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(54) Title: A HOMOGENIZATION ENHANCING THERMOPLASTIC FOAM EXTRUSION SCREW

{57y Abstract: A fonm extrusion assembly (10) having a melt region (20) and a heat extraction region (40) which extracts excess

heat from a mixture of melted material pellets and blowing agent.

The heat extraction region includes an elongate barrel (50) having

=~ an inlet (31) and an outlet {44), the inlet receiving the extrusion mixture for passage into the barrel wherein a heat extraction structure
disposed with the barrel draws heat therefrom. An exirusion screw (60) is disposed in the barrel and includes a screw flight (64)
structured to rotate within the barrel and urge the extrusion mixtuse towards the outlet of the barrel where a die (44) is disposed in
order to form the finished product. The screw flight (64) includes a cireulation channel (50) which receives quantities of the extrusion
mixture upon rotation of the extrusion screw, thereby circulsting the extrusion mixture towards the barrel for more effective and
uniform cooling of the extrusion mixture to an extrudable temperature,
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assenbly which provides a substantially honogeneous product, preferably a
foam t her nopl asti ¢ product, and which produces said 10 product at a desired
extrusion tenperature and at an increased throughput rat is
‘normal |y avail able, without requiring that a conplex, co@t:%yﬁé{xgﬁgr

oversi zed extrusion assenbly be inplemented and further, w thout requiring
.subst ant i avo oipgétf i cation to existing manufacturing devilqﬁs\}us';%ﬁp‘f]ocedures.
15 Description of the Related Art The field of art associated wt

t hernopl astic extrusion, and foamthernoplastic extrusion in particular,

is quite specialized, and indeedRessrimiien different fromthat typically
associated with 20 netal, xubhRIcen®Y Ff’ﬁﬁfﬁﬂfﬁ%rﬁhaﬁi c extrusion.
Specifically, foam extrusion generaf\ y requires an initial step of nelting
pel l ets, usually made GFEERMPREAFBHT FOAM EXERUBTICQN SCREHF a subsequent step
of mxing the nelted thernoplastics wwth a foam ng agent, such as a

fl uorgcagbggﬂ&mfnet her CI_‘CI HCFC and/ or HFC) or 25 hydrocarbons (such as
propane, SHEFERENL A ZHE IVENTION, nq  possi bly ot her agents such as

nucl eat i pdledd@esnt L hef i ehei& dants and/or col oring agents, in an isolated
extrusion envipronnent. Noreover, the nost effective foam extrusion
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the gentire extrusion system

Description of the Related Art

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

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

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

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

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

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



5is well contained until the material passes through the die, thereby
avoi ding premature foam ng of the extrusion material. O course,

addition to the above concerns associated with the forma{t 6 jloam

. ) ) ; 2 0

product is the need to maintain the extrusion m xture at a i preci se
extrusion tenperature, 10 correspondi ng the polyner or substance be| ng used

.as the basi® ¢iQts17t he extrusion m xture, so as to achi evge ﬁuﬁgﬁ%‘?{]
viscosity of the extrusion mxture and permt proper formng 0 e

extrusion mxture through a die, such as a profile die, tube die, sheet
die, annular die, flat die or several 20t her conmon types of dies. The 15
rat her precis trusion tenperature at which a desired range of viscosity
is achie 880?‘5 ’?ﬁﬁfyortpl’fﬁﬁlléwn FRsEMpemat ivfe dimicrdar tonehsutenpertatam e,
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i ndeed, often  rRQui koS, typ, separate extrusion devigces 1inked wth dne
another ypes o ies. The

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

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

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

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

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



The first phase of the procedure typically involves the effective nelting
of extrusion material pellets, such as a thernoplastic 5 materi al
particularly suited for the foamdesired, and the subse

those material pellets with the foam ng agent - and ot her %E%rug%ygggn
needed. Usually, this first phase of the procedure is perforned withi n a
very | arge ngat ed mnechani cal extrusion device where

t her nopl as‘f‘?@qe@%fum on 10 screw, and nore specifically 5%?91?’1?3‘? ew, urges
the material pellets through an elongate barrel causing the generation of
frictional heat, and also from which |ting heat is being applied.

| ndeed, the surface of the thernopl ast41c extrusion screw is rather
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extrusion also. 35 includes a second phase which requires the even y

di stri but®d Z244eE FEbLERSETY 2004 9peien/ 10687 POiFarsoghioee4 njated and

15 polished) and the material moves through the barrel as a result of
a frictional engagement or shear when the extrusion material
frictionally contacts the barrel surface. Moreover, it is the
shear effect combined with the heated barrel which provides for
effective melting of the extrusion material.

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

25 order to effectively melt the waterial and permit complete mixing
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 'limited to levels well below those achievable in this
initial phase as a result of the requirements and limitations of
the second phase of the foam thermoplastic extrusion process.

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

35 includes a second phase which requires the evenly distributed and



uni form cool i ng of substantially all of the nelted and .m xed extrusion
material to a point where it is at a necessary extrusion tenperature and
consi stency throughout. Usually, this second phase of thﬁ;&{ é;rg(}%ﬁ is
-also perforned within a very large and 5 el ongated nechani trusion
device wherein a central thernoplastic extrusion screw, such as a foam

cool ing saygwadein @ helix or paddle type configuratio e nelted
extrusion material through an elongated barrel to effe&C%%g/?) 6iwng of the

material. Gven the need for a rather precise tenperature, 10 however,
significant limtations relating to ter turn rate of the central cooling
screw and to the heat extraction rate achieved apply to this second phase
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internally by the material itself. As such, an increased flow-
through rate of high quality cannot be achieved merely by speeding
up the rotation of the screw. Furthermore, one c¢annot
indefinitely wmerely counter the excess shear heat that is
20 generated by providing for faster cooling merely by decreasing the
temperature of the barrel, because if the mixture cools too much,
an optimal viscous flow of the extrusion mixture is not maintained
and productive passage through the die is dramatically impeded.
Also, merely increasing the size of the extrusion barrel in the
25 cooling phase is not an effective solution as guch an assembly
would become excessively large, cumbersome and financially
impractical due to using such a large scale factor. Largé gcale
cooling stage processes also involve potentially undesirable
operation cost implications due to the typically longer product
3¢ change-over time factor and the related materials costs of such
large machines. Moreover, if one merely increases the size of the
extrusion barrel in the cooling phase and the passage through the
die is made long enough so as to allow temperature tempering of
the extrusion mixture, the resistance to flow generated by such

