React or and process for continuous polynerization The present
invention relates to a reactor, especially a tube reactor, its use in
a process for the continuous preparation of polyners, in particular
syntheti ¢ r URRGLGy aftflolss Porl BRGARAY mﬁs&h%faq process itself US
4,282,925 di SCT 0Ses a heat exchanger nas an essentially tubul ar
housi ng having a vertical central shaft The heat exchanger has a
scraper which, with the aid of scraper blades, runs along an interior
side of the hou5|ng A di sadvant age of such a heat exchanger is that
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A disadvantage of the aforementioned reactor is the fact that the withdrawal of product is
only incomplete or inhomogeneous particularly in the case of viscoelastic materials, such as

synthetic rubbers in particular.

It is an object of the invention to provide a reactor and also a process for continuous
polymerization by means of which the reaction conditions of the polymerization can be
influenced more readily and in particular the setting of a desired molecular weight

distribution can be made easier, particularly by control of the residence time.

The object is achieved according to the invention by a reactor for the continuous preparation
of polymers, in particular synthetic rubbers, comprising at least one essentially tubular

reactor housing having at least

. one 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

. at least one inlet



-2 at least one outlet. The invention furfher relates to a process

for the preparation of polyners, particul rly synthetic rubbers,

using the aforenentioned reactors which is described in
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embodiment, the good heat transfer is preserved. What is advantageous about this

embodiment is the fact that lower mechanical forces act on scrapers or wipers as a resulting

of the circulating motion, which prolongs their lifetime.

The drive can, for example, be configured as a shaft which can, for example, be configured
as a central shaft running essentially along the geometric central axis or as an eccentric
shaft. For the purposes of the invention, an eccentric shaft is, for example, a shaft which has
a cage mounted so as to be rotatable about the geometric central axis of the reactor or has an
appropriate rod assembly, where the cage or the rod assembly has at least one scraper which
is arranged so as to be rotatable within the reactor housing and where, at least partly,

preferably at least predominantly, a central shaft running along the geometric central axis is



The shafts can, if appropriate, thenselv be cool abl e or have neans
which allow starting materials to be introduced via the shaft into
the interior space of the reactor housing. To pronote the heat
transfer andPh¥°¥%di al and axial mixing, the inside of the reactor
housi ng may have at | east one, preferably 2 to 16, and particularly

preferably 2The s&fetcas,af sppropiinethomtel@s bbabdlhies othde ple@enlic Al itfi¥ing
of the reactor contents The reactor. has at | east one outlet. |In a
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georetri c cedt parefezademppdingat, thegutleris ponigied segh thetthhoptist erfgs i3 grranged
preferably n en

B angl o 5wt TG ‘g et B R AR et
the geonetridn ommtml tlamegplmﬁi dirnetionsshewld iimkiay casaﬂvalsalpctmba@bdhat the outlet
housi ng, of r han ,

preferably bgﬁ \}}/%é;}r% tﬁeh%ﬁﬁ%é y. rg%:tg{n ?rq],lgé %en 2 Eélrgr?%gtg%naﬁlt %rﬁ(%sthzg%eeﬁrcmatmg
Vi scosi ti es amtion Ioétlmhgﬂ]@lid)@fyth@ﬁcrame agkewipeocomeeysireactibremedium containing the
polymsrlzatlo t.he out A d, in radial
direction, fddfl Ctv%almcu alrlgs%nﬂ%em ab%erse%tr?éfferougo tcoe’“trllre? ‘al axis or close to
t he insi de of t he reactor housing. The opti mal radial nounting point
can be deter ﬁ"raiaalblg,a‘sissbmiaﬂiy tagém‘iw Uwhsth@trth@abssbdeatoaai pl&s@édiea:lutlgt oirilﬂlce
t he case of ust tfh entra and1 in iﬁlhﬁ’[ case {)t ﬁg (
synthetic ruBBerste eacfo %F}é’# %‘Wé‘ & ottt " E°BU ?‘f%“% %’1’15 %“iaﬁgr
geonetric ce mbmsﬁlgoff nbi@or@ Wlianefts°, @EdfErhlele nbtmdra ciaa BOY moecirtforablybettcos € and
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anal ogous| y fmsuntznggioint ghn poydetsmingd pasily by a few tests or calculated. Especially in the case

of use of a central shaft and in the case of production of synthetic rubbers, it is preferable to

mount the outlet such that the geometric centre of the outlet orifice in radial direction is

closer to the outer limit of the central shaft than to the inside of the reactor housing.

The particular benefit of an outlet configured as outlined above is the fact that it is also
possible to convey high-viscosity media which tend to form gel reliably out of the reactor
interior without accumulation or size classification of gel particles due to inertia effects,
which in the worst case can cause the continuous polymerization process to stop over the

course of time,

The at least one outlet is preferably mounted close to the rear end plate of the reactor in flow



In a further enbodiment, the reactor has:, _ a central axis which runs
at | east predomi nantly along the geonetric central axis and is

preferably copl able or, but preferabl nd,. stators ich are
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an angle relative to the geonetric central axis of 0 to 90,
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specific value are nentioned in the context of the invention, unless
a different definition is given, this always includes the angle in
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horizontal geometric centre axis is understood to mean an axis which deviates from the

horizontal direction by a maximum of 10° preferably less than 5°. The same applies



Alternatively, it is additionally also pagssible to generate plug flow
or circulation flow w th bacicm xi ng by rmeans of axial scrapers or

W pers and/or stators. By virtue of inclination or configuration of
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Alternatively, it is additionally also possible to generate plug flow or circulation flow with
backmixing by means of axial scrapers or wipers and/or stators. By virtue of inclination or
configuration of the scrapers or wipers and/or stators, it is possible to generate controlled
axial velocities on the inside of the reactor and/or the shaft surface. For this purpose, the
scrapers or wipers and/or stators are shaped or aligned in a suitable manner known per se to
those skilled in the art. For example, a slight adjustment of stators relative to the geometric
central axis of the reactor housing leads to the imparting of axial velocities. The angle of
adjustment of the scrapers or wipers or stators relative to the geometric central axis in this

embodiment is, for example, 5 to 60°, preferably 10 to 50°.

In one embodiment, in which the reactor comprises scrapers or wipera as well as stators, the
scrapers or wipers exhibit an angle of 0 to 180°, preferably of 30 to 150° or 70 to 110°

relative to the stators and with respect to the respective angle of adjustiment relative to the



Furthernore, formation of deposits such gs encrustations, caked
material, polynmer gels or the like on the interior side of the
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invention, by ﬁﬂﬁl@ﬁmﬁlﬁodhﬁ@t SEd RRAST 19 dedidhed With8h extBinaBslEiell @Rculdtde system
rotary novenent of the scraper and the novenent of the scraper bl ade
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particul arl ypﬁ]lyetfeﬁ:faabl r;lorﬁ;ﬁi&ftetﬁttmimbﬁ]tﬁe pfeptafar ¢f pfd)ﬁmteeﬁofphfttcle sizes of less
transporti ng.s 3rt| n ?Is i nto tge reactor housing and/or for

t ransport i ng TBPJdiRL! OrBH'te G0N pdess dgeddrmRousi ng, where the

t hroughput of the transport device can be set in such a way that

essentially u ow i.s esta |shdvv|th react or. housi ng... The
o 11 ow avot BB dtReRE S e, 20 o Gile R FEF R GOLTRareH, B dispeing
di rection. ThrmehtsOn MhRWce@nhddoeSicalibicd Rebodivedthfr iHeapPenp cleNhs Bpply
sucki ng and/ or _pushi n t he stream through the reactor housing al ong
the geometri é“%‘gﬁﬁn?eaw ’itg‘esﬁfm‘the reactor housing. Due to the scraper
whi ch prevents formation of boundary |ayers on the interior side of

the reactor IFouisdrngre, Rre@BRITAPIRE Yuch QW chdrodtiéed, @Eltel Yndt&rial Wolyinel 818 or
to achieve plug. flow As a result, conparatively. high residence tines

of the streaff fkeoRdhe insaor sdeqfishe r@%ﬁﬁOTB’é?u%t%W]é‘%H'ﬂW’tcﬁéiﬁt trppader Shrggh the
profile of th&Qchl RMsPgiNgh i¥Bdtdledwal & alQifedPichafgSo Ok idVaRtdR! @)51%@4113 of
invention, starting materials are the materials which enter the tube
reactor, whi M ssrBeIRsthe wipe Imaddiieneps Bitary mexemeng ok e seranse andahe mgyement
Exanpl es of  §f aetstRgerWRIdE N ?Hescu@ﬁxﬁfe?éﬂﬁalrHﬁQ&[B‘ﬁrlédd% a@@ﬁ&ﬁ?ﬁnﬁﬁg"ﬂl%@édxal
used for preparing synthetic rubbers, the catalysts which may

required for dirertiopohphisatprs dixedan thenisidd efothe olagtenhensiag draypste ttlnaw@siance of
addi tives. L i

can be' i ntr oQsaly hfin M Rl Ba5) paRR h MiBpiay IR, B} HidoTTREL, TS,
common i nl et esscntmila hampgeumtaisnbgptlolﬁ cohditices emt be obleinsd fmrneaplanrtdn\cctliahsecam
various axi alalo ne%g"g'lta is OP ﬁtsel 1‘tegc Qr ouI iplg aAtE hefsgrrncre ?1me the %rmnPtn Oftf?OQV
i nventive reac has at Aedst"t W ntetd e first inlet

di rection beibagldanyrlamgeﬁl th¢ irderidi Siﬂalﬁﬂhefrdfaom aotfsimgtlhﬁrevdntddahd iaent mmsﬂr 1s
direction of at rﬁlSt 5% refer:illy to 45% n]I rmreﬁeferabl%/)

to 40% bas e&lgBWCT & 1‘8%"&? EBat‘trﬁS "Fso‘Htﬂtehré il Freptiqnn L rofqyy pegment
direction toofine strhlsestes@mbt1hetd1ammtihgw‘giﬂtsxe@xtntlmrthwtatattbrrhohﬁeg #wRiak t6hinates

gravity effects and optionally allows plug flow or loop flow, up to and including completely

backmixed flow, within the tube reactor. This allows the reaction conditions in the axial



