;e3ex$u '@ T@6VSTSNX 8 , “#CTT #P99/ 05368 Process for
ST
b

‘evapor ati ng pdvQ 7680l ut i m stic polyners Thi sPCUEEIH/05668
relates to a nultistep pro or gting pol ymer sol utions of

t her nopl astic polymers and for renoving volatile constituent j“lm’mwmmmmm
thernoplastic 5 polyners by indirect heat exchange. The inve

in particular to a process for evaporating vol atile constituents *obiso0f
pol ymer sol ut Progess foreyaporating polymertsolutions e HARANAS ic pelyinersi- t ube
evaporators and extrusi on evaporators having a special geonetry. 10 The
removal of volatile constituents froma polyner solution is one of the
final process e it r gpanatiy n :]
constituents tTgI sbglﬁ’?ﬂet%v%%tﬁa@ erﬁ&elil;lta e?iosco vgjrrllt%?h%n tjn?r p@ﬂggrgﬁp?ﬁgg?ﬁf
mononer s. Depéredinoplastigopolyinersdagt 6 rinovirgc oslatily @hstithentp dropmrehersoplastion,

several variants of the procedure for renmoving the volatile constituents
from t he Spol yREYMEE] B ingﬁ'ecé&'éatl{sﬁﬁ‘%ﬁ‘,ge-im‘eéﬁ\‘ﬂ‘}“% reltesin nariculas tg)g pragess for
solution is h oL 1. Sat | e lati]e
const  uent s. HRSHAnS, WHAHE ARKARCA A opb NORRICRE Mafiethpl AR Bt
extruders and egchahgergntoilddtthbe redtaperatorshand exxakian o&zapbrators Havingi al sgebiat t he
polymer is not thermally damaged during the heating of the 20 pol yner

sol ution. TheBf¥PetHanage gives rise to unwanted changes in colour or to the
presence of specks in the polynmer. Thus EP-A 150 225 descri bes an
apparatus equi pped with two serially arranged heat exchangers. The heat
exchangers have ahdva0of wlitile dbristi@AE ffoati poIghlePolEibntis oneSt the Bhaliplodele
E‘ymar solution is degassed. This apparatus is used chiefly for the two-

p heating éteps dbtherprepdrationsefomeny pblymsrs. Jbk wolatites cahstituants tth derremovédon,
but is relatively expensive to nuf acture and in opgration. EP- 26 204
di scl oses a pl“l?é'y etéﬁselg'ﬁ Sﬁv?%%?mg%c‘fﬁ’ﬂ enﬁﬁffnﬁoa?meﬁsn]gwg’ﬁi qp@nége gegree
constituents i i ik 9 r.
The. pol yror ol iy s P URFonRbndbluBn, S0l Jakinls Bl Bftnkads, A iR L
ducts, in whi ghlatile tonStiGeNnl 7@t tREPobRRG/ @hEHA ar2-knomd e chcth efitwidelic hiange
t akes pl gce. Thle ducts have a s%bstalgoti ally consistent ratio qof surface
area to Nol un@olymer (seltiognigchegtedotor Boveothe \pporisation tgmperaye obrthe velatile
12.7 mm a w - ) I The
pol ymer sol ut ?%ln%tlﬁgenﬁég#% ?‘%ﬁ)ta é}%:%g%:tﬁg,fhdg% fgln%%agj gj rﬁémg% aé&ta %%%gmgcg%s to
a tenper at ur e andeyspmbs vithviagioedt hedtierchahgaper at ure of the vol atile

constituents but below the boiling tenperature of the polyner. The
residence tinme of the polymer solution in the ducts is 5 to 120 seconds.

After the heaty Nd...k: Lt | | S.tr Lnto.a,chanper. in whi.ch at
| east 25% of :nlhg’ %rgf:lgflﬂfag t@%h@?ﬁeﬁéén ?ﬁ%%@g%?‘ﬁé%eé %‘m?gg&letlﬁgg%ftt ion.
The proc@dur e pgBaied 8sl@fion. hetrhflrdailagé gived fsdR0RwAtcl RBakded®n ESBuMbY 16 ihd he
polynmer is exposed to 10 el evated tenperatures has been decreased. But the

process has t Recsencsafspackaindhe pelymar.conpl ete renoval of the solvent in one
p is not possible. Furthernore, deposits of polynmer formon the outer
face of the heat-exchanger and in the course of tine these carbonise and
occasi onal |y frhak8PoA f150205 tdesdribkd1gn BSParated eduigRd WiltPfwd §giafig! edi eat
contam nated. 15 EP-B 352 727 di scloses a process for renoving volatile
constituents fxewngass.ydbe keal uaxchangelsy haneathprizontdlly poangedr restangulanrducisn a
mul tipligity of parallel ducts,.tao g tenperature above the v i sation
t enper atﬁre ofVhefrin ths polymer S(?ﬁ'ﬁ’?fli”f aag?ﬁ%%ﬁ-ﬁfﬁéam%f&a%u* @hﬁggg{"éilﬁﬁ‘gﬂgi ng
surface area t Aol .1 | t t dd{gg‘nl > 20: 80 B3/ h.
The flow rat ersgﬁ I'El%gﬂ%udg??o ihiglﬁﬁ?()ﬁé\‘.diﬁ{%p?l}ﬁ{l]e %bﬁlgR{HSS| eﬁcgletrlegncglogf Igt%ﬁg33
pol ynmer sol ut irdatively ¢pensivectoamamfachfe tind DAPemeéiomnds. Thi s process al so has
t he di sadvantage that a conplete renoval of the solvent in one step is not
possi bl e. Furthernore, deposits of polymer formon the outer surface of the
heat exchangerzpa j . i e C I : j |y
fiake off - S0 na Ah20paliheses 5 BfockasEnd ARt CAEMRES For RinAIGE VoRAR,
The publ30shed cpmtiarentsafip aapolyner=Rblatidkb toft@idingn ke feaktn Srweoppolgass Ty
concentrating pol ymer sol utions, wherein the preheated solution is sl owed
down in a coi Pelymer salufignds heated in @ Zarsiconsisting RE 2 dBwtiBlitaplbancis I pTRIdh | s
further concentrated in a

Ba

MR IR
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30 second drying apparatus with self cleaning elenents which is connected
i mmedi atel y dovnmen/076é88m The process has the di sadvant age t hapcriEesdossas!
concentration of sol vent WO 00/ 07684 -3-, PCT/ EP99/ 05368 in the polyner is

still conparatively high and that the resi“dence tinme in the downstream
drying apparatus is too long. Particles of polyner, which |ower the quality
of the product, may collect on the inner walls of the coiled tube. 5 The
obj ect of t heinlirestelmetat exchangd takes placeo Tihe aluctddave prsolestantially comsistent iratip of

vol atile constituents froma polynmer solutiogn i.ch doeg not have th

di sadvant ages SYFaFECALQNFPESi 1B %Wg%Ptgéégé%%Hp@'loﬁj%@lﬁ?‘t\R/gé-z‘iéﬂilgfed by
the devel opnegiy, IOV Sk G701 sH to t | I on
described in m)r’gl!‘{I el{?%(?@%éf@\/\ﬁb.l#@ %@gﬁ%ﬁ%ﬁ prd€7i gggé'ggncu 'tﬁget%%%&t
conti nuous pr ealetien fsdreateit apthe aluctsgat pPlressire of 0lte 20®be, fa temperatpe atsivie the

