- 1< Drive arrangenment in a degassing extruder Field of the invention The
invention relates to a vented extruder for the devolatilization of a
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Polymerization processes often carry out the
polymerization in 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 intended 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 ofv pressure in the
extruder here; there 1is a depressurization of the
material downstream of the ‘material .feed, "where the
material is 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 an extruder screw rotatably



mounted in the extruder barrel. The material feed in the formof an inlet
hopper is conventionally provided at the drive side of the extruder casing.
Devol ati zation takes place downstream of the material feed. The

devol atilizing section of the extruder screw has a markedly reduced nunber
of flights, thus providing in a manner known per se additional space for
ext rudat e expansi on. Behind the vent 7oh&, i medi at el y prior to the
extrudate outlet, the extruder screw has a section with an increased nunber
of flights, whcghted tor rthsr i ggsuadssutbagrplesdiice wetseipd thaedr egi on of the
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i s conducted GPEFLEIr Ut | ¥Rl gF%éYe’F‘engFﬁeofmattt‘?emé’it r G8er té%(t FRal 1y, or
within the exexktdedebatsebf irrfletihelyelyponvhetueetry draneé ahd weal, and

that |ocationis.gppkied, tc& the vﬁ%e‘é’esEQSt SCE eWd Mdd¥d 1 CORVEYSeh he
substream downstream i n this region. The drive therefaore has separation

fromthe | ow ¢r€é8%i ythapsarechytoi FP&EGB‘F PHEt mBFt OTA dPERBVARESge of the
sai d enbodi rredtesnsnt hathexredeyod atsilliidzed-siubst rseeamsi sofondugtledaowér a

relatively |opgsp hh. {DQ t esogn%oge of weyﬁéyuq?&h TB‘érPfiﬁdEﬁé whi ch

has now been devo 1ze e Is then again run hrough t he ent| re
extrusi on spaf&VPe thel Giticst . Y Tepedl Bt rejs%ti‘hg bRe polr¢HePe
general ly | eatettreeh npaer sRAft Oksecapt iatal freoperirntesoOf et pooduat due to

prol onged the%% mé%@% QY a6t LhgakpvEnLso éscéﬁleero%f fh% '%%%%93 on the

obj ect of inpro Hhis respect, a vented extruder o Ee
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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.



- 4 - Achievenment of object The object is achieved via a vented extruder
for the devolatilization of a polynmer nmaterial, enconpassing at |east one
drive, at |east one extruder barrel, at |east one rotatably driven extruder
screw nounted in the extruder barrel, at |east one first material feed, at

| east one extrudate outlet, at |east one vent zone and at |east one gas
outlet, where a feature of the vented—extruder according to the invention
-is that the drive has been provided in the region of that end of the
extruder screwrhatri socdawnshr eappbied elfati avlvanthehdi rneoctkhlem off conveyi ng

of the pol yrero This has the advantage dhatnd heodrige hasoanlynd o,be seal ed

with respect to polymeric materi al he VISCOSIéépO which 1s higher than
that of nononéﬁl§ﬁ6956+W%n§ea#urﬂﬁe?&ﬁ?@ln?héfs rFPase the-dri V@ does not
have to be resihst anjeatrowar dwtihe saheent ysed. Tbisunmmbodemddie | hwention,

the drive of tha exryder serayhassBesn,proy ded dngiceokaneoL, the screw

where only polynerlc mat er 1 al resent,  thus permtting correspondingly
si npl er desi grit ofii#af&vageage Tﬁ% it ﬁéntﬁ%ﬂPQ§ﬁ€ré?ﬁ?ﬁ”ﬂ%%c%?bé@aﬁhe way of
desi gni ng t he 1drigee satteampoEntinent t hes extr ndededhief ethbespotyner ohas been

very substant i llokopr cyhapsly davelatiLizeds and | ndaed nawkghshanding the

fact that the pressure rise e expecte peak there, by virtue of

the drag flowtrsreherexticgder . t%hélﬁ%rfﬂ@ﬁﬁéﬁPﬁ soster rarf v&RPaREL provi des
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of netering ofPft hehRlePsidt i99585ng WidfreRedyTiAnstee pFeftadsd 95%i ant of

t he vent ed extthederope ovedtzsl.t hat the extruder screw has at | east two

regi ons -of oppositely conveying channel profiles, so that, in that region
of the extruder screw that is adjacent to the drive, there is a

