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* continuous polynerization The present i mMdention relates to a reactor,
especially a tube reactor, its use in a process for the continuous

preparation q{ea&g;xﬁ&gthoh%rg%tiucul ar, synthetic rubbers, and al so
t he abovenen , di scl oses a heat

exchanger which has an essentially tubular housing having a verti cal
central shaft. The heat exchanger has a scraper which, with the aid
of scraper blades, runs along an interior side of the housing. A
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reactor having the features of Caim1l and al so a process having the
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indicated in _the dependent clajns. The reactor of the invention for
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be rotatable within the reactor housing, where the scraper or w per
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the inside of the reactor housing of exactly 90. I stance o
scraper or mﬂﬁ@‘rb“‘lb?“&aéb?@é‘iﬁqaﬁéf-i nsi de of the reactor housing is, for

The object is achieved according to the invention by a reactor having the features of Claim 1
and also a process having the features of Claim 17. Preferred embodiments of the invention

are indicated in the dependent claims.

The reactor of the invention for continuous polymerization, which can be used, in particular,
for the preparation of synthetic rubbers by polymerization, comprises at least one essentially
tubular reactor housing having a drive which is connected to at least one scraper or wiper
which is arranged so as to be rotatable within the reactor housing, where the scraper or
wiper has at least one scraper or wiper blade to run along an interior side of the reactor

housing,

It should additionally be noted that, in the context of the invention, the term "scraper" or
"wiper" also includes those elements which, in operation, assume an angle with respect to

the inside of the reactor housing of exactly 90°.

The distance of the scraper or wiper blade from the inside of the reactor housing is, for
example, 0 or more than 0 to 1%, preferably 0 or more than 0 to 0.5%, based on the radial

diameter of the reactor housing. In one embodiment, in which the distance of the scraper or
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To promote the heat transfer and the radial and axial mixing, the inside of the reactor
housing may have at least one, preferably 2 to 16, and particularly preferably 2 to 8 stators,

which act as baffles and prevent rotation of the reactor contents.

In a farther embodiment, the reactor has

. a central axis which runs at least predominantly along the geometric central axis and

is preferably coolable and

. stators which are configured such that they have a distance from the central shaft of,
for example, 0 or more than 0 to 1%, preferably 0 or more than 0 to 0.5%, based on

the radial diameter of the reactor housing.

Stators are understood in the context of the invention to mean fixed, immobile internals
connected to the inside of the reactor housing, for example metal sheets or plates, which
have, for example, an angle relative to the geometric central axis of 0 to 90°, preferably of 0

to 60°, more preferably of 0 to 50°.
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can be contro nenced more readily and the establishment of a desired molecular

weight distribution in respect of position, width and shape is made easier.

Alternatively, it is additionally also possible to generate plug flow by means of axial

scrapers or wipers and/or stators. By virtue of inclination or configuration of the scrapers or
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of boundary layers on the interior side of the reactor housing, a comparatively low flow

velocity is sufficient to achieve plug flow. As a result, comparatively high residence times of



WO 2011/ 00092YPCH 923/ 059385 - 6 - parallel to the gePEMHEP2010/059385
- centre axis of the reactor housing or |lik®ew se have an inclination,
whi ch all ows axial velocity conponents to be anplified. 1In a
preferred enttbelbtramtin thd tubeagictot vam bepichieesdaRithoud thel R@Shrofild [ @heOfloR bheing
| east four, heat. exchangers for-setting the tenperature of a flow
provi ded wit H'R™{¥e reactor housing are arranged in the axia
direction of the reactor housing, where the heat exchangers are
separ at ed fr dior tre@uposdsiof theipfesait iReion@yarfidpahatérialh &d BE GRleribls WRRK dhief Be
can be set fqr, each heg ex&han er. The tgg%grﬁéure of the stream
THRFO 8l &aing

within the rda I FolaRyodush dthe mater tahetregct kX3 IPISs QB steriag

react or housimger¥ 4 éRSndbmtROr LRSRES thiX@red @add ﬁ%ﬁ@@ﬁgg Eyhthele RBBEsNGe

on t he expect edygr of.ile of the reaction conditions within the reactor

housi ng, a sUPELRF S HEhPaY bt trauiredafer the Robimassicatipn; pnsh Alsogdiphienty ané opterehy
heat exchangelditifesOTHE iartfr@! mANMIDER. bel BerbhRYd Hfo AeCRARS A usine of the tube
tenperature within the reactor housing taking into account tﬁ% Eeat

of reaction tEACHE ViSO, inlat orvire? gty of fliffepmbinlely, intpagichleeatentiovsaixial
t enper at ur es,or%géﬁa%gﬁbpg_e with preference to use scrapers or

wi pers which in particular inpart radical or tangential velocity
conponents, such that differently heated reaction zones can

addi ti onal | y & spRed egrotation jaad geptofshesssrappreor twipes oremeeferabip att se sheh apgerBy
in series in;pr ; J a r .0 h tream ..
from one heatn?ggg{)\{éatrl\%gfrﬁ%gn Eoﬁghegfgﬁ&et&eh%%{ng’e%l aangéé}é%ﬁyﬁ?gh) 81? grm ﬁ%‘afadlal
exchanger canlire¢tionpadior dutharcircrafprsntial fdirection rean bk empdried té atfloadincthe geaator
heat transfen j ' t r ich.is different fr t he
ctream i nir odtone Wre ki PRSLAN R MG Rt i ol o
changi ng r ea@nd/oningban dirquinderential dingtiotheanfedmpgrtetino wiflolvi in theh@adt@amtisiig by

housi ng, the qt.e in this.way.be. kep ssentially const

wi thin the T octppener ifbebBat e ehind oot n Rl rER RS ifimel o Ffper Dlsde
i ntended nol ¢rwlaFondiightrpatesthe sdapet onwiphs Blldehiaslighct @ssPRIaY pMebddiduitvio
scatter. For .tgxanpl e‘t'itﬁ the pre aggti on of synthetic rulf)ggrs whi ch,

i s typical |y @EPTRE" BLE® SFCUHERTAL HEFCie sodbrtthenowpr igputiof thy scraper or wiper

tenperature das foeimmit v hidiflorahel R vangnkdt oMot ABIS tRYIIVEARSHS of the
vapori zing ethyl ene ot her |iquids which are vaporizable at the

: por .
abovement i on&FCrEATIEr HEFFRRTLE Wiper Biads FaB e gneneA &sseptially paalled tthe gpemetric

Al ternativel genttal gii 6f €0 @dadtdt Bouding A f the LM tirhE MRELALML SHeEADE RE s&tR or
In a further enbodi nent, the coolant is used in nonophasic forms I e.

wi t hout evap3fREf 1t SOThRiCRPessits Riebuiscephipinequitherasy sientlaapioieloriir eomponents
bet ween cool @hg itk Bbw AcRMtis BloidelNPhidd¥AM ﬁﬂi célf%HlltElﬁe ﬁ)gl'rl]ef‘gﬁ t&é Zfe ction

nmore constant heat exchange on the cool ant side. e co
here too ar e c@idifiomg e theetlops firection.ogmd| this wrofle ogvenins, constot uelathve, to ebe reactor

or comrer ci ahb&éil%v(ﬁ}ih?mnﬁn%@tﬂo&rﬂﬁ h&he Ifejléﬂ(%r'eas gn t\ﬁQreaﬁtor as (sat)%%)ﬁsalt’lhg g’%a‘fors
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t he heat exchausipgrby the scraper or wiper blade in the entire region through which the scraper or
wiper blade travels. The scraper or wiper blade may in that case be inclined relative to the
geometric centre axis of the reactor housing, in which case an angle relative to the geometric
centre axis of more than 0 to 60°, preferably of 20 to 60°, particularly preferably 20 to 50°,

is formed.

When the reactor has stators, the stators in this embodiment are either aligned essentially
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react or housiHoy 2o OWE BHEVESFY SORRLNCEE 1 e steel 1.4571 or
simlar resistant steels which are customary in the chem cal

i ndustry. Thdn janirefeired embatitmeat, 4theast eas tppefetably Sit NEstMbke@hor MBSt Ifdilr Oheat
contact with the reagctiog di,.um pref erab consi sts of stainless,
steel 1.4404 S tTHFHE roéaffﬁ%nﬁlﬁrt%%%in% r?fotJl‘%‘f p@B‘rde‘ié’ftP@rth‘bWFt%hﬂﬁmg are
properties ofarhdped iintths iagial Shdctiac of thh fabiBRho@iEN NGB! th hedt edxelingerd 3%e
an outer wall surr.oundi n%fl 31”-0‘( the reactor _housing and in

particul ar a SBes roge op ehif fuch & vegy bt gtiffesent ippneratie cubeset el qach

and the reachedt ekshdfideR Orhe GerhyRfaret oStRE Etddar\Giftlin 8% GRRMY REusEB IANE infiflenced
measure which (s sfructurally sinple to inplenent nmakes iT possible

for a heat tPEhSTEFOReUISn b reacton howsing by imeans phihe ratosriiyetlivat pxchensers.
housi ng and thRpsmdesdrang exgagad PﬁMiferbf_ttﬁbere%_&hfoﬁ BB Wnia e fe%@:ﬁlt ﬁ’cfu;ing, a

housing for a correspondingly Tong tinme This allows a particular

| arge heat fFYROIRNPERorHTE 78 kxedaied dodividvallyefor eheh keat exlranget i ardehdor
reactor housipgnidd phSidd@eondtiR RSdEandi® At th§%§ﬂ0@h0§l€lﬂ% %%%Bﬂooagco%t
the heat exchanger with a spiral heat exchanger channe S

parti cul ar| y thedwaief segelinngo boexpsiteryl e- phase heat transfer media which
do not undergo a phase change, for exanple vaporization and/or
condensat i on; 3 Jigdsi 79 o, T Ta THRYE eqt. he.case of

heat transfer nedi \/}hig _un_e#géeng%\éﬂgegnep%%%g%ggﬁs?Aggibltgfﬁth I%Jgrencemuse
vapor i zat i onsaeRrérsor vapngiwhich in pariiculenintpak ravgcaligr tangebitiaf vajocity nagmpdnknts, such

heat, the di y,di . i.n.:narti ar,..omited so t very high
t ur bul ence c\g{ﬁggg%ﬁér%\kfvi l‘fehtl%crll r%aﬁté&%é%nteg Leé%l<n(: ﬁ%dﬁtgcénra h’é gr?%e‘iﬁ 15050 ﬁosmb?e to
change. At t henns@rieatt éxaimngerkén senieein drdemdaead thé eiitire shaat orepeeth@mMBe Girdas
formed by th eact.or housing. itself.. Additional resjstance o heat .
fl ow bet vveen%? {?e%gtl}eg%%c\#\f DlgﬁI??? {hﬁé’h’iﬂég%gﬁf‘cq%ﬁ& s ofhg hepfeoxapger can, in
exch alng er bi spatiailaehhvien fulties tinlmy‘or iiﬂﬂ@itubi?ghthﬁitatatﬁéfa* méliﬂ_ﬁlzitl lﬁa_mirﬁ‘gtad;nemfp%mre
exanpl e, be conveyed.in countercurrent to the streamw thin the )
react or hous?”ﬁﬁi{o’¥ ‘gffjgrgnti Omv%e pashui] GBWE?@CW‘EI@O%@F dsyagshanggr. Despiie
flow directi Gymamially chidi@inglteaghior 60lditidgs MONEthel fowRIE ¥ BHhA ealtBhousing,
begi nni ng of thene}%(r)altr%nerlzatl on, upstream A ratio of an