- 8 - Wen the process is conducted, it is then preferable to supply,
for exanple, the catalyst or a mxture of catal yst and solvent to the
reactor via the first inlet, and the nononmer(s) aqr,.a mxture of the
mononer (s) affedgRventhe ieidrniousia df i HFdEed Fhe IPCB\?@?%% PEHREHE J3Lon
al so possi bl @ondidns kS b aidf @hL61I@GIong e raleir thb@ihgvoahdtth ?El‘ﬁcular, a desired
separated fromone another in _axial direction and optionally

addi ti onal | y MecrlEMgishtfisarioneRdy whdndhs ewse of [aeblishiaen) s dpapafiw, the
m xing of theueRt adWihed st Bal1RAGLE ARG A g1y AWiBh CBELd RBided at the
avoi ds a high local concentration of catalyst whén the nononmer is
suppl i ed, andntgepites ofHheasactapisi speh aredspciairdbat ohthe Taalystpasenesudirof dhesdlution
enconpasses eip, nggg&ﬁugﬁmwﬁmﬁgfﬁgﬁ reactor has nore than two

inlets. Preferably, for this case too, the abovenentioned

requirenments apply entirely analogously in relation to the axial

al i gnment of Thherepdters housing &t patievlany Ipecierablp neonfigstadnéar aj frhisport Wesice for
nore than t ' iSt - ar y id ]

as far as p\é\gléa%l%!olg&g rsgi‘nqn r{%atéar[r%giéﬁ@rtﬁ? %Eﬁéﬁogﬁg? g‘?&gi f?ﬂetg{hlg%dﬁé{ n%oé{&?%{es out
case of threefinirgcor pousing, wlpiry thb jhrd@dpyt of thefirenspbit yei@Gan theet speelda why
rotation .and t Q%Psgnt%ﬁl tp 1% O BP&lapRihed™ Wllntﬁ{n B Fealof [1§ur31%b.| Y %1 Aw avoids
t hat, optlonazﬁy Fhoan Paxi al sd%reglon of thé teéactofr ou5|%g$ onl'y a
vel oci ty conpe¢kariting i 4 diectiadioahtettb tlecdvodireatich. @he plng flbe can be established by
circunferential direction can be,,i rted to a flow in the reactqr
nousi ng. by 16 w0mSEa B wGRRe poy b e b afy b b teb bl e
in the radi algesthdt@e tdnll A&NOdfake tefctbl®uSihg. DiElte KRNtiapdr viliidheGtved} fomfation
be inparted tqg a flow in the reactor  housing by the scraper or w pe

bl ade i n the o ﬁf"mﬂéryﬂé@rw fe‘ﬁrlaﬁsaw Sl hibe ek PaEe: arﬂoxﬁpaﬁ@twebﬂaﬁéﬁow
travel s. For vtlakisy ipHIfREISR to AdARVE FAPIEH. B¢ a WERE Eoradiifell higBhdsGREE times of
essentially perpendicular to its novenent in the circunferenti al

direction so ensicap e thsoies rprputandre achisvedcoyisiput the plug pyefile @ s Hiryt being
i npart any addidijegnal vel ocity component in or counter to the flow
direction of the tube reactor. The scraper or w per blade can be
aligned essentially parallel to the geonetric central axis of the
react or housiFAfhe ARPeie okBRBreRmhiyerting sfagingabiiils aspeemagHalg yaich enter the
scraper or WypRfredchr S@tile$RoduBRlur-aKERaRHNE 1&%%%%&%%%@9}& dr starting
cause significant velocity conponents along the flow direction is

avoi ded. Thi dnafeaiglg|arasthp mogomers eumarais aigpies ned forf prepseng eadietip pubbers, the
condi tions I R,hLiGs LAY My GELL@Rd BP thel flyindPeQch! Sdl STRINRNE Y & pilinal
relative to tﬁe?r%actor ous%ﬁg 3ur?n§‘% nfﬁhugué Flow PE?gugﬂ the
react or. Wienddiheesr eact or has stators, the stators in this enbodi ment
are |ikewi se aligned essentially parallel to the geonetric centre
axis of the ﬁﬁ'%ﬁagﬂﬁgg§k£9%“hﬂﬁ9rder to avoid axial velocity
conponents. - - housing by the scraper or w per blade in the
entire region through which the scraper or w per blade travels. The
scraper or wilpestapingdesterials dan be fitoduced dntbdhd reedtomimysing phthe vebetreactdievia a
geonetric ce j : i N0, L0 whi 0 . .
el ative t o ChanotEhd oPliah diRRCE Al FlcRhs dubollh f daSER SRl bk
preferably ofpostigns. 60, particularly preferably 10 to 50, is formed.
Wien the reactor has stators, the stators in this enbodi nent are

ei t her al i gnédda psferd eabddimpertbd inedntiversatter Ige anfedst iwe icletst thefimkingt of flow
the reactor housi ng or |ikew se.have an inclination, .which allo

i al Cvel oci tyeashRs R At a Lo AR Ry e Bley Pt Ao sb 8 Fasn oo
at | east twoprgirgflen@lod ¥5%tand mastpréfarable 10rio d0%| basd of draxiahpak length from
exchangers for setting.the tenperature of a flo rovided within the
react or hous g ileGR IH dsetoR ¢ e Mk Pl i tlouCtreBir o et bt
housi ng, where the heat exchangers are separated fromone another in
such a way thata @rthdérf dfoditent, ahP EfAtiblee akd hebRtBetinfeo breealdNicRABL offset in

peripheral direction by at least 60°, preferably at least 90° and most preferably 180°. This is

also true when the first inlet is arranged in a non-central position in the end plate,



At the edges of zones with different wallg tenperatures, it is
possible with preference to use scrapers or wipers which in
particul ar art radical or tangential velqcity conponents, suc
that di ffereﬁ%‘? (P s SuFiEh 1219 Hied P&%ﬁ?ra@ﬂtﬂ PRl walﬁglerﬂ%adﬂw pra
is al so possinikigrel 6f GRARBESI] B8RAt BXENRAAEEF Gia it H:E1 in®S 4nB 18 A6KonteXs) or a
feed the entire streamor part of the stream from one heat exchanger
to the ot her "Hete efxbnhmapurer(ra wiveat vipdist seesndralsgdihe egprse sefuence 1s also
particul ar, haug@phiis iigleridtiyet for introducing a heat transfer

medi um havi ng a tenperature which is di fferent fromthe stream
introduced into the first heat exchanger. ite dynamcally
changi ng r eadif odiendiia e sspassiel tﬁﬁ’él PIlfb\ﬁPfﬁ rhinpfRid direetipn predy optinmally
housing,  t he JhaRNGIH:SiaCdRelith fQR MY BR Ok ERPERA e SRSt ANh
wi thin the reaact_or ﬁous?l&lﬁg cHhs ama%es |¥t possi bre to agﬁdl evee gﬂﬁ ©
i nt ended nol eesatiaw mwéiughn fidivsdireitingt dvoils wHiighlohe sconcepmatiyarad tchtalybtywheg\the
scatter. For ex r etic rubbers which
is typically car ri edsugh{]e %h%fh%%%%ﬂfg%h&% g%g%%xmeogch desired
tenperature can be set within the abovenmenti oned range by neans of
vapori zi ng etlhy inypéioo also thremphisepuintdodinteiis lin ehigh thap@rciozhd;h@rathanh@ inlets.
abovenenti on res as 18 LGt on f the t ed
A'tornati vel perETIEAIGER (5 uf LR L OR AL B B AR RME Ry
- 10 - This rr@mdnttstlmraxlahlngmnemaﬁme first treinelreat lﬂaﬂ obefunbe@rinleool ant
inlet and outlet. The advantage of this variant is nore constant and
nore definabl e heat exchange on the cool ant side by provision of
cor r espondi nVisonmeneebanawolnies egist, tiey -aloprbferaglyf ddditidnallytdifsetive faiad possible
conunerci al | y_avai | abl.e ol ants used o
et hyl ene, et )rf]' a(.nri]leonepelengglef gg'mherapglrecporb ap anecase Sog er%eawée?s Pnc{:e%'ab l%y Cl)?O )
t he af or enentpredsrady t208] ant s, and further heat transfer fluids known
to the person skilled in the art. In a further errbodi ment, the tube
reactor can 0 r.eactd.on spaces. ! in_each case
Separ at ed- by 1t 1okt B RleuPREE B B SBE I Ty fuf i SARRany
where in thisn caﬁsmlaatsuljr@ai obrie heasdr Boochangey ,a pai@:ﬁt@r@bipyneat il e&stadial

two heat exc ers re p oVi reaction ace in th

oot on of direioh aadpoi e bniieBiat a5 op G BF Scirid i fioR b reacor
reaction spa@eusmgfbyttmescfa@aoalme. FsRasilalohly al RBcltp&engotat irohe rakiﬁil direction
al i gned hori zont al |1¥ a C?Fé aratl vely narrow ehbullition | ayer

addi ti onal | y F4pBdhs Grupifaeniahdiferdomin be dupatedipp ﬂ@yfarﬁﬁreere@‘ttrwéﬂ%g by
owi ng to the dydrpet &t WipePbIB&SHMI e \éﬁ'ﬂrg hegi)&lcﬂlf&l h%@rlcﬂlhﬁé s@é’beﬁﬁﬁﬁlper blade
hi gher heat transfer efficiency can be achi eveg for the heat
exchanger. THavslader bis Merpse: b waveber wineeblede iaplisnsg ewentiaily PRireffcuias to
those skill egshRvidi@t B the YWhRiRerBAM LRG0 Bltf: 'ﬂlejﬂtvtﬁl ﬁblﬁ%?tlﬁts&gﬁwtopwmer
and corrosion resistance under the reaction conditions, for exanple
comrer ci al stdews|not inpagtgay adgkitéonal vejasiiy canmas iupecoapp to élwtfii%hélméorgof the
at from-100 fiQr,

react or housrt&r?g r?aggnge g?‘% f{' h@é%lg 5 (Ergn éégg%lte Igua]lly?a%}%'é?ltt@@%%emﬂ_é?ﬁc
simlar resi seint 26t efeths raappchouaing. Afube eameer tymé, thet latatioiisé sieedbf the scraper or
i ndustry. Th ISl r t
contact Wit h%{(lélem Jeg %tth%t ﬁ"::gceesgire tﬁlnj%len 66\91111 g&lg&]%ahpegi %ﬂl C%Hts\t%gﬁgﬁ ngbogents
steel 1.4404 alang theaflove direstidn s amddlr Ehus @éSuI[s iif oralbdstbide ppdild eihthngeactlon
properties of the interi urf.ace. e heat exchanger .prefera