rever se- conveyiR§heEr Ba¥ t AF e 882 WHIE htidh STRAEPZe AllitAg T6RPERE 8Pi VBSsi de of

t he extruder. mbhbsecrewatger cenveyhngvsesens t he eadtlrn ngs abdut ineburn of

the nmelt and I%@IQ%bgoﬁn%egﬁgéﬂi?é%éﬁhéﬁllza %bﬁfaﬁﬁtgggébok” 5Ee45eg|on of
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17 724 Cl describes this embodiment. A substream of the

devolatilized polymer stream 1s conducted over a
relatively great length of the extruder externally, or
within the extruder barrel, into the region between
drive and vent, and that location is applied to the
screw. The screw in turn conveys the substream
downstieam in this region. The drive therefore has
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 devolatilized once is
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.



The extrudate outlet has preferably been provided at that end of the

downst ream conveyi ng section (17) of the extruder screw that is downstream
of the first material feed, so that both the main conveying stream and the
returned nelt pass into the extrudate outlet. A restrictor ring and/or a
change of dianeter of the screw core has been provided in the region

bet ween the oppositely cut and conveyin§-screw profiles. One variant of the
vent ed extruder according to the invention provides a second material feed
to the extruderchhareeént mof kyjeegi on of the downstream end. At this point
it is advisable to feed previously devolatilized polyner into the extruder,
in such a way that the nelt introduced at that point flushes the downstream
end of the extfhgderrisctev ersheeveextiigdat everitddet ©HHd RS v coh®$ nuousl y
wi th pol ynmer ideaveouplef gadirentoft @ pheyiar nmstéeiam, Hruceomephbaingtes pol yner
deposits in the said,seglipn Q{f thg %X%gd&ﬁt EWep ol b ot De%‘é‘ deposits
suddenly break away, they coul ¢ I'éad to di scol oration of 't e mainh materi al
stream | ocat e®Ten ¥Piektlvudar &vont legftrudep ScERd/ of ot tthe &t Fhider

barrel, with theratsrobasdynnt ageoussy bnél genst ngatbeial scosdt yaof the
melt in the saidgreghon, By, Y&y, of,&3TpPLe. 1Lt oﬁénvgﬁtazggggsgd_vapour

e
channel passing through thrs region of the extruder screw an artially
filled with aaFoll&BisFeCPeqafrd. O Ftirt HEIe R PapodreatHafnef E8R, VERteBur se,
have been prowvxdedden tbeor&hdpntof thbeisxémuder scremaw theopposeéte pitch.
In the regions: et Iy er s w | S, ndensat.ji.on vapour
in the vapour%gh\g;ﬁé]ee i B?%C\%?(l eegphg?a,t ??}18 cfﬁegﬂtogl hcggt gF?Ee%gtged&{)ng
condensat i on, SWhiFPEcEY EFEFHL itRtdUS tPEIREESSMy 1t Pt Bt UT et P ehBS to
cooling. In thereegion of @ppesihg pftehe afoltyerscrew, cool ant and/ or hot
fluid can be introduced fromthe outside to the screw by way of an axi al
hol e, passing internally through the screw. One particularly preferred
vari ant of thé&hénted &er (RFBRIAEE6r diag tidet HEF ViRV ditS ot pf ov? dBE that t he
second mat eri alkaflead hasnbeersaidaacheth t opbhegmexid udeatbatarl dewastream of
t he extrudate let, i,e. Dbehind the.extr t tlet i di,recti on of
conveyi ng of tvﬁgtcﬁgﬁf/}/re?s “f‘%é“flese pgoh:ae)r%t tg%?la;%r?glei tog prn{éfntg?lg I?Eg A
devol ati | i zed SPBVENY af ar Shygtareamtipvepe iy ok He'T éliloe GPSEh8%Ext rudat e
outlet and/or nava 8oSHdStdLAIDAitVebieddtthd helexhtudeedbarrel upstream of
the extrudate outlet. A portion of the devolatilized polyner streamis thus
diverted at one point in the extruder, and refed in the region of return of
mel t. Anot her TgossimBiakiiey ithet Havephéosectbhd AutBei &F ftded §ydirNEers .
SupFlji gd, wi t h_s%?bwﬁgésfb@%?pﬁﬁﬁmj ext r&g@gio@&sd@ talet _&qumwamef:@ t hi fs it
wou e possible, way .of ex , to divert .devolatiliz ol.ymer from
a parall el poloﬁ%é’ri%%]ﬁnb%lﬁr olg%gégplaaﬁld £6 fRET T at % % fpepr‘r?nolggilg e point
in the extrudecrregdpudinglby swplsfr sudesisire sef eckhen 6fathe di&neter of
the feed |inesnaadtobnotntherdeedidd ASPeseteORayand efgnting dneer si on
Cross section. an_al ternative, LS bl.e to | ust, .t he rgl%%ni tude of