35 passage would detrimentally promote heat generation in the



WO (c)1/10617 PCT/ US99/ 17694 extrusion m xture within the barrel. Further,
this restricted |ong passage woul d negate the nornal tendency of the
thernoplastic extrusion mxture to swell after passage fg hg 1S
retarded. Accordingly, it is seen that one nust bal ance t4h'fe)éﬂr§%§e}gs?6b% a
productive flow through rate with the requirenents of practicality and an
ef fective wodusienl y distributed cooling. Many in the i ngustdoy sy e
" nevertheless failed to recognize the above-described Ilimtations. For
exanple, sonme in the industry have sought to increase the productivity of
the second or 10 cool i ng phase of the £xtrusion process by increasing the
amount of _heat which is extracted at the extrusion barrel's surface.
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devi ce. Fep ebavpréesgsibrdit ligitakienst ed, Fohe pempiet ersapnganint itds of the
ext 1 us! OllndiBd 6y Bav25sCRiHd RUC: hordiRle €0R! BEOALGARYCL: Wild BeLOgqid) eri of
er

quantities _gradually cool to the desired, ra précise extrusion
t enpE? at BP0 PaFreP b S Rk EELERDIPHERECEEF WhiiclsTesshoy téfe aupivhioraf
consi st eneyt f @hiRhoPes @4ikdsten. dideed, dftf¥isnsesond) Rhasgras well as
in the fhrﬁr(%%phase,1 it&%{% al so noted that 30 conpl ete honogenization of the
ext r usi ol TSRS &Y/ s SREEPnBECCRALKE i ghadh PRV SR ridedEect hee fhefadthed
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15 perimeter layers of the extrusion material, which are in more

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

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



35 extrusion process. To date, the only effective neans of ensuring 4
February 2004 WO 01/ 10617 PCT/US99/ 17694 6 an effectively cool ed
extrudable material is to provide a slow, |engthy, and o c!):';aé ?Q@%‘ down

. process so as to thicken the extrusion nmaterial w thout oveée Y9 ing
only portions thereof, and so as to achieve a |onger m xing t| me for

i ncreased ?’ ?I% eni zati on. The assenbly of the present invention, however,
addresses 'R b bl ems and needs which remain in the ar tPEAPVTOGp e to
significantly increase the flowthrough rate of extrusion material wthout
conprom sing the quality of the finished product. 10 SUMVARY OF THE

| NVENTI ON The present invention relates to a thernoplastic foam extrusion
assenbl yaof effl@ctiiy@éystcpumeareﬂtt@arhl@dmmeaeamaexm udedpréwai&m pr ostust, i n any
of a var e p articular, the f xt rusiq
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the 25 foam ng agent, thereby achieving a purer, nore honbgeneous
extrusion mxture. Unlike the nelt region, the heat extraction regi on of

t he 1pr esenmkm\mm@nzmm:mmtur ed to extract excess heat fromthe

m xt ure of ted mat er rE | ets andfoamngaents so that .the_ 30

m xture can ac}hl e\Peegﬁn!%xtJr TERTE™ eRpEF T Ur &% SPEAREYIC Frdher abl vy,
t he heat esktuabdn aeseadpilpnof ncheidepeamteuongesd tirarprrelductahaﬁugiatwdecm t he

m xture %EQMB-pEQHECQariéﬂ an@hié¥1 ES 5gf¥é%&abg¥ extruded shapes. In

particular, the foam extrusion assembly includes a melt region,

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

35 the mixture of melted pellets and fecaming agent therethrough,



substantially enclosed, includes at |east one inlet and at | east one

outl et defined therein. The inlet is structured to receive 35 the m xture
of nelted pellets and foam ng agent therethrough, 4 Febryat r@géo

- 01/10617 PCT/US99/ 17694 7 preferably fromthe nelt region, fo assage into
the barrel. Cooperatively disposed with the barrel of the heat extraction
region i s wolbeakirextraction structure. Specifically, thediaibei7gegtraction

" structure draws heat fromthe barrel, such as by liquid 5 cooling,

t herefore renoving heat fromthe m xture of melted pellets and foam ng
agent in order to ensure that the extrlision mixture arrives at the

ext rudabl e ure ran osed thin the barrel of the heat
extracti®f %ee'%ﬁ%g PL' tlii% pF&@EPBf egﬁ PRARFIIECLBW I Pa&F¥BLusi on screw

is 10 pref erca:bpyratm@ly mgs@osew mqil—altlhy ldaﬁmsed thd et &g hastieh and is

t t ' en_th reI n antity of the
%;?ﬁrgr}? tce)stzlaép:?%%s }a%r V%lovr\’ﬁ . r&& nte: I n pS?ﬂ‘fZJrcatlguurejl(?e%/I]i’@ Afi xt ur e
of nel te@xmdte-ps adudshuone dgamgamat tEmwmrdISe theerrelt | ®ictobst be Wajrial , the

f 5 ] flight. T
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flight is fer y structure ap around and
t her eby E%ﬂtl’ﬁté* @pén fremangopgett t e sedew tim emschele baurglazetdsve:rusii)ohure

toviar dS e Ol leks ko e (B 1rubBnPL delnd & BEOECY Sl T ect i ve, compl et

and evenly distributed cooling of the m xture 7% ed pel l ets and
f oam ng agentPisRefederithine Gig dpreighf bhe hent mrdsent i¢mvesaiosn iburt her

i ncl udesa attHeQ&r‘éaleQ@:.c budxt diisabar abbyed. Pl UrRh bt Ve tfrGiibaul Liln ghannel s
defl ned theiel n. particular, the circulation channels are generally

prect&el §Fe Voﬁe‘ao‘?lrﬁri%@%@f"eﬁ?‘%?lrJg\htd@@°§§dt‘61§*b‘é’blt9§ ey ©rds of

the 25 misxt uslteuefuﬂaiteeb pebd £des andrégamwmsgnagﬂf& baeréet heeHehinponr
rotation_of . tggsmn screw._ Ac g gii/ upon, recei pt of the
6& | B

