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high molar masses. The slurry process uses chloromethane as a diluent while the solution
process uses an inert hydrocarbon as a solvent. After the polymerization, the butyl rubber
polymer is present either as a slurry in chloromethane or as a homogeneous selution in a
hydrocarbon. Unreacted monomers are also present in the reactor discharge mixture. The

25 butyl rubber polymer needs to be recovered and isolated from the diluent or solvent.

In the slurry process, the polymerization reactor discharge stream is treated with steam and
hot water in a flash drum. Most of the chloromethane and the unreacted monomers are
thereby flashed off and the water is separated from the vapors by condensation. When the
polymer from the reactor is to be processed further, such as by halogenation, the butyl
30 rubber product may be recovered directly as a solution by discharging the reactor content
into a hot solvent such as hexane. The chlioromethane is evaporated after this stage and a

further stripping stage is applied to remove remaining monomer residues.
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the greater reactivity of the halogenated product, less severe conditions are employed.

The aforementioned mechanical dewatering can only reduce moisture content down to
30 approximately 5 to 15%. Additional thermal drying stages are then required. The rubber is

thereby heated to 150 to 200°C under pressure in a single screw or twin screw extruder.
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on page 188, Figure 10.6. The stripping agent zone comprises a backward-pumping element,
a stripping agent dispersion zone, and a pressure reduction zone. In that figure, the pressure

reduction is accomplished by backwards-conveying elements.

25 The disadvantage of the use of backward-pumping elements for pressure reduction
arrangement is that, for viscoelastic products with a high viscosity such as synthetic rubbers,
large particles with a dimension of approximately the channel depth are formed. Stripping
agent trapped more than one or two millimeters from the surface of such a large particle will
not be able to “blow” an open channel to the surface, and thus removal of solvent from the

30 product zone in the center of the particle will be effectively impossible. Also, because larger

extruders necessarily have deeper channel depths, this problem becomes worse for scale-up.
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15 discs contain holes, which act as dies and aid the rmation of thin strands. It the diameter o
the strands is small enough, the stripping agent can, in theory, open channels to the

surrounding gas phase, which aids the removal of volatile compounds.

A drawback of this arrangement of the pressure-reduction zone is that, for viscoelastic and
shear-thinning products, a substantial amount of product passes through the gap between the
20 two discs and through the clearance between the blister discs and the barrel. Thereby, balls
of material are formed which clot the strands, making effective removal of volatile
compounds more difficult. In addition to that, an even larger stream of the product can
escape through the gaps into the intermeshing zone of the barrels, also leading to the

formation of balls which are difficult to degas efficiently.

25 Another possible arrangement of a pressure-reduction zone is disclosed in EP 0 551 816 A.
Therein, a fixed die plate in a multi-shaft extruder is disclosed, which can rotate freely with
respect to the screw shafts. Said die plate comprises at least one product passage and has a

radial clearance between the circumference of the plate and the extruder barrels.

A drawback of this arrangement is that viscoelastic, shear-thinning products can pass
30 through the clearance between the circumference of the die plate and the extruder barrel,
which leads to additional ball formation and the same disadvantage as with the rotating

blister discs described above. Another drawback is that, depending on the exact nature of the



This object is solved by an extruder conprising at |east one barrel,
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al lowsyfhor the  ieast one kneader element, arranged inside the barrel,

» at least one outlet port for removing volatile compounds and optionally a stripping
agent and
* optionally, but preferably, at least one inlet port for feeding a stripping agent into the
barrel
15 whereby the extruder further comprises at least
o one perforated die plate fixed to the barrel in flow direction before the outlet port or,

where at least one infet port is present between the inlet port and the outlet port.

Asused herein "exiruder elements" denote any type of element fixed to or part of the shafts
of the extruder and include but are not limited to kneading elements, backward and forward
20 conveying elements such as screw elements and other elements of a like nature and known

to one skilled in the art.

The scope of the invention further comprises the die plates as such as far as they are suitable

10 be fixed into the barrel of an extruder.

It is pointed out that the scope of the invention also encompasses any desired combinations
25 of the ranges and areas of preference specified for each feature as well as any combination

of constructional designs and preferred embodiments disclosed herein.

It was surprisingly found that the removal of volatile compounds can be significantly
improved by the installment of fixed die plates, which are connected to the barre! and which
do not have a gap to the extruder barrel. These die plates contain holes, which generate the
30 back pressure and form strands which aid degassing. A support opening allows for the

rotation of the shaft(s) or screw(s).
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conprising kneader elenents for energy input into and m xing of the

products Su kneadiig, el RIBMIKALSA&I6F 108 il sdrdd - exRRASS ge
205. Elxsarrpl géglltof kneadrrn%& el eem; s 1 ncl aude knée{dr neé bl oc%(ggp vmﬂlrgcaﬁ@rray be

desi gned as mowbl of bﬁrretsmné Itiever of gpieve dlementivand otherasiaka rog H@)ﬂtl-ﬁi@ﬁtqoa‘i’e}’mg
conveyi ng kn&@@&eggﬁpésg)ﬁ B drﬂahseoﬁ&uﬁpremvﬁ ,{;Mdg@tawn@ﬁl %r@ 0gs elgnent s

with grooves, single tooth mxing el ements ster ateés and
si ngl e, doutﬁlxe’udﬁrrs tbrrriieme@ryfiiOHQ‘rﬁcieddeefcweﬁ‘@b)i tovigtbees extmderShn@adﬁrxt@ﬁeﬂerm S may

be asseribl ed |0 8 AOTBLAGLIOR P10 1P BRI So Lo OB EXEINR el Buprer.

particul ar tlﬁ fts of an vvrn Sc ount er or ¢
twi n sy ew e'mtatmgjeam—mﬂéheesemgr cwdtetatxag ﬁmemhenr@gt mdtdqeotpn@mmhnaemmng owin
preferably co east .one .i.nl et trrdppi ng agent

Pt e Dt ity e S IR Lo iR FnBO ol Loy LEROL frelrdhtd

Suitable extruder elements for the extruder are not only extruder screws but also kneading
sections comprising kneader elements for energy input into and mixing of the product. Such
kneading elements are described in [1], page 102 and page 205. Examples of kneading
25 elements include kneading blocks, which may be designed as double or triple flighted
forward, backward or neutral conveying kneading blocks; single or double flighted screw
mixing elements with grooves, single flighted tooth mixing elements, blister plates and
single, double or triple flighted eccentric discs. The kneader elements may be assembled in
any combination on the shafts of the extruder, in particular the shafts of an twin screw

30 counter rotating or co-rotating twin screw extruder.

The extruder according to the present invention preferably comprises at least one inlet port
for feeding a stripping agent into the barrel. In this case the extruder preferably further

comprises at least one dispersion section which is, in flow direction, arranged directly



conprises at | east one dispersion section which is, in flow direction,
arranged directly WD 2012/ 010693PCT/ EP2011/ 062636 - 7 - before the die

pl at e, whwoeotmoe®8ri ppi ng agent i s m xed, dispersed an#CpaEP3dibloy26dé ssol ved
conpletely or partially. A typical dispersion section conprises two to ten
kneadi ng bl ocks. For mxing in of a stripping agent, tooth type elenents or
screw el enents with grooves nay be applied. 5 Eccentric discs are
preferably applied in the | ast section of the extruder, where the product

i s typically,ghlya¥iseOUmeRN e $HBSih@ntdnals Mixbd, @@pOhed/ fladldsdifly GR5RAMNS.
For planetary roller éxtruders, kneading el enents Ipl ke tooth s%aped rollers
are or rol | evanphtelhorpagiealiEs and cl earances are preferred. Since the
stripping ag tJ c i t.he. pr: t have
2 10" endency ¥Re oI ekt AR o0, o K R o ol e PN

| east one ousttigtingpegan, topthatypy efeaentedr entsodelnments gfitht greovepvieait boarilise

outl et port e i ort.. afr. L t from
cor ng Sut ofAE et M Rplrhi LS HE T R S LR A EUBRRENE

st uf f er scr ewpicaltyhlzsiphlavescomsunt! edbsontialyvizewt ofofolatikecoppotsisaha plokiaeyrotery
material back into the.extruder,.or rollers or belts, that are applied to
The 't nei do- of s BIRE E8 RS il nd Bl o@liodrnds il BE &R 5 he
extruder. Su@kargicef freprefeee@éws are known to those skilled in the art and are
described, for exanmple, in [1], page 192. As an alternative or in addition
to the af or esiaed theseigping agdnisngd vofatitehempeurids peing senvayd remappprioddtt Whieah
reduce, or prevent sticking of the material to the surface. Sujtable.

coati nHL | o BRI R TEPHT ARG TAFFALF IBPE 5t O dnde(Hej B one Sile B in o

Pol yt et r af | ugreRatd yhBREM&FPTFEe iavtdtid Gk htAlpbaysd/odihe iRe popr £6 Stsig@edto t he
ports is for exanple between 1 hPa alg 2,003{5‘2‘1@@ and preferflglb% bet ween 5
hPa and 900 FE%nt (e REEFIpm qoREngyt Pfg F A tsatjulirlereap s Ra v PETET REPOS t h

ot her vol at i };g s&aBReMALShatBYEAINRAUGN VeRef SieHoRP hiioa g8 hy FR)rileadaed
anywhere in the extruder, the_ addition in _one or mpre di spersion sections

i s pref er r edthe |xtraleamTerofifra R bels it Bescanplisn toathe fRsidsnphige AgRMoTs 40 PBShadded

in onejor OG- ReFSia0heR &b HRNKruddi SuabbierststicRP LRANBIL I holsRilled in
substances that are inert to the product and are either gases (having a

critical tenrerdtnd ereislescohed, e privpless [1leppser H2ude pn giterpatio er mpidditipmise a
vapor pressure greater than.100 a at . .

