- 1 - STIRRED TANK REACTOR AND METHOD FOR CARRYI NG QUT A POLYMERI SATI ON
REACTI ON USI NG SAI D TYPE OF STI RRED- TANK REACTOR FI ELD OF THE | NVENTI ON The
invention relates to a continuously operated stirred-tank reactor, in
particular for the preparation of polyners from unsaturated nononers,
conprising a preferably thernostatable;reactor jacket, at |east one driven
stirrer shaft and stirring and/ or shearing el enents nonrotatably connected
to the stirrer shaft, conprising at |east one starting material feed which
is preferably at the top in the position of use and at | east one product

di scharge whi cSTIRREDEf AR NBACYOR AND METHOD FOREARRYINGOUTfA use. The

i nvention fUupphyMERISATION REACTIONAUISHES SATD TYSE OF SEIRRED-FANK
pol ymerisation reaction from unsat ygpd €fogononers using a stirred-tank

reactor of the type described above. PRIOR ART A stirred-tank reactor of

t he abovenentioned type for carrying out polynerisation reactions in highly
vi scous reaction nedia and at high reaction rates is disclosed, for

exanpl e, i FIEDD QBAHEENYENTION stirred-tank reactor described there has a

t her nost at abl e reactor jacket and a rotor arranged centrosymetrically in
the reactor. The rotor conprises a rotor shaft, a yoke having passages and

a stirrer ™ ihasitionwhiael th 3 dRBRUGSIytdperdted siiet-tpktresitanth sattiensts i n the
axial direction of the rotor shaft fromthe bottomof the reactor to the

react or co@ekne ArRRArgHeR PLPOIYPES drage t IR AEHMEROTPTSy CUURISHER and t he

reactor jagkekapgthdriBstaibld r%éct%Pj%%ﬁetbStt eB& Tk RiveR k&' shaitldngder and the
inserted tube are provided with helical stirrers. The stirrer cylinder has

a yoke hawthigngardfagehearimg elemeptsprertaiabht eoraeeed e Hirgdirasshaibéen t he
passages O&ngﬂ?gmg%t?é’gswﬁ% ¥t9}‘cﬁ1 %‘t%né” I RLA, g%ﬂqs Er%'?é)rgﬁy g\?/ g%dé @g u?&het he

reacti on nmas val are sal
parti cul arpasiticarcjesernd et leaﬁmmaxsagmsllsomarghwhjahhepm‘ferahle asthe battoneyl i nder
or the m X' r%ﬁe Scl)sei\tlon ofs use. The2|nvent|on furthermore relates to a process for carrying

out a polymerisation reaction from unsaturated monomers using a stirred-tank

reactor of the type described above.
PRIOR ART

A stirred-tank reactor of the abovementioned type for carrying out polymerisation
reactions in highly viscous reaction media and at high reaction rates is disclosed,
for example, in DD 294 426 A5. The stirred-tank reactor described there has a
thermostatable reactor jacket and a rotor arranged centrosymmetrically in the
reactor. The rotor comprises a rotor shaft, a yoke having passages and a stirrer
éYIinder which is open at the top and bottom and extends in the axial direction of
the rotor shaft from the bottom of the reactor to the reactor cover. The annular
space between the stirrer cylinder and the reactor jacket and the annular space
between the stirrer cylinder and the inserted tube are provided with helical stirrers.
The stirrer cylinder has a yoke having passages. The mixing elements are arranged
between the passages on and below the yoke. The mixing and homogenisation of
the reaction mass and the heat removal are said to be improved by the particular
arrangement of the passages on the yoke of the stirrer cylinder or the mixing

elements.



In particular, transport of the product streamis achieved by the formation
of the mxing elenents as helical stirrers. The stirred-tank reactor
according to DD 294 426 A5 is designed so that the reactor can be operated
only when conpletely full. The m xing el enents nust be arranged so that
deposits on the reactor cover are avoieded. Mreover, the mxing el enents
must be designed so that effective conveying of the product stream can be
achieved. In particular, partial filling in the case of continuously
operated reactqors has the di sadvant age that pol r deposits occur in
The gac-t1 M Eateutasp Bengedn o e ot Srear s achieeBh v pRrdan STle o