polymers in particular, by indirect heat exchange, the polymer solution
bei ng padsed VARBITalieHERPCREe ghthe velatijeropstituents butbelovethe baHing:temperatyra e at

erenangers. ot e dHBR S IATRRLAS o€ BOLFRLSHLATH) Dl s

contai ning 5 ecordds. AR, heaeihy, TRE sdleticiORGRASEREEHLS 8 cRANBE il Whvdh A01éa3t
conbi nation of a shell-and-tube heat exchanger and a fil mevaporator or a

coi | ed-t ube e¢afophthsr volatilgrcanstituenih @fd vapotisediout he she solaticm Jéhe, progedses h
case with downstream.,separataor, at.a tenperature of ,from 150C.to 250 t he
pressure in mgcrgaesﬁg}ha?ttg?mﬁi%ﬁ@aﬁ B‘?ﬁa'é%’gtﬁ? tl&‘.elfrof Syt W&?y“iﬁréf gxnoseq to
ambi ent 19y €SS ¢leQated témpeRdt@ies hbk Beelfidddreasdy. Bit the hrocbdddhas ﬁ{eecﬁsad%}ﬁa@Qh?ft?r

9

sglution is concentrated from 60 to 75 wt.%to at 25 | east 95 wt.
ticul ar toco@plete @mogalwf the solvent isloaé step nsinotyivssibleakurthermareg deposits bf

downstream se at or, at t enper at.ure o raom 250C to 350C, the .

shel | -and-tubg?gm f@%ﬁ&ﬂB@PH@BﬁW ?cﬁi‘?fgt["?/ piexchangerandoin tg?tcpﬁﬁsamftil%es -
W th or W thoyest RGBSR ' | i %rrﬁw%} ' er of
from5 to 30 m%s prefterably g%i%ﬁ%lgﬂ%éﬁfﬁ%o;h#g}%{& 0 f#er@%%{)gﬂ?etg‘gaﬁﬁtrlﬁe 30
preferably of cinthmiriatesdh and the fl ow rate per shell-and-tube heat exchanger

t hr ough 1tShe tubes being fromO0.5 to 10 kg/h, preferably 3 to 7 kg/h, based
on

EP-B 352 727 discloses a process for removing volatile constituents from polymer

solutions by heating the polymer solution, in a multiplicity of parallel ducts, to a

temperature above the vaporisation temperature of the volatile constituents. The ratio

of the heat exchanging surface area to the volumetric flow rate of the product is >

20 80m’*/m’/h. The flow rate in the ducts is < 0.5 mm/s and the residence time of the

polymer solution in the ducts is 120 to 200 seconds. This process also has the

. disadvantage that a complete removal of the solvent in one step is not possible.
Furthermore, deposits of polymer form on the outer surface of the heat exchanger and

in the course of time these carbonise and occasionally flake off, so that the polymer

25 freed from the solvent is contaminated.

The published patent application EP-A 451 602 makes known a process for
concentrating polymer solutions, wherein the preheated solution is slowed down in a
coiled flow tube and released, and the concentrated solution is further concentrated in a
30 second drying apparatus with self-cleaning elements which is connected immediately

downstream. The process has the disadvantage that the final concentration of solvent



‘WO 00/ 07684 -4- PCT/ EP99/ 05368 the polyner, and the pressure in the

separ ator bei N 00/076840. 5 kPa to 0.1 MPa, in particular from BCKERIY05363. 1
MPa, preferably from3 kPa to 10 kPa, C) i,n a further step, the rest of the
pol ymer containing sol vent and/or ot her Volatile 5 constituents is
concentrated to a sol vent content and/or content of other volatile
constituents of 5 to 500 ppmin a further shell-and-tube heat exchanger

wi th downst r eimtbe gwhamerr isostill ncompamtivelyshigh andaplat ather residercet imeeimatthe e of

from 250C to 350C, the, shell-and-tuybe. he exch r confajning verti.cal,
heat ed. st r ai SRV AGAENS 1S1DSINg) LA IO 0RETT PURR A thA i
preferably of I : m preferably of
0.5to1lm a859}6#204#%%9&%@]&6%8?%{5%‘@??%%%-ot?u egoﬁee&a@béxchanger t hrough t he
tubes being fromO0.5 to 10 kg/h, preferably 3 to 7 kg/h, based on the

pol ymer, and the pressure in the separator being from50 Pa to 0.1 Ma,
pref erabldy fr dRePbicck pf the, prespiainventipnis ) ProKES FeBrosess Jfop dearang jvelatile

subsequently i : i . efery i s one
sbor ot he! ¢ ERRLES 08 RUAREAIG, SN polnBVCHE AL IARERT e
the tubes of khéewhefibr #kploassg&l which contain the polyner solution have an

internal diameter of from5 to 30 nm preferably of 15 to 25 nm and a
|l ength of from20 0.5 to 5 m preferably of 3 to 4 m and wherein the flow

rate through e tubes of fhe heat exchanger is 0.5.t0 ka/ h referably
07503 kol n ThBOIR R Sl e sl and e b ofieiodhus Bpreind
conmbi natjon Ofo HRGhveANENAEDAbeAiNIndie U8l bblgRe evaporator is 25 particularly
pwef erred. The final degassing in the third step Cis carried out

ferably in an extrusion evaporator. In this case an extrusion evaporator

means a device,in which the, polyner.is heated up and driven out into an
evapor at i o < JHECTV TG ROYie T RIS SPaEons Daerern ion, Grebe g PV
having a nul tispliichd ¥ AherhBhBStic Holyetd% Paifchr 96y IRRFcHHES & th
arranged t hat Sglr eel y descen ?ﬁ%}c ?rsy?omnwa%ﬁy ?]F’og\ny ng stran%s oc?mg%fyrreeri c
mat eri al , Wpotcd 56 BtioP GEingR%8sddSthfifligh heaf exahangetss lin pixticplat yiradiFandethbeent
evaporates, are formed as fthe result of gravitational forces. The degassed
pol ymer 1% t hdRatexehangpgait g dowastisameseparaton, gharagterised inthal, apor at or, for
exanple, via a gear punp with a |arge aperture. The hol es have di aneters of
fromO0.5 to 4 mmin particular. The flow rate per hole is preferably from
A) in a first step, in one or more individual steps, the polymer solution containing

5 to 20 wt.% of polymer is concentrated to 60 to 75 wt.% in a combination of a
shell-and-tube heat exchanger and a film evaporator or a coiled-tube evaporator
20 or in a shell-and-tube heat exchanger, in each case with downstream separator,
at a temperature of from 150°C to 250°C, the pressure in the separator being
. from about 0.1 to 0.4 MPa, preferably ambient pressure (i.e. about 0.1 MPa),

B) in a further step, the polymer solution is concentrated from 60 to 75 wt.% to at

25 least 95 wt.%, in particular to 98 to 99.9 wt.%, in a shell-and-tube heat
exchanger with downstream separator, at a temperature of from 250°C to

350°C, the shell-and-tube heat exchanger containing vertical, heated, straight

tubes - with or without incorporated static mixers - having an internal diameter

of from 5 to 30 mm, preferably of 5 to 15 mm, a length of from 0.5 to 4 m,

30 preferably of 1 to 2 m, and the flow rate per shell-and-tube heat exchanger
through the tubes being from 0.5 to 10 kg/h, preferably 3 to 7 kg/h, based on



