! 4. auMRELEaE aNd. Jiagnei al Iy
inpracti cal due to usi ng such | arge scal e factor ge scal e coolTig
stage proP€si8ss aFbsoraholare %Jﬁﬂr&ﬁqeallwrltﬁide@wmge oiper aehenacion of

inplicati grsceusndd hiattypigal hysborﬁ%rm PRRHet méﬁ?t%@n%afeve{st 'b'%;‘in%aﬁ or
and the rel ailed mater.i al.s costs of such Iarge machi nes. NMoreover,

merel y i n@PBALEY: { HB98PTe e (WELAREILItYS PRPFEIPIartiRecsBONF IR PFASE and
Ehe passage t]hi’tﬂidg:htbhepﬁéﬁyl &gnv@@iggﬂg(ﬁn@ug%fsen?%r%z%n@ |QY‘é$é‘c%Tp§ﬁét ure
enpet i.ng e.ex on_ni xt.ure e resistance to flow generated by
such % pggiéage%lﬂ#gb?rrﬁ%ﬁ]ﬁ% VOHFﬁnﬁIé"ﬁ%aF gl 88 *Faet of

Febr uary 30054:1\@1@hb10€e‘k@%ﬁ8991ﬂ 76Rdar exhensichs raxtruseon hiditRrihe
barrel . Fuycrt i e 0 saewoul negat e the nor

t endency g%?ﬁ??#&’?m%? (thgé egleér uglggggfn SERFRT 0 MORTRVeHit et pb%s&b% from
the di e | shearaefifect A@@mme{ﬁglw,th tthies heeendt hatrehevinirdt hahddee fbe
necds of 8:5ogt oGN] QY LILOUIAL® WeLhADe Tequl renents of

practicality and an effective and even di stributed cooling. Many in the
i ndus®Py have Fl’évé?ltih*é}%%st@a?}‘lé‘ﬂr%léﬁr’é‘%@@n@?@qmél@mme@escmﬁedg is

limtati onghiEQed EXHD @ ret OfRadd 1Tsh§158dlli$ﬁlrt3édhﬁ5‘/ecm%oﬂggﬁ {0 dRGELE3sR the
productivity of the second or 10 cooling phase of” the extrusion process by

i ncr easi nGPPh@EARGAAR G° HEALakRAcBYSEeBxt r It RPTL A aTexthEsiiGolBAP el S

surface. dybeehupaéedyss fieaRtRrec edunesy how e ny Q%@me??&é@fé insecRggause
when an anount of heat is ex%ract ed so as to effectively cool substantl ally

all of th&"SxCPEEFER FBEEr PHFEL AT FighbRR Y1 ich EeF FYe dindled gl Apeliedt ikhe
ext r ugson ordeer tal efﬁmjtd.l'vea[yement Ntee n@ite@ghl Ol etemit t Bohpieathamifling

surface, cesgsi vel onger _pro sat] sfact ext rudat e.

Thus, a p(r%'lg(r%é:re?%dlf a%l%/dvaémegcll‘lgygdg?\?l?hac{ eé’egobfli% ep’rfé‘g’é"ytlré’ ftRe®Fact

t hat the dqwamextimggeofhe héle\x{trhzsmgh maxesr etwhicdblar GbyClcﬂS@&Ithhﬂ thesshaft

20 of the gegtral pRgLew dge ol Qet el{BGHINRLY ;600! 8 s 3 MUQLILY O {he
é e F§eataa-

heat that is extract cones frrst fromt extrude erial | about
t he peri méiderareately hirowaverhapcbhabf outmit ofetbrdernerhded galodextr uigi on
devicgo Fais@Nanplif,.c S fgalels) EXijeds! L Al MELEI ALl | 1) esnol the
extrusion material 25 continue to get cool er and cooler e interior
quant i ti esngraahaPhysecdt a casvdtdesdi Fbe, reqtinameprecane bmlrtlfé:u@ﬂls of
tenperat Unge FBESHYI Shalse OF LR @eamatt.ﬁéfr%pl\e@'tgla LAl %h YBLLOL M

consi stency for proper extrusion. Indeed, in this seconci' 5 as well as
in the first pﬁasgarittxcpgag“ Sgn}ﬁ}f%dcqrﬁ@ntlonal thermoplast:lc extrusz.on

which primarily requires a homogeneous mix, foam extrusion also

35 includes a second phase which requires the evenly distributed and



30 conpl et e honogeni zati on of the extrusion mxture is sonetines |acking,
and as a result the finished product can be of dimnished quality.
‘Accordingly, it is seen that the overall productivity of t‘hgemgﬁﬁgﬁm
industry is still limted by the cooling phase of the 35 extrusion process.
To dat e, thg, 05‘)165’9 _?ffecti ve means of ensuring 4 February 2004 WO 01/i 0617
PCT/ US99/ 17568 A effectively cool ed extrudabl e material REAUEYHEYvi de a
sl ow, lengthy, and gradual cool down process so as to thicken the extrusion
material w thout overly cooling only pogtions thereof, and so as to achi eve
a longer mxing tinme for increased 5 honogeni zati on. The assenbly of the
present i nnefeimneobbiveyenf ahiseasesalhe plablestndmaeess whichikegri n

inth -' i gnifi tly i the fl th h rat f
ext 1 usi oncianar 3 M ERbRt O, PRRRE WA a1 71 BECERRSFY Al ion

pL oductl. w}\&;}\a\mm\e € xelo } H_th&b/ﬂbﬁ'rh@\l thzfrd’xk@aqute.sentjshaww;i gﬂiéeL:,@bgﬁdt 0 a
t her nopl a rusi s of the type.structured to produce an
ext ruded ?%%gn? p%?&gﬁrﬁagﬁgrgf Js_gn%)%%? é?eyr%‘rm ét P"bg%ﬁn shafege, large and
parti ctl aplongrtddbanmeshanisiadn asxserddjon ncflediose a weeteiregi an, ckhcwhich
recei ves apd-dmlit=sea Pleyralst ¥, 0 I refe y rnmopl astic,
mat eri al pel |'2?§, zti:n((j: g rﬁe%%&t%%ﬁﬁbﬁ@g%@n% Ergg#e?é%ﬁ/nq TG d 5 the
mel t regi Bn®FLt IRF MeskdlexCyasi eAnbiawraiipn s urgeagehe weltiad extasseabl y.
Speci fi cahhyeridle HEMHghAGH 618RgAEEE DA Yrd B tl.sc% raeddued, tc%oﬁqggao’%oéﬂéng
nple

agent to the 20 nelted or nelting material pellets for co
bl endi ng/ Br&XERiFland F915Gent Bt PSRt Hoewr t Fathisrt HXecdng, tawperesnre,

ext r uso ONhewseRsd) YBiah3 @ 1ibaat RS thtlionsNge 25681 106 thRCLflX| fk&ea%%eggéy’
which is also referabl% included. with the nelt region, Is structured to

t hor oughl §eHF3E4 RPHEMEFTRIerdY (Ro1 18 sheld P 3t isafiakg aganeved
t hereby asppEByitrgthipus@fondphaskosDIenepuscent [ USpRRiFixAUI e, theURhike the
melt regiq ethg peat extralcti on_regi on of the_sﬁre,se,nt i nvention i

n S
struct ured°td 2%kt FAtt SRR Poatey tHEH KFure i ehe PesavAtt of i Bhe
pel | ets andedoami mgndgémes the thwt twielS0 nesdlye £odh aghéLyhq@noexthedabl e

tenpefatu . CONSi . Prefe I he_heat extgraction_ regi.on
i ncl u%gs %ﬁte on%gt Q‘E‘E{%‘??g t“ﬁ%gug%ﬁgm%“a%&t hseurmafteur%]gf %\f/s %ﬂ%%a??%l ,
whi ch is pretmalbly bvubddteametairiplentbotfd, Amchudes @t imastasedeflavet and

The ot FaRogL 088 e, RRATLD B Bk I UL Aty e
2004 wo oMBo6ilre 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. Lardge 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
extrugion 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



