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25  The regions of a screw profile that are equal to the outer screw radius are referred to as flight land
regions. The angle between the starting point and the end point of a flight land region, with respect
to the point of rotation of the screw profile, is referred to as the flight land angle. A flight land
region that is in contact with the outer screw radius only at one point has the flight land angle 0 -
the starting point and the end point coincide at a point. The regions of a screw profile that are

30 equal to the core radius are referred to as groove regions. The angle between the starting point and
the end point of the groove region, with respect to the point of rotation of the screw profile, is
referred to as the groove angle. A groove region that is in contact with the core radius only at one
point has the groove angle 0 - here, too, the starting point and the end point are identical. The
regions of a screw profile that are smaller than the outer screw radius and larger than the core

35 radius are referred to as flank regions. Correspondingly, the angle between the starting point and
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On page 73 et seq. in the publication [1], the conveying of the melt and the building up of the
pressure are described. The melt conveying zones in extruder screws serve the purpose of
transporting the product from one process zone into the next and drawing in fillers. Melt
25  conveying zones are generally partially filled, such as for example when transporting the product
from one process zone into the next, when degassing and in holding zones. The energy required for
conveying is dissipated and is disadvantageously manifested as an increase in the temperature of
the polymer melt. Therefore, screw elements that dissipate as little energy as possible should be
used in a conveying zone. For purely conveying melt, thread elements with pitches of

30  approximately once the inside extruder diameter are customary.

A particularly great conveying capacity is required in extruder screws at the points where a second
machine that is used for supplying a partial stream of the composition to be extruded is laterally
built on. A machine ideally adapted to the requirements at this point would have an increased

35  conveying capacity in comparison with the second shaft on the shaft that has to receive the
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pressure build-up zone, a strong backflow of the melt via the screw flight lands takes place, and as

a result an increased input of energy [1]. Therefore, screw elements that dissipate as little energy
as possible should be used in a pressure build-up zone.

20
According to the prior art [1] (see for example page 101), the geometry of the fully wiping screw
elements is fixed by specifying the independent variables of the number of flights Z, centreline
distance 4 and outer radius R4. According to the prior art, the flight land angle in the region of
which all points of the profile clean the barrel is not a variable that can be set and adapted to the

25  task in question, but is obtained for elements with a flight land region as

KWO=£—2arccos
Z 2.

)

where KW is the flight land angle of the fully wiping profile in radians and 7 is the mathematical
30  constant of a circle (m=3.14159).

According to the prior art [1], the sum of the flight land angles over both elements of a closely

meshing pair of elements SKW0 necessarily becomes:
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o-directionally rotating twin-screw extruders are established prior art for the processing of ther-
moplastic polymers. On the other hand, these machines are not yet widely used for the processing

30 of polymers with strongly viscoelastic properties, such as for example rubbers.

The viscoelastic behaviour leads to particular phenomena and problems:

The elastic properties have the effect that the products behave in a way similar to solids. Instead of

a homogeneous melt, there are soft elastic particles in the partially filled zones of the screw.



The el astic properties make it nore difficult to draw the particles
"into the screw flight or into a gap - the particles tend to nove

away. As a WEsMIL/07313¢ conveying capacity of the screw i s PERRR2010/069470
The hindered drawing in of particles al sc6+educes the mxing effects
and the surface renewal in partially filled zones of the screw,
resulting f M ¥ n_in assin rfo nc

an extruderqulr e'ltsﬁoé %é%gg grg%:“oqv arenpgem 3 8y° fﬁglﬁgfg’LlcE‘ﬁ% ofumndof the
vi scoel ast |sgrep'rfb.gie$ mloesnmnesﬁchmmms efferiyot alffimgh aid the poidhot blooky B8 openings
may | ead tg eXI h ene gy di ssi pation and consequently to overheating
and degrad {I on Yeﬁe materi al . When extrudi ng di ene rubbers, such

as for exarrpl e poI ybut adi ene (BR), natural rubber (NR) and 25

synt het i rene.(LR), .but r ubb r chl orobutyl rubber
Cior 5 oKl i b R & ep R o e €t PrRGBB G OREBRRS between the
pol ychl or opmewanﬂ %)barr&lld;t: adhem&rsﬁﬁﬁlykle@&i sfnlnlaetor tHOUSE SLAMBRLhavRAF it 2Aid)Y This
hydr ogenat ?’6?)@‘ e acrylonitrile rubber (HNBR) and

et hyl ene- p h%’n&?ﬁ Sieypagiclss petpprytiallyfilled s@ew zenss grefgrgh Large particles

t enper at ur erd Lﬁlffabbbﬁlﬁblb For@grusfve bf%&s‘s&@u&%s@ﬁé}ﬁgasglhg kt \r&%’tllé’%l‘n% égEads to
the inpairment of mechanical properties of the conponents produced 30

therefrom In the case of chloro- and bronobutyl rubber, an el evated

tenper qour ernEed, ?&%&Ing BarkiBies @JVE merféﬁd'e% 10 §waPE: B3hVife gc?es.fﬁ{r’éﬁwn open zones

hydrochl oric or hydrobrom c acid, which in turn catalyzes

deconposi t i%6heerey er pempleedegassivirones) s hereby PCT HRRAES/ 069470 - 7 -
When extrudi ng rubber conpounds which contain vul cani zi ng agents,

such as for exanpl e sul phur or peroxides, excessively high

t enper at ur ¢ elesfigiprogierticp mekepit mow difficdati dzaw tho partidles mtorthssurdvs flight drtinte @ gap

| onger bein roducts .fromthe r ubber
conpounds. %\ﬁ%sgglggp ot Eo mgve a%g?}sl o%ssu Hagggﬁ”n& R Vp?cr%(?g@e SAFY isefugpd:
requi rdfents on the extruders Modem tW| n screw extruders have a
nodul ar syste ich different ewele nts n be drawn
onto a cor ?i]s Elnfi?red \‘@??wénga oéﬁﬁlﬁfgf)éﬁ u%??l ?E’H“‘?gn"% ﬁ%t%‘ e Yriagpaigpewal in
the twin-spueulelicdiettes bthe beewaspebls e RIS fedfion Hpmwagasmh@ﬁerfor-
screw el enments .known fromthe prior art are 10 nostly not optinally

desi gned f P SN 4REHIMICY ask. Rather, the manufacturers supply screw
el enent s (conveyl ng, kneadi ng and m xi ng elements) froma fixed

nodul ar i’bfgm irrespective of an actual task. = To be able to
proces 30 Vi B Fa3E OF Rt FRANY ysed fubbers, shsapicasipstip gropertiesase acsprmppnied by a high

fittings aﬁfﬂcdsﬁﬁbbblﬁ&ﬂnayhﬁad\%tarhl%h%e@ aREBLdn 364 Es é{ﬁ?% &e?%%x?ﬁ ;iegra-

avai |l abl e on_the market process tasks can atirs
acconpl i shéﬁ!"“‘Pﬁﬁ‘Péﬂa@ﬁf@! on the basis of the prior art, the object is
to provide screw elenments for co-directionally

When extruding diene rubbers, such as for example polybutadiene (BR), natural rubber (NR) and
25  synthetic polyisoprene (IR), butyl rubber (IIR), chlorobutyl rubber (CIIR), bromobutyl rubber
(BIIR), styrene-butadiene rubber (SBR), polychloroprene (CR), butadiene-acrylonitrile rubber
(NBR), partially hydrogenated butadiene-acrylonitrile rubber (HNBR) and ethylene-propylene-
diene copolymers (EPDM), an excessively high temperature results in gel formation by cross-
linking, which leads to the impairment of mechanical properties of the components produced
30 therefrom. In the case of chloro- and bromobutyl rubber, an elevated temperature may result in the
elimination of corrosive gaseous hydrochloric or hydrobromic acid, which in turn catalyzes further

decomposition of the polymer.



rotating twin- or nulti-shaft machi nes that nake effective and
“efficient extrusion of viscoelastic 20 conpositions possible. The

‘screw el emeWOSZ0IHA731dle sought shoul d be inproved in ter nsPCE/BR200/069470
t hey draw vi scoel astic conpositions intoan extruder. The screw

el enents that are sought should avoid the occurrence of |arge

articles i T at .are

g ought shou%&{%{rrﬁ %g%g;gﬁ%sc {j %F%&&gﬁ%g&tﬁf\rﬂﬁ%g& %qlgen%s SHE 2t foa eXemple sulphur
ext ruded ner@egoxides, vaesﬁiwb!rhig}demp@atdredmmlgm prematine vpleaxdiacivn. Thiv@esults in it no

reduced inpg t the expense of a
| ower pres- H%gg%? aﬂﬁ%&%%an Aﬂcmggnvﬁﬁeﬁwggﬁ?Fgﬁmé "hi s obj ect
i s achi eved by screM/eIenents accordlng to the i ndependent cl ai ns.
Preferred n be faund .in the dependent clal 30A

b of 11 60f “BeRdel oRefilfies fecb BHAE Pyt nE OB GoRh ah e exiudets
cross-secti onal proflle in a plane per- pendicular to the axis of
rotation. &Q%E%f .ons of a screw profile that are egual to the outer

screw radi ESTRY XStV s modpightysicaindn PBigh gHErent \gywn screw elements

2011/ 07312%LECHE E%M&EQ&EQhaﬁ his allo®s AN@tsdn RRAME BNLE BR 18 hadpt 'tHEme-screw
poi nt and theq% gm nt of a flight_ land region, with respect to

poi nt of r ¥4y F Tespret oS Aty Fpwever.dhe ssfeat eleraentsomawn filee the P’g%tart are

I and angl e-mosﬂ%;m%pﬁﬁlﬂi}l deSighdd féﬁéfn%’tu%i RO LB e GE MadhbubR spmy screw elements
i nventi on can be uni que Yy escrib %ﬁan ar-"br angerrent or Ci rCUvr

arcs. The $eqn¥eyiRs bngafiag apst m%ﬁe‘%l@@@ g fed ordilatsysiemtiiespiative of amamtual
are preferahky made up in cross section of n arcs, where nis an

i nteger greater than 4. 10The position of each arc j 0=1 to n) can be
definitively fixed by specifying two different poi nts The position

of an arc i 5 / i e Sep and the
starting pg:% nbt%x%fedeoﬁgwg%si ﬁé{cﬁ&%ﬁ%ﬁoﬁdﬁ%&% a%a?{%uo\l/lls i S‘érg fi}&?gé % Teggyred.
by t he 1padiWith Re ataudarheramglmerty connounly atvia&ahtcem the nfaeket) notdlt pyeess fakle can be

starting p t he point, the radius R being greater than or
equal to Oggﬁ% C%pg'acf?l ﬁlsgerd equal to the centreline distance A

bet ween the shafts, and the angl e cc i n radi ans 15bei ng greater than

| 27 wh TC h
mat hemat | cPTEBRS PR Har B W Putatt e SR8S o prevatespIT o B forssrdisgetonally

'(?I erren't' s aeaatingi thgh-10® niultestaf\ifdthinesthyal@! FRcNRAR IR cREBN of viscoelastic
ki nks 20 ~ compositions possible. The screw elements that are sought should be improved in terms of how
they draw viscoelastic compositions into an extruder. The screw elements that are sought should

avoid the occurrence of large particles in the extruded material. The screw elements that are sought

should introduce as little energy as possible into the extruded material, in order-to avoid damage in

the product. The reduced input of energy should not, however, be at the expense of a lower pres-

25 sure build-up.

