Extruder and Process for Extruding a Polymer The present invention relates to an extruder for a
polymer, and a process for extruding a polymer using said extruder. The extrusion of polymer is a
common processing step in polymer production. In 5general, polymer powder may be metered at a
desired rate in to a feed hopper, then passed by gravity from said feed hopper through what is known
as a feed port and into an extruder barrel in which there are rotating screws. The screws rotate to
move the polymer away from the feed port along the ban-el. Thermal and mechanical energy (from the
screw) are provided to the polymer powder in the barrel causing it to melt. Once melted the polymer
10is passed into a suitable die andtestudetes fnass palrmtedineth@desimed extruded form, such as
pellets or film.  In industrial sGaleexiTusion RIQCeSSERIMBICAANILIdSTS AFfpaads,up of barrel
sections having a "standard" barrel length. Typically the overall length of a standard barrel section is 2
to 3 times the di&fH8 %Rﬁlé“g%rrEWBF%lﬁjtSW@fgﬁventionalIy, at industrial scale polymer is fed into the
first barrel section in aBeqguenger witlvhtleastasecondrbauet seetidnf&ingrprovidedn'downstream”.
At least a third bagrel,secHonis AlRR.SAMMORIRENSU BRAMME! 15 & ARIRIE N, I eliSALRLQK to

extrusion.There are a number of parameters which are important in the extrusion process, including,
for example, barté RS RS BrEI SRR ERER UL Bite Koie f5rey fred PRE GErBIRPHFEESH in the art
has been 20 to inorbasedittisioathrouglaputswehitta ktaa:\im_mbleqb inereasingathéineatydimensions of
the barrel, the seyayapREF AnC K B Ariah a8 nesibie Suseere BYS. g dafe. been the

limiting factors. The principal requirement of the feeding of the poly een to sufficiently fill

er
the barrel as the?FORRIEP IERBVEW B H imTHHe Reishtrss igsrddoe e BakiedlBeebimens usually

from a hopper, thrpugh amcareaddsiodin asl thefeetporinipisypicalihatdhe teedparowidth is
maximised based C%rlisthguggr&ek%ection width i.e. up to the extremity of the screws, for example up to 2
. . L. . . .

times the diameter of the screws or rotors in the case of twin screw or twin rotor extruders.

Typically, the feed port'dfstifiad gilagiareny sty orcahmusudres dramede tpfirargdscrew or rotor in

this section of thedxtiden givisgnadeedpaitiares. withdanoth ansanidizhol . upig.itineg the screw

iameter. The feed r f lymer powder for twin-screw extruders is generally .
diamete € 1e&hS Itse 2%0@8:1’13603 G n%tetg St Jw SCrew or rotor. %nvent{ona l}% at g’; US%'IEI scale

15 polymer is fed into the first barrel section in a sequence, with at least a second barre]
section being provided “downstream”. At least a third barrel section is also common to
ensure polymer is completely melted prior to extrusion.  There are a number of
parameters which are important in the extrusion process, including, for example, barrel
dimensions, screw speed, screw pitch and torque. The general direction in the art has been

20 to increase extrusion throughput, which has involved increasing all linear dimensions of
the barrel, the screw speed and the torque as much as possible since these have, to date,
been the limiting factors,

The principal requirement of the feeding of the polymer has been to sufficiently fili
the barrel as the polymer is moved along it. The polymer is fed to the first barrel section,

25 usually from a hopper, through an area known as the feed port. It is typical that the feed
port width is maximised based on the barrel section width i.e. up to the extremity of the
screws, for example up to 2 times the diameter of the screws or rotors in the case of twin
screw or twin rotor extruders.

Typically, the feed port also has an axial length of up to 2 times the diameter of the

30 screw or rotor in this section of the extruder, giving a feed port area with length and width

both up to 2 times the screw diameter.



controlled by the rate at which the powder is metered into the hopper. The hopper is generally
considered to run "empty" by which is meant without significant volume of powder therein and without
"hold-up" of the powder at the base of the hopper. To date the 5feed port area has not generally been
limiting on the process, and therefore has not caused a great deal of concern. However, it has now
been found that as capacity increases, and even though the feed port area is generally increased (by
proportional increases in its width and length) as the screw and barrel sizes are increased, the feed
port area increases only in a squared 10mathematical relationship whereas the throughput increases
in a cubic relationship! #nhi§ah e Vekoavbengniesde fhatthespslyméndres sendady into the barrel

through the feed-pasiiat ayrate-fastanouododildhebaet sufficianibppEnisnisssisis gspecially

