-~ 1 - Reactor and process for continuous pol ynerization The
present invention relates to a reactor, especially a tube reactor,
its use in a process for the continuous-preparation of polyners, in
particul ar synthetic rubbers, and al so the 5abovenenti oned process

tsel f. US 45282928 #hadl 85 sumubEaonaiGtianger i ch has an

essential ly Tubular housing having a vertical central shaft. The heat
exchanger has a scraper which, with the aid of scraper bl ades, runs

along an interior side of the housing. A disadvantage of such a heat

exchanger is that it is difficult to use as tube reactor for a 10
cont i nuous p@h@/h’ﬁﬁl@a‘t’@@ﬁn 59la{esclotaHBACHQE AP ARSI BTG sitCUEA @ process for

noni tored ang, fgy ntibdfIs 1% i¥n W taL9eatin dﬂaMcbfél’”s&MheticnruB&% | M| Ao the

it is not rea§| possi Feto set a dedired mol ecul ar wei g
di stri béit i onabdvemérgionad rodrjessctseldf t he i nvention to provi de a react or
and al so a process for continuous polynerization by neans of which

the reacti OnU%%thQS) HﬁclSJes % 'ﬂgatré }MH&F %f%h @D, églangﬁiy]tﬁ\')ﬂzfrlhlAQMVmg a

nore readily a h particu e setting o a desired nol ecular

wei ght di st r ivigtital mtr@laahaﬁnél"hnfaem emsngr has}iherambjwzi;@h Vith the hid @ engeper blades,
according to tnrslglol ”Ve”&n&sl&%y ﬁlerh%ﬁ% having the features of Caim
1 and alsoaproces fea es of aim1l17. Preferred
enbodi ments of the i nventl on are i ndicated in the dependent clains.
20The react o difadvintage rmv?emihi aolreaf erchaxgmt is riheo uisis pdfigutetol wats e reghior for a
can be.ys N parti for t e brepar t i

by pol %jrerl zﬁ?rltlg Ousé)g relnédélém at'°y eds acglﬁré C(Z%détgﬁ? ?Jéﬁ ?%Hl%n{l}g)&%dcar{dlr{gg%ﬁed
housi ng havi pglyavithr grese difficudtly. Inpac@niagdt e dot wadilly poesdidt tooweea desirap wlecular
wi per which |S£r%an@§d so as to be rotatable within the reactor

housi ng, wher@HE e ®Per or wiper has at |east one scraper or w per
blade to run along an interior side of the reactor 25housing. It

shoul d addi t iitoRalnl ybjdze o dliecthvidiat to iprovideea caanbextd aiko & h@odessy & teomimuous
the term"scr r ) er 0|nclu esth nts which

oper ati on, a?glg%r@ﬁo‘ahblngea% ?ﬁwﬁ@% 0 ’Eea‘f SRR F égf;@?c’lyfﬁg}zﬁ%‘a{cf%’r ¢
housi ngsof exakkhdtd Hore readlly- and in particular the setting of a desired molecular weight

distribution can be made easier.

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.

20 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

25 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

30 example, 0 or more than 0 to 1 %, preferably 0 or more than 0 to 0.5 %, based on the radial



%

di ameter of the reactor housing. In one_gnbodiment, in which the

di stance of the scraper or w per blade fromthe inside of the reactor
housing is 0 % i.e. exists in the contact between scraper or w per

bl ade and the inside of the reactor housing, the inside of the

react or housFiageesokths repctarchonsibg I aee HeRdBIcyo Jyhehthe distnes o thg seraper or
ensured fr On\vﬁﬂaﬁbm@f;&h% ﬁg@ls Shd Qﬁ&&qﬁuéng Re %eiaecteﬁﬁs hpaa@ baﬂacz Betlbia
cooling medium since the formation of polymer deposits, also known
as gels, cansdseeesrveiperblede pnciheingide of the gectpihoupiag. dkedasidsfolfliggreactor housing
abovement i On?sdfuﬂ} §ctr%@& ﬁﬁd ﬂéngéfb&q'aﬁhea%% xr is Qhs Y\éd%m H‘EJ gga%n&{ ﬂga1ﬁ1ﬂ?llrough
i nside of the react ousing, In an a ernatlve e I ment he good
heat transf ethei rsacprré@ealn&@ thmllng snedthwa ningg) the fermabou pf pdiymmer depOSItS also
embodi ment i t\xhneasf & tca% f 09% avrgla&gaﬂll % ﬁll thé 9as§ gfsthggotov% nhighedlidahces
or W pers as & T ESE T oot t hecircul ch prol ongs
their lifetifiem t]ihecrﬁb‘er wemm Jblatle froexéohséle dfeha:maétmghuueldg,am aa Zéﬂamhmve

essent il |y SPBFR PRe leBmdt b BURET 4t PRAFech, VB B AbenehPf dBoue s

shaft. For t bRb@ingnsase bkt thitdowd\neRhindia] fobdes 8L 08 Birfipets & Rapdrs 45y refudting

exanpl a sh ft which has a cage nounted so as to be rotatabl e about
t he gegpretrl et bg firquipting godon, prhic ﬂ@rc}l@a&fthﬁ‘rrh Mfas an 15 appropriate

rod assenbly, where the cage or the rod assenbly has at |east one

scraper whi clthé Srl‘asfd’aa,rlgﬁekaﬁlglease $onfipged of Adhah hﬁildhlicbﬁ]ifdjl‘ dxhveple grcbofigured
housi ng and wher e, | east partl y pr ef e{babl y at Pi%t ) _
predom nant | ¢ aée‘i‘f@ﬁtﬂi‘%ﬁ rugpigg SRy feng)t ené"“‘Pﬁ’B“g%"B SO A8 ff regFentric

axis is not PEMSL&Mihe purposes of tHBvenhaL, b8 e€Ritric kafidh) F6:QREhEE, Qt, shaft which has
t hensel ves be cool abl'e or have neans which allow startin

mat eri al s t o 21582 PRUPISE S attoPp sotatpde Shout the pepmstricrentiah e P’%Pe AR Gps an
the regstor Iaﬁli%&!’rﬁgaroa- staﬁam&rédaecﬁ%; thE"r&f'a%ge%{bl)aﬁhg al 188 btcAberaittch

axial mxing, the inside of the reactor housi ngi have at | east
one, preferalbi yrrangedysaes tphe mtetalrlaﬂn}mpfhefré&% 5?“%’@%@@( yherghatclgasg @ertly,

as baffles agﬂe é}gb@y%n&asm%@gn&mﬂy)anceﬂmh@ﬁ;fmﬁmﬁggeﬂu t@@%ome&r&eceﬁ@ames

has 25a cent axi s which runs at | east predoninantly”along t
geonetric cembrmgserixi s and is preferably cool able and stators Whl ch
are configured such that they have a distance fromthe central shaft

of, for examgleg, Bk, , T4 o;ppatgl BehQivks ?{ cwﬁoﬁeemgwmgmgrwmrﬁlotu@}n&

to 0.5 % based on't anet er o the reactor housing. -
have, £6r examdriels tabe lamgiueed‘ewwﬁhﬁét intg thetntederspeseof te ceaptor kdusiagi s of
0O to 90, preferably of 0 to 60, nore preferably of 0 to 50.

Anal ogously HQ aérg'l’ﬁoé CfflbﬁH Stm Q{Mdptﬁé Sadiflanll Q%aﬁ ﬁ'{]ﬁﬂcf Mih A P &he reactor

bl ades, the stators may nfigured such that ey scrape or W pe
the central dhasfrtg méﬁfri@vcia@wnga@ prfeferdbdy %tcat6opam¢hdaﬂy preferably stators, which act

as baffles and prevent rotation.
In a further embodiment, the reactor has

25 . 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.

30 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
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Sthe shaft is then, for exanple, 0 or noge than O to 1% preferably O
or nore than O to 0.5% based on the radial dianmeter of the reactor
housing. In a further enbodi nent, the reactor, especially a tube
reactor, is arranged not upright but essenti al | y horizontally, i

with the geohawr focexamnter ail anaksu relatdye to e ceapritiopenkialpisng 043 %%’nvrrs%rqbiy of 0
hori zont al . ot"r}hosr QQ{”‘ gg d nduced flows in and counter to the
flow directi on can b v0| ‘I'n principle, however, any
inclination and alignnent is concel vabl e. An essentially horizontal
geonetric cenmlegcalxlwgo hs seraptes ardooiders.or theaaraner aas Wipenhladds, e statqrsegay be
fromthe horizaental t i

than 5. The sanm?guraecri]g Ch tgagst 3(%1!9%? gre‘g&;ééﬁgt'l %lesgl%t ]glsgﬁesﬁarn?é;wt)l}g SHior from
verticab" Achmhaﬁ mghmpfot lrenipiey 6 it inore, thart 0 iosl hesderbblp Otoo mareghzh G Bi%,
| east S|gn|f¥1 (2 ?{ eciéﬁlljge dtlff ent 13.3'&9"" velocities in the flow
di rection & LY MY et s, 1 oop flow can be

avoi ded. This nakes it possible to predict the | ocal reaction

condi tions i M & fethkl ewbodinieac tthoraadbro agedidiby zrmaetaactohmmangedtrakmmht but
into account the idence tine of the stre

hous ng. and. EHEAURBREORARY. recTitahe FomeRIE Pty et gp A hgat
to cal cul at e hpessiablie tHioead, gSztvﬁSrliﬂdﬂGedn@dv&rmahd contLnd It}a:tfﬁ@n&;ecnmochnclte
concentratl ons .and_ al so, Geat of 20 rgactl on e\zol ved. al on%?the re

ousi nOber oRBHANAIY RSHE R, RO PQE I RIS SATE-Br It g ol

various reacth@nkil bitiMciNSenk QR i§ DRIL@Y t@&ﬁéﬁn ahtaxissw}ﬂélﬁ 8¢'Jiblt& frén the
undertake locally different measures in order to influeng

pol yneri zat i &frizoRBRERISHO Pyp neaxkmpr ef 19% preterabbislepsihan ?oTlhﬂéW[‘q grglogously

subregi on of ;fhes {Oqggtregﬁ «RQuBhRGMhere a particularly high reaction
rate which could lead to a correspondi ngly high evolution of heat

(exot henni c reaction) or a 25 correspondi ngly high heat. requi reng?tl
(endot her mi ¢ AceHENE dhihejigvepiony I%R‘bgé’gfeeta avgif of g lgast gignififrnily reduce different

particykar, aRRIRRJRL &l e AbIRIBGRYL. hRRRLEE, 1PeINEStboliRRNE! L8R TOW can be
w thin the reactor housing and a heat transfer medi um can be

establ i shed lyoidulaRbis otakes ihemtiblexe radigehe Jogalapastien qagdivensipthe fqy direction
mai ntain an %R)EFE@ regc‘?&q{dugﬁ%ltaﬁﬁgQﬁtgtaU&%nt At ENenSATRe bt B strédm Wihin the

possi bl e to avord excessive heat transfer in regions in which
only snal | t erper dbuwin ahiahgesictidn kinktignyt, isi thus brssisler &araxamelet 9 epdoulate

expected: |0 bl 80 b, T6ASH O0EARML 0BG A0DEATL URRCRE A of

an ener gy-ef fi ¢i ent” manner Sspecific rel'évant points in or
achievef in peactidarc utivcarre,d alodgsher edactoenlwemag lhtsévrqbamf i Deingnid tﬂqemelfeop@mae

suitabl e 1ol Geul Ate g, f}gﬁﬁr%gaubut 0o a1 D% A HRE i ER bbb, Aok

The reaction n can be ‘con

i nfluenced nis@lly edfdienymedsdret hﬁ)rmu@mlf‘luemaﬂmtpob}ﬁneazaﬂms lraraem:bnnﬂmmhplp, it
- 4 - weight distrjbution in tion, sha

nmade easi er. I%P‘Esé‘%d? 9478'11@ Siu%mgl m ghde tr?ag |1?‘§§1nélw§3re E;‘opsa E}ﬂy 11c$% fedcfion
gener ate pl ugatk hﬂhvdht&yulma% @f:orﬁ%poaﬂmgl@lhﬁh&lvsluﬁcﬁn Mihp&r(axodiachiio Feaction) or a

stators, By virtue of i nation or nfiguration of the scra
Wi per s “2nd/ orcoupsRPRling! y ’cg j Eat rsaurepiept eBd‘ﬁ%ﬁ'é‘fca’ie%Ct’é’%tS t8E‘ti &3‘?3‘5 ol % his
vel oci ties Onedibein psicdRr,Abplop@ately high heat transfer between the stream within the reactor

housing and a heat transfer medium can be established by means of a heat exchanger in
order to be able to maintain an optimal reaction temperature. At the same time, it is possible
to avoid excessively high heat transfer in regions in which only small temperature changes,
30 if any, in the stream are to be expected. In this way, the reaction conditions can be
influenced in an energy-efficient manner at specific relevant points in order to achieve, in
particular, a desired temperature profile and therefore a suitable molecular weight
distribution of the polymerization product. The reaction conditions of the polymerization

can be controlled and influenced more readily and the establishment of a desired molecular



