- 1 - Screw elenents for the extrusion of viscoelastic conpositions
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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

the end point of a flank region, with respect to the point of rotation of the screw profile, is referred
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Extrusion is understood as meaning the treatment of a substance or substance mixture in a co-

directionally rotating twin-screw or multi-shaft extruder, as extensively described in [1]. The

25  treatment of substances during an extrusion comprises one or more of the process operations of

conveying, melting, dispersing, mixing, degassing and building up pressure.

Extrusion plays a great part particularly in the preparation, compounding and processing of poly-
Mers.

30
In the preparation of polymers, extrusion is performed for example to degas the polymers (see for

example [1] pages 191 to 212).

In the compounding of polymers, an extrusion is performed, for example, to mix in additional
35  substances or to mix different polymers, which differ for example in chemical composition, mo-

lecular weight or molecular structure (see for example [1] pages 59 to 93). This process referred to
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25 in a conveying zone. For purely conveying melt, thread elements with pitches of 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
30  built on. A machine ideally adapted to the requirements at this point would have an increased
conveying capacity in comparison with the second shaft on the shaft that has to receive the sup-

plied partial stream. This is not the case, however, with screw profiles according to the prior art.

It is known ([1], page 106) that the conveying capacity of a twin-screw extruder is approximately
35 proportional to the free cross-sectional area. According to the prior art, however, this free cross-

sectional area is fixed for each individual element.
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constant of a circle (n=3.14159).

25
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:
A
SKWO0 =2m—4Z arccos
2-RA
30

Screw profiles may be configured with one or more screw flights. Known screw profiles with just
one screw flight are known for good conveying capacity and stiffness during the pressure build-up.
They have a very wide screw flight land, which cleans off the screw barrel with a narrow gap. It is

known to a person skilled in the art that, on account of the narrow gap, a particularly great amount
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Co-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
of polymers with strongly viscoelastic properties, such as for example rubbers.

25  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 filted zones of the screw.

These particles or "crumbs" have a low apparent density, as a result of which the volume of the
30 screw flights in open zones of the screw is often not sufficient and the product blocks the openings

(for example vents).

The elastic properties bring about a recovery, for example after passing through a gap between the
screw and the barrel or in the interstitial region (similar to the "Die Swell" behaviour at a die). This
35  has the effect that some of the particles in the partially filled screw zones are large. Large particles

are unfavourable for diffusive processes such as the degassing of volatile components.
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degr adat i ogyriifetit i@lyi@peht @R), butyl rubber (IIR), chlorobutyl rubber (CIIR), bromobutyl rubber
(BIIR), styrene-butadiene rubber (SBR), polychloroprene (CR), butadiene-acrylonitrile rubber
(NBR), partially hydrogenated butadiene-acrylonitrile rubber (HINBR) and ethylene-propylene-
20  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
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.
25
When extruding rubber compounds which contain vulcanizing agents, such as for example sulphur
or peroxides, excessively high temperatures result in premature vulcanization. This results in it no

longer being possible to produce any products from these rubber compounds.
30  Viscoelastic compositions accordingly impose particular requirements on the extruders,

Modern twin-screw extruders have a modular system, in which different known screw elements
can be drawn onto a core shaft. This allows a person skilled in the art to adapt the twin-screw
extruder to the respective process task. However, the screw elements known from the prior art are

35  mostly not optimally designed for an actual task. Rather, the manufacturers supply screw elements



15 When extrudi ng di ene rubbers, such as for exanpl e pol ybut adi ene
(BR), natural rubber (NR) and synthetic polyisoprene (IR, butyl
rubber (BR), chlorobutyl rubber (CDR), bronobutyl rubber (BIIR),
styrene- but adi ene rubber (SBR), polychloroprene (CR),

but ad! ene- ZEJD% éa ﬁg aucg g{lng%f&ﬁ%s) RALL I d%lOﬁXlg.lr Q9 eII:I]]] 1%'1%5%80&\;5 6f an actual

but adi ene-acryl‘o e r erne propy

di ene copohykers (EPDW} an excessively hlgh tenperature results in

gel formation by cross-linking, which |eads to the inpairnment of
mechani cal properties of the conponents produced therefrom In the

case of chiTorte-abind pascesDhistoylhstic okt bater eddaptatia@d of eiRrercat fitlifesie required.

resul t in ion of corrosiv u ydrochl oric or

hydr obr dni ¢ Wiy Stafxsf%f‘iffr%elﬁwfﬁs corRgs Bty ¢ ohiy Mgt mEbR RrPess tpks can be
the pol ynemrsatis?tovifierRcenilishdi, ng r ubber conpounds which contain

vul cani zi ng agents, such as for exanple sul phur or peroxides,
excessively high tenperatures result in premature vul canization. This

resul ts i nThbrefige, bR ABQasiDBF 1RO pRASH Dl Sbfedt iPIQHNEE RRW e@én%m%lscof diRBionally
t hese rubber conpounds 30Vi scoel astic conposi tions accord

i npose par PRSI oF GiultEphaft gachinet et arker eifieri 'y, anfisdfegiont FWWﬁLOS&f @igeoelastic
ext rudeps
90S REMFosRioHD s Ble. TUSLER elehhe mglﬂﬁhT% sfoa%& ?‘%,5“2‘30‘8@{@% fferms of how

el enents can be drawn onto a core s s
in the art they daarapiscachetia sdmpogidensvinieren reggeder.t Thetshrewredssppatstthat @reprooge skould

task. Howeygr, tﬁe%@c%ﬁ@e f ?Argérﬁﬁgﬁc?eg Ilfxp&\é@xtwdgg]nta{éﬁalp[‘ﬁe%{e%retlen%r ﬁ that are sought

35nostly not optina esli an actu ask
manuf act ur ersilémppduge ssclntév\ﬁlwtgm pbssible infd the (mdadeyatergl,l ik nedectio mgoid Agnage in

m xi ng el e'ﬁ%n;;r@fm{ rI%n I ced1 q.lt ”Pgn%lr arshgl}ﬁ I rgvgls BE gtt % F)gaeﬁsgtc}? & IJower pres-

actual task rocess Yr'scoe ic’ pro dt
adaptaﬂﬁonswabumhq;screM/f|tt|ngs are reqU|red 5Wth the standard
screw el ements commonly avail able on the market, not all process

tasks can be satisfactorily acconplished. Therefore, on the basis of

the prior awctordinhe thbjreeitionSthis 0bjettay hdiverbyessredl @émmtssacE@ing to the independent

co-directiopally rotati twin- or nmulti-shaft hi nes t hat make
ofTective SRIePFIgeq AP PRI G He G g G poiams.

20 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.

25  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.

The profile of screw elements according to the invention can be uniquely described by an ar-
rangement of circular arcs.

30
The screw profiles of screw elements according to the invention are preferably made up in cross

section of n arcs, where n is an integer greater than 4.

The position of each arc j (=1 to n} can be definitively fixed by specifying two different points.
35  The position of an arc is expediently fixed by specifying the centre point and the starting point or

end point. The size of an individual arc j is fixed by the radius R; and the angle a; about the centre



10 conpositions possible. The screw el enments that are sought should

be inmproved in terns of how they draw viscoel astic conpositions into

an extruder. The screw el enents that are &ought should avoid the
occurrence of large particles in the extruded material. The screw

el ements t 0 - ' as. | |1 r

possi bl e i t% }cl)lt tﬁ ﬂg’e%xt;ﬁrgu lét%@ﬁ?gltng? #1&;{}'% %?%&glrltdglre r%%ﬁgal\s;obl%&%&géréﬁegzhaﬁ? rteﬂlgl o 0
product. Thed iegltherdr equplub tiaf ceatreling ylissinotiAdbetvatn tHeaheispind theadlle &g radians

expense of _a | ower pres- 15sure ild-up. According to, the invention,
Thr e on; ctbeis Batr BOEF eseuo aa e itanpictorsi T bisthoms hemaea stan
i ndependentyrgb@didB: 3R eogr red enbodi nents can be found in the

dependent clains. 20A profile of a screw elenent i s understood as

meani ng>t he cross-sectional profile in a plane per- pendicular to the
axis of 1 Ot@LinQfhes HPScrk® Behits Qbcdains looRe REGH inks"

t he outer sc_:ré_)w Ir%‘tsd_i Us RA are referred toﬂggét%ok%akp?ﬁ%gﬁo ?eg#gllhoé% inks". A
25The angl &irkds vxnedicrthehagdlad tikoep powith agading Re Ceble {riderf thefkigk"fid gigént by the
| and regio Lt h-re tQ t ' _kotatign the scr.ew

prof i1 6o § SonplibilsGARRTL alyc MR ARy X BAE: a Wgelhort Wy Gl or e et ane
screw el embptratat@oncabodt thgangbe ¢fhvesecondennd wioh tieanaditser &1l gtoed third@sC Ok beght it an-