PCT/ US99/ 17694 7 preferably fromthe nelt region, for passage into the
barrel. Cooperatively disposed with the barrel of the heat extraction
‘region is a heat extraction structure. Specifically, the héRbbresiy2004i on
structure draws heat fromthe barrel, such as by liquid 5 cooling,
therefore r | heat fromthe m xture of nelted pellet 1 ng
agent in or er\‘{lgaénsure that the extrusion m xture arri v?ﬁﬂgg%ﬁgp
extrudabl e tenperature range. Di sposed within the barrel of the heat
extraction region is a thernoplastic extffusion screw. This extrusion screw
is 10 preferably a cooling screw axially disposed within the barrel and is
struct ur e§*Esup bRt Bixherei Witiin the barrel. coRtather a gubmt téatmifctidde

m xture ofy I g e urge. th mxture
o ol tod ol o Ry B e Srernoarl craeBEhRe ‘Be iR G e
extrusi on e§EFB§\F‘P’E|r“FH@IUI?5tPn%‘1’%o“e§f§?r I E@%Qaqmérsmr eive fdiieghs. rélﬁ“aecdsacdr ew
flight is prefgeabbaimdipctivr € b@eMr k@ eNfukP e £rdrds Al ﬁ&é(fé’voqfng

t hereby rotate upon rotatlon of the screwin order to urge the mxturé
t owar dS t REOBHEFEY dilavhihpargh ratenwikladihe sequhreventss Pécpractiqedmplyet e

and evenl yndi ahrébed@di o ridngvehl h&léﬂf‘iwt%dZQogfllHEl ted pellets and
foam ng agent, howeyer the crew ht of the_present invention further

incl udes at | e¥3%Y oh®, thgit 1 te‘FYat}? | rtﬁvl?rrzEPFtlﬁsﬁf failedil & i mICQRdARel S

defined t hhbela(bove-ld’eqnﬂfﬂbledul B:rmltidtﬁdﬂsr cul atdonekBAPIE S 38 gBNekakl ¥
premselylggs |oq{aaderétuhg screwfllﬁg as to receive uantltles of the
25 mi xturé of - rel t 80 pEFPErs Tnd S ﬁgtlé%é?ﬁOdt“ﬁérlgi‘ﬁY&Fg h§p3%rst &Ei on
of théOexkroding phﬁrsa/vofAthered(tngisyl,onupn@cemeiypﬁnofeaishemg(waatahrﬁcbtﬁﬁ: ek the
m xture of,Oglt Al ligts t rough the citcul ati

channel , fgn ef f@%l ve %I rcuI a%Jltge%{no tf\%%?n Xt E?ﬂels?e atPvEe Eg trf’é‘r%nélﬁeel is
achi eved dnfostwmatety al thesd | pRFeglurele havet preveh heefBebtpiald dexamaed

foam ng agggh Wh lantiehist AH LAY SO, Y O €1 95k | ng%%g‘r P‘ﬁ‘ th

the barrel for effective anc]?é ven%ﬂeat extraction an c00
Lastly, tKePebaRtEatlvisiadh adEerfiley prerwmican amgberidh phrvigudar, the die

I's cogper tek\iﬁ\ét’ £ 3pp8ed bR frhhdl dold at t et of
e bapefrifLucd $a0880 o8 R Gliamsse SREIMIAES Wifhbet B Gk

PCT/ EJS%PHS@H §OBFAGE nthbRertRY RAidle FUdRRS 6008 e¥ceisiely BRd BOXt ure
of nelted mﬁlgbet spasdidoan Nngasgerdseon) leheraubtsdabl enhgimes atdiigayr
therethrohﬁgrﬁf rder to fOI’H\ dé&)Sl re Shgﬁgé | ndeed, it is upon em%’ from
the die t tHB ﬁY)&E{ﬁoé:lB‘é n&itl tEg,Rpo BESELYS S5 68GE eEhate the

fini shed, gexhrudeds prfodiet ex’d:i‘u$£orﬁlﬂu&b}1@étwmich heepd BSRRt LBVERY IsBRFEO
provi a f0 extru5|on asse urin he cqol.i ng phase,

subst g?\)tl & %H%ll 5 it scrterv]veggo% i r%e etcg ?ﬁi%ucg??g&fl t%‘?—) B AIPEEEH

mat eri al mfxtturree Uespo&@dtvvlltihl ﬂxfthfecttmﬂrredbmes héieby fooe &h‘éeoetxt\mldyéd 10
ef fi el ent lnk:30da 41 JOIUY LBRHCIANGSURSEART AL Y:84d, Und ggm 4sion

material at an appropriate extruda t enperat ure Correspo e “pol yner
or ‘subst afeé€opdi meahsadcad ERErHEIPE evicRe ex¥oWseIMIliect La®e. h¢a¢ uisher

obj ect Of dhgaBE8aeninastinerks QRILIYIAE Yt IneLAUARAATRELY K1 Wi CN
can be utilized with existi nig extrusion
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 consigtency 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



structures w thout substantial nodification, yet which substantially
i ncreases the overall throughput rate to be achieved to |evels as high as

‘general ly about a ten to fifty percent increase over curreéFegruane200abl e

t hrough put rates, without 20 sacrificing product quality. Another abject
of the present invention is to provide an extrusion screw which can be
effectivel y NRIYPY2d in existing - , extrusion assenbli es, PEAPYENI i ch
nore effectively provides for uniformheat extraction fromhot and nelted
extrusion material, 25 without overly C(goling the material or heating the
material, while at the sane tinme, still "substantially increasing the flow

through raire dfdebeinehy eveslied\eanadednal) aatepial Nes PESSEALvidENtd gy is to
provi de a foamhextru i on ass nbl%%lwhi ch substantially overcones the
G m‘?ﬁ‘% yI i at

i mitation€™95 ¥ WHPH{ PEOEBBR| B pHasECofthikkeaxtthesi on

process. Axsguatonbpacérinfl twiehpnesenbrlpvesdlion ichlyOpBLovbee endRan,
extrusion aq}%seg‘gl y é/\hitch %Ekecti vel y .increases fhe extrusion production
Ue signi 37 cant | §CPAEYRast ngd FWETsi DEXIRR/ &iMss EBFpl BHGESREE t he

rate witho
struct gr e tcpogepiastical &t weeeobdni ofll the Jordeadantiat iveROdop WA,

PCT/ US99/ \Y; . ot her abj.ect,of. the present .invention i,s to

provi de a%@r %%Fagéiécpgﬁlrea% (?nrh%sélreewgv\/rw%ﬁhef?%%rf vt RS A ﬁr’g]s he

ext rusi on adlet Gpesionl Weamtdy theteassdhdthenfilavt yhridgmattaldf ddxtxrudien

extrusi on fHoetNEe wf i ynj . it o proximt | th the
t Wi difede ESE%E&E:QEIF% ftg%"é[;%aelcﬁ?8f LY an?sh%F yélro%# £

heat extracting surface of t extrusi on asse Her
obj ect of the present invention is to provide a thernoplastic extrusion

screwawhi ginvimidlst ant @ | gyieirbiyes the ZO flow pattern normal Iy exhibited
by an extrusion mxture within an ,_ , extrusion assenbly, thereby

provi di ng nor e TBFf i RIFIANTandMURTE L9 pred@ESSi nEe t Ier sdPrandlashi @vifiogn

si gni fi candxtadsabnesssdmie dRitheatypli Eridi8 I tdedofhodust 4.& Risrguced.
Still another g%‘?e‘f}é of .t he resEnt Invention is to provide 15 a

t her mopl ast3&® Fon 18crFW wWATch? efPEdErVelSF cPrERPIRDSs shRpeaxt r udhon
m xture anshryuiculdes sheubsimnéstadgs IMOMRGERBDYS i aeThd M Opalt tﬁéngIb%?UCt :
of the

o RS LG UE BV 20 Tt BTl e indsstandig o LG
detai | ed ddwgmoplasnit akererialcorhtets praml tahhiehe exeramaitd rggdbawi ngs in
extrusi on asserbly oo haroisashy & O Ml SHh BB thE S Pigaion
partial clASSeRyYviewanfagent Fadigioandsestblysi ofpsci éivcally hecHreaigent
extracti ondH¢iien %ESER91§0§§1%%ELH%L?&daééeHH&yaoEoBH?nBr3889& LBVERL! on:
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 excess 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,



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 preéEealbruarpn2004i on,

Figure 5is a cross sectional, isolated viewillustrating a first

enbodi nent girculation channel defined in the scre t of the
extrusi on sc@; e‘{}v o6fl the present invention; WO 01/ 10617 /gciﬁgé% 7‘gpry 2004
PCT/ US99/ 17694 Figure 6 is a cross secti onal , isolated view illustrating an

alternative enbodi nent of the circulatign channel defined in the screw
flight of the extrusion screw of the present invention; and Figure 7 is a
secti onal Prp&espRky ifken ity melhnredienndidry @absegbotitertheobatrkel ext r usi on

screw of the presst a f FodiQ Ilke prarts
t hr oughout the severaeﬁlm\él gtMEQQ?OAéCK%JEEWE%gS%%I%#n?{%%DE%%E AN R THE
PREFERREDTENEEDI MENT D@athexsrastheni aveneture i s Sheaictiedlipnatts hehoam
extrusi oneassgfblon sR%ukkhvat 4404 HeatFE%'rﬁechJe 8ad-genes gl Yo i idi &‘ig §§ as