5 reactor -and/ or the shaft surface. For this purpose, the scrapers or
wi pers and/or stators are shaped or ali gﬁed in a suitable manner
known per se to those skilled in the art. For exanple, a slight

adj ustment of stators relative to the geonetric central axis of the
react or housivaighi dsudsntion int taspedtrop apsitiomgwigfh adiskdpe \sahasligiessiass.  The angl e
relative to the geonetric central axis in this enbodinent is, for
exanpl e, i r w 8% TRLALH: Bial
deposits sucﬁﬂgggﬂevﬁg{‘ Etgﬁa?&agﬁgﬁg’ Efﬁeggsg%j%%rr n%g?er %glro ggfs or ?ﬁre “
| i ke on the badpersicowigirdadaf sttatme; Bearrtuerof imoh@tlmgomrrmnﬁgumtwhlotiém@eralbm@r
transfer throu nGo

avoi ded, acc 8’#%{3 a&%l(‘)st?tﬂlg 1?}? \P8%Sf Q)gge%erate conlflroﬁ c? x%agvelomué’\%}{ (R 1§31c%ehof the
W per. bn adedattbomd/drhie: m&aﬁﬁacm)ﬁlcemlﬁmpmpéset ﬂne s&epeaqomrw@ad atdier stators are
novenent of the er blade . in the circunfere ctr on | ead
o a0t onaf PR B it Ao Fhls A Ao B et oRa Il i Fonedaog
the inside of stifif aBRAGEA of@IGE mgatp;e@@ﬂ{eeaebﬂaema\cmtﬂaaﬁe oﬂﬁledeﬁﬁﬁlhbﬁsmv
through their redispersing action in i t he scrapers. or

n
wi pers. Thus leegsiedht imerpe Rbfayeriosies Fiz alroryrlaetsmﬂeﬁ gEeiggengl axis in
obt ai ned for ygaghbokinyis tuddxasBe! 1520 66, gﬁerm)ezm@rsbr al axis of the
reactor housing. At the sane tine, the rmation of flow boundary

| ayers on the interior side of the reactor housing . is prevented an

heat tAfnsf efuitherperesiogpation OARERO5itS sk Y SRFrEtigns, é@ﬁ#fﬁ%@ﬂak RelymELgs or
in the radi akpedie @6 ticAeridd e @HA YactR WENBIM wiRéh {hi€ens€ hAPBinse® Blbileh the
inradial mxing of a flow w thin the reactor housing which dom nates
gravity ef f eceastophrisingin ayimrceniroled wawsarp pyridet) asgprding todp invprsinn. Rygneass of
and includin 50 L&) BleVwiBaCiClilnes thd Ry rrroréﬁaeﬂt &rrﬁe fcer rlﬁagé fBbvement
This allows t action conditions in the axial direction of

reactor hous iOﬁgletserab@ biade dii theedcemigrepiiad idirpeligalldag tapihitgyel latxelgrlééket ragial
25 condktion BOoHS L NGdS50e of
Chat iR por Dire@ioRoARE S BREA0h U e & QP BEAEAE LR AONE a6 o
set. In the cdarsmtsaﬁamrgh dlisn tispingéictiph uuglrﬁd:rglw withethd sarareesr oradivennt Beye.
ari ses that hots the ¢ yrse @ ri i . . i

o The entry b ER9 iPmotdlelll 3 EONE S lond U DELLER B GANRIRNC RS
cat al yst, asabng e]SHJbetntre)lf atihef drel mﬁatcﬂrhomhng hAtothe sege gisnea theeohdtionfof flow

plug flow. 30Th act or hou rtrcul prefer I
Po'S 11 ansportuiat iRy i B2 P spf phBe ogbt Phishedl &Rl o P fREHES
r eact or0housisigifiandlyQmpioo&d atsraaxﬁamowftﬂnen@ovmzﬁdmfa&aloiﬁecMn Theerota@amb odment

housi ng, where _the throu f the tr nspo t device can be s
Coch away 't e aCERT R § Tl peal | BO% S PEiabS R bR g omitates
react or housigh@ity dffi@tstnt @pdidnady amrs@&gtrmkdﬂlwprm)w p & ahidiebidittompletely
counter to the flow direction. The p [’5‘6 ﬁ/ be est abl i shed %

& P axial

5 - the trané)ﬁ%ﬁnrxe&efme'@abrbm@beaw% the ferclion €alit PR B

the reactor RQEsiod%ratheNBactdIendlafERS e CoréBatL ahd axdivanily tdhpropLAE tréiction

housi n%é Due to the scraper which prevents formation of boundary

| ayers 2n t heondiiass imbe ssf end coptrelisd aloag Ehegpacks hiaysiig, so babdnpatieniar e fgpired

low flow vel qgiidc¥iat Sveff fiis@ib&itn & RCRL QY SndPbi8 of |e9¥\6hslﬁﬁen@ of @il flow, the

conparatively high residence tinmes of 5the streamin the tube reactor

can be achi evietheppdvanage arises thilt eptyppist inltee eplirse REPHYTRRAIZHEIN S0 Phyaidedat the

For the purp 1 BVRLCkAD 1k LRI LAy IR ko el

materi al s m%gﬁsel%%g?&?ﬁ%rcﬁﬁtge%?eac gc,a a/ﬁlraﬁ%e pr oé}ugts are o

mat eri al s | eashighgpetureasapaltroabie dlow. Exanpl es of starting rrat err al s

are the nononers or nononer m xtures used for preparing synthetic

rubbers,, the ice f

pol yrrer%l zat i OT#Q I%% §%§n§\ﬁg %E[lga %nﬁp %6Jf§?%k %&gg dlorﬁvtergmp%edeme o

starting nat eranaalosmgamrtbg mzmrratsdutoeue feattor liduging ea;hfarcfpr eI mﬁdttctse)ut

tube reactor \flthae rg‘ac o(r) ousmg, e%et: thg [rhrgﬁg%prﬂ OPlllértr%nslpE)% dev1ce Calfl {)e se? 0 such a way
that essentially plug flow is established within the reactor housing. The plug flow avoids

backmixing in a direction counter to the flow direction. The plug flow can be established by



The speed of -rotation and shape of the sgraper or w per are
preferably set so that, optionally 15 in an axial subregion of the
reactor housing, only a velocity conponent in the radial direction
and/or in the circunferential direction can be |rrparted toa flowin
the reactor Wetrsisngrt Byvicerfacking angier Pyshing dhe stregm tuangh fhe reasior houging along the
velocity CO”F&P@E}C deftedl R€is o@%eq'!eacg)'r E@Lﬂ%&dgoﬁu@-{b%é)gcréﬁgr %vhr%h prevents formation
ci rcunf erent Irection can Inparted to a flow in the reactor
housi ng by thfebmdapéayemronv@lpemerbirade off rhet ﬁéct@nhquﬁlégarﬂegiﬂmﬂraﬂh?lb@ﬁ flow
uhich the sCLapsy i hhdel %@%gpézgg nd A&l unFc%(n 51%33 PHEPSBenck Bfies of
scraper or W per Bl A al ssentlasl er Icu It
movenmenf in tlﬂaetrwm nurhf:emt&n‘ea@dr odi be athiiond ssothmktahe ple ppdikee! the plaw hﬁng
the scraper or_wi per does not inpart any additional velocity
conponent i n"&" "®6unter to the flow direction of the tube reactor.

The scraper or w per blade can be aligned essentially parallel to the
geonet ri ¢ cenRbrrthd puaxisss alfthd fresentdachioon, lstam'g mgtemﬁus atehiee rsaerals wineh enten ¢he

rotational speed of t scr.aper ce
Lo bl onat R eetn e HeatE g Mo PR i nE §oe e b e ERE ke
the flow dir ggieligl ateSh@moOhdhials orTlhd)Iﬁ)nfeEﬁliﬁtﬁrss isad &)r@adp@mﬂ@yaﬂhbte: rpbimeﬁrs It
of the reactlon condj tions |nth rf%r@ff rectlon

a

r emai ndY consFAMYSs ¥high imAY hegeqi PYRSTENRY aﬂgtﬂfsﬂ 60%81?%? F%%gnany

fl ow t hr ough,ddigvet eaet Qﬁmné/\hﬁfbnﬁlbe:aﬁ &3 GhieJdudSint @k QEastor thoesigt aft ME Sube
in this enbodi nent are |ikew se aligned essentially parallel to the

geonetric cefeFler ¥R SOBIOBIUH AT Vd et BrlitheLS RGN Wlﬁéo‘f“@é?lc‘f lgy 2 yegiqys axial
axi al vel oci BYtaﬁ&H@Q?@Q&&m. In a further enbodi nent, a velocity
conponent either in the radial direction and/or in the

circunferential direction, or in the axial direction, can be | eg,
to a flow i nThneperbaicoBHOhHIshiRg dYICsHEP OF HiRSF arg Prafirahly S%F%}ét 1oy
entire5egi og, tabramag@uﬁi\@gl&hof he é%@pﬂm&ag WIP Q! v @olb@ieal & thzhedm
scraper or w per blade may in that case bé inclined relative to the

6 - geonet ri direstine ped/axinsthe Firgurdereriie disectinp gan by impaedf & Rlowaigdhegrpactor

angl e rel at ' sﬁr% hee @?a%%h{&eu]féa{:r%fﬂﬁp% %él‘ysd \@focﬁ@(go?rlp%ﬂéganhé ﬁdﬁp@rectlon

preferably o 20t artic preférably 20 formed

When the reaender lhaly stcambarentiak dircidanagan s inparteite a @ﬁ’ﬁd@lﬁhﬁﬁﬁ%ctcﬁﬁl@“mg by
ei ther align y t &« SERE LE Il§1d
of the react gﬁrje %%%g{]é\ljg@f r ?l?%e@mﬁégkﬁg{:/ééggoﬁ ‘lﬂﬁ)(l:l ﬁ)gﬁlén SCV\%@ P} a 5
axi al 26l oci tyvdo Fpoiespdse, thescapot oxf\m@dr blide 1aa1(gnecﬂ essplédlhemmdm}hr to

at |east t Vo, tlgpr efer ?llan t%é%mr un}?erentla{ cﬂregt?o SO tf?B% %%&E ?lg of th@%?’%ﬁ)eﬁ 01£ ﬁiger

exchangers fo R ng enpérature o ed w
react or housidogs mr ﬁn}ﬂ[‘tl’aajn gdmltmnal teheitpxdnadonelit memtqoomtercrb thehow deectior of the

housi ng, wher t exchangers 0 separat ne anoth

o Such a" ey iy HerrEPR AT s BaISrHrS “RaRTsae g PRSI pE Rt
exchanger. Thkentta¢aH€bAthe ecof hédamgsAmaaanva firhd, Mhet xbanﬁmaqieeat oﬁtchusm;g:r or
can be jnfluenced and set from o i de h e rclecgctor {;SI n\% b}{ ¢
of the PespedtPyes Fis DR R ueﬁa&ep% st MR EE
of the react i;pagGRNEbW i dB&IoM ik Ri-ddddh ehi @agltOfin heuShlingble drafild bRk @eaction
tenperature can be selected jndjividually for each heat exchanger in

order, for ¥sndisienygndhe flgw shrasfiopeand %Hr@?fgﬁtre‘fwéﬁlﬁp‘é%nﬁfuﬁrrélawet i He fegeror

react or housimpgitAkiing cddihfnReRURbudEe REALr. Blheh ﬁﬁ@éa’c@f‘hé‘s@tahﬁs the stators
expected. At the edges of zones with different wall tenperatures, it

i s possi bl e vintlhs prlesilanash e likewigs alisnet apentislly parllgdde hegRoRairy penire axis of
particioar i npafled;38h&R, nradrAHRN A v&i9chiyortREPONENt s, such

