1 Drive arrangement in a degassing extruder Field of the invention The
invention relates to a vented extruder for the devolatilization of a polymer
material, encompassing at least one drive, at least one extrusion barrel, at
least one rotatably driven, rotating extruderscrew mounted in the extrusion
barrel, at least one first material feed, at least one extrudate outlet, at least
one Vent ¥eneriml et ohe gasiedfet Pulymetizafién processes often
carry out the polymerization in a solvent. The solvent here can firstly be the

monomern solytionsitself, oL canalso be an inert solvent. To simplify the
terminology, the term "solvents" is intended to include the monomers. To

obtain the polymer, the residual monomers or the solvent have to be

removed, foresdthpievia SVapdration. This BevbfdiliZtiohusially tiked e
placed@valented extruder. Pricr art Theestructtre obknownvemted extruders
is usuallyssuch rthatdhe vaaterial stieamto badevalatilizethis inkeddced att

the drive side of the extriuder sgrey, and,,the devolatilized extiydate is oy

conv?ed towards the. screw t@. Following an increase of pressure in the

extruliePR&RE thete is'8 depres&inoAtioR Of the ' material Yownsft8Sm of Th&
mateAdiffeet2 Where the Fhatkfiafis dawlditizedata@nosphefic présstie or
with theaid«fisuction. Argingle-serewrextraderef thectiye.mentioned in the
introduction is described by way of example in EP 0 490 359. The extruder

desc%%%%gé¥¥§£%¥ggnceprocesses often carry out the

polymerization 1in a solvent. The solvent here can
firstly be the monomer solution itself, or can also be
an inert solvent. To simplify the terminology, the term
“solvents” 1s 1intended to include the monomers. To
obtain the polymer, the residual monomers or the
solvent have to be removed, for example via
evaporation. This devolatilization usually takes place

in a vented extruder.
Prior art

The structure of known vented extruders is usually such
that the material stream to be devolatilized 1is
introduced at the drive side of the extruder screw, and
the devolatilized extrudate 1s conveyed towards the
screw tip. Following an increase of pressure in the
extruder here, there 1is a depressurization of the
material downstream of the material feed, where the
material 1is devolatilized at atmospheric pressure or

with the aid of suction.

A single-screw extruder of the type mentioned in the
introduction is described by way of example in EP 0 490
359. The extruder described in that reference
encompasses an extruder casing which forms an extruder

barrel, and encompasses anh extruder screw rotatably



encompasses an extruder casing which forms an extruder barrel, and
encompasses an extruder screw rotatably 2 mounted in the extruder barrel.
The material feed in the form of an inlet hopper is conventionally provided at
the drive side of the extruder casing. Devotatization takes place downstream
of the material feed. The devolatilizing section of the extruder screw has a
mark&ayresiticed numBercofTHgRET thRsr provididg i &ataiierkndffpetn
se additionab space fornextnidate lexpansions Betind:thel veatlzgnegrovided
immegliately. prior tethe,extrudate-outlelsthe extruder-sgrevbas a sgetion .
with an increased numbey of flights, which.in turn brings about a pressure
e DS LETORT e, KM o TR A Soctr gl e g

359 Al%Rives'tsr fe'devtiatiization ct5olystyrene Wil tHe<aim OF - Screv
produeirng food packagihg/whichds oot permitieerito exceetlld geftain liniting
valuedosvesidugl mongmersnehhe matarigldfeddatostheiextoudar is@fce for

relatively. high iscasity, Howeveg the knowp extruder Js not very syjtaple for

use in a polymerization process. As Brewousl mentioned in the introduction,
polyniarization‘is offen” Catficd ol ih'a Soivent The thaterial fed tothe @S @
extruderisicfrelatively 36w Viseosycand iesEal obf the isgréw driveiwith in
respect to ther inoronersuremoviede and/er withs sespect te selvenb must belof
appropriate - desigp: There are sliding-ring seals of complicated design for
this purpose. If polymer which, during the devolatilization process, passes

into the region between the shaft seal and the point of input of the
The extruder according to EP 0 490 359 Al serves for

the devolatilization of polystyrene with the aim of
producing food packaging which is not permitted to
exceed a certain limiting wvalue for residual monomers.
The material fed into the extruder 1is of relatively

high viscosity.