cont i nuOUShKkiPaERERYE Rt ESrerd]l SCharge punps are typically required

whi ch, particularly at high outputs of several 1000 kg/h of viscous |iquid,
are very expensive due to their size. During start-up and run-down of the
reactor, g GRAGLGHK FORIGH ARS8 485 RE e RE 96 thaichdradcteer Y
different viscosity conpared wth stationary operatlon. The di scharge punp
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stirred-t anlst magdsined Ise that-dffzatve comgeyipp af theyseducakeearqan bed. These in
turn are relatively susceptible to faults owing to the formati on of pol yner
deposits. PMYRE- DE 3 338 736 Al describes a pol ynerisation process in
which completely filled stirred-tank reactors are used. It is true that
caki ng on the upper reactor walls and poor m xing in of the nononer

condensat elnf pastiguhay, pardirl fllirg irtbo satecef GORERENSY qRSTREedFeactort BaSthY i s not

ef fected dj; halivef I ons of
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reactor. viscdus lifuit} drervienr expehbice dueé to teirlsize. Dorisd stprthgeandygnsiownhat t he

shaft has to be nmade strog}ger and the stirr redz% senait,ive to i nbal ances
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pol ymer i sagifferent ¢i8€dsy c¥ipaidVagh satibriakpbpdriticH. Theldrichargehbufipadahi ng
materials. However, none of the feeds is used for flushing the region of
the axial Yei&apidwbecaoe piegked; iepartisdenirew yissodiese pvivedo mdgckrfcur . The
patent RU 2114880 C describes a continuous nass pol ymerisation process in
whi ch conpletely filled stirred-tank reactors are used. However, here too,
metering in is not effected in the vicinity of the axial face seal and no
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the formation of polymer deposits.

Patent DE 3 338 736 A1 describes a polymerisation process in which completely
filled stirred-tank reactors are used. It is true that caking on the upper reactor walls
and poor mixing in of the monomer condensate flowing back are prevented thereby.
However, metering is not effected directly below the axial face seal so that
accumulations of polymer may occur there and may finally lead to failure of the
stirrer. Since operation is effected with only slight superatmospheric pressure,
expensive and high-maintenance gear pumps, which exhibit considerable wear at

low viscosities and may fail, are moreover used at the bottom of the reactor.



OBJECT It is therefore the object of the invention to provide a sinply
designed stirred-tank reactor of the type nentioned at the outset, which
can be operated continuously and when conpletely full by sinple nmeans. In
particular, the reactor should be designed so sinply that it is possible to
di spense with expensive syrup punps fog highly viscous liquids and with

| evel regulation. Furthernore, the starting materials fed in should be

m xed i nt oFgdtigeriioBs, QNS stil@tidseid Jtdxberibgisd thitethe RSt Ass @k heg@geneousl y
di stributed as rapidly as Fi)OSSI bl e. Achi evenent The ob}aect i s achi eved,
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reactor, in particular for the preparation of polyners from unsaturated
nononers, conprising a reactor jacket which in particular is
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in the position of use, the stirred-tank reactor according to the invention
bei ng distinguished in particular in that the product discharge is in the
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the reacti pn space i rovi ded directly.i,n the regi on of stirrer shaft
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material feed can be provided directly bel ow an upper shaft packi ng.
OBJECT

It is therefore the object of the invention to provide a simply designed stirred-tank
reactor of the type mentioned at the outset, which can be operated continuously
and when completely full by simple means. In particular, the reactor should be
designed so simply that it is possible to dispense with expensive syrup pumps for

highly viscous liquids and with level regulation.

Furthermore, the starting materials fed in should be mixed into the viscous reaction

mixture in the reactor and homogeneously distributed as rapidly as possible.
Achievement

The object is achieved, according to the invention, by a continuously operated
stirred-tank reactor, in particular for the preparation of polymers from unsaturated
monomers, comprising a reactor jacket which in particular is thermostatable, at
least one driven stirrer shaft and stirring and/or shearing elements nonrotatably

connected to the stirrer shaft, comprising at least one starting material feed which



In the case of hydrodynami cally filled reactors, this makes it inpossible
for reaction product to enter the shaft seal. The | ower part of the upper
shaft seal is continuously cleared by flushing with the starting materi al
stream Hydrodynamically filled reactors is understood as neaning reactors
which are conpletely filled with liquig. without a gas phase. In a
preferred variant, it is envisioned that the stirrer shaft forns a part of
t he bot t omisattthetopaih the positiuh efhiseland @t dast dre rotitaimischargbevhiohsis 8t on of use.