‘5 10-'to 1,000 g/h. The process according to the invention can be enpl oyed
‘for ‘renovi ng WO e/a7684 constituents from sol uti ons of any |i qeCcuEDyyesedst abl e
pol ymers and simlar substances. 10 Preferably, however, the process
according to the invention is used for dééa'ssi ng thernopl astic pol yners.
These polyners include all synthetics which are capable of flow ng when
subjected to pressure and tenperature. Exanples which may be nentioned here
are pol ycar bonat e, theapolgmen andthepoésyyoh émHeesaparatot beéidg fropo0.§ kPettdr QrieMPa,

pol yam de, pol yester ol r e I t hacryl at e, N resin and

copol yners 15 ther é‘b?a.l&‘l'ﬂéa%?%bg‘i)gk? Q'?%PE%?%%V%%??QN%FQ@?&the

i solation and drying of polycarbonate sol utions. Polycarbonates which can
be processed particul arly advantageously by the process according to the

i nvention incl)de mwé furtherstem tycmstodtiat pdymerdonajnhg/ siveno aal/@Sothet Golbkik:

pol ycar b%nat es may be |linear or branched in the manner known in principle.

Up to 80°nmol.% pr &PRSUEISNLS 1§ pyieeniraterbio asplient contant argl/orgpntsnt efipthes yplsgieat e
groups in the appr i p C el tiC.
di carboxylic ester 98‘5%‘3‘%?5 @u%?é@?é@gﬁﬁgn%ﬁgg Sh\ﬁﬁ%ﬁ’@%nl?eéf ?1{(%1 i e%‘?hdi C

groups of carboni c dewhstreatidsepatathr @r Gii @bl RStr@fiord Evibtatct o iaCtemBeradtiré 6f 86mdS
incorporated into the nolecular chain are, 25 strictly speaking, aromatic

pol yest er car bonat 830°Crieedp0.cthe shebleand g hest exghanger chrtamingoyetical dreated,

t her nopl astic, arongi.i I r bonat.es, tails.tregardi t he preparation
of pol ycar bonat es g?%g%tg%%’églggiaﬂ ntemal ‘ﬁeﬁfl“%ﬁ@fs 2 ft?égg?rﬂr@.egﬁg’rye? by way
of exanploe, refer eRs 20 infimRRAEINron® 0308 D! prefPabl-HLOB I Ymasth REYRWCS Of
Pakycar bonat es”, Polymer Revi ews, Volume 9, Interscience Publishers, New

k, London, Sydneate p¢odyll-and-tihectheaPedchORSErowsliTthe DERONAIng it 0/ 1071684
PCT/ EP99/ 05368 - 6- . apd Y. STEN, r.pqrate Research Center, Allied
Cheni cal Cor por at | 5§ Wf?rf'%ﬁ'oﬁff’, 7%3@?%"99“ gyegg(dymersfﬂ%lﬁé%pgeswe Bythfest er
carbonate) Copol y gy t&ﬁb&%ﬁ' G50 Pa 188! WIPE, prab@BGSront BT Y
Edition, Vol. 19, Sepacat (1980): to D. Ereitad, U.H%q?go,‘%{%_to%i?ﬁ%?, N,
Nouvertne, Bayer AG "Polycarbonates” in 5 Encycl opedia of Polynmer Science
and Engi neering, Volu 11 econd Edition, 1988, pages 648-718 and
finall y,lgt 0 s. (he 5dpr§ymm' 'tséE@eq%ﬁ‘i'gyFﬁohteff\ﬁqdlqupf,‘aHYF%%‘?%onat e",
i n Becker/Braun, Kunststoff Handbuch, Volune 3/1, Polycarbonate,

Pol yacet al e, Pol yester, Cellul oseester, Carl-Hanser Verlag, Mnich, Vienna
1992, pages 1A/pi2fPred process is one wherein the first step is carried out in a shell-and-tube heat

exchanger, the tubes of the heat exchanger which contain the polymer solution have an
internal diameter of from 5 to 30 mm, preferably of 15 to 25 mm, and a length of from
20 0.5 to 5 m, preferably of 3 to 4 m, and wherein the flow rate through the tubes of the
heat exchanger is 0.5 to 10 kg/h, preferably 0.5 to 3 kg/h, per tube, based on the

. polymer.

In step A the use of a combination of heat exchanger and coiled-tube evaporator is

25 particularly preferred.

The final degassing in the third step C is carried out preferably in an extrusion
evaporator. In this case an extrusion evaporator means a device in which the polymer
is heated up and driven out into an evaporation space through a perforated plate or
30 through a manifold having a multiplicity of holes. Here the discharge apertures are so

arranged that freely descending or downwardly flowing strands of polymeric material,



10 The process,according to the invention is used particularly preferably
for "the treat Nn00/(FH84t her mopl asti c pol ycar bonat es havi ng an BCEERYHS5368

nol ecul ar wei ght M (determ ned by measur_isn_g the relative viscosity at 25C
in CHzCGl 2 and at a concentration of 0.5 g~“per 100 ml CH2C12) of 12,000 to
400, 000, preferably of 18,000 to 80,000 and in 15 particular of 22,000 to
60, 000. The volatile constituents apart fromthe solvent nmay be both

unpol yner i sed fiepnwhishghe polyhiey solwens exapbrates; ewe fanedwab dhrutesult ofi grayisational

oot cut b o T ot diabes el s PSPl e i of Bl FElor "
met hyl ene chl gpifdgaan ok ,ekaﬁﬁaepﬁe@ggearg@ﬁrllg%mr laf eeggagtilfég ni;rﬁgh%g{ma&y the

process has a viscosity in particular 0 to 50 ten
state. 25 Thediestererfframges & 4 mm praparticuliraThe Aewshtelper hold-ig pileferdbdy from
exchangers, contain any device, known in principle to the person skilled in
t he art,5wher39y)i9@8§%bts or pipes conveying the polynmer solution nay be
heated to a tenperature above the vaporisation tenperature of the volatile
constituents. Exanples of these devices are resistance heaters or a

di stribution Makvbkest Qiccdrdingt foa gD tiventidn dal &2t erplohan dom gerhdving .volfile WO
00/ 07684 PCT/ EP99/ 05368 -7- All the parts with which the pol ynmer sol ution

cones into cofersituents frame selutionseof gny ligitd pr mekiahie pelymeiang sinelar Rebstanoesnt i on,
in particular the heat exchanger or the shell-andtube heat exchanger, may
be manufactured fromany netallic material. Nevertheless it is preferable

that thege papiferably, BowkiérUtRr plobés tRadrdmyCloathe GhventiBe SRR &6t seeaskidg om a
ﬁ‘aterlal low in iron and having an iron content of 10% at nost. st
f

erabl y, alherpaplasticopolymersh&hese pobymagrs éncdudetallcsyntheties iwhich arecapable of t h
t he product arge nanufactured fromalloy 59 (2.4605), 1nconell 686 (2.4606),
alloy B2, all 5@“’% "g}eflo?bﬁﬁteda?q @es@i"é, ang} ﬁwe@% ﬁé‘l“l’“@i}’s(ﬂhﬁ’g H'I(“Yo 625.
10 The invent iyitiBh&Phdit AW pFcadboate & Y8Biyh ' difan
process accordi ng1 to the ingtgg%i on. Aaglr?e er r’gd grgﬁﬂFlgétggﬁ%%lp?}r?g% ise’made