_ i e, , at . .
interior arefdeA & o9 dhisvay belapbessebialy srgsters withinghe reecter hopsing lhis

tubul ar reacCh@kesh®uskéiBleits Rakld ahlifehded PREERNIAPEYRUSRbRRL Ohilh has a
n2/ n8. 100 n2/ nB, preferably 1 n2/nBn2/n8, particularly prefera ]l y
e/ ng . AV cﬁ%ﬂﬁl{gt?ly\}@y?catter. For example, in the preparation of synthetic rubbers which is

typically carried out at from -100 to -30°C, each desired temperature can be set within the

-]

abovementioned range by means of vaporizing ethylene or other liquids which are
vaporizable at the abovementioned temperatures as a function of the selected pressure.

Alternatively, liquid coolants at different temperatures can be used.

In a further embodiment, the coolant is used in monophasic forms i.e. without evaporation.
This results in an increase in temperature between coolant inlet and outlet. The advantage of
the variant is more constant heat exchange on the coolant side. The coolants used here too

are ethylene, ethane, propylene, propane, isobutene, etc., or commercially available heat

transfer fluids.

In a further embodiment, the tube reactor can have two or more reaction spaces which are in

each case separated by an intermediate plate but communicate via openings, where in this



particul arly YWPA3AM%210 n2/ nB30 nR2/ nB. Due to the scrREBEPRIIZI5I3ISS
- prevents the formation of boundary | ayer</on the interior side of the
reactor housing, it is possible to provide a conparatively slimtube

react or Whos easeca déastr onla Giasti d?cghalﬂgtﬁ I&eﬁﬁmyadt MakiviRdoYhehtodxEiRinkdd eI pREvi@ddSR
based on the vol.ume encl y when the shaft 1s |ikew se

desi gned to BEETLIFART & tﬁ%ﬁ“?@“ﬁ?’é’%l" th§6?aé‘[i9é3:}°‘tﬂng\}iﬁ’ PR & tyPeEtye Gidin each
OM ng to the rentipbgpatd. vely large interior area A of the tubul ar
reactor housing, a correspondingly high heat transfer power can be
instal |l ed ngﬁ. t he ut er side of the reactor housing. At the sane

time, an ess flﬁeafFalc PENSRETEN By b ZRpan 4t EH%‘%P%‘?ZPP*BM iagiPriPAratiyRly narrow

radial dir ecteballitic:blayddes @iy doriien %r@l@S&aF&mr@thqhﬂef&% el é@fﬁnlen%h&vmg
t ube reactor cabﬁ wi.t hst and greater internal pressures tp

need to sel ed? Behydredategrosstsy vindgpes: o that FkYes Bighertheas m#féfsefﬁQlency can
possi bl e al sachehiset farnk eakiahodhe reacti on paraneters over a
greater pressure range. In a pre%erred enbodi nent, the scraper or

wi per has at |east t preferably from2 to 8, subscrapers or

“wi pers whi cH N8 TECp ANsingean be tde ohHbRieHals fewn tr thosskiledn tharafewhich
in the axial wgid@ekdtan suﬁi@iént%ﬁéﬁﬁm ﬁd%b@os%@éé&@&cgﬁx\%ﬁﬁére%loﬁ@oﬁﬁons for
adequately known to a person skil inthe art, for

mul ti pod, ~ e. §XeBple fomypRICcialstnsh &% theaasagélomsipmpmtme@apluc@nomm|angomTt®° to
scraper or W_geg, aci@t@thstEa'ﬁr&@% Qeisg\.\ﬂ}éblged into a plurality of small
parts which, owng to the artlchaie way in which they are

connected, nore easil y follow the shape profile of the tubular

react or housilHgIcaFier pasingds preferably mpde ofctailests esteplol 4611 | cowinglaf casivint siests
of the react qiidhakSuimayfln fi3lchdrfit RauGlyr vat ur es due to ther al
expansion effects, w thout e scraper bl ade becom ng sl anted
relative to the interior side of the reactor housing. For exanple,
three | egs ofl'he Héeriof FlémlfWﬂiF@HOEMSIDEWbmbpmlessdtoecgatacnsmthtﬂmreamioerm@mm
side of the h Kk oss

ensure that ? he resﬁg%#?sl vgigsstuhg%;:sr%%zrlp@g&]é‘?trhg%éee ced f’?o “fn O%i{ ebptter
two tripods. P@Fﬁémgmrqmgltﬂlesaﬁthmtenammfaaeatl onary or can r ot ate at | east
partly together with the scraper or w per. Should the reactor housing
bend because c e respecti ubscr aper. or
-wiper is aut’rﬁé%%%}?%{&%@%%&e&&eﬁ?g E’tizerr‘ﬁeaws AP HEP%‘%/OE S T qRRing and
t he reactor kopstieadar s sgital gihmdlyg mal’lmedrrdm@dtlmtvh@ﬁttheedmaﬂ@hlbﬁn&ﬁﬁ@%&or

plug flowis nifican t he scr

2011/ oowzzp&%&‘égﬁ Sé’éré‘g‘“eXt ‘é oAy WLa*i‘EgdS %’Pmﬂy simple to
mechani cal f omglenént ankes is possible fohesheat aﬂaﬁsfarr@éd@.ﬁﬁtbl Hows @Rk 6flrad YatARENS the
of a doubl e- acttl nﬂ slidi Egh“ n arrﬁ ed between the shaft an
the reactor HBUE AYS"NREF 45 F& ?ed T Mt ﬁge deeam Wi Herrsactqrousing for a

particul ar, aorhﬁpd’nidiﬁglyﬁﬁdig WieMTTHE ail&wd B%}Eeﬁ-tzdﬁ[hﬂ?rlaig@eheﬁp I e whzat daQMbe
condi tions. g ring seal can_enclose an annul ar chanber

space whi ch 8 %‘Hﬂ"\ﬁﬁ Yrrat athpathe jteactor hgusing #5d; thie bent itreasfenmedium,

sl i di ng surfaaalsa cbhifgudaion! & the i i Exchipef WithSa ﬁél'ﬁé'é @)E(Jh%n ef channel s
preferably under superatnospheric pressure, can lubricate ogtf]

of the slidi Rytisylaly aﬂgﬂnﬁqgﬁ@“ femrsingleanhasedsatdmpefen medinmiseh dat uot tllldﬁ@o a phase

material s an e, vl C | &
eaks. In thi"‘ﬂéie;?ﬁ%%%‘*?%ﬁ o Z*y‘%?%‘é%’?%&?d ARG R S

wat er, for eXatiprase af hess parsfar éﬂelﬁlﬁl\’é{l@r@d@rg@ mphiése chamigé,dort exainple vapmxzatmn
the interior afforcBRach &A64, Yn t?ﬁﬁw %Iyl%ap ad. dr\% 1OW}N§S s {n almcular

pol ymeri zation reaction Wi th Houdr ng
i ntrusion of omitedso thativan jigh aurhiblyrse cateacwur withih olre mgmhzmgacﬂuh he tievphade

i's av0|ded [Nl Ji.er iU Slb| for
exanpl e, &f nt &ﬁi élﬁ%lgg slgneﬁgg éalﬁrqfﬁ ehr%t 15 $e£éstfg‘61?1e% bé(é ¢ fegstior
The scr aper bousing peelf. bAddigonpl ebistadel ty Heaisflaw beffeac eheh@éh Grvithin the reactor

housing and the heat exchanger is avoided in this way. The heat transfer medium can, for

example, be conveyed in countercurrent to the stream within the reactor housing or else in
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- relative to the radial may, for exanple-8e in the range fromnore
than 0 to 90, preferably 20 to 60 and particularly preferably 30 to
50C i n any dithe€ibw alirectidng egppiherc highaobiy Hela 6s Gatesdas; af BE WRXaMAL &f the
by nmeans of spring f.orce, hydraulic forces, elastic forces or

centri f ugal fl’gmgzagf’n’é'e‘p‘fpﬁ¥%'ty of the abovenentioned forces. The
inclined or curved design of the scraper or w per blade in the region
of contact WA fatibhd anhrihtefioraireasd de theftubule rERAEHOhsiNOWSd Ndurld SR MRS tubular
pol yneri zed product from bl ocking _or .congl utjnating a gap between the
scraper bl adé“ith ?Wﬁﬁ‘gfse%étﬂcblﬁah%%&rw S“@ﬁ Hated %ﬁql%&/ﬁgﬁﬁmt‘%&f%@&@
the scraper armWhpes/\akso aver degurkidi@irgbyprefthBly adidhl YeaA/V <30 m/m®, very
outward-directed force en?bl es, a,sufficiently hi ghh pressi r‘]‘glécon force
of the scrap@fiGHaRy paferabia Hhmdmt §A &SP autt oPuh S Sefares Whichapenenisdhe
in order to Fek@péh 6f bouBlarMiAersdhfthdl RRODE ke of ﬂlepr@ﬁcrtdr%{lﬁﬁg, @&k pobkiino
the interior side of the reactor housing. At the sane tine, the
scraper or wiPfRYides coppargtiyebhalimtuhe Fegefpralhape repplar Hougiag haca ¢asmparatively desge
not to bl ock if0iRki@Basl oh IR vomhRRRII0Ld, YcPBily lulled 1€ h%ﬁ?sel'k%gdse designed to
unevennesses in the reactor housing and/or excessi veTy sol |

deposi ts. Th&ecaelolel apd is fiwelfi wugedlesivipad by statws.sRwiapdo ther conipperivdly duotge
enables, in ' ' i 0 . e i.per