d.A§ a o) t%& tEﬁggé here égj volymer
the second mat&ridl *FeddPStPEam via®vaT ved andf'or pumps fand/'6f of fier
adj ust ment unibesnand/myr sulseEoorid ad)tyr @viously 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 is
advantégeous 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



The gas outputs of the extruder can have been provided at various points,
and by way of exanple the conponents to be evaporated can be dissipated in
the direction of conveying of the polynmer upward or towards the side. It
woul d then be necessary to provide the gas out put downstream of the
material feed. As an alternative, a portion of the gas arising during the
devol atilization process can al so be di%sipated upstream of the first
material feed. The gas output would then be upstream of the first nmaterial
feed. This isofonstdeird qfarthiecderrlat iddvanbagebyser isymp@r-ticul ar in
clolnnecti on with the inventive design of the extruder. The invention is
illustrated bel ow by using an inventive exanple, with the aid of the
attached dravmoﬁﬁs.prlgifﬁﬁfﬁgli"@rbaﬂt’r agt afl*of VWRE%%t %;ﬁr%%e% BB?Y?%%S of the
vent ed extrudehawi tthea eondelesatsorevwe Haadbeat atleashed woheretionsndo@i t hout

drive, and Fi gues2{s14 diaaramsotnkhge Ve &d ekt rudecnaecoidi agat o the
i nvention with gearbox and notor, but w thout the attached condensation

chamber . Fi guré9t°8héiks 1 v pERET G576 thetvert et BT ider® (15 The
vent ed extrudeirifé) eheoapassesrancexdtamderybapr ebré®) thndadnwhxehr uder

screw (3) rotatablXsmuntgds igh the extiudergdbats alnd 2kt riherexirugder screw
(3) 1's rotat e%et\)f%rgegéér\l/vee;i%g b ch\ea tcgreaé% Il:prtienrgrgEdaltbaé}uec r-etsur-n gggr box ().
the melt and inhibits any restriction of flow of
material in the region of the extruder barrel

downstream of the extrudate outlet.

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 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 vented 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 extfuder 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



By way of exanple, there can be an electric notor provided as drive (4). As
nment i oned above, Figure 1 does not show the drive (4) or the gearbox (5),
the location of these being on the right-hand side of the drawing. The

pol ymer/ nmonomer m xture is introduced to the extruder barrel (2) by way of
a branching feed line (6) at at |least two dianetrically opposite points on
the extruder barrel (2) by way of feed %atves (7). The vented extruder 1
according to the invention has been designed as a singl e-screw extruder,

but this coul dndl/sp hate been desigred &sraeiw nwsth ewlext rarder .ofThe cross
section of theqexhiydes,hd rele1lhohas deen wdened be Lhe fegiomof the

feed val ves ( . e: Sal§;|n ernal dianeter is larger by abouyt a factor of
from1.01 to & ?héﬁ”f%er?¥@ﬁ1arBYnWéVné1 FERBIEr of%ife” %% r der® barr el
(2) outside theosaidveegiion.chiheel nipessahgditametigh ¢hisheregdtanudef barr el

(2) at that p%;a@t eROELESPO v@%mao?m&ghyy t@hhe extarpalodhameter of the

screw flight e extruder screw ing into account ang
t ol erances) . ?H@uﬁ%glanGFthéFgéﬁp?%Eth%Pn?ﬂzﬁﬁHPero%fc?%%s%%t Wer barrel
(2) defines theeeptozofed hetimnongrdnpalfynte rixxtuder andfew with

sol vent/ pol y f e t e, ra at into
t he extrudern%§P§§F£%2§'%§l %%'%%g Ee&?ﬁ%%‘mgﬁgaghepe§%§uag gsgrg#sure

reducti on také@obFac%o???%%ﬁ§¥ﬂ§n9szH% Y@@Ow%hﬂ1ﬁﬁﬁ foREHEr © t he
sol vent can t@ebeﬁdée heatrienpwed ftoohethel podyarerd by dewdkeatsekiegati on.

