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Extruder and Process for Extruding a Polyner The
present invention relates to an extruder for a

w@odogrer72l and a process for extrudi ng a pol ynmePCT/EP29g9/053204

sai d extruder. The extrusion of polyner is a comon
processing step in polynmer production. In genera]l,

pol ymer powder nay be netered at a desired rate into
a feed hopper, then passed by oraV|ty fron1sa|d f eed
hopper t hr ough Bagaderiagd Rrasogs fordixgrudiapd Palymer and i nt o
an exidoledenPAldsbn watmbshe)hnﬁelefo% solyl%asacrwpra&rsgf@
The screws rotate to nove the polyner away fromth
fesledlingor poluneanging had byfrudet.. Ther mal and nechani cal

ey S DG SR BUSEE p HOBAR B Lon.

eherpaiojymer phedpasydd mattred a aglgsited ndte mdlpe feadchogpery thelehssed
i ROl Y

:l))g lg{ag[tgh g;% sgl:aﬁ‘ged lﬁ%ﬁﬁgl?h Ul%t%lrvll;l}:la? ssg{x:’lé{'}eil gsg % é duiﬁl!g ad extruder

priod @sekish them arafotaemtg rsudes. S has@ewnabetal|p mvae bl&rp’od?)lmer away

T8 6 B P Bk B oD b efhapiod] ek (TR st are

peovilet ks pblh@ethBriet Eﬂ‘th@iﬁarﬁeh@au&ﬁg 2\ MEltr@icamelted the polymer

Conventi onal.l i ndus sca ol r.is fe

PR O 7 itz et&‘éﬁf@ﬁ%@%@ i ”PrPOsteEmfﬁ%&weiﬂtwg% form,
Ismslgpalesgaﬁqmd barrel section being provided
"downstreany. At least a third barrel section is al so

cormolt BGsBiRbHRE FEHSeRproseeses SiRsebpELgernaterrade gp phbarteh

QckibMHaORg a FRBE R Rl (BT EypRALLPHRE a&@ilerewmfef@&mﬁfaﬁi barrel
i rrportant in the extrusion process, 1 nclu

|
E5eApise, 1o Bdines [helignasian b i, scigwragiptalp @@@vengerragw a}ﬁilrtdéﬁrlal scale
?QQmElot@ @é&qn‘m—m@eﬁl@?&% efdeciid !ﬁ%tsé ndel w‘tﬁ @ﬁql@és% a EE%§ cpﬁa(? 1

o'1I ncrease extrusion thr oug V\:hl C as | nvo
Bettipebengeronided ‘|‘domﬂatream”néﬂs¢scmﬁvrdfbatrﬁese@@m@atbo ctohmnon to

as I [
%%% ??%Segqjs dét theg[ ?%rﬁfge){?}d%{.l ngﬁ’? %%FE]}IR‘J&F%EO%
pnualmcnepa*lfhlcrlﬁqu inpEm@ it in dfe eixtresidngerdiesy) irsfudirtge fop okammpde, barrel
t fficient. fill t barrel,.as.the
URPrRER a8 SRl St phd doboub DEeRAA rBRicdyf e s been
ta insbasb axﬂrtslionsbmhglq:mt, “dmhaiak invbivedrinarchomypel linchihdimegdions of
a, known ort ical that the
PRAAR o SR stn a0 oifudig it abpgshiolefBicg Biep et o e
senttholimithgtdetdrs.e. up to the extrem ty of the screws,
r of t e sc

h
f or 'flaﬁ ingwgltlﬁ%uuc?ggegt %Ef%?et rfﬁcﬁm q/\p m?r\blaﬁ qeattcﬁu%%\genﬂy fill
ﬂ?étbléﬂél%é $he polymer is moved along it. The polymer is fed to the first barrel section,

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
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.