However, the known extruder is not very suitable for
use in a polymerization  process. As previously
mentioned in the introduction, polymerization is often
carried out in a solvent. The material fed to the
extruder is of relatively low viscosity, and the seal
of the screw drive with respect to the monomers removed
and/or with respect to solvent must be of appropriate
design. There are sliding-ring seals of complicated
design for this purpose. If polymer which, during the
devolatilization  process, passes into the region
between the shaft seal and the point of input of the
polymer syrup is in contact with the core of the screw,
it is then only slowly conveyed back away from that
location. The high residence time of the polymer in the
region between the seal of the screw drive and the
material feed leads to decomposition of the polymer
when temperatures are high. Decomposed polymer residues
passing back into the main stream of polymer lead to

impairment of product quality.



polymer syrup is in contact with the core of the screw, it is then only slowly
conveyed back away from that location. The high residence time of the
polymer in the region between the seal of the screw drive and the material
feed leads to decomposition of the polymier- when temperatures are high.
Decomposed polymer residues passing back into the main stream of

polyrdéydeadito Impairiént BF prPodact qhalkity. S Arnéther-SGiutiorrpropbsed
for salwing the problerhof Geatingintheodirection of theorgearbexpalonysideaa

sliding+ring sealy i flushing of the space prios ta, the-gearbox with;inert.gas,

This %@bodimen%!s described in JP %003 34830mway of exgmnple .
€  gearbox . wil .lner as, .. S embodinent 1

However, a disadvantage of this pro osed solution is that a arge stream ot

inert §5s 75 hB&ded it tﬂg stiehins oF “MdnBmerBhddr S51VBRE Gre BryE Y This
embaodintentathereforedeads tothigh operatingecostscand capital expeérditure,
sincethedaert gas4n the monemerqand/ars selveatgas reduces heat dranster
during condepsation, qf the sajd gases. l-arge, heattransfgr surfages are.q .«

there11‘:ohre nefeded. Another way %f,s%alin%the rgearbox with respect to th,et 1
monomér Shafor solventvapBurs 1€ et RO MeR ntd” IR& Fegidly betdReh®

devolatiR2axiort 8Rf -geatbox. DEA0I177249€Fdéseribed tRiREMBHARAEHIOA
substseameoftthejadevolatilized polymer streast és cahducted averda rrelatively

greatlength, of the extruderexternally,or yathin the extruiderdbarrel, info the
regiogkpeertvevgggedg\e/% C?en(g vent, and that location is applied to the screw. The
screw In turn conveys the substream downstream in this region. The drive

therefore has
Another way of sealing the gearbox with respect to the

monomer and/or solvent vapours is return of melt into
the region between devolatilization and gearbox. DE 40
17 724 Cl1 describes this embodiment. A substream of the
devolatilized polymer stream is conducted over a
relatively great length of the extruder externally, or
within the extruder barrel, into the region between
drive and wvent, and that location 1is applied to the
SCcrew. The screw in turn conveys the substream
downstream in this region. The drive therefore has
separation from the low-viscosity wvapours by virtue of
the melt. A disadvantage of the said embodiment is that
a devolatilized substream is conducted over a
relatively long path to the other end of the extruder.
The product which has now been devolatilized once 1is
then again run back through the entire extrusion space
to the outlet. This repeated stressing of polymers
generally leads to impairment of optical properties of

the product due to prolonged thermal stress.
Object
The invention 1is therefore Dbased on the object of

improving, in this respect, a vented extruder of the

type mentioned in the introduction.



separation from the low-viscosity vapours by virtue of the melt. A
disadvantage of the said embodiment is that a devolatilized substream is
conducted over a relatively long path to the other end of the extruder. The
product which has now been devolatilizetl once is then again run back
through the entire extrusion space to the outlet. This repeated stressing of
polyriers genseally lehdstdmipairment of optical properties of the product
due to prolonged thermal stress. Object The invention is therefore based on

the object ofy, improving, inthis tespect, a vented extiuderafithetyRer the
mentigned,inde jatodyetion. 4, Achjeyementofobiept The obieelis, g »
achieved via a vented extruder Tor the’ devolatilization of a poﬁyj/aT er mat%riaﬁ

encompasEing’at fEast onedrive &t te&Storfe extrdaer barrer bt I84st 6A&
rotatably driveheéxthider serevemountedindhe extrader havwetcat least onee
first neateriadifeedyat dleast one exeudate putlet; atleasteve vent zerg andt

at least one %?eo%!@ér‘%’ﬁ_%% aé‘é%%‘é of £Q_edY%QEe€' 8%@9@%‘}1@0%%‘%@?