For exanpl the stirrer shaft may be forned, at |east at [ts end which

passes thr gi?gﬁ"f’?f%'”o@?t%ﬁﬁ%?# V??W?(heag'r ?deFB!‘If E‘?ﬁc%éi‘ﬁoré\'ﬂg i‘ﬁh@ormuni cates

with the reRehiicbampgiStinguished in paHicdi&rein shat'the braduef dischareds fritheher

enbodi ment, the steg1 beari ng of the stirrer shaft naﬁeaal so be arranged by
a

means of af@5@aefiaepniiabeatton odtfiew thequgh wdignihe sBgoeshaieatdenst Baithsut f | ow. The
advant ages ﬁgseg_he addi tional step bearing, as described below, are

ret ai ned. ? e step bearing which is expediently in the formof a sliding
beari ng may be cool ed and | ubricated by the reaction m xture.

In this way, the stirred-tank reactor according to the invention can be completely
filled and can be operated under superatmospheric pressure. The pressure in the
reactor is applied by the conveying members of the starting materials which, owing
to their conveying properties, ensure that product from the reactor flows into the
discharge pipe. Discharge pumps for the product mixture can therefore be

dispensed with.

In an expedient variant of the stirred-tank reactor according to the invention, it is
envisioned that at least one starting material feed into the reaction space is
provided directly in the region of a stirrer shaft entry which is at the top in the
position of use. For example, a starting material feed can be provided directly

below an upper shaft packing.

In the case of hydrodynamically filled reactors, this makes it impossible for reaction
product to enter the shaft seal. The lower part of the upper shaft seal is '
continuously cleared by flushing with the starting material stream.
Hydrodynamically filled reactors is understood as meaning reactors which are

completely filled with liquid, without a gas phase.

In a preferred variant, it is envisioned that the stirrer shaft forms a part of the

bottom outlet at its end which is at the bottom in the position of use.
For example, the stirrer shaft may be formed, at least at its end which passes
through the bottom outflow, as a hollow shaft which communicates with the

reaction space.

It is particularly advantageous if the bottom outflow is in the form of a step bearing



It is possible for an expedi ent devel opnent of the stirred-tank reactor
according to the invention to ensure that the bearing gap of the step
bearing is dinmensioned so that the reaction m xture can flow through it. It
is particularly advantageous if that end of the stirrer shaft which passes
through the bottomoutflow has a contogr in the formof at least partly
flattened bearing journals. Thus, the reaction mxture inevitably flows
t hrough t h@yrtied edrrts@pftbeari ng i ncl udi ng bearing gap. Because the stirrer
shaft additionally has a step bearing, it is possible to dinmension the
di aneter of the shaft smaller than would be required in the case of stirrer
shafts whi ?ha RAirthelRHBLEEPR! the Isfepth ﬁﬁ%bf‘&e%h%hslﬁa?t by BI6 bE%?ra!ngecﬁ he

b s thus for din

position of use. The step bearing i avoi g inadm ssibly |arge
def | ect i onby ofeanhef &hedring Heok adeznephie Wil abavatheriodiomaewflowt r oduced into
the shaft owing to polynerisation deposits in the reactor. In an

advant ageous variant of the stirred-tank reactor according to the

i nventi on, Thd ad\vantyes of threatiditivatl dépbedringy as dedudbéd belswadrelreastedone out f | ow
channel opening into the reaction space and extending at |east partly
transversely to the longitudinal axis thereof. The stirrer shaft which, at

| east at i 1Tke btepdeaditfwhich id ékpebientiyomrthefort e siRMgSEakihg e@ly rasi |y be
provided with a transverse hore, for exanple above the step bearing. - 6 -

The abovengiflebridiubrigased by derrgagioarmsiuEe-achi eved by a process for carrying
out a polynerisation reaction fromunsaturated nononmers using a
stirred-tank reactor described above, the process being distinguished in
parti cul ar ltiigmpessile tonenexperiertt derelogmantiaffbe atred-iaak seagkel ackerduidsehar ge of

the producks Aldhueh LEEER. BORATHAYR YD S A0d, Bl Bfic Wiforkhpghao. The

pol ymeri sation isS prefera carri super eric pressure.
The super athab shEhveactonpniegssecan Bew dlivoughéd may be, for exanple, a
super at nospheric pressure of nore than 5 bar relative to atnospheric
pressure.