Fur t her nor e, 11;'8 gy@éag%ow Rk thecmptetidl igJeduced hpahhecsane

region. In the raMAn pol ymer is conveyed towards the right in the
direction of t°R€LdPPve. The terms "downstreant and "upstreant used in this
connection always refer to the direction of - 9 - conveying of the

polymer. The gas (}%”%:le ohn otfh%p}(:\%@itéoggtég) o@r thees\@@@ur c8bhghpg at that
poi nt is conveyed towards sid upstream

e 0 .
of the feed vapgésr(#yt fﬁ%l®p%%?é%ﬁ]%ﬁﬁ“(&@?doﬁrPﬂetgﬁtPﬁgéﬁd%aF? (2) is
open, and opersel Blceca GgNdaRsatfii am charerhqlkl) gassonghiichretrheldgas ari sing

in the vent zg@gogg% Eﬂé”?%ﬂ%% the formof superheated vapour. (12)
i ndi cates introduction of a quid by spraying, the liquid serving to cool

and condense the gas and/or the vapour in the condensation chanber. The
| i qui d used i ®nadvaptagequstlyy msedddread t vatrfhenpol pifer thehusepeedi tti ng

any entrained ROLYNEL LocBEahosobvede! 0. LaR . bAUbovisancaLLornal i ve, o
in addition, her means can use ?o con ensati on . g. heat exchanger
and/ or conden§@ﬂ§nd 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 via 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 is 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.

Asban 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 canvbe



As Figure 2 shows, the drive (4) is dowmstreamof the feed valves (7); this
nmeans that the polyner is conveyed fromthe end of the extruder/screwtip
in the direction of the drive side. As can al So be seen from Figure 2, the
vented extruder (1) according to the invention has a tangential or radial
extrudate outlet (13) at its end situated downstreamof the feed point (6).
As can be seen from Figure 1, passingakially through the extruder screw
there is a closed vapour channel (15), partially filled by a volatile

l'i quid. Evapomabh@ne®fbgohagnbeSumbmbhersé&mmidn)qﬁnmmﬁ dooretrey of t he

pol ymer in theefegd reaiom pled hengxty uder cnlheeal atidw | squidgan, for
exanpl e, be water or an inert volatile liquid, such as a va orizable oil.

The si gni fi caffPYOEoolPéd Pty mefivakson - ‘E)ross i nSEGrPhe hédtedwith the
aid of the vapauershanngl i ang ddesidher topatihust f thdemdgrupuiwtid oft he vapour
channel | (15) ¢adensss, i.ddhat pobal o Al ongS)de Locbeahins, ofube extr uder

barrel in the 1%on and frictional heat of the extruyder screw
(3), the vapodrdéfanietey f@PuFEB‘?’étsém%SaﬁnQéaft?osr‘%ﬁonéjo&rx&éu frheat for
the (partially) devolatilized nelt in the feed region of the syrup.

Throughput i nfhe ext Lydet: cage thus he aexi-mezadnhyia 5@451% ghbodigent . In

the region of the extru ate outlet (13), evaporation ¥¥| hin the extruder
screw cool s tRE WBFEOGF RH&TExt Pidaby. "E% cols STRANE EPPoRATPRRE  Tan be

di ssi pat ed, thosbeeduepogaiteyredathoniicfsiheepr oduthe dnredeiaemed
extruder (1) %839&91&9 IO éﬁzee éJoQ ﬁ@il@ﬂwaﬁ&%rdreomrﬁé) +88dsi e, gpar box (5)

have been provi t he vented extruder 1 situat ed downst r eam
in the direct "8H0f %Ve??ngn‘?ﬁestsﬁéypo??/né}rovﬁ 8. Ht°tHESsi g8t Bpposite to
a first materidalinbeeshr{ 60f The eateuder Sexdw X3)aenscdhpassesra farst
screw thread ?%chw 6473nk ng&@' ch; L hey ofd.Anfatin dzefvotla%l@héga_%n profile

causes the ne e conveyed in the extruder barrel O(F roglthe first
mat eri al f eedPERFFSE of@Rd$1tRe Réxt FARFIEE 60 IS TEEST. OFhet htaktion of
t he extrudat emautkesl (48394 ofTHehgagentieguextsuwidertheh) bes upahgeatni af or

radial in relation to the lonqitudi nakoaxis ofyithe %tru@%s%eé%vi(?») t he
pol ynmer thus being di scharged upstream of the gearbox, (5) and of the drive
(4). 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) is