the invention is that the drive has been provided jn the region of that end o

the eXtrudef 3cret that 18 d8\1/Jv1|:1%¢fr1%-3amw|r_lerreefat‘iao|_1ft%at1ﬁltler%Iir(?\gtie):r%1 of Vem.:ed
convéying Bithe pelyPaEr ThistRasthe abVartage that the-dnve Ras oAy tBe
be sealed withrrespect tdgolymeric neateria)ithe wiscositytof whith is higher

than that of seenomer-and. selvent, FyBhernore,the sealing-efithe drive dpes
not hc?vre to he res()iga&g rt]oward th% §olvent us‘fgm'el']c_; .summarize the

inventlén,e%telaﬁve of the\éiﬁllfc]i%r HIETPO

This has the advantage that the drive has only to be
sealed with respect to polymeric material, the
viscosity of which is higher than that of monomer and
solvent. Furthermore, the sealing of the drive does not

have to be resistant toward the solvent used.

To summarize the invention, the drive of the extruder
screw has been provided in a region of the screw where
only polymeric material 1s present, thus permitting
correspondingly simpler design of the seal. The
invention therefore describes the way of designing the
drive at a point in the extruder where the polymer has
been very substantially previously devolatilized, and
indeed notwithstanding the fact that the pressure rise
would be expected to peak there, by virtue of the drag

flow in the extruder.

One particularly preferred variant provides drive of
the extruder screw from its downstream end. It 1is
advantageous here that the extrudate outlet has been
provided radially and/or tangentially, in relation to

the longitudinal axis of the extruder.

It is likewise advantageous that the extrudate outlet

is upstream of the drive, but downstream of the point



screw has been provided in a region of the screw where only polymeric
material is present, thus permitting correspondingly simpler design of the
seal. The invention therefore describes the way of designing the drive at a
point in the extruder where the polymer Ras been very substantially
previously devolatilized, and indeed notwithstanding the fact that the
presstife Fizeciiotld b &Xfecied 16 Pebkithers, BpVirfiRrofthe'@rag flow in
the extruder. One particularly preferred variant provides drive of the extruder
SC:?%HQ”EJE%@@WP@%e@@r%%dﬁt“ i@gf;lct\éf@ta‘gg?d?h%@ﬁ:g?a@f e@%&dpa%s
outlet ha n provided radially and/or tangentially, in relation to_the
ongriin il S8 oF e e TR e e e oot fhal fHe ore of

extrudaRCGAIE 6 GHSYEIMTSE tRB UM bt dbivistreatiy of i poitt 5Ebf ¢
metering bbthecdevolatilizingpolymers syrep. Ometpréferredzarfant ofthethe
venteghexteyderprovides thatthesextsudenserevwnbasatleast we gegians o

opposifely conveying;channel prafilgs, $a that,in hat region of he extruder
screw that is adjacent tQ the drive, there is a reverse-conveying screw thread
which ehsures é alifig onth& arive sic e%%e%&%&%%r.%%t return ot
rever§&orfeying séréw iiYedBiBringsabout rethini 6F tAe melk antliptibiet
any restriction of flow of thateriakinithe region of:the extrxidendarrel barrel

downgtieam et the gxtrudate-qutlet; The extrudate outlet has preferably been
provided at that end of the downstream-conveying section (17) of the

extruder screw that is downstream of the first material feed, so that both the
main%ﬁve%ffﬁﬁ‘éﬂ‘%ﬁﬁw outlet has preferably been provided at
that end of the downstream-conveying section (17) of

the extruder screw that is downstream of the first
material feed, so that both the main conveying stream

and the returned melt pass into the extrudate outlet.

A restrictor ring and/or a change of diameter of the
screw core has been provided in the region between the

oppositely cut and conveying screw profiles.

One variant of the wvented extruder according to the
invention ©provides a second material feed to the
extruder barrel in the region of the downstream end. At
this point it is advisable to feed previously
devolatilized polymer into the extruder, in such a way
that the melt introduced at that point flushes the
downstream end of the extruder screw between extrudate
outlet and drive continuously with polymer in counter-
current to the main stream. This eliminates polymer
deposits in the said section of the extruder screw. If
these deposits suddenly break away, they could lead to
discoloration of the main material stream located in
the extrudate outlet.