It is particularly advantageous if that end of the stirrer shaft which passes through
the bottom outflow has a contour in the form of at least partly flattened bearing
journals. Thus, the reaction mixture inevitably flows through the total step bearing

including bearing gap.

Because the stirrer shaft additionally has a step bearing, it is possible to dimension
the diameter of the shaft smaller than would be required in the case of stirrer

shafts which are mounted only in a bearing which is at the top in the position of
use. The step bearing is thus for avoiding inadmissibly large deflections of the shaft,
for example when imbalances are introduced into the shaft owing to polymerisation

deposits in the reactor.

In an advantageous variant of the stirred-tank reactor according to the invention, it
is envisioned that the stirrer shaft has at least one outflow channel opening into the
reaction space and extending at least partly transversely to the longitudinal axis
thereof. The stirrer shaft which, at least at its lower end, is in the form of a hollow
shaft can easily be provided with a transverse bore, for example above the step

bearing.



The reactor is expediently operated with hydrodynamc filling, i.e. the

di scharge of the product fromthe conpletely filled reactor is effected
exclusively by the pressure of the starting materials introduced. It is
advantageous if, in addition to the netering of the starting materi al
directly bel ow the upper shaft seal, a.further starting material streamis
fed in. It is particularly advantageous if the further starting materi al
streanms arghé idveieatshdayobidct icRighe®nse ehievéd 8y b dRsesd ok @armﬁ@‘%ﬂ‘ al region
of the reactor. This reliably avoids poorly m xed areas in ich, for
exanpl e, t PRlyaiisatign seackiem e ynsetuseted NYPWMars Usiag pytirredetankygacton uni f or m
di stributi givcAbed ovel @kt r@&sgﬁéiﬁg 'dl%hig%thighetdhﬁ foﬁﬁﬁgﬁgfnp%?f'tﬂ%%eéﬁ bt eved by

means of a nmetering lance. This rtant for ynerisation

parti cul arthg stasting apiteriajs arsctbapisshargeiofthd produds araeffattasd cmdisyoushpi dl y
deconposin t initiators have half-lives in the range of the
m xi ng ti @%@@?Lﬁe&ﬁ? ];etrégtro.r. Thi s neans about 1-200 sec. On introduction of
a portion of initiators, the segregation with respect to the initiator
concentration in the reactor is minimsed. OMng to the hydrodynam c
operation O PHUNEIESREPRYFS %{8%6‘?@( FRj”’F%OP‘h@qeﬁé\él}ﬁgPW}RSP HERCF_ S0 particul ar
no need for conplicated internals for transporting the reaction m xture,

which internals would prevent the use of netering |ances. - 7 -
di stributi FRE SURSratEosRitesic Pressaip astablishedonay Be.i foy S MMetari ng points, better

utilisati O%pgﬁathegpﬁeﬁegpésg&exd?'mﬁrg thah PB8SiMtRe iu% aﬁ&ghmyaﬁwepper at ed

stirred-tank reactions ftor the polynerisation, s generally not possible
to utilise the total reactor volunme honogeneously in equal parts as

metering anlt teastl B SRERb Rl SAfarét STt b TR B S s gat i on.
As a rul e, theqooduct fromettie avmpketaly 6lled @hctoais effestadaxolusiveln biyltlee r eact or, in

the vicinity of t react or |} .0 ithin the reaction m xture. By means
of furtherP ety Pﬂ@"eﬁgérﬁ’e%?‘#&@'sr@ﬁe%ﬁﬂ- vol ume effectively available is
i ncreased and the m xing paths are kept short. This effect is particularly

pronounced when the time constants of the reaction are of the order of
magni t ude BfS 3H@NRIRPYRT 1R AEdiBeN thidegneteriag of fhe statind maserial diiecteact ant s
are of bet by Ml Uh X ef by SRATHY ABeRBAGRARPE REPirl fiay react. A part

of the starting naterials can be m xed together even before entering into
t he react i paitigprityeadveotagesusiipthe, further starting maseridl strearos afseinppdureddycan be

| nt 1 oducedyyl g, PURe {0k MaAbndintl 4 Hhra? o] §1nBEERIG ThE LB Boidsnt o the
nononer mnetering pipe o he reactor. e way to the reactor, The
initiator pcoriginieed aneas mewhiom doeexgpnpe . thd irdtiatet esnicantrat@inris parftictilbey i ni ti at or

is expediently a distance. away fr t he reactor such that a hqonobgeneous
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initiator,achlcabd By MesAs 8f § Abtdithd I86dcaThRds infipdri2@t FRMAEBbIyARESItIoORY Pi pe. An
advantage of this procedure is that the concentration gradients of the

starting rRitrBeulalysor rpridhedecormosing Ahitiatges. dmdis cage, R geeomposing
means that the initiators have half-lives in the range of the mixing times of the

stirrer. This means about 1-200 sec. On introduction of a portion of initiators, the

segregation with respect to the initiator concentration in the reactor is minimised.