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
housing by 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



that differently heated reaction zones cgn additionally be mxed. It
is also possible to 20 connect heat exchangers in series in order to
feed the entire streamor part of the streamfrom one heat exchanger

to the other heat exchanger. The other heat exchanger can, in .
particul ar, BERRSIEE QTS HETOLitA TEICIH GPuse ot e & RS FelpvE sipe peometric

medi um havi Ngerfreta@RRE Fdtdthsh oMY 6B, drsfedbll fo@ L@ 60PI RduREy SEFRMN 20 to 45°,
introduced into the first heat exchanger. Despite dynamcally

changi ng reaétfP@itdcondi ti ons along the flow path within the reactor
housing, 25 the tenperature can in this way be kept essentially

constant W t ki thiereh &GCHQ tahPU SieNGatord M hidBHKIRRihdnt BRSSthdY #ighedd essentially
achi eve an intended nol ecul ar wei ght distribution which has a

conpar abi vel yamkakts diateeenstriFemtre Rappf e reaqtor henspeep dikaripobavepn inclination,
synthetic r U%ﬁ:ﬁ%gm £04 l‘,éo(’ti%(,gblg@inde ts ?t?gera'rr&lﬂ%ﬁﬁdjt at from-100 to

-30C, each desired tenperatu e set I'n the abovenenti oned
range by nmeans of vaporizing ethylene or other liquids which are
30vapor i zabl & atprefprecdatravediveant. abdendt tverpeaterehly @b laast hrepumict ilenst tor tliga

sel ected pre aat | QUi di .
Fenper at ur es ‘e 5% Gad e ot Gribet Bl & OCPRLR Flnfll RAN bopoige v
const ant heatrragehange: enalt ieeccopbitte shder. hoysinki whbt ehe bedt antlsngare are

ethyl eng, et Rang,  ALPANS,, hSORULENE 8Lty FOIIEIGH ALY, Bl DES cooy

cool ant's. | ns?fa? urt ﬁer Oneerr%ngcillerrr%ln u?h flﬁveayt lil.labe react or can

nor e react i ohes pategentiihe kengemturtiofBac ireemseatisietha ratedhdygingran be influenced
i nternedi ate ate. but co ni cate.via openi ngs ere in this 5 case
Lt Tenst oneHbatt SRR eaRGEr e prBiee Pl B Meficer g e dfuanpERes
are provi ded DRpmdingantthoskpspaCprofik dffig: @xdtiah coliditat waRinahe th@or IRACHAIa
housing to set, a tenperature within each reaction space. |If the
reactor, espéwfagh S?T%B?{%tu‘feu‘ﬁi‘é %%?&%F,mﬁﬁglda%?@g‘-f%&a%fqﬂ& Grbapeey m grder, for
conpar asi vel ¥xdaid, evpRRidE lai doh®dht kedypRfanir® wadgli thd @aabl houkiag mReiefifn stdRnt
vaporizing liquid, for exanple ethylene, owing 10to the hydrostatic

pressure whi &if etEbreectioaado bhapesist even hi gher heat transfer
efficiency can be achieved for the heat exchanger. The reactor

housi ng can be et zalck wWifhldedret Svakl RN rdn@ed ROS FosSikielWidhréfBrebdto use
art which have and retain sufficient strqutr and corrosion
C@ Q

resi stance ufga&ers Bevipasvhirh R Regivaier gz ra r tangential velocity components, such

that differently heated reaction zones can additionally be mixed. It is also possible to
20 connect heat exchangers in series in order to feed the entire stream or part of the stream
from one heat exchanger to the other heat exchanger. The other heat exchanger can, in
particular, have a further inlet for introducing a heat transfer medium having a temperature
which is different from the stream introduced into the first heat exchanger. Despite
dynamically changing reaction conditions along the flow path within the reactor housing,
25 the temperature can in this way be kept essentially constant within the reactor housing. This
makes it possible to achieve an intended molecular weight distribution which has a
comparatively low scatter. 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
30 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 liquid coolant is using in a single phase i.e. without

evaporation. As a consequence a rise in temperature occurs between inlet and outlet. The



exanpl e comerci al steel. In the case of sl owtenperature
applications, e.g. at from-100 to 15-30C, austenitic steel, for
exanple, is suitable. The reactor housing is preferably nade of

stainless steel 1.4571 or simlar resistant steels whic
cust omary i nageaghefithis smbpdiggaitis ¢ constant h?iﬁémmhﬁwwarth%méanbfld% Hepplicable
react or hOUSl:&@an%&&hﬁé}{geéhdn@t&o&%‘H@E&tex‘!&' e&éﬂortcaﬁm@r%my 'a@ﬂaﬂf@%dl'éﬂts
preferably consists of stainless ‘steel with a reduced
proportion of Ti for better 20poI|sh|ng propertles of the interior
surface. Thelherthencatadigent. e &ibe rempioy Canas Vel o tmeFe Hadlion SrFFesoteh Figin
part of the peachorhonsd a@nl%@@dla@gtak&wt QmAuiPlE Ha oﬁibﬁ{ﬁ%i BBt fhis
is arranged between e ou and the reactor housing forma
spiral heat easehahg%mn@h@hﬁedhang&r,rm@%blé aivepst 1w deat exehengersadre proyidag per
to i npl enent i i
a spiral patﬁgaf Bh? agf&?ng%ﬁ&l dﬂg?%m£fﬁﬂa%§3%§£gé ﬁ%gniggwheam
wi th the streantosspdren t he reactor hou5|ng for a correspondingly |ong
time. This allows a particularly |arge heat fIOM/mhich can be
exchanged be en the stre in. the.r
Craneter modlie bRh SPBTHEME fabO5s FREThorlolEbng Bparb iy Fhw
spi ral heat ebkdliamndster chaditiedally Sorpead fdrdl@lvapdri)tlngdl‘qaudlibgemmgiefedwlene, owing

single hase hea ransfer media. which do not un hase .30
chasoe Bt o kbt ario Pt HFosS Dalrehieid hod RpaR g gy con
and/ or gi vi n@e adhievheft the heatthhagae of heat transfer nedia which
undergo a phase change, for exanple vaporization and/ or condensati on,
on taking up. nd/ or givin he d|v

ot ol ar - T8 Rps Bt bemage by thrgr T kBUPERCE s kT blihe i orish
the heat exchargad raujlesdfﬂclmetr@igma changa reshtantdrndsaiErehdtiza cotditns, for
i nner boundary of t he hea ﬁﬁb%n ger %F fornmed by the reactor hOUfIQ%
i tsel f Addit CHTRe FUReseials OREHE © O&V\FEIB@F%@F?IJPIWQU%T%%[?{ PR

the reastor hqusifgedndsttdGolGampRXshanger is avoided in this way.

The heat transfer nmediumcan, for 5 exanple, be conveyed in
countercurrent to the strean1MAth|n t he re%ctor hou5|n or. el

the flow di r d&f FGAOr Bowgng i BisTarbhhmadsott SR o wier! |97 & sulaF W&fﬁﬂ& igels
begi nni ng of L aROJYBREHZR1He @Remibal SrdustBst r eam A ratio of an
interior area A of the tubular reactor housing to a volunme V of the
tubul ar reactor housing is partlcularl ngeferabl y such tB

m/ B . AV 108° iR sidp peie Fagiey housine Whied cRmes IooRpyTgth ¢ %feﬁ?tE’BII%FF}‘%P
preferably 5 P4y cOMsVotdTBY BXBinleVLEt¥el PRf40l GHitnak |ryiubsdeh@paby of 81 W&/ Wedter
n2/ n8. Due to t he scraper which prevents the formation of boundary

| ayer s 28n t heolishngmrapertiss efghemterigesuriagtet or housing, it is possible to
provi de a conparatively slimtube reactor whose reactor housing has a
conpar at i vel yryb 84 8xdniieRf preferaBly8Rs RR&ARE Wil sLhSundRlo WAk oEMe Q@ Hhousing and
especi al |y when the shaft is |ikew se desu%ned to 15 be cool abl e and
is itself scriapaicgsr wsmﬁi dividiag gradly is arapged gropeeen Hbe evifh #irdtang dhe reactor
large interi %Bus%{get@ éinPd sptu}aphéayg&hﬁ{gelr Gale0TA ROMSIhictBis structurally simple to
correspondi ngly hi gh heat transfer power can be installed over ‘the
outer side ofimplhmertazekenit phesibdd fog 2 haet tranefesmpdivm jtorlow 4m aspisd paihalong the
honogengous K i.str [ r 8
achievgg nnrgégggﬁﬁkﬂkﬁﬁgﬁﬁ&;%gﬁggggﬁ%QWHﬂﬁeSé%% rg%%g%f&%&@rﬁﬁgngcna
wi t hstand gr e:anr@pondurtggr hedg fnesShis edlownia hoticulahy lange deat 2w ovhedl ewt be
an excessi Ve'e¥ %& bv@wee tthe s(%}'(egrgswsﬂ 11-1r me reﬁor%aum% 8}?{? ﬁl' lalegt t?a!n%t%r En%dium.
set and cont o e Teaction paraneters re ressure

range. In a ﬁmaieramﬁgﬁmhﬁdbﬁmmﬁhaﬁhﬁd&ﬁgﬁpaﬂl@rqmmphauha&magxlémmwlis

t wo, preferabl fr nnﬁ to 8, subs r [ -W per.s iLgh are
connect dt o PoNs R Rt Srei Rt HPeT-BEE et el BT e 85 n8 Baerso a phase
30 change, for example vaporization and/or condensation, on taking up and/or giving off heat.
In the case of heat transfer media which undergo a phase change, for example vaporization

and/or condensation, on taking up and/or giving off heat, the dividing wall is, in particular,



axial direction, for exanple via bearinggdevices which are adequately
known to a person 25 skilled in the art, for exanple via a nultipod,
e.g. a tripod, supported against the reactor housi ng. The scraper or

wiper can in this way be divided into a plurality of small &%rts
whi ch, ow ngomted e that very dightetulgeey cam our HhinHRS heat exchyg éel therpbipee
easily foll O\é‘ﬁath@ A %ngp Elﬁlﬁ:'thcemgér btonﬁlawlt'lluﬂ{ea{ c@(@lﬁﬁlgé’r 1@@Hﬁécﬂgrthé Ractor
particul ar, possible to follow deformations of the reactor

housi ng, in pamngcltﬁb]érAétbhmt trsstangu® heat flperbehtecriirasispponwitlg the reactor
effects, wit t V.

ntori or oi ddonpe S (RCAPSaqtsRE AGaTh ¥ SEPHE Bl Bedip bHE for
tripod ®hi chexanpld)be smppyr:rdtmdommwumsnt tbhlea strgbre witinm the d@ctof hadamg or else in
react or hou3| ng,at three possi bl e to . th
Feopecti ve ool RS B2, RhEu ARl Gabing Pt febhofi 0F rsgiind Fhaee
tripod can beolfmeezagbat.t.apsttegmor can rotate at | east partly together
with the scraper or wiper . Should the reactor housing bend - 9 -
because of heat .expansion effect i subscr.a