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



The extruder screw (3) furthernore enconpasses a second screwthread
section (18) in which the channel profile has been oriented in such a way
as to achi eve reverse conveying opposite to the direction of conveying of
the first screwthread section (17). The second screwthread section (18)
therefore serves for sealing on the drive side of the extruder with
respect to the main flow of the polynmer8 —(19) indicates a flow branch
deviating fromthe main flow of the polymer and fed by way of a by-pass
(14) and a seceandbortesjal feed (20) into the region of the second
screwthread section (18) of the extruder barrel (2). The by-pass can run
outside or inside the extruder barrel. The flow branch of polyner deviating
from the mai nB¥l o¥@br iChgsSHHBUE, | hheHe Fagi dif of Mt e SEddrid %EY%ﬁvthread
section (18) efrotrheeexis utervesqrew (3), constant back-flushing with fresh
polymer. In this region, the polyner is conveyed fromthe direction of the
gearbox (5) in the direction of the extrudate outlet (13). This therefore
prevents any P§l Ve io8eld @& ver ohiCEREi hi fgat hatSHBI ntPYoRhSYF eam of

t he extrudat e @yt et th&3)eaBsoxans be weenddaamohhefdrawsagpbeihe extrudat e

outlet (13) i%h%nrﬁﬁﬁf%@%&Qgﬁgkkkget%%WH§E&§ _QﬂQ;SLﬂEH%rDRBEEmer

screwthread sectio nown Egpe of heating I s advant ageously used
B

to heat the vERKEHTBXEF uHRYT HRESAditAg BRE MR ATSRL The B¥siE¥on of the
ext ruder whendfn use brankatihgontakd asisdowmis) n &he drawilngst KeyolVent ed

extruder ZEXt%HQﬁ%tp§££Eh73§5£5g9§£ 3853@5 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-screw extruder, but this

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

The cross section of the extruder barrel (2) has been
widened in the region 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 internal diameter of the
extruder barrel (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 vent =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 line (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 velocity 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



4Dri ve 5Cearbox 6Feed |ine 7Feed val ves 8Condensate run-off 9Vent zone
10Upstream end of vented extruder --12-- 11Condensation chanber

conveying of the polymer.

The gas arising in the wvent =zone (9) or the vapour
arising at that point is conveyed towards the left-hand
side of the drawing, i.e. upstream of the feed wvalves
(7).

The upstream end (10) of the extruder barrel (2) 1is
open, and opens into a condensation chamber (11) into
which the gas arising in the vent zone (9) flows in the

form of superheated vapour.

(12) indicates introduction of a liguid by spraying,
the liquid serving to cool and condense the 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 used for condensation, e.g. ‘heat exchanger

and/or condensers.

As Figure 2 shows, the drive (4) is downstream of the
feed - valves (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 its end situated

downstream of the feed point (6).

As can be seen from Figurebl, passing axially through
the extruder screw there is a closed vapour 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 volatile 1liquid can, for example, be
water or an inert wvolatile 1liquid, such as a

vaporizable oil. The significantly cooled polymer can



12Spray introduction 13Extrudate outlet 14By-pass 15 Vapour channel 16Gas
outputs 17First screwthread section 18Second screwthread section 19
Branch deviating from pol yner flow 20Second naterial feed Figure 1
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in turn be heated with the aid of the vapour channel
along the short path, if the 1liquid in the wvapour
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 channel (15) represents an additional source of
heat for the (partially) devclatilized melt in the feed
region of the syrup. Throughput in the extruder can
thus be maximized via tﬁis embodiment. In the region of
the extrudate outlet (13), evaporation within the

extruder screw cools the melt or the extrudate.