D but er v FoRms b e QCE AR ARG g T O 2a8Sr
particul ar ahslil;irfgaiurlﬁlg wndmrtgs Wik thrbwghalis @R@acWhed whe esactohieas Gtatopy, thadtators
and the reactor n a s al heat exchanger channel, A
measur e whi cf i hés ’ngﬂfr 4F | ‘ge‘%lﬁ“fﬁ}fgg ‘{8“?%“6\? ﬁel F&&%e‘i@wﬁo@ frpps of

for a heat t gRIsd RN hoRHzUMk@r fd DVIdiaRiaBvedRRity 3bmPtakAls.al ong the reactor
housi ng and t hus exchange heat with the streamw thin the reactor

In a further embodiment, a velocity component either in the radial direction and/or in the

circumferential direction, or in the axial direction, can be imparted to a flow in the reactor



change, for exanple vaporization and/or cpndensation, on taking up
and/or giving off heat. In the case of heat transfer nmedia which
undergo a phase .chan for exanp apori zation an /or C n sati on,
on taking up%ﬁ‘ﬁﬁﬂ‘}%?y g’ie\FFWQefo‘Ff“"ﬁ%‘a‘f ad ‘Hé[l%l PRATE P T queh Vi ‘i?rfﬂe Scraper or
particular, eipdrtvede H@vddate V@ier B Glpet BARULBNGEENL BscWeGhlin¥d felttite fotBe
heat exchanger due to the phase change. At the sane tine, the inner
boundary of tgﬁ@n%@%fengiéﬁaﬂaé? reaglor hopsag) ithyhiclhease anmlsrelRtirdp Hig geometric
itsel f Additignal axrse&m%}@tﬂ&@o fo%s0R eifi‘éferfai)l?Wf bed m%rﬁéﬁﬁar@tpfe@é}mlwd m 0, is
t he reactor housing and the heat ‘exchanger is avoided in this way

The heat trad@méf. medi um can, for exanple, be conveyed in
countercurrent to the strean1mﬁthin the reactor housing or else in
the flow diregidiOfe rcttr hAdERorD B0 1&8R! ik rt'}gs Qﬂw&ﬁmérﬁ aP@&ﬁlglsﬁfgﬁe@Esséﬁ@lly
begi nning of the pol ynmeri zation, i.e. upstream ratio of an

i nterior areaanllgfto theeeompuir a¢nt1reeaat§t06ﬁhehomrwhgumg er likgiviserbavy apfinglination,

tubul ar reac bly such that 0.1

n2/ m8 A/V 10 1:17&&%\% %%?@ngéoh%%ng#n%b%ﬁngf &parti cularly

preferably 5 m2/nB A/V 30 in2/nB, very particularly preferably 10

m2/ n8 AV 30 Im/preferr@dli embaliméng, @dmpero winéfetablyratVenst hrecher §toleashifuonheat
of boundary |

possible to 5?%1\% e %régﬁp%{r}%ﬁ Elj{]/ atu e% tﬁ “{)gl%wdggtor ggeZact%thlsmrg ate
housi ng has arramgfrpan abe wmh}y diratige onf nhaematmor angighaged dn lchieexebdngers are
encl osed, especia sha e Si

ool abl e and rar oy 0L pioln SRch sty by SRS SEmRRg <P B s for coc
conpar at i vel yedt@akgangent Bk it@iipcaanaa oAh@Etréahﬂwhlub tHeatactoe &lisie danUS 1n|ﬂgcncad
correspondi ngly high heat transfer power can be stalled over th

oot er orae ofind il FandbhicchbRdRi RESith b S of A ascowsbit FaPrgEs
honogeneous U}%ﬁ’ﬁﬂ[@tdﬂtﬁe éitpss:t:tea braffileOst thérebdiRnlcdakiGdns Aifh@Ctht GAceARoRRg, a
achi eved nore e At the sane tine, the tube reactor can

wi t hstand gr suifeble ﬁeWP‘éfP‘Héﬂ 2 s sidcted, ikl fonrmpeth el cxeager diy ordghy for
excessively Righpiayab brdviile Gkadasisnt tdiitiePatilB8Sin the RASSH RbRingliAGnd itoSREount
and control the reaction paraneters over a greater pressure range. In
a preferred &ifsefidtesretiontnte eweeipr or wiper has at |east two,
preferably from2 to 8, subscrapers or -w pers which are connected to
one anot her A} f@ed@éstdrGhi@ bRl BEAER wallletht@adr¥d, &l is HbdsB&dWiNprefeRiice to use
exanpl e via bearing devices which are adequately khown to a person
skilled in tReaRETOr ibyrs whighys Rartiquler gmnegiredigber taegegtial yelpgifysgponents, such
support ed agaipifisrdibify 1IR3 Q'Each(%’%brﬂ:g carl Q@dﬁ&{aﬁpqe RlxedM PGS aE@ri'Joés‘fble to
this way be divided into a plurality of small parts which, own

t he arti cul aceweaieal erchinicen in keries ax erdeloi‘?nfe@i@ld entigrstreasa of part poI BGW?am
the shape pr O

o poser bl b (i S et GO GREEh AOHBLATTG BBRLG! EtiRlier L, in
particul ar copeigtlay baveduerthay lmibtefnnmtrocéwmgmsliemraeﬁfbemt@mm\hﬂ‘tlh@mtenlphleture
scraper bl ade b cQ i ante | ativ t

react or housi rlllglg% galﬁgrfré y ) EL[ hsrreaemllélgg&u(%& e tF quStghvﬁl %a'%:ggr IgeSplte
suppor t ed agdymsticall @hangtrgmemtlos |cdehtm‘ns theg ltleaﬂnm path cmfhlm@e atactoh heeing,
poi nts nake |t ossible to ensur hat t e res ect

Cubscr aper 1 SRR Seb R AN Spkdsutr A SRR ‘a“éhm%ﬁéeafw PBtingahis
be made st at naRér it p:rss,lblantor aihade aat inteRaalt nﬁ&bﬁlhly“kiggeklﬁ&fbutMﬂ h}htchehas a
scraper or W | d the reactor housjng bend because, of he

er 0
expansi on ef f ?%atlvf]ﬁgo?’e%ﬂ?& G exappecdr 4 PreBEfratl% Yepnihglic Fubbrs which is

aut omat i cal | yypaaaptgtled Suttah @omenomERaBe M esthi deQred MBI Ral BEsek QRGIANe
housing is slightly curved due to heat expansion effects, pI ug flow

i's not signi PPOARETIPEH SFnght Bt msgny RE veRariegr cthylpee S rosfissrligyids which are

scrapers or \WhRehayid awlﬁei‘b%v&@cﬂu&ﬁdQEﬁlﬂe@ﬂm’éé 3s tahﬁanth(ﬁ th(y\‘sélgbtédhﬁ‘essure
transm ssion of force being able to be brought about by neans of
Alternatively, liquid coolants at different temperatures can be used.

In a further embodiment, the coolant is used in monophasic forms i.e. without evaporation.



- 13 - The same applies in the case that ;phe stators are designed for
the scraping or wiping of the centre shaf1 As a result of the
reduced frictjon between the scraper or w per PI ade and the elnterlor

side of the r¥SCPBHS HGBdPHgse i Ebare R be S Ere T AtinicheRdapErtal ionvaptase of
the scraper akis WaRgk 1§ﬁﬂré3&m'§l@ﬁituﬁﬂdmorétdehhﬂ)l§ﬁéﬁﬁ ekdliiBge Rl GUlady di¥e by
in the case of relatively high speeds of rotation of the scraper or

Wi per, the h@RVidm Pf jerFHaEre chaveyst ampyrs of qondpilingeflpidawitl the aid of
housi ng can Q@nﬂn%fm%vadaﬂleeﬁﬁﬁ)g ok esolaﬁtmseé Hérfs%earQEth%lleﬁe %Fﬁﬁl%pslropﬁéne
wi per bl ade, for exanple through nechani cal or chem ca fication,
can have suclprepargathytaget ﬁ@h“t?g]ésl n@émrain@ﬁ tiesf plogranestiongd q@@bntéramit ﬁvaqhﬁryheat
remai n on the aﬁﬁéﬂﬂ‘ﬁ] @&W%tf?&’éeréoﬂ%hﬁéﬂn | GKI'y becormes detached from
the scraper e scraper/w per so preferably designed so
as to give a mnimmnunber of corners, gaps or dead spaces in which
caki ng coul d Ine&uiher emt@dwhﬁ@duhﬁrbacctm oo Jrd b 61 noesk regelipnaspacgs whisly pre in
be easily re T
coraper or ey KR8 o7Lh ARG ARe P YRRERERTAS Lo BRRE Yl ] B
to a radiall ycasdiat é&atte:uheIhleart@xchmmrngefefabkngheasmogemhangersewtpra\hded per

axi s, where the.scra r as. a ni head .d
r adi aI ly in Wi t1on s a% in tl élo a:jla[l F311rect on oggw dFarcteo(r; 10131n1g§? (s:e[elgd égﬂpeﬁature wni%m %'iach

to the scrapetacmﬁnspa@er bl ade |n particular to the fastening head
The inclination of the scraper or w per blades relative to the radi al
may, for exanple, be in the ran frommnore t erab
20”10 80 and b rrEr APy dRE s o T bt Miron (o slbrbReY o
appl i cati on ebulfitisrcCleyet &rndbieiondligriomed Mg tes vabynzm@anﬁupforsmmpkgetﬁ)oﬁﬁsowmg

hydraulic forces, elastic forces.or centrifugal s or

o7t he. abovereiEnfedtiresde Whi Tortriat: BF on b b TraSfgiebitififiey oo
scraper or whpathide@de tichehthRcizggiron of contact with the interior
side of the reactor housing prevents pol ymeri zed product from

bl ocki ng or | uti pating en the scraper bl and the .
Peact or “hous 16 S-0hh BT ) TRIGRT b ARIEES AV Helhat SHBA i peich
are avoi ded thhes@Byestaid Euﬁfﬁélaﬂlsakrlgvh AdtcvRbsbrttediR4Hce GndePihe Scabildiltogitihs, for
sufficiently high pressing-on force of the scraper or w per bl ade