P per i o aufolts CEar Py Thadrratior B HE SO 2 s B TATRE of haahpler
the reactor houst Rgsing isslatt@hlatly petsrabbflsudhithat @1 héal’ eypansiat/ 61 frektbly

plug flow is nat ;s |f|cantgy di sr ptedb e SCk ) ,, The
scraper18 s&r“é%% s‘g)(qyr—wlﬁé?l ’orp%“"ﬁ cﬁﬁyﬁ‘égdr?%(ﬁpwpé{vt%@ HfPye,ve
with the trag&ﬁb@ﬁlﬂﬂe§r&fy foonte’ BRingaahi’ar’t Dud® fE Qughk wARBWrevoMts the
means of nechani cal or magnetic coupling. Wen shafts are used for

nmechani cal f &reatiqry %@Wé@r byers popdlie! o Bife P& g IPartas PR Byis passile to
of a doubl e- %H’vid@g c%lnbéi‘aﬂ?&l;félﬂﬁgmﬁé?elact@ir&rﬁ’dig%ictlaﬁﬁ%ﬁﬁ? b eceriiRbadivap three
t he reactor housing, where the sliding ring seal contains, in

parti cul ar anterir pice basei o thevolime nqlesed. sanceialinwhen thhebap o Niewise designst o
condi ti EQ%O%&LBIQ i ke SRpLd &a&p%@%y%@orérb@ﬂw& e ShRTRGely 1ee
space |ch can led wth the barrier [1quid bétween its two
sliding surf &desor afaes piathe iteular irepaior houshngc i corsespandingbyultigh hgat transfer power
preferably undeg, a&&%a&mphﬁ $adSrBS M Sor h%ﬁﬁn% AR CANE DR &anhaxy
of the sliding rin airi is avol eposition of star

materi al s andibmogepcaudttmm;sraone thwibgliendinripe smhaf diceson mhﬂmh@mddn@a@s@y
L\Ig.?(l;f, ]Ic gr t 2)%%. rrlpel semg ? 1tn!=, qpehtu{)e LE:eXcEréorl chﬁl wcth %’Inlabcr?eafeﬁ 1ntter%\:l’ %%19%,:1\?%&{ any need
into tBé i ntes badect o e)tchsmebanglomlhdnmmg Tanmbles avisdield alsSl@wit myi afntrol
t he pol yneri atl on reaction within the reactor housing as a result of
i ntrusion of WAFEHORNERATS Q4T A-TFAT YESETIR 4l on associated therewith
is avoided in this way. As barrier medium it is possible to use, for
exanpl e, a sah u@nﬁfenrddi edtbotliseal, s sms:@et drnwipérehap at Lemrtiwz,qirémnabhyefm R om 8,
The scraper o bl ade pr. a sur ace

Coet Frcront SrvHRREt o Bhek 8t Bl Soaitir i merppin e
scraper or Wapiar ditdcailf feonanpleSia beiing XMawigk evhidf aré hauattle-laowh & Aipargon
pol yrrer and/ o imlar terials, for exanple polyether ether ketone
( PEEK) 2 Scont ARHET MBS EMtofor PRla it PHEPEhicth? **590& SPRBTS FeBAE; ¢ E? agpr

fl uori ne- contdhdMaN Thid EriFBR 08 waer icin GO BLHay Be Rl fato Rr @8kt @ small parts
fl uori ne-containing polynmers are pol ytetrafl uoroethyl ene (PTFE)

pol yvi nyl i derffdigy agiede tepvipyatethanimihigh giey @t WWo@PWa@#Vefoﬁow the
copol ymer 25GEHEBrofilkhsr %nﬁlbﬁlﬁplréa%ﬁ)rlﬁbu&]ﬁ@ ﬁla?m&hﬁt it he §sﬁie0|f§ Ry
desi gned for the 'scraping or wi ping of the centre sh a result
of the reducdgormitions eh thretoppien heusles By pasegulasrcufjapess @ea@éh@m@l £Hpansion
Interiap si dgpdli WBohi MRCLLbel MR %Q&ml%grglaqﬁadqa%e 19 8R G 51dB9F the reactor
operation of the’scraper or w per can reduced. At the sane
time, parti cibesingy Fpmexamplec thees lods qfehaaftrmtbwwh|cghb@we@r§ed@rgam®ttbﬁ inggrior
of the scrap (o] f: t riar
the reactor %{gﬁscif tI\M It%gétbr ﬂc!&?m%%ﬁ héé) I?ougt!“. G {(é) Lﬁ%@SlﬁlQ?%g&éﬁr %ctgg (II)'%SCCEIIE
subscraper is arranged centrally between two tripods. The tripod can be made stationary or

can rotate at least partly together with the scraper or wiper . Should the reactor housing bend



- 10 - becomes detached fromthe scraper gbl ade. The scraped-off or

w ped-off gel can as a result be easily feturned to the stream and be
suspended in the stream The scraper or w per blade is preferably
inclined and/or curved relative to a radially directed |Iine running
through the Beswetdfikeabermerdgn abicss, tintsrrectYresubeqanserr o inl et asrabigally
has a 5 fastgning {Headed! s'h%tﬁgﬁlﬁa]g}eﬁuﬂén &lﬁvﬁ%r%B%l% 1@§gélﬁ‘lly|c¥wed due to
outward-directed force can applied to the scraper or w peéer ade

in particul aheat wmm&ﬁf?@f&mlu@q\‘eaépt sTgwélicanib disentecby thé soraper- scr aper

or wiper blades relative to the radial may, for exanple, be in the
range from

preferably 3 E@sctr%g{‘?r%cﬁgﬁe;?%?mg%{c?éﬁﬁé{f_ﬁé bggg\%@c"gﬁhg%e?@?% Fh%gll ag%llr%ysmn
be, f or5exanpffrcetyingeblad wwfbraghi abguifbymeens diytclencklor frmgratis cowpliagt i ¢
10 forces or centrifugal forces or a plurality of the abovenenti oned
forces. The wighinath 86 S ¥EddRatAN e LARmREHANRLC e HRELIPLAM by
in the region of contact wt He Thterior side Gf the reactor

housi ng prevents @oh yinniﬂ&zcemg ptididg aingf sealnarzngek betgear the chyft wnd st reagor
Cnnecessar ot gn bor HoeuPE R RaP et fGH A Bl megiym ggen s ner
t hereby. The ufidital Jojyneitanivn donllitieet Be Sﬂidﬁ}g eing Radb kasenalosélim annular chamber
sufficiently high_pressing: force of the sc r. W per bl ade

ont o tﬂ@ r eaéli’a(‘ig BsTRPs %l?agewglbé] t@glﬁrnl%fdd%e&w‘?e&} gc?"&pgﬁgllgfsugf?ce\% b
of f deposi t s pardidr [B@ﬁiﬂ] Gl R r 1sgpzirtic:tﬁa'rﬁynpiehﬁalﬂy‘ltuﬁﬂdrOfupSﬂaﬁlQnsﬁHerat heessure, can
react or housi ng. ii e sa ti_égi t he scr%ger qr #pg bl ade.can 1
have a radi aﬂqbycwﬁm danepl 1B pldRE g R TRSEVYY BPERROY YR sy erials
the scraper @hd/u ﬂ@ﬂuc’tsnoﬂ he sﬁlﬁ g QffaddlEVEBN 0EEE Talsh 1EdRE hEBE h@paration of
housi ng and/ or excessively solid deposits. The curved or 20 inc|ined
desi gn of thé&ymkstigpapbesy W pirusign a‘tfewﬁﬁatfwe%xanw}? %tﬁ}ofi?h@ﬂ? &oistyyp from the
avoi dange mob 8ROk BR el ARSI st tme R&EtoPhBEehy W 64 aRGEl SIANhY of the
partly in the radial direction and has a conponent of novenent

| ateral to tRelymstiatpn gietwatyidin the repetophyingata resplt abigiesiametoratgsndany
al ter native, chifSEhaR o OlssdtlaRR AbRAP:sCARABPICBRTLS! 8 barill Sedal A
knocki ng of the”scraper or w per ade against a solid encrustation,
whi ch can | eadssttde thluew Kirgpnafle, blvelvens whish is alp8isest inlierotymeripation régetion.
scraper or w per blade can, owing to the angl ed edge, be lifted over
the encrust at’.['hQF {ibp@ extlhgde ﬁ%ﬁtl&lﬂasoy Qﬂgla'cggﬁt:l@ﬁt%?fndtl'an which is
particul ar, scraper or”w per (fes are arranged t he
axi al @0r ect ilorer thmvethet vhetedc thaprsraper omiviper blafladensistsr Eorofxpriple, bﬂ/ﬂém‘me-

angle a int r '

part cul ar soghor REYOLGERER: sEGPERLRl, A qRE BB Suld Lo ey (o)
60 :S120 and cpaaihé tedear Ilg/cqateeftlarfa\bﬂhyprafe:aanSHhef iﬂ)i(fhset:omwaglg@wem or
of e S aper Bt RRlyhl 8 Lo o ool HEAS Yool RUBRSL e
housi ng whi ct@Pbﬁf}qu:mySrmfyhmne nfluceide a(PADIR) eaish afltyleod-tetrh@us@nigaer  ampolymer
W per d/or tf@ati on of the drive shaft of the scraper or w per.

bl ades el ng (é nged one behind the other, the sanme di stance apart

in the circunferential direction. In the case of two scraper or w per
bl ades, an argkeahdappli&lid thécast that fhe se@dsearotesidhed for siersapeing of wigipesf the
bl ades an angle 0O 120 5, in the case of four scraper or w per

bl ades an ang;f"@reo9 21900 5 and so forth, is obtained in the
circunferential direction. This 5l eads to additional centring of the

drive shaft ofsdbatserRpeducal fridfigdetween the scraper or wiper blade and the interior side of
the reactor housing, frictional losses during operation of the scraper or wiper can be

30 reduced. At the same time, particularly in the case of relatively high speeds of rotation of the

scraper or wiper, the heat of friction on the interior side of the reactor housing can be

reduced. In particular, the surface of the scraper or wiper blade can have such a nature that

gel scraped off does not preferentially remain on the scraper blade but instead quickly



In a further enbodi ment, the scrapers or, W pers are distributed in
axi al and tangential di rectl on such that the shaft is |ikew se
axially centred. This is also possible when only 1 scraper or w per
is arranged in circunferential direction. The next scraper in axial
direction mayepEcnfstahebiionhe srgentlpde Ter sosped-of opvtine A gohgineasty rerull
preferably nmpr e fiPaRo aghebia bORRIn e thdlr@xhal direction

| i kewi se with respect to previous two, and so forth. It is thus

possi ble to achieve centring of a shaft section between two

coupl i ngs. | Ahasckapet ¢ravipesbtrdel ismesierably h@hmﬂtﬁ@dfpé@qurrelﬁtsved@m rrdeallg dirgated
t he upstrea J alrher has

housi ng sur%g%]g&ﬁ &bqﬁmh‘% @%ﬁeg]ﬁﬁgcﬁ%gﬁra%ég’a %ast ohe CVt?]ip adt has 2
el enmentSarr aﬁgedmg/ihednﬁ chretth@ramaidy ngvauhmdtae'ﬁdialmwaré-ldir@twh fricn gan be applied
el ement s are adequat el v kno o tho t a

enconpass st act ﬁﬂxc%crap% T Vma(}e (fular b theb%stemn Hearc]i rl“B g‘lﬁg %attlon oﬁ_the
m Xi ng chanbedrajeant wipat alﬁdie},s rﬁatesfeebaltmlryd:bﬁarﬁa)alﬁorldmelblé dfe. 111'ﬂhﬁange from more

Crar 1 g mat PR AE oy 5E an oy T PA ORI Gh eRg et by B Braion Th

ent ering t he appHeQion@AGHed cadfbef foeeclaMpNby MBans S sing &Fordt, thym%ulwﬁbﬁ:hs theic
streak formatlon which is fy |caI Ipi 20 observed in the case

vi scoudOr eacfueRs HickRtgfugsl ‘%?fcer; St PEHHEY & Hierboremenfions evaeSoéfﬁamha%ddor

Streak formatiQa ddkRE e MHels¥rapl d3FFigeNbiade iHRIkaSHibRbf @nfadShittoRe erlop§iad of
hot spots, inhono eneous occurrence of the reaction or increased

secondary redtictH. hoppae areens pErRCrrd PrEH e §lochagse Fonghtinging; , gp

m xi ng el emeRtgcal tiePlcBher BRlY afifine Negdr N8y, aMeRQEariBPOhich abrqdt for the
average residence tinme in the mxing chanber 1n the range from1l to