According to the invention, this object is achieved by screw elements according to the independent

claims. Preferred embodiments can be found in the dependent claims.

30 A profile of a screw element is understood as meaning the cross-sectional profile in a plane per-
pendicular to the axis of rotation.

The regions of a screw profile that are equal to the outer screw radius R4 are referred to as flight

land regions.



kink is expediently handled like an arc with a radius R = 0. The

"~ "size of the kink" is given by the 20 corresponding angle of the arc
with the rOBMLIRIBIZL | . e. at a kink there is a transiti oPCBEP2010/069470
first arc by rotation about the angle of-& second arc with the radius
R=0inte athird arc. O to put it another way: a tangent él_o thi’P
first arc I . econd. ar L the radius 1? =
Ointers ec'?ftsh ¢ tgn@%ﬁ%g%%netth g %ﬁég ? %ﬁl% %ﬁégec&l%i q?én\?mog%wég(%p {aﬂgregé’ﬂt ?@1 IRt to the
of the secorut efrotation efithasrgveprofileahrefored esgahdlightdartdnglangl e of t he
second arc. However, taking the second arc into account, all the 25

adj acent arcs (first -> second -> third) merge tangentially with one
anot her . EXjrediraiit lof screm chenentsiatdording adthdsSinRnorDcdnSbaniglleBdadsirktRd &% an ar-
arc of radi us t hat. ifﬁegual to eps, where eps is a very small

posi tiv ré%ge%ﬁnrrrﬁg?mfl ttends towards 0 (eps <<1., eps --> 0).

In the case of a profile according to the invention, the arcs al vvgys
nerge tan tially into one 30another at their starting points and
endgpoi nt geﬁf OIS RGeS e B ércording st é’é’eﬂiPéraFeaEfe{éﬁbb’r% up in cross
section i n sydioh of Sarky) Wbre@Ss ddiBtebddlofbRl ihh &l region. As is known, the
free surface area in the cross section of a figure-of-eight bore of a
tw n-shaft extruder is: WO 2011/073121PCT/ EP2010/ 069470 - 9 - Fachl

=12 (20 . T8bosiid Whdh arc j REHENY cahDe dBENlAR Hed By spb %@89 M boints.
of acircle gﬁa_gw i S thaefcé\g?r.el n);cr?glg gwl_:lé%. eargtcsgscé DE) . _L}%[ﬁ_e &3'_31“
cr oss- sect i[9nAPsiEgn afriqrs ip expedientiynixed drspacifiiag thevcantreappiing andithp manmng?bmt or
is half th Al = . Lf the, cross section a
gener at i ng%%%ﬁ%l\?tv' Err?e(rﬁ%l Je?g?gr@levédugga(}ﬁfé’ féF(ieE’? 244 ,radflﬁ‘g{r’ %nc{r)tg?‘rﬁq ! 58?‘11 gll? centre
cross- 10secint batatenghe safing poinodndFhd ereil poimtFhakddius R; beihg prebtaethbi 6€cqual to 0

cross-sectional area F2fres of the adjace enerated screw profile
it corres p%?]%ﬁaﬁsgtlﬁ?l TSegilﬂﬂlt? CF‘FFQ"??IG %24"?‘%? fghﬁ BenFse flipdls, apd deranglRs fy gians
Cross- 98ct beih@bre@eL@an 6r eqhidl @ JbRPIS thi @ offfi o MOWABR ribak nhafhematical constant
avai l able to the extrudeocll material, and the greater the conveylng

capacity oPf#HElEE?-LHeSP)

The profiles of screw elements according to the invention may also have one or more "kinks". A
kink is expediently handled like an arc with a radius R = 0. The "size of the kink" is given by the
20 corresponding angle of the arc with the radius R = 0, i.e. at a kink there is a transition of a first arc
by rotation about the angle of a second arc with the radius R = 0 into a third arc. Or to put it anoth-
er way: a tangent to the first arc at the centre point of the second arc with the radius R = 0 inter-
sects a tangent fo the third arc likewise at the centre point of the second arc at an angle which
corresponds to the angle of the second arc. However, taking the second arc into account, all the
25  adjacent arcs (first — second — third) merge tangentially with one another. Expediently, an arc
with a radius R = 0 is handled like an arc of a radius that is equal to eps, where eps is a very small

positive real number that tends towards 0 (eps <<1, eps — 0).

In the case of a profile according to the invention, the arcs always merge tangentially into one

30  another at their starting points and end points.

In a twin-screw extruder, the bores overlap in cross section in what is known as the interstitial
region. As is known, the free surface area in the cross section of a figure-of-eight bore of a twin-
shaft extruder is:

35



20 A subject of the present invention are screw elenents that are

" di stinguished by the follow ng conbination of features: The free

vol ume in aWécidWogZ¥ahnel is increased in conparison wth POF/BRRI000/069470
art, which in the case of an open barrel-%has favourable effects on

t he degassing properties. Simlarly, the 25increased conveying
capacity in_the gase of as ric screw profiles on a shaft

accordi ng tékﬁﬁé‘i@V%ﬁgwﬁﬁxggﬁibe used wherever side extruders are
coupl ed on. The sumof the flight |and angles of a pair of elenents

is smaller than in the case of the screw el enents known fromthe

prior art. vGerseemidiys, rschewnahe BENtiscl@ad@nds g bigelbh@e gl 2. arccos(4/DE).
i nvention have in conparison with the prior art a smaller region with
which all the points of the profile clean off the barrel. Since a

par ti culsar I pheQrRalecAtRVEEa B, BRSLDErdeRt Ha@%%ﬁ%f& 1 S::r" BhR 3¢ lt‘]?%ﬁg( Liyded
material in this region, the screw el enents acco diAg to the

i nvention subject the extruded material to | ess nmechanical and

thermal | oa ingirmn?ch has an effect both on the quality of the
product and h t'h& Cost effectiveness of the process, since the WO
2011/ 073121PCT/ EP2010/ 069470 - 10 - |ower |oading makes it possible

to increase the throughput (see for exanple [1] page 60).

Fur t her nor &f the pressssgetranfof @ generating speevppre§kuakes uihk drenl ), tHvad reAniRs £ AHS@Gss-
by redw®in% the fli }dlgnd angle are small in conparison with the
reductidn PR 3R maPt | oadi ng, so that a higher efficiency in the
pressure build-up is achieved. 5 The flight Iand region of one or
both profiles of a pair of elenments is preferably adjoined by what is
known as a.ﬁéﬁeﬂ%mg-ﬂegion, whi ch brings about a tapering flight |and
gap that is long 1n conparison with the prior art. The tapering

region is characterized by a conparatively small free volune. This

t aperi ng riﬁi%n has t he effect o%ﬁreduang or even 10avoi ding |arge
particles WRER® froresseryndliasgoll asf the adiateatgensrated peaewpiofily it doerespondingly

Swel | I%f f %g;gl?e's that: F/“ =F, , -F,

The larger the free cross-sectional area is, the greater the free volume that is available to the

extruded material, and the greater the conveying capacity of the extruder.

20 A subject of the present invention are screw elements that are distinguished by the following

combination of features:

- The free volume in a screw channel is increased in comparison with the prior art, which in
the case of an open barrel has favourable effects on the degassing properties. Similarly, the
25 increased conveying capacity in the case of asymmetric screw profiles on a shaft according

to the invention can be used wherever side extruders are coupled on.

- The sum of the flight land angles of a pair of elements is smaller than in the case of the

screw elements known from the prior art. Consequently, screw elements according to the

30 invention have in compatison with the prior art a smaller region with which all the points
of the profile clean off the barrel. Since a particularly great amount of energy is introduced

into the extruded material in this region, the screw elements according to the invention

subject the extruded material to less mechanical and thermal loading, which has an effect

both on the quality of the product and on the cost effectiveness of the process, since the



The features mentioned can be realized in various ways in the case of

" the screw el enents according to the invention. For instance, it is

possi bl e t oMQHNIPE e | arge free volune in an open 15 scPEWERINNO69470
on one shaft, while the tapering region-il8-realized on the adjacent
shaft. Such screw elenents forma first subject of the present

i nvention. Such gerew &l LBk 1S r Q.hereaf ter
screw el enents of%%di fferent %)?cg?lgsﬁjes.o 19cr£alef,% ﬁ{egﬁrg %%utp %esf’fofxélmpges[l] page 60).
real i ze the | ar géthemnora theunerificns mrthopessusdudidup tan aelcaaad by keucing the flight

tapering region a sSi e shaft.. Such.screw.el ements fqgrma
secr:)ond gubj gct 0%9 4 %%Iepe}rgsséglb %i ?R/n?rél1 o™ hhgﬁe‘gl(??%rb\}nentﬁ‘é ﬁ“tlag logding, po fhat a
referred to her dagleeeffigisncydn dwpedsemetntiid-upfis icliemtd cal profil es.

Fromthe screw el ements of different profiles according to the
invention there can be derived a third type of screw el enents, which

is |ikew se a-subjeetight Mdndtrbigorpsfament both yRifilds@f a pSiE oEWebRIR HrFerd®I9 fadjoined
this type are also ref%{r_lred to here as open screw el enents.