Bl ade, i o agih Paadt f 88 (R CARGE IRl < Bkesh I BS ABE ey gl Fowe
conponent of capbeietalied oyerthe buttrsided theagacidr hebsing tAt the shme kime panoaskaheially
In addition Lve. the scraper .or .w per, bl ade .can be.
chanf er ed. Tﬁplgg%r}%ia ZA %%@E% rdllg';sg’f(l))]fl ttl({]nhléﬁg%?aglﬁfe(rilr%;Po% Wehe aﬁ%ﬁﬁg g oAUy
a solid encr ddtmishoniimettheclbeaactéread withstdnd gedaten thtevfial plresuses VARt £y need

i per since the,scraper or. wW.ner ade cap, ow ng to.the angl ed edge,
be 11 11 ed. ovit SREREREE b P liREesS s Paler ) dopsiid it et puf s

force. |n patheireastian par@tetdreast a pratteSgiésapeangé. W per bl ades are
arranged in the axial direction, where the scraper or w per bl ades
are offset by an angl.e L,.n the circunferential direction and.he
angle a is i %n %QF%F%&F&}%O%IH}?W’ ﬁﬁaﬁfra% or vgiper bpg gt gfﬁ’ é‘f’%rpé%i’rﬁglﬂﬁo}lh% to 8,
._135, nore pubatrepeadbry-wiikrs which are k3fheatdd tParet dnethktinl H aRicafafdMnMerdin The
902. The offset %rrang?rrent of the scra$er or W per blades results in
a plurality BYesHiERT orAmaleofs barEng devigsemhish aff pleauaisly fppvn im e pprmm
side of the sEB&d @rthd @ Slon gxapld ia RIBNERNAS efa! £XiRE, Qbpéited raFylﬁst shefchetor
of the scraper or w per and/or vibration of the drive shaft of the
scraper or wPBHE bhepEIRshEe Wikt Gy Bnthisgvayt by dixided injp 2 phiralite ofBingll @erts
| east three QhicBl oWi8a$s tHeOkioul QI BSH WHichMHhR$ hreofEie S DGR S8

one behind the ot herfél thg saorlrle di stance]%pargf in f)t he Ci rcun?%{yef%p?\gﬁhe
di rection. | fhapherefds eofothet tybular raapter hewsing. par pastientres it npasibleetop fotlow
180 5, in tR&or@fienObs IR REGCEARSS, 10 pald Blvad Tandd
5, in the caseoof four scraper or ’plerpamcg%és? an geggqﬂg t@@@g%@oexpgnsmn
and so fort heffects, wishat thegeiaper bhide bicomingfskned rélative ¢ the dtdrionsidéi the reactor

o o, Skl gk SRl e dhus 01 byl LRCSELEBR! o i

the shaft i ssidé kétheseactoritmhdipg etethtee edintsTidle it positdotopasiwt hhae th@apective

only 1 scrap QL. Wper is arranged in circu ential direction. The
next scraper ?l.l{brs]cré&a P al ezjccte?%aﬁlly%ﬁve%twfrtpﬁﬁ egﬁei WP?%W&&HW&P stationary or
direction wi tdn ramteaniphe pprilgfogether wittadhé yerapar 6r wipan) S8O04 the habtot Riasig ¥énd
one in axial bdi rection |likew se._w t@@r e%%(gct t(gggr evi ous, two, and so

forth. It isPrRUS Pl FPEnYeR sifisiseths wERPHYSNTOSHaDST OhaViPersisaufospatically

bet ween two adupRlit®gk.newlshap rofiit. Bien MHBO eHeFBitor Holidngd i¥ RBHHO R6HRE dhiSto
mdirection to at | east one m xi ng Chanber

connected in_the upstr 0 ¢ )
whi ch has a H‘é?ﬁ%’fpﬁé)f“g‘tﬁ%r%ﬁt&ri’&?gﬁ&“tlﬁé(’trf'ig%}fﬁ@mb’ffhfrﬂﬁé‘?d byithe ®taPPeast one
m xi ng el enment arranged within the m xi ng chanber.
The scraper or scrapers or wiper or wipers can be driven via the drive, with the transmission

of force being able to be brought about by means of mechanical or magnetic coupling.



Sui t abl e mi xi W8 &RB28 are adequately known to those SRCT/ER30101039485
- art and enconpass static or novable, preff®rably novable, nixing

el ements. The m xi ng chanber particularly preferably has an inpeller.
The parti cul dVhadshafit ageused fammeghadicat FofceTiahMGsstNAHRES ate Hrérfbrably tsBSled by
starting materials ca& Enﬁ mxed.wth a hL%h m xing energy before
entering the T8 °f 8298126108 Hidme g, tsabArenged between, e dhaft\and the westor
streak for mathoosingyhihefs thessliditigiriglsbal comsigy, e partithldrNebHAGEnfunY Whie R YSinert
reaction m xtures, at IoW.terTnEceorgﬁtures can largely be avoided. Streak

formation frcfdgths bolymmeyirati tighd & Fieaine-seHicam caclpse ar annulps chamber

spots, i nhonagareshish e4Ctd KRAL @itk fthd BAriéCRGSd 88wekn RIS ARG Th
secondary reﬁct ions. . The di nensions_of the m xing I]Lchanber andsucg c<%She ©

mi xi ng el enerfB&eq v ovhich i parigtletie garafesatin endero superatmesphaniat pregure, can
aver age resi dgsieere tofMEpattd of € shdiXd A D€yl o i

120 s, preferabl yefrfc])%az too 65.51,gpggr I cul gﬁlllschﬁ]?g?egoggﬁoésﬁ%%m tgnals
20 s, and a \Bf9T RTogrcty ey ticeslislinghwirferanivhish icowld cavsehleakachi e etparatien of

t he reacti on ¢oRdict hBhs j 1 5X{ [ Gcessa
for this can Sglg,_ fco_r ex%ir;%ié(gf?tﬁ!g{rc\)nt fe&@grr’lggy\%%nr%‘%? %@fﬂ{egc ?ﬁ%&'ﬁvé‘gfgrth‘?
0.001 to 1 k\wmbient jgis, it itheg intesine rof rthd egacion diotsing han powesidsio sawipg i b rthe

of the mxin ] itar of of the m.xi.ng chanmber. In a
preferred e gﬁeﬁ%{ﬁ?n ge?&lldéla‘;g 1%%8 r%/agll’rof ﬁ(gl’lrm E3f TVt ﬁ%ﬁﬁ“@?‘)‘* rwag%rtatnaﬁ@y
a tenper at ur eatglystadepétiyatiqu owictidzd thértitinistdveidad i thiy wdyar ®brricS medium, it is
arranged in aaxial direction of the. housing suryoundi ng the m. xing
chanber ; thetpggstl)b\%{r?glrsl ’?%:ﬁéebnlpﬁ%rats?lc\f?ﬂtt gﬁwg,l,soaiﬁ} "g@cﬁ’%ﬁe ?Wée AUOR LMY S
apply likew se. The housi ng surroundi ng the m xi ng chanber is

pref erabl y cdineatmd ot wipehidadegaeferally harssunfgcdhaviag ai cosfBEIBRGI &ctioR waidd is
havi ng openi for nh eactl,on m xture. The .inventiqgn further X
provi des forIf & tg%ne{hgfof ﬁttea&a Ve EsEr W}ggﬁgﬁ%gwggc Brexemplecf Eugrine-
be confi gur edozaidind pulyhopeadas sitiischibeds, hosemplePolyelher RRS Refoad (IHEK),
of synthetic rL{bbe{hs %.ﬁolyg\%&rﬁirég%i on %g pol ymer i zabl e nonagners
within the r 8388} MR ingae AR EI5HeY PPN SYEENg pojpmers or
natural l'y. Phigkedted chesewithh @tdfsired UDRRIS cartAiniagt lé,rﬂek@%rpolytetraﬂuomethymne
pol ybut adi en ,f ) ardiﬂgo yst yrene- but adi ene ( SBR),

et hyl ene- pr og]f/ e-PAinglqens LilerigeHBYPE) pady sélpnsistrefivoresthyiene d¢opalemer
rubber (NBR) (gtegr ogenat ed pol yacrylonitril e-butadi ene rubber

(HNBR), fluoro rubbers (FR), polychloroprene (CR) and

pol yet hyl ene.yi nyl acetate (EVA or EVM), where the abovenentioned

synt heti c rulfBeransaprlissdy &he qagy thahtheintars aze drsisasd fonds semping onwipaofites
5 000 000 g/ g®tresiR@r ticularly preferred synthetic rubbers are butyl
rubber and pol ybut adi ene (BR), very particularly preferably butyl
rubber having a no] ar nmass of from 300 000 to 1 000 000 g/ nmol and

pol ybut adi enésEERY REhe FiuepdfHistion baiysen be sersAPHEDEr Hlasle 30dBO iMOBBT side of
g/ mol, with kst ﬁéhctéﬂpcﬁﬁfg hayipgh a}os@&: &lrin raibn ToF R g’%%)ﬁg ?)Q O\#igerlcagloboe

000 g/ nol being nore preferred. Butyl rubbéer I's a copo
i sobut ene ( 215¢8tsdyApthe pasedimen patticudaslyrin the cése-ofiesfdtiybly hihispredsidfetedion dFhise
proportion of. 4epeatk Ditks Hehbygdo S j rene. ,n the butyl
rubber is, for I%xarrpl %?’ 1ilﬁn %ﬁe r al?\tgogl T %l%rﬂé%g/(?ﬂto%&%@g {hf)rr% g’? V%n%‘ Fanke
1.8 to 2.3 nvidysedTheapeiianghd susfateor thessctapgri araiper bizae carelshveo siich@asagure that
copol ynmeri zat, ;0 i e d i.spprene at .tenperatures of from
-100C to -30 {’1 %?agédelé’gg%g ot prefetep Ay gy o gﬁﬁ%g?ﬁla{ﬁ éﬂ‘ll’g}mad quickly
preferably fbowmed @dLhediroB0ks scrapert HialepThs eraped-6ff od wiRidIY &N canAB a result
solvents, it,] 0ssi bl 0 use, for exanple, K chloronmethane for the
"slurry proc]éésgas{?yﬁy&?egz%ﬁ’ﬁgﬁesmgﬁgﬁe 3‘?1,’6’15% Babs fetPar , open-chain or
cyclic, branched or unbranched pentanes, hexanes or heptanes or
m xtures t heﬂ?he)icrapplrc&fvépab'l'ayie EW&MﬂtﬂcﬁmQFMﬂ&m&elm 1 £0ANE§ dREcted
mxtures t he{ir(lanI'u’llnlfncg) rthJoQ& hg Ogleclajrhétr%] cgnrtr(a)faelxslés, where the scraper or wiper blade has a
fastening head directed radially inward and a radially outward-directed force can be applied

to the scraper or wiper blade, in particular to the fastening head. The inclination of the