by an rangement. of cireular. arcs., 30 The scre rofiles of scre _
el eman'i1 é ac?%gf thd {agg Lgo %hﬁ\ﬁé N By &F é’f’@? 3&*‘@ SRg a[fpwitmajfrrﬁ‘ggs"e_o
section of imeragetss taidear e tie thisd ame likewe@arthgdeant point dfale scond addw® an angle which

position of each arc j (j=1.to n an definjtively fixed b

speci fyi ng C?Wp%‘fdfi F%P‘J{?r#élﬁcﬁf Hi‘ess.eg?i%‘laﬁce 3EVi B H%Fhea%ccé’fié‘r‘i Eltoyff'ccc’“nt all the
expedi ent | )ﬂcé{i%t@ﬁ?ﬁkcb[/ﬁr&pﬁ}cdeﬁwdﬂg thil® BAE (28eROAIRE wD Ond HB(1hSE, FxbdddGitly, an arc
point or end point. The size of an individual arc j is fixed by the

radi us 12. PVidddadineR Zity sansisd liks s eretofa radiitthas is eagal ipersnvhese ereeem verh emall

starting p%a{ive%ﬂnmserwteqeé@kﬁrdgggeﬁ@q,;égsBgd).eater than or equal

to 0 and |l ess than or equal to the tre e di'stance A between the
shafts, and the angle a, in radians being greater than or equal to O

g?dal g;s f Clt Er?%pocrg%e?ggﬁhlfége) Zc%@’dm%g e fngenltign,ttnee arrg?taf{'n%g? Hel%gltancg%ﬂisah)af I’illgto one
ancther at their starting points and end points.

20 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:

F ., =r"-(2m - gw+sin(gw))

25
where r is the radius, m is the constant of a circle and gw is the barrel angle gw = 2 - arccos(4/DE).
The cross-sectional area F,,; that an element has available in principle is half the total area

3 0 ‘F:'m!b = F acht /2

If the cross section of a generating screw profile takes up the area F), there remains a free cross-

sectional area F;"* of



The profiles of screw elenments according to the invention may al so
have one or nore "kinks". A kink is expediently handl ed Ii ke an are
with a radius R = 0. The "size of the kiftk- is given by the
corresponding angle of the arc with the radius R=0, i.e. at a Kkink
there is a transition of a first arc by rotation about the angle of a
second arc thfT hive fladius R = 0 into a third arc. O to put it an-
10 other way: a tangent to the first arc at the centre point of the
second are with the radius R= 0 intersects a tangent to the third

arc |ikew sgr @b fr%@@ro%%&tfo%al%?éanp 7 Olor RGAREGRPAMcAleq s@bw gﬂ)f ?é”ignl:cﬁrg%ynﬁimgly

corresponds to the angle of the ’second ar c. wever, Kin
second arcabﬂkgﬂﬁpqoﬁnLJﬂﬁ}lp;he adj acent arcs (flrst -> second ->

third) nerge tangentlally wi t'h one another. Expediently, an arc with
aradius R= 0 is handled Iike an arc of a radius that is equal to

eps, mhere is.avery small 05| ive re r that t S
towards 0 ( Eiar%eéﬁw f@sglyfj%seﬁ‘)‘onaﬂl <4 Iy %%feaéefaﬁ ¢l eagg'ﬂ%at ascae%lfa&?eﬁa thegx-
t he i nvent itQfed hiteriaras tlgvals thaeogRyihabgrat) dileexiridep. one anot her at

their starting points and end points. 20In a tw n-screw extruder, the
s section in what is kno as the.interstiti

b |
Cegi on. . As SIS ey BECrt TGP Al seratr SO (b ot SERisked s hgowig

figure-10f - ebghihatharg fafur®: t wi n-shaft extruder is: Facht =r2 (2.7-c -
gwt sin(gw)) 25 wherer is the radius, it is the constant of a
circle and 04, is the barrel angle gw = 2 . arccos(A/DE). The

cross-sectional Tat @8e Fdlshe hadcredcHehRIR Micrdes 1ﬁ\6@1hﬂ)a§i§!)t?wltlﬁ‘th@ﬁah&cdrp|v&1ch in
is half the total area 3Fhalb = Facht 12 If the cross section of

generating screWsfeiefjae OP%L%YBUBS faveurable affects ongthegegassiagpronertigs. \S}ﬂ@b‘ﬂys the
cross-sectional 1&5‘&%@6d|:cfoﬁwlrey1 ?fcapamt)gm thd dabd (ﬁ'asymrgaﬁ& Q:rfﬂ pljgﬁfes Bllf'g sl‘faf’t%@cordmg

cross-sectional area acent generated screw prof
corr espdndi ngl yt(aii@pmve@wpﬁ@n be yspd Wé‘#re‘&f FHaptsruderfFare Souptigd dnar ger t he
free cross-sectional area is, the greater the free volune that is

avai l abl e to the extruded naterial and the greater the conveying
capaci ty of the Tagspm@éthe 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
invention have in comparison with the prior art a smaller region with which all the points
20 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
lower loading makes it possible to increase the throughput (see for example [1] page 60).
25 Furthermore, the sacrifices in the pressure build-up that are caused by reducing the flight
land angle are small in comparison with the reduction in the thermal loading, so that a

higher efficiency in the pressure build-up is achieved.

- The flight land region of one or both profiles of a pair of elements is preferably adjoined

30 by what is known as a tapering region, which brings about a tapering flight land gap that is
long in comparison with the prior art. The tapering region is characterized by a compara-

tively small free volume. This tapering region has the effect of reducing or even avoiding

large particles when processing viscoelastic materials (reducing the "Die Swell” effect).



A subject of the present invention are screw elenments that are

di stingui shed by the follow ng 10conbi nati on of features: The free
volunme in a screw channel is increased i-i0eonpari son with the prior

art, which in the case of an open barrel has favourable effects on

t he degassi ertles t he increased co a

1 the casd of B BRd oLt lnelin ttoob ROl BT o CREY i, SRBRGS hokore
t he i nvent mgmahmlnbenm eitbr mﬁmea; dtris sosdﬁleemtréa]ndems la&gefremtmxﬁdmmﬂ opdl&rew

sum of the ht | an n air._of el. snall an

Tt e caséntptinorgapuh g dunractiel Sgiont s st e iRy afackohat Sueh Stew cle-
Consequent InentsSemeEN iRt RBRALE RGEQEMINGnid. SIA stroWHeMB aRAWS réfBrred to hereaf-
conpari son with the prior |ler region with which all the

poi nts 20 &?afﬁﬁmbﬂﬁgﬁﬁ%o%ié ﬁ“BFg%Fhe barrel. Since a particularly
great amount of energy is introduced into the extruded material in

this region, the screw el enents accordlng to the invention subject

the ext ruddds Ase Bessile tp srafizsstic lserieavelame han apre poey chagagl endthe janpiintg region
has an effegt ¢ grerlhﬁ{] subescepd bt Oforth Q%eo‘&ﬁ@%ﬁ&t AN ﬁ@seﬁhﬁv&gﬁﬂ Such screw
ef fectiveness o rocess, since the | ower Toading makes

possi bl e t gleimgets e@§50tr¢féﬁqdnp b@rgmu@s S(cseéeewrmm@fampm@l Pl‘!?]'llepage 60). 25
Furtherjgore, the sacrifices in the pressure build-up that are caused

by reducing the flight land angle are small in conparison with the
reduction iFrom M scresr erementoelodiffgentsuofilbaeccardinigghelre fdntion qu/cainrbetdeeived a
pressure b C |on

profil es O?ﬂl}'ddtﬁ]geoofl sol%e@? %Pén?e\ﬂﬁdwhlllb% | Qe*z%@% lllbggcg af & ng ngnmon éctrevr glements
known as aofﬁmﬁymngemegm&nﬁdmﬁwahmbpmngmuaﬂ@mﬁmﬁ taperlng fllght | and
gap that is long in conparison with the prior art. The tapering

region is characterized by a conparatively small free volune. This
tapering reéBreafiedidss thaeerfefiecdistafce bewluel Mg wrewesl@enty DIEDS 1@ ohﬁfdgehameter of

articles r ocessi scoel ast materials (reducin
Pel 1+ o't el SRR, RYnihe G55 wf Rl hulfebivstbrienty F¢ e Ahes Bios i Be sorew

vari ous waykmefts bitPr Gasofdtarl BEa SEILW el enent s according to the
invention. For instance, it is possible to realize the |arge free

vol une in an open screw channel on one shaft, while the tapering
region i s reahifafdnQlrhiter-adiagent shaft. Such screw el ements forma
first subject of the present invention. Such screw el enments are also
referréd td Pt alject 6t e pssem dreniion amserey cismedisfipromelitshpt ofrtw enchings with
| s al so posgldl . diLeilohAly Bhiihd \Rrdwlndfs, EEAfrfQOLd i 1 an open screw
channel § th g taﬁ%fﬁnﬁ)reéﬁgﬁron a %lng éssh ?%wkSuch SCrew
el ement s f or m aadjeceohiresudifracnts hafe @mlxb%@smﬂthbm‘oﬁbn Such screw
elements are Al 3 &8l iRt bR LRAhR  AiciibRhaEN S °f
i dentical profiles

- the sum SKW of all the flight land angles of a pair of adjacent screw elements is greater

25 than 0 and less than 27z —4- arccos(i] .
DE

- the free cross-sectional areas F;”* and F;™ of adjacent screw elements differ from each

other in their size.