i nvention, t{l?g agoé?rrﬁ’?n?lf?\eéir tC Qatlr?%saﬁgﬁlteh% : ;}%Qg# ?eptd 215'8 gﬁ%ﬁﬁegg%s&%%vegtr
virtual | y nogtickeacdf whet matdnial pol yuaresusfago nfudtiklile dedatingshéncprdedbt,. EByidnabl e

stripping agents are, for anple nitro C di oxi.d abl ases,
met hane, pro fé’f@?“ﬁﬁ@&ﬁ%ﬁ ?(gy[‘a%r r?é)oﬁfétraﬁl“%o%g@b%ef ﬁﬁ%ﬂafﬁ%‘?é&rﬁﬁ%ﬁ%} r%sden(’fJti
subst apges. pressaterdt Pl f@ts ag &MteSaraNd béteqal hPLatldad,008etiParand he:fenyiy dyteden

preferably in_ liqui rm the stripping agents may further contain
addi tives su%ﬁpaa"g‘%a?ﬁ@;%(i dants, foam ng agents, anti-aging agents, heat

stabilizers, GlezrllegaIiIltj/, tslrxteas?rliploplinzgegg%ht ics)zrgr?lgved together with other volatile compounds. Even
though the stripping agent may be added anywhere in the extruder, the addition in one or

more dispersion sections is preferred. In a more preferred embodiment a stripping agent is

25 added in one or more dispersion sections. Suitable stripping agents are substances that are

inert to the product and are either gases (having a critical temperature below the process

temperature) or preferably have a vapor pressure greater than 100 hPa at 100°C. In the

context of the invention, the term *inert” means that the stripping agent does not or virtually

not react with the polymers contained in the product. Suitable stripping agents are for

30 example nitrogen, carbon dioxide, noble gases, methane, propane, butane, water or a

mixture of the aforementioned substances. If stripping agents and in particular water are

employed, preferably in liquid form, the stripping agents may further contain additives such

as antioxidants, foaming agents, anti-aging agents, heat stabilizers, light stabilizers, ozone



WO 2012/ 010693PCT/ EP2011/ 062636 - 8 - stabilizers, processing aids,

pl asticizers, tackifiers, blow ng agents, dyestuffs, pignments, waxes,

ext ender swoapgande3aci ds, inhibitors, netal oxides, andPattEPe@tioss3cuch as
tri et hanol am ne, pol yethyl ene glycol, hexanetriol, etc., which are known to
t he rubber industry. Exanples of such adgitives include epoxidized soy bean
oil (ESBO and cal cium 5stearate. The anount of stripping agent may be
0.0001 to 10 weight-9% preferably 0.001 to 5 wei ght% and nore preferably
0.1to 2 weight-%Db . he | g‘q&bc t al at; out | et
section of t%%glgési g%g?ss g ag&Tlggag@d‘!l%}sb?%@eésg&éfBg) typ%%égﬁ 35{%?%36%’1 0 the
barrel substasesakktyndorst hogonaldeidst enliiersaxinstalofoxides 0% rrafivators Byclerasi al |y
ort hogonal neans an .ang| o, the ,axis. . of . aft. of rably
30 1660 mor Corsr pany ebS IR Rth pefiebigf L i ord sabh B REPE %
one support afenyngkafmples bEaehwildigve melwale eparidzalsay beanafil (ERBOE exd @Epondi ng
conveyiﬁ]g means. The shafts of the conveying neans can be | ed through the
die plate, psé?aﬁ%ul arly for operating a further conveying neans on the

ot her side of the die plate. Parti rly th haf support ed
and/ or gui déﬂ‘woﬁﬂte‘)fd‘i%’p AEE B h%g'ﬁgdlg? I%fﬁvglggtdp"p%rre Eer%’%'g%@ﬁgmgé“gef%%ed
correspondi nglayd tvord frefeabigfit (18 )2 vadight-Mebsanvalie agoureattse piedet ebtaibédyat tehe gap

bet ween the conveyin | enents and the die plate is reduced to a m ni mum
I'n one embod?HEHECHR *IW&hti on, the support opening provides a slide

bearing for the 20 shaft of th onveyi n ans. Due to th | i di ng ,contact
of the shaf t ‘ieglit Rlategipee tiﬂi’iéetl{%( f?"r“f it%é‘e%{)ﬁ‘égsga%bﬁl?ﬂyoﬁg}ﬁg?@hé%%ﬁ‘@é‘?‘“ﬁﬁgg‘egap.
Then, the ondnyfindyschiiQuatRoddiel tkiags f ALR 1§ Ok aki of Mt GBHACIT 7aRdot°heretabiyppi ng
agent is through the perforation openings of the die plate. In a further
embodi ment  a¥%PESr apre@rde Ry 89°ovi ded between an inner rim of the support
openi ng and the shaft of the conveying neans, wherein_ the clearance s is in
rel ation to Bif PSPRiEdigPRIFOBIPTIESS 3 A1 Onp STHPaTt oBSHtg P FEFIVPEPnO 1 ™eY) D

. 0.02, prefepakl ¥ Q%sﬁo/nﬁan%e&me}%gme&@f el 88O ORI onsdyRigAhcahh@nsana ti me
the clearance is small enough that product &rgessed t hrough the cl earance
2!

gap still cofpuekis die Rypparisslaly rgreating
15 of the die plate. Particularly the shaft can be supported and/or guided by the die plate by

hepcegveying means on the other side

means of the support opening designed correspondingly to the shafi(s) of the conveying
means. Preferably, the gap between the conveying elements and the die plate is reduced to a

minimum.

In one embodiment of the invention, the support opening provides a slide bearing for the
20 shaft of the conveying means. Due to the sliding contact of the shaft to the die plate inside
the support opening a clearance gap. Then, the only way through the die plate for the

product and the stripping agent is through the perforation openings of the die plate.

In a further embodiment a clearance s is provided between an inner rim of the support
opening and the shaft of the conveying means, wherein the clearance s is in relation to an

25 inner diameter D of the barrel particularly 0.001 <s/D <0.02, preferably 0.002 <s/D <0.01
and more preferred 0.003 <s/D <0.006.

At the same time the clearance is small enough that product pressed through the clearance

gap still comprises a comparably high surface area.

The typical thickness of the die plates are in the range of from 3 mm to 80 mm, preferably 3
30 mm to 50 mm, more preferably of from 3mm to 30 mmand in a further embodiment of from

5 mm to 20 mm.



The typical thickness of the die plates are in the range of from3 namto
80 mMm preferably 3 30mmto 50 mm nore preferably of from3mmto 30 nrnand
in a furtwenoemio@nment of from5 mMmto 20 mMmm WD PCT/EP2011/062636

2012/ 010693PCT/ EP2011/ 062636 - 9 - As used herein the term "thi ckness"
denotes the average channel length of the-perforations. It is apparent for
those skilled in the art, that the thickness may vary over the die plates.
I'n particular, the die discs may be reinforced by el ements increasing the
stiffness of \t0&qdeRiPhatemSUatknaS” EQMRs He LEROSSARMY Fonlilict hePMofons,
arranged radially, crisscross or in any 5 other geonetrical formand which
may not haveltanspprishd faeAoes diled e thever Biglethe Hagkness magnigotpver the Hie plates. In
perforati 0ns{)ar§éﬂlatr,a@1%%ié@i &'th& v ,Ife ort ewdé@m&'tsaﬁq‘a%aéiﬂg%g@Effﬂé&'%@th%iech are
al so typicalty used tor the rrel and tHe conveying €l ements and include
wear resi st apltenmtters alds os gohossments whic evhysteestangefupliely.stirestoss ot &i milvess
steel, gickel; Qohakt - o) I i i ke
sinter eg met !étflgs)%%ﬁlg%tglk%g%%a n|ﬁc pr enéag gléﬁ%ﬁ’?élll i%ﬁgmﬁ%ﬁtﬁ%\%ﬁa rféagllhg'? %’;{%Eh 10
mat eri al s | i kiethSt mErforariens. Coitttde nmptralssfonitiich diegdéten gslde rthesg avipthe amed® f r om
ceramcs, titani.umnitri.d hromumnnitride and di nd_ | i ke carbon,(DLC).
o one enbodl READ BAL G S Bk S A0t AR ek ke B

addi ti onal | ysuebat eitridid steel dtiplenrsteddr drintless Gteelnhickdl desed alic@ntabakt-baded hldeys,
tungsten carbi de and di. nd.like carbon.(DLC). 15The di.e plate conprises
ot Peast one o PSTarHBTY GITPES FEG sofotSErFG) ET O GEEH A i SR ey
have any f or sutefiflf 1B%agEliR, tch@ed efefaly iith QddaRE NfoN @Sarify iy efrdni RBRAMIer

coni cal shape, a convergent or_dj verg_ent 0zzl shaﬁ)@ hour - gl as shape,
channel shap&2nigmmiie, chygmiyp Ritrdeapd, figmon AEABE-Gnd the design of the
perforation openings. are for exanple chosen such that the sumof the

o1 fect | ve or BeRSHEPHaRAl T diselinh a o el n dloxt ?lb@ﬁﬂ%ﬂp@ﬁiaﬁﬁgowy FRETMYY 20
to 40 % of theniWRolaehidd S Bit&RC O ALAR, Aingthe cAbide Rh@URM Nkd cdrbdh
barrel excluding the support opening(s), pr e?er ably from4 to 20% The
effective cr sectional area of a perforation opening is understood as
the small est cross sectional area of each perforation opening through which
product’ can Bessdie e eRmeprisesat! doasogpnresenliot BRAGH YperPrigen Peringkdiptte on
the downstream §ivdGn} RmEXARIGINAY Scrtai R} 8p &8s Had TRESENR} & codick14RAPR)
particularly 1.5 nmmm and pref erabl mm mm The average di aneter is

under st ood a3 coerggitasredivqraest nezzly shapd, Apursst Gz chnepBare §IrH I tRE- sane
cross sectiopgl;Area nihies ol A&k OF HeNRrBRHHP bR 2APBR AL RN LS,
downst ream s? e of th%ﬂ;g%eemgq ate fig‘égs tg)eea sul(if)ta IeI%hi gh sﬁrfapgecarea to
30vol une r at sugh that the sum of the effective cross sectional areas of all perforation openings is from 2

20 to 40 % of the whole cross sectional area of the die plate within the barrel excluding the

support opening(s), preferably from 4 to 20%.

The effective cross sectional area of a perforation opening is understood as the smallest
cross sectional area of each perforation opening through which product can pass the die

plate.