quant i ti @& o Yh FUPEE O et: &F At FEa LAY Bg e -hr dBgh t he
ci r cul ateoter hamnetge ahhef iégture of r cal8éd ope Dietheandn ldwitiy elg@ihitve to

the barr@éwa.lsdsacéﬂeevggtﬂd gflbgltignu‘i%l?la ' auua extrusion screw further
15 includes at 1least one screw flight. The screw flight 1is
preferably structured to wrap arcund the extrusion screw and
thereby rotate upon rotation of the screw in order tc urge the
mixture towards the outlet of the barrel. 1In order to achieve
effective, complete and evenly distributed cooling of the mixture
20 of melted pellets and foaming agent, however, the screw flight of
the pregsent invention fu.rther includes at least one, but
preferably a plurality of circulation channels defined therein.
In particular, the circulation channels are generally precisely
positioned in the screw flight sc as to receive quantities of the
25 mixture of melted pellets and foaming agent therethrough upon
rotation of the extrusion screw. Accordingly, upon receipt of the
quantities of the mixture of melted pellets and foaming agent
through the circulation channel, an effective circulation of the
mixture relative to the barrel is achieved and substantially all
30 of the mixture of melted pellets and foaming agent will
substantially unifeormly come into cleose proximity with the barrel

for effective and even heat extraction and cooling thereof.
Lastly, the foam extrusion assembly includes a die. In
particular, the die is cooperatively disposed in £fluid flow

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



30 of the mxture of nelted pellets-and foam ng agent will substantially
uniformy conme into close proximty with the barrel for effective and even
heat extraction and cooling thereof. Lastly, the foam ext nbl y
includes a die. In particular, the die is cooperatively %@62%?@?‘2 fluid
flow 35 communication with the outlet of the barrel, and can take on any 4
February 20061196701/ 10617 PCT/ US99/ 17694 2 of a nunber FcrArsdmed fornms so
as to receive the mxture of nelted pellets and foam ng agents, at the
extrudabl e tenperature, therethrough in order to forma desired shape.
Indeed, it is upon exit fromthe die$§hat the mxture begins to "foant and
thereby f5 rod ce the finjshed, extruded product. is an object of the
present F'n e?o ’g 89?'11%‘2% fydR 8%t PAsitEn r§§§é?‘?ﬁl YEGhPEKE Y% Phg t he
cool i ng nr@hasa psubsmnatndahfbymdg Satgdrh;ld;t eatt tige ca@mﬂgbeéf@@rﬁ@ﬂaltwughout

t he extr SIO materla xtur osed. wi n_t he t her eb
ef fecti veere OUFFH & E?F %%? 1?‘ $‘?ﬁjyr‘:‘?c£eﬁhgplang @%ﬁanﬁ ad y® éP of
the extexisi domomatbei ellLeathatn eipp rmoipetivatee betinsdadl eféanpermi whereby

corresp 09t Qﬁepﬁiﬁfﬁ% reﬁggééggoqeﬂ? &g used as the basis for the

extrusi m xture e present assenbly is to provide
an 15 extruétonsassenbnﬁcmthtmrpmwl Imzedtm\pm ht @ xp st g extfpasl on

. Struct W,es- Wi bhout W%&bﬁl odid] ¢al es'ol \etk%s%b s@@é%r&%'

i ncreases the overa oughput rate to be ac Iev evel s as |gh as
gener al |9t s&akutast &re 1qeofliingye pbrelentthriongheus sy extrustemtmareaval| abl e

through Ruteuhat e8iepMsBOuli chd® Saf | BdLHd10, PRIQANG), OHsid t ¥ rdathgr,, obj ect

of the present invention is to provide an extrusion screw which can be
ef f &t i \Feﬁf)}C&FPFHecf-q% e irHy  Bsadesingh sdkEmibied 1vaily et whh€h nore

ef fecti waltprupion descdbial uakf oam hgairoprtineet | @ fuRmm BOt + afiskrRhbed
ext rusi on mat er i ] ut overlé% cool i the materia heat_i ng t he
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t hr ough the extrusion mixture.

A further cbject of the present assembly is to provide an
15 extrusion assembly which can be utilized with existing extrusion
.structures without substantial modification, vet which
substantially increases the overall throughput rate to be achieved
to levels ag high as generally about a ten to fifty percent
increase over currently available through put rates, without

20 sacrificing product quality.

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

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

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

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

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

extrusion asgsembly which effectively increases the extrusion

production rate without significantly increasing the size and/or

35 complexity of the structure to impractical and uneconomical



rate to be achi eved. An added object of the present invention is to provide
a foam extrusion assenbly which substantially overcones the [imtations
30 commonly associated with the cooling phase of the ext rd‘ﬁéb%a RhBgess-
Al so an object of the present invention is to provide a foam “extrusion
assenbly which effectively increases the extrusion production rate w thout

si gni fi canybyigegr easi ng the size and/or 35 conpl exity ofcii@eslghgiCture to
i npractical and uneconom cal 4 February 2004 WO 01/10617 PCT/ US99/ 17694

| evel s. Yet another object of the present invention is to provide a

t her nopl astic extrusion screw which efc.jecti vely circulates the extrusion
m xture gnd ensures that substantially, if not all of 5 the extrusion

m xture BFY®CHi vely and uniformy cones into proximty with the heat

extracting sudmemonhethebhect ebf afhd heesextr usion Resembky. oApeider, obj ect
of the p%ﬁ%xerﬂlt ll n\éenti on_is.to provide.a .thernoplastic extrusion screw

whi ch subsTanty A9y “midi FiiESOPhECLEY MEgRPp &ECECRI RSt raf LT SRR t€E by an
ext r usi oexwiudiore milxthire andexhsuséontiass esibatankAal Py DF Onbdili 410 ey e
efficien nd, i o sing.thereof and .achi evi ng significant
advané():esbilé;I Sﬁw ra gﬁ‘ aﬁiﬁtﬁ%ﬁ% te%gecég Yuded Wodﬁ%ig‘i”%"%é’ro QEEd. %491

anot her phjxiotitef wikd frhesbdebti pybnadioing ssunf garovifdehe 1bafré heshoyteast i ¢

extrusi OQX’“SF‘E&%H\A@S%I“?H’GC“ vely circulates the extrusion mxture and
provi des a substanti al ['y" honbgeneous and high quality product. BRI EF