onto the rea@i‘%]i‘l’l‘h?ﬂ?%‘mﬁ@‘a]tséeebén Qlﬁﬁﬁﬁeé’é IQ“ﬁteB]PEfé‘i“mcf’cRpgiaPa‘ﬁee B fram \]/\QOpéo
of f deposi ts,3geq, Makhitic tbd! fofSlample! RBUitMBR. | Nterior side of the
reactor housing. At the sanme tinme, the scraper or w per blade can

have a radially inward deflectiaon in order. not to block rotation of
the scraper dheRiapeF hpwingHe preiably mads el dsinessiss! A5 Tny saijasrgsystant steels
housi ng and/ Wlll(ﬁ)gg&%%).ﬁg}y){ng@lchgmggmgths. The curved or inclined

desi gn of the scraper or w per blade enables, in particular, an

avoi dance notjon of the scraper or w per bl ade whi ch occurs only
partly in thdbe&eerer side pEdE rAORReHsHE hih comBbIRONEE! WiEyBrEsgetion medium
lateral to theroad) abngitd € AR aeael Mo@vwlﬁﬁg reduee@%b&lugﬂ o FTi &8r @ater
alternative, the scraper or w per blade can be chanfered. This avoids
knocki ng of wRkshingmsgpertiepef the intariopsusfies. agai nst a sol i d encrustati on,
whi ch can | ead to bl ocking of the scraper or w per since the scraper
or wiper bl ae’[ﬁe 0G0 exc‘ﬂﬂg@gpxjef%raﬁ)%aggrglnﬁg‘ »@ﬁﬂs‘%m%l pfahga@l 1R &tot H&lsmg and
14 - encrustation against the radially outward -ap orce

particul ar, an phiiader ¢ wpirad divigiog veall s geeengddl betheeen ghe oafer a\ﬁlg]e@dﬁhe trdaetor
axi al di rect| .
angle a in thg&g}g\rlvgg‘%}ﬁe% %ﬁﬁafﬁ%'a?%éha E]i Ag{r%ﬁ%%dap {nﬁg%% & 81 g {@cﬁrﬁlgysuaﬂe o
parti cul ar smﬁemmmaikél{)ﬁ50s81hm ﬁ)frerlahtl tyanéﬁr ﬂ:lecﬁumrmtﬂewpnefseirdmagh zﬁtﬁhg the

. 120 and par tréa%t%r% r abl f

offs %
e scraper Sy Beitisn oo Rethele Bl oyt Sl T L ARRR B o
of the scrapebtr@pondingdr lcﬁng tilhe Thit ezrllbm; ESpﬁiﬁmﬂéfrlyt hsﬂ?gd‘ hedt t fyw Rk B be
whi ch pr evente)%chfznllg% Ibrf]:gveen the &}’elar\{lem%hqg ftﬁe r?ﬂ:;ctcgrhnousslggr %IE)CF theoheat trzgas{er medium.
Such a configuration of the heat exchanger with a spiral heat exchanger channel is

particularly advantageous for single-phase heat transfer media which do not undergo a phase



Preference is given to at |east two, prgfl?r_ably at |east three or at

| east four, scraper or w per blades being arranged one behind the
other, the sa dictstance a‘part in t circunferential di r%c'gi_on. Idl
the case of CHFEEIPAPERPL AR AN S (E SOndgRiatinny PR aking1p pagor giving Rllthe.
case of threen 8RIARAIT hedt (I8 meiAFBISh BileARdM MadeXhange2for eRumpldvdpBEzation
case of four scraper or w per blades an angle = 90 5 and so forth,

i s obtained PAYPHEONAEHIGHT &y eking Bp apfl/eredtinheft honbithe fixiding wadl is, in particular,
addi tional cepfitdang (R v g diR1eaAEh oRburtIBirSHE ABR ex@handh BEL to thdpiise
further enbodi ment, the Scrapers or wipers are distributed in axi al
and tangent i &hangp.rAddkq Bmesimenthe hwer Ravadasyieff the heat eichangpsie faepd by (e reactor
centred. .Th' %pﬁs?‘nga"ts%ﬁ*. Rﬁ&iﬁFrQh ﬁ‘es Be Whé{a}% ho%cﬁe@@&ﬁ e sepéaﬂie{}vithiﬁ tPe reactor
arranged in circunferential directrion. e next scraper In axla

di recti on mayotmengaand dhgkat exchiramgervoidéd wi thie otay oFheviephtramsfen ngtlismi@n,ofor
preferably than . e nex e iLn axial .dir on. .
li kewi se wi Pﬁg‘aﬁ%"ééﬁgﬁétcgf"gyidtr]‘gxr}?‘téng%mﬁ%% tolthe stk cmAiHh Ff’"‘%ﬁ’té hiking o clse in
possi bl e to adchilevelicginhs ieigg whén highhablings petdrdn nbetsssseent thatbeginning of the
couplings. In a furE.her. enbodi ment, the tube reactor is connected in
the upstreamPAPPELF 8N £ PAT*east one mi xi ng chanber which has a
housi ng surroundi ng the m xi ng chanber and at | east one m xi ng

el enent ar r adgetiowif tahiimertidresrsn X iofi ghecthiandratactdSlhotiddy @ arvalinng Vedfahe nibslar
are adequately known. to those skil.l in th rt,, and C ass; stati
o Crovatl o, EFEFERITE SSRGS Prarsihy e SREAT et o el S R ety
particul arly 1pfiafifecahl yshadmdn pameldrsr . préfeabpar b nCi’acA/Adxsnhigs Ofery

an upstream m Xxi cha i s that the starting materials can be
mixed with aPREGHI Wﬁgﬂ%@ni%ymbérw Rl Rge ih e SBReT ich BFvegs the
the inventi ofgrm@SorRof BSHddry CfyedhinGhe tli@ios sld8 @k tfeOeimd s IIER doSsible to
typically observed in the case of viscous reaction mxtures at | ow

t enper at ur es PEAHICIZOHBIFI TS Hifd e &ractar MEeR rfa6oRae s hry & qerppratiyely large
leads in an yndesifeabBhed hRARRIVORMM: QndifeRl eshielallp RALSthe SIRRQNPERALAMS gned to
occurrence of the reaction or increased secondar% reactions. The

di mensi ons ofe cAdae antés dsskmseped Ay wited thi estaigrs Piyjing | te e eagnpgpagively large
preferably matched O 8hfe HRIREERP h an RS Figh HER¢Ende

in the mxing cha_n‘rr)er in the rangag fr%‘% ’tooqéz%és%){ %5 - ’ r%wer
preferably fronbeinstalled@ve: thpawted sdd efrths repeterflonsing. yAtfhomme ting, A0essentially
and a very hg&go%ﬁg{ug%@eraﬂﬁwgﬁm\ﬁ% inQfe Pa%\%}lﬁ c?igrbkglvl?edacﬂ{%ggd‘ m#ulgeeasily.
reacti on conditions. Typical m xing powers ch ar e necessary for
this can be, Atdr sematipe.ehe fube tehedoran gehftandrpréted Oiterha pledirdsyWithawt any need
0.001 to 1 kYXéL lecE Qne xrges)gs-ivg Iﬁ A EIS”‘J egsrsiﬂg L2 ésrllte O[s)sqg\f%ralscqg Sel%ggéign?rol
of the mxing e enent per Ti ¥e 011 vol tire o?mf']ﬁe R X] ng chanber. Fha
pref erred endedeavdnt paratetdreast a greetef prasstufeesingheat exchanger for
setting a tenperature of a flow provided within the m xi ng chanber is
arranged in the axial, direction of the hausin rroundin e. M Xxi.n
chanber: t he "hpoil FRETbM e drora e an K YO b ohdh P &
apply |i kew seéhscripees frousdpengwhidh bzuodhdeqd ttid endanthaginCdaarti@ilatédSmanner in the

preferably connected tq the reactor housi.n an internedi ate plate
Pl o opent ROa s Sor, o GEmPERTH Riakiie Hevicey e e AAH O de & & Peron
provi des for skihel iste aft, fohexay edemekipREe &.qf ub@pddgaa@E@;&ed WRin6thth€ 2dactor
be configured and devel oped as descri bed above, . for the preparation
of synt het i c "PE8erlEe BSFaRsHIY) HaRSF £at ibHuSoVaBe Givisded 2P reP g Rl sgall parts

within the reachObwigus iRGridfi®ited W8y RUKROS @Ry @fc ddABecdaY 8idtd QBily follow the
synthetic rubbers are el astonmers which do not occur naturally.

Preferred syftanetprefile pbthestubielar pepclpr Toysper In patigiai ddisepesspiRio dpidpw
pol ystyr ene- QubathBRe of fRRkact&t ﬁﬁﬁlsﬁ?,efn%é?@%hag N&ndieRe e%btﬁgrn{alz%%sion
pol yacrylonitrile-butadiene rubber (NBR), hydrogenated

pol yacr yl oni effedts wishew dicesnraperpiige beqortingaRintedirtlaiore 1o tglirdersor GIRpS the reactor

housing. For example, three legs of the tripod which can be supported against the interior

side of the reactor housing at three points make it possible to ensure that the respective



Particularly preferred synthetic rubbers $[e butyl rubber and

pol ybut adi ene (BR), very particularly pré erably butyl rubber having
a nolar mass of from 300 000 to 1 000 000 g/ nol_and pol ybut adi ene

(BR) having &"EIBF hagaeet contgh mbetn tve tod Thodingd et be Rrdastasiarary or
rubber havi nga@roiid AleatBRfiybacieP B AR 080 bPwiheP MhoPA LR nB&iRDend
more preferred. Butgl rubber 1s a copolyner of isobutene ]
(2- met hyl pr operfaye ahhcaaexpasgion cHpds, thhjreipertieel syhsbrepes| asf-wipes it Autaigatically
more par ti culaid 1o tROREEREHE frofiet B el RUEAdbERRYing FGiRELOIdI £P
of repeatingau ftgoéerﬁieﬂl?r§ﬁ1the g&ﬁfuéatéﬂggupi%g%é$?% gﬁgﬁgas, o
mor e parti cubestleypansisweifestseplinilovhés dotisighificantipdisrupted by the sexznpl e, nore
than O to 10 nol % preferably from1.5 to 5 mol % A particularly
preferred butyl s&%ﬁép&f sc}ageéfo{:&ﬁa%l Y Wbe:ban b%%%ne\’flgth%@ﬁvé,%\%Gﬁeﬂ?an%fsﬂon
the aforenentioned ratios of the nononer units. - - 'one

conj ugat ed mof fara lefngnbls tebe msyghhaoet yandancofl reechanical sopageste catpling.
tenperatures of from-100C to -30C, preferably from-100C to -40C and
particularly f - : - e e e