froma dried polygmide, gwlyssiegnpolyacrylatef ipolynzethaonyilate,a8 Adhad¢sin nd udopolymers
obt ai nabl e by the prqQcess accqrding to the inveption, wth a 15 content of
resi duallsol véli‘Ptr%Ofar;@‘emPFRfﬁ%Sr 4s d?ar'%ﬁ“t]%stsmi%e ptgfn thg - isplatign| Jndy1dryiggt ok5

ppm particul ?Bir%m%ﬁaftgﬁcﬁﬁ’ﬂi sat nmost 30 ppm A particularly preferred
granul at ed pofymer 1s one erein the nononer is bisphenol A and its

content in the polyner is at nost 5 ppm preferably at nost 2 ppm 20
particularly preferably at nost 1 ppm A nost preferred granul ated pol ymer
i s one wher ei KobisarbpaaiPywhichsean e processed paiculady @dvantageeusy dyothe process

o obenzcne oo SHEHF Lk Bg AL Pl Gkodit 3 BB ciGLL20!
20 The polycarbonates may be linear or branched in the manner known in principle. Up to
80 mol.%, preferably from 20 mol.% up to 50 mol.%, of the carbonate groups in the
. appropriate polycarbonates can be replaced by aromatic dicarboxylic ester groups.
Such polycarbonates, which contain both acidic groups of carbonic acid and acidic
groups of aromatic dicarboxylic acids incorporated into the molecular chain are,

25 strictly speaking, aromatic polyester carbonates. They are to be subsumed under the

general term thermoplastic, aromatic polycarbonates.

Details regarding the preparation of polycarbonates are disclosed in many patent
specifications. Here, by way of example, reference is made only to Schnell,
30 "Chemistry and Physics of Polycarbonates", Polymer Reviews, Volume 9, Interscience

Publishers, New York, London, Sydney, 1964; to D.C. PREVORSEK, B.T. DEBONA



'The .i'nvent.ion js illustrated bel ow by way of exanple with the aid of
"Figures 1 andWQ004768h show di agrans of a suitabl e arrangeneBCTEBPISAGE yi ng
out the process. WO 00/ 07684 -8- Exanpl %f) PCT/ EP99/ 05368 The process

according to the invention is exenplified by the diagram of the process

shown in Figure 1. A punp 11, for exanple, a gear punp, centrifugal punp or
screw 5 punp, delivers the 5 to 20% pol yner sol ution through a ]
shel | - and-t ubenhe¥t KRERENgeForporate Resparch oCemen, oAllieds &hemagabr Corpordtionstor e

latil i REF d.condensed i
condenser 12, MR, RefoRRREARSY ‘Bannots or Fr CRR SubndB GRAEROSC L on
(60 to 75 Wt . JRRAdTHolymd SRitabe, Pobitd Therfigty Edfion, [Wde19)¢ I 290%9%9%915. 4

into the bottom of the second séparator 5. The nore vol atli
constituents &ratagpoiifieGsigd, IPR.t MiillegnNe riNauveifle, Bayeur Aer"Pobaarbpnates"6in

delivers the 95 tg 99,9 w . % pal ymer solution thrqqugh_a thir .

shel | - and- t ubzinms‘i?peés@afé’ﬁb@?grﬁcrq%m%%%namﬁepag’s‘écﬁamatl 6TS°§9n‘id-lgii'é‘°’clh’eggﬁnr e
vol atil e constitllerhs ~ag € ed, i h NGeryr: T asSGe

ol yrer ol ¢ PoEa SIS TR MGG S Dl OEKC) Kikher i FERENEAr,

I n this Exanpl'BolyearBénatd", i BedkgwBrann)iKiusstssaff-tiahdbuchpVeliuned/{ rRulyarbonate,

pol ycar bonateﬁpreparati on process. using BPA _as pol yner together with 42

Wt . % chl or obeFobiectalag Palyester, fgeliniascestshe Carliiiansee Vagag, Mupiht Vignea 1992 hr ee

steps (Figure 9{35 llti);aﬁ?ans of 20 three shell-and-tube heat exchangers 1, 4,
7 arranged on&*Behi n he other and their respective associ ated separators
2, 5, 8.10n the first step, the pol ycarbonate solution was heated to 200C
igathe first shell-and-tube heat exchanger 1. The tubes were 20 nmmin

met er and Zhgprocessacgordingrid thesinvention as used pagigularly preftrbly foothe Teetnfehbw

t t ub 1 kg/h. Th in th i at ed tor 2
0o The obEmderBsit ol iERE aring % Oaeeh o kepar el R A0grmantEs
wt . % pol ycar bgpah&surily theQeRREORSccHtf Rt 24°06in R YT AHA0A 3 @neiitdlibi Bf bsy

heated to 300C in the shell-and tube heat exchanger 4. The tubes were
in di anmeter ampdr 200nmInCHg@lgx bf 3R,0000 0000, prefevabdyl of r18(A0AI too80,8W). arkhé f | ow

rate per_  tube \/\/as]-‘réF kg%,‘{] The pressure in the 30 associ ated separator 5 was
0.1 I\/Pa.lél'he PETUCHF © ’quqtfmoﬁ)@ui ng fromthe second separator S contai ned
98.5 wt. % pol ycar bonat e.

The volatile constituents apart from the solvent may be both unpolymerised monomers

or oligomers and other low-molecular educts. A solvent frequently used in the

preparation of thermoplastic polymers, in particular of polycarbonate, is methylene

20 chloride or a mixture of methylene chloride and chlorobenzene.

. The polymer freed from solvent by the process has a viscosity in particular of 100 to
5000 Pas in the molten state.

25 The heat exchangers, in particular the shell-and-tube heat exchangers, contain any
device, known in principle to the person skilled in the art, whereby the ducts or pipes
conveying the polymer solution may be heated to a temperature above the vaporisation
temperature of the volatile constituents. Examples of these devices are resistance
heaters or a distribution network for the transport of a heat-exchanging fluid.

30



WO 00/ 07684 PCT/ EP99/ 05368 -9- In the third step, the polycarbonate

sol uti on, was WeADEW6840 320C in the third shell-and- tube heaPCEEPhHOITI 7.
The tubes of the shell-and-tube heat exchanger were 20 mmin di ameter and
0.5 min length and were manufactured fromalloy 59. The flow rate per 5
tube was 5 kg/ h. The pressure in the associated third separator 8 was 0.1
kPa. The degassed pol ycarbonate of the polyner nelt issuing fromthe third
separ at or contAdl thedae withrwhith thel polyrher sobrionicomen into aomfactds ithtuedurssaifitent s

A
granul at or 10-tub@}ﬁapé%!c}{ﬁ?%’ep,9ﬂa3llﬂe xﬁ%&lﬁ?ctﬁ@h BohPihyMhSGHR thaferidl N veftfl 1dss2f
yl ene “chl e 1?. 15