10

15

20

25

30

Typically, the feed port also has an axial |ength of
up to 2 tines the dianeter of the screw or rotor in

W@ hiog/1zet i on of the extruder, giving a feed peCT/ER208%053204

with length and width both up to 2 tinmes the screw
di aneter. The feed rate of the pol yner powder for
twi n-screw extruders is generally controlled by the
rate at which the powder is nmetered into the hopper.
The hBpgesd ipis of Esaehimiey pewdss fuf éviadsorey extrdereisseyeralby

. . o Coni £ ‘ .
R e T TP S e et TROMger i
pasallp tortsiverdddp par‘emPey” damdichhemtae withort sigaifsantiyakimeet

- | i i . 2y - t f

B Bkt S Bl QP e B B AR B8 s R AP, I e e
fras povowvedbasmof ganaci!ly hean lasiticapaibe process.cmd dwedpredmaginot caused
eé%ﬁx%%%%%ﬁu%ﬂ? feed port area is generally increased
% y proportional increases inits wdth and | ength) as
t he désveweslitchabasw btendomelshanecdpadrydagedes, binbeviee ddbugh the

ort area.increases onl in a squared mat henat i cal
e borf iR L e ST e v RS CE S FactT S St G tength) as
thﬁ Birew [a@di thri'e(g Bigdy e Enal]fcaé%eﬂd,h_ﬁd’ ﬁe&@tﬁ@ﬁfg@inaﬁfxd@ ﬁ;&l? i ﬁﬁugred
t (0] .does not ee INnto the arre rou I .he
1,3@381%5%['%&;{10 %fpa‘t"ée"?aééﬂe ”‘Erﬁb%flj’Ht PEeeses v at%%waaiﬁ Qship, and
eifelbe€dn@tah Yssucltihithd SiiBer e Lifdd Bt @ltd Yhe DGl thioG@Nihe ¥R port
f eedst ocks with_ _poor flowabili tyr._ Thus, in order to
Hadtte faskenoysh M@E@i‘e PegR) SHERERS Thissshs isenccialy signifigant for

feSdSAREERRRDYoriRWASTHHIN an extruder which has an
i ncreased polyner feed capability cogpar ed to prior
e

art eXwpdaerdst toneetidie cpifinged reagircmesisder highys cqneeibeibis
ARSI D @espgrx}cbwegﬁﬁ’degufhﬁ:ﬁ%ﬁé@ﬁﬁcr&%@@ﬁélflhﬁg@ec{ c!aéaﬁimé" cBfpared
I sequenti a a)

nmore barrel” sections arrange Iy from
Rrprigpat pdudeSeed barrel section to which pol yner

feed :‘fh‘?lgh nh %Q s %étitﬁ@[ﬂ?%&% iﬁ&%ﬁgn pltob%eé'lﬁf'éx'ir%aép célglﬁgsing:

barrel 'Section contai rnore screws e
tiptwiorng neralbasurk sogtiorsfariget scquib)tially dlownst r eam barr el

secti f ' | yrer s ssed ,to.,a die ..
e SR Lo RS 8
f eedifed) tipolpgtream feed bsted edktibrocdneriréig twaode dndréitadevwseach having a

extrugder at Fé@ upstream end, characterised in that

the tF%i Q

of the one or nore feed ports through
whi c b podgmwmitream barrel section from which melted polymer is passed to a die and

extruded; and
(i1} one or more feed ports for feeding polymer feedstock to be extruded into the extruder
at 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,

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
opposite directions in use (known respectively as co-rotating or counter-rotating). The

screws may be non-intermeshing, partially intermeshing, or fully intermeshing.
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feedstock is introduced is greater than 4*X2 The
present invention relates to extruders having nultiple

W@ ewd/12072hore) screws. The screws are provi dedP@HEP2009/053204

paral l el (or close thereto) and may rotate in the sane
or opposite directions in use (known respectively as
co-rotating or counter-rotating). The screws nay be
non-i nterneshi pg, partially internmeshing, or

i nt er SIASHgETREA H’B%?f BUMABRhhAWEI WEPls ReF @RS tfﬁmf%ed

BitddiRlo€11 GFEWE inv@RGhrt Be tRfs€h St o8kl dsEampRE of fieh

present invention, are those having two screws.