25 The perforation openings for example on the downstream side for example have an average
diameter d of 1mm <d <6 mm, particularly 1.5mm <d <Smm and preferably
2mm =<d =4 mm. The average diameter is understood as the diameter of a circular
perforation opening with the same cross sectional area. This diameter of the perforation
opening on the downstream side of the die plate leads to a suitable high surface area to

30 volume ratio.

In one embodiment the die plate comprises at least one perforation opening, wherein the

perforation opening comprises in axial direction of the barrel a main opening extending only



WO 2012/ 010693PCT/ EP2011/ 062636 - 10 - over a part of the axial thickness
of the die plate, wherein the main opening is followed in axial direction
by at | eaw0 20re0106093fi ce, wherein the orifice conprises RCIMRRI1G0625BOSS
section than the main opening. The perforation opening nmay conprise
different cross sectional areas in flowdirection over the thickness of the
die plate. This leads to a high nechanical stability 5w thout significantly
increasing the overall pressure drop over the die plate. For exanple the

nai n openi NG ARY pgx?%f &@%QRJ fﬂfmﬁéss %PQ}Q%Q: J],QE vl/l%?fﬁiﬁ ha n?anh b}galﬂln%q§ %ll%e(pﬁlOdUCt

to the orifice wi thout an unnecessary high counter pressure. At the same
time the crossalslettioohyat kast ofic piceowhdriip shemifich somsprishs & Amplier £198s scaligei nd of

spray eff ectﬁh% %gi,f%gﬁhggge lpgr?zg tib%oog Igwoﬁl hgeydl%eﬁtr@ésL sRBbal GL&S OL

t he product ace area to volune ratio. The die
pl ates are pmdfoerdikijordesi @né@bkncsseéihsélea?lqw dosueads tiraopglomedhapica xtabiptye fr om

0.3 Mat O 5 ghol\légs%niﬁﬁr@entiggnacpela%l %thgolyp 4 ;gr sgé’giarogp QGﬂﬂgle: Bfa# her preferred

from1. typl ca fective shear

rate 7=of 10 to 1000 Oar %%Ex%oer%gnlg nslag,](c: e%%ﬁf‘d glesg%%g %{ %g%lgg }?9895 of

reci procal seondePy ¢l procal
seconds. | n phéuct ar taloaifib: wdhmmtaemdnesswlhlghezoﬁﬁéﬂ oessafe. Ahélepamdum: then

cubic neters second a notes, the eff t|v di he di.e
opening in n%rggrssecthgr %r?aelogg]e Drg%led’ﬁyh § S“é%%ﬁ?ﬂ@@ ekeﬂrlr‘gniF Spm%reltc Fedt aé’rli y an
extruder scrgwviaatieading tcklaqﬂﬂeﬂitylcﬁ" sﬁfaﬁ\pad&d:s d)(ﬁ\ﬁhkspﬂ’oéﬂcmiéaﬂzﬁghte divey pnh@t e and
parti cmarl y ujgstreamt the.o hl g_t ort. %r {;. aﬁarlﬁ a plural |t

conveythg anttfigfre ?i%ag'ﬁsvé’“ﬁﬁ’r%tfoag & G PRSS PERAT RGO g Separ%rfsé}l%if%? each
stage is optbricsastahiplet then et @6 qranRIEiefabRa0 sMr ar 5y MR hﬂnemmaect ed
amount of volatile compounds to be renoved fromthe ?g tlcularly
from1l to 6, HrEFE R HEOM%%@?BIP& ek thyl 4t @%atea?teaﬁg’ & 4§ EF“I"?]S e Fiow

path of the proguct wi thin the extruder, wherein the cross section area of
t he perf or at iyen—oganitn g{snooam;becaacbamtdecbréfeabwﬁommeﬁoed r@pipreabdeedrds and
particularly t he expect ed amount of volatile conpounds of the product.

25Particul ar| Lt t | | t
ahor i ntho. FESCFRI G A 10S) AHAE eePiEt aeRcy oot bouh R PR R Rl e

die plase isnbx 5fmmf5fadu@aﬁ titeenakts pelscomrmandddgporé deatfbytive rilivmite die I n
anot her enbodi nent the further extruder element conprises a conveying

el enent, whePREPREIhESREXi mum axi al di stance S between the conveying el ement
and the die plate is 300.01 xDO.25xD, whereby D is the inner dianeter of
the barrel. pMEr2012/f0106:NCEE ERRAGEHH6AFIH an extruder screw and/or a kneader is

provided downstream to the die plate and particularly upstream to the outlet port.
Particularly a plurality of conveying and/or degassing stages are provided, wherein
20 preferably each stage is optimized to the expected parameters particularly to the expected
amount of volatile compounds to be removed from the product. Particularly from 1 to 6,
preferably from 1 to 4 die plates are provided in the flow path of the product within the
extruder, wherein the cross section area of the perforation openings can be adapted to the

expected parameters particularly the expected amount of volatile compounds of the product.

25 Particularly the further extruder element comprises a conveying element, wherein the
maximum axial distance S between the conveying element and the dic plate is

0.5 mm <S <10 mm, particularty 1 mm <S <7 mm and preferably 1.5 mm <S <5 mm.

In another embodiment the further extruder element comprises a conveying element,
wherein the maximum axial distance S between the conveying element and the die plate is

30 0.01 x> <S <0.25xD, whereby D is the inner diameter of the barrel.



The axial distance S is neasured parallel to the rotation axis of the
further conveying neans. In addition or in alternate the sane situation my
apply to wbeoimo@gi ng neans on the upstream si de of thecCuiEP2@phatms3e An
unnecessary | arge gap between the conveying neans and the die plate is
prevented. The extruding effect is not sjignificantly hanpered by the 5
provision of the die plate. Particularly the conveying el enents apply at

| east partially an axial force to the product for building up a pressure to
Ve he P OE s Bbla S 8610 e At ANS LUARRT XL el e
enbodi ment tlheaditioh Rerin ekftrnzuelﬂre ahermnatmnarmzr arpbstoctha ceyicping eh@ne ot Qleof t he

shear edge profile roflle r of i re known to thgse 10
Sk e T Cae s ot i A Pl A iy diieL b truisn AR 185 1 or
exanmpl e, in thid]di®Oplapageprdehtddn The guttredidd effget iDuet tsignifiehmiyphoiicted ©f titehe
conveyi ng el enents d the increased free volu a _higher volune.flow rate
can be %r ovi jeysot ﬁ?g'ﬁeé“éﬁﬁ‘ﬁfd ﬁ‘élﬁlflag?' g reRey H’ﬁg‘fﬁn@gi”g’p&%éi’aﬁtﬁﬂ e eiPei n
the die pl at&idl $orbd sk Redusepnbdilieghahnedssiatd hdie tHprdbdver inawdkction.
particularly by neans of a flange joint. This leads to a 15 facilitated and

fast fixati opteRfablyn@e dinehcPleRbRlertiehbm dofBri@X targer frecT iauele ehapltid exuiEy
conprise openings for the fastening neans of the flange oint. In addition

or in alterndfBEhE HIFFErcdcarbEED e EY e PEUHFes) F’E}?lfth‘é’flipﬁé‘?sr%’w%}lgrreans

of at |east QOtLHSIHONNER S pRiR! &0hY bbN@rdBdd rRkh BRMIQrard khawid hemhodear r el
connected to the barrel conprises a recess for receivi n% at Ieast artially

the di & pl at &illede thgartrod pwignendimatipeey KFudsmen ére 4regfiond TeofA®: [Ppn
toget her by nBans, Q*Iﬁ@lré h@@gq)ae% Ribis F?&%ee @Htﬁe 9&@%;@%% Qﬁ@ﬁ@%réﬁ?éd\/\een

the barrel and the further barrel w thout the need Tor openings in the die
plate for thicchabmsm hghemense flow rioemespiovedhe barrel to the further
barrel. If so, the die plate nay be centered in the recess via its radial
out er surf ack.onPambpdimerrd §urthérdatplds proaided. vhepnie s diq plateds firedisbveerdsss.

The die platg MRy, Do RSAL! 6ohd Rib00, TBCRRSDA' OenldIRRATLE! 1cddS 1o o

connected to urther arre t the need of further adjusting
the di & pl at ﬁc:ldmtqdragd fer’seﬁmnmef:tbﬁ gie mfte withinker gxehderoTherde Platetrhryrcopariscel .

Par ti CU! arly }-J%m%f se or e fas et‘?un%{flrfeeagﬁ oq{tl?e %%f? _]Q) tIn a@dﬁ&‘d I‘q}ll algénga?ectrhé B8 el X\Qﬁer ein

the split is™arr o an at [east one support

openi ng eachba‘amnnafcmdemthmﬁgt%mrlsimafmyméan}; higat destross fgosioh vg. conveyi ng neans.
Particularly the die plate is split into a | ower body and an 30 upper body,
wher ei n bot hPlbfa:ﬁHbe/sthalbmq:) raef/er alﬁirmexsbﬂmt eorniadd tp thd bzirdaé ncbmm:sbs s heagre for

A M TR T AT T R T (R
assenbtd ng ofogéthe betimeeapd ot £flargefj@iad The &iE@(ﬂate may be ciamped between the barrel and
the further barrel without the need for openings in the die plate for the fastening means for
connecting the barrel to the further barrel. If so, the die plate may be centered in the recess
via its radial outer surface. Particularly the die plate is press fitted in the recess. The die
plate may be inserted into the recess before the barrel is connected to the further barrel
25 without the need of further adjusting the die plate during the connection of the barrel to the
further barrel.

Particularly preferred the die plate is split in radial direction, wherein the split is arranged
particularly radial to an at least one support opening each for receiving a shaft of the
corresponding conveying means. Particularly the die plate is split into a lower body and an
30 upper body, wherein both bodies are preferably substantially of identical shape or mirror
shape. Particularly at extruder types comprising more than one conveying means in parallel,

particutarly meshing with each other, the assembling of the die plate is facilitated.