Hereafter, A is PREREEXDE! 1S 7aRA0LE H8108: Wi s phpot & tepained]ighidand gap that is

DE is the outsi dendiimrBing4risef Withe t1RC pEW Q{‘emﬁé"ttai)egiﬁb‘ré%font e R Rrized by a
radius of the screw elements, R is the inner radius of the screw
el ements and TC ‘ioglpfrﬁ‘é"el:yo’ﬁ%"ﬁlaffﬁe Vorume- Ehip éaperingseioe hiesfhe FEers af wduding or even

differemt profil®siddefllirgspariit @dn fRécelsht ESKRE nlVER QM fie S re%ell"
el enents for rrultl-sﬁaft screw machines with paired co-directionally

rotating screw Sh&t-s, characterized in that adj acent screw el ements
have an unli ke, unsymetrical profile, 35- the screw el enents have in
each case a single flight land region, WO _

2011/ 07312 heTR@pee 1oN0GTE 701 -be1realized tihevasom S iof thalchset dfethi | scgiit elements

| and angl e : e ] Lew. el nts.is.qreater than O
and | oes. ¢ Ranrle Wb il AR MaiE SR B S e R s LT B open
Fffrei l&nd sFewohammd] aicmn shafic mbile te ¢aperidgsregibt fsaealifzedoon Rasdjacshtshstt.iSuch screw
their si Ze'ele?nents form a first subject of the present invention. Such screw elements are also referred to

hereafter as screw elements of different profiles.

It is also possible to realize the large free volume in an open screw channel and the tapering region
20 ona single shaft. Such screw elements form a second subject of the present invention. Such screw

elements are also referred to hereafter as screw elements of identical profiles.

From the screw elements of different profiles according to the invention there can be derived a
third type of screw elements, which is likewise a subject of the present invention. Screw elements

25  ofthis type are also referred to here as open screw elements.

Hereafter, 4 is the centreline distance between two screw clements, DE is the outside diameter of
the screw elements, R4 is the outer radius of the screw elements, RI is the inner radius of the screw
elements and 7 is the constant of a circle.

30
Screw elements of different profiles
A first subject of the present invention are screw elements for multi-shaft screw machines with
paired co-directionally rotating screw shafts, characterized in that

- adjacent screw elements have an unlike, unsymmetrical profile,

35 - the screw elements have in each case a single flight land region,



The screw elenents of different profiles according to the invention

" that are used on ad'&ﬁcent shafts have a different profile, i.e. the
generating WY& 17321 e and the generated screw profile aPETIER20k& 069470
Furthernore, the profiles of screw el enediis of different profiles are
unsymetrical, i.e. they are 10neither mrror-symetri cal nor

poi nt - symet r L cahe s itiPAfind @1?9{ f -al fdelid

angl es of the generated screw p{ri%?l e %&9{’%@95‘&%@?“ cen crew gements 15 greater
profile of screw el enents of di fferent/ pr files is greater than 0 and

| ess than 2g -4 B%Q:%’Qqesﬁ R St B PESP s than 0.8-( 27r - 4-
arccosi-A)), particularly preferably ( 15 less than 0 6.( 2g -4
arccos -A ), andpdmed orbdsQE&ioadllaeal 258 v d?)

DEDE Consequently, sc‘?”e\f’v el e)rreriliteél of 3}1??1‘]/ e%tfa gf?sfrgg%%g%%rg&%er)f{om each
t he i nventi on hatlerimheosipari son with prior-art screw elenents with

one flight land region each a smaller region wth which all the

points of the profile clean off the barrel. Since a particularly

great anouritheGEre@RREB)!s oS diFfolefiqRofarhc@ding tht RoeRich Hadad usRtg rali_ﬁ!:en't Fhafts
this regio Vthggscrew | ements according to the invention subje

the extrud Temf Preiyes e Jae SRIRIRURY CEW Eﬂ@eﬁ%ﬁhﬁaﬂrneraéﬁédrrﬁgprqmrasrhunhke
has an effect both on the quality of the product and on the cost

ef fectiveness of the process, since the | ower |oading nakes it

possi bl e t dvrtheFeses thethefllespisaigptitmanisers diffarens peafiseard ujsypageicgDi.e. they are

Furtherl’ﬂjorQleltﬁe@%lﬁﬁ'csahﬁﬂeﬁﬁﬁdof‘p&ﬂ%yﬂﬁl@ﬁ‘r%ﬁre buil d-up that are caused
by reducing the flight land angle are smal | in conparison 25with the

reduction in the thermal |oading, so that a higher effici ency in the

pressure bupyk dlBr ind a%q&io?\cﬁ?gle Rl%hg % %r[gl’ets o?thg erra?edo fu.lteglr ot tﬁ% gﬁneratmg

RA to the centreline st ance crew el enen
profil es prefwr atsfije |of essrawn eldnensanfalifferem probles tieo Greater rﬂamt Ocaﬁdanésy than

preferably in the rapg 30from0 52 to 0.66 and nos ﬁrticularly
preferably 2;m a. d’r@ﬁb{p erdth tlé&thz@r?’OS Y- 4. arccos rticularl
2011/ 073121PCT/ EP201 70 <12 ¢ D ) Perticulatly preferably

A
15 less than 0.6(27 ~4- MCCOS(BEJ ), and most preferably less than 0.4-(27z —4- arccos(Di;E)).

Consequently, screw elements of different profiles according to the invention have in comparison
with prior-art screw elements with one flight land region each a smaller region with which all the
points of the profile clean off the barrel. Since a particularly great amount of energy is introduced
20  into the extruded inaterial in this region, the screw elements accerding to the invention subject the
extruded material to less mechanical and thermal loading, which has an effect both on the quality
of the product and on the cost effectiveness of the process, since the lower loading makes it
possible to increase the throughput (see for example [1] page 60). Furthermore, the sacrifices in
the pressure build-up that are caused by reducing the flight land angle are small in comparison
25  with the reduction in the thermal loading, so that a higher efficiency in the pressure build-up is

achieved.

The ratio ‘of the outer screw radius R4 to the centreline distance 4 for the screw elements of
different profiles preferably lies in the range from 0.51 to 0.7, particularly preferably in the range
30 from 0.52 to 0.66 and most particularly preferably in a range from 0.57 to 0.63.



In the case of the screw elenents of different profiles according to
"the invention, the free cross- sectional areas F11' and FP of

adj acent prYQ3M30dikAer from each other in their size. ThBCHAHN201@069470
the larger area to the snaller area is prléferably at |east 1.2,
particularly at least 1.5 and nost particularly preferably at | east

2. 5 Screw glgment sra FE%ﬁt l%?'lg oE‘ Hﬁfe&eﬂ¥§£{i‘ﬁ9 Qccaorde I%gﬁtl %ﬁ)e 1% g 1{)11 %gl ?rgee gross-

by the fact that the region

screw prof i deexionsl das tAYE age D‘?fr"abﬁdﬂlja‘é&ft QW iR Qf ek ﬁ'om%a@ﬂitﬁér 'ﬁ?ﬂelpﬂzep 'Tﬁe ratio of
side by a region whi ch is referred to as the "tapering region".

tapering rebe éﬁﬁgf‘é@rﬁﬁrtpstb% stopdler erea ppefesablysat ledst 1@f partienlptyi aitlsast Ihatand most

lie onthe g 10 region having a distance fromthe
poi nt of tat 3?113%;?{?&?%?)?@24& tgt ween (RA+RI) 12 and RA. The tapering

regi on eﬁxtends over an angle, with respect to the point of rotation

of the pr Ofgcke%v el Encfs accgrdgnr %att o 1n€fehggxf 21}93 311%2_ Stlfglgsql gg? tt]%\‘ee@ftégqt)}he flight land

pref erably extends over an ang
preferably rgglaamdier bvhian gér&fhxmg.&:'l:he ptofifresr dTghe’ @gérad saew ipfifitgdis aliBined on one

flight Iand |on es a on aperln flight Iand gap, which

has t he effé 6‘fregl‘§'ﬂ ﬁhﬁr%’?méi\;% %&Fﬂfflﬁgmﬁ’é’f“ge particles when

processi ng 'KBeSa(;ﬁﬁh@Seglbﬁ: cdimiirﬁéd (ﬁlb%r fnb&dibtﬁ;l d]gofftl’qu:mr@ tﬁat%é%h'the £s o?@He)tapenng

Thelarlg) 5 i?‘ﬁ %fonl arjson W|ththe prior art results in
rfF oine

a great Sipng g ’8 QPPEHAT Fatatien tthad Tish befveer (R4 RDAh ansh&d. The
screw channglerih@repid eRefdsi dver MfankiBwitttieqietinb tlﬁcﬂ'oﬁ"}{vo?}o%ﬁ‘ bf B, B is

favourabl e effects on the degassing properties.
2011/ 07312 BEREF EPPD 28] CEgatapering 113gion Geplenably| exirnds sw@f arj degle igecater than 120°,

profiles AagReRApSRRIE Chedad: 1119 €SENt invention are screw
el ements for nulti-shaft screw machines wth paired of

co-directionally rotating screw shafts, characterized in that
adj acents s qfh@\f‘!lpglliﬁgmééﬁﬁ acﬂﬁ}{ﬁg an ﬂiﬂf? bk %ﬁkdn p%h%gm&lrgl tgp%l'iné) ﬁ]%Iltl llmed’ gap, which
has the effect of reducing or even avoiding large particles when processing viscoelastic materials

(reducing the "Die Swell” effect).

The large tapering region in comparison with the prior art results in a greater free volume in
20 comparison with the prior art in an open screw. channel in the profile of the adjacent screw

element, which has favourable effects on the degassing properties.