As catal ysts, WQ2013/0p@#23i bl e to use, in a manner known pRETALP2010/059385
- alum nium chl oride or allcylal um ni um hallDdes such as
di et hyl al um ni um chl ori de, ethylal um ni um di chl ori de,

di net hyl al um satapmmrwlparrlbdﬁes febitibey toathe PR HiY, FoE BladibiedBe QY thd1t2hELEES more
ess _conditjions. The catal yst or

th f, d th
catalysi s ar oo b B arprelheAbis far et nasicnami etk bh o -6 pwofigtion

sol vent's suchTi@sappdaitn o foeteQah e fof exaipth, b WRELRAFpERY Rded ﬁyt%{ulic forces,
al i phatic alc holﬁﬁang added as a suspension or solution in

solvent to t seanpifpge! fstey At pluwdty alitherrbetementingd fiarces. The inclined
preferably beirRrvtd@saaloy BRtsclaper Whlviile: H10& 19‘?111 r@%f)ﬂ GO AR \In é il BF Bide
OnMng to the structural configuration of the tube reactor,

reaction condiftthegracterihonsing preeentspobymedizadtnopdug fiery blokking ewgm@lumiatmga gap
tube reactor iarkes SRIidihePB1aHORAS BRN

i nfl uenced and cgnt r ol Iréejjg r édadr ly. Elggég%g ngwﬁﬁggﬁﬂ%%%h g?%%sf fc{r fae
pol ymeri zat i CATapEaent st e @veidesiothombnat leeerqdldllaragxbwadﬁumedoforsa anibilaaga
materi al and C I t thev

streamis arstg?lé%flg* fl%il ?repsﬁﬁ)g?éﬁ fm(':cgl th@ gr%p%%or w1pe{/\16a e on o he ¥eactor ﬁousmg to
2011/ OOOQZZP@/HEP@@ 110¢I©5938C53Pe off3or- Wlpdbfﬁ dapwsits] mpaaicelar gblmf&)ﬁ:Sthe interior side
i ndi cat ed ot rm b ans.of capill ar i,.sconetry at,
temperature o ﬂ\égs%gcmd%g %8 ntgfé S Ptnﬁ Rloi i%%P i@xéld? [ ®F .2 1 fhaﬁy
the sane ti rranwad piaﬂecrtlom Iilalofdﬁr hetr geblﬂpltamarubiy oﬂfthéWQiﬁpeﬂf)r WERE id @R taSe of
evol ved ow n ctants, s, to _be_renoved

l.ar d
via the reac'%L o?veﬁ%e‘%els nla %rr ”E’UB’EQEWS Al R iR 4 Oi‘godeﬁ?sbtﬂu@i‘e gurpedyar

avoi ded, it iisclipebddsiphef the skﬁp&ﬁ ot Répey blaED&Iablys, Eh@ﬁatrh&ﬂﬁra{{ﬂ MroldMWe Infbtidn of
region in whggq frgartr cul.ar | Ewaeat renoval is necessary. Oning to

the | ow visc 3R°h Of ARy E5tg PQHSH?HM iy the gadiglgdimgrtion and has a

direction caroRfordetPdfl ﬂ&@m@rﬂﬂitkﬁﬂﬂo&ﬁé ﬁédﬁl mcﬁon W l:k-%r@wﬁh%ain eld'aﬁi%ﬁfo? bs an
coefficient k, of a few hundred W n2K bei ng |l e to be achi eved
Q [+

conbi nat i on VEHVEethe SPRBET OT WiRek bladac ean ?ﬂ?@fgfﬁél Ehis |ah01é€alﬁlq01§mgalf the
to make do Wskhped oflfvip¥t lglﬂdeta@ﬁﬁﬁ E%&lﬁ&cﬁﬁt@t@dne{ﬂucm:ana@ad tbtb ocﬁn ?f tﬁ%&raper
or, in another enbodinent, as little as 20K, during cool

streamin t heT FeRsF SHcOhe stiaper enwinst bladaesineving tonhe ehgltdl@iggrb@dﬁestover the
evol ution of eﬂﬁaétatfoﬁlégﬁnsp h@ ﬁmll?%Waglsa %Bgd R et of the tube

reactor, the viscosity of ream | Nereases. si gnificantly and can
reach a few hundred nPas, so that the heat transfer coefficient is
poorer than ihparAeularesjilesst o semaperion e bladestree @rt:ﬁtngecrieetm axial divention,erhere
the poorer h fl [is r.egi an in ich a
pol yneri zat i glr?\etsrc Ieg%{b? fc\)ﬁlg%%%g%ssdr%%#gg )aan ang (f K B E %F‘?er?rfua]ar‘\lﬁpeﬁﬁ’?n and ghe
that a signi hglantis in madulbeshcy &anso@ gfsoh,qa&feﬂaslyam) kyed) 357 nidd@preferably

pol yreri zat i %8 and<]¥,)_/§yl d have to be removed. Owing to the snaller
quantities of’h&%t BRd mafisyady PF?f%faWVg‘héPO\#sc ©ffsel raarapgeanepb of dhe

heat transf escre@ebf wipbeslides fesfin %vlﬁalgy ?ﬁa}r i oﬁﬂéf ﬁ:‘ia}@r &f‘{?g&ton%
the cooling of the stream In the wth

vi scosity of tFfor sidgef the reaghor b?ﬂsglgl“@lthpﬁt‘ﬁ@ts ﬂaﬂng@ﬁa dmweesh#fe“f the pgapenor
a few hundr e%&h%@m&l&ﬁo{v&%}é@ésh%o#& éie% [J  he renewal of the
interface layer at the heat transfer sur s on the inner wall of
the reactor or on the rotor by neans of scrapes W pes and/or stators
si gni fi cant | yrafeience isseeentip at lneshtwa, peefrstbby atdesef thiee pemleashfoumecrqmeodmmiper
side, in spibBAQSbetoHraticd ! saf! h, anoy

of heat can be renmoved a|én Coﬁ?lggl%{/%dr?lg%nw;% aﬁur%eﬁsﬁdﬁéegg B‘rrtolﬁq?e FrHe erentlal
provi des a pdoestiss Ifi e dabreofgpmtstmapm vs wipee pladas dromghf - 080) e Sin the case of

preferably s thetlc rubber usi ng .a.reactor which can e configured
and devel oped &8s  HEEcT B éﬁqﬁén agg{%B n@@nf Por? fi§r@pferT 19Moipranes o wiper

the use of t bﬁdéseﬂcahglé p=0g0° YL RAd kd bR Ok YhBBInSd npﬂhetzﬁ&ﬁﬁ‘erxnt%y Hﬁ&%ﬁ Crhis
rubbers. In an enbodi ment of the process, essentially plug flow of
leads to additional centring of the drive shaft of the scraper or wiper.

In a forther embodiment, the scrapers or wipers are distributed in axial and tangential



of f of the geWO¥BMOOME2| nterior side of the reactor houRBCHEPANL)/ 39385
- shaft avoids a deterioration in the heatliransfer coefficient of the
streamw thin the reactor housing and the reactor housing over tine.
At the same tdiretonanyh tibathe skefiis dltewite SGIBPRNGI. Phi8s 58S p&:eBlealed only 1
shaft may act as baffles ang@genc,e enhance the redi spersing action of

the rotating SEPEFEMEPDIS ARRpRsdn © erprtighydirerdone d g Reth soranstiinguie) direction

condi ti ons Whistbeat@ngRd Bt RERD UFedioh wiR B AdRWGHS pRITSERY bR tBin J08&hen the
tube reactor. At the sarﬁgtl_ma good heat transfer between the stream

and the react®i H5USIHHY | ec@ﬂ%ﬁ}‘%’*@o‘ym} FrEPest foaRsPYigRsoivowpTsh yegfortirnié is thus
plug flow andhokdiblgRprkmyd Rhing BE A6k sRAoPlethdd8 15d upfihsmakes it
possible to largely elimnate gravity effects in the stream for
exanple in the case of logop flow, since the flow conponent inparted

by the scrapel 2ifAiehgmbofiment t Fbe fIRBAT iSicghiiepted Enip ypxsigmweliretiion to at least
gravity effechsmidiid ShalbbiOWBicRhdsQr IRAGFAIBuRRH: tﬂgbﬁﬁﬁ{lQQ‘Iagbglﬁﬂﬁta{ R8st one
profile over the length of the tube reactor in the flow direction,

whi ch can be 1B ElsmEy agpreef Mithisdhoadingishambenr get ed manner  at
predeterm ned positions. This makes it possible, in particular, to
achi eve a desiyitgsle FRHEEMbBEnt W QR quitelyNndwh b/

scatter. The rlrlql ecul z;lsg:weight repoqrut e%/ 1s, wggse?k?% i%é}:t?eer%i fnd Shcompass
ot herwi se, t FELGET FIoVabls, Proagreblyraosableraising/elemeiuss.cFhei misthgvharglet particularly
permeati on chyguetiogs2NnbiE LB; ' r ol ecul ar. iah

di stributi onq{r:an b_g set _aﬁdl n?&eﬁagﬁ&%\hr‘%g%g@{ a%PESF?asmpo}g? ?hgn\rll\nl,%elgisghat
wi dt h and shdprestyyingratesialsfean dolmined with tahtéght wibeng emegyobefaretentering the tube
i ndi vidual ly | [ ti,cul refer e js.given.to ... . .
est abl | shi ng LT o ot THEAT e 4 Rangat of s shal Hofmion hichyis wpically
direction to obstved iprtbdehienellviswhe cerctdon whinghd aft ik Rgnpefiti@esacBO0MHely be

t he heat bal . i dence tlnes d concentratiqgn revaili In
t he pol yneri %‘g 1?%1h .SEr?an %51}] Ctlloél e@?’l?nﬂ?’ﬂezldg Has ﬁng?sg?bq? gﬁg’ﬁ@ tp ﬂ?“ﬁpg"t spots,
account the knwebgasowfocturen@aifyieaticiat érGfvréa@aiGetd@Bary réchdhls ClHe AirBenk{dSs
gquantities of ube reactor .1n order to set,

eat. .occurri ng .al.qng .t he
in particular n’ﬁ USRS PbeR %’r‘?ﬁéﬁ%&gﬂ?“@gB MERSare Predesphly matched tg op¢ anoger so
the differenthdieatavenghasgrhce GMPaH dhd!hidbind BhduibRr fid O HinEE HohON. 1ol 139 s,
heat of reacti vedpcr@n be renpved in the case of an exothermc

n evql
reaction or & ?{P‘ﬁ}ggm}nr? se aztaeulrly Dreterably dey hioc2Orse aed 3 vy high degienof
regi on in theo@¥gedlzatn €&t beORchMved NRdel YRE QR Qhditibib, t 'cﬁa%fﬁr%f gnﬁﬂ:rs
i ned 1 e

endotherm c reaction, a negative heat of reaction i1s obfain

heat bal ance Wik Irenecessary fos (s geade. 19F erampls inofheirangs o HEL fonl O0HAV/L or
heat bal ance oigd1 g 184860 midihe oD Skl iy tEAR! | ko of

of the gel is particularly npl)lr e??r&ab_l_y é%lg%cte %c&ﬂﬁaﬂ?ﬁ%r@%@@%t %ﬁ%%g
interior sidé&legentperiacefyplumsesimepixing¢hamherr 0. 05 nism's, preferably