In this region of the extruder screw, there can be

provided separate cooling and/or heating of the screw



and the returned melt pass into the extrudate outlet. A restrictor ring and/or a
change of diameter of the screw core has been provided in the region
between the oppositely cut and conveying screw profiles. One variant of the
vented extruder according to the inventidrmprovides a second material feed
to the extruder barrel in the region of the downstream end. At this point it is
advisabit @ fee@lfpretivtislyc devoRtilizedpbiymer intt-the exthsderziiisuctfa
way thattheanelt inttgduced atthat pointtflushesdbei dpownstream ewrd of the

extruderscrew betvwean gxtrugdate, outletand driveicontinuausly with pelymer
in couqter %urrent to the maln stream. This elm}]nateskpo mer deposns in

the said section of the extruciler screw. It these epoglts sudld%nly%%eaﬁ

away HifeyP&Sunq6ad 16 G cadTatti bf the' thaln Materidiétredm iscatettin
the extrudate-outlet un thisregiomcofithelextrueer serew, tHerecansise have
provided sepatate £ooling andéorheating of the isereyw 6r andioraftbe with

eXtrU% Barrel, with the aim, OE}%dV%%%%%U%@XM@W&“%Q’&M@&QS'%PEW

the meI in the said re ion. By way of example, there can be a closed

vapolirEharindi Paseing thraligh thisi2gici? 81u thd Bxtrlider 8B afigannet
partiayFiiedasith aavclatled iguitlo Afarthet YApBaF EHaRiel i O Totrse
have wibger provided dn the regionof the extrutles sceeww avithc wpposiedpitcho
In the-kegigns; where the extruder screw cools, condensation of the vapour in
the vapour channel provides heating due to heat liberated by condensation,

while evagoratlon due to excessive temperature leads to cooling.
he region of opposite pitch of the screw, coolant

and/or hot fluid can be introduced from the outside to
the screw by way of an axial hole, passing internally

through the screw.

One ©particularly preferred wvariant of the vented
extruder according to the invention provides that the
second material feed has been attached to the extruder
barrel downstream of the extrudate outlet, i.e. behind
the extrudate outlet in the direction of conveying of
the polymer. This feed point obtains its preferably
devolatilized melt wvia a substream diverted in the
region of the extrudate outlet and/or via a substream
diverted to the extruder barrel upstream of the
extrudate outlet. A ©portion of the devolatilized
polymer stream 1is thus diverted at one point in the
extruder, and refed in the region of return of melt.
Another possibility is that the second material feed

point is supplied with polymer from a second extruder.

As an alternative to this, it would be possible, by way
of example, to divert devolatilized polymer from a
parallel polymerization process and to feed it at the

appropriate point in the extruder.

The magnitude of the second material feed stream can be



In the region of opposite pitch of the screw, coolant and/or hot fluid can be
introduced from the outside to the screw by way of an axial hole, passing
internally through the screw. One particularly preferred variant of the vented
extruder according to the invention provides that the second material feed
has been attached to the extruder barrel downstream of the extrudate outlet,
i.e. beKindsifslex@rudéde’ oatiet it Hie Birectich 6FEdAVeyiig 6RthelpaRaiar
This feed point 6btainslitspreferabilyo devdlatitized msitviacasubstseamion,
divertgddndhe region of the extridate gutlet andiar via.a substreamadiverted
to theaﬁxtéuder barrel upstream of thieD eextrudatedoug%t. élpeortign of th

tive, : C . t f
devolatlitlzer(‘ﬂ1 apcilyrener stream is thus d}verteod at one point in the” extru eer,O

and r&f& HEhRYe g 6F rétdrn’ 6F el TRABtNET Po¥aibility Skt the PUmPs
secordiéfateriakfemd pdimsisstppliedivith potymer frorrasetopdtextAsder.
As an alternative to this, it would be possible, by way of example, to divert

devolafilized, polymer fram & peyallel polymerization process and tg,feed it.at

the a pro riate point in t_he extruder. The magnltude of t_he second material
feed é:rear%r&fr‘ﬁﬁepf fjisted’By way 6t Suitabfe SéiBction BF the Grameter
of the-feeBldine%dii7oF Bf therfeellTross séeRcrd and/of 'of the dRersion of
crosscgectioni As ait alternativeyitis possible toradjustthesmagaitudeof the
secong materigh feed strean via valves and/oppUmps. and/or other output
adjusment units, andjor g second exiuder.  The gas outputs of the exruder,
can have been provided at various points, and by way of exampPe ﬁ1e
conuﬁﬁﬁ%ﬁ?n of the gas arising during thé devolatilization
process can also be dissipated upstream of the first
material feed. The gas output would then be upstream of
the first material feed. This is considered
particularly advantageous, 1in particular in connection

with the inventive design of the extruder.

The invention is illustrated Dbelow by using an

inventive example, with the aid of the attached

drawings.