DESCRI PTI ON @‘—'TLGH&EIDF@EMVQQ@S 20 Fbe arkgkhbr iomdstitmndsngoofprdvedeatar e of
the presentrmd IRl coxthekebanceehould e fad Lact bef o Lowng dgtail ed
description taken in connection wth the acconpanying draw ngs in i ch:
Fi gut® 15197 PPeeEpebrFiel L patiiditedt Davily swtewsaen thisctuganti pBimsan usi on
assenbl yet ridibrplesenbl yIVEREF &Y drd@Ui8nd hSrd SEECIJiRR! anBafihi Abrn
cut-away_view of th barjriel . .
. processing thereol and achieving significant advances in the rate
at which the extruded product isg produced.
Still another object of the present invention is to provide
15 a thermoplastic extrusion screw which effectively circulates the
extrusion mixture and provides a substantially homogeneous and

high quality product.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

25 extrusion assembly of the present invention;

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

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

30 the extrusion screw of the present invention;

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

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

35 flight of the extrusion screw of the present invention;



and extrusion screw of the heat extraction region of. the foam extrusion

assenbly of the present invention; Figure 3 is an isolated sectional view

of the screw flight of 30 the extrusion screw of the pr%s'%r#u éﬁa i on;

. Figure 4 is a cross sectional view of the screw flight o euarg usi on
screw of the present invention; Figure 5 is a cross sectional, isolated
viewillustrating a first enbodiment of the circul ation channel defined in

t he screwwgﬁllwﬂg’ght of the extrusion screw of the presd¢IUSHYEAM on; 4

February 2004 WO 01/10617 PCT/US99117694 /0 Figure 6 is a cross sectional,

isolated view illustrating an al terna}(g’ve enbodi nent of the circulation

channel defined in the screw flight the extrusion screw of the present

i nvention; amdgukkegeirie: & t:s-oas segd i1, Q@bﬁ@@@d MewVi ey rai 3 harnative

5 enbodi JEnt. of .t he @? C$u5| Ecr w of t resent invention._ Like

ref erencs Mumerals PEIEHTEY PkeBpar F3TEH % Ghaphel detided iR ERE of the

dr awi ngsscHeRTAlLLER: DESEReP &k N1 EForT HiRREBERRED pzivaeht MiNferddi okhe apaesent

|nvent|on|s ted, toward am extrusi.on I |Ilustrated|n

Figure 1 and gg%%(rg‘a 1V° i hdiCa 106“"‘9s PO Ry éréfa}"y,gP %Ie ag]ft

asserfbl yerigpdigestr qttmeeda:ttausrapndacee‘amﬂa)m@n@abbenq:)cnlrwmtlphast| c whi ch

f oans upon e u I de rodu a
finished or ;ig%% rirgf%?%rll%g rgﬁé)ro %ctree tlgrgmé;ﬁdga?% %%Om e (réugl?lon
assenbl yeerersl vigespplddint dravéngseon may be utilized with a nunmber of

t hernopl astic polyners, including but not limted to polystyrene,

pol yet hyl ene royI ene, PET or ot her simlar thernopl astics,

i ncl udi g Pt B £ BOBIMBIT ot her rmterial s which

mey e utilized erreeeﬂel Qﬁ%h&:.rb:{ e fdhtﬂérc@:ed Aewhtadisir et bd éﬂz’ﬂs@i%e 1,
the preferr S enbodi nent of the A foam extrusion assenbly 10 of the present

i nvent i otf ¥es 2§ 1LAHEER tSheimdSEaHey L é\nldhﬁﬁﬁﬁr%ljs‘( neflE catRd| Pfe
and/ or iofer spebi NgcdMiy) SHeeVeASASTHIY dmiendl§0 1be i iddAedurwhi eb if

produce an expandable polymer plastic which feoams upon exposure to

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

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

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

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

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

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

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

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



25 utilized; should also be considered as being within.the scope and

spirit of this invention. Wth regard to the tandem assembly illustrated

in Figure 1, however, the foam extrusion assenbly 10 'n(ﬁl%‘?ﬁarz ést

. "melt region", generally indicated as 20, and - a second "heat gractlon"

region generally indicated as 40. The 30 first nelt region 20 is structured
to recei vewghghgeplt a plurality of thernoplastic nateripgrudedd76d4S, Which

- preferably formthe basis for the product, such as the foam product, to be

produced. As is conventional in the industry, the preferred enbodi nent

includes a larger funnel type solids/inlet 24 wherethrough |arge

quantltles 35 of the raw material, such as material pellets and the |ike,
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t hr ough Ich the materi ets are urged. pecifica
t her nopl ¥8T¢4abe rogl s cpéw thsuchateriad i pelidton  hel ﬂ:hgcrmfm'reds

cont ai negmMbd Hich, h%hQahJéQE Qbglhe PB!brd RGNy 2Qc§un§eé sarpreeﬂ‘&{gé%x driven
by a | arge gear assenb 22 soas to Trotate within the nelt region 20. As

t he Hat ePXEFUHED breral e‘301'5 thrgedh tishgehe metpeial r@f&l@ﬁsz@re prEeérabl y by

the int esp@élfﬁemlys%ewhe@%op&astﬁé dx@ raV6en ORSRNYL | 3héy a3 aRERireGibpder”
ef f ect, heﬂt ener%y produced to nelt the naterlal Eellets di sposed
within Phet BT §0'lslﬁ°?Tﬁ9 fErPed ERDRTRETt CTatl e eBRYE A RBat i ng

source, poeisd abd preferabbgli cmlgntehe vyakl 18fgé f’gﬁaaﬁarars@brrﬁ@y o ddhas2@onel t
regi on 20o 2 & heq: to the ba&rel " Mor over éi g e&gor mel t
screw 60F Eqﬁ$ %ZHiinHF%ém%'rfgﬁ 58" greféﬁaﬁﬁﬁ ﬁF%@% |?r¥Eﬁ f 8YCi ng,
t he bat enraéd peldcetgh abai msit tdegiont 20 grreferably by the interior melt
gorew 60' 80.as to have essentially a "meat-grinder" effect, heat
energy is produced to melt the material pellets disposed within
the barrel 50'. In the preferred embodiment, at least one heating
source, preferably surrounding the wall of the barrel 50' of the
20 melt region 20, applies heat to the barrel 50'. Moreover, the
interior melt screw 60' contained in the barrel 50' preferably
urges, 1if not forcing, the material pellets against the interior
gsurface of the barrel 50' and against one another, thereby causing
a shear effect which in practice adds the largest quantity of heat
25 to the material pellets and improves the overall melting thereof
until a smooth, yet viscous melted material is provided.