0.5 msnm's, particularly preferably 1 rn/s m's and very particularly

preferably 2 m&efene@gmﬂgtﬁmer@}tat RHGRnY Rl-AG! I'}ehtﬁﬁch\épgetr ﬁ‘mét%g ? te%n%%xaaﬁl% ofa
or wi per blade can run along the interior side of the reactor

housi ng, for Mawinsevidsd within tinfikioa whdmbet iyi aplangedan ihegpxihll dir¢atios of ihelsomsing
gel formatioR,0R.kbe ¢ Jor.side pf the reactor housing,i s avoi ded.
At the sane ti ne?&lis}%ft#{%?%lﬁ Icillﬁhigg’h%ﬁaatsbg&ﬁeﬁﬁ%nfgrpalnlnc_u aﬁé’gﬂbg‘ﬁfnﬁ?ts S %at
di rection canxdbengssstagpllyliséweise.at such vel ocities of the scraper or

wi per WD 2011/ 000922PCT/ EP2010/ 059385 - 15 - bl ade in the

circunferenti j ' - which | s .t 0. goad .honmbgenepus, m xi ng of.
the streami Eﬁ% R@S{ngg%ﬁﬁ@#@(?ﬁn élrlllg gﬁatﬂn bﬁﬁ%%’ée\?eé%bq%‘é%[@e‘it‘?‘gtﬂilfeerfaa ?Wéiéffg
t he stream ahyai inermabas¢ platetevisg aygninghfentha reactipitnii®@rs. M xi ng chanber

is used, the average residence tine in the mxing chanber is, for

exanple, in : 1.t0 S eferably fr 2 to 60. s
particul arl y&ggg?%{glgﬁﬁ%{h? {%Pﬁlﬁést%%gf)u%.O?wgﬁovﬁfde%ﬁéf‘f@%eﬁﬁt% Rjich can be
chanber is usedigutehendidevchged a3 ddstriped abe gy for lecrepipatios ,of k@thei¥ YR, by

polymerization of polymerizable monomers within the reactor housing.

For the purposes of the invention, synthetic rubbers are elastomers which do not occur



The i i ng poWér2G1§80e9%3R| y i ntroduced may, based on the BOEERR010/059385
- absorption of the mxer, for exanple, belfrom0.001 to 100 kWI. The
i nvention is illustrated bel ow by preferred enbodi nents with

reference to tahgalBCERARIMYNAGE WSS but}hﬁb%%ﬁgﬁdéﬁ@(‘ﬁk Eﬂx@polﬁmﬁen&
schematic side view gf a tube reactor, Fig. 2:a schematic Sectiona

view of the tQidiPe BBl Fhylenegpropyleng=igne ubkers GRROM). i rolvteryionitelg-butadisne
of the tube rgeet GNBRS, Hyti@dgendied Fﬁoﬂfacﬁloﬁltrﬁg B%Ede ruggéra(Hl I@JQR)V l¥toCLubBers

scraper for the tube reactor depicted I g.
schemati c sedfRbrolychloppreae (GRY en%p@yetbylawm rdcwte (E&’Aageﬁvm Fhere the

4. Fig. 6:a %Mﬁﬂl&leé 'sﬁ‘ﬁhe‘t'lb SWbtRls @n fmdvd RS e #Eﬂplgur tﬁ:ﬁ %E %Qéit Eg%é(}ﬁo to

central shaft FI% ‘a schematic side viéw o
wi th upst r earf $A000Hg/mol.

Particularly preferred synthetic rubbers are butyl rubber and polybutadiene (BR), very
particularly preferably butyl rubber having a molar mass of from 300000 to
1 000000 g/mol and polybutadiene (BR) having a molar mass of from 5000 to
1 000 000 g/mol, with butyl rubber having a molar mass of from 300 000 to 1 000 000 g/mol

being more preferred.

Butyl rubber is a copolyméi’ of isobutene (2-methylpropene) and isoprene (2-methyl-
1,3-butadiene). The proportion of repeating units derived from isoprene in the butyl rubber

is, for example, in the range from >0% to 5%, preferably from 1.8 to 2.3 mol%.

The polymerization is typically carried out as a copolymerization of isobutene and isoprene
at temperatures of from -100°C to -30°C, preferably from -100°C to -40°C and particularly
preferably from -100°C to -60°C, in the presence of a catalyst. As solvents, it is possible to
use, for example, chloromethane for the “slurry process”, hydrocarbons such as, in
particular, open-chain or cyclic, branched or unbranched pentanes, hexanes or heptanes or
mixtures thereof, preferably abovementioned pentanes and hexanes or mixtures thereof, for

the “solution process™.

As catalysts, it is possible to use, in a manner known per se, aluminium chloride or
alkylaluminium halides such as diethylaluminium chloride, ethylaluminium dichleride,
dimethylaluminium chloride, methylaluminium dichloride or mixtures thereof, depending on
the process conditions. The catalyst or catalysts are, for example, activated using small
amounts of protic solvents such as water, hydrochloric acid, hydrogen chloride or aliphatic
alcohols and added as a suspemsion or solution in the solvent to the monomers to be
polymerized, with the solvent preferably being the solvent in which the polymerization takes

place.

Owing to the structural configuration of the tube reactor, the reaction conditions within the
tube reactor along the length of the tube reactor can readily be foreseen and can
correspondingly be infiuenced and controlled readily. Especially at the beginning of the
polymerization reaction when a comparatively large amount of starting material and only

little product are present, the viscosity of the stream is particularly low, typically < 1 mPas.



chanber Fig. WO2HIREMEZi ¢ side view of a further tube rREEAEF2010/439385

- upstream m xi ng chanber and a second readBer space Fig. '9:a schematic

cross-sectional view of a tube reactor (as a scraper) Fig. 10:a _

schemati ¢ cr Oéisewsitied irgnalesshdivutaf otieriish @ee LAYy fcass & c&}&iﬂ’ﬁﬁ Vis€drSbtry at a
c

LR seherm sttt o secll onal ol G OB d Skt hamer L
or W pers Fi gpartikcdlatly Iahe qidntity 6f Bt 3N ekablidST -¥6GEd ORRL 1 thBWMaBe Smount of
reactor Chanbrga[ctavr\ldcst argld%nas to be removed via the reactor housing. Since backflow of polymerized
product can be avoided, it is possible to keep the viscosity particularly low in a region in
which particularly high heat removal is necessary. Owing to the low viscosity in this region,
heat transport in a radial direction can be realized particularly simply, with a heat transfer
coetficient k of a few hundred W/m?K being able to be achieved in combination with the
scraper. This makes it possible, in particular, to make do with a driving temperature gradient
of as little as 30 K or, in another embodiment, as little as 20 K, during cooling of the stream
in the region of the reactor housing in which the greatest evolution of heat takes place.
Towards the outlet of the tube reactor, the viscosity of the stream increases significantly and
can reach a few hundred mPas, so that the heat transfer coefficient is poorer than in the
region of the inlet of the tube reactor. However, the poorer heat transfer coefficient arises in
a region in which a polymerization reaction occurs only to a small extent, if at all, so that a
significantly reduced quantity of heat is evolved in the polymerization and would have to be
removed. Owing to the smaller quantities of heat to be removed, the higher viscosity and the
poorer heat transfer coefficient do not have a significant adverse effect on the cooling of the

stream.

In the embodiment with loop flow, the mean viscosity of the reactor contents is in the range
from a few tens to a few hundreds of MPa. The removal of deposits and the renewal of the
interface layer at the heat transfer surfaces on the inner wall of the reactor or on the rotor by
means of scrapes, wipes and/or stators significantly increases the heat transfer coefficient on
the product side, in spite of high viscosity, such that relatively high amounts of heat can be

removed in this variant too.

The invention further provides a process for the continuous preparation of polymers,
preferably synthetic rubbers, using a reactor which can be configured and developed as
described above. The invention further provides for the use of the reactor for preparing

polymers, preferably synthetic rubbers.

In an embodiment of the process, essentially plug flow of the starting materials and products
along- the geometric central axis of the reactor housing, optionally in the vertical or
horizontal direction, is established for the continuous preparation of polymers, preferably
synthetic rubbers, in the reactor, especially a tube reactor. Any solids or gels depositing on
an interior side of a reactor housing of the tube reactor during the polymerization are

scraped off by the rotational movement of the scraper and the scraper blades. The scraping-
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10 is thus op@P@tieuclchniubatatier Yt thersama timpi gryd beat tantlfcrri:tetwmmti:s stream and

pol ymer i zat i GRe relft6r IB&hg RlenbiBACLY @D sB5 t
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heat transfer addi ti n an alterpative, the first heat
exchanger 26 7¢an CB%SISIJbg O RSMCRES & %‘ihéeﬁﬁégf’ﬁ’fe‘ﬁ H’@Peé’%i“ Yeight Pt @ cgpPamRYeLy

the second heabll exafearmier ma8oulddieight trepcB@ ifluilbsd rawateliotfar@isd) the weight
established in the flow djrection d22 within the reactor housi n

the heat traf<Fas PRtarass Mydetyrmingd by gelbpremention chramplagephy(GRE)- élii particular,

medi um used aidmblbeulRVRSY ERtrBAEn QAR B 4t SndAfficiNE rdifdt of fPRiRh, width
tched individually to the reaction conditions whi cﬁ

medi um can be ‘Em}'@
change in thé"4 PR3RF o eams pipqolng %ﬂterrrb? Teasor sef dndividally ingegiensb| e
cool ing power can .be set for each section in the flow direction 22.