WO 2012/ 010693PCT/ EP2011/ 062636 - 12 - In one enbodi nent two or nore,
preferably two die plates are arranged in axial direction in very close
proxi m t yworoeweam9di t h contact to each other so that thecamprarans2easfective
cross sectional areas of the perforation openings |eading through the two
or nore, preferably two die discs can bel2vari ed when the die plates are
fixed to the barrel in different radial positions 5relative to each other.
In a preferred enbodi nent thereof the axial distance of the two or nore die

plates is Smpar em%m%m RESHERAR! YR B0k d%edlm @@%ﬁl\g@a&m@ra@dip&%ﬁaabl y 1

nm or below. A major advantage of this is that the extruder can be easily
adj ust ed to dif fleeanexipitp dueten maduioniesrdn esshatipr de dake appapimb bifehre ToBn a
further enbog] ' & ] - i wher eknihe
inserts are Fti%gf%r%aqg% ﬁ%leﬁag%xgb&l !ﬁ%gllﬁg{ %%‘F‘%tt e ggﬁl%gggﬁﬂ?erféﬁ e?ant)_{;_t the
ext ruder by &t ilidésmgn bt varied whdyths dofplatéserd frsdite the bained in differett rddiplaosition of

the die. plate %.s defin%gerby the inserts. Particularly when the die plate is

split, Sthe prélﬂra 1get(c)’1m(ihh0e die plate can be easily positioned by neans of the

i nserts, wherein preferabl | e iR I i 0y: 1 be
means of fastél rﬁrenfgmre?leegll? S .QIH%H%QT%&?% 2iloxl"%t% g{a%%noqpﬁ% ttﬁ’lg)s&?g‘lo%endéé Qgtggir%tsfr@u?rarl y
cl anped, by tabanpraérailne mnnseretsy andrvaneore piedolabhe htnnodr Helvev. | nvent i on t he
extruders can either be heated via the barrels to tenperatures up to 300C
or cool ed. |A mjareaiatdgedfehadihnetht extihier et reudieity atjmyped o elifferenmpsodug
operat e separat.e zones, i ndependent|ly of each other at different

t enper at ur es" S PIAY b egﬁ%ﬁ"éé)rog)g ei ther be heated, unheated or cooled. In

anot hey, preferred enbodi.nent. the extryder, co i ses .far .each canveyi ng
Seot 1 ol Bt *1 BaER e anDr e IS RBE T hrtReL uh PR iRk Bl FRESHEITERY § %
di fferent temperadluresdiclplatonen eerigetadent tbé etthelet by elidihpn hbedgxtof tider i s
operated at a feed rate of 5 tq 25,000, preferably of 5 to.6,000 Kil.ogramns
per hour . ms‘?@nﬂ“redptfﬁﬁd?ﬁeﬁtéonegfttg%‘%‘épgﬁﬁf?fle%%éé PP Ry iR S e
feeders, whighprmyis B;ﬂﬁj thi: pRechr2BanY Whes @nibe eid1g pBitidied &y mephsaffaicibleysi n

t

close proximty to the feeding section of the product or _the outl et
section. Si dsh§eiageigably anlgheransitearedred Rdhe el Pomcdr oL fgirng Beaoiene

products Thegik pMEMH B8pdsHichBE harBONRYY S8l NG tkags afhd lAgr@xt ruder and the
die plate according to the invention for the manufacture or processing of

non-vol ati | erpoleYmBhdinRa: Sedhi ReAniler @k RARRAYA- can Weher be heated via the barrels to
2012/ 010693PCT/ EP2011/ 062636 . .

temperatures up to 300°C or cooled. In a preferred embodiment, the extruder comprises

means to operate separate zones independently of each other at different temperatures so

that the zones can either be heated, unheated or cooled. In another preferred embodiment the

20 extruder comprises for each conveying section at least one separate zone, which can be

operated independently at different temperatures.

Inlone embodiment of the invention the extruder is operated at a feed rate of 5 to 25,000,

preferably of 5 to 6,000 kilograms per hour.

Generally, the extruder unit may comprise one or more side feeders, which may positioned
25 anywhere in the extruder, preferably in close proximity to the feeding section of the product

or the outlet section. Side feeders are suitable for the addition of additives to the product.

The invention further comprises the use of the extruder and the die plate according to the
invention for the manufacture or processing of non-volatile polymers as defined

hereinabove.

30 The invention further relates to a process of removing volatile compounds from a mixture

(M) containing at least one non-volatile polymer and at least one volatile compound to



- 13 - obtain a product (P) which is substantially free of volatile
conpounds, the process conprising at |east the steps of: feeding the

m xture (WP 20r00@8 | east one extruder conprising at | east/Era@iberssel , one
or several extruder elenents in particular at |east one extruder screw
and/or at |east 5 one kneader shaft, arti@nged inside the barrel, at |east
one outlet port for renoving volatile conpounds and optionally a stri pping
agent and optionally, but preferably, at |east one inlet port for feeding a

strippi ng agedin i NpRdhdierharkiet idtsubseasiinyonee RErfohtidd @EmpiuddD! Bé @rdckxed to
the barrel in flow direction before the outlet port or, where at |east one
inl et port i¥mprisigeptleasetasiers ¢the inlet port and the outlet port 10pressing
the m xture (M through the at | east one die plate of the extruder and
removi ng t he® vol aeeding thomvdundyl) e © et aup extader waprisipaal lewst pnstbager ene

Preferably, the mxturg (Maet ae&%ﬁge;nf a wyggatqpagpo&mxgﬁaeqlg@g\b%n@&a& ydgr. In
the t m -

the context of this Invention, r ree oW ng" neans a viscosity in
the range of 500 dre k5Erd@0ab0GTarEat iwsidpthefberrelbityledst 0B0outist 3@t BO NGO ENPes

and st pref er abl.y, 40,000, 13 3,49.,790,000,1 0B A8 fAY pa% Gk,

menti oned ot herw se € Viscoslity va 0 S reter t zer 0" 'shear
vi scosity extrapdtdtedofa ouat measior éreing s Sdippgngyegent axpdrcdtaocke aidéapigor® Haake

Rheostress RS 150 vi scosi.neter.or, .a.rotatjonal rheorn f -pl ate
type for very vi spceﬂ%f?ge%s%e %agesf.lxe‘ilﬁ% the G 5%01511 1Y SRS Igng%ﬁeot?lﬁgﬁt?%éoﬁé) ing a
2' order pol ynom waherd @ 1¢aef dne Gilettphe isshresant tetwees thevidct208hedthe vate pgr aph

obt ai ned fromthe neasurenents. The linear portion of the pol ynom al

refl ec the sl ope at shear te of zerq and thus represents the zero
chear U scost ty. T ped e Dorops B vaeH Dehel Coreg bt ant i al Iy
free of volatile conpounds” neans a to alugzgglgcentrati on of volatile

cormpounds of * | essTCRARRE RewpgiiespEPdndD at Igashoty BLkRAhased on t he
mass of the non-volatile polynmer. 25In particular, the term"substantially

free of vol apleleRibGOMeoMREE: (MBARS-SHMSE Bftinl etelidg fhe @enafer. Waihe kot of this
substantially free of volatile organic conpounds. Non-vol atil e\iggl(i/n%rs are
consi dered t8VHEBBS LRt +EReip it anehs fafiepsity; i e danga of U410 waRHO0

concentrati ojpig, dreSsbim00e 30.980%00 hahes Allnbs! B8BrabRan.0do o ¥00.00r €
preferably less than 0.1 w % and nost preferably less than 0.075 wt %

based bh t hemh#ss of the pol ymer.

As far as not mentioned otherwise the viscosity values of fluids refer to the zero shear
viscosity extrapolated from measurements at given temperature using a Haake Rheostress
RS 150 viscosimeter or a rotational theometer of cone—plate type for very viscuous samples.
The extrapolation is performed by taking a 2™ order polynomial to refiect the shear stress vs
20 shear rate graph obtained from the measurements. The linear portion of the polynomial
reflects the slope at a shear rate of zero and thus represents the zero shear viscosity.
In the context of this invention, the term ,,substantially free of volatile compounds” means a
total concentration of volatile compounds of less than 1 wt%, preferably less than 0.5 wt%

based on the mass of the non-volatile polymer.

235 In particular, the term , substantially free of volatile compounds” means substantially free of

water and substantially free of volatile organic compounds.

Non-volatile polymers are considered to be substantially free of water, if the residual water
concentration is less than 0.5 wi% preferably less than 0.25 wt %, more preferably less than

0.1 wt % and most preferably less than 0.075 wt % based on the mass of the polymer.

30 In the context of this invention, the term “volatile organic compounds” means organic

compounds having a boiling point of below 250°C at standard pressure.



WO 2012/ 010693PCT/ EP2011/ 062636 - 14 - Non-volatile polyners are consi dered
substantially free of volatile organic conpound, if the residual

concent r avpan120fioai d vol atil e organi ¢ conpounds is | es®Crhen010/06%30t %
preferably | ess than 0.25 w % and nost preferably less than 0.1 w % based
on the mass of the polynmer. Said volatilg.organic conpounds are typically
the solvents enployed in the 5pol ynerization or subsequent processing steps
such as, for exanple, a hal ogenation step. Preferred non-volatile polyners

are synthetig rubber products. ln th nt ext. o LS, ' syfpt.hetic
Fbber " pr odusts PREY ERSREN Eiteopt B B SRR kel BRR R bl e Y P
BIIR, UR), pebiisobueytaing of Big yolatihyigenie cpnopydisein dese ilend. Mt awsterabbber s