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

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

Furthermore, the profiles of screw elements of different profiles are unsymmetrical, i.e. they are

neither mirror-symmetrical nor point-symmetrical.



Fromthe screw el ements of different profiles according to the

I nvention there can be derived a third type of screw el enents, which
Is |ikewi se a subject of the present invéhtion. Screw el enents of
this type are al so referred to here as open screw el enents.

e 1 o ¢ he: P rhEr e BRIl STt BNG  RPE  R BF rbrios

radi us of tsb’lewspfoﬁ\lrtt eif esvrsw Selentehtsi 8f tdifferemngrofiteadisugreatr tth® 9CERWless than
elenents and it is E onstant of a ci rcI e. Screw el er‘ints of
05

different pypofilgs ral?l!pl BEL Ghar0h 1(55%—9{ El% erﬂ)&ﬁ@lﬂa@}; sreferably

screw el ements for t screw rrachl nes w t
co-directionally rotati ng screw shafts, characteri zed I n that

adj acent screw elenents, have fad qnlike, file,

screw el errg?ff gaﬂgsg‘if’n %Q@HO{@E}‘%E‘ Crrﬁ‘@'ﬁt Bre?ei¥"i‘ é’h]tesslt ‘F{é%f o ar °°t° ik
sum SAWof all the flight |land angles of a pair of adjacent screw
elenment$ is greater 25than 0 and less than 2ff - 4. arccos -A, DE -

the free cross-sectional ,areas Fifres a Ft' of adjacent. screw

L emont s GPRERe T B RS R afttiesipeortibe B hEREDoR Byeh comparison
el enent s ofwitli frioe e Birew elRfnichie svith 08O fliEhNgnd Rgioch eadhrulﬁﬁhﬂlbﬁlagﬁaﬂ afith a¥hech all the
used on adj acent. shaf erent profile, i.e

Oh di f .
generating PQEFS&X/%P&?’#‘F 81% o ferﬁg’aﬁ%ln o Bpardeyaly Srah pppyat 8? ‘“éle{;ﬁbﬂ‘? Jogoduced

The sum of iftBencaR@Ghea ndferil in thib @gfdni @B bcrbRBRmeNgh&srdals th bR iHRASALBRCt the
screw profile and the generating screw profile of screw el enents of

di fferélt SFEHGS gienal iglesamsrhapiralang g leaséne; Wik hep anpligptcogison the guality
Er ef erabl y of 88 $rddi@nnd of tie 84 effActRERSOSE thdprbeesD @ikt G 1A YoaBig bkt Yossi-

ble 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 with
the reduction in the thermal loading, so that a higher efficiency in the pressure build-up is

15  achieved.

The ratio of the outer screw radius R4 to the centreline distance A for the screw elements of differ-
ent 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 a range from 0.57 to 0.63.

20
In the case of the screw elements of different profiles according to the invention, the free cross-
sectional areas ;" and F;™ of adjacent profiles differ from each other in their size. The ratio of
the larger area to the smaller area is preferably at least 1.2, particularly at least 1.5 and most par-
ticularly preferably at least 2.

25

Screw elements according to the invention are also distinguished by the fact that the flight land

region either of the generating screw profile or of the generated screw profile is adjoined on one

side by a region which is referred to as the "tapering region".

The tapering region comprises one or more arcs, all of the points that lie on the arcs of the tapering
30  region having a distance from the point of rotation that lies between (R4+RI)/2 and RA. The taper-

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

greater than 90°. The tapering region preferably extends over an angle greater than 120°, particu-

larly preferably greater than 180°.



DEDE ( less than O 6-( 2g -4 arccos -A ), and nost preferably |ess

than 0 4.( 2/z- -4 - arcco(-A ). DEDE 5 Consequently, screw elenments

of different profiles according to the i-a%enti on have in conparison
with prior-art screw elenents with one flight |and regi on each a
smal l er region with which all the points of the profile clean off the
barrel. Since a particularly great anmpbunt of energy is introduced

i nto the exthetgednhgvasion adjdbining tHetﬂ:glt a2 ire@ion ﬁrditﬁcscarleug t@peBiAg Aight land gap, which
according to %heﬁinﬁgntlon subj ect %he 10 ext ud materjal to

mechani cal & L rod g Prgon GPRIURE HEEe PAFHclAF PR PISGESRIMB st rlastic material
qual ity of(kh@j@gﬁdﬂ@bg&@ﬂ%@mmyhe cost effectlveness of the process,
since the | ower | oading nakes it possible to increase the throughput
(see for exanple [1] page 60). Furthernore, the sacrifices in the
pressure buihk trptapddRl réfid 16 ANEFHisHY wftﬁfﬂé%ﬁgaﬁ H:@ulfs 1h Qlﬂ'lfea!e?-ﬂge WAHhEin com-
are small in _conparison wth the reduction in hermal | oadi ng, so
that a hi gwaisoarfithcthe Arigr qrivintaReopp sxey ckanpeliin dleurp'oﬁlg of hecarjaesné screw fglement,
rati o of tRE;AYLERvETERVHRRIMShdR gsgmg pepGatt reline distance A for

the screw el enents of different profl es preferably lies in the range
fromO0.51 to 0.7, particularly preferably in the range fromO0.52 to

0. 66 and nost particularly preferably in a range from0.57 to 0.63.

20 In the case of the screw elenents of different profiles according

to the invention, the free cross-sectional areas Fif's and Fr of

adj acent profiles differ fromeach other in their size. The ratio of
the larger area to the smaller area is preferably at |east 1.2,
particularly at least 1.5 and nost particularly preferably at | east

2. 25 Screw el enments according to the invention are al so

di stingui shed by the fact that the flight |and region either of the
generating screw profile or of the generated screw profile is

adj oined on one side by a region which is referred to as the

"tapering region". The tapering region conprises one or nore arcs,

all of the points that lie on the arcs of the tapering 30 region

havi ng a distance fromthe point of rotation that |ies between
(RA+R1) 12 and RA. The tapering region extends over an angle, with
respect to the point of rotation of the profile, which is greater

than 90. The tapering region preferably extends over an angle greater
than 120, particularly preferably greater than 180. - 12 -



The tapering region adjoining the flight |and regi on produces a | ong
tapering flight |and gap, which has the effect of reducing or even
avoiding large particles when processingldrscoel astic materials
(reducing the "Die Swell" effect). The large tapering region in

conpari son %&J‘d% Ee%tsporfiid%gtic%fﬁroﬁﬁegm ts in a greater free volune in
conpari son an open screw channel in the profile
of the adj a@centndmben dltiengedent inkantdn frascréaeluesb e naflf-gleffiscen mhivhines with
degassing properties. .- 13 - .Screw el nts of identical profiles A
second subjPERH o AR PU IRETAT R TER BRECSLP dFbrrent s f or
mul ti-shaft scredatsekirsteslembrithhavabt Ridnt@hl, GRyRinkeechlpsrat, y rotating
screw shafts, cgﬁéact rized.in tha%tﬁ_djha&e t screw el epents have

&

an
i denticadl, unsyritfePfAtlscomprisit sing i TEIOR oy Relisht lang gpgle less than
flight land region witha §light land angle | ess than 71. - 2 arccos(
24 , and 2RA in ’fhéa@‘m@gﬁﬁh@df' ight land region is adjoined on
one side by a region whixch*¥s referred to as a tapering region. 10The
tapering region: i e . : f. Nt s . t
| o on the. ar oo Ry PRIRE e Mg PG RhBinein or8 ik B Ay hotera o
| i es between (RAsRiapeinggrglolRA. Since the generating screw profile and
the generated screw profile are identical, tapering regions are

present on both adjacent screw el enents. The tapering regi on extends
over ar0andghe tapaiibghrageapeociprites cnber pornirchfallrodttiat paints ofiat tib@nphohict Baving a

bref or abl y CRATCAPB il BsT ek K PG TRl e B e reeetng e

flight | angrdfdgimdnhogediacdscawppsile trapdshiictg thjetighteslon sre @aRent WRLEM adjacent
has the effect %f r edyci ng .or even av%i di ng Iglrége, particles when .
processi ng *YPEESEIES 1T FRET'BR [81°8 TFRURYFIAY A ’wﬁ‘ SRS the Roft OF foyation of
20 The scr ew gbeRERMEhOE grédentthaabocphridddp graePiifh NG tadd thhRicularly preferably
inventign that are used on adjacent shafts have an identical profile,

=)

i.e. tHe géfaEatthd®screw profile and the generated screw profile are
al i ke.