Cat al yat - g VAT BRRCNY, b Brddiitad orE il RECaE AUty Beatea oy
chl or onet hanenchor of helotilgb-acting ghidiongesy’ seahydangedbbtonsy gwcthatisindithe reactor
particul ar, en-chain or._cyclic, branched or..unbranched pentapes. .
hexanes o haBCHee gr (hsuitE ot ol FRUFR i Srasley SRS welEi FARE g mon
pent anes and uhdex alivesol ierizatich WworditidRETIE0dlidink @ingtsha cais alclidse am aipihle esiber
As catalysts, it i.s possib to. use,, in a.mapner known (,.Se,

T Uy i ChiSBAEP GG SR O ich TR b Ve B Re G Dbt My et S
chloride, et byiat Uiuidi Whidhi Ghbatibdaly @ity labeHThupetathdspledici gessure, can
nethylalunini%g]di%hloride ér E@xtures,therepf,_depending on the _
process condf¥#§ POTHRaT &k G fitingorngpridngy his aypids depgritienkefniring materials
activated UsiaA@ospRblctABP Rt SidHy RFAEs Cwhith \LBMNE TaSddOBak@SINAE §feparation of
hydrochl ori c acid, hydrogen chloride or aliphatic al cohols and added
as a suspensiURIGF BBt 1TBh HRsPATsHiiGeder Exmplte aifoRRifEs snaigugerom the
pol yneri zed, aibieh hibeingPhneeiMerid &F GhaRda¥ioP GbiGng B 8OlV&ERLd. isfoWE OB the
the polynerization takes place. OMng to the structural configuration
of the tube Pel@raration Fractioaathinihe cesaer housing apvi resikh of mtrusiorbel waterand eny
al ong the | engt o Qle,dfig;dnUle RAGHGE Adi | ’ OgluGan |
corresponding%ngeefnf%ﬂenceéaang cdﬁ??gfﬁgg%é?ﬁ?ﬁvgpégggg?gﬁﬁguatﬂls
t he begi nni ngossible thasg Hirgrannle atsploent mbizbts ase wakkin te hmparaion vescijon.

| arge anount of starting material and only little product are

present, theylsGaskLywlt i j rl i

nPas. Vi scosi t%es%%r g,w%nrl ﬁelgh? p?%\%?@g?é%a g?%%%}v%g%g,a C %ﬂtﬁge}l}%ntiotr%@ t%guh}éhjrs
means of capildwearthanyibgic ofretely that scepereprpeipat blade ofnsRBClorrexawpler dfeaine-
with | SO 162 . ereon.. . tine, a rticul,a

| ar ge quanti t% ?/IR%)IP Eﬁégﬁmtg? e g@%%ﬂm@%lr %'%%%%g{%reﬁ(agﬁer% th%@lert ﬁfé;erlk§{°6% (PEEK),
amount of reaaitand thewrva ihasted thelravitheprofeatoasifth ef fliwsias-contdions pelgmers or

Si nce backfl ow of | yneri ze roduct can .be avoided, it IS ssi pl

to keep the Vi 5%‘"‘6%40&9}/36’&;% ?&"'gﬁf’%ﬁ @“ﬂn&%ﬂ”ﬂa‘&lnﬁ epd*fyé‘}?rﬁ ﬁfevxﬂ‘?lgﬁ“ﬁﬁ‘omegylee“e
particul arl y (ITER), hebtinyedeay afludrise NEPOETS adind. een@tetrdflidi@tlylie copolymer
viscosity in ]ig‘ﬂﬁ% region, heat transport in a radial direction can be
real i zed parl( arly sinply, with a heat transfer coefficient k of a
few hundred WnRK being able to be achieved in conbination with the
scraper. Thi $n nBResed empamatdd) the futh@akiriacesl dithint Be MB&kBordPatd, il A further
driving terrpergtci.;re gr;gli ent of as little as 30 K or, in another
enbodi nent, §20pdimentet fastihe pirtager yiHeR #EEP $epPst of WEPedt e BiprvGyd (op dreated
regi on of theydhedet & ARG doNdduehad Bagkieahssts AY, 128Nisatakedtn
takes place. Towards the outlet of the tube reactor, the viscosity of
the stream i RPRAISES Withgtitel.i Baprrticplay g compaisenctitha 1£#el) Hainlsse seehpds one

so that the hgglgihbansteurtmeehld fhebla kith RAMIRLiVeNARidds, foPexdngal ARaObs

polymeric, optionally fluorinated organosilanes.



The invention further provides a process éor t he conti nuous
preparation of polyners, preferably synt'h tic rubbers, using a

react or whi ch can be Qonflpured and devel oped as descrlbed above. The
i nvention furltR&tmgirplipgiedhs ense thakth slatopy are Hesigned fr dhe scrping o aginggf the
pol yners, pretgfably synthetic rubbers. In an enbodi nent of the
process, essentially plug flow of the starting materials and products
al ong the geonetric central axis of the reactor housin optionally

in the verti g2 Bfltibicredveed frlﬁ‘ilqﬂé@twe@hthclsgfaﬁ%f’aﬁmﬁsﬁé‘g? ang gheripferior side of
conti nuous p&lﬁaof’cra@thf 95‘11391fg, Mt%%”@sse@ﬁﬁﬁ% MHiof YOI feLtG JrL{%b@f er cénnbe
the reactor, especially a tube reactor ny ]I ds or ? gsmln
on an interi otdustdd At G same @ne porticHanlsinmle C@$e ctfheattvatyéugl@aeftdepf lmatlmngf the
t he pol yneri S d e
scraper and %%Eeq!’egc%rrap r’ g‘lq%gt of’ Cté&?slglﬁg%%%hg% %BQ% { r‘é?ﬂ%ﬁioué? {C%lebe
i nterior sideedafed e pﬂﬂlaaltaortlmeluﬁcmgaf ahed sdriper SJhaEflperabl&ﬂedﬁoraexample through
deterioration i

efficie
Che T ot or  MhselinlePorB&tichl ARHAGHLS 38 bk s a Py 1o S5 SOk ol non
tinme, any st @tafﬂfr&ltmﬁﬁderﬁeﬁn 8K€ (@ peraper Madaﬁaut hﬁteﬁqu}hdhj/ eccohnas tietmyd aon the

as baffles and he ?Eance t he red|§$ nlg %Ctl on of the rotatin
scrapers or Wi P&Efs ad‘T’h © PEARFYMIRST (HASY ART DI AEHERFC cOnthi 101 BHs 2 I ER™
are advant ag@ouBerf @Tcof@R] bApd A ScAPHadk i@ Whah dakigg to@ ob®ACTIRN scrabéd-dfher
sanme tinme, goaqd heat transfer between the stream and the reactor

housi ng i s enSRA%EY" & C8 aSEPIBE FGI OF IR PIES STHE PHOG SYPBReGITdhT froam.
appropriate the action of the stators nakes it possible to largely

el i mi nate gr awk botaRf beGiper Hlﬁeﬁﬁﬂeféiab@aﬁﬂhnf:d)&ndﬁ%&ﬁfpécﬁreiaﬂvétb% r&BAE ditbcted
| oop flow, since the flow conponent inparted by the scraper in the

radi al di r ectiPorEingfuglh Hie) SFOBG TR aéﬁsaWP?ffr ther 3BT THIFS blafg Bivs?
a foreseeabl stRthoddidifitcdRRl @diR19Ghvi RN al PhaliBy QUEErdldiectbLRIRaPbe igp8ed
tube reactor in the flow direction, which can be nonitored and

i nfluenced i ff &het S&Fa@et @avipanblade. 4t pitiedetlerths fegnissdead. ghe inchipgtion of the
makes it posgiRhedor \N’fbep%faﬁéscl’éﬂaﬁ'&e tolte AGRI BY ﬁf@r &Qﬁbf&ege mb&&ﬂ%@fmm more

wei ght with a conparati vel scatter. The nol ecul ar wei

reported is, thinlOdteHO7, peiteral leaom ﬁ@ramsaertlcvlh@ prsfeggthly 30 to19°C llaﬂle’rchfgetlon
nol ar mass e n elptc\

particul ar, Nﬁﬁg%@ J}'l&a%rtmv%&%i Qgﬁér‘%?%%t F}g% can %g{‘ggg{aycaen?%“?&cﬁ
in respect ofelabtiosfowesonqemfugal @tdes ervcplsirbipef by ahemntmned;&masn"@womclmed
5 given 1o b finfideyehet ik Sic s Vel BB ER bl PSHEIRDSEige
flow directi oﬁtlteaea;mr hausprg@d@fenm@dlynmi:mdqﬁ@:hﬂv@ongblocltlag(mrkg)nglntixmting a gap
sccount, (e RSgkaPALeREER SLE7 AP TESHAER RS, CORESILATIAR B o
taking i nto agemundr tiper Iﬁtd’l&'tdldbﬁ mﬁrebﬁﬁlmkaﬂmyldﬁ@dr@ﬂlré@abfdréﬂ’l gndbles a
cal cul ate the quantit.ies of he r| ng al og}g g bﬁ reactor jin
order to set SUREH, B pessme-op 8‘8ﬁ§ tscrf‘ B WPy Pladesiniq the reaptop igpsing to

a result of tbbeplﬂﬂea fredraditio fedde o8 RAROET ddpBEMREh PhMcRST del) foRfthé 1n@aﬂior side
di rection, ? heat of reaction evolved can be renmoved in the case of
an exot herm @ ELEITBrPoBfng fphe &G 1ime-Hbe sager 6F Wit e rHeRdF @ “radially

reaction for ;Qaed deRQLSN il BrdbN Rota! Bbckiofa8i6 0@ 'ﬁleoicratpgle of Wﬂﬁer el Qe of
In the case of an endotherm c reaction, a negative heat of reaction

i s obtai ned MRCVERESHEAR thnlrersior howting andorpeisksively Iplidtdepgsits. eBla Puted or
obtained in GlifnbFfkichat ABSEbA of el BRG aﬁ‘am@@ SREORE T ConbRARE :RRon of
The scraping-off of ? he gel 1s particularl pre erably ef ected at a
vel ocity v athet $psapentemigsr baddewbich @Ctrleaaenlmrpahbum thg radialhditchtaen @ndoBas a
in/sl0 in/s, , | G: r

m's and ver y ({nlglﬁ:tﬁqq nggllrtg{ter a% thfp’%dltr?} gﬁ#@&ﬁ %t Q?%éﬁa pc/)acdﬂj t%?sﬂ‘
at which a se}terpﬂrve,oﬁlevmpee:r Ml wiger b]adr cambaklgetetheThintagoido knskae obfthe

scraper or wiper blade against a solid encrustation, which can lead to blocking of the scraper

or wiper since the scraper or wiper blade can, owing to the angled edge, be lifted over the