Excessive frictional heat can Dbe 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) is 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 8crew¥thread section (17). The second screw-

thread section (18) therefore serves for sealing on the



- 13 - Patent clainms 1. Vented extruder (1) for the devolatilization of a
pol ymer material, enconpassing at |east one drive, at |east one extruder
barrel (2), at |east one rotatably driven extruder screw (3) nounted in the
extruder barrel (2), at least one first nmaterial feed (6), at |east one
extrudate outlet (13), at |east one vent zone (9) and at |east one gas
outlet, characterized in that the drivelras been provided in the region of
that end of the extruder screw (3) that is downstreamin relation to the

di rection of cpnveyidigieofot henpokyprtide@ndithatredpect o tbhetidesingin of t he

extruder (1) the L.y en very substantially devolatilized at the
poi nt the dri¢2£¥£%§r?§%dg§3m%%'v9nted extruder according to Claiml,

characterized in that the drive drives the downstream end of the extruder
screw (3) . (19) indicates a flow branch deviating from the main

flow of the polymer and fed by way of a by-pass (14)
and a second material feed (20) into the region of the
second screw-thread section (18) of the extruder barrel
(2). The by-pass can run outside or inside the extruder
barrel. The flow branch of polymer deviating from the
main flow brings about, in the region of the second
screw—-thread section (18) of the extruder screw (3),
constant back-flushing with fresh polymer. 1In this
region, the polymer is conveyed from the direction of
the gearbox (5) in the direction 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) is 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

1 Vented extruder

2 Extruder barrel

3 Extruder screw

4 Drive

5 Gearbox

6 Feed line

7 Feed valves

8 Condensate run-off
9 Vent zone

10 Upstream end of vented extruder



3. Vented extruder according to Caim1l, characterized in that the
extrudate outlet (13) has been provided radially and/or tangentially, in
relation to the longitudinal axis of the extruder. 4. Vented extruder
according to Claim?2, characterized in that - 14 - the extrudate outl et
(13) has been provided radially and/or tangentially, in relation to the

| ongi tudi nal axis of the extruder. 5.-Mented extruder according to any of
Claims 1 to 4, characterized in that the extrudate outlet (13) is upstream

of the drive. f. Vephgd,extididenapseprding to any of daims 1 to 4,
characterized I1n that the extruder screw (3) has at |east two regions of

opposi tely comveyi REEehatHeCesfPTles.
13

Extrudate outlet
14 By-pass
15 Vapour channel
16 Gas outputs
17 First screw-thread section
18 Second screw-thread section
19 Branch deviating from polymer flow

20 Second material feed

Figure 1



7. Vented extruder according to Claim6, characterized in that there is a
reverse-conveyi ng screw (18) thread which ensures sealing on the drive side
of the extruder. 8. Vented extruder. gecarding to Claim1 to 4 or 6,
characterized in that the extrudate outlet (13) has been provided at that
end of the downstream conveying screwthread section (17) that is

downst pgagyof -1 hgnd eed point (6). 9. Vented extruder according to any of
Clainms 1 to 4 or 6, characterized in that a second naterial feed (20) has
been provided to the extruder in the region of the downstreamend. - 15 -
10. Vented exttedleexaeagedi ng )t of &t atme9 devhdrnadtidriarddni mf hat polymer

material, encompassing at least one drive, at least one
extruder barrel (2), at least one rotatably driven extruder
screw (3) mounted in the extruder barrel (2), at least one
first material feed (6), at least one extrudate outlet
(13), at least one vent 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 is downstream in relation to
the direction of conveying of the polymer.
and that due to the design of the extruder (1) the polymer
has been very substantially devolatilized at the point the
drive is arranged.

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

4, Vented extruder according to Claim 2,

characterized in that



a portion of the devolatilized polyner streamis diverted at one point in
the extruder, and refed in the region (20) of return of nelt. 11. Vented
extruder according to Caim 10, charagterized in that the |ocation of the
second material feed (20) in the extruder is downstream of the extrudate
outlet (13), and this feed point obtains its preferably devolatilized nelt

via a substfgamgdiveqied bpcibe 189l 0ORasf pkbg F%b&ﬂ&éﬁer@@ﬁbqu bl /ad/ or
via a substreamdiverted in the extruder barrg_ 2)€§pstrean1p

t he
extrudat e ob®PeeNRuBYLendier BAlRtE OSupR r B3% 1Rgm 3 he® 68 the
ext rudat e- ogkt etidétne. 12. Vented extruder according to Claim?9,
characterized in that the second material feed (20), preferably a
devol atilized nelt, is supplied froma second extruder. 13. Vented.
extrudér actendedgetor@liar nndcoxchar@cterdrped i iClanats tthestd,eam of materi al
relating to the second material feed (20) is adjustable. 14. Vented

extruder according to Claim 13, characterized in that - 16 -
characterized in that

the extrudate outlet (13) is upstream of the drive.