(EPDM), ethy] en rapyl epe r.ubbers P t hyl ene-yvi.nyl, acgtate

 ubbor 5 ( EVMRnBEUAT o i B0 g St £ W?h%é&)agedh%ndﬁlgg%aﬁ%t%gw
nitrile butagiene. suidbensild INBRE, coagbyids ope eyydeatiy the rsslvédtRemploye id tat ed
rubbers_(FR), .pol ychl oroprenes (CR).butadiene r.ubber and

styrene but a@ﬂlgﬂe@é?t%’t%rs SEREE)P Oclglz‘sé’lgéff’?%ﬁm %lfcﬁgf("frﬁpﬁ?’f?glﬂ%gmﬁg%ﬁ%ot s are
butyl rubber nd. hal obutyl .rubbers 1] ke onobutyl and chl orobutyl rubber,
wher eby bro B%Fﬁ‘iln?%ﬁ’g%{lg?@y%‘?f%ﬁreﬁg’rﬂémﬁf"g’%grpf%%fﬁia n the context of this
i nvention butyl rubber denotes a (co);:pol r of .isobuten -

met hy| pr open®) thﬁnﬁmf%bﬁfé]ﬁé R Va1 1Y W%‘%%’tca%%,ﬁg- }Eﬁoglf'fgs) ?m%ﬁ‘ﬁe g’“%lrg?be{)sa%r}ds, t he
i soprene cong@sflendtéti bl RBLYHRIR] BIREONBRGNpyibAasdPH), pheker albyledzet ween
1.8 and 2.3 nol % Butyl rubber is )ﬁorrposegﬂof inegmg)ol 'sobutfne chai ns
with random $ioef Mrdlash gitbars; (ERBManghisiePLoryieng rbogs A ML v e
unsat uf@t ed ghb&s (Ot 187 DOhYIFE huGiighd rubBer&NBI)E hy ROzeMatb L A1 Bhthdltne The
mass aver age nol ecul ar wei ght of butyl rubber nolecules NI, is typically

bet ween 50, 00bbwn EEXBBYRBOFPENATHELHr @Rk rasTp e fHhBEn (BBb.nobichigigrenes

1, 000, 000 9o/ padypuihBRndb@bgenat etha Rt ohbe SpRES8BRANt ai N a certain
anount of hal ogen chemcally bound'to the rubber nol ecul es. The anount of

chenical ly bpupgd N PEER nivbed proluERlatYouty? rihbErs LANEQo1Ey1 FRILErsiRE Brofhob@yi3 Wt %
wWith respect to total nmass of the polyner. The (hal o)butyl rubbers may 25

al so cont ai namsigdlor¢bysd rubbergwhaetyCmamaetytyl rabher i pigp mergieiegcher hundr ed
rubber with respect to rubber weight), epoxidized soy bean oil (ESBQ),
0. 000113 0 5 bhthecantekuni shiedrgrieonaprlylorbba 1deperep as(cphpolyrsr Gxisehatne (2Ot her

Fubber ' pr odugtty PREBRT a0 nFene (EAREE AR PS-lenB. TP AT Bl ot Y
rubber, the toppintél thhpolyimee iscetweent0.G0h%t dvd 5 ipreddralpy defween 1.8 and 8.3tmael 2465
30wt % pref eﬁ%?f %bl;‘e'r @s éo?np%s‘.e% oﬁig{gar polyisobutene chains with randomly distributed isoprene
units. The isoprene units introduce unsaturated sites into the polymer chain to enable
20 vulcanization. The mass average molecular weight of butyl rubber molecules M,, is typically

between 50,000 and 1,000,000 g/mol, preferably between 300.000 and 1,000,000 g/mol.

The halogenated buty! rubbers also contain a certain amount of halogen chemically bound to
the rubber molecules. The amount of chemically bound halogen is typically in the range of
more than 0 to 3 wt% with respect to total mass of the polymer. The (halo)butyl rubbers may
25 also contain additives, e.g. 0.0001 to 4 phr (phr = parts per hundred rubber with respect to
rubber weight), epoxidized soy bean oil (ESBO), 0.000]1 to 5 phr calcium stearate and
0.0001 to 0.5 phr antioxidants. Other additives are also applicable, dependent on the

application of the butyl rubber product, i.e. fillers or colorants.

In case of bromobutyl rubber, the typical bromine content in the final product is 1.5t0 2.5

30 wt%, preferably 1.6 to 2.0 wt%.

In case of chlorobutyl rubber, the typical chlorine content in the finished product is

1.0 to 1.5 wi%, preferably 1.15 to 1.35 wi%.



WO 2012/ 010693PCT/ EP2011/ 062636 - 15 - M xture (M contains for exanple
i)from20 to 99,9 wt 9% preferably 30 to 95 w-% and nore preferably from
40 to 75 wb.2024wmbH69a non-vol atile polyner, preferably a sgmEretiiom6z68bber and
nore preferably a (hal o)butyl rubber and 5ii)volatile conpounds, in
particular volatile organic conpounds oris- vol ati |l e organi ¢ conpounds
and water, whereby theaforenentioned conponents i) and ii) add up to 90 to
100, preferably 95 to 100 wt % and nore preferably to 100 wt-% of the total

mass of m xt ( E_%l@g Loger to 100 % where existent, may conprise
or consi st d?hﬁgrh%QQHp 3 ad ?bes 10 and auxiliary products typically

added to synyhet | o Jhheess w§  BroBadi PRE L] By BR G ﬁlro?etﬁ?éiﬁrabg‘ﬂom BiIRY
accel erators, vulcani zing accel ération auxiliaries, antioxidants, foan ng
agents, anti- agl gt -Sgeften-vhleble pelyalst, prefwatdy a B)m@mw stbhgsianil meraprelozbiie
stabilizers pro | asticizers, tackifiers, blow ng agents,
dyest uffs, plgneﬁsggbwg§§%géé§ enders, organic acids, inhibitors, metal
oxi des, . and actlv tors h t hanql e n
15hexaﬁ%tr|ol et'c (ﬁ#% a%%log%ﬁh ?'%)ﬁghgﬁb(981¥ E%%%? %mg%e Vol atile
organic corrpounds ar e xp:ﬂaerﬂeeo“rgqu’cotﬂpowgis v ater, ehdyehyl thang pﬁslrmenbcbneQOOC or

| ess at 1013 hPa and ar t he,.gr o 59 g of
al i phatic al cohol "8G¢H™ E a%%¥ d%gﬁ)lngg%£lgﬁbﬁ Hﬁso/n€anopﬁ

n- pent anol , neopQﬁaam65¢oc&b&@%@ﬁ&mmﬁﬁxmhexﬁﬂmhue@mpnat|c al cohol s such as
benzylic alkohol, phenyl et hanol and phenoxyet hanol, 20 esters such as
ethylacetateTmhMmmh&ﬁemamB%bemaemsﬁ&mphmﬁSmmﬁmhyfemﬁﬁtﬁﬁbymhmpkhdéﬁhsr

tetrah rofu nd 1, 4-di oxa ones.. suc S ac

ot hy| B hy | KEEGTATRgf 6GENBE T, S5 B S A B il Graph rrypierecon
hal ogenat ed an@ARtnzGceratbisphadahzinghdentalohanalisie antiokidane foaxhenests,
chl or obenzene, dichl orobenzen dlchlor0ﬁ§§hane, tricgioronethane

n-pent ane, | ¥Y-4§E18t 3g7Rts, Rea esiabilizersc Jighto SR 02P %0 SRRIVATS  PIRESTRA 2idso5

cycl opent ane, |, dietzBy ] a &y Q BR% A gaME dPehER! BBBentd) wakds! €Seraue ora@etamst ril e
and benzonltrlle and am des such N, N-di net hy f or r nani de
N, N-d|nethyl%%@ﬂ%ﬁlH§QIN§H§§hVﬂf8¥WﬁﬁﬁlPHE‘ﬁnHwﬂPH§FHVFp9@Vﬁhﬁﬁﬁn@y%ﬁd any

m xtur es COWR&&%MHE«&H«&@&§h§k&ﬂﬁn5hﬁr@&ﬁ%ﬁ&%ﬁ?'Oned conpounds. Mor e
preferred vol atil e organi c conpounds are n-pentane, iso-pentane, n-hexane,

cycl o- 30hexne,qidtSPsBEX AR o iRl A 1 S¥GhIORRIRE BRVE s MBRAIE rokY 6F Moex 8nessand
n- hept ane as wel |l as n1xtures conprising or consisting of those al kanes.
at 1013 hPa and are preferably selected from the group consisting of aliphatic alcohols such

as methanol, ethanol, n-propanol, isobutanol, n-pentanol, neopentanol, cyclohexanol, n-
hexanol, aromatic alcohols such as benzylic atkohol, phenylethanol and phenoxyethanol,
20 esters such as cthylacetate, butylacetate, ethers such as methyl-tertiary butyl ether,
tetrahydrofurane and 1,4-dioxane, ketones such as acectone and methylethylketone,
unhalogenated, partially halogenated or fully halogenated aromatic or aliphatic
hydrocarbons such toluene, xylenes, chlorobenzene, dichlorobenzene, dichloromethane,
trichloromethane, n-pentane, iso-pentane, n-hexane, cyclo-hexane, iso-hexane, methyl-
25 cyclopentane, methyl-cyclohexane and n-heptane, nitriles such acetonitrile and benzonitrile
and amides such N,N-dimethylformamide, N,N-dimethylacetamide, N-methylformanilide
and N-methylpyrrolidone and any mixtures comprising or consisting the aforementioned

compounds.

More preferred volatile organic compounds are n-pentane, iso-pentane, n-hexane, cyclo-
30 hexane, iso-hexane, methyl-cyclopentane, methyl-cyclohexane and n-heptane as well as

mixtures comprising or consisting of those alkanes.