ExaMpls @t tyin-sueshexsadens dad i paortmiker exEHeRs. dxs pefebihgt the terms

%%vﬁ”‘@n&‘ “tro%aﬁie@ 3&—%; u&ﬁtn{ H’lg @}(nsudell ﬁlfh!ls%ryp ﬁql ﬁﬁﬁ{tl the

terms "screw' and *totor" are w dely dsed i

idrehadegabliynds s:teri yeregf therer alp}gfaﬁ‘e’ﬁtSIny%n‘ribem&ttcbrbgﬁ@bﬂyscrews

@?d e &/ﬁélé‘;eférg% &5 @wlé ?Jr&%"e thifle™§hdd Gnd J}ﬁésg Bferwise
SUCH SCrews and Totors, and where re @rence a

Uefmed,- Isﬂlpalw aésmtba uedrs alss retﬁmdnm todwih rorr egsidetsher wi se

?\?\Af Innlflg elab yéx]te exél udel COIEPIISE tﬁweg%f m%{eﬁaarr%l stegtfloer ring to

c on‘prlhsemxtieime ef d]fubt]’eltie)ughmn:eﬂhe SmeneonSthe Far oranv@t saewein the

doubt .. .although it.i.s the dianeter

H%SPSB“Q ?ereg\?é"r‘?'ﬁe‘i%‘%g ﬂﬁ’é?t'?‘@%”f Bd ‘HS?*“F%?&E%B?F%}QD%"?{&P“ each

barel pgRAGA BL conthirt Mﬁ)rmmeﬁ@ 04 ot Hére REre&SBdtiohMneBinnDMication

eac barrel section cont ai E’ correspondi ng two

S RSO SE MR SSEEEITD ”P?‘i‘EE‘Bﬁ?ﬁS} PEESFSR Wi th the two

or rmr& fFEe@Bvention RehARGETseR M the @k tbAr 4red of&ﬁ@bdeQﬁ more feed
resent. invention is characterised in

P‘Eifsd rogglewhigh pelmeifsedsick igpigoduggdys gﬁﬁegthﬁw’?&gwhm iclp the

@Qh%t@?éftﬁ@?c@@&sqmﬂ}e'L@St‘léﬁﬁi@gﬂ&%‘él icStigf eater than 4*X2,
where X is the dianeter of the screws in the u stream

feed Bape enbediwertohe opjactohthe praset inveion mayebegishisred kyfadding
L BeoRd ﬁé@ﬁé t Hmﬁﬂ%lﬁ&tﬁgﬁlspﬁe(?ﬁah o g\%n*?e/u@sei deag plits

second feed port wnstream o

deperstrpan of the él s teed ppibrsiieh Havhestombdired afeatof élefnorts s gfr@@aj than
poyt, such that the conbined area of the ports is
greater than 4*X2. However, it is generally preferred

t hat ldowdvaglites faedliporeferied thes e dinghaifedd poess aaed suh@h has an area

t.han 4*X2. Preferably, the total area of the
gft(%a?eatﬂeand' EITa ed ports through which polyner is

| nt r ddelﬁeexﬁly, thegotelataroftiitanme 5i i@re famichonts stroygheftdelaidlymer is
BSRicEis e Rt iineny B ReoGRD S BRgRR o, " L e0rY
Although other shapes may in theory be used, for maximum area per unit length

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 to powder sticking therein.

It will be apparent that, to obtain the above areas for the feed port, the length of the
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.
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and for sinplicity of design and manufacture, the feed
port area will generally be a rectangul ar shape with