6. Vented extruder according to any of Claims 1 to 4,
characterized in that

the extruder screw (3) has at least two regions of

oppositely conveying channel profiles.
7. Vented extruder according to Claim 6,
characterized in that

there 1is a reverse-conveying screw (18) thread which

ensures sealing on the drive side of the extruder.

8. Vented extruder according to Claim 1 to 4 or 6,
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).:

9. Vented extruder according to any of Claims 1 to 4 or o,
characterized in that

a second material feed (20) has been provided to the

extruder in the region of the downstream end.



di anmeter of the feed lines and/or of the feed cross section, and/or of the
di version cross section or via valves and/or punps and/or other adjustnent
units and/or a second extruder. 15._ Viented extruder according to any of
Clainms 1 to 4 or 6, characterized in that the gas output (16) for at |east
a portion O the gas arising during the devolatilization process has been
provi ded. uDséﬁe@@n @itm@eflaééof@i@qltad dlegdn (B) . 16. Vented extruder
according to 6, characterized in that a nononer/pol yner.

mi xt ur e and?B?rﬁcg%¥%%%$/b%l§%%¢ m xture is fed under conditions of

pressure and heat into the extruder barrel (2) by way of the feed line (6)

and that a gﬁ%ﬁ?ng eg%ﬂ veﬁgggan %h?ore frgﬁpga ent Z%%%éﬁ@eda“d

t he nononer enoved ron1the ner by
devol atilizati ene P@aneﬁﬂedﬂékt¢%kﬁ#dﬁﬁxxﬁQmn@ef%dCPalﬁPPSIEEHéicQ Ji zed
in that thegyeptrgPReofN0f . the vapour arising at that point is conveyed
towards the upstream of the feed valves (7). 18. Vented extruder according
to Claim15 or 16, characterized in that to formthe vent zone (9), the
Cross secti vanoédt bgtextievdeccbadiey €@)Cchatmbe®n wi dened in the region of
the feed valves (7), preferably in a manner that the internal dianeter is
| arger by about a factor of from1l.01 to 3 than

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 in the extruder
barrel (2) upstream of the extrudate outlet (13) and/or via
a substream diverted from the extrudate-outlet line.
.12. Vented extruder according to Claim 9,

chéracterized in that

the second material feed (20), preferably a devolatilized

melt, is supplied from a second extruder.
13. Vented extruder according to Claim 9,
characterized in that

the stream of material relating to the second material feed
(20) is adjustable.

14. Vented extruder according to Claim 13,
characterized in that

the stream of material relating to the second material feed
(20) is adjustable by way of suitable selection of the



- 17 - the regular internal diameter of the extruder barrel (2) outside the
said region. 19. Vented extruder according to any of Clains 1 to 4 or 6,
characterized in that a restrictor rijyyg -2nd/or a change in dianeter of the
screw core has been provided in the region between the oppositely cut and
conveying screw profiles. 20. Use of a vented extruder according to any one
of the precgedhdget! abfs €har agd&d i Zechdd tdial/cx MyToMBHepolfyeRr ey e
and/or a soIvth/golyngﬁ nixt%{e IS dggassed. . .
section, ‘and/or o the version cross section or via
valves and/or pumps and/or other adjustment units and/or a

second extruder.

15. Vented extruder according to any of Claims 1 to 4 or 6,
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).

16. Vented extruder according-to Claims 1 to 4 or 6,
characterized in that
a monomer/polymer mixture and/or a solvent/polymer mixture
is fed wunder conditions of pressure and heat into the
extruder barrel (2) by way of the feed line (6) and that 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.

17. Vented extruder according to Claim 15,

characterized in that

the vent zone (9) or the vapour arising at that point 1is

conveyed towards the upstream of the feed valves (7).
18< Vented extruder according to Claim 15 or 16,
characterized in that
to form the vent zone (9), the cross section of the extruder
barrel (2) has been widened in the region of the feed

valves (7), preferably in a manner that the internal
diameter is larger by about a factor of from 1.01 to 3 than



19.

20.

- 17 =°

the regular internal diameter of the extruder barrel (2)

outside the said region.

Vented extruder according to any of Claims 1 to 4 or 6,
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.

Use of a vented extruder according to any one of the

preceeding claims
characterized in that

a monomer/polymer mixture and/or a solvent/polymer mixture

is degassed.