€ an

10. Specifically, the extrusion assenbly I's structured to prlodu
expandabl EOBHWH tBF&@FPEeMQH}?VP-BSWBh%nf€?‘po§@|ee rixtarreexodr mellted

envi ronnepkliseor sded Sani R Ut fllnnlo%la%Ql b %ﬁﬁhré%ﬁé@'éﬁe%ﬁ&%g%h To

this end, the foam extrusion assenbly 10 of the Eresent I nventi on nay be

utilized WFERYES MDA hEPNBPFEMR S FIgweraturacianteng but not 1inited

to polystyr eneplmgeei hM.lteﬂiﬁ €RE) bapoey Ps O MHEL MRt PELL BAcOLdErediBhl 25
t her nopl astlgﬁ gl |lng g n]g or egpandabl t her nopl astics or 20 ot her
mat er i al s “whi oh mfyab Gt i FRFEEESH™ d&FE8ped | rithe SEGEHFLOR ASGHS usERat ed

i n Fi gar epteféehably ef eooddngnbockwrentiadflyt Hesposend exthiai Ofe assadl ¥nd0 of
t he pr eseq% '&Vﬁ{gth(}@ddeéé n%%tgtgarglgégel%pe ssegﬁl ya]? alt 0”%—% si ngl e,
/o e

in-line an intermeshing twin screw asse E4 2whi ch
if 25 uti Iquz-et;llt)srmﬁjlnilealnwtmecoﬁsmdbt@@ paaslltwsngnw bhowartgheammpe and

spirit of JthLs LAveE bor&hewr&l@(tuc;gar& tn?eltér%?l fé%g%]@ﬁa%% r’rt%)llg | | Lugtrated in

Figure 1, however, 't oam extrusi on asse clfides 3 T PsE el t
regi on", §EWar@s| 9h? né’luééﬁéd ofs ti, Wﬁdlsédm\dexﬂmtloaxtsca‘em dmtthegi on

gener @‘5' Y ihBdL884 edhas 14lst Thend 3QchblySt e PRI 7 €91 Pl ch'r Stfﬂ%r eﬁ to

receive and nelt a plurality of thernoplastic nateri al
pref er abl PrESeRRPhe BREPStYHRdt he WEBUCRTOWIththe ?némm ppeteitt ando be

pr oduced. tAéréByCQGt\!@tféllﬁkﬁk&ll rcstamem relusiiey , sdrde® Anefrieed cempediment
i ncl udes a .l arﬂgr funn Ege | nl et 24 wherethrough |arge quantities
35 of t he &N hat EPYAFC ss | at PSP -and ™ FAsTKEC RepiBEe 4

February Eﬁ@écHK%QJJddMﬁlétECihESQ&hﬂZBQAstrlbuted cooling of the mixture
20 of melted pellets and foaming agent, however, the screw flight of
the present invention furﬁher 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 guantities of the
25 mixture of melted pellets and foaming agent therethrough upon
rotation of the extrusion screw. Accordingly, upon receipt of the
quantities of the mixture of melted pellets and foaming agent
through the circulation channel, an effective circulation of the
mixture relative to the barrel is achieved and substantially all
30 of the mixture of melted pellets and foaming agent will
substantially 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 1s cooperatively disposed in £luid flow

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



introduced into the nelt region 20. O course, it is noted that the
material pellets may include snmall bead or cylindrical type pellets, |arger
cubes, bl ocks, chunks, flakes, powder defining particul at e} Februanyy200¢her
configuration of the material which can 5 be conveniently introduced into
the nelt re for subsequent nelting thereof. Furthe hough
the nelt reg:og) /“%87 may include a |large vat or other heati %g%’g??(‘g{‘ der fox
direct and inmediate nelting of the material pellets, in the preferred
enbodi ment, the nmelt region 20 pref erabgy i ncl udes an el ongated 10
extrusion barrel 50 t hrough which the material pellets are urged. <.
Speci ficabfyp aumbernoil algdicedexiormsi o sag evy sechivs thei nieturs ol t
screw 60 [ o) 20 and is

pr ef er abl yégtﬁc\g eélbl%%g %%égg%%r@gls Qg%g at‘éé"qgoggg éae}?io?aeg‘pwrflﬁuﬁethe
mel t regi bhep@hypighhénnerdey &lo ferher sleerlefe%smmd fhdeedh ithesmepon
region ZOFxPE ef £ ne t&’aet t't%a.tmtﬁ"e' RixLELL ﬁ&é% 60 S LR reb
essenti al ‘meat-grin ef fect, heaf ene gy is produced to ne Y he
mat er i &l Eé‘PWﬂ% tdies é@ééhﬂﬁit He%*E Husiech rEdNCED . I n t he preferred

enbodi ment, atrd easta O aeat 'o@gtﬁgubﬁ?@seﬂt?eix‘?\?é}l}ﬂ:)brxs‘t%r Q3¢ RE BhFo%” of

the barrel 50" of the 20 nelt region 20, applies heat to"the barre
Nbr eover , SKHELF IR ASGEMRRY { WikTrow d5ming obkaisred ing PResarswistsptially

pref er abl §i ¢ g8sutdd that cbOI LA B £ flelde s TBh £hhgHouRehl Sx@08d ! mh8rigt eri or
surface of .the barrel 50' and a {IﬁaItFSt one Emot her) thereby causing a shear

ef fect whPERERFE pAaePPRed afdsh &r LT quatiPEGPyr ™Meast SifecsivRey.

mat erial éefi@i@talr}d anPr engsotiey ovendkking! tsungtbhei 0fy uatill & sgret h,
yet vi scoys nelte is provided. As.the rrater%alé]ngellets al one will

géneral |y ﬁ‘bf“%lr%‘%n ézﬁﬁéa#‘uec%tsﬂ‘l”y FBRAPRY 3%ac FRGRY har FBFFRGUT TNl ess
a materi abomréépqmcmdg)uhéypmlmrporammbmndn bebdn@NCeat akat leel mgaat Sors
used, and n%lll Sn%é_l ?n? the desired finished foam product, the foam
extrusion® asse ur er "includes an agent addition assenbly 26. In
the preferred Jenﬁ@mnmntc?b:tm aferttheadutiadeot zssembly 26 addgravidanang
age”tlﬁo LRer éﬁdaégenmgt M%cﬁ‘i&%{'@é L&eﬂl'l%feﬁ) wiE f&ﬁﬂ%ﬁ%a&%&%‘ss

t hrough t he ne t region reover pre erred nent
f oam ng agéRECHWYES nclwiddoutq Fé@b%@@t@dm W@iﬁ%ﬁ&qn,PCT/y@S%/ vnéon | ~

fluorocar BaRsc YO0 162G BERea 804/ 84ERL1 ERW ¥ALAPLL fRATD B8 BIRMS 9La
m xtures thereof which will add volune_to the finished product and wil|

pronot e t ke fiGXlgg afct P wABn IERE8TRXLY ué@&uﬁelat er es fEbm DisEceBam

ext rusi onlas.§ea@éyolr@r QucRiAts9, ddailsviedefistaem Spihataebber Wieasung
agents may al sgﬂce devel oped or_provided in the future dependi ng upon the

desi r &8 fiFAFEH Jprr‘%dif&ducénﬂuﬁhg Yndeed be combined with the thernoplastic
mat eri al priorAhothds d)lliljécﬂdlmfl Dhel preséhe dmlént B obs 200 Ifaurbtrlnee anf
desired, an r ef erabl n he nt_.addi ti on.ass
Coror tny E3CEgeRC A BaFEr "HRRtRl KRt R A L AR B B s iR
mat erial pekiessohesapmmlieed. and set plhei:erlacbtq eﬂfcelqndedlatprmm tEoregl on
is a a e 41 a i ned
by ei t her %Fggrp géég?te) lfga?c:tpl-agrﬁllit f(? thet %ﬁgng\%rXE%JG%ét% q.%l pre gr ably
ur ges 26he withpat onamdy gpoping dthe mREongM! (drehpgting érgweowagerl@hd whidei des
for more gff %gé'é( gTBclﬁtn{engseﬂg éxﬁ?é@atntqfalif}eléé&e@ésﬁfgf eak PIAWUGRDuUgh
internally an e barrel 50°. The m xi ng assenb 27 1s structuredto
subst ant i A1ty EPxbE ChiEvesd material pellets and the bI owi ng agent with

one anot her SOAasa&&dZQbeteew@@@ég?égeﬂéIlaideyltaeﬁvg@r&%%oma&wo%
nelted material pellets and foam ng ent, In this regard, i s thought to

be very i MFGFREHPt ABFeEP I otdEgh S&Hﬁ %’ﬁﬂ%]r]rﬁ W&ﬁCQW?uEP%nlW%W@néf t he

nel t ed omatRymmah1peldficrianddt heidoasheg cageihgr @dde | Of Orter éxcpi=avnde a
desired finished product that contains few, if 25 any, deformations,

i mper f ect iFAPESEP i rregul ar structures such as air pockets, irregular cell
structures, et@also an object of the present invention is to provide a foam

extrugion assembly which effectively increases the extrusion
production rate without significantly increasing the size and/or