120 s, 25 psetmr abl yiper ern 2voidsd gibersby. pHiet fadiallarquipvasd-airestedbfogeer pushies a
to 20 %geand sEnvichy m%lgﬁeg -o%%éaé DRGSR 22 gel%&cié%ltbeth@&'a&t&vﬁoqsmg to

under t react1onco Typi cal m'xing energies which are
necessary f obe tpylisd camddydg SOframe oéhoa mipeentt depotitadn pantigdarfaeb o, tyinterior side

120 31 1" wher b NS TSUNG N5 hd SHETR: LOuEDS: RS Mol BhAS: BShaialy

liter of star erln e rea I ca
power s whi ch ua\reed ﬂa‘ﬁreasranyorfdar nmtktpslalmrarrotaa'on bf)rtheescampi e, Wiper ulhehercaﬁgef

fromO0.001 to_ 100 kW 0.001 by he
eror e tort ndnssaihess on e RePaE sy, S BBVl GeloHL DAL or

vol unme 26f t hénchthed degign bAttbecraper or der blbde @aﬁb@ﬁ@pm@@lam@doﬂmb moabn of
| east one further heat exch er, for setti,n erature of a

o dod ¢S At oS8 RN R o AR bR aths! HBR GRS ek e
of the housi R@npdtkfitaftivegeidt NAedl 0ol tRgradiapdition folte pdeddnBMddibive dr as an
particul ar enpodi nrents of heat exchangers. ap W se. . 5The

housi ng surrgﬁﬁmtwa %thﬁe“"‘fﬁ’% wgwwﬁfa@ﬁ%er c?nsb?)F%F%fFfa%Kﬁh‘%B}ﬁ%‘éscF‘E’ﬁk‘f‘% of (e
react or housis@gpdd¥r Ripel bR BB abSliddnalutafiay Wih efBid g SlokBihg biBe scraper
reactign mxture. The invention further provides for the use of th

above- déscri BEYIRBECS B8 E4TBReT ONRIPEhPIRdcaeOWBR ] §t predsge-dEiicd ﬁé‘“d the

as descri bed ma@mfagarmstm%rma@mﬁ@aamﬁppgédf%ycet hetic rubbers by
pol ymeri zati on of polynerizabl e nononmers within the reactor housing.

In particular, at least two scraper or wiper blades are arranged in the axial direction, where
the scraper or wiper blades 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
30 60° <o <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



10For the purposes of the invention, synihetic rubbers are el astoners
whi ch do not occur naturally. Preferred knthetlc rubbers are butyl
rubber, pol ybutadi ene (BR) and pol ystyrene-butadi ene (SBR),

et hyl ene- propyl ene-di ene rubber (EPDM, polyacrylonitrile-butadi ene
rubber ( NBR) blafpdengenatssd Op@bo;la?rcs-‘r e othier, e samb gistede prartrip Blipegircumferential

(HNBR), Tl u8{ﬁ9 H;I%(I qgﬁw ca%e oa)tgel RT3 et %/]%; 2P {é\]/ﬁg'e% zgn[an)éle?g 1807 + 5°, in the case o

pol yet hyl ene- acetate ( ere abovenentl one

synt heti c rubb&s Srapaforhaiper blides aBXaP e, 126° 994, aif thivease off fofir @rap&O0ROvber
5 000 000 g/nol. Particularly preferred s nthetl ¢ rubbers are butyl

rubber and pblagesingasiede LBR)S a9 fophy i iob@ingd iythp iararesntipl B‘t‘]‘?tCVPn This

rubber havi ng.,g g0k iolﬂp&ﬁtrﬁlé of‘ﬁ@ﬁ%@’t@@ai@@ﬂh& Q:re;bep(ng Q0 g/ ol and
pol ybut adi ene (BR) having a nolar mass of from5000 to 20 | 000 000

g/nmol, with butyl rubber having a nolar nmass of from 300 000 to 1 000
000 g/ mol belng fihes spbedimentedhe Birppls oruwipet are distribeise iy wsial gqd tangential

I sobutene (2 Fﬁtgcttlgy E\Rﬁqqgﬁ QI?E? sh3f Qs 11&%9%%%(9%}%&%& hylid 15%'1&%0‘%1]51@ %)m oEﬁEJq

proportion of repeating units derive I'soprene in the b
rubber is, f esamxanpiper isimargheinrargoicfatnh (bI(@%OtnoTl@mexp&C@Pefrlabklyl direotpn

comol oo £y aBlegte £RHIEs BUNDEL! ARk BokiPorl W01 S SRS hEE B opaTnch tre

copol yneri z ne and | soprene eratures
-100C 16 - 30&gxt mneﬁreazahil @reﬁﬁmﬁkemﬁllﬂnlesp@&ﬁoalndnmﬁWD candap|fyrth. It is thus
preferably fro nce of a catalyst. As

sol vent s, tpPS§Ibbe gé‘? ‘TVS g mi%o aSP%ﬁ]%gPOé%pF $EI P9 SPBEY hane for the

"slurry process"”, hydrocarbons such as, in partlcular, open-chai n or
cyclic, br andnheﬁzrthm ummmmnbelmb toentcant@sis chexaokbs tbe upsepinadesstion to at least

3om xtures {her eof,, prelergbly, ab B SR S B RS AN R AR Bl
di met hyl al umnfititigriehdobirgiged ﬂ&ﬁlh}ﬂie&:‘nh’lﬁlglhdﬂﬁeﬂl chloride or m xtures

t her eof , dependi ng on the process conditions. The catal yst or
cataly

sol venﬁéssﬁg u’é{? 5 exa a%%:a% %gégﬁ“éwngﬁ%@?}g’g%(ﬂrgun ¥ Of re%émpass

al i phatic al @@h@bﬁm@%l@gmamﬁ mRvEbUS PEXisg eBmeits. Skieuhiking chmnﬂeh@amcularzy
t he sol vent

el or abl y. bEIFHEAH BB GBI | e ARCH % P Fheh PESEToR  Bkdempyrs gt
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

20 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,

25 preferably from 2 to 60 s, particularly preferably from 2 to 20 s, and a very high degree of

homogenization can be achieved under the reaction conditions.

Typical mixing energies which are necessary for this can be, for example, in the range from
0.001 to 120 J/1, whereby the mixing energy refers to the energy uptake per liter of starting

materials entering the reactor.

30 Typical mixing powers which are necessary for this can be, for example, in the range from
0.001 to 100 kW/1 or 0.001 to 1kW/l, whereby the mixing power refers to the power

consumption of the mixing element per liter of volume of the mixing chamber.



Owni ng to the structural configuration of the tube reactor, the
reaction conditions within the tube reactor al ong the Iength of the
tube reactor can readily be foreseen and can correspondi ngly be

i nfluenced and controlled readily. Especially at the beginning of the
| 0 polyneri mprefarrc@acltddbnﬁnmeha% ogofupberdiciteathanges fayeetimpuismpefiture of a
starting material a t_are £

of the st reaﬁ’lo‘iv roaré r?i“& pll}fry thF mn%m%vclpatm%gyl% afr?alrg %?LQ]%%%%QlabdlE&gg%/ %);P\tglg%gﬁs}/ng
unl ess i ndi cairedndibd) elievnsdng (dbetnﬁ:rem uhechbbgenwemd giartcalpr lelnhodiments of heat
vi sconetry at a terrper re of 23C in accordance with |SO 1628 or
based t her eoF*IAEPRBPIEEKE 1% e, a particularly large quantity of

heat of reaction is evolved owng to the | arge anobunt of 15 reactants
and has5t o b&h¢ eoieMg durvduadih$) ehemeigiaf oliantberhs pregeratBy te@ednaictk teavacad housing
pol ymeri zed roduct can be avai ded,. ossibl.e to keep the

D sost Uy paPt FEIPTGAs Ghie PR SEGBH ol (e FRRGH BRPIT cul ar |y, hi gh
heat renoval is necessary. OvMng to the low viscosity in this region,
heat | trans pﬁffhe iﬁiﬂer&oﬁ adinat prd‘i’lﬂ@&t)l} BOuean tﬁl?%b-1(5\&cf:ﬂe:fc'z.‘l(ﬁéfi1 b feiaﬁgbﬂ, avhicl can be
simply, with a heat tr er, co i.ci.ent of a few hundre

bei ng” abl e A ST AR S A RN e A S a&ﬁ?e‘ﬂcwﬁbérs by

nmakes it poSbiPherizatibh Giolyiekbable mérRmdBKAhEOhWMchdlothodEihyi NY
tenperature gradient of as little as 30K or, in another enbodinent,

as litthe aspglife fliokRGorC@e likvagkidaf sgidﬁeenstrﬁ%@m it claREmER GiIh 8F nbhecur
reactor housing in which the greatest evolution of heat takes place.

Towar ds the &##1REY- lsslerodesypiieiic rplbses as butylubhgr, §eb’élﬂtﬁ<‘x‘)ﬂ@r(3¥*h@1d§%0héamm-
i ncreases si gpbdibeANBRY, 211 Prop PR iche &%&u@m@ rf@%mmtﬂmmaam

heat transfer coefficiént is poorer than in the 25 i on_ of
inlet of the rmhhare(h?lﬂ?a)cﬂlmrogm@iwév@lwacrrlﬁr@trmw@emeabbef iRy ﬂuoro rubbers

ffi
coef fi ci ent ?IEJR)Z ‘52%1??1@%%9%&@@ 5431 %lyégf}/;&enfﬂlyy DESde2 RV ANor! £ACH ) Pfere the

occurs only so'that a significantly

r educed5quantabqum@ftIOhehsynﬂstuemﬁllbweGam ha\tehé)rﬁémymra walel nssaeidirow $0e0 to
have to be renpy QM ng to the smaller quantities of heat to be
renoved, the hig er VI sc05|ty and the poorer heat transfer

coefficient d’aﬁmuiarlmawécra:dssiygtﬂ'lbﬁd omhtrs ady buigkrisbéread priytubrdicoo dBRhgrery

of the 30stream |nvent| Wi cj | at
fl ow t he rne*dlpu%cul'g1 St sf’ffsragp %P e rgttéeét 8Vt elﬁ%]arl srﬁais?l ?%gyorngnédggm? fo
ten to thousarmo n@agmoDembl pcﬂymagltme (BRyC bsiiig as,moﬁdnema&rmf/aﬂrormf 5000 to

ar eas 20T he 1oRb 7 &PSE Rl oyt phE-Rakid ShoP P of e aSu a4 PE0R) Pl

the stators eeingiotdigefBédpers and w pers increases the - 14 - heat
transfer coefficient on the side of the product significantly such
that al so i nBuhil &uﬂi&bqsﬂiaﬁedpblyhiegfbf getdbaichd i(Bmedifiphpate) cad Bép‘reet (2viedtlyyl-
be renoved. The i nye n further_provides rocess. for t

conti nuous prieptagisn T ‘?pﬁ%ﬁ’ﬁt}ﬁ‘éf’@%p?ﬁlﬁg B‘?‘ﬁ%leg"wmgf’?rﬁmrlﬂﬁlbee?%ﬂ rubber

using a reacti9koreRirsile, ¢dihe PR OB I-0U 18 8v 2Pk OPed @53 abescr i bed
above. The invention further provi des for the use of the reactor for

prepar g polmer%f;@me@faa&ersaﬁlleyﬁlls[ném@@bmcas b UbkBynorizAtbn 1 iBBRER A8 Mopiefie

t he process, essentiall ow of the starting naterials and

product s at temperatures of from 00°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