Thi s makes i lPaﬂi@ﬁlel PleRrentdlisRaehit6 léétﬁﬁhshlﬁ? diR}enf Reaf SRR eﬁlﬁf:h‘%()ﬁﬁglpe%tlﬁ%e
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product havi {4 @ detrAoPredingd malseign weight it g focHsoub hs oxrbalances
Fig. 2, the haaln@*ehangRyr &n@c@rﬁa@&sgﬁ%ﬂﬂg\ﬁﬁt pS’l %za llnﬁ:gm}g’ﬁfaf Nt is

t oget her with the reactor housing 16 boun

exchanger 26possiple, gaking inte acgoupt Hiergnatias bf B2 pohrmenaatm rrmcm’m do catilad the
tube which beungg @oﬁﬁsr&kurh hofi 2 3 [

bet ween t he gut er wal | ggﬂ ]ﬁe‘%(r eg@%g%a oﬁigrﬁ %636{\%‘1 r{lcum?%’e%?onsmm
transfer mediemperehire hf thn d@rme"s; areplinsfcthe Idszwgmt Hm rexrgamgaeteaipe@mresflﬁ lthe
exanpl e vapo i h i vi di n

o tred. " The & ditahl e orsEoct 3 o 2pf by Hngpil e citE oF 4 cxihermic
2011/ 000922 PE&hRLtER2@10p I8 3B Fhe cabF of amep&ﬁhe&ﬁlc%acﬁlhn HérSeagh eHgionCin3dBe axial
driven by a m of scr W per hl ades 42 are

;
connected to {I%C%O%l rorg\t/he%ge atorr hﬁ }éex‘éarsr?)f’ ﬁ'bq())?/ﬂjminﬁ Seastion, @ neeptiyg gt of
in pairs opposttien io D'Etaﬁétbinhﬁe‘ heatbalgicel whileta poSitidd B&at POR&dtBh & SULindd in the

plurality of s bl ades .42, in particular three scraper
or w per bl aB%agrbagucef%tﬁ’ﬁgasg?{aé‘ﬁé%tge%‘gﬁil%’f’?y one after the other in
the circunferential direction. In the exanple depicted, pairs of

scraper or WIhescrdplimdes ofiBle uhli i€ Partit\@arBjrafeRBly dffdctbd1f @%Jl(ﬁ:hty ok Bfetihi@Aor
are offset b%lpgo in the circunferential direction. In the case shown,

the scraper Bf°®f pAPACHF dquingsich dhat A0 mif, <10 sy PreferrblyaS aYs ©hesb mys,
react or houspificul@lyl frefefaBi9r1 he He<hhleandi Hﬁﬂfchﬁ%ﬂr @feferﬁb@y 2aIaRe 4 :{B/

encrustations or gels fromthe interior si shown in Fig
the scraper 6f Sugh ﬁ@IPCIBFSa‘dﬁé’VIH@ %%efa"ff"&mféhlﬁdh gam@adlons fhmiltelhorrssbt@ the

via a springreigoikig fofnBoflbt & Gerdfeanttf thidk B athBYiue E(h%hﬁs‘.:&ﬁg%iafonggtmn on

the interior side of the reactor housing is avoided. At the same time, sufficiently high mass

transfer in the radial direction can be established at such velocities of the scraper or wiper
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- to the drive 38 in such a way that forcelbransm ssion to the scrapers
or wipers 36 occurs without a central shaft. The surface of a central

shaft represeide iarthe RBamERestias dirfMos WV NGdAtol @quioﬁ%g@%&fs%&i@} of the
0

velocity rela ive.tt?l ttbgaaacra er or wiper velocity. The absence

such a surface fas" A& E?ﬂlglb%“dtlﬁlﬁfovaﬁﬁheé‘i/‘ﬁnéﬂe’f bedyieen| ths strgar and thereactor
undesi rabl e aghsing.ng gels or solids is observed. To stabilize the
scrapers or w pers nechanically, these can be joined to one or nore
connecti ng el‘&gents 37. The, structural desiﬂgqn?.depends inter alia, on

the sel ected YB8HcHPPHEERITXPehambirs's ustl thy pterase dpsdenre timg dn ghe myjxing
of the scrapehsmbdis, EaRx@ase, iy thD @b 126 d2d 4 AR i
those skilled Ip the e 20 SRR AIRI By L1080 piriculgrly
shown in Fi g.Proferablydropediofs- 10 has a i xi ng chanber 72 upstream

i.e. in a preceding position, which m xing chanber 72 has a housing
surroundi ng tWRenhX uptresh ITRIRE cRIMtheR sl ixi i
within the mxin c,h%%ber, vvh%ch el ensgarll%&’iqge Et??%ﬁ%ggﬁégg%ggﬁ is, for
i npel l er dri \Féﬁmﬂ& 15 theginge fem 0.0k éo KOilng chamber |ikewi se has an
outer wall which bounds the volune of a heat exchanger, wth heat
transfer mediThdaeing@odBH ©pitMybftrdddlddQRAC kel t -
via the inlet_ 66 anggcan tg% tgkenddg%e;d agéig%eé\llP%g}eheggggt%?stg{p%éggfggq@ﬁg’
heat transf erforamnis bedeom $84! tp B0 KWLi ng chanber can be separatel y
cooled or heated. In the preparation of synthetic rubbers, cooling
typically takas phasenti9 i ne | o]

-30C. The m xing chanbel(ré) l;ﬁggng%gﬁ%ég%wlbﬁ Fﬁg&li‘a?o%?&e‘%{si 6gjlrtlﬁ f{gg{ehge et?the
plate 19 of tR&HPEBENS &a¥ISY:, but nass transfer from the nixing
chanber 72 into the interior space of the tube reactor can occur via
one or nore, 7Ha dtAEndRsEent figure two, openings 74. As shown in Fig.
8, the tube reactor 10 can be divided into two or nore, in the

present figure two, separate reaction chanbers which are in each case
separat ed frdi§dhe anotlieempic ade vigw efatsll mactorpl ate 19, but with mass
transfer in the flow direction being nmade possi bl e by openings 74.
Both in the ]2pl at e h G el rJ i Xi ng chanber
and the fi rs?ﬁrjeact or ia%gﬁﬁhﬁé&sgbt?gﬁl&%@?ﬁ?ﬁﬁﬁ%}é@%}e&gf‘gé?,‘e 19 there
are inlets 20A for further starting materials such as solvents,

catal ysts or fibAoners. 2Ethemps defaile@yiew phthg fube rasetar efFigt2, t he

begi nning, viewed in the flow direction, of the respective reactor
space. The i mels 20A aRehedBs .
reacti on par arrggt ers to be |%I%gaﬁlgaegﬁﬁgégg@?%g%?&Q%ﬁggﬁ?tlﬁgmtﬁg1
addi ti on of solvent, fé® exanple, can reduce the viscosity of the
reaction nmedium the addition of further anobunts of nononers. or other
nononmers or > saddi ti 3 t ‘ﬁ@& i

and/ or struc?ﬂgree of thg@%{g{nﬁﬁaﬁlg omaa%c{r?s%rr?ﬁearag?Og?%-sgrgh%i%gir:\%l 4'vi ew
in Fig. 9, the scraper edges 58 of the scraper elenents 60 which are
joined via tH&fast eni A§HEBatiFsidegiqvoofiafirthpr fupe r@gtos witlmpea cengalishefer i or
side 44 of the reactor housing in the circunferential direction. The

introductionpgf 7starti ggscﬁggaggisﬁesvig‘gcdfrgtﬁﬁgﬁo eillg!w@#r faﬁl‘é u'ﬁ%}%?&umng

wall 30 and the reactor housing 16 bound une o

exchanger 26. The spir&am®exi ding wal | 32, provided here in the form
of a coiled tube, bounds a spiral heat exchanger channel 34 into

whi ch heat t fer medi f: i i.nl - -

Cross-secti o!ri:g%ng'vi ew i % %?98%9039?5"1%6\&%%3 :td}e%%cn(gi ‘éqa$%f)%m I gr.mxérfg
except that the devi cechamberpndppesdndveadtonspprer s 36. The wi per edges 58
of the wi per elenments 60, which are connected to the drive 38 via the

ci roun erent P i oot F o RSt b oS L RER BB L Sl
Fig. 10: a schematic cross-sectional view of a tube reactor (as a wiper)

Fig. 11: a schematic side and cross-sectional view of a reactor chamber with 3



Iﬁ Fig. 11, tYO2QB8{08822r eactor housing 16 i s connected POTHP0107659385
- of the reactor housing 44 to three staterl§-75, which are in turn
equi pped, according to the circunferential direction, with scraper or

W per elenents 76, whi Cdfat@gmmescﬁpeg@fbp@ipgﬁge gjri ve 38, vv_hi _ch S
configured here as a centre shaft, in operation. In addition, the

drive 38 has,_.according to the circupferential direction, three ]
scrapers or 'lﬁ'e]?'s 36, a\/\f‘ﬁ%ﬁlﬁa‘tﬁr A% gk Cr9pTSSeiiongl View o 3 Feagter chasaber rith 2

exanpl e shown. In Fig. slafors 28 Q@08 bdwhesFi 9. 11, the reactor
chanber is, however, equipped only with two stators 75 and two

scrapers or w.pers 36, ich are_each offset by 180. A list of
r ef elroence numafq?m% 18 draistef cinoliie- b dee 3 Be9metrrcensival pxis 1% aviighals abigned

14Di rection Ofen@hdivilidy thés difdTarbeg %aviﬁrqacw hofddGll .grr{ejr@z_)ctorimthﬁé b Alpular
side of the reactor housing. (44) 18End plates 19l ntermedi ate plate .
201 nl et's 22FI%636t housipg 4%, which is closed at the end faces by flanged-on end plates 18. Starting

materials can be introduced into the tubular reactor housing 16 via at least one inlet 20, with
the polymerization reaction occurring along a flow direction 22. The product formed can
leave the reactor 10 via an outlet 24. Plug flow which has a velocity vector in the radial
direction which is essentially equal in magnitude to that in the flow direction 22 is
established for the flow within the reactor housing 16. The reactor 10 is thus operated

continuously for carrying out a continuous polymerization.

The heat of reaction arising in the polymerization can be removed via a first heat
exchanger 26 and a second heat exchanger 28 arranged adjacent in the axial direction to the
first heat exchanger 26. Since a more intensive reaction takes place at the beginning of the
reactor housing 16, i.e. upstream, than at the end of the reactor housing 16, i.e. downstream,
a greater heat flow per unit length in the flow direction 22 arises at the beginning of the
reactor housing 16, i.e. upstream, than occurs downstream. The first heat exchanger 26 is
therefore designed for a correspondingly high heat transfer power. In addition or as an
alternative, the first heat exchanger 26 can cool a shorter distance in the axial direction than
the second heat exchanger 28. Owing to the plug flow which can be established in the flow
direction 22 within the reactor housing 16, the heat transfer power, the axial extension, the
heat transfer medium used and the pressure and temperature of the heat transfer medium can
be matched individually to the reaction conditions which change in the flow direction 22
within the, so that a suitable cooling power can be set for each section in the flow
direction 22. This makes it possible, in particular, to set an essentially constant temperature
within the tube reactor 10, leading to a polymerization product having a desired molecular

weight distribution.