wor@vh217em ted by the width of the upstream f erdI/BR200E053204

section i.e. 2*X. The rectangul ar shape is preferably
a rectangle wth rounded corners, since angled corners
are nore prone to powder sticking therein. It wll be
apparent that, to obtain the above areas for the feed
por t , It istessilip igtuse ap extprded erdopsiapdaigybase! ypvinsrasrinarenaed
¥e|H@th|f&rfﬂé Ltfbsﬂf:an@fe%g ‘b%?é s&:@on %l%ﬂ%ﬁ{/gy, thleh&h/arcd BPfhe fgeh‘?)ort
feéd port length wl greater 2*X preferably
e axtend thiygead porg oo ars@r:on@ evpsirefne b@rtﬂl yecgp@ siich that pidpasgpart of
Eféeﬁs Fcﬁ ROSH! eptl uﬁoothy&%m?cpbaﬁ)éts% dFer exg Bl@ Al @R%Eanay
arre %aV|n n I ncreased l'ength for e upstream
t@mﬂisb Hrreeedf nscec bargah secAbnsaactaliavinglajengtind., Ialuhtgc ktdperd hasfa
g e y extend the feed port onto a second
th fﬁggﬁﬁﬁé}?gl section such that at |east part of
[ t f etas! 1ep cnhycnmnt ;darznmmrl wthemt@e:tslmétisqnaand ilbentieal i 15 the screw
extrud .
B sy p SR e st g R lg TR bPBRE e tedfg: el
telnensf etk okt ad*ta:}aoatlére@gma sddw Jloe afctdantdeftiolbt, WA@E FiRrscrew
nportant arane& in the process gf the gresent

PHVRSRES Bre e Mty Bk Spe difeh ansed ayei it ditape ipge an

Bhid 5/ R CR reMERINR 88t uinB & thelp-AeeBlialRRkifibs, vaichMRIilIR drdd@er than the
screm1hellx returns to_the sanme radi al p05|t|on on

t he
distapgs beprgsen adigtenthrliscof heRitdts aligdpun sehematicadly in Flgure % The

GODBS &3S p AN sdrBRiatier Rethinthe §3Be e Fe@Wo R 641ti8S isUaRsbly at
herein is the di stance where an individual screw helix

featt d g ne greptricthamdd- radi al position, which will be
great-gfe Js@@ifh tong‘et %r@wt\r %ﬁaﬁcalﬂ ‘?ﬁc‘f’%@@th@ gkiﬁﬁﬁpﬁlrgh@hétﬁ %oweﬁfgr

The pitch is also shown schenati cal . )
wﬁh% thefuse efraagn s gec:l Heed@poy @ecovidiog @rtbft @pcws t)fi?hﬁ prtes@t invention it

3}%5@1%[“&: ﬁ%s @;{1 ﬁ‘ll:lf%gg huﬁ?@sdl@ uﬁ!ﬂ% Ek?agl‘néﬁs ﬁltthcj: GRS béling only

reater Se o onger scre
pﬂl tigdly f'dbri sortleat ess Burthbran@gase indeicht drao irghgask in sb@dewélrnot give

%ﬁégg%tg (i:ﬁegllngougﬁﬁﬁ% a@&l S lnqgquage Ltflglg%lp 8: s%r%\%g %e ecl)rn rc]t 0

esent 1 hven ound
tdmatyi@efﬁcia]h@/ af] ltitenm&sms fdchstsckrveidluketsasen t he channel s
in the scre artially.filled, so that. an
fur t HBF SRITaE asree s PRt AvelioR it pusisess i eatiator
mljuhe;rmtnpgsmgfeamng B @blg s eleckdsideh toihg et hort bRardekdiutiérel
case of long pitch screws the forward conveyi ng
@?Pwﬁggﬁgﬁ of the polymer feedstock will decrease. In

a SecrRGoBsRe tedstddhas BHREBNbrolIAMER thORr R bOYIRS ofpellets. The
process for extrusion of
polymer feedstock of the present invention is preferably a polymer of ethylene or
propylene, either homopolymers thereof or copolymers thereof with another comonomer.
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
feed barrel section.