30 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 dichloride,



al ong the geonetric central axis of the {gactor housi ng, optionally
in the vertical or horizontal direction, |s est abli shed for the

conti nuous preparation of polyners, preferably 10 synthetic rubbers,
in the reactor, especially a tube reactor. Any solids or gels

deposi ting ofinzthylahsnivorchiviide msthyllyndaigmetichinaids Prigixofres theseqfydsgending on
reactor duri ed.o t
novenent of F’I%ep rgcgﬁsggoélﬁﬂgﬁédzﬁ% Cglql agre(fsa? g;d%g fo BP s%%%%‘%gﬁ ‘1\?&6‘#“&11
t he gel fronmembets cﬁftpewtlcmolvsmtsiamhfas tMaEr rlﬁé;totldond”muis hwom@hl@sdaor ahphatic

deterioratio |nth at transfer. coeffi |ent of treamw th

t he reactor HIS eda?fgl %ﬁ% 4 B r%ugluﬁ%n V8P soivgnt[tso e AR '3 be
sane tifre, apMyﬁérazted),nﬁthuﬁedal\teﬁt [@efeApl beihg Biepolveleén ehioh aialpelymhﬁiatlommyes
act as baffles and hence enhance the redispersing action of the
rotating scrBp&rs or wipers. This |leads to constant boundary
conditions which are advant ageous for conti nuous oper ation of the

tube reactor.. At the same od ransf vveen the str.eam
and the T eacPo UG gorE ERCEPRUTLY [hoSERaRT 15 ORI BTAYD Hans oe
plug flow anebkfreafiqr Ophd e 1dnb@ 8L tHeOMbOT reack tdiereadiiit ®& Sforeaded Saridt can
possible to largely elimnpate gravjty effectﬁln th

e strea

exanpl e in t RETCREENGY TeouhuseehandsarEaliednsadiyolregahn E‘Frgeﬁ‘ﬁﬁlflg &f the
by thejgcrapghlyinbridaliéh feadlioal witth rehipantivdi@tirdd Sauhd ¥ Qéﬂﬂ@hﬁﬁ&ﬁal and only
gravity effects. This allows a foreseeable and adjustabl e reaction
profile over htth@rcpdelntgatrhprment e “tiggpetyrad dier sgream i RapEukarly v iomeetly & mPas.
whi ch Can. be Qéﬁégra?edmﬁ&% dd[fga eg%&%ﬁ\qse' @e a'mtu%'{i@ gﬁgnsr@%?l[ar}a&mcometry ata
pr edet er m ne 03|t i ons hi's makes pOSSi articul ar

to achieve ateate:sratled 0ﬁ©$°€cml€acord®pg mth\m@hﬁzﬁ eorasedt téil@llemew therpdupe time, a
scatter. The [ r i . d

ot her wi se, a%cﬁar dfhﬁlrgd\,\ﬁuagﬂg ofq*{ggt (Efﬁ%g%ﬁi%m&g{r(ﬁ%? né\ﬂg%(fﬁgt/}%glgge amount of
per neatlfon clmfaotﬁm’s agd hphty HeGRGHved| via ﬂarrb:iomculhansmg ISéncrivbadlovaat pmin@kﬁtzed

\C,iv: 3{ II:]I gﬁgl SR 8%} u(B faﬂg%ﬁvmcgeg ggs Pos%gfg t? tﬂ% ec}:osg%g% i(czﬁleprgrslow i1 region in
i ndi vi dual | y wihithrpagicoiasy high Rax tdnoublds nqnemrer@mmg td the tpwercobiy in this region,
establishing, different he xchanger te erat as,in t

i ect i on 1 obEREIRT CUBFIHAG RBRBET! I NAEFORe IR, 8 AEdstpe

the heat bal aﬁléifﬁ&entk&EIaCEﬂQﬁndrbmmaﬂ(ﬂelﬁ@ﬁbleI’ndi bahd:}ﬁmzﬁdﬂfﬁmﬁdlﬂahﬂlgwhth the
the polynerization, .In partlclar it oss;{@t kln i nto

accountlt he RFARS hés B¢ key hgopiot eyf?é%aﬂ%aiaf’&ﬁmﬁlée W‘g’n’ Vel PR e gradisat
quantities oforheatle RCHUK bF, RardtRNEnEdABndnt RS1iHOAC DOK, duitin® k6t@ing bOthS Sfream
in particular, a constant - 15 - tenperature of the stream As a

result of thdt diefFepeaf tsasictadonsting t Whish e greqies &volpiqnnef hepiyifkes place.
direction, t h%w&%ﬁhe%ﬂa%@%m% r@a\éfaL MR §B8HRE HeQHRME Bhclehsel BigniGasay afd
an exot hermc reaction or suppli in the case of an endothermc
reaction for canesach edivonuidie ﬁBaSaﬁfP Hiat Berhsatt tragpfen pocfiirent ifroores deangn the
In thejgase qf,; ﬁ@@ﬁkh @bé RAG IJ BweRr, MRORbleY Redd Gast@ boctiGBA LHQR |
is obt a?ned i r?&ﬂ@ ﬁrtﬁéance ewg EOSI ti vee eﬁeat Sof cr)eellctl or% i én
obt ai ned in thegitremtwiieh fammnwrnatndmere@asleomrsmlyetﬁ@tsmeﬂ aktentr ié aicali emthat a
The scrapi ng-¢ Y f

vol oot 1y v ot HgRirefio bl BERAL it Blodtn Beo iR oAb RS
ms..10 nis, rpn@kércabhgtoahssmsn@&mltpamf haattodiclrgmped fiey lapliey vitcasits midghe
ngio\éle[ Yega:/t I8CU an frelé %c},eg%éeln}/%cl; not lﬂ%xéera-ﬁmfacantcagﬁerlspué#ectl onctﬁ'e %Oﬁﬂmg of the
interi @0 si detredm.t he reactor housing, formation of a signi f| cantly
thick coating due to solids or gel formation on the interior side of

th t i ded. . At f t
LR 1 NEX T LR A T R

vel oci ti es ofcofith@ i$ Gl @p Sng®bf h PE tholidadd e Phy) Dehigtediighetnb@sieng, itlad removal of

depositions or the renewal of the barrier layer at the heat transfer areas at the interior side of

the reactor or at the middle axis or at the stators or at the scrapers and wipers increases the



15streamin the radial direction and inpffyes heat transfer between
the stream and the reactor housing. Wien an upstream m xi ng chanber

I s used, the average residence tine in the mxing chanber is, for
exanple, in the range from1l to 120 s, preferably from2 to 60 s,
parti cul ar | yhest éfaaferbeapiticiapmon the sigde of the oinduei sgnifipprttyr sugi thatxdlyegin this
chanmber is u . leX] e s, for exanple,
in the rangeElﬁ?%lrl#%‘?a%%ﬁ?%%%%ef%#ga%ﬁgg%l i%ggrg%\}vé\g'r typically ™

i ntroduced nay, based on the energy absorption of the m xer, for
exanpl e, be Thonw@n@d further] GEVIAW 2. process for thhecohtinpewt prgpariigon of polymers,

il lustrated helow,b ref er odi .t h,. ref
25acconpanyi Hrgekecﬁa\r%gmxﬁlgiseg 'Fﬁ%’%gf gﬁ%gé&gﬁmb\‘% ig]d.n b%: %ﬁg@ﬁgdn% [ %@glloﬁeéj as
vi ew of 5a t udescrigdctbore. The guveRtian Scthen@mbyidessioc thicousalof Vieewaabr foherepaibe

reactor of Fig. 1, Fig..3:a schematic detailed view of the tube
reactor of FP%V‘“?J,S’ pr@fgrf%ly-syrﬁ?eép 1"gJ:%ﬁrS'schematt ic detailed view of a

scraper for the tube reactor depicted in Fig. 1 and Fig. 5:a
schemati ¢ setd amdmeodmieavvialie oey, apeattially pidg flbw of thh etasmiE apetiab ndprgducts
4. Fig. 6:a SIChet tg Sitde Vit efN of t{]grréa@te; 1{[0%1'391? roe%cc);xga ' i\1,1Vi thg%léllttica?l or
central shaf @long the geometric™ central axis o 0 g, Op y
horizontal direction, is established for the continuous preparation of polymers, preferably
10 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-
off of the gel from the interior side of the reactor housing avoids a deterioration in the heat
transfer coefficient of the stream within the reactor housing and the reactor housing over
15 time. At the same time, any stators used to scrape or wipe the coolable shaft may act as
baffles and hence enhance the redispersing action of the rotating scrapers or wipers. This
leads to constant boundary conditions which are advantageous for continuous operation of
the tube reactor. At the same time, good heat transfer between the stream and the reactor
housing is ensured by the scraping or wiping. The plug flow and if appropriate the action of
20 the stators makes it possible to largely eliminate gravity effects in the stream, for example in
the case of loop flow, since the flow component imparted by the scraper in the radial
direction significantly cutweighs gravity effects. This allows a foreseeable and adjustable
reaction profile over the length of the tube reactor in the flow direction, which can be
monitored and influenced in a targeted manner at predetermined positions. This makes it
25 possible, in particular, to achieve a desired molecular weight with a comparatively small
scatter. The molecular weight reported is, unless indicated otherwise, the weight average
molar mass M, determined by gel permeation chromatography (GPC). In particular, the

molecular weight distribution can be set and modified in respect of its position, width and

shape by means of cooling of the tube reactor set individually in regions.

30 Particular preference is given to establishing different heat exchanger temperatures in the
flow direction to set a predefined molecular weight taking into account the heat balances,
residence times and concentrations prevailing in the polymerization. In particular, it is
possible, taking into account the kinetics of the polymerization reaction, to calculate the

quantities of heat occurring along the tube reactor in order to set, in particular, a constant



5Fig. 7:a schematic side view of a furthf% .tube reactor with upstream
m xi ng chanber Fig. 8:a schematic side view of a further tube reactor
W th upstream m xi ng chanber and a second reactor space Fig. 9:a
schemati c cross-sectional view of a tube reactor (as a scraper)

10Fig. 10:a smipeumlré of the oBeus ¢otd wRa Oﬁ/thevlifﬁfenahctaabvs:hamctempm(amsesan the
LN Y YR e i i LR IO e
si de and CI’OSE&CtﬁS(ﬁCGI‘I smpp!liedvineh\z efse af e zadoiicnalvanieivn it dackR r@cmt iortge axial
2 scrapers or 15The reactor, 10 depicted in Fig. .1 has a,.

Geontr ¢ TP Gk HBS GFh 1 TG Aa RSpSHaN CLiePy figalye hest of
direction of rQetai ik Mbtlﬁhed in. Be hEWObilZRB} Whileya pobitiee he@ef ftctibl iha8aied in the
tubul ar reactor housing 16 which is closed at the end faces by

f1 anged- on ehept Prlatcadn t BCaSSPB%quH‘&c%‘E@F?UQPS can be introduced into
t he tubul ar reactor housing 16 via at |least one inlet 20, with the

pol ynmeri zat i qfie E@&fHAd-GP oDHE YEI ik @&u&h%gprafefdbwf&u@@@tt 4 08lod2@.v af hi&: interior
product formed can 20 | eave the reactor an outlet 24. Plu

f1 ow whi ch h&ide &f garastqrtiipugae push thay Q%@Vﬁa?d’ 510 @5y BEfTDR RS o5 s,

essentially ?ﬂﬂéhaﬂﬂf)r@ﬁ%!}l vele &Pﬁﬁﬁéaﬂdmehh;ﬁarﬁduw’iy%éfﬁ%l 0n/2 Zvi 3 m/s.
est abl i shed low Within the reactor housing 16. The reactor

10 is #Rus opésehatlositing ¥ AUBRISH § sraner eawipyi Hefesar ﬂal mgtthaqgtstier side of the
pol ymeri zat g%ctom&siag%nﬁz&ﬁﬁ SRg L gﬁaﬁcﬁﬁly %maacdaangt &H% tHd)agef | bt R %ﬂngnon on

can be renov via a Tirst exchanger and a secon
exchanger 28 tlerintgrigresiead] tm:@mtorl heusipgeis axtpléttd dl"t ﬁ@c,stlmg ﬁmﬁdufﬂ?@nﬂY hlﬁl mass
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begi nni ng of reactor stream an at
of the react Catadhcnuﬁmgrcmﬁnfemntlel dlchuvlms twh@dmea(a gresad épmhgfatoufSIrmwnpeqf the

roact onhoust R, o6 A YT B 0w TR BRI EF LR IaRl o} e
heat exchangépusE.is - 17 -

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.