significant for feedstogks,with paor flawably. Jhus,inorder, o meet ine gontinyed reguirements for
higher capacity it is i 5necessary to lc'féslg n extru&%r which has’an iicrease pgiymer feed capability

compared to prigrar éxartidens. THgs! ihddivst aspecothiepresehrinvéitdmavitedrarihextruder

comprising:s(i) tweiQemaee harel secions.asrangadseauepHRlY fiRinererofdhambnstigam feed barrel
section to which El%%ryeeg L«;edstock to be extruded is 20fed, the upstream feed barrel section

containing two Srmore Screws €4ch having a diameter of X, to (b) a downstream barrel section from

which melted polymetisyrassethts eodiécandbexdrivded;capatity ifiijcarne. endwore teadhgbrts for feeding

polymer feedstogdyto.Rerextcudaddniadhe.edderpaaldis %&5@%1%%8&%%?&&%@%“ that the
e

total area of the one or mare feed ports through which (Et)olymer feedstock is introduced is greater than
41%X2. the screw and barrel sizes are increaSed, the feed port area increases only in a squared

10 mathematical relationship whereas the throughput increases in a cubic relationship, and
there becomes an issue that the polymer does not feed into the barrel through the feed port
at a rate fast enough to fill the barrel sufficiently. This issue is especially significant for
feedstocks with poor flowability.

Thus, in order to meet the continued requirements for higher capacity it is
15 necessary to design an extruder which has an increased polymer feed capability compared
to prior art extruders,
Thus, in a first aspect the present invention provides an extruder comprising:
(iy two or more barrel sections arranged sequentially from:
{a) an upstream feed barrel section to which polymer feedstock to be extruded is

20 fed, the upstream feed barrel section containing two or more screws each having a

diameter of X; to
(b) a downstream barrel section from which melted polymer is passed to a die and
extruded; and

(ii) one or more feed ports for feeding polymer feedstock to be extruded into the extruder

25  atits upstream end,
characterised in that the total area of the one or more feed ports through which polymer
feedstock is introduced is greater than 4% X7,

The present invention relates to extruders having multiple (two or more) screws.
The screws are provided in parallel (or close thereto) and may rotate in the same or
30 opposite directions in use (known respectively as co-rotating or counter-rotating). The

screws may be non-intermeshing, partially intermeshing, or fully intermeshing.



The present invention relates to extruders having multiple (two or more) screws. The screws are
provided in parallel (or close thereto) and may rotate in the same or 30opposite directions in use
(known respectively as co-rotating or counter-rotating). The screws may be non-intermeshing, partially
intermeshing, or fully intermeshing, The most common type of extruders having multiple screws, and
the preferred of the present invention, are those having two screws. Examples of such extruders
are twin-screw extruders and twin rotor mixer extruders. It is noted that the terms "screw" and "rotor"
are widely used in the extrucier industry, often apparently interchangeably. As used herein, the term

"screw” is meant to indILIBBOMBHER SEFEWMacro eyl e rer s feraA e 1AW extrude?' is

made, and unless:athervwise: defisednitshouldalsodieveadvassalsosieferripgdortwin rotor extruders.

Preferably, the exgru er comprises three of more barrel sections Fg)ra ojdach gf %QUPt although it is
. wirtgders are twin-s¢rew exiru %ﬁ; ang twi rowor mzfer tg(gu erﬁ. 118 noieg tnat.the erms R
the diameter of %he two or more screws in the I O upstream teed barrel section that is important in the

process of the prEsent iverien, eaetiparteidsadtivpiieordasing orraspontibg two or more screw

sections in GoOMiWAISAIRALWItA Jhe-twerak NRre serews i the:snstyarmdendbamelsestion. The
present invention (ijs_charac'éeri ed in.that the total area of the one or more feed ports through which

- v e o - o ” 3
polymer feedstotk IS ftrd0 o s Graster than 49T Whare s tHa é?%dil%%ué% rsé)ftﬁ?ﬁréuésg rews in the
upstream feed safreddséictionld alsolheoprsl epriboditrening thévobjetereikthelgsesent invention may be

achieved by adding a prgaad fegd Kardownsireant edirstised easber even multipl.e feed ports
downstream of the first feed port, s#ch hat tge combpined area o{;/é%% rg)orts is greater thar&é4*Xt.