As shown in Fig. 2, the heat exchangers 26, 28 cach have an outer wall 30 which together
with the reactor housing 16 bounds the volume of the heat exchanger 26, 28. A spiral
dividing wall 32 in the form of a coiled tube which bounds a spiral heat exchanger
channel 34 is arranged between the outer wall 30 and the reactor housing 16. When a heat
transfer medium which undergoes a phase change during operation, for example vaporizing

ethylene, is used, the dividing wall 32 can be omitted. The reactor 10 also has a scraper or



240ut | et s 26AVPIOLHRMI2%x changer 28Second heat exchangerPGDEBRLE0/059385

- 32Spi r al

di viding wal |l 34Spiral heat exehanger channel 36Scraper or

W per 37Connecting el enment 38Drive 40, 41NMotor 42Scraper or W per

bl ades

wiper 36 which has a drive 38 driven by a motor 40. A plurality of scraper or wiper
blades 42 are connected to the drive 38; in the example shown, these are arranged in pairs
opposite one another. However, it is also possible for a plurality of scraper or wiper
blades 42, in particular three scraper or wiper blades 42, to be arranged regularly one after
the other in the circumferential direction. In the example depicted, pairs of scraper or wiper
blades 42 which are adjacent in the axial direction are offset by 90° in the circumferential
direction. In the case shown, the scraper or wiper blades 42 contact an interior side 44 of the
reactor housing 16 in order to be able, in particular, to scrape off encrustations or gels from

the interior side 44.

As shown in Fig. 3, the scraper or wiper blades 42 have a fastening head 46 which rests via
a spring 48 against the drive 38. In this way, the scraper or wiper blades 42 can apply an
axial spring force to the interior side 44 of the reactor housing 16. The fastening head 46 is

here plugged into a hole 50 held securely at the end face by means of a screw lid 52.

As shown in Fig. 4, the scraper or wiper 36 can have a plurality of subscrapers or subwipers
54 which can, in particular, be connected to one another, in particular in an articulated
fashion, via a tripod 56 (shown in part). The articulated connection enables the scraper 36 or
wiper to compensate for curvatures in the reactor housing 16 caused, for example, by
thermal expansion and ensure essentially parallel contact of the scraper or wiper blade 42

with the interjor side 44 of the reactor housing 16.

As shown in Fig, 5, the scraper or wiper blade 42 can be inclined and/or curved at its
radially outward-directed end. This gives a line-shaped scraper or wiper edge 58 which can
run along, i.e. slide along, the interior side 44 of the reactor housing 16. The scraper or
wiper blade 42 has, in particular, a PTF E-coated curved scraper or wiper element 60 which
is clamped into a holder 62 made of stainless steel and is connected via a secured holding

pin 64 to the fastening head 46.

As shown in Fig. 6, a plurality of scrapers or wipers 36 are joined to the drive 38 in such a
way that force transmission to the scrapers or wipers 36 occurs without a central shaft. The
surface of a central shaft represents an unscraped surface having a low circumferential
velocity relative to the scraper or wiper velocity. The absence of such a surface has the
advantage that an overall smaller amount of undesirable adhering gels or solids is observed.
To stabilize the scrapers or wipers mechanically, these can be joined to one or more
connecting elements 37. The structural design depends, inter alia, on the selected reactor
geometry and also the circumferential velocity of the scrapers and can easily be optimized in

a manner known to those skilled in the art.



46Fast eni ng hW&2MB8PM22g 50Hol e 52Li d 54Subscraper or sRERER2010/059385
- 56Tri pod WO 2011/ 000922PCT/ EP2010/ 0593898- 20 - 58Scraper or w per
edge 60Scraper or w per el enent

As shown in Fig. 7, the reactor 10 has a mixing chamber 72 upstream, i.e. in a preceding

position, which mixing chamber 72 has a housing surrounding the mixing chamber and a
mixing element 70 arranged within the mixing chamber, which element is here confi gured as
an impeller driven by a motor 41. The mixing chamber likewise has an outer wall which
bounds the volume of a heat exchanger, with heat transfer medium being able to be
introduced into the heat exchanger via the inlet 66 and can be taken off again via the
outlet 68 for the heat transfer medium, so that the mixing chamber can be separately cooled
or heated. In the preparation of synthetic rubbers, cooling typically takes place to a
temperature in the range from -100° to -30°C. The mixing chamber is bounded in the flow
direction by the end plate 19 of the tube reactor, but mass transfer from the mixing
chamber 72 into the interior space of the tube reactor can occur via one or more, in the

present figure two, openings 74.

As shown in Fig. &, the tube reactor 10 can be divided into two or more, in the present
figure two, separate reaction chambers which are in each case separated from one another by
an intermediate plate 19, but with mass transfer in the flow direction being made possible by
openings 74. Both in the end plate 18 which is arranged between the mixing chamber and
the first reactor space and in the intermediate plate 19 there are inlets 20A for further
starting materials such as solvents, catalysts or monomers. Further inlets 20 are located at
the beginning, viewed in the flow direction, of the respective reactor space. The inlets 20A
and 20 have the advantage that they enable the reaction parameters to be influenced in a
desired way. Thus, the addition of solvent, for example, can reduce the viscosity of the
reaction medium, the addition of further amounts of monomers or other monomers or the

addition of catalyst can alter the chain length and/or structure of the polymer.

As shown in the cross-sectional view in Fig. 9, the scraper edges 58 of the scraper
elements 60 which are joined via the fastening heads 46 to the drive 38 scrape the interior
side 44 of the reactor housing in the circumferential direction. The introduction of starting
materials occurs via an inlet 20. The outer wall 30 and the reactor housing 16 bound the
volume of the heat exchanger 26. The spiral dividing wall 32, provided here in the form of a
coiled tube, bounds a spiral heat exchanger channel 34 into which heat transfer medium can
be fed via the inlet 66.

The cross-sectional view in Fig. 10 is substantially identical to Fig. 9, except that the device
is equipped with wipers 36. The wiper edges 58 of the wiper elements 60, which are
connected to the drive 38 via the fastening heads 46, wipe the inside of the reactor housing

in circumferential direction.



62Hol der 64HIVEIZAEL/B092%61 nl et for heat transfer medi umPSSKEPRGH0/G59385
heat transfer nedium 70M xi ng el enent (h&?e. inpeller) 72M xi ng
chanber 74Qpeni ngs 75Stator 76Scraper or w per elenent of a stator

WO 2011/ 000922 PET] ERFROLBLI58R85 housing 16 is connected on the inside of the reactor housing

44 to three stators 75, which are in turn equipped, according to the circumferential direction;
with scraper or wiper elements 76, which scrape or wipe the drive 38, which is configured
here as a centre shaft, in operation. In addition, the drive 38 has, according to the
circumferential direction, three scrapers or wipers 36, which are each offset by 120° in the

working example shown,

In Fig. 12, analogously to Fig. 11, the reactor chamber is, however, equipped only with two

stators 75 and two scrapers or wipers 36, which are each offset by 180°.

A list of reference numerals is given below:

10 Reactor

12 Geometric central axis
14 Direction of gravity

16, 44 Tubular reactor housing (16), interior side of the reactor housing (44)
18 End plates

19 Intermediate plate

20 Inlets

22 Flow direction

24 Outlets

26 First heat exchanger

28 Second heat exchanger
30 Outer wall

32 Spiral dividing wall

34 Spiral heat exchanger channel
36 Scraper or wiper

37 Connecting element

38 Drive

40, 41 Motor

42 Scraper or wiper blades
46 Fastening head

48 Spring

50 Hole

52 Lid

54 Subscraper or subwiper

56 Tripod



- 21 - dai msWP 2006809932 for the continuous preparation RETEBRYIEGIO38S
-in particular synthetic rubbers, conprisi2idg at | east one essentially
tubul ar reactor housing (16) having a drive (38) which is connected
to at | east di%e scraperScaberwir péer dg6) which is arranged so as to be
rotatable within the reactor housin 16), where the scraper or w per
(36) has at |%®ast one SEPRPEF “EFr§if bl ade (42) to run along an
interior side2(44) of tHwdekreactor housing (16). 2. Reactor according
to Claimil, chégaracteri an that the geonetric central axis (12) is
essential |y H8rizontal "¥9R&RRntially vertical. 3. Reactor according
to Caim1l orgs2, char aghlesozieek talsfbaddidnk conprises a central shaft
running essentially alaong the geonmetric _central axis (12). 4. Reactor
according to %ny of G t for hegt tynsferyaedie erj zed in that it further
conpri ses at fgeast one mg(g,ggfemggt@m:@npéﬁg?ct or according to C aim4,
characterized in that the stators are configured such that they have
a distance fri8mthe ceAfikaEckAm®dtt of 0 or nore than 0 to 1% based on
the radial digmeter of %@ﬁn eactor housing. 6. Reactor according to
any of Clains 3 to 5, charatterized in that it conprises a central
shaft runni ng3al ong t hétagonetric central axis through which

t enperat ure ntrol nedi lLow. 7 eact or according to any of
Clainms 1 to gfa char act ggfll%z)ée}gp?v];?ef%al?en{ﬂeasg%?rapers or wipers (36) are
configured such that the distance of the scrapers or w pers fromthe
reactor housing is O or nore than O to 1% based on the radi al

di aneter of the reactor housing. 8. Reactor according to any of
Claims 1 to 7, characterized in that the reactor housing



(16) is conne¥HILBOYRy ansport device for transporti nPGI/EPLIIIG59385
- materials into the reactor housing (16)-ahd/or for transporting
products out of the reactor housing (16). 9. Reactor according to any
of Clains 1 t@abps characterized in that at |east two heat exchangers
(26, 28) for setting the tenperature of a flow provided within the

reactor housing ( ar rranged in the axjal directiqn of the
reactor housing (T61%% 05?}]5 ¢ ﬁ uﬂ'&é’trepé’ﬁ?gﬂ%ﬂg%qlgne(@@} P%ﬁmaéls@t{‘]e“c rubbers,

separ ated from oneompatifiest least Gid@hsetialig YutuliareadtoflhdusRE €1¥) hh BAPS HALI[38)

can be set for each.heat exchanger (26, 28). WD o
2011/ 000922PCT/ EP %’/16%@@%%‘3 Lo g‘g‘eaﬁ %.s"fﬁ@)éef BV RiFig arneghse asfto be