20 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/L

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

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

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

25 accompanying drawings.
The drawings show:
Fig. 1: a schematic side view of a tube reactor,
Fig. 2: a schematic sectional view of the tube reactor of Fig. 1,

Fig. 3; a schematic detailed view of the tube reactor of Fig. 2,



t herefore designed for a correspondi nglym}r:l gh-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. Oning to the plug flow which can be established in the
fl ow directibiz- 22 wi t hi schethgicrdsadedyiewolis baepen Br therebelyeastor demeied @rFig. 1
power, the axial extengjon, the 5 heat transfer nediumused and the
pressure and tenperature of the heat transfer nedi um can be nmatched
individually to the reaction conditions which change in the flow

di rection 22Figi §:hi n t heschewatichyadtional yign aflelserapablailnfpr fowerpa ahFiget set
for each section in the flow direction 22. This makes it possible, in
partl CU| ar, }“ éet an e?c%?ﬂgtlc%we)(ue%oﬁ‘%m{er Eu%gpﬁé&t\%lﬁmm éemrﬂ ng.

t ube reactor | eadi zation uct having a desired
nmol ecul ar 10vve| ght distri butlon As shown in F|g 2, the heat
exchangérs 2Big. 28 eacha lsehesatin splat eew wel 4 fighemiibe hretatyyevitie upsiieen mixang
reactor housing 16 bou(gﬁds the vol unme of the heat exchanger 26, 28. A
spiral dividing wall M the formof a coiled tube which bounds a
spiral heat exchanger channel 34 is arranged between the outer wall
30 and the r&acs:or housisngnk6e sieevica dieatfursr tubansdoter witld iupstreami wixing
under goes a phase chan ngurl atlon for exanpl e vapori zi ng

et hyl ene, is used, the S| Frcﬁnags?/vﬁfl YOI Bbe onitted. The reactor
10 al so has a scraper or wi per 36 which has a drive 38 driven by a
notor 40. A pigupal ity ofchswstperss-scctivhgdeewlll adds reb2tonfaea sonrect ed to
the drive 38; in the exanple shown, these are arranged in pairs

opposi one an her Res iLhble fo I rallty of
scr apeﬁsor \MFbe 20 bl %c\g‘emgffcmsﬁs g??allc‘:’ﬁ ar ?‘ﬁ)%eewsoﬁ{a%%g? r w per

bl ades 42, to be arranged regul arIy one after the other in the

ci rcunf er ent iFad. 1di r ect b Goheranic tshie eendamzﬂsee@iemlcsﬁ@d of paiepgoro¢hagberapéh 3
or wi per blades 42 which are i.n the axial direction are

of fset by 90 in the ci ?tétﬁﬁfa@?gﬁ{mp Scﬁl P&¢tion. The scraper or wi per

bl ades 42 contact an interior side 44 of the reactor housing 16 in
order to be &y &2: i n parsthautiarsidet mdsgoapectiohd] e olist mbitonshagbeyeitl 2
fromthe 25interior S|de4 25 shown i.n Fig. 3, the scraper or w per
bl ades 42 have a fast eAfiG aﬁg A" Y ests via a spring 48
against the drive 38. In this way, the scraper or w per blades 42 can
apply a8 axi dhe spactargl(f degieted dn tThig 1i hisen i @omstridecedial odxig 12e whizhct oaligned

h 16. The f d 4 h 50 hol d
Cocuraly of PREURHTHE S S S b rbi ) 103 she BT R’y Ehe:

Fig. 4, the secep@sustic M WiEth &Gcl&am ahae end fbubaiintgyd-of esdiblarcs 8petating
oder subvm pers 54 which c cul ar e co ected to on )
anot her, in pXiERSGPHPe ‘ﬂlﬁ"%ﬁ da tot ?ﬂ“h‘flércfe?cécg S aéqetafti 06883%80 with
(shown in pakte) polskh@izaidnl ©atiah Secue@iENa6d @ﬂoertaﬂa&e;i 2QhEheS§rb&ﬂ:®lfor316d tan
corrpensate for curvatures in the reactor _housing 16 caused,

exanpl @0 by t%fEf sl reekPaistiban aHit éhdinse e St bas jayve Wél"?‘é‘?rO‘Edli‘ﬁ radipl

of the scrapgfeQonWRE! iPladRiAs eqﬁallﬁ}a ma%hthh'e td1@hat Nh &hé Alows BEG G2 DS
t he reactor housing 16. As shown in , the scraper or_ w per
bl ade 42 can epeblished fondler ﬁﬁ‘ﬂ/"GFhﬂtEhevféﬁ’ thouging d gl fepetor 10 is thus operated
out war d- di r eclgd, fo I¥EScRtihlolEssiNAREdiCr aper or w per edge
58 whi ch can %unugﬁg’ng‘), &fl'n?rmgo Celaoonp ﬂt he |inter| or side 44 of the
reactor housing 16. The scraper or 5 w bl ade 42 has, in
particul ar, dhPTiRE ebatastore grivieg isdhap mGﬁZWIpéﬂn dieeiemnredg iawhilEs hest
cl anpedsi nt o gcﬂaggeﬁi% afifn {R6IR 1Rk &E&hgér%% L LA ih AN EELEG 1 fe
a secured holding pin to the faste é

first heat exchanger 26. Since a more mtenswe react1on 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



As shown in Fig. 6, a plurality of scraple,)trs or wi-pers 36 are joined
to the drive 38 in such a way that force transm ssion to the scrapers
or wipers 36 occurs without a central shaft. The 10 surface of a
central shaft represents an unscraped or unw ped surface having a | ow
ci rcunf er ent ihateforeldedgitey foreh abirasportdmetyhbigh deapemsivebowdrt In adiiteon or as an
absence of such surface has the vant age t hat ..an gverall. s r
anount of unglgeﬁaﬁﬁ?ﬂlﬁée %&ﬁlgﬁ er’fﬁha&%ﬁrggg?n 5] i‘lssoptf}s&%%nsc g%@ ax O%MO% than
stabili ze theesedoapass coohavdep?s. Dwing toahé glag yw whivhen bastdbéisiediimneed flowo

one or nore connectjing, elenments 37. The structural design depends
inter alia, ﬁeqlﬂ%aéé’%@étt%reaci%r housing 25 R RE AT O tg%aﬁlﬁeex{%nsmn’ the
ci rcunf gr ent hak tr¥@ked @lelimatsed A tRCHraRGE SndRGpEAMreadSiel Heath et hétivhe chn
in a manner known to those skilled in the art. As shown i

. L NC . » ninFig, 7,
the reactor PomHighehinividuplly ErirERepioPcupLPRehrh Fhapge fhihg fgwefé@aﬁlwgn
position, whigghinmnXi Q0 depanfahbld %o&lﬁ% FowtOUsih A seHFdr084KlisBdioh N8 the flow
m xi ng chanber and a m xing elenment 70 arranged within the m xing

chanber, whi diecipedd s makeit @OBHIE iAW IS0 SEOn PR CPfantTmy AT
by a motor 4l.Ihg. mr:g ke%gtmc mmﬁfnﬁltb KW RRriNASH B I heting\@bitsird bolecular

bounds the volune of a heat exchanger, w th heat transfer medium
bei ng a0l e t welght disitibwidnced i nto the heat exchanger via the inlet 66
and can be taken off again via the outlet 68 for the heat transfer

medi um  so E F]l.gtsh&ﬂ? inrﬂ.iag ' i?%eﬁ%@ﬁ&@fiﬁgé}é‘ ZRQZSS&WE% %11 lﬁutﬁpgglt?% @hich together

heated. In preparation of synthétic rubbers, cooling typically
t akes pl ace twthahe 2&ctoe ipesingt Ur dodnds tleevalemgef theolmat e@banger 2338, ATiperal
m Xxi ng chanber. .j.s b ed | | ow.dir i e, end. Rleat 8.k
ot “the tune. ligifl, POHEECH 1B ADE o YIS LA BouhdlCo S IR Gishihecr
i nto the intehdnoel 3dpaaeangéd bdreeanube owtaraedlbi0 adihomeuer housingphe Wlren a heat

o R e LSSl AR s PRSP Ep RSN, D el gt
figure tw, seprhrgticusedant diollirghehir @nwhioahittedr €hd raeadl atsades a scraper or
separated from one anotf her by. an,interned ate ate,1 but with mass
transfer in t“H]éerﬁ%WQlﬁé At i %ﬁ’egéi‘ﬁ “hedé 5185’5?%% %Vglgﬁeoxisﬁrﬁgerﬂf. wWipet
Both in the ended2airecdBesb ©hhé srivarizangte chetpiedowh hesiaxd agngddanipeirs

and the first reactor space_and in. the_ inter jate plate 19 there .
are inlets DOEPEREY op g Howgeen itds éism?asﬂ{’igﬂj&%ml ally, @b sgeeper or wiper

sol venbg, C ap:i’eld&’ssi2§ O artiBRARe AR ES scrdpell dr@iper TS 52, 20b@seank@C@ba s aénet dier
begi nning, viewed in the flow direction, of the respective reactor

space. The i recther ke siepostoreniin) dirgoian-dp (hgrragele fepafied RaifF of SEBRSE Of Fiper

reaction par amRteiBwhieh R daptdid @DEedxiaNdifecl&iSirt 8eisdBY 90TRURe citduiferential
addition of solvent, for exanple, can reduce the viscosity of the

h
5react i on mediteetiont Hée aaupei on warer fildend? camatints Ifriorovidsitier Sf e reactor
ot her mononens, &f, 1}&&&8’9&% hoRpRf inCAkaAS o Cs@x‘a%@bftf%ﬁcrﬁﬁeﬁioﬁbéﬂ Beld 80d e

and/ or structure of e polynmer.  As shown in the cross-sectional view
in Fig259, theeswsnpdf edges 58 of the scraper
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.

30 As shown in Fig. 4, the scraper or wiper 36 can have a plurality of subscrapers oder
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 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



el ements 60 which are joined via the fasggnlng heads 46 to the drive
38 scrape the interior side 44 of the reactor housing in the
circunferential direction. The introduction of starting 10 materials
occurs via an inlet 20. The outer wall 30 and the reactor housing 16
bound t he voiththeofitetifresidedAp! g chetngleusi2gg16.The spiral dividing wall
32, provided here in the formof a coiled tube, bounds a spiral heat

exchanger channaludfh bt 3, Wbl shpheatyblanae, BRALUMERD Aol s & i

the inlet 66 e cros sectlon Vi e I's substantl a
i denti cal torddiafjy o@twaeieaheﬁpted temhtThtS@ved @\Imc@hajgﬁd scsapelqam' vpp@fd:dgw f’eSnwhich can
W pers. The w p 58 of

he el.e
connected t on{nhg IE’T i v § PP t%'?’n mt?n tsgiﬁ|4ﬁg°r¥ﬁg%aﬁ aaﬁ%housmﬁ 16'?F1he THEF A&
of the feact etipehblads %hasnmqjaftmuﬂﬁf @PafCicadtedeuredtscmaper of wifer glemdid, 60t\!hﬁch
t ubul ar reactor sing .l connected on the inside of .the r
ousi ng 20 43 TGP E o eD T 9 SATORSdiFEl T 1t PRl b dcqured otding
accor di ng t opile tiheGastehpk@pdd4sl direction, wth scraper or w per
el ements 76, which scrape or wpe the drive 38, which is configured

here as a centre shaf operatjon. In addition, ‘has
o na £ o Nl Plirooh B o PRast PoRbotsr o igbrejsaht doye bRy =

36, whi ch ar gagathfode ttRtmiByonl@Ghd RrdpBE oVigelsTE RUBEPRitBouS ARWIral aft] The
Fi g. 12 anal ogously to Fig. 11, the reactor chanber is, however,

equi ppéB onl yurigeE Wft%e@fabtsbarf% repeeser{y 2P \RSEERCA pdr wnviped pysiape hagng a low

whi ch are eaghofffe@tal Pilod®Telative to the RrdpbSicldity [ Bl-QhENEECMNMBERE Bhrack Bas
gi ven bel ow. 3010Reactor 1ZCGeonmetric central axis 14Direction of

gravity 16, 4drustyreeeer @alciropvarduspalyr @meynt ¢fpindesigple sidraingfeclsher solids is
reactor housipgnkd4r, 48508 Bl AgRrSALILAE HLRAEANE @t be joifdd to one or

more connecting elements 37. The structural design depends, inter alia, on the selected
15 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.