WO 2012/ 010693PCT/ EP2011/ 062636 - 16 - In the followng the invention is

exenpl ary explained in further detail _wth reference to the acconpanyi ng
figures swownregiesvanpl es of preferred enbodi ments of theCirmpeotiosssé | n t he
figures: Fig. 1. is a schematic cross sectional view of an extruder

according to the invention in a 5first emhodinent, Fig. 2: is a schematic
top view of a die plate of the extruder of Fig. 1, Fig. 3: is a schematic
cross sectional view of an extruder according to the invention in a second
enmbodi nrent, Fig. .4 i sch i Vi . i 3 ruder
of Fig s, thiroliniad fRCIRREL Kby R S LB LR I
accordi ng t cactdepanpivie fighrenstowirg dxhiplds efrdrefdirmeamthodFrayts @':thd isveatise hetiat i ¢
Cross sectiqgaL%yieM/of an extruder according to the invention in a fourth
enbodi nent, & Fig. 7. is a schematic cross sectional view of an

ext ruder acqgrgln? to th invent%oniin a 5fi[t eg&g?%npq% aqﬁ fkqh 8: is
a schematic PBp VI 8WCHFIHC GI98° PICHYE! ™t R SRt P SFOBHIE Oy he VI ™8, 10
and 11:5 show a crfastensediticanal view of die plates which are in contact to

each ot her Fig. 12, 13, 14, 15, 16, 17, 18, 19 and 20: show cross
sectional anElgtops ¥ sdietand tof efetvail B d2Q¢daqaste dxanddrléFiget,f or ati on openi ngs.
The extruder 10 as illustrated in Fig. 1 conprises extruder elenents 12 of

t he extruderFigc ewatsylenafindrads battibae Micexdfranderrudd acendisg bdthefinveltenkneader
type. The extruder eleggq%s 12 conprise conveying elenments 16 which forma
screw for pressur®BdiePIoUpdnd/ or conveying product in a flow direction
18. 25In the_il]ustrated. enbodi nent. the flow direction,is the left side to
the right sild®and2d %mW%?Bﬁ?w&ﬁéﬂgﬁyﬁ?%%ﬁ%?%mﬁﬁ?$§%%%bn fromthe left
side to the right side is preferred. The further extruder elenents .14
Compri Des kridiadr rig *crEREe §7050SliFpa HiEY ¢ oIS doWrBRtI TR RO R fr uder
el ements 12 and tdhgd Endddngéntext ruder el ements 14 conprise a common shaft
22. In the illustrated enbodi nent the extruder elenments 12 and the further

extruder el efpy: Sis hdcidn@tid QRRY SRRy vRwCaTENDR i@ aedorddg tofthdidefloati® a26 i S

provided within the barrel 24 and between
fourth embodiment,

Fig. 7: is a schematic cross sectional view of an extruder according to the invention in a

15 fifth embodiment and
Fig. 8: is a schematic top view of a die plate of the extruder of Fig. 7.

Fig. 9, 10 and 11: show a cross sectional view of die plates which are in contact to cach

other

Fig. 12, 13, 14, 15, 16, 17, 18, 19 and 20: show cross sectional and top views of certain

20 shapes for the perforation openings.

The extruder 10 as iltustrated in Fig. 1 comprises extruder elements 12 of the extruder screw
type and a further extruder elements 14 of the kneader type. The extruder elements 12
comprise conveying elements 16 which form a screw for pressure build up and/or conveying

product in a flow direction 18.

25 In the illustrated embodiment the flow direction is the left side to the right side and vice
versa, whereby the flow direction from the left side to the right side is preferred. The further
extruder elements 14 comprises kneading elements 20. In the illusirated embodiment the
extruder elements 12 and the further extruder elements 14 comprise a common shatt 22. In
the illustrated embodiment the extruder elements 12 and the further extruder elements 14 are

30 housed by a common barrel 24. A die plate 26 is provided within the barrel 24 and between



WO 2012/ 010693PCT/ EP2011/ 062636 - 17 - the extruder elenents 12 and the
further extruder elenents 14. The die plate 26 is fixed to the barrel 24
for instanoeotyor@Bdi ng, particularly |aser welding so PRIUEPR@ 1563536 S

provi ded between the die plate 26 and the barrel 24. Alternatively, the die
pl ate 26 can be manufactured directly together with the barrel as one

pi ece. The die plate 26 is further 5 positioned between a not illustrated
inlet port for feeding a stripping agent and a not illustrated vent port
for removal gf NRIR} ELBSGOTPRMNES f&ﬁ&%ﬁtﬁaerm}%%tm The diep£d 20RMHxe€aN be
arranged upstream or downstreamto the die ate, preferably upstreamthe
die plate 26theAgrgatfociasiandeypyivildisg, rpaﬁlé@arlmlamrgvelfg ng fethefi no gsp ag erogided
compri ses a plabs: By 2ol 2 LHP ld biisy 1At ok amRodl B0t 4 heypl 8t anbady 28

conprises two support openings 30 eac or the 10 aft 22 of two different
ext ruder eI ememtfscturdd direetinripgathye dvijhathe lbhesg! atsmnemeoﬁfeﬁlefréﬁte 2hdt ke i n

t he cas S t 0 as a
pl ural i ?y 8&1{: (E)c% gg‘ %%égpn%allﬁﬁgatgylﬂ ti Igir?\r%ar t¥g(ﬁ‘ngr gtg}%?pg) y aelr%r %ﬁg%gop

ci rcunfer ent llmlstrauhdr@ut pcmnfoomnmvalfoéwelaﬁledbzamm@sr Boratleumddre dhe sughport tan

openi ng. D‘”L{‘%%a ge atst're%” Ofdo%ﬁs‘%‘regmtto t‘f'lgg fe giLaQ Enhe er&ﬁy%% m?h]e%{e%%%eei’s mai nl y

only through or ation open| rough t he
smal | gap between. th nd t he a r eni ng
30. This leadd ™ mcuia"h}( Qussfﬁt?a ace rzetgle tdge ) urre r é% %%S of a’[tehiej %p%% I%ttﬁeo
directly aft E]ustt"zhkﬁi cdnlﬁ)dmeat the 2ate hodyl weodipriesttivo muﬁ;&rts:q;emhﬁ 30t ¢weh Sdrrtheppi ng

agent y re e unt of  vol ati conpound The
enbodi nént o&%h@%gf‘gﬁ(ﬁgﬁ% YIS £ I’eﬁltegt ’n ? aéran§% %{‘% Q%gcog%%rﬁ%es in
conpari son 2&sﬁa@:et1h&h£m6$frﬁﬁrﬁxtru&dr Ustdfaheedmh Rerelv Qypel T&bq;pmeﬁocp,eza‘ Bdasad i on
openi ngs 32. Pr fer al | erfor en| n se a i n_opening
34 with a |aP‘¢}@$Wd? petferatioq Pheoig: 3%&/ ?@‘p’vla’i%( %‘? I REYT SkiAess of
the die pl at gir2fen Eh&hff&bxﬁt &ﬁlﬁ&b@gar&ﬁd%aéﬁm&ﬁpﬁﬁt@%mﬂg t Durtg J);&&ﬁfanﬂ&he
orifice 36, particularly plurality of orifices 36, which co?rlsea

smal | er di angteferNdhe RHICH SRSt pHE (et RS REHPTIGOBAREn IS $4Ad, if S0
Il1ustfated anhod thb Qﬁlatregbf?l béVeerP BRNMAY z%na %&%l@t@ﬂfod{; Q3tahend whpdier
extruder el enents wherein the orifices are closer to the extruder
el enents 12. onqﬁi@géﬁbﬂm Wﬁtwéﬁngbﬁérf@ﬁﬁwaawolw jalip Ethe atodert dijeqtly glierghe
comprises i n4eopass $PA (atrgc!?ﬁnngg%amtstﬂplp ngsc@&@tn% rbflovel Dhigh afodnt bE her
barrel 38 for housing the further extruder elenents 14, wherein the barrel
24 houses maieibile pomhpoundseofghetnredier el enent s 12 The die plate 26 is 30
arranged between the front faces of the barrel 24 and the further barrel
38. The bar r &€he @rbagivaent hithe gxitider 1oidipstaied 38 Figr & apd Kigdt eammsiaenn 6omearistyy a
fl ange,gonne 2 r t i ch
is chosgn sug {th; H%%%glﬁwggflfe%lg tgdtgltglé ?:as(r%]éf)gpd’kl xe?}ﬁm 99% gi)a%(r%{eﬁgagf}a% t he
further barr pérfc@8iobyeprmagss32ofontriniee g aumin b}teamgé‘lomlﬂneé&rg@rdlmterIvflths@ienés
gasket WO 20]132z/p9 1%9%\%% eE]t:})nc er o§%1630§e plate 26. The main opening 34 communicates

with at least one orifice 36, particularly a plurality of orifices 36, which comprise a smaller

diameter than the diameter of the main opening 34. In the illustrated embodiment the main
25 opening 34 is closer to the further extruder elements 14, wherein the orifices 36 are closer to

the extruder elements 12.

The embodiment of the extruder 10 illustrated in Fig. 5 comprises in comparison to the
embodiment iHustrated in Fig. 3 a further barrel 38 for housing the further extruder elements
14, wherein the barrel 24 houses mainly only the extruder elements 12. The die plate 26 is
30 arranged between the front faces of the barrel 24 and the further barrel 38. The barrel 24 and
the further barrel 38 are fixed to each other by a flange connection 40. The die plate 26
comprises a radial extension which is chosen such that the die plate 26 can be fixed to the

barrel 24 and the further barrel 38 by means of the same flange connection 40. If so, a gasket



- 18 - can be provided between the die plate 26 and the barrel 24 and/or
between the die plate 26 and the further barrel 38, wherein the gasket(s)
are partiwolardoodBxed to the die plate 26. The die pl areTa®20mpeBOViI de
the function of a flange seal. In the enbodi mrent of the extruder 10
illustrated in Fig. 6 the farther barrel1838 and/or the 5 barrel 24
conprises a recess 42 for receiving the die plate 26 In this enbodi nent the
die plate 26 may be cl anped between the barrel 24 and the further barrel 38
wi t hout provj.di i f

connection 465% b%\gjr&%ietﬁ ?logt%%flfl a{el(%te{éigtgg% aﬁ%a%% %/QI ?%ﬂ%nitgﬁag? lage 2f6I ange
seal . |In theasnhoitheriarrelf38 Wberentthelgdé«et(ﬂ)@ra Lbdrmrsdarlatfsdd forthdlig plal® 2entheFi g. 8

the die plat The di.e Iate 26 conprises a split 46
ext endi ng al %ﬁ&g}é sur%aotpro‘flﬁleat%?ﬁma Ornéllfa NEESEE ¢ hr ough t he cent er of

rotation of h h? ad%{t .flﬁerrgcgrtuéer]l% 1 trﬁ%& rmaln*%ﬁe Etger% @ ?gm%?or%fpl it 46

runs mainly ie pla s cUt by
the split 46barﬂ:1 a4 kzmﬁsebad@{:eéb&mel r@avmgp)]&r dib @thye B{)In ﬁsrerm‘:@thembldlmg t he

extruder 10 the .| ower eln romthe
bottomin anP8i5wary %9 ?aé‘}éli ?gﬁtwe%gF 8? “g%z?ﬁleiga%eggé Wgtgouégmv

inserted int Bolém X bditel 8xed1y méa@mbﬁmaﬂdaww&ﬁoﬂu aehinale dib plaa: Jorefyer r ed
enbodi ment the | ower bady 48 and the upper body 50 can be bordered and/ or
gui ded by si BeVidatEfmetignol alliggscpl t he | ower body 48 and the upper body 50
can be bordered by insert 54 and se Pa IarI
the inserts §ghe bo B’éenéf’{eth? ExEgeplp ’ﬂlﬂséra?eaé‘h]g%piﬁl?#réét#%‘ﬁg&?@lm? lﬁslf Y
enbodi pgnt ofnd e p;afwwaér@gilsbé b usit uate@ndif Motk a %bstlaﬁnaal@d;tra,@htt R t&loegkm ates
26a and 26b are in contact in flow direction 18 and novea Ie agfl nst each

other in a ditf&etiFol rOrEMFYSharreerchecrs dw i 3sesqddn pagllc ﬂ*&sa Hi0d 8% 4

conpri ses channg! nshaRad. Bes bRkl @@op@@mafwc?od 28 15W:‘Jt h}»y'tﬁ’efﬁaﬂt 5ORI Lalvel Nl et
sections 35b. Di'e pl ate "26b exhi bits channel - shaped rforation openl ngs