(measured at 25C I n net or| at a concentration o 5eg

Exanmpl e 2 | n tisprefeatdehiatthese phafts,ih pafticolay thehbatrextieangers) e manufaotirad fiomga 42
wt . % chl or obenzene and 43 wt. % net hyl ene chl ori de Jwas concentr at ed in three
steps. 20 | n teaterial low injrap and havipg jap dopsepigntok Hl%a @t Bresthvidosh prafeably oalbooc
in the first | - e change .The S rg. l i

di anet er and }Qﬁ% iontaﬂ%ng]t‘u'% gn%er%e( ‘prglggféogefeurlg@ f Ir’%{?n&alvol{\%yﬁ&%r&ﬁ%{ hre

shel | - and- t ubendiRéicteed ramgdioy 5o\R460DEMab Rl 686 (2.4806)5 8llsyEBRf auzg BRGlloyA

coi | ed-tube evaporator (not shown), which was heated wi th superheated steam
(1.6 MPa), waBhrlang2d allek37o.adlay 6% orgBoxédl. | - and- t ube heat 25 exchanger
1. The pressure in the downstream separator 2 was 0.1 MPa. In the second
step, the pol ycarbonate solution was heated to 300C in the shell-and tube

heat exctngerrid.invidntioh 46 provBide gihuldied PolfndREIbedinEiby tHY ricds€ Betohdiggd
\S“e manuf actured fromalloy 59. The flow rate per tube was 5 kg/h. The

ssure in tHetl®inwentioni at ed separator 5 was 5 kPa. WO 00/ 07684
PCT/ EP99/ 05368 - 10- In the third step, the polycarbonate sol ution was
heated to 320C in the shell-and-tube

A preferred granulated polymer is made from a dried polymer solution, in particular
polycarbonate solution, obtainable by the process according to the invention, with a
15 content of residual solvents and monomers of at most 100 ppm, preferably at most 55

ppm, particularly preferably at most 30 ppm.

A particularly preferred granulated polymer is one wherein the monomer is bisphenol
A and its content in the polymer is at most 5 ppm, preferably at most 2 ppm,
20 particularly preferably at most 1 ppm.

’ A most preferred granulated polymer is one wherein the residual solvent is methylene
chloride and/or chlorobenzene and its content in the polymer is at most 95 ppm,
preferably at most 50 ppm, particularly preferably at most 25 ppm.

25
The invention is illustrated below by way of example with the aid of Figures 1 and 2,

which show diagrams of a suitable arrangement for carrying out the process.



~heat.-'exchanger. 7. The tubes of the shell-and-tube heat exchanger were 20 mm
in dianeter aNdDO/&68h i n | ength and were manuf act ured from aPCBEPIHNSIBhe
flow rate per tube was 5 kg/h. The pressure in the associ ated separator 8
was 0.1 kPa. 5 The degassed pol ycarbonate "had a chl orobenzene content of 50
ppm Exanple 3 10 Again in this Exanple, a 15 wt. % pol ycarbonate sol ution
containing 42 wt. % chl orobenzene and 43 wt. % net hyl ene chl ori de was
concentrat ed Examplese steps. In the first step, the polycarbonate sol ution
was heated to 200C in the first shell-and- tube heat exchanger 1. The tubes
were 10 mmin dianmeter and 4 min length and were 15 manufactured from

all oy 59. The P P : I e of
20 bar. A cor I BATIUe Senidhfl [OR g e B TOURER oPUR S
super heat ed stshawn {rlFiguiePa)A puvap 14y foregmnipld.oamger pemp) atrifhgal plaalp erasorbwt ube

heat exchanger 1. e pressure in the dowlstreamseparator 2 was 0.1 MPa.
20 In the sec@H’a‘PsJ‘Q‘dPrStth%S &b?%avpi)ﬂfaﬁ@lu%m thre wﬁellﬁe%@& heat exghanger, t he
shel | -and tubsg ; r . j i .2 M
in |length andqv\lgﬁgﬂlerrgﬁtﬁj ac%t? E‘rsgém ?t;ggrgn %@ére\ggc{lﬁl}%go ov?lﬁtrsgltrgg%él?d&tdu en?/vas 5

kg/ h. The pr eslsusepatatortdnd caadasediicd condumbét 12, /A finkier edeRimp’ 3 defivérbehd hird
step, in contrast to Exanple 2, the polycarbonate solution was freed from

resi dual vol acpndengespalymersselutiont (6@ ta Thivebepalymen) thrapgica sasond shellrand<ilom

tor 24 | so_Fi 2), which ' ith i.fold
For the. di st r P PRt fdd MY oiRh, of Ihd edta FRMRERTY S e RIS
nore t hap 100Qohin®ntsOdre dorl¥hied il iR @nBénsaNFB. N REKEEEEaR piitah 6l dllilvErs e PF

sgands of polyner of 6 min length, the flow 30 raté per strand being 70
All part g0 89.9twtd% poiymenssolutiorcthnaghratthird shredleand-tube heat exchpnged dantowhs e

00/ 07664 PoT/ ERELHPRR & Here fie i yoliis Rerstlienss Gre Tondenste it Qeospndenser
evapor at or - and 4! pd di2hsdld BERTRE fhelt HifashatieN b plimpl3Ro A38GHALEH, Separ at or

15 was 0.1 kPa. The degassed pol ycarbonate had | or obenzene content of
25 ppm 5 Exanple 4 A general exanple of a variant of the process is

present ed by e diagram of the procedure in Figure 2. A punp 11, a screw
punp, deld verﬁﬁ!ﬂ?léito 20% pol ymer 10 solution in two steps through a

conbi nati on of heat exchanger 16 and coil ed-tube evaporator 17 into the
bottom of a separator 18. The nore volatile constituents are separated off

i n the separ atlfrthit Exantples; an e Raed polycarbonitd oRtion DBtairedf fisihe polyesbomp 19
delivers the solution through a _second heat exchanger 20 followed by a
second coi | edPrepgeatiep ppeness ineBPAmspolyacrdegahaitvoh 42 wifh rldorobenagss and | e

constituents i I r 12 he xt r _pu
delivers the %gn‘g%ﬁ’trggtp g%h‘%gﬁf/’{?rg? %VE%F%%%%‘%Q%EB‘ %ee?%e%&f%uﬁ%%ﬁ%ﬁe%rogugh
a shel | -2nd- t ylee kReéll-arixuba hg@rexbhdngt® 1t e 7hetahgdd e bdhend therdh&eparadior 5.
The nore volatile constituents are condensed in a condenser 13. A further

gear punp 6 déPsPoRiive assesiatal separatorsy, it 8.9 ths firsiestens dienolisarbonate gelhtion was

ifold 24 - i uces | i plici of thin ands of 2 ol yner
oW i o e o B0 s Rheh ae-biispbal e hae®h £ R e e 20 B0 e
constituents ghfndért dHdr AWNinD¥ngiH Gh Yere HARUAGHRESRI BH&%@.VTH@héw'r&p%ﬁsed
via a gear punp 9 to a granulator 10. A 15 wt. % pol ycarbonate sol ution
obt ai ned fr omtebepwasytkg/hohlxt pressnrpntizt assovigiedsopamto? 2 wasi h MIRAThs pplyingner

together wth 42 wt, % chl orobenzene and 43 . % net hyl ene
g 2§M sol%,tlon 1ss(l)11ng from the separator contalned\gtS Wt.% polr%argonatc.

In the second step, the polycarbonate solution was heated to 300°C in the shell-and-
tube heat exchanger 4. The tubes were 10 mm in diameter and 2 m in length and were
manufactured from alloy 59. The flow rate per tube was 5 kg/h. The pressure in the
30 associated separator 5 was 0.1 MPa. The polymer solution issuing from the second

separator 5 contained 98.5 wt.% polycarbonate.