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 configured as
20 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
25 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. 8, the tube reactor 10 can be divided into two or more, in the present
30 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



20l nl ets 22Fl ow direction 24CQutlets 26Fiﬁ§t heat exchanger 528Second
d

heat exchanger 30Quter wall 32Spiral div

1ng wall 34Spiral heat

exchanger channel 36Scraper or Wper 1037Connecting el enent 38Drive
40, 41Mot or 42Scraper or wi per bl ades 46Fasteni ng head 1548Spri ng
50Hol e 52Li dstarting materials such as solvents, catalysts or monomers. Further inlets 20 are located at

10

15

20

25

30

35

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. 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.

In Fig. 11, the tubular reactor 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



54Subscraper or Subw per 56Tripod 2058Sctaper or wi per edge 60Scraper
or wi per elenment 62Hol der 64Hol di ng pin ©6lnlet for heat transfer
medi um 2568CQutl et for heat transfer nedi um 70M xi ng el enent (here.

i mpel ler) 72M xi ng chanber 74Qpeni ngs 75Stator 3076Scraper or w per
el ement of a28tator -Rkts Clains 1. Reactor for the continuous
preparation 95 pol ymer 1’0wd1 art| cul ar synthetic rubbers, conprising
at | east one“essentially t°Ub reactor housing (16) haV| ng a drive
(38) which ig4connect eQutlas at Ieast one scraper or w per (36) which

is arranged 38 as to blgirstheat exchanger

5 28 Second heat exchanger
30 Outer wall
32 Spiral dividing wall
34 Spiral heat exchanger channel
36 Scraper ar Wiper
10 37 Connecting element
38 Drive
40, 41 Motor
42 Scraper or wiper blades
46 Fastening head
15 43 Spring
50 Hole
52 Lid
54 Subscraper or Subwiper
56 Tripod
20 58 Scraper or wiper edge
60 Scraper or wiper element
62 Holder
64 Holding pin
66 Inlet for heat transfer medium
25 68 Qutlet for heat transfer medium
70 Mixing element (here: impeller)
72 Mixing chamber
74 Openings
75 Stator

30 76 Scraper or wiper element of a stator



5 rotatable within the reactor housing (16), where the scraper or

w per (36) has at |east one scraper or ‘vgllp'er bl ade (42) to run al ong
an interior side (44) of the reactor housing (16). 2. Reactor
according to Claim1l, characterized in that the geonetric central
axis (12) isCqdmentially horizontal or essentially vertical.

103. Reactor according to Claim1l or 2, characterized in that it

compri ses 2 §oC 1 g3l WNL0G, ERSSIAAELALANG LR SPQIRRL fubbers,

central axis. accord |ng

characteri zed | n tdmainsmg af lendt et essaniplly Bléslaateadt@atsmmmm@@sheafalwa {rrs)(38)
5. Reactor accordi aracterized i he A Qr s
are configured sugﬁgliéqtcﬂgﬁec (ﬂ/dtflueé’%} 0% SGTESt %r%lgerrt?@m%f% 3 %réaﬁlge 40 @S tobe
shaft of O or nor etdtdbddwidhih theledams ehsing (Id’)ﬁ\vlﬁe@&jﬂhabcrq:leadjfe)tripér (Bﬁ) hhde least
reactor housing. 6. Reactor accg gl to an ai g & £ th
characterized in PHatraPEr eloWpey Blade K28 iy Iorégh%{’f ‘Lmernﬁﬁﬂ ﬁ% ) of the reactor
essentially al onghdRpggennetric central axis through which tenpering
media can flow. 207.Reactor according to any of Clainms 1 to 6,
characterized in that the scrapers or WI ure s

f .
that that théy hat€cirasserdingte 3 ¢ikec eﬁ‘?‘%ir §‘§P @grég‘m%%?ﬂéeg?altaﬁé%ﬁ? 18

reactor housing (d&dnu@fly BorRbntAMyr8sskitaly Oertienl1 based on the radi al
di aneter of the reactor housing. 8. Reactor according to any of

Clains 1 to 7 characterized in_that the reactor, housin 5
connectBd to3a trBrsHERECOHERS L pigy] ?rr%ﬁgﬁ%‘i“trizﬁ‘bmst{ladtr‘tt?O%E“Fétaéﬁ%?§haﬂ

into the reactor %Hﬁ%@&el(tﬂaﬁ}al%ﬂéj{hgﬁedcn%rlédeﬁtﬁa‘lﬁﬁgt| ng products out of
the reactor housing (16 9. Reactor according to any of Clains 1 to

8, characterized in that at. | east two. heat exchangers $26 28) for
setting the fenpeR&dHacErding oagnehy Birtsded Infitackrizsiein }E‘é&ftfb‘?heﬁﬁ)‘ﬁ’é‘?rﬁ@s
(16) are arrangedaﬂigasgg}{%s%r?ﬁ direction of the reactor housing (16),
where 30t he heat exchangers 2% 28) are separated from one anot her

in such a vvay that a
Reactor according to Claim 4, characterized in that the stators are configured such

15 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 essentially along the geometric central axis through which

tempering media can flow .

20 7. Reactor according to any of Claims 1 to 6, characterized in that the scrapers or
wipers (36) are configure such that that they have a distance from the interior side
(44) of the reactor housing (16} of 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
25 (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 1 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

30 the heat exchangers (26, 28) are separated from one another in such a way that a



- 22 - different tenperature can be set r each heat exchanger= (26,
28). 10. Reactor according to Claim?9, ctaracterized 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 differeptttmperstatelcag BOSet fnepch heat exchenssy (28 3Usi ng (16) to
forma spiral heat exchanger channel (34). 11. Reactor according to

any of C ai 1t . L i td j
At the tubtfar Fekly sReRERELTAERE kil ba o MBH( Pl o Rllng\C, B 7R
react or housi ng (46yuterswalh) suratinding parPpiBe reattor haddg i) reBd inl particular a

Reactor according t Oggﬁf}/dhl}cgsw% aflggss %‘Hz%nﬁ%dl %‘ét ge@xatﬁlg %EL‘{%F {;v% gﬁda\%n%reﬁ?eéregggr

scraper or 10w pe?plr(El subscrapers or
(54) whfch are cohngnik€rk)tofoane spirsdhdreexchmganchamte] G¢d). at ed nanner in
the axial direction. 13. Reactor according to any of Clains 1 to 12,

characterized,in that the scraper w per (.3 can be driven vi.a a
e (38) anlt  nBodr o8 BREY oEGRIPED HedhuSBR-Sadiah Bhqbt B fner
i|5ihdi ng ri ?96)seal arf Aasiyde tilﬂﬁtldat\ﬁmtoﬁ- heudiid V€) (B8)voame \ bé tlieembtlar reactor
ousi ng (16), ere the slidin i ng,se contajns, in particular,
a barrier nedi um WHER (r6§ = Sr‘iél??’atgln{j’é‘pg'i Ff’@?{go?@ﬁr&)i“gati on (F:)ondi tions.
14. Reactor according to any of Clains 1 to 13, characterized in that
the scraper ap. W pedctd| @cRditgd2) ahast alsms f ac el hariaogriadciaahdtithé edripedbr
frictign which is | ower than that of steel. 2015, Re or..accordi ngéo
any of 18 ainms 1 t&Pes (56 hay ddewst Mo irPPRaReraqr ¢ ‘@‘pgréigféé’\‘hl argcpiected to

bl ade (42) is inchidgdinendafbrieblheethafiRl atthysidl@irectibadi al |y directed
l'ine running through the geonetric central axis (12), where the

scraper or w per blade (42). has a f ening head (46) directed
radial |y ' e aRgaciOr a5 ERTEing o Qi ﬁg% -Ha%‘rgfttl?eocqlf“aﬁ& ,egi”ﬁ theh G FEAPST or
spring force, canyfg; @Ri?'cér?l% drfreh DR oSERAPS) aft (AR (3B) Bd@idddd)meahdof a
25particular to the fasteni nq? head (46). 16. Reactor according to an

1

enin ] y
of Claims 1 to 15doWteaichiae slidipeding feqlrenged hebueep thoudrive (A epd the reattor

15 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 I 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.

20 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 radially outward-directed force, in
particular spring force, can be applied to the scraper or wiper blade (42), in

25 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 « in the circumferential direction and the angle o
is in particular such that 30° <o <150°, preferably 45° <o <135°, more preferably

30 60° <g, <120° and particularly preferably o = 90°+2°.

17. Reactor according to any of Claims 1 to 16, characterized in that the reactor is



or wi per blades (42) are arranged in the, axial direction, where the
scraper or w per blades (42) are offset” "y an angle a in the
circunferential direction and the angle a is in particular such that
30. 150, preferably 45.135, nore preferably 3060.120 and particularly
preferably a = 90&mnestedd8 the wpetrmamctimdtianrio dtHeasugrstmisiaechintbec {72 bhiclhasta

! .ea_St one m xi ng hu%{lTlEFrGrrg n%}n V\{‘l:'le 1x1n€ ch?m&?"@:?ﬁ%g (fagtr Bx%uﬁghr%gelglgﬁqt (70)

m xi ng chanber an et e mxin arrange

the m xi ng chanbearran%&lwiﬂemdie(nﬁmagclmrrfrbemg to Claim17, char acteri zed
in that the m xing el enment (70) is an 5inpel ler. 19. Reactor

accordi ng to f h

scrapers or pergea(cgé)accé)ﬁ%lf%ﬁ ?lﬂlgi pfﬁl grzed prtgastetﬂ xtlrgtelemen ?Q} Is an
are confi gured toinyetiorot e r edi spersi on of unscraped or unw ped
material. 20. Use of a reactor according to any of Claims 1 to 19 for

pol ymeri zati of _10pol yner.i z bI e oner accor di n

& ) m 20, chadact BFFURGHREEA L SDHE arprbPs S W RERLE o (i adpmers o
22. Pr ocess for tRepeaOo(st) BuiibtSthpopREkRY pRBerfstaped YIsRnee ynfigured to promote
pol ymeri zation of polynerizable ononmer s, characterized in that, the
pol ymeri zati on |sfe€é§P‘°rrF’8’El° CT{Rg rWB"éiE"tddFat%f ording to any of O ains
lto 19. 1523. Process according to Caim?22, characterized in that in

a reactor aceoQrdi 0ge tp AMhacRf Atadii @ 49 dOIClasSENS 13l Fy Pliyigeribhtine of

in the axial direction is inparted to the starting naterials and the
pr oduct'® or polymerizable monomers.

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.

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

Claims 1 to 19

L essentially plug flow in the axial direction is imparted to the starting

materials and the products or

. essentially circulation flow of the reactants and of the products is imparted

20 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 mechanicasl

removal is effected by wiping or scraping.

25 25. Process according to any of Claims 22 to 24, 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

concentrations oceurring during the polymerization.



essentially circulation flow of the reaciants and of the products is -
inparted 20to the starting materials an 4the products and any solids
or gels deposited are nechanically renoved froman interior side (44)
of a reactor housing (16) of the tube reactor (10) during the

pol ymeri zat i 2h. ZElmFérss)@asasdi@GDanﬁ n@ Cﬂ@maZaithZZZWbmi@l ¢ seagipg-off of any
characterized in that hani ¢ .S f£ffiect r
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solids or gels is_carrijed ou t at a velocity v at the interior side
(44) of the reactg?mﬁ@lggf‘h]& (}ﬁﬁ) such that 0.05 m's . v _ 10 m's. 27.
Process according to any of Clainms 22 to 26, characterized in that
the starting Smaterials are m xed by neans of a m xing el ement (70)
with a mxing energy of from0.001 to 120J/1. 28. Process according
to any of Cajnms 22 to 26, characte t the starti .
material s aréSn xBYCHy afEsdies & 3%9’ %@Sgp é(hgﬁ’t chasaghen %t]ﬁ tﬁgtrﬁhﬁis%tmg
power of from 100,@@Q#&alt Qre%QQed%theathf% ik % BRmeRanierithAdniki @b ®er of from

enteri n8 the tube reacto
1 0.001 to 100 kW/1 in a mixing chamber 72 before entering the tube reactor.