inthe profile, the flight land region is adjoined on one side by a

' region which is referred to as a tapering region. 10The tapering

regi on conpWOs¥d1@RH2br nore arcs, all of the points that PCEEP20101669470
arcs having a distance fromthe point of-lBetation that |ies between
(RA+RI) 12 and RA. Since the generating screw profile and the

gener at ed %%Fe‘%«)"él&i&é?lftéclf?deﬁé&l Ergﬁfg fical, tapering regions are present

on both adjacen The taperl ng regi on extends over an

angl e, wi t A seepbabjecooftthreprgrontritvenfion ot atrévo Blenbntt foe npiltdHakt @crewhmaghinkSwith
and partl cularly

greater th re eat er 45

pr ef er abl y%%ggqgoefé:tg errecgﬁggiyéﬂt%nlgnsgrew %%i?r TP EEESA™ B i ni ng t he

flight |and regladfacq:nt swlere elsmentd lengai Ap@ichingnsihingtticallpestie, gap, whi ch

has t he effect cin even ayojiding |ar e articles when
processing Vi scg%i T CPFE%E’F. aaIS§1g]€rﬁ’(§htc=laﬁg eH a glieht| lﬁndetaf‘@%thiss than
20 The screw el errents off identical profiles according to the

i nvention that afe2gsesgs 1 .aeknt shafts have an identical profile,
i.e. the generating scre file and the generated screw profile are

al i ke. The identj g fpﬂﬁﬁé tlﬁfﬂlﬁﬂ? fanf F nqg éng&ne%cc[] ec}ﬂﬁ R d? L* L ?egxt%g QVhEcIPl Is referred to

generated screw profile’in conbi nat| aperi

region in corrparaﬁééﬁﬁewafbglome prior art results on the si de of the
screw elenments that is opposite fromthe tapering region in a greater
free volunme in conparison with the prior art in an open screw

channell0 wHihe fiarleding fegicounombtiees ohé er;tmreoa'rcat, B of qu&yﬂmgaaahd oﬁia@azﬁsd Be¥ing a

properties dls?ﬁglgéjfr&ﬂ ?l{enf)% nl? of 1;091?101? {hOf iels etw: %I}ﬁ@fﬂi&)& 1’{%2 %ﬂ‘i‘?é’tér %gggpth%crew

profiles is unsynmetri RSl
poi nt - sy metafi lezaid the ymeﬁ&iﬂ ];ér@t?@ﬂcfﬁl@ﬁ&’ ﬁ&%ﬁl@dp@ﬁ%ﬁ@lons até present 61€W6th adjacent

el enent s ofScrewe ti cta kf;er ofi.l es accor d(Jé g to t vention have a
fi ght | and angl em&r‘l 51 SRR Teg108 exfends oXqr an gng F W‘B’rrétpé?té%ﬂ's‘/‘ PP’é%%frtOF?élﬁ“ of
0 8.0-c - #heaprofiRs fwhich is jgteatepalidni 309) preteyabBy ekaeaby 428° B2 partié¥furly preferably

15  greater than 90°,

The tapering region adjoining the flight land region produces a long tapering flight land gap, which
has the effect of reducing or even avoiding large particles when processing viscoelastic materials
(reducing the "Die Swell” effect).

20
The screw elements of identical profiles according to the invention that are used on adjacent shafts

have an identical profile, i.e. the generating screw profile and the generated screw profile are alike.

The identicalness of the generating screw profile and the generated screw profile in combination
25  with the large tapering region in comparison with the prior art results on the side of the screw
elements that is opposite from the tapering region in a greater free volume in comparison with the
prior art in an open screw channel, which has favourable effects on the conveying and degassing

properties,

30  Furthermore, the profile of screw clements of identical profiles is unsymmetrical, i.e. it is neither

axially symmetrical nor point-symmetrical.

Screw elements of identica] profiles according to the invention have a single flight land region.



0.5.(2r - 2 arccos A) ). 2. RA5 The flight land angle KWD = - 2
“arccos( A corresponds to the flight land angle of single-flighted
screw el ene 2Qiflmffﬁ&IErdmenger type. Consequently, screw BCAERN030/069470
according to the invention have in conparl#son with the prior art a
smal l er region with which all the points of the profile clean off the

barrel. Si n&?e@elgﬁé 4 GHhatik %Fﬁe@ta ﬁ'%to i in {LﬁmQXavesa ﬁgﬂ{ I nlg% of less than

into the 10 extrud materla rew=el enen
according to t i ]bect the extruded maferd al to | ess

mechani cal &n "’tr?FQF frgiﬁ‘ Iyessctham 88 (& %ﬂf’%&mgu): crticplerly preferably
quality of the product d on the cost effectiveness of“the process,

since the | ower | oading nmakes i )9ssi bl e to increase the throughput
(see for exesipl ahqni] Ofé —Qaycco}ﬁfgr—ﬁﬁmrmstthearsaWIﬁl esferably t héess  than
pressure build-up that are caused’ reduci ng the flight [and angle

are small in conparis h the 15reduction in the thermal | oading,

so that a migrmem&cb%;ﬂ/ )yin the pressure build-up is achieved. The
rati o of the outer d| us RA to the centreline distance A for

the screw el enments of identical profiles preferably lies in the range
fromO0.51 to 0.7, particularly preferably in the range fromO0.52 to

0. 66 and nost artlcul arI referablysingthe range fromO0.57 to 0. 63.

20 Open scr%@%ﬁ@ﬁ?@@ e (4 s@bﬁcéﬁi& ]h‘errmpem‘bmthbrﬁlmmahd)mmﬁ single-
screw el ements for rrultl-shaft screw es with paired

co-directi anghbd st dleinBls S HHRVESRS] 1st Qr@d’n h&‘ft 26yl @le#ngxiﬂg ageording to the
adj acent screw el enents have an unli rofil e, 25one profi

just one f 1ipygrton byve in eqmpsrisaarivith the Padl] atemmaljr mg!dnevlﬁawhlpmglﬂ tltevmmmts of the -
flight |an i e ifr

adj acent pg)é(tgf?ge:gglgf ﬁtgg b%ljriegms ﬁeigegﬁﬁ Eﬁei %@ Jt] hﬁoﬁlﬁé?ljz:%nerﬁ \f\bm fbabledthto he
2011/ 0791 2 eROTcR PRETI) i0 G2 Rgion, thcsscre“ﬂ' ﬁenqmtmccdrémg tnfth@me«mtmﬁ EL&Wct the extruded
el ement s hiC

orofiles o aééer[r%der?oggé%nﬁ@cﬁg d?aef and %%a& I%a%%ngwwhlcgfsnxtel L efrgercgggp o2 él?ea%tfaylty of the
m rror - synpe¢duptcal ontthmgospef&fceveaém wf ﬂmmoaem; sachhcRoer Radihg fn@IEesﬁﬂ Iwaﬁble to

in which the res e rotation lies. I.n the gcase
open screw'e r%aﬁ%ﬁ’[ hrou %B&O(IF‘?-? {%}‘apﬁg [:lﬁgpgﬁpﬁ)o Rurtheppore, t %sacnP ices in the pressure

Cr 0oss- sect iboiidip alma& caused by reducing the flight land angle are small in comparison with the

15  reduction in the thermal loading, so that a higher efficiency in the pressure build-up is achieved.

The ratio of the outer screw radius R4 to the centreline distance 4 for the screw elements of
identical profiles preferably lies in the range from 0.51 to 0.7, particularly preferably in the range
from 0.52 to 0.66 and most particularly preferably in the range from 0.57 to 0.63.
20
Open screw elements
A third subject of the present invention are screw elements for multi-shaft screw machines with
paired co-directionally rotating screw shafts, characterized in that
- adjacent screw elements have an unlike profile,
25 - one profile has just one flight land region and the adjacent profile has just two flight land
regions,
- the free cross-sectional areas F"“ and F;™ of adjacent profiles differ from each other in

their size.

30  The open screw elements according to the invention that are used on adjacent shafts necessarily

have a different profile, i.e. the generating screw profile and the generated screw profile are unlike.



Fifrei and F2f re' of adjacent screw elenents differ from each other
"in their size. The ratio of the larger area to the snall area is
preferably WO 2MAHF31R12 particularly at |east 1.4 and nosPCI/EP2010/069470
particularly preferably at least 1.6. OndSprofile of an elenment of a
pair of open screw el enents according to the invention has just one
flight land region and the other profile has just two flight |and

regi ons. The open screw profiles according to the invention have in
conpar i son Tiiet frofilee op pponrsceemt clememmiraeiin ddchroagd b symirhdirioah of Bnshnimetrt@l. The
poi nts of th roftile clean ,off t barrel ... Si nce rticularl .

gr eat armurﬁrg%lg > g’%\egre%eﬁ&%ng %t 5% ﬁ@gdgcfeﬁvt Brofilgs aéﬁtl’lr%ﬁ‘g yn‘ﬁi”é’F'FHF‘%‘?tﬁcal? they
thi s regi omrefeiablydeveenweshenentsinaciaredh Mich thetrbedtivy 8a% bOBtaBsli@Ct

t he ext réuded material to | ess mechanical and thermal | oading, which

has an éffect both on the quality of the product and on the cost

ef f ect i vendashediasé BEthplop&eStew SleMéfs ﬁd&@rdir%Vt@ fthel iR RGARY RPHEScrbds-sectional areas
possible to ifrr!]creass‘, t he throughput (see for exanple [1] page 60). 20
Furt her nor el T ed £4¢r of ddinsentisprew edenpnts shiffier drdou pdctl-othper {thitir aize Thalstiof the

by reduci ng t he fligrlgt Iﬁmd angl g](rge Emall in conparison with the
reduct i on iHEPHEAREFTHR" FGAM Ef,gra at ey 14 pargmvkrly ot Fepst it érieg mopt narisularly
pressure buirdferablp at I8ashChI eved. The profile of a pair of elenents
according to the invention that has just one flight land region is
25characterized by a large free volune in conparison with the prior

art that hasnefrRyfs bedH Geniint 6CL $airdT opdiescAS0AS IR BRGNS %bgﬁ?%g&ﬁion has just one

properties. _. The ratio of the outer screw radius RA

centrel i ne Hetd{andeweion ang theophsr prefilehasivetiwn flighbland thgions.cal profil es
preferably lies in the range fromO0.51 to 0.7, particularly

preferably in the range 30from0.52 to 0.66 and nost particularly

pr ef er abl y Tiha opefescreainpyefiles angprding To the iye@Hn haWOn comparison with the prior art a smaller
2011/ 073312 0 70_ -~ 2 I s .of di.fferent.

orof i |68, S el ot & oF bop Bt e PR NS el S g phhicuany srea
el ements  Almouwf oft ¢nergy ds entradhedeintostha egipudeil noptdrial tihehid g} thenscrey cleBents

fornmed as I Lements or eadi el e ts of mxi l.ements. .
5 he 1's. knoui i BE RO S SR RySTR Sginehatice ol el oading
el ement i s vdiidthanguefdoebbthbyn theeuilig bf thi flodiidd end et Bwcddt effdctiGenk of the process,
conti nuously turned iIn a he&(i cal nner and coptinued in_the axial

di rection. Sé@%g‘ﬁ&f‘?’% BAng 2 ?filf%oéfl i° ‘(B‘f’re?SSlﬂ%ﬁth(?Hg tserfossrapple (11 page 60).
conveyi20g @ushembre| theGhorficed @hihe Hadieled baild-dihbe HBREQEd 6P Mdubis Md Ridht land
Backwar d-conveglireg%flﬁl enents are optained respectively by turning in

the opposi £B2lg gheompgrsogibhepedictian wghs bgimeg loafingrsa that g higher efficiency
pref erably i e phesubemigle-vpfis BieGedl to 10 times the centreline

di stance, the pitch bei ng understood as neaning the axial |ength that

is required for a conplete rotation of the screw profile, and the

axi al | engtry ff@egfodr%ery' TBRLdi f RV i f. .
0.1 to 10 tj errgso the scr e({/vmg}nglrlrgt er .d1%ﬁit§‘é %E%%h{l{saggasﬂgﬁt%g%gﬁpﬁ@gf %]gl,on 'S
pages 227 <shuraggrizedbylagagifieg velnmaimeonipgrisn suithriaprivh exd thayhas evohmble effbets on

that the S LRERf hlE& ohsovERRtd in the axial direction in an
of fset manner Tn the formo eadi ng di scs. The arrangement of the
ff BRSEL MRy RN BEe " h f th

kneadi ng di scs nay be right-handed or |eft-handed or neutral. The

axi al leng - 1 i | SCSp,i referably.in the.range of 0.05
fo 10 1 maat pciodipt BRRELI% HAESt S BE R fihar dcrob BRGRY el of
adj acent kidsatdahgrofiles pefirsblplies ie thxbdaygei front 081 teahPepaarfeulsl) R fdrablPinlthe range
tines e i ter. 20 As.is kn .see for _ex | e ], pages