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

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

35 the preferred embodiment, the foaming agent may include



surface of the barrel 50' and agai nst one another, thereby causing a shear
effect which in practice-adds the |argest quantity of heat 25 to the

material pellets and i nproves the overall nelting thereof i noot h,
yet viscous nelted material is provided. As the material 4F#1P'B4r§zg?%ne wil |

general ly not provide the necessary foanm ng reaction when hardening,

unl ess a RPSfij@y W th previously incorporated or m cr@cgpgaRstsat ed
agents is usedl and 30 will not beconme the desired fini she@gf oam product

the foam extrusion assenbly 10 further includes an agent addition assenbly
26. In the preferred enbodi nent, the /agent addition assenbly 26 adds a
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pref er ablt 4 geSpbitef®liadgmabecb@l pellets through the nelt region 20,
and provides for nore effective nmelting as a result of the shear effect

produced i nt 8fa | BrefRFakloh ipReuded i e TeYhereTHion R abSenBIFing is

struct urfgddnd1gubst ant tigd | 3 fing thesdmiiteds Bl epiadeaehhetserandat b
bl owi ng agent with one another so as to 20 provide a substantially

honobgen S x&Ur eC5f Frel L8 haferfHIC BEI It@tes BEHE 8RN gcAgeM PN this
regarsl, prhefierabligu@lityeto U@ melted material pellets through the melt

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

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

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

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

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

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



very inportant that a thorough and uniform foam extrusion m xture of the
netted material pellets and the foam ng agent result in order to provide a
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controll %d, uni form and evenly, distributed manner such that substantially
al | thickened and gel-like "in order to be moldable and formable

15 through a die 44, without being so viscous as to prematurely
harden. Accordingly, the heat extraction region 40 is structured
to extract excess heat from the extrusion mixture in a controlled,
uniform and evenly distributed manner such that substantially all
of the extrusion mixture will achieve a uniform and effective

20 extrudable temperature, and such that the extrudable temperature
will be achieved throughout the extrusion mixture at an increased
pace than is conventionally available.

Referring now to the heat extraction region 40 and the
remainder of the Figures, it is seen that the preferred embodiment

25 of the heat extraction region 40 includes an elongated barrel 50.
The elongate barrel 50 includes at least one inlet 31, such 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 wmelt region 20, in a fully
or substantially blended form, through the inlet 31 for passage
and processiﬁg 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



of the extrusion mxture will achieve a uniformand effective 20 extrudabl e'

tenperature, and such that the extrudable tenperature wll be achieved
throughout the extrusion mxture at an increased pace th@fdrSary 2004
conventional ly available. Referring now to the heat extraction fegion 40
and the remainder of the Figures, it is seen that the preferred enbodl ment
25 of the raction region 40 includes an el ongated barrel The

el ongat e barrel &’ﬁ) i ncl udes at |east one inlet 31, such BG4 9’1?(1%
connector conduit 30, seen in Figure 1, and at |east one outlet, such as
at the die 44, defined therein. As sug¥, in the preferred tandem
configuration shown in Figure 1, the extrusion 30 m xture is preferably
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in further detail sequent
extrusion mixture dlsposed in a vicinity of the perimeter 51 of

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

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

20 extrusion sgcrew 60 is preferably made of stainless steel and also
made to be generally elongate, and more preferably, an integrally
formed screw that extends the length of the barrel 50. The
extrusion screw 60 is also preferably connected to a gear
agssembly, as at 42, seen in Figure 1, which rotatably drives the

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

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

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



Contai ned within the barrel 50 and preferably -sized to . achi eve a precise
yet rotatable fit, is a thernoplastic extrusion screw 60, such as a foam
cooling screw. In particular, the 20 extrusion screw 60 ilﬁFéHrﬁ%?%Bhy made
of stainless steel and also mnmde to be generally el ongate, and” nore
preferably, an integrally fornmed screw that extends the length of the

barrel 50. xtrusion screw 60 is also preferably cqnpe to a gear
assenbly, \gé_ggomjz, seen in Figure 1, which rotatably d?’lcqgjggﬁﬁg%%

extrusion screw 60 within the barrel 50, although it is also possible for
the extrusion screw to be stationary plit with an input force applied to
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rotate upon rotation of theée
entire extrusion screw 60. Moreover, the screw flight 64 is
15 structured to extend from the elongate shaft 62 into substantially
cloge sgpaced relation with an interior surface 51 of the barrel
50. Indeed, that closely spaced relation between the screw flight
64 and the interior surface 51 of the barrel 50 is generally to
very precise tolerances (usually to within generally about .001
20 times the inside barrel diameter which is often about 6 inches)
such that minimal seepage of the extrusion mixture passes
therebetween upon rotation of the extrusion screw 60 within the
barrel 50. Moreover, although the surface of the screw flight 64
is preferably smooth and generally of a lower friction than the
25 interior surface 51 of the barrel 50, the nature of the interior
surface 51 of the barrel 50 is such that movement through the
barrel 50 is achieved. Accordingly, as the extrusion screw 60
rotates, the relative movement between the screw flight 64 and the
interior barrel surface 51 tends to urge the extrusion mixture
30 forward, as illustrated by arrow B in Figures 1 and 2, in
accordance with the rotation of the extrusion screw 60, as
illustrated by arrow A. This movement of the extrusion mixture
towards the end that preferably includes the outlet 44 therefore
functions to drag or push the extrusion mixture forward, forcing