35 complexity of the structure to impractical and uneconomical



Once the-.extrusion m xture has been effectively honogenized, it is
preferably passed directly into the second, "heat extraction"” region 40. As
illustrated in Figure 1 with regard to 30 the preferred tahBebruagy200d| y)
this heat extraction region 40 may conprise a separate structure, but
alternati VeW)mﬁflﬁl}d merely be a continuation of the nelt J&%Qﬂl%&t as is
the case especially in non-foam ng thernoplastic extrusion. re
specifically, in the preferred enbodinment illustrated in Figure 1, a
connector type 35 conduit 30 may be prog ded so as to transfer the
extrusion_m xture 4 February 2004 WD U1/10617 PCT/ US99/17694 J3 fromthe
melt regi 6RV®BSto the heat extraction region 40. The heat extraction region

40 T's structureds ndanal (niard BEOBRS SpkbledXWiHaRlofl XL Uts Lharghroudh
and to unifornmy extract excess heat fromthat extrusion m xture such that

the m xt uF8SHPPPLEEL G XUl A pP SRy aveiekt pifRet welonpuizaulnsesofthen

bet ween 2Qecik0s 360 ARGNERS dIaiifics thaReRAbEgadPOM e ithgjgroRhastiC
bei ng seg and_the anount .of %as sent therein. In particular, in the
f oam ext r G8FonS POt | PIKEURE c S ERSF WL Y nandxtyniGosml xEeires t ¢

provi ded atroaimapPrePth atite enddtl Y@ ctingosutYacd fof Nend Gbiamelat yhe of
t he extrusix n._naterial isl too hat, the naterial. wll have too | ow of a
Vi scosi ty,e nﬁ‘éﬁf%@ %%S%m’% ¥ 'be runny and difficult to forminto a finished
ox useabl e pr odmetheiThabjettheofxtuhesi mresaiter imbertith bies stbf pbebondéya

cool ed or _yi s €. Ickene n el -like in qgrder to be _nol dabl e and
f or mabl e fég?ﬁgglffﬁéla;d?}éé%&\%p t%%%vgb‘g?ln%h so” ts?:rbotlfsaeléé’ t“l?d&f'éﬁﬁt G?‘&I y
har ded9 Adéevdpattigrn mexrmaddy exbikidiecdiryr egi extrifsicn stiktoteredttin ext ract

excess heal f1,0004 hes @artiysi %eg'gtéi Ub£o {%ﬁlﬁ%%gffe%'f%%iggéf&ﬁc{“&%o%e“' y

distributed manner such that substantially the extrusion mxtare
wi | | achi e¥ecasaing dhaxeed enflerthiavily @ionifabhrt tasiveacesuie, tlendaseach

that the gxtyHdah! end IRSARY Brifhite PEs aoRRed  t hraughout the extrusion
m xture at an increased pace than is conventionally avail able. Referring

now t o the heaftikt raRQGhey objiesh 20 Bhel PrReedmdinveacion ihetTinuavdde it

i's seen tRhathkhRoplLdeid atkto2adnmBBte@SwRich her fRal vBX{ T st VihdRairpR 40
i ncludes an el ongated barrel 50. The el ongate barrel_ 50 includes at |east

one inl et S¥ETUEHER BEXLETE ha"CoRREEL RS cBNGUPEL ARt 1akeh RomqaeggrEs1 andnd at
| east onehaghl ghal stie @it .t he die 44, defined therein. As such, in the
preferred tandem configuration shown in Figure 1, the extrusion 30 m xture
is preferably received fromthe nelt region 20, in a fully or substantially
bl ended f GRAEFt BESCRAPTION O & AWINGSSsage and processing through the
barrel,,50 priog,to.fof téronuxgdeﬁgl-_%ﬁx‘él'iﬁ 44 10 d g, pref eer eq enbodipent,
I’ the heat extractton region %o S

pref er abl ynvhattool i Agferenpe FBowldr U okadi kburtde afehowggadteigkdses

such as fuekhes ol dh Nkerf iFEREHAE Y 200410 AL L08R HIORE AW ARA 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
extrugsion assembly of the pregent invention;

Figure 3 is an isolated sectional view of the gcrew 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 18 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;



may al so-be achi eved therein. Cooperatively disposed with the barrel 50.of
the heat extraction region 40 is a heat extraction structure. Specifically,

‘the heat extraction structure is structured to draw 5 heat4 Fetsradgragody from

the barrel 50, and accordingly, to draw heat fromthe extrusion mxture
contai ned wi_thin and passing through the barrel 50. In the preferred

enbodi nent , M85t extraction structure includes a cool iR¢F/USOYT6%ur e such

as a plurality of cooling coils or channels 52 preferably di sposed
general ly about 10 a perineter of the bgyrel 50. As such, the heat
extraction structure 52 can draw a subdtantial amount of heat fromthe
perineter of tihiyhas elisSl, crowh isedeadnwill, | i BsR{EIAR ¥wdf BV, SUbStRL Lal
quanti ti es, frhetat fr(r)r%t he guan%i ties of the extrusion mxture d] Sposed in
a vicini ty ot i He e RefdmeBt Bf §8° { fr gHatdionsghanrelyidefimeddéscthbed in
further detméw Zlikgeqoénthy. eionisiciedcsevhon the gracest SPvand dy,ehbggabl y
sized to achi eye recgise yet rotatable fit, .is a, therpoplastic extrusion
screw 60, sucﬁg/1 Li’%:aelofﬁalr!?] 80% Fﬁglf%% W STIPSSHVEC UL EY | Of P AP termativen
screw %0 embedipiertalbify thedexbfusian dessy sifeeheapte a0 inRdatctonbe

generally elo e, re bl an_integrally faornmed screw t hat
extends the | g%g%% r(ﬁa&tq‘”heerg%garn?léngggé)g T gegx{:?uif‘%ﬁ %%‘%lteﬁmtéﬁqu?iﬁflgothe

pr ef er abl §ecermectievst ofatheadrawbegdl y, as at 42, seen in Figure 1, which
rotatably drives the 25 extrusion screw 60 within the barrel 50, although
it is also _Fossi ble for the extrusion screwto be stationary but with an

i nput f or BBLlAHHD QESCRIBIAONT QB BHE (PREFERREDY EMBODINENTIgh t he barrel .
Regar gl ess, thg,e i : : e i at a e.screw
f1ight 64, which o P elsﬁeg}e/érégeggefggg Bedal £6% & rfé&%u%té{&gpgléﬁap
conpl et el FESHRAY 2 dntirlystapsRgatis Fhaprec? 3ndageneraddti redacededi asous
el ongat e sorewddeicglit c841ypl theuahktengioh HREemBNG! €6 $£r ARl Pl Ades.goul d
al so define t her i the preferred enbodi ment

ﬁtiheflight. (Etg gore, whi |l e ,

i ncl udes B RTHGT @7 EFBWIIR YhPOBITEr PR3P GG dbdShi kRamenBBEn MetRosugS to

L | | ustr gt en émtéﬁnd;ii e rhnmiene @k /ﬂ@&@lrsﬁbew/rcf)dhhc%ﬂas fﬁfhi@m?ﬁé‘f QEM% be

i spo k. 4 February 2004 WO 01/106 P US99/ 17694 J~ line with one
anot h£$ o]r%?rsl%seecgfrﬁléag)éas A T i sf‘gﬁt PRIFEFHELPY P RER vt 30def i ne
at | east bhe fpovserat h frorenthenextaysi be NMuxilised OwikBUr $€, nulbshoubs be

noted tha i 4 .. need _not extend.entirely along the
shaft 62 %Fé%ﬁ?ﬁeg%grc]; gf’g%e]g%'pglﬁ%l%g ) oﬁmf & it ?dh%%tﬁ‘ﬁ@fé&x’d% :

cool i ng reglyedmsarse of (PRe, parclypiepysyst em B8 t ke pacthet| asipolyrer or
material  PRe RSO tde ' .ext [US] ] r reqver.,. the
specific aﬁel e of%%ﬁg%degggig?Iﬁeé%g}le ,%Fi%%]argifgégn & voé)ﬁ'%es 1§8 35 to
regul 4% e PhBe% Rt eRiRisulhRighieay thee utdléged Lt sleveilrped eirf Itdes ftthuoeigh t he
barrel 50. TheascieMidtragll 64, FGLLd TMRYHE eRatale! ds¥airhedbal {¥e

formed with the shaft 62 in one or nore continuous or segnented pieces is
pr ef er abl YO r GEFHPRIPT 02F B BRE updnOFf ottREi AFSELNE hdNERREFen este FiRgOM screw