227 315 ST OTP el ned Pafir T srER By S BR gt A BBACE bel ng

provided with apertures in the screw flight |ands. The m xi ng
el ements may be right-handed or |eft-handed. Their pitch preferably
lies in the range of 0.1 to 10 tines the centreline distance and the



25 centreline distance. The apertures preferably have the formof a
" u-shaped or v-shape roove, which is preferably arranged

count er - corWQyQMJ?)?rlZ xially parallel. The profil es of scrRGTHRRALO069470
according to the invention are based on-flakly wi ping profiles. It is
known to a person skilled in the art that fully wipi ng screw profiles
cannot be s, dlhGldridedn ik

cl earances "be

this are déébpf thedicnew E[lal]lenuracpoxgmg tQ&eemvemaop nﬁpﬂne deit&e& @5 etmvejh@g bleﬁﬁnts or
of screw el f din i nvention, clearances in the range
fromO. 001kﬁ%glg%le(f]h%%ég nu’gnﬁeeefmetg the dianmeter of the screw profile,
can be used, preferably 0.002 to 0.05 and particularly preferably

0004t 002 As to a son in the art, the

cl ear ances At ({Q%e"‘f%g pf‘ﬁeéiglér #‘gch 3 Senvepgelefent pndisinguished by the
and t he Scrfmwthﬁayhebﬁre@f prdﬁIEfxﬁt‘.@iﬁhu@js &6rmed inl i‘ﬁelﬁ@l%annzhﬁldcdoﬁ@{ﬁ@%ﬁle axial
may also b 121PCT/ EP2010/ 069470 -

ns t 011/ 07
vari abl e, \??n‘f?ﬁ%i"ﬁ n‘f?grr?r;/g é‘ﬁ‘é’@f"? Pgﬂtanf’? ofi the ghally thrywoayeying eﬂf@lent is of a right-

di spl ace ahagde@wr n)erf@ﬁahl:l@i Wnfifliritidnh Badkwa AL RRES é?&?e%fs%@o&&ﬁ@d %Qﬁe@twely by
strategies are theI\]Eposm bilities described in [1] on pages eq.

of i ncr easiH B8 Abthe SRRISHY fiFrstion- Jha Rueh ofithreconygydie: althentis ps@mblmnalhe range of
equi di gbanty,1apdotifRs ﬁﬁ%&ﬂtﬁlm@&lb&b@e%@ﬂfteh %ﬁ%ﬁ]d&&&oﬂs e‘éﬁﬁ%ﬂl[e a%i af"length that
person skilled in the art. In the casée of creasing t th

di stance, IiSFeguited feng qomplefe retation of taevssravenrofili.zmd theraxiablenginef mv@mmem
pushed apani.tiyh AR e screws. In the

case of t hg emet h%gﬁ?n I oﬁgnlgtggfj?ngtfif@g%e?lﬂ%ﬁs% edt;%nlgeg? stants, the

| ongi t udi nal - secti onal profl |l e curve (parallel to the axi s) IS

he” ot hod Sk Mee 08 charbE 11 S8 27 L 20 4 SR B el aBneii Ot ot
whi ch tlhe ¢t thw sekwmeeftlsischatamed imetha anhlh&mctldnhﬁ ais 6ff@nmahR B the fo¥m of knead-
ey TN T R —
The | ongi t ibié mdhl-lemstt ofthakneadig d:scstlapﬁefe?db@r i Hige GRRLIFBI05861U) Hinsd AB LertRline

pr ef er abl y us ed articularly preferabl atl al equidi stant.
The profil & sgrlq%\ﬂflgfé B’F@BFHP 3 a?et‘)‘t {e“i‘Fé ing ikt iSgielemplya the range of

construct ed.oomtotmmbaghéscea‘wmﬁet@& 15 the nethods described in
PCT/EP%&09/003549. As descri bed above, the profile of screw el enents
according to the invention can be described by circular arcs. To

generat e S@g ekl ”ﬁé&t for aeld lggpv'%% ihe 24'9?{| eRking @lem%ﬁtg AreMofined by conveying

therefore put to i n_such produce a conve

profile anBlemfnteBeine E%@e‘bé}“tb\?é?m{f%rﬂgéhﬁ foagw 918201311480 Tﬂwenamgteﬂmenaztmay be
their star Flglﬁglaﬁd%!glr& ?ef@{Hde%n Gt‘h@f? 'pm}?pre{g'a&bglgleg IrF@é ?anrgg QFO Plio { 1!1mesr%¥ centre-
have one or nore "Kki nks'

t angent i al lige dipiprse gpdthy ﬁé@Hemgﬂil of thiy eIGInﬁntkmerdhhiriwls &uithe rdnge afrﬂ Iarocl O3 the
aradiys e 0 e I | so

consi der at %ﬁ%lgia?lgg%éa?%@%@%# p?eg‘lhr%t?} ?‘ ?‘%gt%g crew pf ufsg‘fpgg ih V'Sg?:]%ed Eroove,
case "cor rE’h]pbms’éfeltablyarramedcmmtetr-hemg}angoraebcmﬁy paukal profil e,
"correspondi ng" bei ng understood as neani ng that

The profiles of screw elements according to the invention are based on fully wiping profiles. It is
known to a person skilled in the art that fully wiping screw profiles cannot be used directly iﬁ a
30 twin-screw extruder. Rather, clearances between the screws are required. Various strategies for
this are described in [1] on pages 28 et seq. For the screw profiles of screw elements according to
the invention, clearances in the range from 0.001 to 0.1, with respect to the diameter of the screw
profile, can be used, preferably 0.002 to 0.05 and particularly preferably 0.004 to 0.02. As known
to a person skilled in the art, the clearances between the screw and the barrel and between the

35  screw and the screw may be of different sizes or the same. The clearances may also be constant or



the angl es of corresponding arcs are of the sanme size, 30 the sum of
“the radii of corresponding arcs is equal to the centreline distance

A, one of WE2013{0745134 | i nes between the centre point of aRCAYEP2910/069470
the generating screw profile and the endlgeints thereof in each case
runs parallel to one of the joining |ines between the centre point of

o1 nis. ¢ norant e 0l SrITRE R a0 RE AR Bl 2R bRl ot

di recti ons angeswRpssiblet tearamel stpeségitssaro thegresabrilitic fdesdnibedy enkii] ah ipBgasQSl’eﬁWeq of

rofile Ii n (G ALe
R AN IR AA———
arc of the wederatikinsortew pprsaf skhldzadl in ehefartom thé]&sé:eﬂlhdfr&smgltlﬁﬁ ce@ﬂ‘relhhalstance

arc of the ener Gre rofi 5 the centre int of an arc

t he gener atalgsr?bews rgl:/gv 0% VW“D dlame@ﬁ’ I%CO&F%W&&%(?B& PV%‘EF??H?EE bydhg ?‘Eﬂ%f’ﬁ?lemme
of a corr espovdn g samewmﬁ tHeh@segﬁﬁerzﬁéﬂ&di FrRibudiiabbdctibnal B@lkidistants, the longitudi-
corresponds fo ;the1 ce reI i ngo st an&l the ?I ning |ine between the
centre poi n¥ 5F 4k B?O f"th &@ﬁle?’a F rigfisk & Sisplased fiawasds, Ry helf dhec amew-gorew
poi nt of t hizaffEd ﬁs@@ﬂﬂ;’e Bgthah(ét}@ﬁ of fRtigeganBhas ekRVirds 8F ikhRe bifve on which
parallel tao thgv&%l n- | i ne between the point of rotation of the

gener at i ng B%¥ ?%‘?“itsl ea&ﬁﬂe ieihep dhereregrelompngis redpend ip pize hehadthescagvestrew
screw piof iche@rancd AGh&itR68: Qéi'pdn&cﬂmﬂ ©hhd Hﬁfaé'é% rbtf fife leW Q&) 1%]( Opr@f'ﬂe aﬁfé Igﬁgltudl-

the generating screw profile would have to be displace

coi nci de wn@hscswabwqwéanﬁamq@e patiphequidistang ipselaiaply vaed p@ﬂlcultréf Preferably the
gener at ed gfgtﬁy\é@m;tér}te is the sane as the direction in which the

poi nt of ation of the 15generating screw profile has to be

di spl aced to nmake it coincide with the point of rotation of the

gener at ed SGE AN Gfdlefr clchtish) 5&&&&;@ i n}qéaﬁ@xvc&' TR A 62T hg'&ﬁgf,g{’one of

the invention are characterize can SRS

with alet tlmxuﬁh@demnhedpaPCT@PZQQWﬁﬂéswes For i nstance, the

tangential transition 20 between the jth arc and the (j+l)th arc of
the generating screw profile is constructed by describing a circle

with the ranldesxsriEeci&&;ove,bhmproﬁhe)f ecndw;a&mehts @écotdigy totiie iAventian chnhe deb@ibed by
poi nt of |ntersect| s circle that is cIoEer to. the point of

rotation of "THE §8 Oﬂa?‘?“ﬁbat EF B SFTSTS) ety o e é"(VF’éHOthm’F i8ffe therefore put
defi ned by tdgaﬂletﬁsnﬁmIEa @ Miat ﬂﬂ:‘jﬂ p&d’ﬂﬁc@ﬂdorﬁ@x plofitf anlde ehdncadd fo HRE Rfhgentially
t he cegh 0| nt of el}?éj gag% arc. is reconmendable to carry out
the ne %Pnegaé‘ﬁglf’éatt n@\ﬁ"lﬁ’fs&ﬂile%‘époé@%ordl ng to the 25

i nvention on a conmputer. The di nmensions of the screw el enents are

then in a formin which they i
In this case, the profile may have one or more "kinks". At a kink, the adjacent arcs go over

tangentially into one another if the kink is handled like an arc with a radius equal to 0 (see above).