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



entire extrusion screw 60. Moreover, the screw flight 64 is 15 structured
to extend fromthe elongate shaft 62 into substantially close spaced
relation with an interior surface 51 of the barrel 50. IgEafgary2bed

cl osely spaced rel ation between the screw flight 64 and the infterior
surface 51 of the barrel 50 is generally to very precise tol erances

(usual |y twowi/fobizn general |y about .001 20 tinmes the ingicggsharirl di aneter
which is often about 6 inches) such that m ninal seepage of the extrusion
m xture passes therebetween upon rotation of the extrusion screw 60 within
the barrel 50. Moreover, although thébsurface of the screw fli ght 64 1is
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15 mixture which are closest to the perimeter of the barrel 51 become
over cocled relative to the quantities of the mixture which are
closest to the shaft 62 of the extrusion screw. As a result, the
heat extraction process of conventional systems must be
substantially slow in oxder to ensure that all of the extrusion

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

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



a throughput rate, if excessive heat is extracted too quickly in an
attenpt to speed up the process, the quantities of extrusion 15 m xture
whi ch are closest to the perinmeter of the barrel 51 beco led
relative to the quantities of the m xture which are cl orsEgEse[b?Q{ag{’gﬁg‘Pshaft
62 of the extrusion screw. As a result, the heat extraction process of

convent i oRgl ens nust be substantially slowin ord ;'% re that
0 . ) ,
all of the ex rﬁlgl on 20 mxture arrives as the extrudag{cg 3%%ature

uniformy. Conversely, the structure of the present invention is such that
a faster throughput rate of the extrufiable m xture through the heat
extraction region 40 can be achieved by permtting a greater degree of
heat t o S%e2afi FACFEAFINPL hecheas - ehamedt £daw2End tvalokity 823 Bpea tocal |y,
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as to i cq:re(qu?ii grg),fs-channel flow and velocity and so as to provide a
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of the barrel 50, and nost preferably, are i Spo ed genérally %ﬁlrectly
adj acentPsrdmeRerr 888e 00 t hhaoandisbdy., aerew GErenbibogkt , 64 pEETESt er

surface 19l 188achg Gi:3EicanTo _Céb?gmliaﬁg sSodyLlsr Al Lt 0Bk &4 &l ehel osed
and defined by the, screw flight 64. 10 As best shown in Figure 2, each
screw flqr@ﬁtu’@?spré¥elt8f3ﬁ§ds hg lower pressure trailing surface 72,

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

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

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

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

35 the rate of movement can be increased utilizing the present



includes a leading surface 70, a trailing surface 72 and a perineter edge
80. Accordingly, as the screw flight 64 rotates, the |eading surface 70
essentially scoops up the extrusion m xture and urges imp@mg,—@gog@e | ower
pressure trailing surface 72, 15 displacing the extrusion m xture near the
screw shaft 62 up towards the interior surface 51 of the barrel 50, and

i nterruptiwgovioke normal |amnar nelt flow, while sinul tromaddsinesdr aggi ng
it forward towards the die 44. In the preferred enbodi nent, the
circulation channel 90 extends fromt | eadi ng surface 70 to the 20
trailing surface 72 such that the exthdsion mixture contained within the

barr el / u t clrecul ation channel 90, as .in the direction
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15 8uch a configuration essentially scoops in maximum guantities of
the extrusion mixture for circulation therethrough and tends to
provide a "jet" effect that maximizes a flow velocity through the
circulation channel 90 and an increased disruption of the state of
the extrusion mixture behind the trailing surface 72 is achieved.

20 Furthermore, the circulation channel 90 ig preferably structured
to be substantially short in length and with a greater inlet area
than exit area. Accordingly, as the flow converges into and
passes quickly through the circulation channel 90 the extrusion
mixture tends to exhibit a maximum swell upon exiting the

25 circulation channel 90, a characteristic that also tends to
disrupt the flow patterns and increases a mixing and circulation
of the extrusion mixture. Also in the preferred embodimeﬁt, and
as best seen in figure 3, two of the edges of the circulation
channel 90, such as the left and right edges 101 and 103 are

30 inwardly tapered to achieve the above-described jet effect and
flow convergence, while two of the edges, such as the top and
bottom edges 100 and 102, are generally flat. The effect of the
flat edges is to generally result in a slippage and erratic
shooting through the c¢irculation channel 90, creating flow

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



exhi bi ted maxi nruns of about 950 pounds per hour, representing a 40%
increase in productivity. 10 Turning to Figures 3, 5 and 6, so as-to nore
effectively provide for the circulation of the extrusio rough
. the circulation channels 90, in a preferred enbodi nent &‘@ﬁé&% gb
circulation channels 90 are inwardly tapered fromthe | eading surface 70
to the trapbiggesptl face 72 of the screw flight 64. 15 Sugh.dospbd guration
- essentially scoops in maxi num quantities of the extrusion mxture for
circulation therethrough and tends to provide a "jet" effect that
maxi mi zes a flow velocity through thei9circul ati on channel 90 and an
|ncreased di sruption of the state of the extrusion m xture behind the
trailingt¥ur¥sce 7olidhtachi E08eED0 Foir ehaeABlE, ofhdhei rdwivat inseickdnnel 90
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on the trai | KaGesy, (ace o8 deeblohife bhuae 0040 0/ AAGLT BETTdSas! 17694

1g the screw flight., Indeed, as aresult of ove recite preferred
asynmet rik&l SFTAvet Lt S84 udf urésePsedieini pEbsntGRl lyhaiesk, spacedased

hormogeni Zelldtadnofi ¢ e 1RX E hUSE 08 BUHEWEE 5 tHaCRb&Y @ raBdoh b e 1c35e of
the foan}.r? Ooouer}g tSOC¥ﬂ$¥lvlmf-z rseeaétp%%e 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
£light 64 is preferably beveled with a trailing portion 84 angled
away from the interior surface 51 of the barrel 50 and a leading
20 poxrtion 82 generally confronting and corresponding the contour of
the interior surface 51 of the barrel 50. Such a configuration
achieves the necessary scraping effect, while also minimizing the
surface area that comes into close proximal contact with the
interior surface 51 of the barrel 50, to result in the reduction
25 of potential heat shearing.