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-



10

I5

20

25

30

pol ynmer conprising feeding a polyner feedstock to the
feed port of an extruder as described herein. The

w@oloyner2f eedstock is typically provided in theCEBP2O0D053204

powder or pellets. The pol yner feedstock of the

present invention is preferably a polymer of ethylene
or propyl ene, either honopol yners thereof or

copol ymers thereof with another conononer. The present
flowiesat, itisrpregepl inesntipmanplietpaatiquerly do pelymer ppsidgrsyitirelatively

g&yq&hﬁ¥o§%&%psion processes and relatively large

xtru nmensions. Typically the present invention
appl i Bssvdeoflex prapdetiesaraistphcalaclimratarion haviting ima sierewll. An

gpia%n?t o%rsua fa 1%895 %lrﬁare%i el %@*I@Ir]? I6‘?7 t-&e‘sltlag-lﬁgrrd%%%rf’l%gt% thod for
ar eﬁ sec}l on. I11'S } e extruder an process of % e
Brigsseits Usivett iSolmlzealind Shaas Ecktani’.tAs dasoyibpd InyAErMIdOEIBF()2, the

ayven those. t hat are gener a| onsi dered,.
B QuIREG g HSuBETH Bl PO MR Sl ateanaer
agplsinesoratidolidatloarstiyssiia goadryl il yrpawnste tgedinttheir flowability in

| ati fl ' Powd o
e b B BREY ey PR e BEd ey P o o) e etspldpton sgess
gleaconGifdd yieldRtrencdi R Blloks:such a test is described in

ASTNHg 6773-02 "Standard Shear Test Method for Bul k
Sol i d& thi ng t A& 8eWi#€ze Ring Shear Tester". As

descri beg<ion AHMBhE € foddn-folifmg) | ow function of a
polynerﬁpomder is a plot of the unconf ned yield
st r engt He 6F* t heoligsiieler ver sus maj or consol i dation

strespc i 0 19engfPlaowd@) ymers are rated in their
flowability in térms of the flowability ratio, ffc,

whi chlbisffdef i ndége-88winge rati o of the consolidation
stresg,.t Yot i : :
oo rRsERtTpRRaT ARt PRy S ARG Bne o s B vaue of
Hotest thawd dihouzh<t hfixcalso W uselnbeien orgpokynfef powdetOwith values above
gasy-flowing 10 < ffc free-flow ng. The present
invention is particularly applicable to pol yner
powd dirsfesabtyhtharebat, uee wflyrhdreolvdado bheriruded mlthdyoragdss pf the

use ven . faor i

BB AR RO PE S i e
povdteto He@xbvadeebit theghedtessrof tegrgeadesatiaf has Adlowability 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
least 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
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 ata
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
of the extruder is 65°C, the flowability ratio of the polyethylene powder should be

measured at a temperature of 65°C.



present invention has a flowability ratio of |ess than

6. Mire preferably, the polyner powder to be extruded
WO poovhz17pr ocess of the present invention has aPCI/EP2009/053204

flowability ratio of Iess than 4, and nost preferably

has a flowability ratio of |less than 2. Preferably,

t he pol yner powder to be extruded in the process of

the present invention has a flowability ratio of at

| eastAn extrudersiseaifliag betha present ryartion ieshpiva welisimatieallyrimFigare 1.

91f RidARk Wikite Pg’l‘{&%ran 'Eﬁé{udépﬁﬁ&% tﬁée @arf'éi' Q&ttibﬁ)@ déH(otéth%

consol | dat T on pressure and al so of tenperat ure.

(npetetatielieed trarret deetidr).olbebichind barebseicidong hnd he(dpwhgﬁwem barrel

SRR TP BB TR A P AR AL SR, of
c¢iomstot Xdaﬁishxmzpmé?sgww & tof sl@@@@n Pamam)l (Ehe mtdrmkpaghttaﬁ egh

hat . i h at
LIRS P PR b bl B B ant Wy A Ron o

ihe sd::ﬁwtdﬁrnh@op‘eenimn Frat tiemalmaleesonf e uaerpﬂlvydéﬂlﬂbyleﬁh&)arrel isa

wd t t wh L
PRHGE Riselir e 2 X 0 B Fibiathr EndR Dot tar oupeb R 1126 go feed
pcﬂfflhelﬁﬁtottlh\ﬁe*{mﬁﬂdﬁ wiske¢ isipsovided @ hopite, 2, Winalmtddi doyt tl‘i@iré@ofﬁﬁhlch