Figure 1 is a diagram of a section of a portion of
the vented extruder with a condensation
chamber attached thereto and without drive,
and

Figure 2 is a diagram of the vented -extruder

according to the invention with gearbox and
motor, but without the attached

condensation chamber.

Figure 1 shows only a portion of the vented extruder
(1). The vented extruder (1) encompasses an extruder
barrel (2) and an extruder screw (3) rotatably mounted
in the extruder barrel (2). The extruder screw (3) 1is

rotated by a drive (4) by way of an intermediate



to be evaporated can be dissipated in the direction of conveying of the
polymer upward or towards the side. It would then be necessary to provide
the gas output downstream of the material feed. As an alternative, a portion
of the gas arising during the devolatilizatforr process can also be dissipated
upstream of the first material feed. The gas output would then be upstream
of the¥irstanatertal feed. This is considered particularly advantageous, in
particular in connection with the inventive design of the extruder. The

invention igdliustrated belgw by using.an inygntive example.dwith the aid:of -
the a%a%@el% %{a;j/\éin%sr..llffi(g;qul is a diagram of a section of a portion of the
vented extruder with a condensation chamber attached thereto and without
drive, and Figure 2 is a diagram of the vented extruder according to the

invention Withtgearbdx ahdvmotdr; butwithoutthe attacheth wondérsationve
chambey. Hgurend shews.erly psportionof the yvented extrudess£l)oelhe on

vented extrudsr (1) ensompasses an,extryder; harret(2) and anEXtHge

screw g?;g rotatably mounted in C{he extr}lljder barrel éZ) b The elxtru er screw

(3) is"Fotatec oy & drive )by Way of afintétietiate gafvox (55 BYal st
exampfe, tRerezat e Hiteleétriedmotbt NSrovitled asidrive®d). AS iéntioried
above,ikigere lcddes notshowt the dsiven{4) osthetgearbkox: (5)dthe |lecation
of thegg)bejpg.an, the right-hand side of the drawing. The polymer/monomer

The vented extruder 1 according to the invention has
been designed as a single-screw extruder, Dbut this

could also have been designed as a twin-screw extruder.

The cross section of the extruder barrel (2) has been
widened in the region of the feed wvalves (7), i.e. said
internal diameter is larger by about a factor of from
1.01 to 3 than the regular internal diameter of the
extruder Dbarrel (2) outside the said region. The
internal diameter of the extruder barrel (2) at that
point corresponds approximately to the external
diameter of the screw flight of the extruder screw (3)
(taking into account any tolerances). The region of
larger internal diameter of the extruder barrel (2)
defines the wvent zone. The monomer/polymer mixture
and/or a solvent/polymer mixture is fed under
conditions of ©pressure and heat into the extruder
barrel (2) by way of the feed 1line (6). A marked
pressure reduction takes place in the vent zone (9),
and the monomer and/or the solvent can therefore be
removed from the polymer by devolatilization.
Furthermore, the flow wvelocity of the material is
reduced in the same region. In the drawing, the polymer
is conveyed towards the right in the direction of the
drive. The terms *“downstream” and “upstream” used in

this connection always refer to the direction of



mixture is introduced to the extruder barrel (2) by way of a branching feed
line (6) at at least two diametrically opposite points on the extruder barrel (2)
by way of feed valves (7). The vented extruder 1 according to the invention
has been designed as a single-screwextruder, but this could also have
been designed as a twin-screw extruder. The cross section of the extruder
barreF@)\1east beer fwidehétPiivirtregion of the feed valves (7), i.e. said
internal diameter is larger by about a factor of from 1.01 to 3 than the regular

imemﬁlﬁ%ia%er&;itag n%xtr%qler%tp@rrelz\l,é%)tou%gg;{g thgagsiaiq)_t;egi@flg%I TR&pour
internal diameter.of the extruder barrel (2) at that point corresponds.,
ApprOmatoly 16 e Sxferhal dametes o"tﬁzes%é‘v’%gg%ﬁoﬁ%e S e