20However, it is genef&liy Prafarred toura LiRyiel s ormssd ol GRS SF (tddfer than
4tX2. Preferalplysahdsotaharbeofdahthoneioperoneifgeedmportss thirthaghesehichvpolymends introduced
is greater than §X2; and mesi Rreferally, eatenthan 6r ¥a-Althoughinern ShaResMayln theory be

used, for maximum area per unit length 25and for simplicity of design and manufacture, the feed port

area will generallf bR S PERARGIAFERA T Wit R Ft U8y SHEWidth of the upstream feed barrel
section i.e. 21X. The réttapgsdar ishapierisspiefecalple dinebiatiglewitheornbkecheorners; Siate angled

corners are mor;?o%%%t@l QNQ%%%OE%Q&IQ&M&%EEIRI ntroduced is greater than 4%X°, where X is the
15 diameter of the screws in the upstream feed barrel section.
In one embodiment, the object of the present invention may be achieved by adding
a second feed port downstream of the first feed port, or even multiple feed ports
downstream of the first feed port, such that the combined area of the ports is greater than
43X,
20 However, it is generally preferred that a single feed port is used which has an area
of greater than 4¥X°.
Preferably, the total area of the one or more feed ports through which polymer is
introduced is greater than 5¥X? and most preferably greater than 6%X2.
Although other shapes may in theory be used, for maximum area per unit length
25 and for simplicity of design and manufacture, the feed port area will generally be a
rectangular shape with width limited by the width of the upstream feed barrel section i.e.
2*X. The rectangular shape is preferably a rectangle with rounded corners, since angled
corners are more prone (o powder sticking therein.
It will be apparent that, to obtain the above areas for the feed port, the length of the
30 feed port may be greater than the length of a so-called “standard™ barrel.
Thus, the feed port length will be greater than 2*X, preferably greater than 2.5%X

and more preferably greater than 3*X.



It will be apparent that, to obtain the above areas for the feed port, the length of h 30feed port may be
greater than the length of a so-called "standard" barrel. Thus, the feed port length will be greater
than 2*X, preferably greater than 2.5*X and more preferably greater than 3*X. it is possible to use
an extended or "non-standard” barrel having an increased length for the upstream feed barrel section.
Alternatively, the length/area of the feed port may extend the feed port ante a second downstream
barrel section such that at least part of it reels polymer directly into the second barrel section. For
example, the extruder may 5comprise three of more barrel sections each having a length, L. and the
feed port has a lengthiof grealér tthass &n extenlipbtinEndimpartant”’paraietengrethecproedss of the present
invention is the scrawdpiteh, Ehe.screw niteh ds.the distanss between dhe.adigegbtpaints:at which the

screw helix returns to the same radial position on the screw. For avoidance of doubt, where the screw |
Clcomprises mEH (RAFHOAE FEHEHh 8L AP BERCHETEAY RrveliRifnes s thricd asepassf individual
screw helix returrissto theisandesagialpdsitiomndhickwillthe greatenthianitbexdistanaaesbetween
adjacent helixes [ e pitehig:als0. AAWNabenaticallyn Figure 2. HGalo ofserew pitch to screw
diameter within the upstream feed barrel section is suitably at Teast | and no greater than 2.5. 15The
use of a longer ‘SERP PHER M herease the extruder throughput. However, without the use of an
enlarged feed port aceardingiterthenpracessofiihe: precsnbmieptiositihashnandeusasthat as scale
increases this rgeulii (e eannR's e scen being enlv.aadialy fiteg. pa hat any futher
increase in pitch, or an increase in spee_o!g, will not give an increase in %hroughput. fr addition in the
case of long pitEivserEWRetHEoRIE P POBHVEihtF efficienaypistatite polpphbrfesesioerreiill decrease.

In a seconthaspesipibe prasenhibveRtion REQYidRS RepHOceSSHat BXtrisianta{RlYBmeRcomprising
feeding a polymer feedstock to the feed port of an extruder as described herein. The polymer
feedstock is typlch{atI»Ily Lf:)arr':(;s\(;llcelgéﬁ? er{_? r‘fé“ gﬁ& (5{ epﬂ)stgivr?/_'éar():f(‘)arP 2ile S lf"ehEag}'?‘é{?lp?)‘i’)?r‘ﬁreegr’t éé%sntg& of the present
invention is preféfiabty kepsiyndiesieliviic be prepyieke seittiesthemsiselnireFésthieediher copolymers

thereof with aneiheLEYRANAAEE screw BRERSAMMIAVRILIRRQARPHRS Particlardy tosglativaly high
capacity extrusion processes and rel tlgely large extruder dimensions. Typically the present invention
. cast ar% no _greater than 2.5 . - :
applies to extruders with eath screw having a screw diameter of 200 mm or greater in the upstream
30feed batéel section.'he use of a longer screw pitch can increase the extruder throughput. However,
without the use of an enlarged feed port according to the process of the present invention it
has been found that as scale increases this results in the channels in the screw being only
partially filled, so that any further increase in pitch, or an increase in speed, will not give
an increase in throughput. In addition in the case of long pitch screws the forward
20 conveying efficiency of the polymer feedstock will decrease.
[n a second aspect, the present invention provides a process for extrusion of
polymer comprising feeding a polymer feedstock to the feed port of an extruder as
described herein.