.chl oride was concentrated in four steps (corresponding to Figure 2) by
means of the pyvoo®ees€ descri bed above. In the first two stepSI/EPH¥0S368

pol ycarbonat e sol ution was heated in the _rbe_at exchangers 16 and 20 to
tenperatures of 170C and 220C respectively. The tubes of the heat
exchangers 16, 20 were 10 mmin diameter and 4 m30 in |length and were
manuf actured firomall oy 59 (heat exchanger 16) and Inconell 686 (heat
exchanger 20). The pressure in the associated separator 18 was 0.14 MPa and

th WO 00/ 07684 / EP99/ 05368, - 12- i h t 0. 2 0. 35
\be. The. ol v R Hhedhird sten the Balyeatnorae soRiion Yeis hptad b S25C B R Rt fenisi: s
pol ycar bonat & tyhcafexchier| 75 TRPHbLL6r (RO HAPERONEE Reck OAah e WiBE 2053h 861 O

300C in the shell-and-tube 5 heat exchanger 4. The tubes were 10 mmin
di amet er and Zliaméter dndrigf m iarlehgtie med wareuhantfactered fromnallaly| 50y Th® flowhretefpenw
rate per tube was 5 ._.The pressure in, the _aisoci at ed se(gflrat or 5 was

kg/ h
0.1 MPa. The peRees S g&’hﬂh@dﬁeﬁsg@anﬂgaﬁﬁoswqdﬁbﬂ geparatrrSepas Gt 8F2-5 cont ai ned

98.5 wt. % pol ycarbonate. 10 In the fourth step, the polycarbonate solution
was admtted into the separator 15 via a manifold 24 containing 1 nm hol es

for the productheodegaésed polycatbohateidfythefpobimenaslt désufngl fromr thie adilrd Geparbiogh
surface area for the exchange of materials. The separator 15 and the pipes
whi ch canme i ntcenieBgdas® Rime hof ryelagite sonstitygitse apd niesidualy selyents oispbitantipllso.
The pressure in,the associated fourth separator 15 was 0.1 kPa. 15 The
degassed pol yccg'}%éc})neg?emg'f the polynmer nmelt issuing fromthe fourth

separ at org 15 contai ned 50 ppm of volatile constituents and residual
sghvents (substantially chlorobenzene). 20 After discharge fromthe fourth
s“ar ator 15, After gistharger fromathe thitd sepamateti Bedhe polyearbenate aneliwas glieeatly es

i | at 10, .Th l.at ed I te had ti.on vi. it
e, Jof 1. oo toneeiediag Sl erwtat fhdBe ppBenfends fal £aoielen VPR o
5 9/1). 25 The, I 661 S8'Ghesst¥al & 5°€finﬁie§8»'i€x@‘3hloﬁdéﬁgf%onbéht{a%ngfﬁﬁ}l'j. at ed

pol ycar bonat e Was approxi mately 5 ppm 'as neasured by gas chromatography.
Exanple 5 30 The same procedural sequence and device were used as in

Exanpl e 4, but_the pressure in the separator 5 was |lowered to 5 kPa.
e 15 °Y'pxample2 P

In this Example, a 15 wt.% polycarbonate solution containing 42 wt.% chlorobenzene

and 43 wt.% methylene chloride was concentrated in three steps.

20 In the first step, the polycarbonate solution was heated to 200°C in the first shell-and-

tube heat exchanger 1. The tubes were 10 mm in diameter and 4 m in length and were

. manufactured from alloy 59. The shell-and-tube heat exchanger 1 was operated at a
pressure of 20 bar. A coiled-tube evaporator (not shown), which was heated with

superheated steam (1.6 MPa), was arranged downstream of the shell-and-tube heat

25 exchanger 1. The pressure in the downstream separator 2 was 0.1 MPa.

In the second step, the polycarbonate solution was heated to 300°C in the shell-and-
tube heat exchanger 4. The tubes were 10 mm in diameter and 2 m in length and were
manufactured from alloy 59. The flow rate per tube was 5 kg/h. The pressure in the

30 associated separator 5 was 5 kPa.



‘WO 00/ 07684 PCT/ EP99/ 05368 -13- As a result of this neasure, granul ated

pol ycar bonat e A09/#7§84 r esi dual BPA content of only 2 ppm waPCaxras/eses f r om
the overal |l process. The chl orobenzene coptent was 50 ppm 5 Exanple 6 Wth
the sane procedure as in Exanple 5, but with a pressure of 3 kPa in the
separator 5, a polycarbonate having a residual BPA content of 1 ppm was

obt ai ned. The 10 chl orobenzene content was 25 ppm WO 00/ 07684

PCT/ EP99/ 05368n theithird sfeni ths pelycarbpudte sdptiarowas Ieatedgo 3R0°Ceinsthé shiclleardgobat i ng

| | uti th | ast i | [ ti | , by indi t heat
exchange, t he 581 H0IEST ortiie Bhes:e T el udteR hsayxapanier oleh s In i 1
particul ar Shqidme’ﬂél%tilé)bﬁmhﬁ%nrg?%ﬁnﬁ@&%rrﬁanu‘fﬁchﬂecﬁfr%%g r59fiﬁ§ﬁ9\9rr?& ?t%re 0

characterised in thatkgk)n in a rst step, 1 n one or ml)r i ndi vi dua

t he pol ymer sdhetwasrd tEhierpresgurs in the 28soniatethbsepargtot § was 0ilkPaoncentrated to
60 to 75 mt.%in 10 a conbination of a shell-and-tube heat exchanger 4 and
afilm e\;aporator, a coil ed-tube evaporator or in a shell-and-tube heat

exchanger, inm@ggge% 2 oy\}ctagoq%%%?E@g}o%gr%hggé]{tgﬁbf%P&gterrperature of

from 150C to 250C, pressure in separ a el ng m about 0.1 to
0.4 MPa, 15 B) in a further step, the polynmer solution is concentrated from
60 to 75 Wt.%to at least 95 wt.% in particular to 98 to 99.9 w.% in a
shel | and-tubeEﬁéﬂPl%-%changer 4 with downstream separator 5, at a
tenperature of from 250C to 350C, the shell-and-tube heat exchanger 20 4
containing vertical, heated, straight tubes - with or w thout incorporated

static ni0xer s Agatin nigisaBxdnipler Bals ditepycadbonbtfeOBalRt D cdfkaifile R2ERESAD! Y
(‘5 to 15 mm _ a length of fromO0.5 to 4 m preferably of 1 tog2 m and the
f9Bw rat e per cBloEabenzong andhd whéemethylene dljoride Waseoghertiatedtin beee Hepsng from
0.5 to 10 kg/ h, preferably 3 to 7 kg/h, based on the 25 polyner, and the
pressure in the separator being fromO0.5 kPa to 0.1 MPa, in particular from

3 kPa to 0.1 MPthe Mmseda, 3 polidafiBnte %F&ti%ﬂ wh é#%f?d %oto%oed;@ B ﬂ{/egkflrg{kf},l’élel%ﬁp’

the rest of the polyner contalning solvent an

constituents ituedwatosxehangeetl The tabessovere i newint diamernddd4 ncimnlesdth and wether

vol ati |l g .consti tant S oﬁ 5 tlo S%OT%ani n a shell-and-tube heat WO

00/ 0768215- 15. manufactured from alloy 59. The shell-and-tube heat exchanger 1 was operated at a
pressure of 20 bar. A coiled-tube evaporator (not shown), which was heated with
superheated steam (1.6 MPa), was arranged downstream of the shell-and-tube heat

exchanger 1. The pressure in the downstream separator 2 was 0.1 MPa.