! i ! e extruder
screw’ {8)F (t8kin§ ito HEBURE any téleraficdsy. Sfie rEgidn'6f f&iger ftermaf

diaméteér of the extruder barrel (2) defines the vent zone. The
monomer/polymer mixture and/or a solvent/polymer mixture is fed under

conditipps of pressure and; heatdnto the extruder haygel (2).by way of she
feed line 1(16)' A marked Eressgre reduction takes place jn ttkwje ventlzlo)ne_ 9),
and th& Mondiher SHA7OY the Sdlvént CaR theretore Be Terioved from'thé™ =°
polyrmiéyiisy: deV6latiigation. SERRhéfmbhReE, tHeHowz 98Rpcity bf e wratérialie
reducedrin the sameregioredn theduawing, the polymer is conveyed
towards the right in the direction of the drive. The terms "downstream™ and
upstream” used,in, fhis connectipn always refer to fhe direction of 9. s
conveyﬂng oflthe po ymer.]ﬂ1e gas arising in the vent %one or %ﬁ)e vapour
the  liquid Serving to cool and condense theé gas and/or
the vapour in the condensation chamber. The liquid used
is advantageously miscible with the ©polymer, thus
permitting any entrained polymer to be dissolved in the
liquid. As an alternative, or in addition, other means
can be wused for condensation, e.g. heat exchanger

and/or condensers.

As Figure 2 shows, the drive (4) is downstream of the
feed wvalves (7); this means that the polymer is
conveyed from the end of the extruder/screw tip in the

direction of the drive side.

As can also be seen from Figure 2, the vented extruder
(1) according to the invention has a tangential or
radial extrudate outlet (13) at 1ts end situated

downstream of the feed point (6).

As can be seen from Figure 1, passing axially through
the extruder screw there is a closed wvapour channel
(15), partially filled by a volatile liquid.
Evaporation of solvent or monomer leads to marked
cooling of the polymer in the feed region of the
extruder. The wvolatile 1liquid can, for example, be
water or an inert volatile 1liquid, such as a

vaporizable o0il. The significantly cooled polymer can



arising at that point is conveyed towards the left-hand side of the drawing,
I.e. upstream of the feed valves (7). The upstream end (10) of the extruder
barrel (2) is open, and opens into a condensation chamber (11) into which
the gas arising in the vent zone (9) flows #Tthe form of superheated vapour.
(12) indicates introduction of a liquid by spraying, the liquid serving to cool
and condénge thecgdseand/er Thé vapbGr inthe €dndetaficR ehamBerTise
liquidausedy is @dvantageoushamisciblefwithhthe polymer, thus peemittingoany
eggaf@%%ﬁlymam bec@ﬁ%%'ﬂ@@i“f@@ Iigém- Atﬁ_cﬁ;rhal.terk?@t%\feg&;d@ the
addition er means_can be used for condensation, e.g. heat exchanger
andior condenssrs, AL Figlire2 shows. (16 arive (4] 1S dawnetrear of the ™

feed Vaves 7y thiShfdand &34t thefpolyifer & Comeyedroft'the' ehd of the
extruderscrewctigimthe directiosof thedrive sideadsiddrralksb beoseen from
Figurees the yentedextsuder {1) accarshing ta the inventienthasna tanrgential

or radigl exfrudate oytlet (13),at its-end,gituated downstieam.gf thedeed. .,

point (6). As can be seen from Figure 1, passing axially through the extruder
screw thite 1§ a"615<8d $&pour Bharné %%}?%%w Fally filldl by & vordie” °F
liquidt TEVaporatisA df Solveht b morldmer leRisRPrRed coblinier thehe
polymertinitherfeedregiorofithet iextrudet. Bhe viotatde tiquithcan, for
example, be water or an inert volatile liquid, such as a vaporizable oil. The

anﬁE?%@!é&égedPPQ@Q?%%%Q_4héét can be dissipated, thus

reducing degradation of the product.

In the vented extruder (1) according to the invention,
the drive (4) and the gearbox (5) have been provided at
that end of the vented extruder 1 situated downstream
in the direction of conveying of the polymer, i.e. at

the side opposite to a first material feed (6).

The extruder screw (3) encompasses a first screw-thread
section (17) in which the orientation of the channel
profile causes the melt to be conveyed in the extruder
barrel (2) from the first material feed (6) towards the

extrudate outlet (13).

The orientation of the extrudate outlet (13) of the
vented extruder (1) 1is tangential or radial in relation
to the longitudinal axis of the extruder screw (3), the
polymer thus being discharged upstream of the gearbox
(5) and of the drive (4).