25 It should also be taken into consideration that an arc of the generating screw profile in each case

"corresponds” to an arc of the generated screw profile, "corresponding" being understood as

meaning that

» the angles of corresponding arcs are of the same size,
30  the sum of the radii of corresponding arcs is equal to the centreline distance A,
* one of the joining lines between the centre point of an arc of the generating screw profile
and the end points thereof in each case runs parallel to one of the joining lines between the

centre point of the corresponding arc of the generated screw profile and the end points

thereof,



can be passed on to a CAD mlling machine for producing the

" correspondi ng screw el ements Once they have been construct ed,

preferably W® W1d@Fer while taking into consideration t RE'T/EP2010/069470
af orenenti oned constructional features, -tilBe screw el ements accordi ng

to the invention can be 30 produced f or exanple by a mlling machine.

Pr ef d mat h I t t eel [
par fcul ar i or it G5 St AR MR AR REE W of BErRpls e B ateom e

steels as wel | aenipmpdmrofmm;ad: hmrrg;pecaivbly opp&del&ediu’amoaé {nl WhiEIOBRAH bBints of
mat eri al s based ,on _iron, .nickel

2011/ 073121PCT/ égib"iﬁﬂﬂ%‘@‘&% gre.of i gf’“?rﬂe‘& SR %fﬁghhesf&nbw FEXR iPRiBS of thy arc of
the nulti -shaft thegeneated ehib W pofild he screw el ements may take the form

of kneadi ng, }] or conveying elenments, It is simlarly possible
to combi’ne knéaof %gemfecyﬂ%% MATS At rEseriine P me prefiledstan a gistanemBemahe centre |
i n one screw MAGRIMGS a ItfesSbRYaR! TR YeRerdel el gﬂ;ﬁie%&t*a@ ésﬁéﬁﬁﬂ% B centre-
may al so be conmbined with other screw elenents that are ? exanpl e,

5 known from t hdmgdisEiceart. The screw el ements according to the

i nvention are,syjt abl Ar | L& .and viscoe

conposi tions, for %xé'%plﬁ e bé"ﬁ“%g‘éﬁéu (%ﬁr#lgé p%%léﬁ mplar%%? e gencrating jrew RS Gnd the
conposi tions, neerrspdin ofitietcemesbardmg qp¢ afsthe gmeramdlsmrprcrfﬂé isgparafiiel R join-

I e R AT T e Y ———

Exanpl es of pl astonef the gpesitddi sarey pasfde,pol ynmer nelts, in particul ar
therm)plastlc .as e toners m_xt ur e ymer nelts or

S, ol
di spersi ons of 6@% ‘i)’f?ﬁ%’onrfﬁl“ihéc etcl‘?“‘?t)l?clnﬁé’farf ?r&ﬂ?rél%g?ﬂ’fera{:]%%@éew grgfile would have
Ther mopl asti ¢ pab pergisplacsd t&imake!ft @initle Rt YREEStrE b@iHﬂ §he E(Q{els}?}%ﬁg arc of the
series are preferably, used ol ycar bonat e, pol yam
particul ar pol y@ﬁ‘f??%%@“?“é?@ ot ip Hieaprme &ﬁ&lwpgqegﬁwny il th%Pfelﬁimfhaﬂamreof the
as wel l15sas pol ygehedtinglshew Priliatdsite b@@ﬂsﬂlh@e@tt@%gfe it %h&@ec\ﬁirtﬂhp pomt of rotation
fl uoropol yner, in particular poliyw nyl i'dene fluoride, as
pol yet her sul phd’néb§ ge‘ﬁf‘éﬁ}t%ﬂc@wmo pn particular pol yet hyl ene and
pol ypropyl ene, as well as polyinde, polyacrylate, in particular
pol y( met hyé) 20 methacrylate, as well as pol yphenyl ene oxi de,
pol yphenyl die pgqﬁlpmfcﬁerewmwtsw@porﬁegm@e ipwingion hrye:hhrecnerimﬂ dméhat they can be
styrene pol I Y, dpst.yrene co
in parti Culcaﬁrgﬁgftflc}’ jeu%e\pigii %.;S/‘%lgal?dtﬁ} ﬁ?{ o %atlr cgfec%% a & F%r 1Xstance tﬁe %nge\ﬂ 1a trans1t10n
acryl @bt r ibkteepnithe th erveand ther(g gh bicad khecgapahmrgfscﬁwq:soﬁ/leislcomaedl ¥y dexytibing
chloride. Bl t | cS i kew referably used, .
t hese bei ngcﬁﬁg%&ntﬂfthe r%«%BJ I-'{Ja agcgeiurtglgn SROI}’ﬂi Z’ahe ] zﬁ;]egld}ytﬂpapgméo? 1nte¥sect10n of this
conbi nat i omirdé tlta‘Ms cm:semmrthe pd>1msdiﬂ rofatior2 bf tHe gexwtzagtstrewcpﬁim&%thlﬂwlﬁra@ghe line

under st ood thos erials a res that have a

t enper at uréigtsne guteerPc‘f’ %r%fbﬁﬁ’éilﬂoméf’gg‘?%?‘i" eing the cﬁlitée&ﬁéﬁtagtﬂ"%ﬁwh arc.

is distingi sh:eebnhyenﬂamam mﬁl \ﬁute{ha&hettﬁ?od Rardehathilng %t&@ﬁf&lé@%@d&ﬁﬁgrm the
et ely after renoval of the external

The naagrlal rel axes onl%

force: “0he Ve AR figCoBmy bﬁ n§‘§ilsp%fttE‘dS°|“'rY" ¢lraeto#pihen 1g p dopm in which they
processes 34 ieqladedal toGAD EXRAPBShiRS foMpro GRAI UM dofredfBh G RlcSy ALifents
styrene-but adi ene rubber, natural rubber, butadi ene rubber, isoprene
rubber, ethyl ene- propylene di ene rubber, ethylene- propylene r ubber,

but adi eneaghyd B8} hivel Kok YHREE Hyrogapal

rubber, hal obut y* r uebbgr chl c(g? o%r ene ?ub%gcro%we“vﬁle{l% int Qg}é%(?er%tm the
rubber, poPiprRmsOHensd copwmetional frelurpsptha seiew ﬁieﬂn‘;m& eQChJalng tognhb tnazentlon can be
35perc h@c h?o Hﬁ(c!e@tf@r e'k!ﬂgﬁg by a bliltiRf HaliRE Presdtlch G 0RGs rf&bﬁgffucm%"tlheo Serew elements

rubber rosul
are steels, 1n part1cu1ar nitriding steels, chromium steels, tool steels and special steels as well as

powder-metallurgically produced metallic composite materials based on iron, nickel or cobalt.

Also a subject of the present invention is the use of the screw elements according to the invention

35  in multi-shaft screw machines. The screw elements according to the invention are preferably used



WO 2011/ 073121PCT/ EP2010/ 069470 - 20 - pol yethyl ene rubber. A
" conbination of two or nore of the listed rubbers or a conbination of
one or nor eVRRAMEPT3HR2Lh one or nore plastics is of course BCEAEP2010/069470
possi bl e. The plastic or viscoelastic-pdtyners to be extruded may
be used in a pure formor as nmixtures with 5fillers and reinforcing
material s, :such_ ' bcul S kihres. as moxtures with one
anot her or u\?\ﬁ“ﬁﬂ Sgat%%ég?e“glg%hhn%%sﬂ gllg g’j‘é@% %ha%sgrreglsm% PR divst ISW}?BBQI%PM the
addi ti ves. formpdfikiendiag, mingve comieyiog sleetntsnk ¢s sitlabx passitlRrto @8mbidk i kiSading,
| i qui ds or ' oget her wi t.h the | yoer, or el se .at | east sone
of "the - agai Piseire A3 SRR Fat il bieCuBRsy BF iy e {RENES: 1 fErewplements
way 10of a as¢addingtortbaimventidalintay vies be eombigsddvith qultdr YeYBW eNEAO S are, for example,
properties., The be.  for exanple, colourants, pigments,
processing k&?‘ﬁ%ﬁomﬁpé%?manti oxi dants, reinforcing materials, W
absorbers and light stabilizers, netal deactivators, peroxide
scavengers, .basic stabilizers, Frg)utc[\]lee,ati ng agents, benzofurans and 15

S

i ndol i noned S cPieVeclguents Agrordinee YRS Rieggifelle forp the Pxiratigrn €6 plastic and

agents, fl ai®odiBtiatsdavbitiashdior ex@pie AMhEbAL b&te@,%‘?e@g,%eragyc%ompositions, metals in
preparations and nelt stabilizers. Exanples of fillers and o

rei nf or ci nPOER Ermatiestiss aolprpmwis okaer sgiitipss efastomesand sibdyr comipesitions.
graphitig fibres, titanium dioxide, carbon fibres, carbon nanotubes,
ionic liquids and natural fibres. 20 As stated above, the screw _
el ement s aceBRgicrigmpesitivieisjvadestieddons ragaaing ar deffarmhble eympnsitioabExandpbes df ipéastic
extrusion ng%!dsﬁgﬁ@Lé%hfmei: HIRO 3 %érﬂaﬁ r therid &&%, RlwetiNG e?a%t?)gl%rr]sz mixtures of
invention is therefore dlso a protess for t ext’rusion o

vi scoel ast ipelyaonpetsior disprssions ofpelywer-neadts evith oelidsyiiquids shgdsts. ext r uder
using screw el ements according to the invention. 25 The invention is
explained in more detail below by way of exanple on the basis of the
figuredy wiThéroeplastavwenhenerhei mixturesssfrpotyngsts friv@ried thllownk st Biefesbly used:

h been rated wi.th .the aid of a conputer program It is

navi sable PEDGREER, Bkt GoBed m B EPHE: ey Bl GEE byt and Dolyethyions

t r ansf er abitdréphthatate, dis fedlr ﬁnpolﬁef)l&-x,t fhﬂdﬁlfplaﬁtiio? gs1yﬁ;aﬁ1ia@rf .po%etaa,bF@)r@mﬁner, in
f l.ue for. geqnetri.cal, vari ables, su as for exanple . .

| engt hs_anBAPd POl BnYlEne BHetids) ahavedi & aRREbeL Suptoaes. pRveIea i particular

cannot be pbiggtfieheOmmdagolypidpy A& fas wlleask giyiRveN BolpRRBAE | iatpaftRulad pH@Gﬂethyl)

int heZBi glrjx{eglsac::rylate, as well as polyphenylene oxide, polyphenylene sulphide, polyether ketone,
polyarlyether ketone, styrene polymers, in particular polystyrene, and styrene copolymers, in
particular styrene-acrylonitrile copolymers and acrylonitrile-butadiene-styrene block copolymers
as well as polyvinyl chloride. Blends of the listed plastics are likewise preferably used, these being
understood by a person skilled in the art as a combination of two or more plastics.