Owing to the hydrodynamic operation of the reactor according to the invention,
there is in particular no need for complicated internals for transporting the reaction

mixture, which internals would prevent the use of metering lances.

It is particularly expedient if the metering of the starting materials is effected at at

least two points of the reactor which are spatially separated from one another. By



Preferably, the jacket tenperature of the reactor is adjusted so that it is
at | east 10.degree. C above the glass transition tenperature of the
polymer in the reaction solution. This reduces the tendency towards the
formati on of pol yner deposits on cold reactor walls. - 8 - A working
exanpl e of the stirred-tank reactor acgording to the invention is explained
below with reference to the attached diawings. FIG 1 shows a schenmatic

view of a §igu'ribnmq]tr@nhetreee’m§t@rana§mractillmg|nﬁysbftnk@erimg/s@ﬁﬂ'spﬁetté?Iu@nsa%oﬁ_hovvs a
section through the step beari ngf of the stirred-tank reactor according to

t he i nvent $fohe reagdios vplumeds Pasaie-eact or 1 shown in FIG 1 conprises a
preferably two-part reactor jacket 2 which encloses a reaction space 3. A
stirrer shaft 4 which is nonrotatably connected to m xing and shearing

el enent s 5lnpeondingoushyr enegdted lsrred-tarki reactiopade the polymensationgitasnd sheari ng

pacdlos. TGl ek POy 19 MeRAe g R BRirad FofRar e MERaf” Th (e

wor ki ng expartd & rdectioni dpack. Theeyrsdter thervisbsifyt diffsrededsvmwedm @attoy by neans of
7, the stirrer shaft

a notor 6 with an i,nternedi at ear 7. Bel ow the gear 7,

4 is seal erae?errlaghapﬂéearcgg&op%ﬁ,stgs(gée%erﬂ? PRoteRde g‘&ﬁe%‘?%‘?onf' AEE €Al 8. In
t he wor ki ngoalyanié@artas eEdup el valtidi® JofRs irtthejrégdte irdtHeSviGaRRTERE of two
shells 9a and 9b which in each case are doubl e-wal |l ed and 'are fl anked

t oget her bigagiar well of withia the serggion MmixtyreyiByeneans o4 furtmimeieringoRginisi on of t he
stirred-t : rgpég AN act or

j acket 9a%g,ré€‘?'gh&/m“§ﬁ eé;tﬁﬁ%-:l- g @Egggﬁ{e I u%ﬂ%lﬁa&r rmstfz)a(ﬁg g%(%értgﬁ(gbfeacti on
space 3 i sshacthiTbigeffectTiniparticaiarip @renohperd wherothedinod congtantsipfitine réantiosxanpl e a
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heat -transt er medi um Irrer's remote from
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bottom outfl ow of the stirred-tank reactor 1. The formation of the step
bearing 11 and of the stirrer shaft 4 in the region of the step bearing 11

i's shown iMmphit©f the starting materials can be mixed together even before entering into the
reaction space. For example, the initiator fed to the process can be introduced in
pure form or as dilute solution before the reactor into the monomer metering pipe
of the reactor. On the way to the reactor, the initiator is mixed in the monomer
pipe. The metering point of the initiator is expediently a distance away from the

reactor such that a homogeneous initiator/monomer mixture can form.

To improve the mixing in of the initiator, static mixers can be installed in the

monomer metering pipe.

An advantage of this procedure is that the concentration gradients of the starting

materials in the reactor are as small as possible.

Preferably, the jacket temperature of the reactor is adjusted so that it is at least
10.degree. C. above the glass transition temperature of the polymer in the reaction
solution. This reduces the tendency towards the formation of polymer deposits on

cold reactor walls.