The extruder screw (3) furthermore encompasses a second
screw—-thread section (18) in which the channel profile
has been oriented in such a way as to achieve reverse
conveying opposite to the direction of conveying of the
first screw-thread section (17). The second screw-—

thread section (18) therefore serves for sealing on the



in turn be heated with the aid of the vapour channel along the short path, if
the liquid in the vapour channel (15) condenses at that point. Alongside the
heating of the extruder barrel in the feed region and the frictional heat of the
extruder screw (3), the vapour chanmet{15) represents an additional source
of heat for the (partially) devolatilized melt in the feed region of the syrup.
Throdghpift irsthécextrbidércanctius Be maxirhized YRPE1IS efmdodififentidan
the refjiow of fthehextrudatesautlet (13), evaporation within the extruder screw
cools the melt or the extrudate. Excessive frictional heat can be dissipated,

thus cinl egradation of e pr du%t. Int ev\{enterq ex gd%r main
accoré?r%l tot gllg\%ﬁt?on? tﬁép %rive8 Q?;fdt %gé%rbo%( ﬁ)aveccbeeen °
providédat that'etitl Stth&Ventet Extiiter Vsittiated°dovinstreani Sit tHe )

directior obcormvaying bitherpelynfercile. (@0 thel side oppositedoafirst the
matet«ialcf@@@gl (5&;3&&@@9@@@1@ §§EBW&&) en@qmpasmaé&strwgw-weaal
section, (17).p which the orientation of the.ghannel profile,cauges the meltto

be conveyed in the extruder_barrel (2) from the first material feed (6) towards
the exirudate oufiet (135 The"6fichtation S the Sxtrudate dutid? (13) Bf the'®
ventefPextrutle? (1) 78 targenfi&lPeitradial in refatiéit tothe fongtlGin&6aS 6f
the extruder-strewn(B),thet polymer ghusdieinghdischargedaupstseamof the ,

gearhox, {shand afihe drivesH nFhe extruder screw (3) fyrthermore,  this
encompasses a gecond SCrSW'théeago%%%“oe”dgﬁ%é?nwbi%‘ the ghannel, ¢

. 10n, olym
pI’OfI|e ﬁas Been orleﬁtedyln sucﬁ a way asyto Ieve reverse conveying

oppo$ite to M titettiondf corfveying ofheection of the extrudate

outlet (13). This therefore ©prevents any polymer
residues from remaining at that point downstream of the
extrudate outlet (13).

As can be seen from the drawing, the extrudate outlet
(13) 1is in the region of the downstream end of the

first screw-thread section (17).

The known type of heating is advantageously used to
heat the vented extruder according to the invention.
The position of the extruder when in use is horizontal,

as shown in the drawings.
Key
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first screw-thread section (17). The second screw- thread section (18)
therefore serves for sealing on the --11-- drive side of the extruder with
respect to the main flow of the polymer. (19) indicates a flow branch
deviating from the main flow of the polytder-and fed by way of a by-pass (14)
and a second material feed (20) into the region of the second screw-thread
sectidrt (18)‘sFterSafudst barrEI°E2). The by-pass can run outside or inside
the exteudershasrel i The dlowebianch of polymer deviating from the main flow
brings about,.ipthe yegion.ef the second screw-thread section (18) of the
extruqelr scrgw 36) constant back-flushing with fresh polymer. In this region,
the polymer ig onveyed from the direction of the gearbox (5) in the direction
of thelextrudate® vutlet ¢13)° This therefore prevents any polymer residues
from fégmairfing at thatypoint downstream of the extrudate outlet (13). As can
be seen fromitherdrawvving -therextsudaterautiet (13) is in the region of the
down%rearrg epd of the first %g%\lg&hgeeacdﬁggtlon (17). The known type of
heating is advanta eously use to heat the vented extruder according to the
invention. THeE PoSition ofthe skiruddt Wiked it tisé 1§ horizontal, as shown
in thé@rawﬁ@@l@@y%%ﬁtéé ex@ifler 2 Extruder barrel 3 Extruder screw
4 Drive 5 Gearbox

Figure 1



6 Feed line 7 Feed valves 8 Condensate run-off 9 Vent zone 10 Upstream
end of vented extruder --12-- 11 Condensation chamber 12 Spray
introduction 13 Extrudate outlet 14 By-pass 15 Vapour channel 16 Gas
output8 AP st screw-thread section 18 Second screw-thread section 19
Branch deviating from polymer flow 20 Second material feed Figure 1
200700473 - 13 - Patent claims 1. Vented extruder (1) for the devolatilization
of a PBIyRTET Matera, encompassing at least one drive, at least one
extruder barrel (2), at least one rotatably driven extruder screw (3) mounted
in they extruder basrek (2): atiteast one fisst materiakfeed{6), atdeastoner a

extrudate oyllat(13). af,least one vent za0e.(9) apd.at '?QQE‘B”%%%?%@

characterized in that the drive has been provided in the reglon of that end of

the extrudefScrei 5} that's d%%%%]r:n fi#Fistion to'the irectiohdr ©7©

convewng(ﬁQﬁétablY driven extruder screw (3) mounted in the
extruder Dbarrel (2), at least one first material
feed (6), at least one extrudate outlet (13), at
least one wvent zone (9) and at least one gas
outlet,
characterized in that
the drive has been provided in the region of that
end of the extruder screw (3) that 1is downstream
in relation to the direction of conveying of the
polymer.