32b. Fig. 9 v aamamprranpireft Dyingiswrming e friers *P?/@W@F‘a@éf s& be
sectional ar E@er%z?t b tﬁé1§<tﬁ@51f RT ﬁ-&h% Qﬂ%ﬂﬂ RIS Bear 32N, Waath e &ﬁﬁepugh

the two die plates 26a and Fig. shows an arrangenent w th reduced

or throttl edbalyfdonnbe H@pi@@sm@etb*! p}éwdﬁr Hr lsem 89 dspvnpigeds slEpdtiopaln Weféﬁ@hl ngs
32a and 32b ¢ K sghows
an arr angerre%lt %@%ﬁ@@%%%ﬁ a\gll\gﬂ%:r %r%sg%fﬁf(gﬁglgbg@gﬁg%??gf%w 0i'n the
enbodi ment ofns¢rised2i Rvght itlenloivkl ustyrddtaad tluenum‘smgbndefs%l@ntb@ begleredtareloycon t he

direction s B pTLRe sEhES R dhs B T h oo Tht RS Bk e

19 - Fig. 12mmhmm90 shaped perforation openings 32 Fig. 13: channel
shaped perforation openings 32 having small conical inlet sections 35a Fig.
14: chamnel ghiapetbgkmtorodticnveapeniliugsatdPinltayingo had e tvoodic phltesi2b etd

sections 35bZ6b are in contact in flow direction 18 and moveable against cach other in a direction

b

orthogonal to the flow direction 19. Die plate 26a comprises channel-shaped perforation
openings 32a with large conical inlet sections 35b. Die plate 26b exhibits channel-shaped
perforation openings 32b. Fig. 9 shows an arrangement with a maximum effective cross
25 sectional area 33 of the perforation openings 32a and 32b leading through the two die plates
26a and 26b, Fig. 10 shows an arrangement with reduced or throttled effective cross
sectional area 33 of the perforation openings 32a and 32b leading through the two die plates

26a and 26b, Fig. 11 shows an arrangement where the effective cross sectional area is zero.

30 In the embodiment of the invention illustrated in Figures 12 to 20, whereby on the left side a
cross sectional view and on the right side a top view in flow direction is shown, plates 26

comprise



Fig. 15: channel shaped perforation openings 32 having | arge conical inlet
sections 35b and 5l arge conical outlet sections 35 ¢ Fig. 16: channel
shaped pewbapetdios®3openi ngs 32 having | arge over | appi ngPCoPe@/ob2eBet
sections 35d. The perforation openings 32 are arranged in a honeyconb
structure 35e Fig. 17: acircul ariyrectangul ar) channel shaped
perforation openings 32 10Fig. 18: hour-glas shaped perforation openings 32
Fig. 19: perforation openings 32 conprising a nain opening 34 with a |arger

di aneter w th ext gnds l, the thickness of the die plate
26. Each rnauif:i"gopemngfI Xd &ﬁﬁ%@gt% %ﬁgﬁ eight orifices 36. Fig. 20:a

per f oratj on g dlg' B 6 @@ R 3o 0 3O RRINhaB o ud shogiessa i amet er

with 15 exte pa t| y ove ess e plate 26 and

seven intei ”?g ghagx%f @ha[i&%gé?%@aﬁ%ﬁ%@%ﬂ{gggz Ry 19%950&3&?1:1[& dedlignshat t

(thi ckness) e pla i“nt er medi ate o peni ng 34a communi cates

wi th eight fxglgffﬁ&am%?g?aggq gér%or o ogén%lggm M@e cgwcgllm@a{eagﬁsé% b

i ndi cat ed. 'S possI I c tonstruction I gns of
particut ar eIened@ge@mndﬂbw&ﬂswumEZGcenbodlnents illustrated in different
figures. For exanple a split die plate 26 can be fixed without the inserts
52, 54, 56 aﬁg/]@rchamm péapfecir;atfpmtioropgﬂﬁnggs3232a\fd}fg rgepbverlaphies pbrataé 126 may
be not stepped

be ot SLeRbecl sl sl SUEL ARG SoPMEF 2t SPRHRR FBRL B

el enments 516conve3deng el enents
Fig. 17:acircular (rectangular) channel shaped perforation openings 32
10 Fig. 18:hour-glas shaped perforation openings 32

Fig. 19:perforation openings 32 comprising a main opening 34 with a larger diameter with
extends only partially over the thickness of the die plate 26. Each main opening 34

communicates with eight orifices 36.

Fig. 20:a perforation opening 32 comprising a main opening 34 with a larger diameter with
15 extends only partially over the thickness of the die plate 26 and seven intermediate
openings 34a extending only over the middle part (thickness) of the die plate 26.

Each intermediate opening 34a communicates with eight orifices 36.
In all fig. 12 to 20 the flow direction 18 is indicated.

It is possible to combine specific constructional designs of particular elements of different

20 embodiments illustrated in different figures. For example a split die plate 26 can be fixed
without the inserts 52, 54, 56 and/or the perforation openings 32 of a split die plate 26 may
be not stepped.



18fl ow direction 19direction orthogonal to flow direction 20kneadi ng

el ements 22shaft 1024barrel 26, 26a, 26bdie plate 28pl ate body 30support
openi ng( swo2212/@2@3 32b perforation openi ng(s) 1533ef f ePCINEP2€IN 06236
sectional area 34mai n openi ng 34ai nternedi at e openi ng 35a, b, dconi cal inlet
sections 35cconical outlet section 2035eftoneyconb structure 36orifice(s)
38further barrel 40fl ange connection

The reference numerals used hereinbefore are summarized below:

10 extruder
12 extruder elements
14 further extruder elements
5 16 conveying elements

18 flow direction
19 direction orthogonal to flow direction
20 kneading elements
22 shaft

10 24 barrel

26, 26a, 26b  die plate
28 plate body
30 support opening(s)

32,32a,32b  perforation opening(s)

15 33 effective cross sectional area
34 main opening
34a intermediate opening
35a,b,d conical inlet sections
35¢ conical outlet section
20 35e honeycomb structure
36 orifice(s)
38 further barrel
40 flange connection
42 recess
25 46 split

48 lower body (of plate body 28)



42r ecess 2546split 48l ower body (of plate body 28) -21 - 50upper body (of
pl ate body 28) 52side inserts 54l ower insert 56upper insert WO

2012/ 010696RCR/EMAG11/ 062636 - 22 - Cainms 1. Extruder (POY/EPMPO6XBOY at

| east one barrel (24), 5one or several extruder elements (12, 14) arranged
inside the barrel (24), at |least one outlet port for renoving volatile
conpounds whereby the extruder further conprises at | east

50 upper body (of plate body 28)
52 side inserts
54 lower insert
56 upper insert



one perforated die plate (26) fixed to the barrel (24) in flow direction
(18) before the outlet port. 102. Extruder according to claim1l, whereby it
further cwoppizéascsat | east one inlet port for feedi ng aPsTmPpEilR6agent
into the barrel and whereby the at | east one perforated die plate (26) is
fixed to the barrel (24) between the inl®- port and the outlet port. 3.
Extruder according to claim1 or 2, wherein the die plate (26) conprises at
| east one support opening (30) each for receiving a shaft (22) of the
correspondi ng extruder 15elenents (12, 14). 4. Extruder according to clains
1 to 3, wherein the support opening (26) provides a slide bearing for the
shaft (22) of the extruder elenents (12, 14). 5. Extruder according to
clains 1 to flaimkerein a clearance s is provided between an inner rim of

t he support opening (30) and the shaft (22) of the extruder elenents (12,
20 14), wheréin t herudbe@Paeawrising at lgast rel ation to an inner dianeter D of
the barrel (24) parti c&le%r}%l(g 001 Ss/D .0.02, preferably 0.002 ....c.s/D
,.90.01 and nore preferre& . LBB .s/ D 6. Extruder according to clains 1 to
5, whergin the die pl ate of 26krat enpiiérsbmeats (126 d$tarengdpesidechaltarmeh2épeni ng
(32), wherein the perforation openin g%%_conﬁr.f ses in.axial 25 direction
of the barrel (24 a n&ilS'TBFERP p?rf%g’)‘ VERIPRECSATPOBYRr a part of the

axi al thickness ofndrbis Hd &tRbi@tertie? Bompridias @& the main opening (34) is
followed in axial direction by at | east one orifice (36), wherein the
1

orifice (36) conptisescons psrfareiedrdicplasd26dbet ¢hthebarck B dlow dpeiimgsy 34) .
WO 2012/ 010693PCT/ EPZOQ&AI?%@%C{ o3 - 7.Extruder according to clainms 1 to
6, wherein the die plate ) conprises at |east one perforation opening
(32), wherein the perforation opening (32) conprises on the downstream side
an avet@ge de.anet Brtruenfccardingrimelapart waerktar it Jurthescompniigenatdengt picafleregst y 2

mnmm  58. Extr Udefor %ﬁfﬁ% qi sﬂﬂ)pgn% a%Lrﬁiiﬂ{& thl: b%ﬁeﬁand%@x%@ir ﬁletah Ra&6hE HQ?oEated

conprises a further
die plate (26) is fixed to the barrel (24) between the inlet port and the outlet port.