DESCRIPTION OF FIGURES



- 9 - Below, reference is first nmade to FIG 2. The end form ng the bearing
journals of the stirrer shaft 4 passes through an opening 12 in the reactor
j acket 2, which opening forns the central bottom outflow of the
stirred-tank reactor 1. The opening 12 sinmultaneously serves as a pol yner
di scharge, as will be described bel ow. ,Provided below this exit gap 13 is a
sliding bush 14 which receives the stifrer shaft 4 so that a bearing gap 16
wi th customary di nensional tolerance fornms. The di ameter of the opening of
the central product outflow and of the sliding bush 14 can therefore be

i denti cal dwodking exasmle offfet stisied-tamk ﬁﬁadton@crsxrq?lag Ky theusyentianithi ch is on the
di scharge sj S d : r f LiCU f: and is connected to a

pr oduct dies%! arééjzbé;g%gmﬁ%%rs Cngan;Ehé %hg%ﬁﬁ%b&%{vhe stirrer shaft 4 which
is partially mounted in the sliding bush 14 may have a constant dianeter or

may vary in diapeter within the sliding, bush 14. A chan iLn the dianeter
o the 31 i/dend BRKRE A RO of a TP iRt P Qo S Toe ok A
further possibility is to formthe end of the stirrer shaft 4 within the
sliding bush as,a bearin 'ourna!n, where the_stirrer shaft is provided

ci r cunf er it g|sh9w§\p§ﬁcq9%eén3}ugm & Step RsRERg a@as‘iﬂrrﬁfﬂ-&a &PFIAY gap 16 of the
stirrer shalbrdpRytdiths inveRtiéhe sliding bush, the lubrication and flushing of

t he bearing gap by neans of the reaction product to be discharged. In the
regi on which passes through the step bearing 11, the stirrer shaft 4 is

provi ded W nyan axhile %?hsl%wmh %YG.CPEBWs%EE%ef}é%afgl}vt}/\fg)@%a{]rﬁ%%ﬂofj” space 3

via a transverse bore ) reaction mxture is e transverse
bore 18 anjdckeh@ vehictabndiasee alZaakionispace hed stivedrishaefd varich klnonsotateblyhe end out -

f th i haft .4 di Ly | Lpeli d fl
connect | ngtoBreuad Brinbng ai€Tlsbod Blsfueid Bicsel Tnb0dlr B8  Bostkl Pa<Cr ar e
present diTrechixhgadnavehethigy slespnidemiman e ¥drnead iakovenridn&newn belgipasl3. - 10

rods, helices or paddles.

The stirrer shaft 4 can be driven directly or indirectly; in the working example
described, the stirrer shaft is driven directly by means of a motor 6 with an
intermediate gear 7. Below the gear 7, the stirrer shaft 4 is sealed from the
reaction space 3 by means of an axial face seal 8. In the working example
described, the reactor jacket 2 is composed of two shells 9a and 9b which in each
case are double-walled and are flanked together by an all-round flange 10 to give a

seal.

During operation of the stirred-tank reactor 1, a heat exchange medium flows
through the reactor jacket 9a, b, via which heat exchange medium thermostating of
the reaction space 3 is achieved. This may be a heating or cooling medium, for
example a thermostated fluid, such as steam, water, heat-transfer oil or another

heat-transfer medium.

The stirrer shaft 4 is mounted at its end remote from the motor 6 in a step bearing
11 which simultaneously forms a central bottom outflow of the stirred-tank reactor
1. The formation of the step bearing 11 and of the stirrer shaft 4 in the region of
the step bearing 11 is shown in FIG. 2.
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That end 15 of the sliding bush 14 which is on the discharge side is in the form of a

liquid outflow and is connected to a product discharge pipe (not shown).

That end of the stirrer shaft 4 which is partially mounted in the sliding bush 14 may
have a constant diameter or may vary in diameter within the sliding bush 14. A
change in the diameter of the sliding bush 14 in the axial direction is also
conceivable. A further possibility is to form the end of the stirrer shaft 4 within the
sliding bush as a bearing journal, where the stirrer shaft is provided

circumferentially with one or more flushed areas.

The bearing gap 16 of the stirrer shaft permits, in the sliding bush, the lubrication
and flushing of the bearing gap by means of the reaction product to be discharged.

In the region which passes through the step bearing 11, the stirrer shaft 4 is
provided with an axial bore 17 which communicates with the reaction space 3 via a
transverse bore 18. The reaction mixture is fed via the transverse bore 18 and the
axial bore 17 within the shaft end and flows at the end out of the stirrer shaft 4
directly into a pipeline connected to an outflow connecting piece. The transverse
bore 17 or transverse bores is or are present directly above the step bearing 11 or

above the exit gap 13.