60." Mar eavender het gise evabbé@bly 64 aBcHdugi r uct R0 exhendntr oghl fe:
el ongat e shgft 62 into substantiall \émgkose spaced relation with an interior

surface 5I76F THE B (I 5 FCEPH0BEFS PRt MRY o€ R attedd e at MBACHet feen
the s2%ewfiliitd 64henddt Absbiverdarsisierbaces Sdeioly whehbarmel <28pkSand

general ly very.precise_tol erances . (usuall o W thin _generall bout
9501 20 1 PREEY L 8e R b S PpER Bl antt P Rieokar 500t Pan SABART BoFREREL)
such t hat ihinstrdtsbapagaguiret he bavevst orthd Xoaneepasseiort hesehblween upon
rotation 9 h rasiQn ., W, WL & hi rrel. 5Q0. reqyer | t hough
t he surfacéc% &% )éatsfélr%lg\% fﬁégﬁt rgglélé\% 'pr%réep:a 1?3 %Irlr%% a%e%sggﬁerg??f of a
| ower fri @eFendt hagrt RexRBmdidony'| segdonf aerefdllyf indeécbaedehs 540 . t hEhenat ur e

of thegi nkerhernaw faceorl@fid B LEl L venen rough
the barrel .50 i's achi g\(gg. Aclc.orgirﬁéf?/, %ggt'hgc%x gr]&é?gﬁeg%rae%gg%a%%}ét es,
the rel at PYethRIeIrdmethet DResk tHe PedLeta f IWhginh Brefavkbillyefom dhieobabis r el
surface 5¥ckepsls $:0dide bhenexd rusd e ¥hodec30 (o j |1 ystyated
by arrow Boi n Fi g%r es 1 and 2, in accorada%ce V\%t'h ttohgg\?%itj%(%?%r?'of H?h{esa
extrusionCQEY%ﬂF¥Rﬂa¥x§n the industry, the preferred embodiment includes a

larger funnel type solids inlet 24 wherethrough large quantities

R HoeR

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



illTustrated by arrow A. This novenent of the extrusion nmixture towards the -
end that preferably includes the outlet 44 therefore functions to drag or
‘push the extrusion mxture forward, forcing 35 the nelt th4 Belghatyl200di e 44
so as to formthe foam product 45 4 February 2004 WO 01/10617

PCT/ US99/ 17 which is ultimately utilized in the f | f the
‘finished prggﬁ%?gégls previously indicated, the heat extrgggﬁ§hggﬁgucture
52 is preferably disposed about a perineter of the barrel 50 as shown in 5
Figure 2. In this enbodinment, nore heat/lis extracted fromthe quantities of
the extrusion mxture which are nearest to the interior perinmeter surface
51 of thelBaFPRfced inke fthe peth EsPIU 79d, REwevurse substisntricgled that

consi der athenfaft &L HE dL 1 male id1Wht ChmAlE Kadd Usi A, i Y1g1 CRY LSS

t hrough the Eeat 1? extraction region 40 in order to attiain an appropriate
ext rudabl Bt tRpRr at AFEET FORPanpl eCkawi $inkesn eI il akesr e ROWRg Tt e Lhaang

extracti opataiuldtes,0d¢eahiObthe:s VinETGurRt] ¢h aFPeAE hréPLLLAFH A can
i IS extracted too quickly in an attenpt

t hroughput _rate, if cessjve_ hea
Lo spetd BB SHE/PHITESY. RHESGRERH ites BF 5L FEBRRRIZ0 ok FUPSRRERE axe
cl osest teelhinpethemdcef. of Fahehdmiorel, BltheagAetR¥enetookedibg! abi Mgyt O
t he gquant iikicfxsxdé)f tl_nLe m xture whi q_%gar cl osest to the sgaft 62 of the

t

ext rusi on SEr ew. 8*P8sdft, °thé ra8t CORTPHBRESECH EBRTENEMBNal
syst ens nusiedbatribseahingl lof stloev matertiel teldssH| e irhathal lprefethed

extrusion ] e i . t | enperatyre uni formy.
Conver sel ?@?ﬁ%@ﬁ'ucﬁ% enYegT% '?%gg'%r%e?én% %lggglé%f{l%n rllcslus%gh alnhftlogngg?er

t hr ougPpuexraueiet bapeedxs? Uddrongir whinte therwalgdr dal- peheeheatreexirgadt i on
rregi on 40 : i eye rJg tt rea eql eat .to. be

W thdr awn’ §9%ﬁ€°%‘él§’t' & Db B A ISR o Uith 25, 115 ThckfegE

i |lustrat@81FnsFFYures’ 2= kepaghngd widiisctde bhrght @ wfe tedt region

t her mopl aghi 6n@Xi & Ushare 31 §War 206h eSPerialby Lb rfé)%l&@n%@ '2@955_05§"Vt§f the
present invention includes at_|east one, buf preferably a’plurality o
circul at i SRFERANNEFRIDOERRIMH FElasi R0 - Thdscitheu mitiegr adhaeAdrEs 38T90 are

pref ensbl yirges paaashgd taespate i 20| SpAER f19MuoNendn gl 2l poge t he
screw flight 64, and may extend al orllxg,tt]qe entire screw flight 64 if
desired. BFEFE D] Y RE EPrAAYQSHHFEhalheId 'RF2Lr 8- dPdpos R fofta BeReral Iy

of f set al egamgnt 14 r produnesdanet hesl talttrg maher ps ef 96T st € QTitdprisedS ws ER EMY

flight 64 ich he 3 Lewed fromeither.a top or_bottomview of the
ext r usi ontg\éwr.l%%%eg?%o 4 F%B\réﬁlgrer‘i %rf%eﬁ’g?i B PET/ LR8BS 10 A%2t iR as to
i nt er r upt saucroes sprdfETAElyf lsowranddired adiet wadhdogotlas baryElowiodeod 6nE e

t ur bubent ] fLow. LGl r tJ on.channel re al refera
di spoggd ﬁ%ﬁg %éggnr%agi o%g%?l%neﬁ%ct?edﬁ ﬁk}egraﬁ%rgfis%oas' tipobrgoi"ﬁrbl g%%r
proxi m tyingerher seebw seudw 62' t pamtained 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



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 perineter surface of the circulation channel s £Belbraartyraobar abl y
conpl etely encl osed and defined by the screw flight 64. 10 As best shown in
Figure 2, £w flight 64 preferab3y includes a |eadj e 70, a
‘trailing surPace E72 and a perineter edge 80. Accordingly, H:B*Q ?#ggg}grew
flight 64 rotates, the | eading surface 70 essentially scoops up the
extrusion m xture and urges it towards /the | ower pressure trailing surface
15 di s&am ng the extrusion m xture near the screw shaft 62 up towards
the i nt er Fororngairhen , shydro dagbbay rand/Ke; O&hdrlamervraupntr@:anhmgnagams
| am nar tonf it I t r e die
43 In the e e S LAY Yol POlD el e e B o
the | eadi ¥f $ULaBEOTRLE ¢ hehEo2Uing Aqtiiey when dde PRtrudéd tedfc emerges

ext r usi ong Fn ttWee FEAR 8k PGS Wit fys@em@yb%reloégogiléées %QfSOHQHeL €oo
circulation channel 90, as in the direction illustrate y arrow C, shown

in Fi gure-at QSERTNEPHDI R AFENEREMRY A Prgfevelrpadbpeovedvided dnethe

quanti ti esutifre¥epeftiOng ruperutaen@a@lﬁé@mlhhshéeag%aﬁcéuriﬁ&% r$*'l @'ﬁd@édt he
screw 25 flight 64 to the trajling surface side of the screwf

quant i ti €8 of S WRIPES oMW1kt BRR df a§EREr arpleBkal horipey | Fﬂg %‘Eﬁface
72 of th611$tCﬂ‘dﬂMcft|1bghh.nﬁé ahe fespl aegtbrmnsb pushednépang wavards, ties
interior sur ac%[1 f t he, ?ﬁ”ﬁ"l 50. Trrl?é‘s circul ati on of the extrusion

m xture tRYo ‘%f"gﬁ? OPgu}“’é oS PN RAL TABN s ABRFUNY 261y 2eRSLPEET hat
an eveh, agedor and/st r abutiddrasfingocideny isayachieviesk t be oughent thecgntire
quantl ty e Ny d that accordingly, a greater quantity
of heat crg%t%%%&n?%or %F% eglf%%::%eglcf ?; as to permt a nore rapid flow

t hrough rate. Bpaci predkrgblynvitelhvded eantie nlitr zepédn @, 35 theixate of
nmovenent eas ut s n esen
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mxtu{e |5 a0l y1af shatEh@nfRéi@éd' Radfrfdl €
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that wi t hfeHeThrrdseArdi ﬁvem h, Orroalﬁrﬁreﬁiﬁﬂﬁw el purd iap somesyystehs has

i ncreasedehy HeRR é@@e@@%’!ﬂﬁih&%ﬁ Detéxrnd ERF @88NG16W theSHRSt@NE0al, The
production ipcrease over grew ousI%%exhl bi ted maxi nuns of about 950 pounds
a2

per hour , "FERE AT Ya24028) REFRESH ST G5 SHREERRF18L 1YL O TuFRE nget Brd

Fi gures 3maBednd eldetasahd anéeb:ecsvfmj iagehy RLONI &l fRlothBe ebrgsl@dion

of thgoext£g51 n mxltlgrg ttlraoll.i% rt1 e circul ati.on chan ﬁ els. 90, in a .