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 elements of identical profiles is unsymmetrical, i.e. it is neither

axially symmetrical nor point-symmetrical.

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



The identical ness of the generating screw profile and the generated

screw profile in conbination 25 with the large tapering region in

conparison with the prior art results onl#he side of the screw

el enents that is opposite fromthe tapering region in a greater free
en, scr

VO! ume in c%agle nﬁ of entl all]proﬁ[e ccorc{ln tor%]ae vl Y %tth?dﬁ arllleie’of less than
th & HRGadeptlgnd an

whi ch has favout ani ¥sPon e co ing an

properties. 30F rt erm) the profile of screw el of identical
profiles i s#urRé )e Pf¢feréb1Y|1955|t§alh@ﬁl(ﬁeﬂ%$‘@0{ %h‘r?étﬂtciﬂé’é}’ predrably
poi nt-symetri cal . Screw el enents of i dent rofiles
according to the |nvent|on havera fight |land angle of less than g - 2
arccos( Al&y, prefebdlln—Lasso h&n—§)8 (mayt - Zaréoutelys( proferdhly, less than
particularly preferably . RA 2t 843 than 0. 6. ( g- 2 arccos( A-2 .
RA ), nost particul arI ferably | ess than 0.5-( g - 2 arccos A 2

. RA 5 The ¢fd. ',g.hgallcg@{ j = -2 arccos( A corresponds to the
flight land angle of si2ZngHdeg- flighted screw el enents of the Er dmenger
type. ansequent ly, screw el enents according to the invention have in
conparison with the prior art a snmaller region with which all the
points of the profile clean off the barrgly Since a particularly

gr eat anourthe Gightland gngld £ e modim‘ecbsEﬁ-t-e—a errdsporeix to thel dighnabdanghd ofisimgle-
this region, the screw el enents accor ?h@A o the invention subject

t he extrud t i e

has an eff ?ﬁi% q%lost%hehg%e%ﬁnté gisﬁlf: &géﬁﬁ% %ﬁldﬁﬁl}&ﬁg‘i %fréup gﬁgﬁ%g‘é@t&&n to the
ef fecti venmntoifn ltah@mpcroowels@n vethntbeptld)r@rﬂ a)mallet %dmn@thrmlhdels all the points of the
possi bl e t Seqct for exanp

Furt her nor dg%agt;f QI caerrse’i :)élg “hit parglcugasﬂ r 8B HTOH gf £It Jﬂ’ 15?%""?5%‘38 o the
by redubin gxmhled folaiegjhitin tlﬁasn@lglamgheescwueelmmtsl accmdmgmfpher ing@miomsublct the extruded
,[ ﬁgugr eggbbrgnpeﬁ%ﬁoé@%d%% anje Ca.h] ialécg dl ng’loaﬁl%g,t \t\]r ch %a tgf?ect got{l Ion tl?enc(]:l}éhty of the

product and on the cost effectlveness 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 with the reduc-

15  tion 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 identi-
cal 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 Fy™ 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.



The ratio of the outer screw radius RA to the centreline distance A

for the screw elenents of identical profiles preferably lies in the
range fromO0.51 to 0.7, particularly prefilerably in the range from

0.52 to 0.66 and nost particularly preferably in the range from 0. 57

to 0.63. 20 Open screw elenents A third subject of the present
invention are screw elenents for multi-shaft screw nmachines with

pai red co- diheecdfilenad dpenrsoicat élertensCmewis brhicase Bhanatdeoal e thsymnichirbl. The

adj acent scr el ement s haye an | i ke file, 25- one rofl | e

st one 1 PO THREEHH g B ESEP e P e Bhere P TR Pt ey pre
flight | an@rdbBGia9m, eatih@sd 4 @Bros pRESMSAEIN thRkpedfiRasishor fotadd i i t ' of

adj acent_ profiles differ fromeach other in their size. - 15 - The
profil es of open screw el enents may in each case be symetrical or
unsymet ri gakhe chiCoPhObhdnERrRf c1G8GRY ALbAM Q@%egﬁ%ﬁ@ﬁ ek S& &Ws sectional areas
profiles are preferably mrror-symetri caF they preferably have in

each case aFffi andoF; rﬁlczfnﬁjammt wiree Blenteats dif§pdiotn weeh akies inotheir sizatThenatio of the
lies. In the case of the open screw el enments according to the )

i nventi on, 4R afetaé%thérs@éléar§%b‘tﬂrﬁfﬁé‘l’lyéﬂé§é1I21 particulgRy atfepst 1 Grand mogtariicularly
screw el en‘%%féa}q%&fl@d’st fgom each other in their size. The ratio of the

| arger area to the snmall area is preferably at |east 1.2,

particdParly at least 1.4 and nost particularly preferabl y at | east

1.6. One prgli

accor ding 1 TR oL AR e o Bp Bty s ARl T s ustone
ot her pr of iflight lad rqgipstand the oflief ghﬁlelhamstrtwgﬂmhsland'mmopen screw

profiles according to the invention have in conparison with the prior
art a smaller 15 region with which all the points of the profile

cl ean of f {lheoparsceiv. prﬁﬁlnscwcadingrtct ihcmvamtioyl hgveeiatcompayism wish thepeipgart & smaller
i ntrodyged | nto t te r.eqi e scr

el emen't1 g aéé PR “t'hlé'tﬂ Orenr% |€)#1 %ﬁ ea{l k?éﬁe@xt Alg egmﬁ%l?é?a\ﬂécfﬂaflﬁ great
| ess nec hammoaﬂt oﬁmderg)hﬂrmmcbdubz{daidlortge ewm::lem niaggialain tkik fr@dﬁn bﬁtsbrearblédirﬁats ac-

lit ft t d t t effect
i'ce The. eoge” P dBirig RaiERer o BR8HeT el oot it en BgHdbedine

(see for exsighlias éri&ffq@algﬁh 60)he qddlityof thé erodidt @nd dhle S@E EfifdctiCadSssi off tHelpocess,
pressure bujl d-u z% are caysed .by reducin t%ﬁ)e fli ht | and Fn | e

are small FHeEY finisime ke Her s B R PGHRCI e PIRUETHE Tl PR &14) page,60).
t hat a2pi gmﬁﬁheﬁxfnf)ﬂeCtlﬁrk@Mlﬂces ith@e RERSSHbEID 116t 4P chiSse@GPir@MBEg the ATIRt land
profile of a pair of elements according to the invention that has

just one fPRYRECISARY T gPansop &VitdbaraiustioR i hedenip! loafiag ge Ut abigies effiriency
in compari $pie Brebdhrd i@ldRpEOLhRdd. t hat has favourable effects on

The profile of a pair of elements according to the invention that has just one flight land region is
25  characterized by a large free volume in comparison with the prior art that has favourable effects on

the degassing and conveying properties.

The ratio of the outer screw radius R4 to the centreline distance A4 for the screw elements of identi-
cal profiles preferably lies in the range from 0.51 to 0.7, particularly preferably in the range from
30  0.52 to 0.66 and most particularly preferably in the range from 0.57 to 0.63.



t he degassi ng and conveying properties. The ratio of the outer
screw radius RAto the centreline distance A for the screw el enents
of identical profiles preferably lies inlthe range fromO0.51 to 0.7,
particularly preferably in the range from 300. 52 to 0.66 and nost

gﬁgﬁéﬁglsagl% f g;n?gn f)élf{"e e roﬁfe g’ew e[oentso 1dent alo 613[ sa olg 8 e\Sve eV\énts

and open salkbwf ek anewt denddnts :ﬁcf:ortiiﬁg ts drecivweaatienreay de domet Gk ROnVePing BRments or
i nvention %E%%d e£§ d as .con %/l ng el ements or kneadi ng el enents of

m xing ele m%e ‘for exanple [1], pages 227 - 248

), a conveying el errent is di stl ngui shed by the fact that the screw

profile s continuo turn Ln a helical manner, and contlnued in
the axial diSr'&&RHh Se ﬁFg[ RASH&Z A FECh £ GRTGYINE Sleeptdh disingiished by the

shafts, theagenyeaw e lﬁmari& chitin@usH i br DAAUEOImRnet Hidt cBNREGn the axial
configuration. Backward-conveying elenments_ are obtained respectively

by turning dirﬁcttOﬁeDﬁPﬁﬁfbgg prpthg idlfr‘é‘(‘ilﬁil ghrotatipg obthe lafisfthe epavesdnpcdsmangis of a right-
el ement i s nRERHQE AH Hankdll LG ARHE B kwakleBvelireletdfentd 478 %bt’éitﬂ@d respectiyely by
centreline distance, the pitch being understdod as neaning the axi al

| engt h t hatturpigg ipHg opRasite direction dip Ipdeheofiths epnveyingoflemdné isquelembly iw fhielrange of
and t hegaxinal f i.0:

Fange of 0.7 PaPTaer e OUEUT e BTN E O ok e i Rt
exanpl e [ 1]s reptagaé@@@bmpm)ﬁ,anan iftbagtiavgprefilermd he axiadilesgth nGacahedngrement
t he fact - r t he axi al

direction ﬂaﬁaf%%‘lﬁg ){1@21{13%&%%5?5?5 lt[{ﬁ)ﬁ cos(r%%n% e%‘ﬁ%g%?ng di scs. The

ar r angenent of t he kneadi ng di scs nay be ri ght handed or |eft-handed

oL oot D e IR U 2 B B P A e
di st andé beltal\léﬁrtc;te\m(pr@fﬂp scentinded Gﬁﬂib Igaldhﬁeﬁonl 1ﬁ apoefe Ifraﬂrlley‘ irl the €diR1 of knead-
for exanpl & 5 B B obia o i B e AEC- Pt By of neural
conveyi ng aheasial iendiebNge Riicaling @desik bR IUh€Snkd o0 500 @Wiel tHe@bitreline
| ands. The m xi ngF el egfals’iaﬁ‘gal?eébe ri ght - handed or ] eft-hapded. Their

pi tch pref SFEBPFS The @& Wiege P agiagent nepding; dises it praferablyt inghs Fapge of

di st ance anp@dob beo.axinad thk Gk Biagktet he el ements preferably lies in the
range of 0.1 to 10 times the 25 centreline distance. The apertures

preferéﬁly have the form of a u-shaped or v-shaped groove, which is

pref erably Aari ﬁﬁ@ﬁﬂfs&omwm;qe)mewgggzﬁ 24h ahiheRARInlsClre folR& 1 by conveying
profiles of screw elenents according to the |nvent| on are based on

ful ly wipi slgmsntspinggrovided vgthiapeiities & the praevs diehs lands. edhg mixigeelements may be
that fully rl\éhtmaﬂgeds&rl%a%j&f "hﬁzﬁ' ;ﬁgﬁ@gfer%%/ $84 rﬁl?g%tolf}?f 1 t@ 184im3Othe centre-

twi n-screw éxtruder. Rather, tween the screws are
requi red. Viag flisigacesind élteéiglﬂékngtbrof thhielsmante pr¢ésay b@dn the riink} ob® 1 pabfbigmes the

28 et qg. e i r C i

nvent o, A S BeBRL P RBl bl S b B0 1Y, Bl BN E p PR Pl Fgove
t he di amet ewhiabfis priagerablyraemanged gburlt@-comampinper amdﬁ,papilelf er abl y 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 bet weeTht h»fiB5s 9f saew aletchehtl eccsmingvm niveyinbentiod ardibbied ot fillySwipg pedfiles. It is
t he,

e Sas e RS B3t b SRR AT A e
W t hi n3phe tgihgadew 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

variable, within the limits specified. It is also possible to displace a screw profile within the clear-



- 17 - ances. Possible clearance strategies are the possibilities
described in [1] on pages 28 et seq. of increasing the centreline

di stance, the |ongitudinal-sectional equildrstant and the spati al
equi di stant, which are all known to a person skiIIed inthe art. In

the case of |nc ng..the centrelln dlst C rofile.of a
smal | er di arrzée elgoslslgfeccgeﬁs LS AR c}j legr £ SCBIE C{legﬁ%ﬁﬁges &g ot seq. of
cl earance n&rd:mhgv&emeﬁthene;dnmm thé h)nglhﬂumh&etlmfal écﬁl&ilsmﬂt bmtih@ipatlal equidistant,

| ongi t udi nal,~ sect i U|d|st |tud| -sect i onal

oot o curuiharen om0 8 pbia Sy e o B AR Rto T RERGE tsenitie dirice
scr e\év- screw sﬁﬂe&@frﬁﬂﬂ_@ of a kimalldn ﬁﬁﬁﬁ&e 1ﬁon§tﬁeteﬁﬁhm9ﬁﬁéﬁ ?];ﬁﬁﬁiyltﬁé amount of clearance
equi di stants, rtin romthe_space curye on ich the sgrew

ef'enent cl é%t'ﬁefb & SYREL: Iflfé e cpggof Q@P&W&O@r@@ﬁtut@l PsHeRb e distants; ghefdgngitudi-
hal f the sgheMcisRbE oﬁiee@wﬁ@@raua fohge dike Gt diglack@ iBeRel GHhar tﬁeosctétﬁscrew
surfaces of the fully wping profile. The |ongitudi- 10nal -secti onal

equi di st antcleaipee Hehspase phibe pgihipd pspatial equdigars. staggigyrogsibg space curve on which

particul ar lpe Rf6f SRl %néﬁt%ih'e@'the%&%r@!eﬂeﬁﬂ% redli 1,95195 t!»‘ ﬁ%auqfle SEIEWrew
el enents according to the i nventi on can be constructed on basi s

of one of tlsarapgstindepsdicgeley popregdicwapgTiemmpags o6 e gulty Wm@gdﬂé@ﬁif: i TBedongitudi-
above, 1hhe ;B Qfifdng QfidReheMhEhe TRbiSe AREMH]

be descrlbegjgy C?L%b1 rarcs. %% géﬁer%te § g&ﬁ%&@ﬁ%% %ﬁg@%- J&%&bwthe
to the invepatiraquidistant are therefore put together in such a way that

t hey produce a convex profile and in each case go over tangentially
into one another at their starting points and end points. In this

case, the ﬁh@biotﬁh: aofayreivalemeots acandimpivahe' ivankist canAte candtiunikd oi the basis of one of
adj acent ar,cs ver .tan one another if the kink is

handl ed Ilﬁérﬁnchcamn %E¢§%&5@%“53§@ to O (see above). It should

al so bastaken into consideration that an arc of the generating screw
profile in 25" correspands” to an arc._of the enerat cr
rofile, "B HERuRatofy P RERE Ry cleBst® alohutkio Pig anat SieRsced vy
angl es of @msu]zemnttb PEYneR4t€ Scraw &lddfents HRcGEPE t& theGnventifie afdd rdihefehe put to-
radii of correspo cs is egual to the_centreline distance A

30 one of 8t @1]16‘?°g‘|an‘6ayl tté%eyti’é‘t%ee%“tﬂ‘{@‘ peafiteaad fotank case 2 Aves fanegttially into

t he gener abh@&oﬁﬁfﬁ\ﬁh&fﬁrﬂlﬂ@@ﬁﬂarﬂf&ﬁdﬁd’iﬁispOI nts thereof in each case
runs parallel to one of the joining |1 nes between the centre point of

t he coﬁpespondlng are of the generated screw profile and the end

poi nts t heme@is case, the profild RSy Rlive 8fd &:Qfste MAnMNI 4h Kiie 1R 001 S &)Jve@tgngen-
arc of the generatlng screw profile lie fromthe 35centre p0|n%

the arc ar dalbeigisene pyashey ifghplosk sdandigd lke pe arcivaths radjusginelio P Kase elmre)

poi nts of

It should also be taken into consideration that an arc of the generating screw profile in each case
25  "corresponds" to an arc of the generated screw profile, "corresponding” being understood as mean-

ing that

the angles of corresponding arcs are of the same size,

o the sum of the radii of corresponding arcs is equal to the centreline distance 4,

30 e 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,

» the directions in which the end points of an arc of the generating screw profile lie from the

35 centre point of the arc are respectively opposite the directions in which the end points of



- 18 - the corresponding arc of the generated screw profile lie from
the centre point of the arc of the generated screw profile, the

centre point of an arc of the generatingl8erew profile is at a

di stance fromthe centre point of a corresponding arc of the

generated screw profile t.hat corresponds to the centres 5line .

i stance. the B frstndig i oF W TROHET it pafisTf HonEipe SorodPains ot e of
gener ati ng scr euhqyepérated saevd pioliee, centre poi nt of the correspondi ng

arc of the generated scr,ewfprofil is parallel to the joining {Z{i ne
between the pdi e SR Beiat Pl ¢ ot g & PP TTRY PEETS 3P fSTanee Bpm thagentre
poi nt of rotati @gin0bf4 BLrcGRAEIHALRDI SR RUerREPErd e prolift thiiRoBéhBiEds it®he ichhtre-
whi ch the centre point of an arc of the generating screw profile

woul d hdve to béirgiri§Bneeed to make it coincide with the centre point

of the correspongi BG: AN imeWerdebS 1 LBRAGH of G SWoPHfdkhSaring sbB§ 5@ T and the
as the direction i'n whitch the point of rotation of the generating

screw profile hasnttegob ofithsshreseending avakigthe genciedsirde pritlh isttallplop tite join-
of rotation of the:. 0f | '

ol ement s accor dite aertia il POk FINGRLGL bt B peheral PR B anP el Y rore
can be const r ucttiedof the gensiatdd sarewgtrofdeguare and a pair of conpasses.