Caims 1 to 9, chastambewithitthd Radtdidbusdidta 16 Fher® MeRAREL br \(/1'%@1%(3@&‘)33 bASast
an outer wall (30) surrounding part of the reactor housin 1 and

in particul ar a sPPFAFREN\F AVIPRG Digde (42 doyun glopg PR YT ISEE rPf%th‘éreaCfOI
outer wall (30) andudif16eactor housing (16) to forma spi ral heat
exchanger channel (34). 11. Reactor according to any of Clains 1 to
10, characterjzed in that a ratio of an inner area A of the tubul ar

reactor housi’ng ( FEFCWIFCELT(BE trieaipt bo rharasierivedbinithat theeaereasnic sroudianty (12) is
(16) is such that eGhedtiAMhbBAR(IG o5 h%iall?%@:@i&é?f according to any of

Clains 1 to 11, characterized in that the scraper or w per (36) has

at | east two subscrapers or subw pers (54) which are connected to one
another in ar- art RCaftaftaserriing ieblaim ]l ond chaepaierizad iretbetiibpmptigss aRenlzal shaft

according to any %niﬁ(%ae:sgzﬁﬁahy_tagné%e g{e‘dﬁé’eru?&éeﬁ&éléggt(ihzz. that the scraper
r

or wi per (36) can be ven via a drive (38) an drive (38) is
seal ed by neans of a double-acting sliding ring seal arranged between
the drive (38) andei%¥ weudipsto #1paE oy 1®)3, chamsicsizedio tik itdurtiyr comugises
seal contains, inpRidbedtkAdr(78. bat her medi um which is inert under
the polynerization conditions. "14. Reactor according to any of Cains
1 to 13, characterized in that the scraper or w per blade (42) has a
surface havi Rg a &ser asrading &f Clein 41 dhaiactarizedtin thst thowetors drenorfigatedohich

steel . that they have a distance from the central shaft of 0 or more than 0 to 1% based on

the radial diameter of the reactor housing.

6. Reactor according to any of Claims 3 to 5, characterized in that it comprises a
central shaft running along the geometric central axis through which temperature

control media can flow .

7. Reactor according to any of Claims 1 to 6, characterized in that the scrapers or
wipers (36) are configured such that the distance of the scrapers or wipers from the
reactor housing is 0 or more than 0 to 1% based on the radial diameter of the reactor

housing.

8. Reactor according to any of Claims 1 to 7, characterized in that the reactor housing
(16) is connected to a transport device for transporting starting materials into the

reactor housing (16) and/or for transporting products out of the reactor housing (16).

9. Reactor according to any of Claims ! to 8, characterized in that at least two heat
exchangers (26, 28) for setting the temperature of a flow provided within the reactor
housing (16) are arranged in the axial direction of the reactor housing (16), where
the heat exchangers (26, 28) are separated from one another in such a way that a

different temperature can be set for each heat exchanger (26, 28).



15‘. React or aWEbHLG028 any of Claims 1 to 14, charact ePCEAR2010/039a85
- the scraper or w per blade (42) is incli-28d and/or curved relative to
aradially directed line running through the geonetric central axis

(12), where tie s®aperacdbrditkPeinyfaIAmE 420 9dSradefiR3LE Hal\Be h@ﬁgxcﬁﬁ@er
directed radially j ﬁl and a radially outward-directed force, in
particul ar spring (?g\gg)re,ascf’&f?“f?é“’&%ﬁq)éEFT?Ué‘d’ElEQa%@F’é’ﬁé?actﬁ‘r hoysiper( 19| anden

(42), in particul gfartlclat HepifaP&bide MAINEDSs LrftBded bhBreeRRRGLRF WQI??BS did e
to any of Claims 1 to 15, characterized in that at |east two scCraper
or wiper blades (4%°aheusieddndelemn a spirdhepk prehanger chenreb@). wher e t he
scraper or w per blades (42) are offset by an angle a in the :

circunferentiml diReaabi QBoaRE td 1§ ACLSs Bd Fo, kﬁhr&%&é&ﬁigﬁa a?é{&rbf{aﬁqxﬁ.ner
30_.c. 150, preferably 450.135, nore preferably 60120 and particularly

preferably a= 90227 oR&icubplaraieecrchavging 61 @ty aofolehal rmf the tubulks reactor
characterized in thhaginédjg)igb{ﬁﬁtﬁa?@ﬁhphﬂé 722{5%%2 in the upstream

direction to at | east one m xi ng chanber ) whi c .' has a housing
surrounding the m xing chanber and at |east one mxing el enment (70)
WO 2011/ 000922PCT/Repeior acommggs any of Claims 1 to 11, characterized in-th#2 3he scraper or

arranged wi thin_ t Rapdichd i GIRIP R0 subhrn BRAG Ay BEROSH Ml 8. bl
17, cgaracteri zed 1N t(éﬁdg?g% he mxionfg&oe “drent s%r%@glg%n |‘frp%f:l(g|8r.eaf6.to
React or accor di ng nganpher gfan@ttighlsted ntaonet 8y the lizlalota@ionzed in that the

scrapers or wipers (36) and the optionally present stators (75) are

configured tg3pronRLGod &gbrgfﬁg Mt3 109 oPEIJh?? b%(? .rlﬁlp&%fa?tfelfizfari?\’t\fla? %ﬁie_ ng;per or

20. Use of a reactor according to any o ai n's 0 or

pol yneri zati on of YIpArHe ey bbdrerenmiagndzive (38) and the drive (38) is sealed by means of a
double-acting sliding ring seal arranged between the drive (38) and the reactor
housing (16), where the sliding ring seal contains, in particular, a barrier medium

which is inert under the polymerization conditions.

14. Reactor according to any of Claims 1 to 13, characterized in that the scraper or
wiper blade (42) has a surface having a coefficient of friction which is lower than

“that of steel.

15. Reactor according to any of Claims 1 to 14, characterized in that the scraper or
wiper blade (42) is inclined and/or curved relative to a radially directed line running
through the geometric central axis (12), where the scraper or wiper blade (42) has a
fastening head (46) directed radially inward and a radiaily outward-directed force, in
particular spring force, can be applied to the scraper or wiper blade (42), in

particular to the fastening head (46).

16. Reactor according to any of Claims 1 to 15, characterized in that at least two scraper
or wiper blades (42) are arranged in the axial direction, where the scraper or wiper
blades (42) are offset by an angle o in the circumferential direction and the angle o
is in particular such that 30° <o <150°, preferably 45° <o <135°, more preferably

60° <o =<120° and particularly preferably o = 90°12°,

17. Reactor according to any of Claims 1 to 16, characterized in that the tube reactor is
connected in the upstream direction to at least one mixing chamber (72) which has a

housing surrounding the mixing chamber and at least one mixing element (70}



21. Use accorWOhili/80@323i m 20, characterized in that thePODIBPROIE059385
synthetic rubbers. 22. Process for the e@8tinuous preparation of

pol ymers by pol ynerization of polymerizable nononers, characterized

In that the pol ymetzgdivathin the @ikl Bt in a reactor according to
any of Clainms 1 to 19. 23. Process accor(cjii ng to OalmfZé, _ L to 1o
characterized i n at_ in a reactor according tqo any of C ains 0
essential ly pitug 1&{}3 §os 3Feomime 43 Chim 37 ptprtgrzed dn @PE&HHE glemp (70) is an
starting material Smp#lidrt he products or essentially circulation flow
or loop flowis inparted to the starti nghma_ter:ials and tgefproducts
and any soli or gels deposited are nmechanically renove rom an
interi gr si d (44)R%8‘ft°faa‘1°gf§t}’tgcﬂ’ aHD A5 gy 16) Lorehtmgenizghdn thah B gerapar pr
during the pol ynmeriigat i(96). anddthe RipERHS RELAT SthiBE (;79) CletbdPhigge® o Prithdt
23, characterized ipn that nechanical renoval is effected by scraping
or wiping. 25. Prdtdwersionebigistigpadtiaiyiest-off ai ns 22 to 24, wherein
different heat exchanger tenperatures are established in the flow

di rection in 2o deryst GofSetresttd RAGUREMNAY BPICRGHE Ao WR M pdigkition of
into account the heat bhal ances, residence tines and concen?ratlons
occurring during PREMSBFAPIRERIIPEETSON. 26. Process according to any of
Clains 22 to 25, wherein the nechanical renoval of any

21. Use according to Claim 20, characterized in that the polymers are synthetic rubbers.

22, Process for the continuous preparation of polymers by polymerization of
polymerizable monomers, characterized in that the polymerization is carried out in a

reactor according to any of Claims 1 to 19.

23, Process according to Claim 22, characterized in that in a reactor according to any of

Claims 1 to 19

*  essentially plug flow in the axial direction is imparted to the starting materials

and the products or

*  essentially circulation flow or loop flow is imparted to the starting materials

and the products and

any solids or gels deposited are mechanically removed from an interior side (44) of a

reactor housing (16) of the tube reactor (10) during the polymerization.

24, Process according to Claim 22 or Claim 23, characterized in that mechanical

removal is effected by scraping or wiping.

25. Process according to any of Claims 22 to 24, wherein different heat exchanger
temperatures arc established in the flow direction in order to set a predetermined
molecular weight taking into account the heat balances, residence times and

concentrations occurring during the polymerization.

26. Process according to any of Claims 22 to 25, wherein the mechanical removal of any
deposited solids or gels is carried out at a velocity v at the interior side (44) of the

reactor housing (16) such that 0.05 m/s <v <10 m/s.



deposi ted solWE2041022 is carried out at a velocity v BET/ER2010/059385
- interior side (44) of the reactor housi rn@4¢16) such that 0.05
infs .10 ms. WD 2011/ 000922PCT/ EP2010/ 059385 -24 - 27. Process

accor di ng to 2any @koceksahddbrddg tann?G)f Cihials 20 161767 @BhradibrizBPin HRE the starting
starting materials are mxed by neans of a mxing element (70) with a

m xi ng energy of Y&, 49 Mixed bYZ‘Eea&? P & gisingiclepgpt @Ravwilep mixipy energy Of
before entering tff@nf@@(ﬂtt@ﬂﬂ(ﬁ/ﬂhamgﬁn%a{a%gﬁs%aﬁﬁﬂé élité}&gfﬂﬁréal%vor?fm

Clainms 22 to 27, characterized in that the starting materials are
m xed by rrea:ﬁ of a mxi ng el enent 0&70 with a power consunption of
from 0.001 t 3100 PRRRPES 590T4ing; Qi any of Hlpigs 22 (t9 2, slarasiesizeh fre fhieh ghet gterting

reactor (10). materials are mixed by means of a mixing element (70) with a power consumption

of from 0.001 to 100 kW/1 in a mixing chamber (72) before entering the reactor (10).