pref ef t ed®e n%oae rentUBPEE Yt Y5, RYIRESEEPES AEFSHE G haAnBRSTEY BRESTivar di y

t apered fpehi¢tre drebdiasgnisigr faaeet70 o thestregdudg 13:ur1{sachoﬁ<_?,htoft¢ Hee screw

flight 64, o] S | c xi_mum uantltles

of t he ext I’&I ?ﬁb r}t% Sr gfq g% ?ﬂrog&lug?ll %ﬁ& erf)eotr?l“r gﬁgﬁ thd 't loalsmf‘% pr Ovi de
"“jet" epfethet maltmmﬁtqesala #eloveteelagst thhet tﬁomgngt hegent r ceswatt oin

channel 9 s i t t r o]

Xt ure bORrnd ThE T rALE: o Curt ape H3efcd Il ndh, qetfalhl 15471y

ci rcubat i 8RY chégirymasg ong , pi BPeY BeF 5L s et drsagnbaheStsSuZABI awly asﬁhort

in lengthyapdoidtd dhedbalatE&l1 At8AckN@Bsexétc area. Accordingly, as the
fl ow converges into and passes quickly throug the circul ati on channel 90

the extrusion S& (e LERYLSIP SXRitHFE aa%a@aermﬁ.f&eﬂveﬂ@bﬁloefesenhae%e 25

circul ati g channgltefdralil chajaaclear i ghirectipt ahisd t@Rds seeodisr Uphedhe
flow patterns and increases g m Xi n O1811and Ci r(iul ation of the ext r usi.on
Fed ditbddittEhtat

m xture. AFEHFYhe H5PPBr dhEigEEE St reppydre 3,

t\évo oBot hEhed@ﬁéfeﬁretdheaﬁdémué@%e:zMyqhaﬂl9|h&ﬂ; esm@hcascr)]ﬁ he=d ieht éanday Ibgfdﬂ
edges 101 arid,. 103 are _30_i nwar ap i.eve t e ve-descri be
e ot T oo EORRHLTT cu HEBATBF GoPeBictie o pEoe et 1085 s Cufleh MezeTRert op
and bott om edgesniddcandf16BRe @ et g@g&bal by 44 ata cCHaecedd edpeafial be fh at
edges is tg.9 nerally resut & an erratic .shooting thr h the

ci rcul ati 8RPchaAREIS 90T atalsﬁégf F%{\k/v TEorti Ces ar %%Fﬁ h’hgl? h‘ghgl ow
on the tr@nrbfagr@cﬂlréra}a@dmem: ofllusWPabéf1@61Figure 1, a connector type

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



‘an alternati v

r9 4 February 2004 PCT/ US99/ 19694 the screw fli ght. Indeed, as a result of
the above recited, preferred asymmetrical inlet area structure of the

«ci rcul ati on channel, increased honbgeni zati on of the extrubFebruaiy@Qdde i s

achieved, and in the case of the foamcooling screw, a greater 5
circulatio e even cooling of the extrusion m xtur ved I n
mvgg mﬂgés preferred enbodi nent of the circul at ?S'F(%ﬁg??é
as illustrated in Figure 6, an inward taper may be provided from both the

| eadi ng surface 70 and the trailing sungflace 72 so as to funnel the
extrusion m xture through 10 the circulation channels 90'. Lastly, and as
pr evi ous| Hrémdileatrelt tﬁmq@@r i20etter tddgeeBl @ikttrhetsomevedloghio 64 The

di sposed I S on. with.the interior s rface

51 he. 1 OB et e ot kB et o EE BTt b ekl E il e ¥okBPebbinoen
as the scextrydiioghtmigturs l‘cmbésranglht Bedf @ammtﬁoumlpnem:xaut eeksesd ged
forward. Jo.dhejll rat aterr ,_qL;Q odj t d t.0 achj e an

i mproved and m)fe eﬁﬁ ctle\e;)ge{%t a’?ll orﬁlqc e pée‘érclarpneflelgge lXt‘furtene siérew
flight5 642¢%19yreefoay &@WOBEWtF@dewrmdaéﬂter &embeyapore i csqftsm Seglvedna®®y from
the 'nter&6"3dﬂJﬁgégéeglféﬁréﬂﬁélQaragﬁegﬁhﬁH"Lﬂ%nl@ﬁg'éﬁkf%% Ul AN 82

general ly confrontjing and correspondlng contour of the interior surface
51 of the'$Rf P&d Ehe aRRUN, of 0FF $ élﬁeéﬁnéntaéﬁ?b‘"\'/es Iphearetaslsdgry iacklei ng

effect, whédwe eadt&@slxbﬂl E]:ébé@stihe s HHdeRG8rPl Bor I SARSIOAL A1kt OSE
pr oxi rral cont act W|t e interior surface 51 of the barrel 50, to result

in the reduchs oRT95IW pﬁﬁ et | HPPIRRRL AR S75CR YAk ¢ c X1 8RR tibdi f T Eath®ns,

vari atd onsemgukahaeges |uhedei;wﬂuseaﬁ haterdelt 9st beodnsel i brd Raekeiged
enbodi msnt f the invention i S |nt%nded that all ma ﬁers in the

f or egoi ng"tes 1Y i BiP s‘#ov% VP97 e c SRAEADE gt dFai nE BBt 32%Pr et ed
30 as il | disf fiatilre tandommt into aa Iﬂ:m:lsma@ senaseaﬁiws;;rddﬂ&tscop‘ﬁuef the

i nvention d b t e ARpken their |egal

equi val en?}g%l\%’nt ﬁ‘&?gfﬁém rﬁl\l/é}éltrl?rlyeon thas Bgélg?ﬁe%%?l rEBc?r ViSGO%SFebt tiar y
2004 d ai wsidkenkdhompdegiezalibe dnhanclary ext hesi el &drlew and béodingpbsed

W Lhi £ ancgddis! onabar g %@ﬁhgerﬂmgasg VSIS O B85 TRy u28l f
screw conprising: an el ongate s t, sard e ongate shaf t pose he
ext r usi onhawderel ; A§EOrdaRglndhec het f exgractdore ndghgn f 4O s sitduetonedt e

shaft; said Sahewef lakél@és IHGUEEDY thd @adi-08:SHM B¢ reds ﬁr@dowegowéé ace,
and a perineter ed said screw fli ght being structured and Eosed such

that sai d¥peFe%fe @H@Elbfdls%ﬁrdbé‘éﬁ W“N“i‘%tsq‘“%’ Bhébo%létﬁqaﬁlts}@ﬂ vaatlally

closely spaceder ekabigfoh OmdRthid ewi Dl suhfage Qf uhheoext hHai rrBar{¢l and
an extrusion m xture contained in StU[c§1xtru5| on barrel _is noved to an end
r

of t e exEF UG s e8PeaR P ERSt 2 thahsthe extydanles Segpegpenre
flight; anilsdd aatiewel i:lghiugjmﬁitucihégeﬁtrdﬁaﬁ’i miReuee r£wlat iinarehasael
ext endi ng frorg sai d | eadi ng surf ?‘aégat railing surface thereof, said

circul atiBR° %halharPellsstcPﬁX? 'f’l%lmt‘o pe‘-’lrvr"?’ll bantity of the extrusion
ni xture di sposeefepiriggi chdreatdongisuriente ektsactigrr engion gk and i nhepaced

apart rel t i r rf f t rrel

her et hr onghETSiGr ¢ Sfe ieflneRl \H L FRel A S BHELOR O Bt BeRE0" o1y
urge @5 quahtithey hefatt kateaer et greatort 4P elnit bplsednael gagarad ddnred S0rface
of said S%ﬁ&%féﬂ%ﬁrrgagréi‘ §@%§E‘iu@1@ Etrﬁéa}hﬂ UYhef LATLENS, | W 3k ?é”face