When an upstream m xi ng chanber is used, .{he average m xi ng energy
taken up is, for exanple, in the range fFéM 0.001 to 120 J/1. The
m xi ng power typically introduced may, based on the energy absorption
of the ni xer Snfiitation aEpns thepudiflyonivarbmpliediomgo kw1, - 19 - The
drawi ngs show. Fig. 1l:a schematic side view of a tube reactor, Fig.

2:a schemati g gﬁ{lé\iléreﬂ lt\!ds?ﬁ‘)(/ockfclaﬁerfdﬂ K8 hlaibibRe Eﬁéh%tad)fn’ thé&] h}gal d%e@hon where
schematic sectional view of the tube reactor of 1,

schemat i ¢ dettl Scegendrevipasfoladpeare gffeet b aie tngle @fn flhﬁ glrcumfelﬁmtgtl d;ﬁsecaon and the

scraper for the tube r £d nd. Fl
schematic seétfonal ﬂe\lfxclu%1 Sumgl%rt g%era ﬁ?%d;e‘%?felabs'hﬁg 57 a%)%r ggre pyefrably

5. 60° <a =120° and particularly preferably o= 90°+2°. The offset arrangement of the
scraper or wiper blades results in a plurality of support points of the scraper or wiper on the
interior side of the reactor housing which prevents flexing of a drive shaft of the scraper or

wiper and/or vibration of the drive shaft of the scraper or wiper.

Preference is given to at least two, preferably at least three or at least four, scraper or wiper
blades being arranged one behind the other, the same distance apart in the circumferential
direction. In the case of two scraper or wiper blades, an angle 3= 180° + 5°, in the case of
three scraper or wiper blades an angle 8= 120° + 5°, in the case of four scraper or wiper
blades an angle 8= 90° £ 5° and so forth, is obtained in the circumferential direction. This

leads to additional centring of the drive shaft of the scraper or wiper.

In a further embodiment, the scrapers or wipers are distributed in axial and tangential
direction such that the shaft is likewise axially centred. This is also possible when only 1
scraper or wiper is arranged in circumferential direction. The next scraper in axial direction
may be arranged in tangential direction with an angle 3 of preferably more than 90°, then the
next one in axial direction likewise with respect to previous two, and so forth. If is thus

possible to achieve centring of a shaft section between two couplings.

In a further embodiment, the tube reactor is connected in the upstream direction to at least
one mixing chamber which has a housing surrounding the mixing chamber and at least one

mixing element arranged within the mixing chamber.

Suitable mixing elements are adequately known to those skilled in the art and encompass
static or movable, preferably movable, mixing elements. The mixing chamber particularly
preferably has an impeller. The particular advantage of an upstream mixing chamber is that
the starting materials can be mixed with a high mixing energy before entering the tube
reactor of the invention, as a result of which the streak formation which is typically
observed in the case of viscous reaction mixtures at low temperatures can largely be
avoided. Streak formation frequently leads in an undesirable fashion to local hot spots,
inhomogeneous occurrence of the reaction or increased secondary reactions. The dimensions
of the mixing chamber and of the mixing elements are preferably matched to one another so

that an average residence time in the mixing chamber in the range from 1 to 120s,



Fig. 7.:a schematic detail view of a furtggr tube reactor wth punped
circulation systemFig. 8:a schematic si view of a further tube
reactor with upstream m xi ng chanber FIP :a schematic side view of

a further tubeeierably figm ot 49 s patiswdari preierhly TmAter0 amad a verdvghadegree of

reactor spac %oﬁbgemz%ﬁ)onaca?lcg@ qa'héxﬁd Qﬁl@ésﬂé RELAiQN BdnatlogY fc@l hidhfe powers

reactor (as a scraper) Fig. a schematic cross-sectional view'o
t ube react or Whaeh aie wiqsesaly for éllS aap: g, o learanle, an dliedianggnigom 0.001 to 100 kW1 or

Cross-secti O%Olvtbell\%@h § 1§§E%hlgeo“%i]q£@§fn %tthe %o&éraéo(ﬁglﬁ C}:ﬁlﬂg 0% the .lelIlU

scrapers or W pers i'¢ side andeross- ae onal
of a reactor eEhentyer llmq: ofhvoRime of the mixing chamber.

In a preferred embodiment, at least one further heat exchanger for setting a temperature of a
flow provided within the mixing chamber is arranged in the axial direction of the housing
surrounding the mixing chamber; the abovementioned particular embodiments of heat

exchangers apply likewise.

The housing surrounding the mixing chamber is preferably connected to the reactor housing

by an intermediate plate having openings for the reaction mixture.

The invention further provides for the use of the above-described tube reactor, which can be
configured and developed as described above, for the preparation of synthetic rubbers by

polymerization of polymerizable monomers within the reactor housing.

For the purposes of the invention, synthetic rubbers are elastomers which do not occur
naturally. Preferred synthetic rubbers are butyl rubber, polybutadiene (BR) and polystyrene-
butadiene (SBR), ethylene-propylene-diene rubber (EPDM), polyacrylonitrile-butadiene
rubber (NBR), hydrogenated polyacrylonitrile-butadiene rubber (H-NBR), fluoro rubbers
(FR), polychloroprene (CR) and polyethylene-vinyl acetate (EVA or EVM), where the
abovementioned synthetic rubbers can have, for example, a molar mass of from 5000 to
5 000 000 g/mol.

Particularly preferred synthetic rubbers are butyl rubber and polybutadiene (BR), very
particularly preferably butyl rubber having a molar mass of from 300000 to
1000 000 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 copolymer of isobutene (2-methylpropene) and at least one conjugated
multiolefin such as, more particularly, isoprene (2-methyl-1,3-butadiene). The proportion of
repeating units derived from the conjugated multiolefin such as, more particularly, isoprene
in the butyl rubber is, for example, more than 0 to 10 mol%, preferably from 1.5 to 5 mol%.
A particularly preferred butyl rubber is a copolymer of isobutene and isoprene with the

aforementioned ratios of the monomer units.

The polymerization is typically carried out as a copolymerization of isobutene and at least



stators and 2 scrapers or w pers The reaeé 10 depicted in Fig. 1
has a geonetric central axis 12 which is aligned perpendicularly to a
direction of gravity 14, i.e, horizontally. The reactor 10 has a

tubul ar reactoB? cHYB&SIgMulEoRRR Seh &, @ogs Batigariyh ésorisae plaisawergipres of from
flanged- on enghopt ad &8°d GreftBly toRD-1 GBICED - 4408 aﬁ@'ﬁatlﬁ@ulhﬂf'} %@ﬂ:%ﬁﬂfrélﬁltl@mc
the tubul ar reactor housing 16 via at |east one inlet

pol yneri zat i éh-¢8Gcty Ba nseserpertirg caitlptigAs selveny. di iserossign to 2se, fheexample,
product for ol ug. f.l
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small scatter. The molecular weight reported is, unless indicated otherwise, the weight
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reaction is obtained in the heat balance, while a positive heat of reaction is obtained in the

heat balance in the case of an exothermic reaction.

The scraping-off of the gel is particularly preferably effected at a velocity v at the interior
side of a reactor housing such that 0.05 m/s <v <10 nv/s, preferably 0.5 m/s <v <6 m/s,
particularly preferably 1 m/s <v <4 m/s and very particularly preferably 2 m/s <v <3 m/s.
At such velocities v at which a scraper or wiper blade can run along the interior side of the
reactor housing, formation of a significantly thick coating due to solids or gel formation 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
blade in the circumferential direction, which leads to good homogeneous mixing of the
stream in the radial direction and improves heat transfer between the stream and the reactor

housing.

When an upstream mixing chamber is used, the average residence time in the mixing
chamber is, for example, in the range from 1 to 120 s, preferably from 2 to 60 s, particularly

preferably from 2 to 20 s.

When an upstream mixing chamber is used, the average mixing energy taken up is, for

example, in the range from 0.001 to 120 J/1.

The mixing power typically introduced may, based on the energy absorption of the mixer,

for example, be from 0.001 to 100 kW/1.

The invention is illustrated below by preferred embodiments with reference to the

accompanying drawings.
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a schematic side view of a tube reactor,

a schematic detailed view of a further tube reactor,

a schematic sectional view of the tube reactor of Fig. 1,

a schematic detailed view of the tube reactor of Fig. 2,

a scraper for the tube reactor depicted in Fig. 2 and

a schematic sectional view of a scraper blade for the scraper of Fig. 5.

a schematic detail view of a further tube reactor with pumped circulation

system

a schematic side view of a further tube reactor with upstream mixing

chamber

a schematic side view of a further tube reactor with upstream mixing

chamber and a second reactor space
a schematic cross-sectional view of a tube reactor (as a scraper)
a schematic cross-sectional view of a tube reactor (as a wiper)

a schematic side and cross-sectional view of a reactor chamber with 3

stators and 3 scrapers or wipers

a schematic side and cross-sectional view of a reactor chamber with 2

stators and 2 scrapers or wipers

The reactor 10 depicted in Fig. 1 has a geometric central axis 12 which is aligned

perpendicularly to a direction of gravity 14, i.e. horizontally. The reactor 10 has a tubular

reactor housing 16 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.
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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 each 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
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 configured here as a central shaft; 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. The reactor 10 further
comprises a total of three inlets 20 and one outlet 24, which is configured such that the
outlet orifice 25 is aligned essentially tangentially to the peripheral direction 78 of the drive
38. The two first inlets 20 are mounted in the front end plate 18 in flow direction 22; a third
inlet 20 is at a distance, in axial direction, of about 35% based on the axial path length from

the first inlet to the first outlet 24 within the tubular reactor.
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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, a preferred embediment has an outlet 24 which is configured such that
the outlet orifice 25 is aligned essentially tangentially to the peripheral direction 78 of the
drive 38. The outlet 24 is mounted close to the back end plate 18 of the reactor in flow
direction 22, and the geometric centre of the outlet orifice 25 closer in radial direction to the

outer limit 39 of the drive 38 than to the inside of the reactor housing 44.

