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.100 (©-Cso 00, WO 00/64554 1 PCT/EPOO/ 03216 i~raon~' ¥\159159* Process and
appar at us f orwewamessat i ng pol ymer sol utions of therno st i ®CTEMYMRIG, and
pol ycar bonat e obt ai nabl e by evaporation The invention Tel ates

mul ti-stage, continuous process for evaporating polyner 5 sﬂ@@ﬂ'ﬂ@wwumw
especially of thernoplastic polyners, by indirect heat excha g
t he pol yner solutlon through heat exchanoers espeC|aIIy tubular‘H@ér
exchangers, hE ; PR ANOrating er_splutions ' Iast
out t hat proﬁ(ﬂgﬁigr%rlﬁd'@Yﬁ}r%mtE sbaaﬂﬁgqn@bg%va,ggraawcar poat e treated by
t he process a dual bi sphenol A
“content of <5 ppm 10 The renoval of volatile conponents froma pol yner

solution is one of the |last process steps in the preparation of many
“pol yner s TheThoinyentien rﬁéﬁg& fot wmla stage,RONtINBIHS\RIACATR JOTRY ApPHaHBE PRLIMEENL S

and/ or pon rised nDno on the .ord f gni ude f t he
Vi scosi t ﬁlétmﬁ]& fﬁ%ﬁm J| ﬁf it falsﬁgrpohbfm?fg’r |b§n{n lrgﬂa hi &)1

removi ng the y&k@% e ?&Wx‘éf‘%@hﬁmﬁr%&éﬂeh@é@' HEBANgRR, UWdsh&dially mum&hhevjt

t hose variants pol yimver solution is heated above the evaporation

t enper at ur e oexchamgrmhmng laglopmatstam mamor Fiktognaapparaveor cesryingoeutshaises,

for exanple, thin-film evaqp tor exh\[y rs and those having indirect
¢ ip

heat exchangeP™Os¢s Iy enty “feﬁéa 4P GR3UE tgates OYithe WOEESS AFCHHLE ¢ he
pol ymer shoul RLtﬁeﬁn@ﬁnmﬂmggegrés{a%amgﬂaenoﬁ}a%sﬁfeﬁt dlanmggncauses undesi rabl e
col our changes or the presence of pinholes in the polyner. EP-A-0 150 225,
for exanpl e, describes an apparatus having two heat exchanger 25 bundl es
nnected in erles he, heat, exchanger ndles have rectangul ar nnel s
posed hor i B%F%{P?VTQ fv aewmp@n%&ﬁﬁﬁﬁ 2 BPlyeh folublon 4§ due & ¢ %frﬂ
apparatus 1s pidsed s hhd Brephfdfioh WP nikAsorifels! e 9b1aBROSRGEhs ¥ BEOUS

pol ymer sol ut
removed may be either solvents and/or unpolymerised monomers. Depending on the

order of magnitude of the viscosity of the polymer solution, different variants are
15 known for removing the volatile components from the polymer solution; in each of
those variants, the polymer solution is heated above the evaporation temperature of
the volatile constituents. There are known as apparatuses, for example, thin-film

evaporators, extruders and those having indirect heat exchange.

20 When heating the polymer solution it is crucial that the polymer should not be
. damaged thermally. Thermal damage causes undesirable colour changes or the

presence of pinholes in the polymer.

EP-A-0 150 225, for example, describes an apparatus having two heat exchanger
25 bundles connected in series. The heat exchanger bundles have rectangular channels
disposed horizontally, in which the polymer solution is degassed. The apparatus is
used mainly for the two-stage heating or cooling of viscous polymer solutions

during the reaction, but its manufacture and operation are relatively complex.

30 EP-A1-0 451 602 discloses a process for concentrating polymer solutions, in which

the preheated solution is, in a throttled manner, expanded into a helical flow tube