of the extrusion to nove tovvar the interior surface o
ext r usi ontBar Fennegker afoN@EREE é? easéf-‘—nséiﬂd Fdiongal dti o hathnépapei Age

greater thapi &y, eXidn HLAcOth8ahfe 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



circulation channel so as to maxinmize a flow velocity and swell of said
extrusion mxture fromsaid circulation channel. 2. A honbgeni zation
:enhanci ng extrusion screw as recited in claima1, wherein shFebrtiary2004t i on
channel is defined a generally spaced apart distance from said perineter
edge of said screw flight. 3. A honbgenization enhanci ng extrusi on screw as
‘recited in cY@PHO4!7or 2 wherein said circul ation channel PGRAVWIBEYt | east
one inwardly tapered edge extending fromsaid | eading surface of said screw
flight towards said trailing surface ofysaid screw flight, and structured
to maxi m ze the quantity of said extrusion m xture which enters said

circul ati caychdnoebe atithidvedrtetreif.a fl ow vel ocity and swell of said
extrusi on m xt Ure fron}hsa]ié,d %i.rcul aéi on, %Qannel. 21 4 February 2004 4. A
horogeni zat i on -8RRaNeT 1Y ekt FaEPBRedcr stheciRadeln ahy Anethbe theat

pr ecedi ng ecdtarart fomhernsigionai d4€i r dig at aon MEaannebxt P ides ake +@asiroNe

general ly 41 at tryctured to maxim ze a slippage of said extrusion
m xture t ﬁ{pg%éﬁ?ggfl '(:it;i'lce"u:#’(&et'El FoR* ERARH™ fr’fJ“EFBg ' % FHRREVERE el frayai d

trailidg swetacerefersdily fcomtlid ibgirrelt her ednd Eexbhi Zhdy A tBOAPGE MR | ON
of said e Si 1 5, . A . honogeni zati.on .enhanci ng _extrusi gn screw as
recited i )r?tﬂgﬁy tgl%e%gyhgo%r%%gtd? Igeg ¢ rg"laﬁ’rsn,ec\/ﬂégg‘ilﬂ 837 JPRPF L athnrgh
channel indeudesrah a8ymmin rihsalpreflegtredr embediment,o tiies hept axdtom ipat t ern
of said exhistQpe Mixky hgo Ld G [ hannel and thereb
maxi m zing a horm%eni %a{t&i&%%\ %h%&?gb&sqf&%glﬁ%e%p'ggt %cs)n % alélrﬁ?itlﬁgy of
ext rusion @@ﬁéﬁ?a@ofb%i@éo?h%ﬂ%i)? SRepsrienably etistiosgdc bahesal Wherkeiut a
pl ur aliiot y 0f p&aiinth @it GO athen pehapnelsy di spasedal ong,.a A?e]a[}gtés?@}afiafo%

er. 1.

el ongate shaft in generally offset relation fromone anot
hormogeni z&5FAEBRRarE iipxBFaYi 6n Yehehptdd adecananti refanheane fobmt frbe

precedi ng pedraBBer WS et Re S @lagrBer igEt €4n@dgaaksg b%@hegpe/&fte*}aﬂly a9

portion there fromthe interior surface of the extiusion

2onFig) | el &9

barrel so SAOSEERFLRT | | FURE L9€Et i Bhal PiRIveERP ofhe ajarastisder| jgfht the

rel ative texttrbsient mistwore bt disali tihow wdhstapt bal tBENSE ALhaR Ofs Shear
heat d epage _bet we said per.,oeter edge of said screw flight_ and_the
extrug'lrgl’onsc%(ffrr%a.rréL A%{aherr?‘gpl ?f&lg‘é g&am%%?FFbgan Wsehbfyhonsistsiidg: a)
a nelt regubsegtienciyired to receive and nelt a plurality of materi al

pellets; b) an dition a mb uctured. to_add f oam, ng. agent to
said material Sgﬁﬁg%%ggc%lgﬂ%nx?%ge aisjég%){ y%tgt rUe u%agﬁ)ﬁ%}l}bsf’éﬁ% al%loy m x
sai d nel t @¢higver & apreidectyetandtsbabld dHm, ngsagerhermdplashéat exetusdaohi on

[ egion_ StIddGlyr ofb { Osgl T 361 LXE6AD D8a114d 0BLEE) I Mt UL QleyRL! edpe
materi al pellets and foam ng agent such that sard mxture of neltéd
mat er i%dl FRAFELICRNICFHAR G SagEaferably madeerfr stabllessespeehtand alsai d

heat extr agldeOBorl Bgi MhexAMK 81 BHGa 8, URNIRLE PALF&tan1SAl gnbﬁ’itgé&rally
i ncl uding facg[rrrllegass;[croerx}ve tl.lglaltet egggnc?é {:ggﬁlegggh of the barrel 50. The
extrusion screw 60 1is also preferably connected to a gear

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

25 extrugion 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 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

gcrew flight 64, in an alternative embodiment, as illustrated in

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



outl et defined therein, said inlet being structured to receive said mxture
of nelted pellets and foam ng agent therethrough for passage into said
“barrel, 22 4 February 2004 a heat extraction .structure c EBQWQNZQQW

di sposed with said barrel and structured to draw heat fromsaid barrel; an
ext rusi on SGk /lﬁlfposed in said barrel, said extrusion screw including at
‘| east one stre ght and being structured and di sposed RCTAISP/SEM barr el
such that said mxture of melted pellets and foam ng agent is urged towards
said outlet of said barrel, and said sgré’w flight including at |east one
circul ation channel defined therein and structured to receive quantities of

sai d m xt bieeofvikbl teee paidtiexr anfl badsi ny agRiy ddergt HRUA SR ESLE]
circulate of rrelte ellet d foam ng agent towards said
barr el for§%€%ﬂﬁ ecPPvécant co 8fe itogf??ﬁgt t A8F ecfflg WarRpthhef®F nthg

i nl et ar eaxpfusiond wixntewkeat | Ofi chanse) its gieddebet hated@nt et trhar @aref, said
circul ati r e a,flow.velqcity and swell
of said m@%%&g@f mrépq’dé I‘%Peﬁéyag t%%darﬁnnglrg Nt PP sglaéfl tr &4l 8Fi on
channe?; é?eab@mée%ﬁ%dﬂfm%dim rtm \r:élesauetmgxtmean‘fg rmid/@d ra.e:btlehg and
f oam ng age X tefyldd regbr u h,

extrusion assenmbly as recited in c Ter&in sar
i s definef¥i Masgrdadckey ¥eeghasa "{j@nebﬁﬁllﬁy §*pacéueap@ﬂttrudnshamathrem sai d

barrel . lfordodamime epaica?iaSa8DL Yo Si A BN bf‘ £h&i 4n dr8e ghp g
edgée endi ng

circul ati on channel includes at |east one inwar t apere
froma | eS8 n§SsfFEEE of° safd té"cr’é%“flﬁt@htth%v@?@ atltnrfa#gh nghsch f abe of

sai d so:rebsbcf:i:mﬂiﬁn Al ugler BChwk eehicudRdHE B8ypa] dguantities of said
m xture of rrel X;?)el | ets and foam n%Fagent whi ch enter said circul ation

channel and to 5w Sfal ) BAY Bhefepafatedivd o xntesral lvel t ed

pel |l ets alﬁdrtﬁ@dimi‘lg'l agmﬂs]:fa’f(trn@alldl (blnl’eCdlraEanB edrtiRlousl br AcbRgAted
extrusi on_assenb eC| ted in cla wherein said circul ati on channel

i ncl udes g%e?eas oﬁEe %ﬂ%l?]éfli/t?‘fcaﬁur@&gé? stTGEEGir BCR o TRERF HPZ eCh BI® ppage
of said nertire ektnesimul pekéet s0and Mowsdvey,agrt JdueUOtl iSptd 64 is

circulati n t ai trallln surfa

sai d %%r e\%{#‘?l gﬂt , tt%eg}e{gégﬁa%o?ﬂ tz-‘li“%\lél c}ﬁ’om)gen t;%tslgoﬁn'b? W &aﬁlti(ﬁﬁf}é

mel t ed peFless Wﬁ%aﬂﬁkﬁ}l@gﬁen&lth a23 intfebruasyr 2084 512 ofAtheabnexél u5| on
assenbly 3§, reagideRd,! Phit Q!l@s%l%gfagééh %1@Fﬁbﬁ%t@~yee%ntﬁ annel, | TCl ydes an

asymetrical inlet area so as t0 disrupt a flow pattern sal tife of
mel t ed peffedRd akblge f baRTipragamtackr Slighfsthe bélnrmll &0 ors @h’annell)ando

t hereby nmaxiyi giogife hMaeRN-2at | @Rubheyepd:- 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 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
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pat h al ongVer | RS delsdilyeeronghe equnmalitiem ofa theamiaxurasivbichsaearl y
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screw,js as_defined.in any one of cla 1 to 7. 24. A.nethod of cooling a
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m Xt ure passesCdrvensgiyantekopgatetims ref |, thdepreaddned iaoBant i Sh NYs t Higeist eps

of : draw eat 0 ri r_surface_of the barrel: .rotati an
el ongat e gg?‘?u%i %inétscrr ?ﬁ‘?ﬁ%ﬁgt 3t a??efh%oe’é%mf%b&regg‘ ¥7e, P HrRreh
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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 ascrew 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,
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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

T rotation of the screw flight 64. Moreover, as the quantities of
extrugion 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 substantially ensures that an even, uniform
distribution of cooling is achieved throughout the entire quantity
of the extrusion mixture, and that accordingly, a greater quantity
of heat can be uniformly extracted 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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10 Turning to Figures 3, 5 and 6, so as to more effectively
provide for the circulation of the extrusion mixture through the
circulation channels 90, in a preferred embodiment of Figure 5,
the circulation channels 90 are inwardly tapered from the leading
surface 70 to the trailing surface 72 of the screw flight 64.