20 In the second step, the polycarbonate solution was heated to 300°C in the shell-and-
tube heat exchanger 4. The tubes were 10 mm in diameter and 2 m in length and were
' manufactured from alloy 59. The flow rate per tube was 5 kg/h. The pressure in the

associated separator 5 was 5 kPa.

25 In the third step, in contrast to Example 2, the polycarbonate solution was freed from
residual volatile constituents at a temperature of 320°C in an extrusion evaporator 24
(compare also Figure 2), which was equipped with a manifold for the distribution of
the polycarbonate melt. The manifold in turn had more than 1000 holes of 1 mm in
diameter and produced a multiplicity of strands of polymer of 6 m in length, the flow

30 rate per strand being 70 g/h. All parts of the unit which come into contact with the

product were manufactured from alloy 59. The purified polymeric material was



-PCT/.EP99/ 05368. exchanger 7 with downstream separator 15 or in an extrusion
evapor at.or 14 W@ 0M076%par at or 15 at a tenperature of from 250€CTEPEHGEHS t he
shel | -and-tube heat exchanger containi ng_gg[ti cal, heated, straight tubes
having an internal dianeter of fromb5 to mm 5 preferably of 10 to 20
mm a length of from0.2 to 2 m preferably of 0.5 to 1 m and the flow
rate per shell-and-tube heat exchanger through the tubes being fromO0.5 to
10 kg/ h, pref &moved agthedage afthe extzsiandeveporeter apd fuyier proegssed: ng presgigeiine i n
t he separator ,15 bein frontlpo.1 5 kﬁgktPo 0.1 MPa, preferably fromO0.1 kPa to
2 kPa, and 10 19asperiatchisaziog gb"f*’? 1% subsequent !y isol ated and
optionally granulated. 2. Process according to claiml, characterised in
that the first step A) is carried 15 out in a shell-and-tube heat
exchanger, t h&htdegsssadfpolyvertioaatt had g bbiogpbenzehe cintaof 25 pphhe pol yner
solution have an internal diameter of from5 to 30 mm preferably of 15 to
25 mm ard a |l ength of from0.5 to 5 m preferably of 3 to 4 m and the
flowrate thr tubes of the heat exchanger is 0.5 to 10 kg/h,
preferably O.Mg/h, per tube, based on the polyner. 20 3. Process
according to claim1 or 2, characterised in that the first step A) is
carried out in a conbination of a heat exchanger and a coil ed-tube

evapor at or, t Hegmestl eremimebe vesataeihithe HEages® j peeaTtery by the diageam ©f dhe

pol ymer sol uti .G internal di r. qf.from5.to

preferably of p@&%@'ﬁgﬁ#f?ﬁ%?%gu@%l Qﬁﬁt%r%?%%ﬁlgmaﬁl}?rst %}655&8 2§%e%5‘iy of
3 to 4 mo and spladon i®\vb ateds tthioapiv A donebihdHen SofHeat BRcHaf@dr WX &P BERK-tuse 0. 5
'lt:.?O kg/ h, preferably 15 to 25 kg/h, per tube, based on the polyner. 4.

cess accor @vanprater Ynyntoribe bottarh aif rassepanator 48. dhemare eolagitedcanstitubeis ardhe

first step 30 A i arried out in te in two successiyve i nations
of heat. exchangrded 3fiinghe §tasut: 1303 BRlcmg 8 cBBITEE Y Tagither i
respectively angpCH Hekverd BR SIARD MrAlgh 4 éecRRd 1edt HRBRGSE 'zﬁefonow%%? Mth
a downstream separator. 5. Process according to any one of clainms 1 fo 4,
char act er i sed seqond lvatledatibe paapogatorf 2 intd éheckepamigr A2 while thé ivolatilecmastitndngs
contact wth the polyner solution o i.th the nolten_polynmer when steps A
to C) ar® bei At dépostietiingthe ORenTen 4. Atie HeSH EFHTCRAMP ARUYFTAIhG EORCERTAD

6. Process ac ' ' [ ' it j j ch
s Tow i n 10 P3nhaghlaf (@ 07 wENBATRE) (pSte & shotfing i HB Shlhedt
to claimb5, claoald bottonedf the thindsepatatornia tThe inddre whlatile domstitosmts arei doadensad
sel ected from,anong: allaqy 59 (2.4605), Inconell 686 (2.4606), alloy 625,
al l oy C22, al i fes’zwlel}seml%o% €arthen, igeggyPusDD Gafielivgrspthe % 1984wt Yr Belymsn| v
15 all oy 59. C ' 0 0 ' . , jsed in
that the poiyngibf (iRBeR S AR 240 ARntirolhdh Pmbibelfy of 18N S
sel ect ed2d r ompalymig :of o hive ai lddunediet, - 6d Wit foufth 8epdpatby PhEE @6 ansid! violdlits
pol yur et hane, pol yam de, 20 pol yester, %ol yacryl ate, polynethacrylate, a

f

SAN resin or &opgifesnisase withdeawi byt sugiiors The Hegassed giolymear anely is ppased View geer a
p car bonat e. .o £r.o rding to any one of clains 1 to 8,
X 4 b G iR 0

acterised’n vént is nethylene chloride or a m xture of
chl orobenzene and net hyl ene chloride. 25 10. G anul ated pol yner made from a
dried polyner solution obtainable by a process according to any one of
clains 1 to 9,A hawt g palycuherate salutioneehitained frem a/polycarbondterpyepanation pybceas

ot 100,9PM RS bofne TeraP o T R hib b B BBy RSt 3
chloride was concentrated in four steps (corresponding to Figure 2) by means of the
procedure described above. In the first two steps, the polycarbonate solution was
heated in the heat exchangers 16 and 20 to temperatures of 170°C and 220°C
respectively. The tubes of the heat exchangers 16, 20 were 10 mm in diameter and 4 m

30 in length and were manufactured from alloy 59 (heat exchanger 16) and Inconell 686

(heat exchanger 20). The pressure in the associated separator 18 was 0.14 MPa and the



WD 00/ 07684 - 17- PCT/EP99/05368 11. G anul ated pol yner according to claim
10, :charact er ivv@@0/§7684¢ hat t he pol ynmer is pol ycarbonate. 12. GCcamrbsitsaes

pol ymer according to claim 11, characteri_ifd in that the nononer 5 is

bi sphenol A and its content in the polyner“is at nost 5 ppm preferably at
nost 2 ppm particularly preferably at nmost 1 ppm 13. G anul ated pol yner
according to any one of clains 10 to 12, characterised in that the residual
sol vent is neprsbwadn dhe eepatitoraddimves 033 MiPabEhe polynendolutisn 1Buingnfremtthé n

the polyner is at no 95, referably at nmost 50 ppm particularly
preferably at smqtorz@t ?p&fﬁl&?lr& \Bt‘% poiycarbonate.
AATAA A CALA LA A9 A LA LA LA Y.AS A9. A AYaj YZ

Y\ {+/ >&z| wr mhc”"Y] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca
] c<a] ca] ca] calln #jecthird ajep athe polykarbehdte sdlhitiar] was heaadNs 8D0JC0 id the shell-and-tube

e Vel ealssepleal sepebsglele kg bndleslar e el s o

YU WRE V' ' ' (. [ * A cakcal calca cajc
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... . 0; 00s 11=2=ags33idtedutpatfep B6Wds/ 8.1 MPa. The polymer solution issuing from the second
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] ca] ca] ca] ca] cepaEHPTRTAHAUNE] LA L] pelyerg8BaB099' 1 3:6: 7: @O : : L;

] ca] ca] ca] ca] ca] ca] caU] ca] c*a] calU] caU] ca] ca] ca] ca] ca] ca] ca] ca! A4Bf BBBB3CCC(
DwDDDD1 EIEEEEW%%%F tth]polycarbonate solution was admitted into the separator 15 via a

| M Sl | J{vqgl fall Lgaica cal] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca]

c‘ca] ca] ca] caa}as&i) 14 eqrizining] lcmhe bokes & g pratducivakiflahphidigPePRRANQOG RS!