The polymer feedstock is typically provided in the form of powder or pellets. The

[\
in

polymer feedstock of the present invention is preferably a polymer of ethylene or

propylene, either homopolymers thereof or copolymers thereof with another comanomer.
The present invention applies particularly to relatively high capacity extrusion

processes and relatively large extruder dimensions. Typically the present invention applies

to extruders with each screw having a screw diameter of 200 mm or greater in the upstream

30 feed barrel section.

Whilst the extruder and process of the present invention may be used with any

palymer powder, even those that are generally considered as “free-flowing” or “easy-



Whilst the extruder and process of the present invention may be used with any polymer powder, even
those that are generally considered as "free-flowing" or "easy- flowing", the present invention applies
particularly to polymer powders withativelv poor flow properties. Powder flow properties are
typiciffly characterised by testing in a shear cell. An example of such a test is described in ASTM D
6773-02 "Standard Shear Test Method for 5Bulk Solids Using the Schulze Ring Shear Tester". As
described in ASTM D 6773-02, the flow function cif a polymer powder is a plot of the unconfined yield
strength of the powder versus major consolidation stress. In general, polymers are rated in their
flowability in terfisvofdhénfioveaditityveation fipmlikichuiscdiefinedradthe patideof thth coasaligdation stress to
the unconfined yigldstiengthyas follows: 1 Off, < 1non-flowing 1 < ff, < 2very cohesive (to non-flowing)
2 < ff, <4cohesive 4 < fro <, 10easy-flowing 10< ff,free-flowing. 15The present invention is particularly
applicable to polymer PVaRFS I B TSR oot RS A0S HaieA SRt AiasPatsBeriseful even for
polymer powdersaritievdluel alrove desBiefeial§ T ereftietHs palyrishaoWee Metnei éxtruded in the
process of the piggens inventionbasaflowabiihvfaria.oHless ang; Morerrigierapy thgpolymer

powder to be extruded in the process of the present invention has a flowability ratio of less than 4, and
most preferably K358 ALRATINBPRING BRI thaR'd abHsdrsBhingde [s8lyit Her er extruded in
the process of theypresgnt inveniienchasastibwabdity, rationefsatdeast inlihshaldddpainaied that the

flowabillty ratio gf 4aiymR0 pANASLRChANGE a3/ {LNKIR0 QR e fenselidalipgRipssyye and also

of temperature. As used herein, the flowability ratio of the polymer powder is the valle measured using
the instantaneoti§ SHeafRed i eritnsdhinwfsevisD 6773-02 at a consolidation pressure of 2000 Pa
and at a temaperature that is equal ienthievi@imperature of the polymer powder at the feed port during the

extrusion process to vyhgqg ig'&s to be fed, For example, for a polyethylene powder that is to be
extruded and wherein the fempera‘tﬁlyegg?etﬁéegé%&g?é&ﬁgb owder at the feed port 300f the extruder is

65C, the flowability rafic 6f thé pol§etesjténe powder should be

4 <ff, <10  easy-flowing
10 < ff, free-flowing.
15 The present invention is particularly applicable to polymer powders with a value of
ffc less than 4, although it may also be useful even for polymer powders with values above
4.
Preferably, therefore, the polymer powder to be extruded in the process of the
present invention has a flowability ratio of less than 6. More preferably, the polymer
20 powder to be extruded in the process of the present invention has a flowability ratio of less
than 4, and most preferably has a flowability ratio of less than 2. Preferably, the polymer
powder to be extruded in the process of the present invention has a flowability ratio of at
Jeast 1. It should be noted that the flowability ratio of a polymer powder may change as a

function of the consolidation pressure and also of temperature. As used herein, the

[
h

flowability ratio of the polymer powder is the value measured using the instantaneous
shear test described in ASTM D 6773-02 at a consolidation pressure of 2000 Pa and at
temperature that is equal to the temperature of the polymer powder at the feed port during
the extrusion process to which it is to be fed. For example, for a polyethylene powder that
is to be extruded and wherein the temperature of the polyethylene powder at the feed port
30 ofthe extruder is 65°C, the flowability ratio of the polyethylene powder should be

measured at a temperature of 65°C.