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

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

Now that the invention has been described,



5 circulation for nore even cooling of the-extrusion mxture is achieved.
In an alternative, less preferred enbodi nent of the «circulation channel
90', as illustrated in Figure 6, an inward taper may be provided from both
the | eading surface 70 and the trailing surface 72 so as to funnel the
extrusion mxture through 10 the circulation channels 90'. Lastly, and as
previously indicated, the perineter ezmfge 80 of the screw 4 Félghary®dous

di sposed in substantially close spaced relation with the interior surface
51 the foamextrusion barrel 50 in order to mnimze seepage therebetween
as the gcrew flight 64 15 rotates and the foamextrusion m xture is urged
formaréﬁmVﬁ the illustrated preferred embodi ment, and so as to achi eve an
i nproved and nore effective rotation, the perineter edge 80 of the screw
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Thus, testuscopara fand tahexirosiemmixiure Tootairnddbe thdedxdusion @drrélyis tiveed ppanded
clains and,.their |egal equival ent.s. Now t the i nyention has been
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ext rusi on scaehvectew bighidndpdisgdt lmastitine ciroulatidn cranoel extzadinglfrood said
t her no | C usj. ly, i r onprising: an el £ shaft,
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towards said trailing surface of said screw flight and thereby urge a quantity of the extrusion

mixture disposed at said trailing surface of said screw flight and in spaced apart relation from

the interior surface of the extrusion barrel to move upward toward the interior surface of the

extrusion barrel; and

an inlet area of said circulation channel being greater than an exit area of said
circuiation channel so as to maximize a flow velocity and swell of said extrusion mixture from
said circulation channel.

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

said screw flight.

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

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



said screw flight being structured and di sposed such that said perineter
edge of said screw flight is disposed in substantially closely spaced
relation to an interior surface of the extrusion barrel and an extrusion
m xture contained in the extrusion barrel is noved to an end of the
extrusion barrel at least partially as a result of said screw flight; and
said screw flight including at |east &he circul ation chann‘éFelé'%ﬂ@rﬁﬂOﬁg from
said | eadl ng surface to said trailing surface thereof, said circul ation
channel4 st r dehainegenizgtigeemhanciag extiugien ﬁcgrveaStrﬁ@teéxm ranyiopa ofithetareeedinas pos ed
at sai d:le‘;rﬁ@%ﬂ&etﬁ'ééﬁjet‘ﬁ’é‘ulgﬂ‘[orﬁélaHnéI%&\ﬂﬂé(sldt% r{%ral RBEEGGLRALC uré(?l ation
fromthe interior surface of the extrusion arre ass t eret rough
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quanti te)/ﬂoﬁ?tfvérfé% a?é‘él&‘ﬂ%lhﬁ@sur’?ﬁdétdfrs%ddéc?e‘i}\%gﬁ Mer rﬂam%ln' ging surface of
said screw flight and in spaced apart relation f e’interior surface
of the h@ﬁPﬂﬂ%’?—@ﬁ’”tﬁiﬁ?'élext"%s'%wt'ﬂrﬁvvard 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 maxinize a
f1 ow vét oci Ayheimrpesizalion enhanging exteusion pegawmseeiied in panPneaf the racedingt i on
channelgiaids, v&éﬂ&ﬁ@%@ur&@\éﬂ&ﬂct@%éﬂﬁélﬁ%s%ééy'/ﬁin%inéa@(rﬁéﬁ’ ?%é@&é fosfs hﬁ't claim

1, wherein said circulation channel is defined genera space apart
di st an@é‘OWRﬁﬁeﬁh?foﬁaﬂfb‘?’it%lo@ﬁ"'éfétjethmugh§éldop"§éia§w ﬁh‘ﬁr@ﬁt and mby

honogemZdhizing aeithdfehRdtidchersron screw as recited in cl aim1 or 2,
wherein said circulation channel includes at |east one inwardly tapered

edge extending fromsaid |leading surface of said screw flight towards said
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quantity of said extrusion mxture which enters said circulation channel,
and t o claifasiwhesein 2 myrality phsaie pirqulation charngls dispesedelena 3 g8oBef spidt ure from

sai d Clelcﬁng@tdh@ﬂ i96aRaly ofRd: didisR rtRrsh2Hhef. A homogeni zation enhancing
extrusion screw as recited in any one of the preceding clains, wherein

said circul ati on channel includes at |east one generally flat edge

struct gred AKMEYENFakeh aarenbmgeaﬁu%n Sabf a%%éésté‘a'n% d)Wbeé et hrough said
ci rcul atl on. channel and create a flow vortex at said trailing surface of
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one of the preceding cl wherein said circul ati on channel includes an
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hormgenl zation thereo ormgenl zati on enhanci ng exXtrusli on screw as

reci t e@FSIYNA e of the preceding claims, wherein a plurality of said
circul ati on channel s di sposed al ong a | engt h of said el ongate shaft in

gener aI I y of fﬁ relati on fromone anot her.
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,



7. A honopgeni zati on enhanci ng extrusion screw as recited in any one of the
preceding clainms, wherein said perineter edge is beveled with a trailing
portion thereof angled away fromthe interior surface of the extrusion
barrel so as to facilitate rotational novenent of said screw flight
relative to the extrusion barrel w thout substantial generation of shear
heat and seepage between said perinetzt edge of said screwt Félirghity 2804 t he
extrusion barrel. 8. A thernoplastic foam extrusion assenbly conprising: a)
a nelt region str adweat edracton sosiwe caombratbety dispobed adth sgiddfarnrbarer i al
pellets; b) L] PSS . Sstructured to add a foam ng agent to
said materi gﬂﬂ%@%ﬁg{)g?ﬂ%&é?@q X1 nqggga}gésf’enbl y structured to substantially m x
said nelted mat er malexjradidoresaewdisposad id shigdirmet) sagleadrusid) sarelvdadluding ataict i on
region stru id,.m d
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mat eri al pelskigtmsixtuggnaf Mmeltadi padjetsgead foarsingageant ieMtoed daidrds saidpetiettafisaid sai d
heat ext raCtbiaﬁQI gﬁ@i on conprising: an elongate barrel, said barrel
including at |l east one inlet and at |east one outlet defined therein, said
i nl et bei ng st r ucsaidedremoflighidrdiudingsafilehstiore aireuiadionrobhtred defiredd thersirand
foam ng age I ; Lot i r uary 2004
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ci r cul &xirggabihtemperatire theretireyght han an exit area of said circul ation
channel and is structured to naximze a flow velocity and swell of said
m xture of nelted pellets and foanm ng agent fromsaid circulation channel;
e) a di% st Adeemrexdusion pesamiieas raofedrinlaime wheneinl saidicipsiation shanmgl fsoam ng
agent S ; : am extrusion
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assenb as recited 1n’c rern sai culat1on channel is
10. A foam extrusion assembly as recited in claim 8 wherein said circulation channel
includes at least one inwardly tapered edge extending from a leading surface of said screw
flight towards a trailing surface of said screw flight, and structured to maximize said
guantities of said mixture of melted pellets and foaming agent which enter said circulation