TnVYS$Y) YzYYZPZZZyt oj €. . A

o e ey oo bab bl abeakeche b eahealt seaghsal el ebeahit e
[ “d f Phe ni : : :

?:';I@La[ aaaha@??lﬁfsdv’y}\l(ﬁcg ‘cf“{l/f ]“(I:tj) ggﬁltg%eﬁ 1(t:h aﬁhg :gfj]dél gﬁ vgg e(%a]ng gﬂcg}(%(i gg%ag]og as]gb al c

a] ca] ca U] c”aJlhapombura icth @ssociated #pureéh epiramw} ¢avaspddPaa) ca aHbb<d?dl ggg/ h;

h@Ohj j nal oxo~oo00qg\ qrssJttt/uuuuu{vgl gb\W]]calU] ca] ca] ca] ca] ca] ca] ca] ca]ca]
cal ca] cal]sca] ca] caU] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! uu

vxxg/ h; PR

h@Ohj j nol oxoIc})lScglg]%acf'rs?sds%c%lﬁamoﬁlaheuo{fvﬂ&? B%‘Q’Wﬁ jnggl Sgg]gcféﬂr%éﬁec% clé]sec’pa act%r] %:Sa] caj
ca] ca] ca] ca] capntaided aj€ aipna] efavohlitea constitmblsC ahd afesidhal afsladia] @estaatiigaaj z X
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& ()-j YZwx6! Hehlorebspesmek' () -) mLovB& () -ml C

% #109BB& () -Y!)gM 10%#B#B& () - H $gM 109BB& () -H O(NO' 109BB& () - *w

20 After discharge from the fourth separator 15, the polycarbonate melt was directly
converted into granules in a granulator 10. The granulated polycarbonate had a

. solution viscosity m,, of 1.29 (measured at 25°C in methylene chloride at a

concentration of 5 g/l).

25 The residual content of bisphenol A (BPA) in the granulated polycarbonate was
approximately 5 ppm, as measured by gas chromatography.

Example §

30 The same procedural sequence and device were used as in Example 4, but the pressure

in the separator 5 was lowered to 5 kPa.
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5, a polycarbonate having a residual BPA content of 1 ppm was obtained. The

10 chlorobenzene content was 25 ppm.
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10% & () - AdBcBdBeBf BBBB~co@aining 5 to 20 wt.% of polymer is concentrated to 60 to 75 wt.% in
10 a combination of a shell-and-tube heat exchanger 4 and a film
. evaporator, a coiled-tube evaporator or in a shell-and-tube heat
exchanger, in each case with downstream separator 5, at a temperature
of from 150°C to 250°C, the pressure in the separator being from about
0.1 to 0.4 MPa,
15
B) in a further step, the polymer solution is concentrated from 60 to 75
wt.% to at least 95 wt.%, in particular to 98 to 99.9 wt.%, in a shell-
and-tube heat exchanger 4 with downstream separator 5, at a
temperature of from 250°C to 350°C, the shell-and-tube heat exchanger
20 4 containing vertical, heated, straight tubes - with or without
incorporated static mixers - having an internal diameter of from 5 to 30
. mm, preferably of 5 to 15 mm, a length of from 0.5 to 4 m, preferably
of 1 to 2 m, and the flow rate per shell-and-tube heat exchanger through
the tubes being from 0.5 to 10 kg/h, preferably 3 to 7 kg/h, based on the
25 polymer, and the pressure in the separator being from 0.5 kPa to 0.1
MPa, in particular from 3 kPa to 0.1 MPa, preferably from 3 kPa to 10

kPa,

O in a further step, the rest of the polymer containing solvent and/or other
30 volatile constituents is concentrated to a solvent content and/or content

of other volatile constituents of 5 to 500 ppm in a shell-and-tube heat
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9 10%&()- polymer, and the pressure in the separator 15 being from 0.05 kPa to
0.1 MPa, preferably from 0.1 kPa to 2 kPa, and
10
. D) the degassed polymer is subsequently isolated and optionally

granulated.

2, Process according to claim 1, characterised in that the first step A) is carried
15 out in a shell-and-tube heat exchanger, the tubes of the heat exchanger which
contain the polymer solution have an internal diameter of from 5 to 30 mm,
preferably of 15 to 25 mm, and a length of from 0.5 to 5 m, preferably of 3 to
4 m, and the flow rate through the tubes of the heat exchanger is 0.5 to 10 kg/h,
preferably 0.5 to 3 kg/h, per tube, based on the polymer.
20
3. Process according to claim 1 or 2, characterised in that the first step A) is
. carried out in a combination of a heat exchanger and a coiled-tube evaporator,
the heat exchanger contains heat-exchanging tubes for the polymer solution
which have an internal diameter of from 5 to 30 mm, preferably of 5 to 15 mm,
25 and a length of from 0.5 to 5 m, preferably of 3 to 4 m, and the flow rate
through the tubes of the heat exchanger is 0.5 to 70 kg/h, preferably 15 to 25
kg/h, per tube, based on the polymer.

4. Process according to any one of claims 1 to 3, characterised in that the first step

30 A is carried out in two steps in two successive combinations of heat exchangers
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'1"M10% B the molten polymer when steps A) to C) are being carried out are manufactured

from a material low in iron.

6. Process according to claim 5, characterised in that the material which is low in
10 iron has an iron content of 10% at most.
7. Process according to claim 5, characterised in that the material which is low in

iron is selected from among: alloy 59 (2.4605), Inconell 686 (2.4606), alloy
625, alloy C22, alloy C276, alloy C4, alloy B2, alloy B3, alloy B4, preferably
15 alloy 59.

8. Process according to any of claims 1 to 7, characterised in that the polymer of
the polymer solution is a thermoplastic polymer selected from among:
polycarbonate, polystyrene, polyphenylene sulfide, polyurethane, polyamide,

20 polyester, polyacrylate, polymethacrylate, a SAN resin or a copolymer or a

mixture of these polymers, in particular a polycarbonate.

9. Process according to any one of claims 1 to 8, characterised in that the solvent
is methylene chloride or a mixture of chlorobenzene and methylene chloride.
25
10. Granulated polymer made from a dried polymer solution obtainable by a
process according to any one of claims 1 to 9, having a content of residual
solvents and monomers of at most 100 ppm, preferably at most 55 ppm,
particularly preferably at most 30 ppm.
30
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13. Granulated polymer according to any one of claims 10 to 12, charactérised in
that the residual solvent is methylene chloride and/or chlorobenzene and its
10 content in the polymer is at most 95 ppm, preferably at most 50 ppm,

. particularly preferably at most 25 ppm.