15 Such a configuration essentially scoops in maximum quantities of
the extrusion mixture for circulation therethrough and tends to
provide a "jet" effect that maximizes a flow velocity through the
circulation channel 90 and an increased disruption of the state of
the extrusion mixture behind the trailing surface 72 is achieved.

20 Furthermore, the circulation channel 90 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
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he sgcrew flight. Indeed, as a result of the above recited,

preferred asymmetrical inlet area structure of the circulation
channel, increased homogenization of the extrusion mixture is
achieved, and in the case of the foam cooling screw, a greater
5 circulation for more even cooling of the extrusion mixture is
achieved. In an alternative, leass preferred embodiment of the
circulation channel 90', as illustrated in Figure 6, an inward
taper may be provided from both the leading surface 70 and the
trailing surface 72 so as to funnel the extrusion mixture through
10 the circulation channels 90'.

Lastly, and as previously indicated, the pefimeter edge 80 of
the screw flight 64 is disposed in substantially close spaced
relation with the interior surface 51 the foam extrusion barrel 50
in order to minimize seepage therebetween as the screw flight 64

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 should be determined by the appended claims and
their legal equivalents.

Now that the invention has been described,



&10% | & () - 1980088090 YT! 11, "' 109& () -,
109& ()-"109%& ()-F109%& ()-3"&s109%& ()- 10|| 10| |

‘10| | %&g' () *g+wUBXY7! I\, " 10%& ()-,!, " " 109%& ()-,!,' " 109%& ()-,!,' " 109%& ()-,!,
U109 () -, LY, 109 ()-, g+X, - Xj\N'' F"& 10% ()- 10 10 10!;

6: $109%& ()- €6:$10% & ()-!(,"' " 10%& ()-,L," " 10%& ()-,----.//"=\NIF'&

S ' 109%&' ()-$!BS3 $10%& ()-!S3 $10%&' (¥Oys10%& ()- 4 February 2004

"y10%&' ()-310%& ()-/01[2T33cAWMIB\N 116>, S '"10% & ()- $| 6, S 10%
<§4I( ? - $I1§3{’S ' 102?0(()/2& ?; I 38 1(%00/;{&( § ) - ﬁ) fo 109%&' ()-%!,S "' 10%& () - $c455555566r
fo 8, D&, 50 liow £ ) SssemrTsso i @10 ()-)1 @ ()
= <2==>uifar SAIA Rihagbaibn AR Bittubioh QA de)ciaids € WARHR betisblof® 107 O
" )! @ 190&&%@)%3?1»»7;;1%)(\(7;# !i% Y éir];p‘% ( )a'_ r/& L V7! 1
z2109& gyrogpiastigairysion agsembly) Gaidmarasncrmpnaigy
| @ 10% () - GaN@ ) & b&%@P@&&h@g&@%ﬁ(@!&%@s@}' ke () -
@10%&' () - 7TDEEEEFFF~\ =27! 106 $I0%& &) -@ N6 $10%&
109& () - 0s$1 684838} Anekrsaw fight extendixg romeek! glongatesiFfGaGINT !
106" $1010% & shid-seéi@igh(ihcluding 8 B4ding suatB84 fafing Surfk8%6i 4 barimh8ter edge;
said screw flight being structured and disposed such that 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
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 screw flight and in
spaced apart relation from the interior surface of the extrusion barrel to pass therethrough
towards said trailing surface of said screw flight and thereby urge a quantity of the extrusion
mixture disposed at said trailing surface of said screw flight and in spaced apart relation from
the interior surface of the extrusion barrel to move upward toward the interior surface of the
extrusion barrel; and
an iniet 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 channel is defined a generally spaced apart distance from said perimeter edge of
said screw flight.

3. A homogenization enhancing extrusion screw as recited in claim 1 or 2, wherein said
circulation channel includes at least one inwardly tapered edge extending from said leading
surface of said screw flight towards said trailing surface of said screw flight, and structured to
maximize the quantity of said extrusion mixture which enters said circulation channel, and to
maximize a flow velocity and swell of said extrusion mixture from said circulation channel.
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6. A homogenization enhancing extrusion screw as recited in any one of the preceding
claims, wherein 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 any one of the
preceding claims, wherein said perimeter edge is beveled with a trailing 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.

8. A thermoplastic foam extrusion assembly comprising:
- a) a melt region structured to receive and melt a plurality of material pellets;

b) an agent addition assembly structured to add a foaming agent to said material
pellets;

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

d) a heat extraction region structured to extract excess heat from said mixture of
melted material pellets and foaming agent such that said mixture of melted material pellets
and foaming agent is at an extrudable temperature, said heat extraction region comprising:

an elongate barrel, said barrel including at least one inlet and at least one
outlet defined therein, said inlet being structured to receive said mixture of melted
pellets and foaming agent therethrough for passage into said barrel,
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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 mixture of melted pellets and foaming agent is urged towards said outlet of said
barrel, and
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 therethrough so as to circulate said mixture of melted pellets and foaming
agent towards said barrel for more effective and complete 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 maximize a flow velocity and swell of said
mixture of melted pellets and foaming agent from said circulation channel;
e) a die structured to receive said mixture of melted pellets and foaming agent at said
extrudable temperature therethrough.

9. A foam extrusion assembly as recited in claim 8 wherein said circulation channel is
defined in said screw flight a generally spaced apart distance from said barrel.

10. A foam extrusion assembly as recited in claim 8 wherein said circulation channel
includes at least one inwardly tapered edge extending from a leading surface of said screw
flight towards a trailing surface of said screw flight, and structured to maximize said
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 trailing surface of said screw flight, thereby maximizing a homogenization of said
mixture of melted pellets and foaming agent.
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includes a pair of inwardly tapered edges structured to maximize a flow velocity and swell of
said mixture of melted pellets and foaming agent from said circulation channel, and a pair of
generally flat edges structured to maximize a slippage of said mixture of melted pellets and
foaming agent through said circulation channel and create a flow vortex at said trailing
surface of said screw flight.

14, A foam extrusion assembly as recited in claim 8 including a plurality of said
circulation channels disposed along a length of said elongate shaft in generally offset
relation from one another.

15. A foam extrusion assembly as recited in claim 8, wherein said circulation channel is
substantially short in length and is structured to minimize a compression time of said mixture
of melted pellets and foaming agent, and maximize a swelling thereof upon exit from said
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. A foam 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.
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22,

A foam extrusion assembly as recited in claim 8, 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.

23.

A foam extrusion assembly as recited in claim 8, wherein the extrusion screw is as

defined in any one of claims 1 to 7.

24.
foa
of:

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

drawing heat from a perimeter surface of the barrel;
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 inlet area larger than an outlet
area, so as to circulate at least some quantities of the extrusion mixture which are disposed
a spaced apart distance from the perimeter surface of the barrel towards the perimeter
surface of the barrel, thereby achieving substantially uniform cooling of the extrusion mixture.

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

7
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extrusion mixture which enters said circulation channel, thereby achieving substantially’
uniform cooling of the extrusion mixture.

26. A method as recited in claims 24 or 25, 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 an asymmetrical inlet area, so
as to circulate at least some quantities of the extrusion mixture which are disposed a spaced
apart distance from the perimeter surface of the barrel towards the perimeter surface of the
barrel and to disrupt a flow pattern of said extrusion mixture through said circulation channel,
thereby achieving substantially uniform cooling of the extrusion mixture.

27. A method as recited in any of claims 24 to 26, said method further comprising the
steps of:

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.