For instance, the tangential transitio etweep . the jt.h arc and the
(e1 )R arc ot et aPioh PSP PO T i  PLing Bieleite FEGe Bijfle ould have
de?‘cri bi ngdabCi rtn;:]bedi\Aﬂth&tdtt?l&laknadicUﬁlciBQ with tmf htre bbiat eMtle Bfﬂ'dﬂﬁorﬂfngtafb?of the
jth arc an y the pojnt of intersection of this 20 . ciycle that is
closer to the péF?Ffﬁ%ﬁr SCESSY BEOFSS e e a@&ﬁé?faftf%gn@g‘ef@vbﬁepwam dojigmof the
the straight |ipgnciingR@dwRyoflléiRasaeBt ﬂz@ﬂmhm& makht bhiBei @it Qe Pbin®bf rotation
the jth arc bei n? the centre point of the (j+l)th arc. It is
recommendabl e t & B5EFRFIBRH SCEMP W hod for generating screw profiles
accordijgg to the invention on a conputer. The dinensions of the screw
elements are then in a formin which they can be passed on to a CAD

m | 1ing madhf peoifssrof srsHudsmmits drsordig e SisoRwinHen stercdinjaetpiated ip thap they can be
Once they Q@ﬁéﬁuaaﬁ s@@ﬂ?&%#%ﬁ@a@e arl¥f ?f)afﬁr @flﬂo}ﬁp%esaF&C’iﬁRH}c&rth(}!ﬂhééﬁtial transition

taking into consideration the aforenentioned constructional tfeatures,
t he screw &pERenths jthesanditlegitloharreofitipaeneriiong seegw tyelilp isogudmidtefl by describing

exanpl e by a5k ik i@ rg&f}i‘ﬂ{jﬂ%boxﬁ’ el & Bﬁqt SRS agé §ndfb§rrth 2e l}llrtligsext,l}i"o% of this
screw el enents are stee s, 1n partlc ar nitri 1 ng teels, chrom um
st eel s 20t owircle thae issclnamdtosqheq;biat ofstottibs of e \gehdratimg screw profile with the straight line

30powder - I i I tal kG, si t.e terial s..b
e LAYl S R0 ROUTIESL U AN EL TR v
t he use of Hikheccemmendablegorentysow deandhmigfot gentiagng sewenprofies kdvording to the inven-

mul ti-shaft. screw machipes,. The screw el enents according ta the

(avent on HPROBE SPERATI T LRERTE BhiTh CERLFERET? B (RCRF AT I phichfhsy can be
mul ti - shaf paser @wo AN MeélEng hldiredsgptodkapeRicsrespynditkeretwenadisor m of
kneadi gg m xi ng or conveying elenents. It is simlarly possible to
conbi né“kneadi ng, conveying and m xing el enments with one another in

one Screw MaedH thee havdigees CoRiYuetb& IPRdTeiBbly on a computer while taking into consideration the
aforementioned constructional features, the screw elements according to the invention can be
produced for example by a milling machine. Preferred materials for producing the screw elements
are steels, in particular nitriding steels, chromium steels, tool steels and special steels as well as

30  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
in multi-shaft screw machines. The screw elements according to the invention are preferably used
in twin-shaft screw machines. In the multi-shaft screw machines, the screw elements may take the
35  form of kneading, mixing or conveying elements. It is similarly possible to combine kneading,

conveying and mixing elements with one another in one screw machine. The screw elements



- 19 - according to the invention nay al so be conbined with other
screw el ements that are, for exanple, known fromthe prior art. The
screw el enments according to the invention%are suitable for the
extrusion of plastic and viscoe- 5lastic conpositions, for exanple
suspensi ons, b cer

Form ol actpeekdng Bive BhaTE sa5 BEbS EARARYH AR sodF sl ot Shmpte

rubber conmmswmﬁﬂmsmnmmwmmlastlc conposition is understood as neani ng
a deformabl e conposition. Exanpl es of plastic conpositions are
polymer nelts, in particular thernoplastics, as well as el astoners,

m xt ur es ofrh&@aew)emren@e&dosdnﬁgtodhélﬂednﬁb@ﬁh@ s@itabRCfoy 1N ExtiRioh Bf Wlaétle and viscoe-
sol i ds, SUIdS or gases Thernopl asti c polyners or m xtures of
pol ymar§ f rsHE CHBPGS ’IOP%\X?rrFQ‘a@%lF |Slé9§e%ﬂ'°é‘s rﬂa%t‘Fseﬁlél’B?’ §erﬂf§’éd‘omposmons metals in mol-

pol ycar bonaérﬁfonﬂgﬁ ﬂﬂﬂﬂé?%e}‘t@%%er dMutiRas, kiaSnal anB Slnb Bl 8ions.
terepht hal ate an pon yl ene terephthalate as well as po yether

t hernopl astic pol yuret hane, polyacetal, fluoropolymer, in

particul ar Dyl Mpbﬁﬁélﬁsfdnﬁé}ﬁtb&?as ﬁéan‘ﬁﬁlz{ défémf%gﬂeyc%fn %tl@UEW% of plastic
polyolefin, in particular polyethylene and polypropylene

pol yi m de, cpopsgssiony peetnelynian medp.tip pattigelapdegpioptesting] 9s wal aﬁa@asmrmse mlatsres of
| ] | h
well agopo pra&H}%Péﬁklﬁsfeb‘r? dEéérQSrls &?LM&QPHM g{lﬁl s%H&sPﬁélpﬁ'(?s or gﬁ’éeé’ et ner

ket one, polyarlyet tone, sStyrene polyners, in particular
pol ystyrene, and styrene copolyners, in particular

styrene-ac %L:r%{y a'étjic! ﬁeﬁgg LW g%{térf:%l \Q/ld %ﬁfr[léﬂ‘%]?r%hlt té(l: f(ﬁ]gbli%ﬁgs%lrlg%] E?rte SIPE LSS usea:

bl ock copolyner ori
listed pl asablycarbcmae Ipollyamds,epcnyeetfeerlabjaylculsaedolybdiﬁm {eeiphtijalate ded - polyethylene
st ood by a,

t art as.a..co r re .
ol oot oo, “RELTAME S a0 st Bebifierd egh s FPbHBT S boiasin S SbigBTiRer, in
mat eri dbs gmdlcﬂgmbdli\&%’hﬁhﬁtﬂdm&ﬂe aﬁ v&tellrm-pply]etfhmm[pabwsepol)gﬂﬁﬁn in particular poly-
f t t T vi sgoel. ast i S |stan|s
Ly CaueneY  CBRAS Tt rokarbient s a3 DeIRGts RoBRaYietse S PPHisa R BPHsy)

rel axes ongetliatgRighekel ¥ iypRényleasayiat, polyplidifle@xdughni] pcflﬁ&ﬂéﬁketblﬁepolyarly-
remai ni ng energy i s dissipated in the form of flom/Processes
(retardati GHFT XEEpivELe BPLYPeSc BePUURUE AoRpErRg| 2d shygene copolymers, in particular

st yr ene- butgeineRgyloHiRe lcopdithdts ahd dHABRITlc-BMiB8R enk WARRcopolymers as well as
20 polyvinyl chloride. Blends of the listed plastics are likewise preferably used, these being under-

stood by a person skilled in the art as a combination of two or more plastics.

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
25  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 (retarda-
tion).
Examples of viscoelastic materials are styrene-butadiene rubber, natural rubber, butadiene rubber,
isoprene rubber, ethylene-propylene-diene rubber, ethylene-propylene rubber, butadiene-
30  acrylonitrile rubber, hydrogenated nitrile rubber, butyl rubber, halobutyl rubber, chloroprene
rubber, ethylene-vinyl acetate rubber, polyurethane rubber, thermoplastic polyurethane, gutta-
percha, acrylate rubber, fluororubber, silicone rubber, sulphide rubber, chlorosulphonyl-
polyethylene rubber. A combination of two or more of the listed rubbers or a combination of one
or more rubber with one or more plastics is of course also possible.
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i soprene rubber, ethylene-propyl ene-di ene rubber, ethyl ene-propyl ene
rubber, butadiene- 30 acrylonitrile rubber, hydrogenated nitrile
rubber, butyl rubber, hal obutyl rubber, -@bkoroprene rubber,

et hyl ene-vinyl acetate rubber, polyurethane rubber, thernoplastic

pol yur et ha utta-perch cryl ate rubber, fluoraorubber., silicone .
Pobber o oot ke GoBeh R pArRgs R TS A 2 PB B ors Stres wit
conbi nat i ofillefs dhidecitbrempneatafalst fieh i si RetichlabblatsSivods, & miafibdsvaihl @B afdther or
one or nore rubber with one or nor | astics is of course also

possi bl 6. itbier baliiers PP mituret Wb LR PIRTBAGIERS to be ext ruded
may be used in a pure formor as mxtures with fillers and