25
Viscoelastic compositions are understood as meaning those materials and mixtures that have a
time-, temperature- and frequency-dependent elasticity. The viscoelasticity is distinguished by a
partially elastic, partially viscous behaviour. The material relaxes only incompletely after removal
of the external force; the remaining energy is dissipated in the form of flow processes

30  (retardation). '
Examples of viscoelastic materials are styrene-butadiene rubber, natural rubber, butadiene rubber,
isoprene rubber, ethylene-propylene-diene rubber, ecthylene-propylene rubber, butadiene-
acrylonitrile rubber, hydrogenated nitrile rubber, butyl rubber, halobutyl rubber, chloroprene
rubber, ethylene-vinyl acetate rubber, polyurethane rubber, thermoplastic polyurethane, gutta-

35 percha, acrylate rubber, fluororubber, silicone rubber, sulphide rubber, chlorosulphonyl-



Al'l dinensions are normalized to the centreline distance A The

" normal i zed di mensi ons 35are denoted with capital letters. WO

2011/ 073121VFOI2EPMFINA069470 - 21 - Angles are stated in PEI/ERED10/069470
The profiles of the generating screw el ef®nt and the generated screw

el ement are described by circular arcs. The arcs are in each case

consecutiv erating profile
bear the nﬁlr%yg pﬁ@?@g%}%‘é {sngt%on 1P 8T Bt e 1fsﬁeggr5e'g’e§c°é ﬁtcgmgmatlon of one
5gener at ed qyrnm‘rttmébetmamohhamabhst&s is'of c@irse a¥o passibleo on. Mk and My
are the x and y coordinates of the circle centre point of a
profile-generating circular arc in a Cartesian system of coordi nates,

t he ori gi n Bfe pidsticbr \'ris:oélmiatpelglmarts td lbheexﬁﬁﬂddtm@fbem%daﬁhgﬂre%nﬂdms mixtures with
respectlve tﬁfrew pr. e radius, normalized to the

cent rel isne I aélﬂcf%‘gf&mérfﬁfnﬁer?aiss §458 a5 Pocpaziylap 2lags fibgs, ‘ayrpixtuiey with ong apether or

out er radi usith sthrpalyigRG: EOmixiLesGAMCLEbMAS pBymbaddarivéy. Of the screw
el enments. All the figures have the sanme structure, which is described

bel ow. The generating screw profile is represented by the screw

profile on Ad#iveeitay bENBrIRAQN @foCfle SEMRME B QHHd!; %duﬁls rof REBAGRSE: tlpey with the
the screw profile on the right. The arcs of th dgeneratl ng scr

profile andObESHHEAlsE altleast %’Wﬁ\ﬁhﬁrﬁé‘ﬁl‘i@é or glbofheaddiions ¢ faddo By etitlnl@k by way
solid ljgnesraMakGldeagf € provided with the respective nunbers of the
arcs. Omng to the large nunber of arcs and owing to the fact that
the figures were generated by rreans of a conputer program it may

happen t hat and are t.herefo
i T cul 1t sgeR 65 (b e e In B 0 RS b i,

i ndi vi dual Pnepstsangsaidy, H'élelsit amtmtusﬁmﬁs aﬁlnfdneng)mfenhle,sUVsahmbﬁs tah&ﬂlgﬁ'.SStablhzerS
clear fr Omnﬁé?zﬁ c?e%}#vggﬁh élpgrog‘aglsgav%t On b\é\gl%t@tgélﬁﬁvg i ?ttlr{glzggggtggg In%?]tl@rans and

The centre point o cstare 18 rese
cent r e 13oi nedodihortehactivecs stabﬂzqrmnnaﬁobiylartth|niit;u1cb1@n:hserug91u§, flai3@&tataoithdiBives,
the starti N9 R d to the end |nt SOCI ated arc. The

outer screwrt a%w %gen & gy Pf?gargté?i’é Zgelt Fab‘i‘ﬁ?ff Yamplas| §f s @gdgreinforcing

size in eaciwteserd @rbdnftackes Abred) glag Ghiedy gRhBid filResA RN GEREERb G kibres,

, ntified in the
screw prof Iclalr on I&%m%gst %Encﬁi%%%\évanrdaig!culfla ﬁlbrse:sI

20  As stated above, the screw elements according to the invention are particularly suitable for the
extrusion of viscoelastic compositions. A subject of the present invention is therefore also a
process for the extrusion of viscoelastic compositions in a twin-screw or multi-shaft extruder using

screw elements according to the invention.

25 The invention is explained in more detail below by way of example on the basis of the figures,
without however being restricted thereto. All the figures have been generated with the aid of a

computer program.

It is advisable to use dimensionless characteristic values, to make transferability to different
30 extruder sizes easier. Suitable as a reference value for geometrical variables, such as for example

lengths ar;d radii, is the centreline distance 4, since this value cannot be changed on an extruder.

The following nomenclature is used in the figures:

e All dimensions are normalized to the centreline distance 4. The normalized dimensions

35 are denoted with capital letters.



25region of the screw barrel by a thin, dashed line, in the
“interstitial region by a thin, dotted line. Fig. 1 shows the
cross-sect i WOaA01p0@IN2le of a pair of screw el ements of di f PETAI2010/069470
profiles according to the invention. The2generating profile and the
generated profile are in each case made up of 9 circular arcs. Bel ow

Figure 1, the coqr Lnat e e centre point of the respective arcs,
their radii 30'an§n§jl Sear%ﬁ cg?% ““Phe respective arcs are specified.

The circul ar arcThd pa:ﬂ‘ﬂies| of, the @Adatdg, sclevARRm3nt MAAHS OpeQltate@ SPRGL LINSEY are
correspond to on The profiles of the adjacent elenents are

different. The p&‘éf’ﬁ‘ g’yéff%“]ﬂ&f“sp}?ﬁ%‘isrﬁé‘c@l cachcypsg pRasqeafivelspuberedhide @rcs of

is a large free eQRfera@pt hroRR! bedt ﬁfé nu?rﬂ)eltsh? 7, '395% S 08 e LARS A9 adjacent
regi on extendi ng over the arcs 5'

2011/ 073121PCT/ E@@f@ﬁ@’ﬁ@&@@aﬂhﬂumb%b 2f ﬁeﬂ@défP %‘s sectional areas of

adj acent el engnt

foJI | owi ng appl i elgixaaéﬁﬂ é—rg %:’ﬂéﬂdij &05@%569 ?gg&{ml%)%%%f Gt gapr%iﬁengratmg

Fif'd =10487 S@ifculyr picf ing Cartesian sg@in of-@fordihates, the origin of which is located at the
point of rotation of the respective screw profile.

* Ris the radius normalized to the centreline distance 4 and o is the arc angle of the arc.

10 * R4 is the outer radius, normalized to the centreline distance A4, of the screw elements.

All the figures have the same structure, which is described below. The generating screw profile is
represented by the screw profile on the left. The generated screw profile is represented by the
screw profile on the right. The arcs of the generating screw profile and the generated screw profile
15 are identified by thick, solid lines, which are provided with the respective numbers of the arcs.
Owing to the large number of arcs and owing to the fact that the figures were generated by means
of a computer program, it may happen that the numbers of individual arcs overlap and are
therefore difficult to read. In spite of the sometimes poor legibility of individual numbers, the
structure of the profiles is nevertheless clear from the context in conjunction with the present
20 description. ‘
The centre point of the arcs are represented by small circles. The centre point of the arcs are joined
by thin, continuous lines both to the starting point and to the end point of the associated arc. The
outer screw radius is of the same size, or approximately the same size in each case for the
generating screw profile and the generated screw profile. The outer screw radius is identified in the

25  region of the screw barrel by a thin, dashed line, in the interstitial region by a thin, dotted line.

Fig. 1 shows the cross-sectional profile of a pair of screw elements of different profiles according
to the invention. The generating profile and the generated profile are in each case made up of 9
circular arcs. Below Figure 1, the coordinates of the centre point of the respective arcs, their radii
30 and the angles of the respective arcs are specified. The circular arcs 1 and 1", 2 and 2, 3 and 3' and
so on respectively correspond to.one another.
The profiles of the adjacent elements are different. The profiles are not symmetrical. On the left
side, there is a large free cross-sectional area, on the right side a tapering region extending over the
arcs 5, 4' and 3".
35



10 Fig. 2 shows the cross-sectional profiles of a pair of screw
"elenents of identical profiles according to the invention. The

gener ati ng Yi®I@732d the generated profile are in each cREF/ERE00FI470
of 14 circular arcs. Below Figure 2, the2oeordinates of the centre
poi nt of the respective arcs, their radii and the angles of the
respective f.C i

andpso on 1 regeeg{;:rtgls ve]‘?tﬁ]!n%loPﬁrgass(;lgt}{r%l %o (%%%engsn% ﬁiéaﬂrcereﬁng ﬁ? BfesT“gsex'i’)’flple the
t he adj acerﬁll@vlegﬁmﬂss are |dent| cal. The profiles are not

symetrical. Each profile has a |arge tapering region (arcs 12, 11
and 10 or 5 and 4' and 3') and has on the opposite side of the
profile a IE{geFrJ,gg:czsg:}s-sectl onal area. 20Fig. 3 shows the

cross- sect i onal profl | es of a pair of open screw el enents accordi ng
to the imveRt+o#82.3he generating profile and the generated profile
are in each case made up of 10 circular arcs. Below Figure 3, the
coor di nat esf o 20h@5centre point of the respective arcs, their radii
and the angl es of the respective arcs are specified. The arcs 1 and
|', 2 and 2F“31848.73' and so on respectively correspond to one

anot her. 25Tpe pr ofiles of the adjacent elenents are different. The
profiles ar&’i m ¥dch case symetrical, they have a mrror plane. The
generati ng Igroflle on the left has jUSt two flight land regions (arcs
3, 4 and 5;farcs 8 and 9); the generated profile on the right has
just one flFg Mt %and region (arcs 2', |I' and 10'). 30The free
Cross-secti onal areas of adjacent el errents are different. In the
presentllexanpl e, the fol | ow ng applies: Fhalb = Facht/2 = 2531.5

SRy BRI R LI TR N -,
pai red co-db ﬂeahvem'ai. IThe I’gate&Itmgl grofibs id the @dntrted pRAlOSE & batBdase MddBAp of 14
circular arcs. Below Figure 2, the coordinates of the centre point of the respective arcs, their radii
and the angles of the respective arcs are specified. The arcs 1 and 1', 2 and 2", 3 and 3" and so on

15 respectively correspond to one another.
The profiles of the adjacent elements are identical. The profiles are not symmetrical. Bach profile
has a large tapering region (arcs 12, 11 and 10 or 5' and 4' and 3") and has on the .opposite side of

the profile a large free cross-sectional area.