As shown in Fig. 5, 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 interior side 44 of the reactor housing 16.

As shown in Fig. 6, 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 PTFE-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.

The reactor 10 shown in Fig. 7 has a geometric centre axis 12 and a pumped circulation
system 23, with the aid of which the axial velocity in flow direction 22 can be increased.
The communication of the pumped circulation system with the reactor 10 takes place via the
circulation inlet 21 and the circulation outlet 27, the pumped circulation system also having
a conveying unit 29 which is provided here with dispersing elements 33. In a preferred
embodiment, the circulation outlet 27 is configured such that the circulation outlet orifice 31
is arranged essentially tangentially to the peripheral direction 78 of the drive, more
particularly of a central shaft. Otherwise, the ranges and preferred ranges which apply with
regard to the embodiments are the same as have already been described above for the outlets
(24). The circulation outlet 27 is behind the circulation inlet 21 in flow direction 22; the
circulation inlet 21 is preferably, viewed in each case in flow direction 22, close to or in the
first end plate 18, and the circulation outlet close to or in the second end plate 18, closeness

being understeod here in each case such that the circulation outlet or inlet is at a distance in
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preferably 5% or less, based on the total axial distance between the end plates.

In an embodiment which is not depicted explicitly, the outlet 24 may also be arranged in the
pumped circulation system 23, and the reactor contents can thus be withdrawn as a
substream in the pumped circulation system. Preferably, in this case, the outlet 24 is
arranged behind the conveying unit 29 in flow direction 22b of the pumped circulation
system, especially when it is equipped with dispersing units. One example of a possible

outlet position 35 of the outlet 24 is reproduced in Fig. 7.

As shown in Fig. 8, 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 configured 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 intermediate 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 Tig. 9, 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. 10, 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 78. The introduction of
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Clains 1. Reactor for the continuous preparation of polyners, in

particul ar synffaetl, @hertuahar@act&omﬁﬁgﬂm@ cofinebe@sh tHRNBsi@SSaR feddtbryhousing
t ubul ar reactor housi ng )thhaw ng at | east one drive which is

connect ed t o *af® PESSEIGHS Cé%ﬁ'é‘-‘r in gy gAviRed( asgyrdipgiie the F’éc"&’rfﬁ):ré?f&éﬁ“@ion

as to be rot agablie sdabd & Wher %&ﬁféht@r%hmhrlﬂne(pé@r wiﬂeaﬁ@ dtile 38 CHRRR s
or wiper (36) has at |east one scraper or w bl ade (42) to run

al ong an int &enfigpred hgrs aga cemies shdh dn eperatigndp 1‘[(%]45116 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. 13, analogously to Fig. 12, 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

21 Circulation inlet

22,22b Flow direction (22), flow direction in the pumped circulation system (22b)
23 Pumped circulation system

24 Outlets

25 Qutlet opening

26 First heat exchanger

27 Circulation outlet

28 Second heat exchanger

29 Conveying unit



at least one inlet (20) at |east one outlet (24). 2. Reactor
according to Claim1l, characterized in fhat it conprises a central
shaft runni n% essentially along the geonetric central axis (12). 3.
Reactor accorfling to CC#fsswellor 2, wherein the outlet (24) is
configured sugh that the.ouidchuiddblice (25) is aligned essentially
tangentially to the circunferential ditection of the drive (38). 4.
React or accordi ng to Clairghd®idipgvezlbi n t he outlet (24) is configured
in such a way,t hat therg - i.onal face of the outlet orifice
(25) within ?ﬁe react orm{?gﬁglig%%&%ﬁtg) forms an angle y with the
geonetric celdtral axi s Spitdhedfexdhhuger dmovadr housi ng (16) of not nore
than 45, pref,erably no tre than 30, Jor ef erably between 0 and
20, and an ar%’gl e 8 w t%O{gﬁ%ﬁP‘é%?ﬁ%sgikollf?r,ouﬁ?tgzi t he shortest connecting
| i ne bet ween3the geonefStiapereoewipeal axis and the essentially tubul ar
react or housigg, of not, nore t%an 45, preferably not nore than 30,
more preferably betweefr®B"SH 2295 " React or according to O aim 3 or
4, wherein the outlet @24¢ is arranged such that the geonetric centre
of the outlet orifice (25)..in radial direction is closer to the outer
limit of the3drive (39PUHRIMtENENEYS i de of the reactor housing
(44). 6. Reagbaon accordidag to any of Clains 1 to 5, characterized in
that the reactor (10) is designed with an external punped circul ation
system (23), 43ai d punp&erapsTEEIPSt Plagsssyst em bei ng connected to the
reactor housiggg (16) VirgsdhifgHegd!l ation outlet (27) and a circulation
inlet (21), and said punped circulation system (23) having a

conveyi ng uni*f (29). 7SpR&actor according to Claim6, characterized
in that the pynped cirgylation systemis -27- cool able.

52 Lid

54 Subscraper or subwiper

56 Tripod

58 Scraper or wiper edge

60 Scraper or wiper element

62 Holder

64 Holding pin

66 Inlet for heat transfer medium
68 Outlet for heat transfer medium
70 Mixing element (here: impeller)
72 Mixing chamber

74 Openings

75 Stator

76 Scraper or wiper element of a stator

78 Circumferential direction



conveying unit has dispersing elenments (33), preferably has at |east
one row, preferably at |east two rows, of rotor teeth, and at | east
one row, prefrEEngexampleeast two rows, of stator teeth with

different, preferably decreasing gap dinensions. 9. Reactor according
to any of Clains 1 to 8, characterized in that the reactor (10) has

at | east two Polymstizgatiop@yth geltvspeisionin doynstreapndisdersey di recti on (22)

bei ng arranged at a distance froma further inlet in axial direction
of at least 5% preferably 10 to 45% and nore preferably 10 to 40%
based on t he Amialurpatfh®3%rigt veighd noft isebiftenes ind 2Petbyi weighOwf diopeate oms
(22) to the first ou&;et.mﬁt in the reactor housiqﬁf%;G)“ %0. Reagtor
accor di ng t o PRRGECGCqRtiptioysly gngn liane pixiie 28¢ Johvarhathich cpuistpbfo an
conpri ses at t.at 7, . ofeldfall i o
10 char act ertoaa”! SR PR dilamet baviE AL AR SR Rl S5 1
have a di st anodefstoratdend@ivngadndskahta lof nfixre (Ml of bihplalunhinivnYchloride

based on the radjal dj aneter of the reactor houslgg. 12. Reactor

accor di ng t o 38k dighylaugipigny chlgridq whieh, had been aeldvaied wHAtWater i a manner
conprises a 1ANi L Rt ' :
hrough whi cRap g S i i HRRbEE £1aber SRR HFHe) £ o RYLC i tideying
accordi ng touahy(29) wisaedqEpded with?in @helr @edecti@ adwk Noft Rabr-dthter teeth with
scrapers or wpers (36) are configured such that the distance of the
scrapers or Wepelsing gyhdipsasipahes Grpeding elegrents (33b puhitan thesteneparisons o
based on the i adi i hg. r us# 4. . ctor
according to dgﬁ';ﬁ/gtg‘%ﬂl% b%gengl ﬁ%[r ?Xg)ad%fs,ﬁjec Egg%{g{e%%?zé% réIgln ng ng%ll%?tfﬂoen (r%lggs&aglre'
housi ng (16) Wih®aoiipeisad tlemants (BNHRWoknpdavdm) Ssdveral huadis@Ost idghs of gel
starting materials into the reactor housing (16) and/or for

t ransport i ng Wsropigeers ap fitrade in e bag Adteorftanddds math(disersingelemenie e mass

according to i ta. 14, characterized in. th t. | east
fo heat CexcRAGERE bRl tor ot dupil ALAFH ERbAfheh Bl 8 138 Fow
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 fromone another in such a way that a different
tenperature can be set for each heat exchanger (26, 28). - 28 - 16.
React or according to any of Clains 1 to 15, characterized in that the
heat exchanger (26, 28) has an outer wall (30) surrounding part of
the reactor housing (16) and in particular a spiral dividing wall
(32) is arranged between the outer wall (30) and the reactor housing
(16) to forma spiral heat exchanger channel (34).