reinforcing materials, such as in_particular _glass fibres, as _

mi xt ur es wWANIYRRMAR GE HFodssedyiptorihe exEtdeh & sakids digyids 98 spiptions tagethir pith the
custonary ReheEbLr asittidaesme 3AGEaldiNRS o RY ofife AditheSME &l tb ReQxiriRr by way
extruder as solids, liquids or solutions together with the polyner,

or el se at of agidest&die of the additives or all of the additives are

fed to the extruder by way of a side stream Additives can |lend a

pol ymer various properties. They may be, for exanple, colourants,

pi gnent' s, Additiyesoesadeidragpodiinets vartdup peepertiesa dhéyorivdeen fos exangilecolpeiants pigments,
mat er i glys, af; her, n I I . I i S gt
per oxi a0 s SRR RS A Mol ilte SEARLLE R T ARG WHE G sabitises,
benzof ur ansnetah dicagticratbisn peresidactivemgems batialbfabilizers, snuoleatangt agentis.dbanzefirans and
mould rele : fl ~retardant..additives, antistatic nts,. ..
dye prepar SROHRER hpve e BUELES BY GEBYOBE i ERteaf abiih e R Saaitives
r ei nf or ci ngntiskitie paits dar Eregaativogardl raxdkstabijizas sEfanipies of fit¢raynd ®in€@cing materi-

graphite fipres, titanium.digxide, carbon fibhres, 15carbon nanot ybes
Ponie |+ quitBe e onh DltFkn 2% hS: AL oithy wepp quies TREvECP Bty bl ehenybres,
accor dilag tarbbhenbav&niohniqaieapiaaturd dibasl y suitable for the

extrusion of viscoelastic conpositions. A subject of the present
invention is therefore also a proc- ess for the extrusion of

vi scoel ast ixg sCupADV, tRNScrdw) eRmbMb Becdfdi@iMoOhe MivkitionShabdrtiendrlyUf@Eble for the
usi ng 20screw el enents accordlng to the invention. The invention is

expl ai ned PHUTSRE! YEEAHAIIHRATRRS B yubiFctex Hivpreset inenona dicsefse alsaa proc-
figures, Welh@HthehQWRYEH oP ClkRB1abiRSEdnolifshst el @lifscrél br lRi-fhbBYkSSler using
have been generated with the aid of a conputer program 25 It is

advi saBle fYcUsEMENtTRITSTIR teds letsaliaiet eri stic val ues, to make
transferability to different extruder sizes easier. Suitable as a
reference value for geonetrical variables, such as for exanple

| engt hs andhe éuyeition; ig exmeineseintmat idpfeil delowaiycwayrof expmple on tiiesbagiglaféhe figures,

cannot be gjﬁ?&g%m@%r%gmgﬁ.ﬁ% thex%g-.r% tBQ Iﬁ%@r\% H8eREE E&llel%geﬂrv%tﬂ- the aid of a

used in th I gures:
computer programi.

25
It is advisable to use dimensionless characteristic values, to make transferability to different ex-
truder sizes easier. Suitable as a reference value for geometrical variables, such as for example

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

30  The following nomenclature is used in the figures:
» All dimensions are normalized to the centreline distance A. The normalized dimensions
are denoted with capital letters.
* Angles are stated in radians.
¢ The profiles of the generating screw element and the generated screw element are de-

35 scribed by circular arcs. The arcs are in each case consecutively numbered: the arcs of the



Al'l dinensions are normalized to the centreline distance A The
normal i zed di nensions are denoted with capital letters. Angles are
stated in radians. The profiles2bf the generating screw

el enent and the generated screw el enment are de-35scribed by circul ar
arcs. The arcs are_ in eac ase. consecutivel y. nunbered; t ar.cs_of

the - 51 o Genotarrin PO R REARERCE o fis B B he oilfe RSy Sonerated
the arcs of the pdfietenthgendeatied, Ppaad d @. bear the nunbers 1', T, 3
and so on. Mk, and are the x and_ y coqrdinates of the circle ,
centre point Of %xmm ue ety W@rdewe&ﬂ?&}e G GHTLPA A aProfHe-generating

system of coor di BALRS arct & OfrteSiaR sPlerVVBf 6dbrdifatésO ARt RRirAbf &hi6h 2PREMA at the
of rotation of the respective screw profile. R is the radius

nor mal i feq to th@i’Hé’ﬁf‘?‘@l"PﬁéthﬂF§P%HﬁfeS°}@“al?f8ﬁlﬁ- is the arc angle of the
arc. RAis tRe f??&ttﬁéraﬁﬁgh%ﬁlﬁlii}ﬁ%@k b&%@nﬁeﬁdi%%eﬁ%ﬂ& 5.5 O dh { 811G Eurc.

A, of the screw el enents. the tigures have the sane struc

whi ch i s descri bedishled auer radine, gemelizad icfe smtrelimepiistdncet 4, df she séw elements.
represented by the screw profile on the left. The generated screw
profile is represented by the screw profile on the right. The arcs of

t he gener atAlhtije figureshgye diic dame atmebtuiré) evidehnie deskgisbdbefoenThe gdneladngdceew profile is

identified by thick, lid |i \ [ ided with th
respoct Ve TEFBAFE bR P nEle o, g T PP aR S hye b ompreard by e

oW ng to tRkeekpedfild hathe bk, Theuiésas tiwaiefer@iaipatRivgtlofly altedd endfated screw profile
conmput er progr ers of individual arcgs

am_ i y. ha n that the ny R
over | ap ah G b L SGHS Dot PR pEE RI"B‘”H%a‘dl.th My Tefpretye gimpers of the arcs.
soneti mes @ERAhg load Ride udb&f ofiaftdiakd idl tMUBDRE frat hd Ba®by Wk YERrdd tyBeans
profiles is _nevertheless clear fromthe context in COI’llj unction with

t he presentof d&eEPYIE RrogiamThaay darrep tgbthgmupbers Rhindividsalares qvepineand predere-

by S.n’B.|1|5 Cif&_ﬁ Idﬁ’ﬁeult-ﬁt]@eag.eﬁtsﬁﬁe Qﬂh@hnﬁin{e@ﬁoc@ﬁé\gﬂ)ilﬂ &f In@ivitRieh IQM)bEI@,' tHe structure
continuous lines both to the starting point and to the end point of

the associ &f & Penfides ismraerdistesy clene fromy theepniss! insorjrnctipe wirh the psssons desgription.
appr oxi mat gy .4 e poial&r the £Es 4l re%ﬁegé?lftéala@%mfaﬁ EiriBe ng&ﬁ{r@é\?int g:tﬂ&grc? gifeﬁg\fned

profile and the generated screw profilé. The outer screwra
i dent i fi ed bl thinlventiragiphines pothie thestastimgineimt end inythgendypamt of thetresdciaiedgrc. The

in the int SLef %c&'évﬂa}gﬂ{u?%io Fhebsgm@‘si%] Iy apggc&thkﬁ ltlilerggme 's;:iiz?in daja?lf&%’\ﬁ){ ¥hg%enerat-
cross-sectional profile of a pair 'of screw efenents of differen

profil €8 adupcdgofile abdibe generirdisomw pidfde. Jbn entat scray rpdio$ islidentifial ih ke region
gener at ed RE 81]:3 Isc':rgw Lifel lbyr/] a ﬁﬁ‘r(f, Qias%%‘g Ener,rg‘}qﬁe }illPersgiftialgregion 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
25  circular arcs, Below Figure 1, the coordinates of the centre point of the respective arcs, their radii

and the angles of the respective arcs are specified. The circular arcs 1 and 1', 2 and 2', 3 and 3' and

80 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

30 arcs5',4'and 3.