channel and to maximize a flow velocity and swell of said mixture of melted pellets and

foaming agent from said circulation channel.

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



defined in said screw fl-ight a generally spaced apart distance fromsaid
barrel. 10. A foam extrusion assenbly as recited in claim8 wherein said
circulation channel includes at |east one inwardly tapered edge extending
froma |l eading surface of said screw flight towards a trailing surface of
said screw flight, and structured to maxim ze said quantities of said

m xture of nmelted pellets and foam ng2agent which enter sa4#eliuac d0@4i on
channel and to maxim ze a flow velocity and swell of said m xture of nelted
pellets and foam ng agent fromsaid circulation channel. 11. A foam

extrusi as , i i.n.claim§ wherein.sai.d circulation,channel
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mel t ed hpetdgenigatondthémafim ng agent. 23 4 February 2004 12. A foam extrusion
assenbly as recited in claim8 wherein said circulation channel includes

an asymretrical inlet area so as to disrupt a flow pattern of said m xture
of nelt'é&d peldast extramidnfassernbly aagenited irhelaingt? whémincsaid citcatation chdvanehel and
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said scr ‘foam extrusion assenbly as recited in claim8
including a plurality of said circulation channels disposed along a | ength
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A foam extrusion assenBIy as Fecited in clarm SRrer eion Ysaid Cci rcul at i on
channelcircgatiarudisnasls idispbyedsalong alengtheofgiall elonpats sisaft ingeoerdy offsati ni mi ze a
conpr essifsh frb n8fan3ﬂ{bfj m xture of nelted pellets and foam ng agent, and
maxi m ze a swell1ng thereof upon exit fromsaid circulation channel. 16. A
foam extrusi on assenbly as recited in claim8, wherein said heat extraction

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

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

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



di-rsposed in a vicinity of a base of said screw flight towards said
perineter of said barrel for effective cooling thereof by said heat
extraction structure. 18. A foam extrusion assenbly as recited in claim17,
wherein said heat extraction structure includes a cooling structure

di sposed about said perineter of said barrel. 24 4 February 2004 19. A foam
extrusion assenbly as recited in any &he of clainms 8 to 124 Felmohrydl00g a
plurality of said screw flights disposed a spaced apart distance from one
anot hert8. 20 A fsafozrinugivn massnolly as sanitbdl in any anecificlaims A tell 2jiincl@jingvaer ei n sai d
screw fhi { S [ . I . ength of said
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wherein said screw flight is disposed so as to define at |east one flow
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rel at i whuetgresizing digposed todttérslalongid &ngitt dfsaideleppeyesivfft. sai d nmi xture of
nelted pellets and foam ng agent between said screw flight and said
barrel. 23. A foam extrusion assenbly as recited in claim8, wherein the
ext rusi2dn sdyfeamiaxtrasion desémizgyias recitay inotiaimod, vdlesginsaid scewrfligitds A net hod of
cool i ng; &P%H A 1 r 2 I the foam
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some offoarhing egentibstvwrensaid serew filghbanshsaid bamrelul ati on channel defined in at
| east one screw flight of the extrusion screw and having an inlet area

| arger than an outlet area, so as to circulate at |east sonme quantities of
t he ex®Busi drfoainaxirugionabesmbly as retitesh ssdaimes, syweeinl thepeuttusidn steemcie akr om t he
peri mﬁ@ﬁne%uiﬁfa%%nﬁfofEIQﬁnsbf“for'ﬁ' towards the perineter surface of the
barrel, thereby achieving substantially uniformcooling of the extrusion
m xture. 25. A nmethod as recited in claim?24, said nethod further

conpri sing i I ; rLHUS| L xture
hrough ol el ot e g g asy fion PRl IO R oBrudehfe BHpelmRsthe 11 Py
ext r usifesm sxlrusipramixtuia pesrpsditropghagn elongaterbaaet the majhed edmpdsipe thexsteprdi ng
fromagkeadi ng surface of said screw flight towards a trailing surface of
said screw flight, so as to circulate at |east sone quantities of the
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barrel and kﬁgé mx‘ﬁig@@aﬁﬁgﬁ%ﬁr{ %Cﬁ%l\ﬁgﬁﬁmftﬁ%\?va@%lsgg% tt§ ugﬁég%ﬁéﬁgm February
2004 mixture towards an outlet of the barrel; and

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

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



extrusion m xture which enters said circul ation channel, thereby achieving
substantially wuniformcooling of the extrusion m xture. 26. A nethod as
recited in clains 24 or 25, said nethod further conprising the step of:
passing at | east sone of the extrusion mxture through a circul ation
channel defined in at |east one screw flight of the extrusion screw and
having an asymetrical inlet area, so?®as to circul ate at 4E8Ruayxa0s
quantities of the extrusion m xture which are disposed a spaced apart

di st anEETHHARMIRWENEHhees saig qirguiation chanaeh arehy adbiRyingsupslantialyi et er
sur f aceinbrm E®ling af helexiigon midirer upt a flow pattern of said extrusion

m xture through said circulation channel, thereby achieving substantially
uni form cooling of the extrusion m xture. 27. A nmethod as recited in any of
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uni f or PRIER dntg disruptiad ¥i{ysion 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.