20 Fig. 3 shows the cross-sectional profiles of a pair of open screw elements according to the
invention. The generating profile and the generated profile are in each case made up of 10 circular
arcs. Below Figure 3, the coordinates of the centre point of the respective arcs, their radii and the
angles of the respective arcs are specified. The arcs 1 and 1, 2 and 2, 3 and 3' and so on
respectively correspond to one another,

25  The profiles of the adjacent elements are different. The profiles are in each case symmetrical, they
have a mirror plane. The generating profile on the left has just two flight land regions (arcs 3, 4
and 5; arcs 7, 8 and 9); the generated profile on the right has just one flight land region (arcs 2', 1"
and 10".

30 The free cross-sectional areas of adjacent elements are different. In the present example, the

following applies:

Fy, =F. /2 =25315

acht



5- adj acent screw el ements have an unlike, unsymmetrical profile, the
" screw el ements have in each case a single flight Iand region, the
sum SKW of WK 201k@7382lght | and angl es of an adj acent pair BCTER®WM/069470
elements is greater than O and |l ess than232r -4. arccos( -A, DE

the free cross-sectional areas Fin/ and F2fiti of the profiles of

adj acent sc emqégfLenents differ fromeach other in their size. 2.
Screw el ene rding to Caiml, characterized in that the sum
SKFV of thegfLighf ! and angles of the generated screw profile and the
generating strew profile is less than A 0.8.( 27t -4 . arccos(--) ),
preferably fess ¢fyan 0.6.( 27r - 4. arccos(-A) ), particularly DEDE
15preferably | ess than 0.4.( 27r -4. arccos(-)A). DE 3. Screw

el ements acgerdimgolo either of Claims 1 and 2, characterized in that
the ratio of’ the | arger free cross-sectional area to the smaller free
Cross- sectlpmﬂl area of adjacent profiles is at |east 1.2,

parti cular | yrprel-é3ably at least 1.5 and nost partlcularly pref erably
at least 2.°20 4. Screw el enents according to one of Clainms 1 to 3,
characterized in that the profile of one elenment of a pair of

el ements has a tapering region which extends over an angle, with
respect to the point of rotation of the profile, which is greater
than 90, preferably greater than 120, particularly preferably greater
than 1800, the tapering region conprising one or 25 nore circular
arcs, and all of the points that lie on the arcs of the tapering
regi on have a distance fromthe point of rotation of the profile that
lies between (RA+RI) 12 and RA, RA being the outer screw radius and R
the inner screw radius. 5. Screw elenents for nulti-shaft screw
machines with paired co-directionally rotating screw



30shafts, characterized in that adjacent screw el enents have an
“identical, unsymetrical profile, WO 2011/073121PCT/EP2010/069470 -

25 - the proQ2W1883M3di ses a single flight Iand region w t RCI/ER2090/069470
land angle less than - 2 arccos( A ), -@dd 2 RAin the profile, the
flight land region is adjoined onlone si de byla ;afﬁrlng_rfglgﬂ,t e
whi ch conpry or nore circular arcs, all o e points at |i

on the am::) Paléiid ol apering 5 region have a distance fromthe point

of rotation of the profile that |ies between (RA+RI)12 and RA, A

being the centreline.dis ce,.. he outer screw radius. R the
i nne? scr e\?lv' r adie‘gtfgewa?%%fn?rﬁsarlgﬁ@h@?‘éﬁ%w PAFRIReS Fdi PAiredpo-diregtiqnglfsprotating screw
6. Screw el ement shafeceiathictegzddan (Bl m 5, characterized in that the | and

- 2arccos 2), preferably |ess

flight le is less than 100.8. (,r
tha% 0. %m(g r- 2 a?‘@?:"&%t SETGWR??RW,(S‘I e ircartsympalticgrertde.abi y | ess
than 0.5.(z - 2 -ar 46Q&ew clefRbnt} have ik R ¥k GBI IShAREP,PIORY tO either
of daims 5 and 6, characterized in that the tapering region extends
over an angle, Wit fhes8@pddt of all threilight lard anslesnfzn agivcant peinef prrew idlements is
which is greater than 300, preferably greater than 45 particularly
preferably greatergmd{tmhzﬁﬂOancSesrseMune'lmmrsCostD lti-shaft screw

r

machi nes with paired co-directionally rotatingP&rew sha}‘fti, .
' in that adjacent screw el epents have an unlike profile,
characterized in the free Jcross-sectu:)nal areas F,ﬂ'e and FI}"” of the profiles of adjacent screw
10 elements differ from each other in their size.
2. Screw elements according to Claim 1, characterized in that the sum SK® of the flight land

angles of the generated screw profile and the generating screw profile is less than

0.8(27—4- arccos(%} ), preferably less than 0.6-(27 —4- arccos(fg] ), particularly

15 preferably less than 0.4-(27—4- arccos(fgj ).

3. Screw elements according to either of Claims 1 and 2, characterized in that the ratio of the
larger free cross-sectional area to the smaller free cross-sectional area of adjacent profiles
is at least 1.2, particularly preferably at least 1.5 and most particularly preferably at least 2,

20 |
4. Screw elements according to one of Claims 1 to 3, characterized in that the profile of one
element of a pair of elements has a tapering region which extends over an angle, with
respect to the point of rotation of the profile, which is greater than 90°, preferably greater
than 120°, particularly preferably greater than 180°, the tapering region comptising one or
25 more circular arcs, and all of the points that lie on the arcs of the tapering region have a
distance from the point of rotation of the profile that lies between (RA+RI)/2 and R4, RA

being the outer screw radius and R the inner screw radius.

5. Screw elements for multi-shaft screw machines with paired co-directionally rotating screw

30 shafts, characterized

- in that adjacent screw elements have an identical, unsymmetrical profile,



in the case of an adjacent pair of elenents, one profile has just one
“flight land region and the adjacent profile has just two flight Iand
regi ons, th¥G3HaN0F3Bds-sectional areas FIfit and F2lel of PEAYEROM0/069470
profiles differ fromeach other in their-28i-ze. Screw el enents

according to Claim8, characterized in that the ratio of_theI | ar ger f
free cross-section . SE; .oss-sectignal . area. o

adj acent profiles ?Hse Igéﬁ?é%glp ltl%gf , SIIrr?fgzlliér ﬁ %rggﬂ’agglrygl%nr ‘é‘rftgraa%fg@qg?d i‘régi%%ess than
1.4 and nost particularly prefenably at least 1.6. Screw elenents
according to either” of 2€F 75 ja‘ﬂ’& 9, characterized in that the
profiles are in each case rrof-symetrical. WO _

2011/ 073121PCT/ EP2{i10é P/ e fidfit ladd.regiR 1s0j ool BB BhS si@CHOS HheiBlg bt Ghich
of Claims 1 to 10, characterized in tﬁat the ratio of the outer screw
radi us RA to the cENFRTISFS 976 crmeesHeararesy df ofithgpajnts thailie o thevscy of tepetapering
fromO0.51 to 0.7, R@lchilGué ardiMaRE &Rl afel Iyoiﬁtrbﬁﬂaﬁti&%gﬁlefﬁreﬁibQha'i%'e%%egween
0.66 and nost particularly preferably in a range fromO0.57 to 0%

12. Screw el enent s(%éf&f%mffg«%d }Eﬂh@%‘? ceirglinpsdistance, A4 thewhier berew eadius. RY the

derived fromfully:w.ni 50 Davling &l ces,.bet ween t he
screw el ements andm\tﬂlﬁrclfalslc gt’rrrgel\9 él%%ﬁ%&{%e‘?ﬁmdgen cg jagﬁcen Clrglg'r ew el ements.
1013. Use of screw elenents according to one of Clains 1 to 12 in a

mul ti - shaf te SCr ey TAG | e ac&{r%%ge {0.8(9!11}41 %, gléa?r‘?c é’r%gcp%g@%t heiﬁa&ii\fv%gggg% Q?éss than

14. Process for the extrusion ofcVviscoe

tw n-screw or nulti-shaft A extruder using the scyew ehenents
accordi¥g to t hd-§(Ferarcses sy diirefergblyfess Han §6- (@ a2 anscas Ry 1. Darticularly
A
preferably less than 0.5-(x — 2arccos ).
2-RA
7. Screw elements according to either of Claims 5 and 6, characterized in that the tapering

region extends over an angle, with respect to the point of rotation of the profile, which is

15 greater than 30°, preferably greater than 45°, particularly preferably greater than 90°,

8. Screw elements for multi-shaft screw machines with paired co-directionally rotating screw
shafts, characterized in that
- adjacent screw elements have an unlike profile,
20 - in the case of an adjacent pair of elements, one profile has just one flight land region

and the adjacent profile has just two flight land regions,
- the free cross-sectional areas F”*and Fj™ of adjacent profiles differ from each

other in their size.

25 9, Screw elements according to Claim 8, characterized in that the ratio of the larger free
cross-sectional area to the smaller free cross-sectional area of adjacent profiles is at least

1.2, particularly preferably at least 1.4 and most particularly preferably at least 1.6.

10. Screw elements according to either of Claims 8 and 9, characterized in that the profiles are

30 in each case mirror-symmetrical.
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11.

12

13.

14,

226 -

Screw elements according to one of Claims 1 to 10, characterized in that the ratio of the
outer screw radius R4 to the centreline distance A preferably lies in the range from 0.51 to
0.7, particularly preferably in the range from 0.52 to 0.66 and most particularly preferably
in a range from 0.57 to 0.63.

Screw elements according to one of Claims 1 to 11, which are derived from fully wiping
profiles by having clearances between the screw elements and the barrel and/or between

adjacent screw elements.

Use of screw elements according to one of Claims 1 to 12 in a multi-shaft screw machine,

preferably in a twin-shaft screw machine.

Process for the extrusion of viscoelastic compositions in a twin-screw or multi-shafi
extruder using the screw elements according to the invention as provided by one of Claims

1to 12.