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

following applies:

35 F,,=F,/2=25315
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25 circular arcs. Below Figure 1, the coordinates of the centre point
of the respective arcs, their radii and the angles of the respective
arcs are specified. The circular arcs 1-@hd |', 2 and 2', 3 and 3'
and so on respectively correspond to one anot her. The profiles of

t he adjace_ﬁ_t#ﬁgﬁpts are different. The profiles are not
symetri cal”! e left side, there is a large free cross-sectiona

area, on tﬁﬁ %gﬂ¥ S|de a tapering region extending over the 30arcs
54 and 32T ree cross-sectional areas of adjacent elenents are
different. _#rhthg ggesent exanple, the follow ng applies: - 22 -
F1=1482.5 13 = 6' 5 Fr =1048.7 Firei =521.05 -2.01 Fint Fig. 2
shows the cgess-3getional profiles of a pair of screw el enents of

i dentical profilés according to the invention. The generating profile
and the genpr@ted profile are in each case nade up of 14 circul ar
arcs. Bélomrﬁjgu&@lz t he coordi nates of the centre point of the
respective cs, their radii 10and the angles of the respective arcs
are speci fi ed. The arcs 1 and 1', 2 and 2', 3 and 3' and so on
respectively correspond to one another. The profiles of the adjacent
el enent s amig. 2abows thatrossiseetiopalgfrofilesofarpair pOcray eiaments efdlientibA@tofiles according

rofile ha l.ar erln .regi rcs 12 d 10 or 4'
Pra' 5 S ad ittt 2R HREbEBoR R i acatued Prople e P Spep 3t tp of 14
Cross- sect ichOAdr aedseBelovk Fidnkad2, 1l @baiRites REthe caftfe-Baf bf 08 aéspwloé hre§ She@fradii

a pair screM/e enments accordin he i nvention.
geﬁerat E(f @F apgespfdh ‘iﬁépe&é‘f?eﬁf%ﬁaé%lspﬁg Sf-‘f 1L eaFCé1.%déaaﬁn%asé%%iénwon

of 10 ci rchﬁsgécuaélysomawnqw&{egi%tﬁeﬁ t he coordi nates of the centre
poi nt of the respective arcs, their radii and the angles of the

respect i ve 14f ewltilgs o hoadiapsnt glemeniparg idegtionl. olhg profilesargppy spmmetgicalpBpch profile
and so on hesPREdeltMRENg 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.
15
Fig. 3 shows the cross-sectional profiles of a pair of open screw elements according to the inven-
tion. 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
20 correspond to one another.
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,

25
The free cross-sectional areas of adjacent elements are different. In the present example, the

following applies:

F,, =F_/2=25315
30 F,=1887.1

F, =1481.1

F/ =644.4

F* =1050.4



20correspond to one another. The profiles of the adjacent el enents
are different. The profiles are in each case symmetrical, they have a
mrror plane. The generating profile on-2he left has just two flight

| and 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', |' and
10'). 25 Th& frepggross-sectional areas of adjacent elenents are
different. Ffi“the present exanple, the follow ng applies: Fhalb
Fiat/2 = 2531.5 30F1=1887.1 13=1481.1 Ftel = 644.4 Fr =1050.4 s2
-1.63 Fifrei - 24 - Patent clains 1. Screw elenents for nulti-shaft
screw machines with paired co-directionally rotating screw shafts,
characterized in that 5- adjacent screw el enents have an unli ke,
unsymmetrical profile, - the screw el enents have in each case a
single flight |and region,



the sum SKWof all the flight |and angles of an adjacent pair of
screw elements is ( greater than O and |l ess than 22z -4 arccos -A ,
DE - the free cross-sectionabk4areas Fifi'l and Fr of the
profiles of adjacent screw ele- 10nments differ fromeach other in
their size¥ g. acreM/eIenents according to Claim1l, characterized in
that the s 3the flight |and angles of the generated screw
profile and the generating screw profile is less than i 0.8.( 2zr -4
arccos -A)), preferably less thapn 0.6.( 2zr - 4, arcco(-A)), .
particul arlly DEBECY @rfarmlg}“ﬁ@%fg“f%wa ings with pgired cp-dirgttionally rotapip screw
3. Screw el emenggf@cherttemngdinme ther of Cains 1 and 2,
characterized in that the ratio of the larger free cross-sectiona
area to°the snal| etdiFpEECTEY Sisaicnia brveananlike wypmeEail #edhe profiles is

at least 1.2, partgwés b¥mptEhLE aPdayh &lse h 68SE nbhPlaAN RSt _
particularly preferably at least 2. 20 4 ScreM/eIenengs according to

one of O ains 1-tohgsumrArAef al theeightnlanhanglasvé apredierdné paf obseew elements is

el enent of a pair of elenments has a tapering (egjon whi ch ext ends

over an angle, W tdredt@SIRRCH adddedsliien i NG Bfcok jon of the profile,
which is greater than 900, preferably greater\Phan 120, particularly

preferably greater than 1800, the taperlng rggion conprising one or

25 nore circul ar afedree grgs-sactionst atepe Fpoiaad S5t hat the rrofles hediageas sepw ele-
the tapering regi on hay di stance fromthe point of rotation of the
profilgsthat lies %%t%%ﬁ%%FﬁhﬁﬁFf%?”ﬁﬁﬁﬂﬁK?-RA bei ng the outer screw
radius and Rl the inner screwradius. 5. Screw elenments for

mul ti-shaft screw rmachi nes w t.h ired co-directiopally ro i )

St ew 300hdf £ s, SERNERENPOTE P ¢in SHRTelBr ndf g W N pEn skt land
an identical, uasyaet teC@dnefafedf dcke® profile and the generating screw profile is less than

A
08(27—4- arccos(ﬁ] ), preferably less than 0.6:(27 —4- arccos(%] ), particularly

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

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 re-
spect 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 comprising 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 RJ the inner screw radius.

5. Screw elements for multi-shaft screw machines with paired co-directionally rotating screw
30 shafts, characterized

- inthat adjacent screw elements have an identical, unsymmetrical profile,



-25 - 5 the profile conprises a single flight land region with a
flight land angle less than g - 2 arccos( A ), and 2RA in the
profile, the flight land region is adjoi-d@d on one side by a tapering
regi on, which conprises one or nore circular arcs, all of the points

that lie on the args of.,the taperin 0 ave a dis 0
poi nt of rotation glF PrGfaS profiTet ff%@ ﬁﬁ(gtr%éoé’n ‘((?}Pﬂfa%i dr nleRﬁss than

A being the centreline distance) RA the outer screw radius. t he

i nner screm/radlus”aﬁB“F@EE t#dmat i cal constant of a C|rcle.

6. Screw el ements accordi ng aimb5, characterized in that the | and

flight angle is.l|egshd iaMe k008Nt lndhesiod isHbfhRE ém ot sideb aRE;?‘eﬁ—Jﬁé adlo¥, which

|l ess than 0.6 .( g - arccos( A j), particu- %A

preferably | ess theMpyses ong ogymore pirgitlar @ges, gllppfhe PRAHS that IS@néIW 3é¢5éﬁﬁmt@ermg

accordi gg to_eithefqaf Glal r@sta%c@@m% the\";‘é% + AFLELEGEEr 1l phgll{ﬁE thdlSies between
e point of

tapering region extends over an angl e respect to t (
rotati on of the pr@HtRE2 adiRh i t@mgager mtrelnnethanCQ(RA the efiter sidwyradius. RI the

greater than 4s, Pa trlscru‘!xrarcf1L}/s agcri %ft ern?‘at?he\{nag EI\t::cans{fantt 3% clrgl0 8. SCrew
el ements for nulti-Shaft screw Nachines W th paired co- 3|rect|onally

rotating screw shafts, characterized in that adjacent screM/eIenents
have an unlike profile, 20in e se of an adj
elenent's, dne proErc S AR e s oo T ofght anle s tes than

10 08 (mr-2 arcc:os[2

A
, preferably less than 0.6 (x4 — 2arccos
RA]) P y ( [ >

A
RAJ)'

7. Screw elements according to either of Claims 5 and 6, characterized in that the tapering

A ]) articu-
Ra)” P

larly preferably less than 0.5 (7 — 2 arccos( 5

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 F/"* 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.



and the adjacent profile has just two flight |and regions, the free
cross-sectional areas F/4 and F/' of adjacent profiles differ from
each other in their size. 259. Screw el eneats according to C aim8,
characterized in that the ratio of the larger free cross-sectional
area to th small er free cros

t . dj t fi
at least 1. é pgﬂe?vc%‘fn&‘?”fsyacﬁ‘?@fl%?ogﬂie;o i tf’qg? Sabiarivrgap tneSiic S the

particularly pr e:f.lEf aﬁvyraaius IRAas the kedireline digince Alfrefefi6lyaits &l @ERMAESTTom 0.51 to
according to on characterized in that the éati o]

of the outer scPda ?raaﬁﬂgys me{a@nl%ﬁwe@}% O he? i Us30E &OK R3Ftesrlarly referably

lies in the rangeafagén 857%00.63.7, particularly preferably in the

range from0.52 to 0.66 and nost particularly preferably in a range

from0.87 to 0.63. 5 12. Screw el ements accor di ng to one of Clains 1

to 11, whigh ar %cfé%réléh?éﬂtsfarc%ﬁlg”td cyneVUfmlzﬂﬂls @rthH |»@t§clp¥e Ia@IWeHQrom ﬁllly wiping

cl earances between the screw el ements and the barrel and/or

adj acent screw @F‘é“ﬁ@m)’shav@@fka@é@s btweer @wserle@mémegtsa@é@lmhawgl %rdfcmrbetween

of Claims 1 to 1z2.in &réwélgﬂlen?aft screw machine, preferably in a

tw n-shaft screw machl ne rocess for the extrusion of

vi scoel astic conpositions in a twin-screw or nmulti-shaft ex-

oot udd® b ona bsp SERAPUEHEN eAfER bbbl T o 1Y AR sorow machine,
preferably in a twin-shaft screw machine.

14. Process for the extrusion of viscoelastic compositions in a twin-screw or multi-shaft ex-
truder using the screw elements according to the invention as provided by one of Claims 1

15 to 12.