the poly. e po shoul d he

Péﬂhﬁgﬁi éX%ﬁ? B’Bé‘&?\lpﬂﬁ[ et g g F‘X‘%M%‘}ﬁﬂﬂi E{cg % %Péfox‘mateiy
me%en&spbﬁm]@ntblaaralda%fa@wmm&@@w)l Aasblsuowmso%h@sﬁc@n,lm
In partlcular ure shows an extruder_ having three

bigpied| arseqr ?‘bW@tO‘ ROEUEET $ear ?pr@t%t@é‘ﬁ*\“f’@é’ﬁc%ér% |a die, 6.
sect | gfhre 2 kRovksSR SARMBETIrBa (SEGEY @P) s bftwin-screws of a non-
(downstream barrel section), each having a |ength,
TEHEMBANCEIVE St Aftidernia this pase theayigligh? (er iigf or partially
. ] gure
AT Tal Ok R sl Sy AL & ot p PR e P,
greater than X necessary to contain the screws and
allow the rotation of the screw during operation. For
the same reason, the internal wdth of each barrel is
a fraction greater than 2*X.) In the Figure the length
L is approximately 2.5 *X. To feed polyner into the
extruder there is provided a hopper, 2, with a feed
port the area of which is at |east 4*X2. (As shown the
feed port has an axial length, Z which is
approxi mately 3*X, corresponding to an area of
approximately *X2). Al so shown schematically in Figure
1 are a screw notor, 3, extruder gear box, 4, a
transition piece, 5 and a die, 6. Figure 2 shows in
schematic forma top view of a section of tw n-screws
of a noninterneshing twin screw extruder. In this case
the wwdth is 2*X. (Interneshing or partially
i ntermeshi ng would have a lower width related to the
extent of intermeshing.)C ainms: 1. An extruder
conpri si ng:
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(i) two or nore barrel sections arranged sequentially
from (a) an upstream feed barrel section to which

wooloner2f eedst ock to be extruded is fed, the BEFEP®ANS3204

feed barrel section containing two or nore screws each
having a dianeter of X; to (b) a downstream barrel
section fromwhich nelted polyner is passed to a die

and extruded; and (ii) one or nore feed ports for

&88¥'ng pol ymer feedstock to be extruded into the

ext r Ughebxialded dosnphiBST €am end, characterised in that

the total area of the one or nore feed ports through
{thiverpr oy pasrel sesteistapereddsequsatiadiddioad i s greater than

4* X2. (a?alr u;@ﬂea%q}eé&l d8¥e1 &G0 & vggcl‘F &lﬁk@'f@d&o&@%'b@gx{rd@d is
screws. 3. An extruder according to claim1l or claim

2 whileth thormpsirbae fed haed setiomprmeaibag et orgeere pepiks cagh pgyving a
extru ccar.ding to any one of the preceding clains
whi chﬂﬁggga&glf’%l e feed port which has an area greater

t han @) X@owistresin baxd! sentien framodrich mejted pohmer Grpessed ta tdie and

precedju_ﬂ%edcl,ug nms in which the total area of the one or
more Teed ports through which polyner is introduced is

gheat ermohdged PHXR for Geedivg pelyhietfiedst@t cobeéxmadédinanite enmder
of. the_eprec ding clains in which the dianeter of the

B PARRRR eflﬁ’e feed port barrel section is 200 nm or
gii-eaétefised in tifatPicxoRESed OFthEXleron Fioedfeed pgaaltiidBEh which polymer

onprising feeding a polynes feedstock to the feed
%ﬁf] ockfis i O%‘Wéjlf&g?ateégiaﬂéggri bed in any one of clains
1 to Bnedtruddr REQEREI0 ABIGOT BviMg the s&k@b.m 7 wherein the

ol yner feedstock 1s in the form of. a powder having a
1 owabi p}ftfugerraé?qrgmgfto plaigs] prehgimg which comprises three of more barrel

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,

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

powder having a flowability ratio of less than 6.