measured at a temperature of 65C. An extruder according to the present invention is shown
schematically in Figure 1. In particular,bows an extruder having three barrel sections, denoted la
(upstream feed barrel section), Ib (second barrel section) and le (downstream barrel section), each
having a knot), L. The barrels contain two non-intermeshing screws of 5diameter X (not shown in
Figure I, but shown in Figure 2). (The internal height of each barrel is a fraction greater than X
necessary to contain the screws and allow the rotation of the screw during operation. For the same
reason, the internal width of each barrel is a fraction greater than 2*X4 In the Figure the length L is
approximately 2.5*X. To fatddpolyenetiigto theressrutderdiiereiisiprovidéchatiapar F2gumith a feed port
the area of whio) 108 atdeast #:X2ndhs shawnitheferd:pertasan.axial lepgth, 4, which is

approximately orrespondin% to an area of approximateT 6*X2). Also shown schematically in Figure |

are a screw mot8r>E28kiFd 3?‘@%5?88@;A?ésﬁﬁﬁgi%ﬁ%ﬁ‘é?@@,“ andnlg Slargsgeam begglire 2 shows in

schematic form adomyviewhdheisectiontof twihesereviscodta novinteimeshiftgniydaaereyw extruder. In
this case the widihyis2 X nieimeshing, o7 paiialydsinisimesningauld have @ doyey width refated

to the extent of intermeshing.) .An extruder comprising; re barrel sections arrafiige sequentially from:
(a) an upstrean?PTEEH HARASB SEACIS I HSSBTSHNEP RBHMCBK B axdrlisdths sretionrf upstream
feed barrel sectibnscentdining dpeerosrrareisciansresch havingn diameteseh Xatel ) a downstream

barrel section frﬁﬁ@twp anmgglgﬁ%xqﬁ%}é%%%%g ﬁ% }gngthdLeisa g‘p%reo)ﬁwgeelg ’Zajq‘g( To feed
polymer into the extruder there is provided a hopper, 2, with a feed port the area of which
10 isat least 4%X° (As shown the feed port has an axial length, Z, which is approximately
3%X, corresponding to an area of approximately 6*X%). Also shown schematically in
Figure I are a screw motor, 3, extruder gear box, 4, a transition piece, 5, and a die, 6.
Figure 2 shows in schematic form a top view of a section of twin-screws of a non-
mtermeshing twin screw extruder. In this case the width is 2%X. (Intermeshing or partiaily

15  intermeshing would have a lower width related to the extent of intermeshing.)



(i) one or more feed ports for feeding polymer feedstock to be extruded into the extruder 10at its
upstream end, characterised in that the total area of the one or more feed ports through which polymer
feedstock is introduced is greater than 4*X2. An extruder according to claim | having two screws.

An extruder according to claim 1 or claim 2 which comprises three of more barrel 15sections. An
extruder according to any one of the preceding claims which has a single feed port which has an area
greater than 4*X2. 5.An extruder according to any one of the preceding claims in which the total area
of the one or more feed ports through which polymer is introduced is greater than 5*X2. 206.An
extruder accordffg'tts-any one of the preceding claims in which the diameter of the screws in the feed
port barrel sectipn is 2004nMmder @raatelag7. A process for extrusion of polymer comprising feeding a

polymer feedsto k to the feegapm ort of an extruder as deS%r% ed in any one of claims 1t0 6. 8. A

process according {6 elam 7 wheréef:r%‘ﬁ[fs BORFHEEEGAOR %N the form of a 25powder haying a

flowability ratio of |e55(4hgmL@§u eam feed barrel section to which polymer feedstock to be extruded is
5 fed, the upstream feed barrel section containing two or more screws each having a
diameter of X; to
(b} a downstream barre] section from which melted polymer is passed to a die and
extruded; and
(i) one or more feed ports for feeding polymer feedstock to be extruded into the extruder
10 atits upstream end,
characterised in that the fotal area of the one or more feed ports through which polymer
feedstock is introduced is greater than 4¥X?.
2. An extruder according to claim 1 having two screws.
3. An extruder according to claim 1 or claim 2 which comprises three of more barrel
15 sections.
4 An extruder according to any one of the preceding claims which has a single feed
port which has an area greater than 4*X7.
5. An extruder according to any one of the preceding claims in which the total area of
the one or more feed ports through which polymer is introduced is greater than 5*X2.
20 6. An extruder according to any one of the preceding claims in which the diameter of
the screws in the feed port barrel section is 200 mm or greater.
7. A process for extrusion of polymer comprising feeding a polymer feedstock to the
feed port of an extruder as described in any one of claims 1 to 6.
8. A process according to claim 7 wherein the polymer feedstock is in the form of a

25  powder having a flowability ratio of less than 6.