Below, reference is once again made to FIG. 1. The starting materials are
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introduced into the reaction space 3 in the stirred-tank reactor 1 via two metering
points 19a, 19b. A first metering point 19a is present directly below the axial face
seal 8. A second metering point 19b opens downstream of the first metering point
19a centrally in the reaction space 3. The second metering point 19b can be

provided in the form of a metering lance which is not shown.

Monomer and/or solvent are fed to the stirred-tank reactor 1 via the pipe 20. A
chain length regulator is added to the monomers via a first metering pump 21, and
initiators which initiate the polymerisation are metered in via a second metering
pump 22 arranged downstream. Downstream of the initiator metering, the starting
material stream is branched. The feed into the reaction space 3 is effected via third

and fourth metering pumps 23 and 24.

It is also conceivable to dispense with one or both metering pumps 23 and 24 and
to adjust the distribution of the stream metered into the reactor by means of valves
and/or correspondingly designed pipe cross sections. However, a disadvantage of
this variant is that small deposits in the pipelines or valves leads to deviations of
the desired ratio of the part-streams in the reactor. A further possibility is to
monitor the starting material streams 19a and/or 19b via flow meters and to

regulate them via control valves.
LIST OF REFERENCE NUMERALS

1 Stirred-tank reactor

2 Reactor jacket 3 Reaction space
4 Stirrer shaft

5 Mixing and shearing elements
6 Motor

7 Gear

8 Axial face seal

9a, b Shells

10 Flange

11 Step bearing
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12 Opening
13 Exit gap
14 Sliding bush
15 End of the sliding bush
16 Bearing gap
17 Axial bore
18 Transverse bore
19a First metering point
19b Second metering point
20 Pipe
21 First metering pump
22 Second metering pump
23 Third metering pump
24 Fourth metering pump



The invention clainmed is: 1. A stirred-tank reactor, conprising: a
t hernost at abl e reactor jacket; at |east one driven stirrer shaft conprising
a top portion and a bottom portion; a stirring and/ or shearing el ement :
nonrot atably connected to the stirrer shaft; at |east one starting nmaterial °
feed at a top position; at |east one product discharge which is at a bottom
~position; and a sliding bush which rec ves the stirrer shaft so that a
bearing gap is forned, wherein the stirrer shaft is lubricated and fl ushed
with a reaction product, wherein the product discharge is in the formof a
central bo%ton1outf|9w/tgtqugh which the stirrer shaft at |east partly
passes. 2INTRNeRRONSYMeEiSicl ai m 1, wherein at |east one starting material
feed into the reaction space is provided directly in the region of a
stirrer shaft entry which is at a top position. 3. The reactor of claim1,
wher ei n t hé. Astifredtankliadaton, 6pmerising st thegnostAiablegepdns Bakatl 8iledst oPRe bot t om
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shaft whi chkheadnpetencmt @snnetdthbly kennestect odhe straereshafth at [Ehst aneastarting of cl ai m

1, wherein _the bpttomaqutflaw is. in the form.of t ep..hear] f t he
stirrer shdpPts ‘ane.ed'ﬁjigc%P@Q(??'B?n'cﬁt "%ﬁséf’?ﬁ %fo%teé'%ﬁ%ﬁﬁ °h 'g?e%rﬁtp?g”&%‘ of the
~ step t;earT Lpgsiﬂicﬁw;tiaina%r?ihmlgeﬁslswmdmaéim theaﬂﬁrgtoshfafdgﬁttham bearingl qay i¢ h\rM?_ugE
it. : e reactor of claim1, wherein an of the stirrer shaft ic
passes t hr BUERdt WBe'Slﬁ‘_ttﬂ“Sﬁf'Uﬁrt %hagm'ﬁ ﬁ%‘cétegﬁﬁggwh‘?%w%@ FERfLRN HOJ;‘FE'I east
partly fl ajherdiResblng disehergaisin the fokM of a central bottom outflow through

which the stirrer shaft at least partly passes.

2. The reactor of claim 1, wherein at least one starting material feed into the B
reaction space is provided directly in the region of a stirrer shaft entry which is at a

top position.

3. The reactor of claim 1, wherein the stirrer shaft forms a part of the bottom

outflow at the bottom portion.

4'. The reactor of claim 1, wherein the stirrer shaft is formed, at least at its end
which passes through the bottom outflow, as a hollow shaft which communicates

with the reaction space. .