8. Reactor according to Caim6 or 7, chgéact erized in that the
f



17. Reactor according to any of Clains 1 Lo 16, characterized in that
a ratio of an inner area A of the tubul a? reactor housing (16) to a
volume V of the tubular reactor housing (16) is such that 0.1 n2/n8
AV 100 n2/ n&laM8  Reactor according to any of Clains 1 to 17,
characterized in that the scraper or w per (36) has at |east two
subscrapers dr suBigrRGierier (s apntigupystprenagation Ahelyeers.tip PyHenldrothetic mpbers,
an articul ated nﬁ@&%ﬁnéu%a‘t&%st%ﬁé BkerffinfiPabhiN eacts? holRERTE OMhaRGE A1EHsNI
to any of Clains 1 to , Characterized in that the scraper or w per
(36) can be driven via a drive (38) and the drive (38) is sealed by
means of a doubl e®acti R8¢ ‘é‘?‘iedi*iﬁg‘@qhngc@éﬁﬁeddplafalﬁ@é@letﬁéltam@hwlméﬁé}wbléh
(38) and the reactor houglgd bl o YORIAAEGi i Ribd AsiLAE), where the
contains, in particular, a barrier med um wh i's inert under the

pol ymeri zati on condi ti ersper 20 wilRe 434 d1as At teastdinageraper amywvipdr WGidgi (AR @ un
to 19, characterized i ade (42) has a
surface having a coeff?%}%g?}ﬁtln%g(g?%?e::@genmﬂorwﬁlpﬁ{é(QJQ wer than that of
1. 4571 stainless steel. 21. Reactor according to any of Clains 1 to
20, characterized® n thtlkast b islar@8ces wi thin the reactor housing

(16) are produced or treated such that the adhesion of solids, such
as synthetic rubbers i |s reduced in conparison with

1. 4571 stainless §t eel gtlg%%keogcl accordi ng to any of Clains 1 to
21, characterized in that the scraper or wi per blade (42) is inclined
and/ or curveg el Rehot6: Sord %a@'@ L UHEREEELA ih e 1 ROLAGCL BIRHON shat
the geonetric central axis (l ere t e scraper or W per bl ade

(42) has a f ast enirwgingeagntiadl§ plodp theeedetriackinghll axisi(lRyar d and a
radially outward-directed force, in particular spring force, can be
applied to tBe scRapror asrordingéy Cblhade)r(242r)1¢reinrthcpauttet Q4) & conbgurbresuch that
fastening head (4 c i 0.an . i . to :
characterized in t a?‘?t?é% Olﬁ?ge t(gl’) gﬁéé Qgeﬂt&@“ﬁﬁ%@%%ﬁ%ﬁ%? e( %’i’%umaf%lémlal
arranged i n the axiradtiodiof éetitica(38where the scraper or w per bl ades
(42) are offset by an angle a in the circunferential direction and
the angle a i,s ingparticul ar su at, 30. rabl

nor e p?eferagly -Rp T ARY ng 8{%&9 Wher JﬂSe ?l%tggﬁfsycoﬁr erl(I;lle‘gHa1way
902. 24. Reactor amcched'rdagsetcmorahgac@ﬁft& alltlESorlﬁde(Q223v1thﬂhhé &fatteﬂ‘holladg(llﬁ)
that the tube reactor is qonne dlnthe tre ectlonto

| oast one mxi ng dHeR e B R efcsro el g el i SE SR Ping 1o of
m xi ng chamber ando@ioteehst 439N preferablyngotah@aizh 307,Ghordpidagiiy bétwichi 0 and
the m xi ng chanber,

20°, and an angle & with the radius (11), i.e. the shortest connecting line between the
geometric central axis and the essentially tubular reactor housing, of not more than

45°, preferably not more than 30°, more preferably between 0 and 20°.

5. Reactor according to Claim 3 or 4, wherein the outlet (24) is arranged such that the
geometric centre of the outlet orifice (25) in radial direction is closer to the outer

limit of the drive (39) than to the inside of the reactor housing (44).

6. Reactor according to any of Claims 1 to 5, characterized in that the reactor (10) is
designed with an external pumped circulation system (23), said pumped circulation
system being connected to the reactor housing (16) via a circulation outlet (27) and a
circulation inlet (21), and said pumped circulation system (23) having a conveying

unit (29).

7. Reactor according to Claim 6, characterized in that the pumped circulation system is



25. Reactor according to C aim 24, charaizeri zed in that the m xing
element (70) is an inpeller. 26. Reactor ccording to any of Clainms 1
to 25, characterized in that the scrapers or wi pers (36) and the
optionally presentodtteors (75) are configured to pronote

redi spersion of the scraped-off or w ped-off. 27. Reactor according

to any of C %' s keﬁ&orz&coﬁﬁgrt@@lﬁﬁﬂ @%Q 7' Bhatr&@érlz&d“ﬁl it Jh@%@ﬁve?ﬂg unlt has
outlet (24) is equipped with dispersin el enents (33

react or accor di ng diseeraing clsments 43 Hsprefepdlyptastah deagioprpri i wfeirahlw @tfl_east two
pol yneri zabl e NMONORRS §f rof? tecttS £ndaE RALLLOBW, Bregra?d 14t (& P%x@st?hgsrtét&’%geth

in that the polyners are synthetic rubbers’ ocess
cont i nuous pr epar a&tlhhdlrffmntpmfw’elysledygﬂsmgggm@mpmnson of pol ynerizabl e
nononers, characterized in that the polynerization is carried out in

a reactor acgordi jg, kg a@é&édﬂ%to%? oFElalmé Py chﬁ&cterﬁ%&’gﬁﬁ:ﬁ tl?ecl%ﬁ’crtéll('ﬂ@ has

to C ai m 30, characteriz reactor according to an
Clains 1 to 27 essbattitabliples| (@9), theoﬁwsu imlet e flayi tiatectdmr @2} bome alsanged at a

parted Lo 1ne SRR EHR e AN BN ARG RaQloc SRASHN B 1oaswe

circulation flow or artfin
and the products mmﬂmmwra‘ahblg§0m4cgelbasadem0baaxeailpahdaengmﬁmniheaﬂrdtjmlet in

renmoved from an i ter r cto usin ) of the
tube reactor (10) aﬁ’r rﬁamflﬁgﬁﬁéﬁhyﬁé??%%”vﬁﬁmt qu?o(gilg%sgggiégmdi ng to
either of Cains 30 and 31, wherein different heat exchanger

10. Reactor according to any of Claims 1 to 9, characterized in that it further comprises

at least one stator (75).

11. Reactor according to Claim 10, characterized in that the stators are configured such
that they have a distance from the central shaft of 0 or more than 0 to 5% based on

the radial diameter of the reactor housing.

12. Reactor according to any of Claims 2 to 11, characterized in that it comprises a
central shaft running along the geometric central axis through which temperature

control media can flow .

13. Reactor according to any of Claims 1 to 12, 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 5% based on the radial diameter of the reactor

housing.

14, Reactor according to any of Claims 1 to 13, 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).

15. Reactor according to any of Claims 1 to 14, characterized in that at least two heat
exchangers (26, 28) for sefting 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).



tenperatures are established in the fIOM/girection in order to set a
predet ermi ned nol ecul ar wei ght taking iﬁg “account the heat bal ances,
residence tines and - 30 - concentrations occurring during the

pol yneri zati df. 3Reagprgeensding tocasy af hljieo! inlp. efaractegirersin gt s hggt exchanger

wherei n the mechamdat) L8R bMHer Fhll DY sERATnE $G SPlHe ISR h8RES (18) and in
carried out at a velocity v at the interior Side (44) of the reactor

housi ng (16) such petigelain PHakdigiging aii(E2) igarangyddetreesn decsted vag (30d ahhe
of daims 30 to 3§eacfépﬁ\§1§ﬁ§g%ﬁo§ﬁ?ﬁ?%f&?f\;ﬁa% %&gﬁr%g{ iR ei’e“ als are

m xed by neans of a m Xxi ng xing ehergy of from
0.001 to 120 J/1 in a m xing chamber (72) before entering the reactor
(10). 35. Prdc@ess Raedtoradearding tp amy! §lan@ htorks, 8laraaterBad inghed maeticesfi ananher

in that solids or S t al i.zat,lon I ' e
nononers in the pra1 %géqr gfﬁjgﬁth@’ﬁgp%ﬁﬂoégﬁ% (g@rtggac}’og‘frlmﬁogmgéc%%nr% fﬁ%acm
to any of O ains 8otsingd¥6)ds sich tmnd. huf/ed LA VparWin¥re’. si zes of | ess

than 1 mm nore preferably of less than 0.1 nm 36. Process according

o any of Q3™ abé Aoraf)F0 355 SEARHs | % 1D 2naAHDS hGnL D e o
wiper (36) has at least two subscrapers or subwipers (54) which are connected to

one another in an articulated manner in the axial direction.

19. Reactor according to any of Claims 1 to 18, characterized in that the scraper or
wiper (30) can be driven via a drive (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.

20. Reactor according to any of Claims 1 to 19, characterized in that the scraper or
wiper blade {42) has a surface having a coefficient of friction which is lower than

that of 1.4571 stainless steel.

21. Reactor according to any of Claims I to 20, characterized in that the surfaces within
the reactor housing (16) are produced or treated such that the adhesion of solids,
such as synthetic rubbers in particular, is reduced in comparison with 1.4571

stainless steel.

22, Reactor according to any of Claims 1 to 21, 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 radially outward-directed force, in
particular spring force, can be applied to the scraper or wiper blade (42), in

particular to the fastening head (46).

23, Reactor according to any of Claims 1 to 22, 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 « in the circumferential direction and the angle o

is in particular such that 30° <o <150°, preferably 45° <o =<135°, more preferably



24,

25.

26.

27.

28.

29.

30.

31.

32.

_20._
60° =Za <120° and particularly preferably o = 90°+£2°,

Reactor according to any of Claims 1 to 23, 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)

arranged within the mixing chamber.

Reactor according to Claim 24, characterized in that the mixing element (70) is an

impeller.

Reactor according to any of Claims 1 to 25, characterized in that the scrapers or
wipers (36) and the optionally present stators (75) are configured to promote

redispersion of the scraped-off or wiped-off.

Reactor according to any of Claims 1 to 26, characterized in that the at least one

outlet (24) is equipped with dispersing elements (33).

Use of a reactor according to any of Claims1 to 27 for polymerization of

polymerizable monomers.
Use according to Claim 28, characterized in that the polymers are synthetic rubbers.

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 27.

Process according to Claim 30, characterized in that in a reactor according to any of

Claims 1 to 27

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

and the products or

s  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.

Process according to either of Claims 30 and 31, wherein different heat exchanger
temperatures are established in the flow direction in order to set a predetermined

molecular weight taking into account the heat balances, residence times and



33,

34.

35,

36.

-30 -

concentrations occurring during the polymerization.

Process according to any of Claims 30 to 32, 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.

Process according to any of Claims 30 to 33, characterized in that the starting
materials are mixed by means of a mixing element (70) with a mixing energy of

from 0.001 to 120 J/1 in a mixing chamber (72) before entering the reactor (10).

Process according to any of Claims 30 to 34, characterized in that solids or gels
obtained by polymerization of polymerizable monomers in the preparation of
polymers in a reactor (10} according to any of Claims § to 27 are comminuted to

particle sizes of less than 1 mm, more preferably of less than 0.1 mm.

Process according to any of Claims 30 to 35, characterized in that synthetic rubbers

are produced.