3. Extruder according to claim 1 or 2, wherein the die plate (26) comprises at least one
support opening (30) each for receiving a shaft (22) of the corresponding extruder

15 elements (12, 14).

4. Extruder according to claims 1 to 3, wherein the support opening (26) provides a

slide bearing for the shaft (22) of the extruder elements (12, 14).

5. Extruder according to claims 1 to 4, wherein a clearance s is provided between an
inner rim of the support opening (30) and the shaft (22) of the extruder elements (12,
20 14), wherein the clearance s is in relation to an inner diameter D of the barrel (24)
particularly 0.001 =s/D <0.02, preferably 0.002 <s/D <0.01 and more preferred
0.003 =s/D <0.006.

6. Extruder according to claims 1 to 5, wherein the die plate (26) comprises at least one
perforation opening (32), wherein the perforation opening (32) comprises in axial

25 direction of the barrel (24) a main opening (34) extending only over a part of the
axial thickness of the die plate (26), wherein the main opening (34) is followed in

axial direction by at least one orifice (36), wherein the orifice (36) comprises a

smaller cross section than the main opening (34).



extruder elenent (14), particularly an extruder screw, downstreamto the
die plate (26) and particularly upstreamto the outlet port. 9. Extruder
accor di ngvoaolmEdess8 wherein the further extruder el enemCT(EP4)110626p61 ses a
conveyi ng el enent (16), wherein the maxi num axi al distance S between the
10conveyi ng el ement (16) and the die plat®e (26) is 0.5 nmlO nm
particularly 1 mmmm and preferably 1.5 mmmm 10. Extruder according to
claim8 or 9 wherein the further extruder elenent (14) conprises a |arger
free vol ume tJhan ERRde bR t(ﬁélﬁfﬁ@nttoél&%)erem tilé‘dl&%)g{é‘ GORIonRE SR ofeO
claims 1 to 10, wherein the éxtruder element (12) conprises 15kneader

el enents (20). 1296@%@9@@@%&:&3& dvirrgein ghecpeaiomtion | Opvm@r €325 cpmprissX R (ffer

el ement (12) conpgisgs.dsne CLEAEA! Sl 8F of NemphanLs afige pRfiAkle or
the box profile. 13. Eitru%&f accor ngla1o cl al?ns lto %e?elln aye
further barrel (38} npardi€uharahdpfeérabiodimimgd &4 wmt her extruder el ement s
(14) is provided, wherein the die plate (26) is 20fi xed between the barrel.
(24) and thegfurt ey, joa IpBRTE hE Y] AbbicDthe RN Aonprilds AN Ak Ol Nt
(40). 14. Extruder acco%“glgldl g?@c 1§?mt v wﬁerelnrt ﬁg@folarsraagl (24)
and/or a further b@arrurle“l eIf(r@) (Idormestiady o emeiebsmeveldomyeamdnﬁhﬁ deplae
recess (42) for r e die plate (26).

2515. Ext ruder acc %ﬂnddjgg &flggl%gr%af#@&élahev\%ter?el n the die plate (26) is
split in radial direction, wherein the split (46) is arranged particularly
radi al to an9at IE:astdemeorémppmlainoﬁwmrcig teJ0thes qeindeolement Eidy Fovgprigesshaf t
(22) of the correspondin r r r

2012/ 010693PCT/ EFZD W/“&’agl&&é& 132 )”h%%l% %gﬁjﬁaﬁ%&ﬁg%sc%r &é’ce tl%l)bce‘iwe?}%hel to
15, whédein the dicaviliat deti@b)16)sinddredhe pldtel(6)i inders fé%%,loﬁllh p&6¥ylaniyher ei n

the inserts (52, ?4 gg)‘-’f?ammandpregerat‘b?y f?e bgérgrmgmzll)

10. Extruder according to claim 8 or 9 wherein the further extruder element (14)

comprises a larger free volume than the extruder element (12}.

11. Extruder according to claims 1 to 10, wherein the extruder element (12) comprises
15 kneader elements (20).
12. Extruder according to claim 11, wherein the extruder element (12) comprises

kneader elements (20) of the shear edge profile or the box profile.

13. Extruder according to claims 1 to 12, wherein a further barrel (38) particularly for

housing a further extruder elements (14) is provided, wherein the die plate (26) is

20 fixed between the barrel (24) and the further barrel (38), particularly by means of a
flange joint (40).

14, Extruder according to claims 1 to 13, wherein the barrel (24) and/or a further barrel
(38) connected to the barrel (24) comprises a recess (42) for receiving at least

partially the die plate (26).

25 15. Extruder according to claims 1 to 14, wherein the die plate (26) is split in radial
direction, wherein the split (46) is arranged particularly radial to an at least one
support opening (30) each for receiving a shaft (22) of the corresponding (further)

extruder elements (12, 14).



17. A process of renoving volatile conpounds froma m xture (M containing
at | east one non-volatile polyner and at | east one volatile conpound to

obt ai n a Wwoadatoq9®) 5S5which is substantially free of volParidEPeo1dOMBeaNdS,
the process conprising at |east the steps of: feeding the mxture (M into
at | east one extruder (10) according to-Z-ains | to 16

pressing the mxture (M through the at | east one die plate (26) of said
10extruder (10) and renoving the volatile conpounds through the at | east

one outlet port OfyisALd.@XlulddereidihO) t385ThBeRMOGE IS ﬁ%cm? RGotRr@l @i m 17,
wherein the non-volatile polyners are synthetic rubber products. 1519. The

process accor di ngingasts¢$2abm8), Wiersindhqingdre (8 At 161 e fixebdie Bredddt s are
butyl rubbers and hal ogenated butyl rubbers (IR BITR Cl 1R%§, ]
pol yi sobut yl Bhe ({£LIpB)cesseafighevies prlajy Pemmouadseifen MrErass(Migsmsng EopR) |
et hyl ene propyl eng,.rubl t = Vi and
EVA), nitrile but 2 ingﬁg’(a{aﬁlﬁ%gggﬁef ﬁ%‘%&*ﬁ?ﬁ?ﬁ%@%ﬁf edﬁéﬁ?l%??(lg%ggg? 1303?%@
rubber s3 (HNBR), pwhigh Sepbstantialhuliiser solgtilRpomp@hds, Beivrees ¢ompibbes a lap e
pol ychl or opr enes egg)of,but adi ene rubbers (BR), and styrene-butadi ene rubbers
(SBR). 20. The procéss according to clains 17 to 19, wherein mxture (M
contains fromi) 10 to 95 wt % of a non-volatile polyner and ii) volatile
conpounds 25wher eby t hizedifpthe mexiticdMe dhte airfpronenstestrider g9 a¢cpidingdel clapnstlo 90
to 100, preferably 95 194100 wt % and nore preferably to 100 wt-% of the

M.

total mass of m xture

e pressing the mixture (M) through the at least one die plate (26) of said
10 extruder (10)
L and removing the volatile compounds through the at least one outlet port of
said extruder {10)
18. The process according to claim 17, wherein the non-volatile polymers are synthetic
rubber products.
15 19. The process according to claim 1, wherein the synthetic rubber products are butyl

rubbers and halogenated butyl rubbers (IIR, BIIR, CIIR), polyisobutylene (PIB),
ethylene propylene diene M-class rubbers (EPDM), ethylene propylene rubbers
(EPM), ethylene-viny! acetate rubbers (EVM and EVA), nitrile butadiene rubbers
(NBR), hydrogenated nitrile butadiene rubbers (HNBR), polyisoprene rubbers (IR),

20 fluorinated rubbers (FR), polychloroprenes (CR) butadiene rubbers (BR), and
styrene-butadiene rubbers (SBR).

20, The process according to claims 17 to 19, wherein mixture (M) contains from
i) 10 to 95 wt % of a non-volatile polymer and
it) volatile compounds

25 whereby the aforementioned components i) and ii) add up to 90 to 100, preferably
95 to 100 wt% and more preferably to 100 wi-% of the total mass of mixture (M).

from 5 to 90 wt% volatile compounds, whereby the aforementioned components add

up to 90 to 100 wt% of the total mass of mixture (M).

21. Die plate (26) comprising at least one support opening (30) suitable to receive a

30 shaft (22) of extruder elements (12, 14) and at least one perforation opening (32).



from5 to 90 wt % vol atil e conpounds, whereby the aforenentioned conponents
add up to 90 to 100 wt% of the total mass of mxture (M. WO

2012/ 010696RCR/EHMAG11/ 062636 - 25 - 22. Die plate (26) actmpdim®eied6 cl ai m
21, wherein the perforation opening (32) conprises a nmain opening (34)
extending only over a part of the axial-13hi ckness of the die plate (26),
wherein the main opening (34) is followed by at | east one orifice (36),
wherein the orifice (36) conprises a smaller cross section than the nain

Sopening (34) 23@160%&6;){ ?eacé&@lg qscaglﬁx By Lvﬂer&hath@ gelfo%og%pewﬂgr(@z n the

pl ate (26) |s split ong a virtual straig 't ne through the center
of the support op®emipriges(a30)in OQetnn&Ié‘é) menémg@)@bfrqym pat elothel ﬁﬁgl tb@h@?ﬁsafi?frrs 1

to 16 or die platgsaceer gag%epez& 8L Gk (21 Bliokdhy BIULAGE fiffec

processi ng of non-vo
(36), wherein the orifice (36) comprises a smaller cross section than the main

5 opening (34).

23. Die plate {26) according to claim 21 or 22, wherein the plate (26) is split (46) along
a virtual straight line through the center of the support opening (30).

24, Use of an extruder according to claims 1 to 16 or die plates according to claims 20

10 23 for the manufacture or processing of non-volatile polymers.

10