5. The reactor of claim 1, whefein the bottom outflow is in the form of a step

bearing for the stirrer shaft.

6. The reactor of claim 5, wherein the bearing gap of the step bearing is

_ dimensioned so that the reaction mixture can flow through it.

7. The reactor of claim 1, wherein an end of the stirrer shaft which passes through
the bottom outflow has a contour in the form of at least partly flattened bearing

journals.



8. The reactor of claim1, wherein the stirrer shaft has at |east one

outfl ow channel opening into the reaction space and extendi ng at | east

partly transversely to the |ongitudinal axis thereof. 9. A process for

pol ymeri zing at |east one unsaturated nonomer with the stirred-tank reactor

~of claim1, the process conprising: gf lying a feed of at |east one
starting material into the reactor; z}\/)merlm ng the at |east one starting
materi al ; and di scharging at | east one product out of the reactor. 10. The
process of claim9, wherein the polynerizing is carried out under

super at nospgh€he reaptoessdeaien 1, iHereifttge ptirmemftdfasalt ddant At ovtAew ehanral

super at nospher.i c. sur relative to nos ric ressure reat er

t han gtorgaergnq)ggoﬁgergg&}%|qu%@wdeei@enﬁrp%aygggéosagtl tf*arbﬁvgrs%yfgth erein the

react or |S|@,@Q@@hg¢x}ytﬁ§rebﬁ(dr odynanmic¢ 13. The process of claim 10, wherein

t he supplying conprises netering of the at | east one starting material into

the reactor at least two points of the reactor which are spatially

separated org (9&-'3?5 %’F?Btylﬁfenzm&%t lebBor¥ @88 Fatll nSdrdhiBr Wkh thBetigta the at

| east one sta IS introduced via at |east one netering |ance
into a centank rea@gﬁ ofrclam 1, Hlee pegessgromprigsivg: Wlm%@é@ﬁ affat ¢gagk PRELO, wherein

fl ow throu t f ag{l’?% nal force
on the at easr{bergégeﬁglt|§f;ott?1§i?8§ct@]é§8§ﬁeﬂm pro%q %s‘?%n%g h%?et(gcgss of
claim 10, whedatcarginglat&stt mqqamdu@fout bethetraattomg naterials is m xed

t oget her before entering into a reaction space of the reactor. 17.. The
process of claim 10, wherein a jacket tenperature of the reactor is

10. The process of claim 9, wherein the polymerizing is carried out under

superatmospheric pressure.

11. The process of claim 10, wherein a superatmospheric pressure, relative to

atmospheric pressure, of greater than .gtoreq.5 bar is established.

12. The process of claim 10, wherein the reactor is operated with hydrodynamic

filling.
13. The process of claim 10, wherein the supplying comprises metering of the at
least one starting material into the reactor at least two points of the reactor which

are spatially separated from one another.

14. The process of claim 10, wherein the at least one starting material is introduced

via at least one metering lance into a central region of the reactor.

15. The process of claim 10, wherein flow through the reactor takes place in a

- direction of gravitational force on the at least one starting material and-product.

16. The process of claim 10, wherein at least a part of the starting materials is

mixed together before entering into a reaction space of the reactor.

17. The process of claim 10, wherein a jacket temperature of the reactor is



- 14 - adjusted so that it is at |least 5.degree. C. above a gl ass
transition tenperature of polynmer of a reaction solution within the
reactor. 18. The reactor of claim1l, wherein an outer dianeter of the
stirrer shaft does not increase between the top portion and the bottom
~portion of the stirrer shaft. 19. The reactor of claim2, wherein the
stirrer shaft is formed, at |east at -itdis end whi ch passes through the
bottom outflow, as a hollow shaft whi ch comrupi cates.with thag reaction

space.  202djysied seeatdris ot ‘eéﬁté-ﬂ?g?e-v%@PBY%aﬂ S BaPeHm EMARerdWs Y in the
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18. The reactor of claim 1, wherein an outer diameter of the stirrer shaft does not

increase between the top portion and the bottom portion of the stirrer shaft.

19. The reactor of claim 2, wherein the stirrer shaft is formed, at least at its end
which passes through the bottom outflow, as a hollow shaft which communicates

with the reaction space.

20. The reactor of claim 2, wherein the bottom outflow is in the form of a step

bearing for the stirrer shaft.