2. Vented extruder according to Claim 1,

characterized in that

the drive drives the downstream end of the

extruder screw (3).

3. Vented extruder according to Claim 1 or 2,
characterized in that
the extrudate outlet (13) has been provided
radially and/or tangentially, 1in relation to the
longitudinal axis of the extruder.

4. Vented extruder according to any of Claims 1 to 3,

characterized in that

the extrudate outlet (13) is upstream of the



polymer. 2. Vented extruder according to Claim 1, characterized in that the
drive drives the downstream end of the extruder screw (3). 3. Vented
extruder according to Claim 1 or 2, characterized in that the extrudate outlet
(13) has been provided radially and/ortethgentially, in relation to the
longitudinal axis of the extruder. 4. Vented extruder according to any of
Claims 1 to 3¢ iffaracterized in that the extrudate outlet (13) is upstream of
the -14- drive. 5. Vented extruder according to any of Claims 1 to 4,

charagterized i that dhe extiudes serew {3} has atleasttwe regions of 5 4,
oppositely conveying channel profiles. 6. Vented extruder according to Claim
1, characterized in that the extrudate outlet (13) has been provided at that
end of the dowistfadm cdifveyihg Sélew-thread section (17) that is
downstream of the feed point (6). 7. Vented extruder according to any of
Claims 1 to ghecharacterizeddn tbat a spcond materiad feed (20)has beenor

provided to {he extruder indhelegion %%%%WE%%%%%UC'- 8. Vented

extruder according to Claim 7, characterized in that the location of the

second material feed (20) in
6. Vented extruder according to Claim 1,

characterized in that

the extrudate outlet (13) has been provided at
that end of the downstream-conveying screw-thread

section (17) that is downstream of the feed point

(6) .
7. Vented extruder according to any of Claims 1 to 6,
characterized in that

a second material feed (20) has been provided to

the extruder in the region of the downstream end.
8. Vented extruder according to Claim 7,
characterized in that

the location of the second material feed (20) in
the extruder is downstream of the extrudate outlet
(13), and this feed point obtains its preferably
devolatilized melt via a substream diverted in the
region of the extrudate outlet (13) and/or via a
substream diverted 1n the extruder barrel (2)
upstream of the extrudate outlet (13) and/or via a

substream diverted from the extrudate-outlet line.

9. Vented extruder according to Claim 7 or 8,



the extruder is downstream of the extrudate outlet (13), and this feed point
obtains its preferably devolatilized melt via a substream diverted in the
region of the extrudate outlet (13) and/or via a substream diverted in the
extruder barrel (2) upstream of the extréiflate outlet (13) and/or via a
substream diverted from the extrudate-outlet line. 9. Vented extruder
according to Claim 7 or 8, -15- characterized in that the second material feed
(20) is supptied fromear seeondrexttuder. 10. Vented extruder according to
any of Claims 7 to 9, characterized in that the stream of material relating to
the second rHaterlaI fee ﬂ‘i @g%ésrzgg sttabl 512 Vented extrug) cc rdlng to
any of Clalms to f8 aracterized in th at the gas output% for at least a
portion of th%eﬁ%%dar%fﬁﬁ ¥fiffing the devolatilization process has been
provided upstream of the first material feed (6). 12. Vented extruder

according tovany f Glatmsdeto 46¢6hatacierized iy that a restrietor ring o,
and/or a change in diameter of the screw core has been provided in the

region betv%%eanrghcetggeosnelx cut and conveying screw profiles.

the stream of material relating to the second

material feed (20) is adjustable.

11. Vented extruder according to any of Claims 1 to
10,

characterized in that

the gas output (16) for at least a portion of the
gas arising during the devolatilization process
has been provided upstream of the first material
feed (6).

12. Vented extruder according to any of Claims 1 to
10,

characterized in that

a restrictor ring and/or a change in diameter of
the screw core has been provided in the region
between the oppositely cut and conveying screw

profiles.