LT
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during the reaction, but its manufacture and operation are relatively
conpl ex. 30 EWOAD/6@55451 602 di scl oses a process for concent PEETERGO/PRLE mer
solutions, in which the preheated solutign is, in a throttled manner,
expanded into a helical flowtube Il n [ITIITITIT 111111 11 *@G00002* WO
00/ 64554 PCT/ EPO0/ 03216 -2 and the concentrated solution is concentrated
further in a second drying apparatus having self-cleaning el enents which
i s located i nmeldihataongeniratadssolwion is Hencentatedcfgtherain a h@oﬂg $laving #PPRJatus hat

the final concentratjon of soJvent in.the pol . is,. stil i vel
hi gh, and tha avg%_sa(ﬁg?qanmgﬁg eftetsy Wi Do mgéﬂ@?e%p@‘;{%{}gﬁ%ai ¢t 0w
‘long. Pol ymer,pacdingl g a%v%ﬁbfe, tihgt 121? |ﬁ!{n§fé¢$on@éht¥aﬁ%n loP S8 erttah ki pUlyrh&sis

helical tube, regum ng the quafi product. The object of  this
“invention is,stthemepavatevelyt bighpel thntahe dibvleB timeqindbedewastidamndryimgmapaatus f or
renoving _vol atil e _conponents froma paolynmer solution, which process.10 and
appar at ué do ‘ﬁotf’oéSZ‘Pﬂ-H?qu‘PﬁépﬁTlglﬁﬂ@%%b&éé% CBﬁeclt 18 tg?d’&‘}fés“l?glsl&f %F]r‘ t he
prior art. Th M=To . ' with the el aboration and provision
of the pr oces@ge’ggg%ﬁ%ﬁlgﬁthgm?%ef | rgﬁﬁé'on, which is described in greater
detail below. In addition, 15 that object could be achieved with the

el aborati on and provision of the apparatuses according.to the invention,
whi ch are des&hps 98ifct 9f ghisatnventinan i, | therefasey, tor make Availgile a prosessopican
coul d be achi gy | he . .at | Vi Si ] nat e
according to ?Wéga}u\#v}é)gtr %n&cﬁwﬁ#??ﬁ I%aés é)g%q f?lré)gl éegblggwfa%hg&dg@gésﬁﬁfgéggr di ng
to the ijgvent imnagidatis d6 afot rdxhibit the dsReuaigedadfatht predeayes 1dwAdfrom the

. prior art.

That object could be achieved with the elaboration and provision of the process
according to the invention, which is described in greater detail below. In addition,
15 that object could be achieved with the elaboration and provision of the apparatuses
according to the invention, which are described in greater detail below. In addition,
that object could be achieved with the elaboration and provision of the
polycarbonate according to the invention which has been treated by the process

according to the invention and is described in greater detail below.

20
. The invention provides a multi-stage, continuous process for evaporating polymer
solutions, especially of thermoplastic polymers, by indirect heat exchange by
passing the polymer solution through heat exchangers, especially tubular heat

exchangers, having a downstream separator, characterised in that

25
a) first, in a single stage or in a plurality of individual stages, the polymer
solution having a polymer content of from 5 to 20 wt.% is concentrated to
from 60 to 75 wt.% in a combination of a tubular heat exchanger and a thin-
film evaporator, or a coiled tube evaporator or in a tubular heat exchanger,
30 each having a downstream separator, at a temperature of from 100 to 250°C,

the pressure in the separator being approximately from 0.1 to 0.4 MPa,



The invention provides a multi-stage, continuous process for evaporating
pol ymer sol uwoansdassaspeci al | y of thernoplastic pol yners, bycCirmRoo/es2te heat
exchange by passing the polymer solution,through heat exchangers,
especially tubular heat exchangers, havi%g a downstream separ at or,
characterised in that a) first, in a single stage or in a plurality of

i ndi vi dual stages, the polyner solution having a polynmer content of from5
to 20 wt.%is concentrated to from60 to 75 wt.% in a conbination of a

tubul ar heat gxchanger and a thin- film evaparator, or coj | ed .t uby
evapor at or ora n a“‘t%éﬁﬁ%ﬁ’i Stﬂ%eaﬂle Wa?fgs@f‘}tlogds Eoneantrated ﬁ'amaédd@\?\ﬁs‘t'tr gé?n
‘separator, at a te o, f : Ofy, Py e L fia,d
separ at or bei ng apgfgéggng??g/?rééﬁ]&d%p?%%?‘? %g,é€ém0%7§ g{sjuﬁtﬁar héat
"PCT/ EPOO/ 03216 3 Oexthahger dabingthéswastiegm, sepiratapoatydresmpeedtirei afifrérd 130 to
concentrated from60 to 75 wt.%to at least 95 w.% especially to nore

than 98 W.% in a33Qbulthe twladar hesi exelingeer haxing yericabhieaicde stigigkipbat or |
t at t . . 5 . | ar. to. i
Verci cal heat cd, *wibie SR bRt 3, bt B iR o SHAIANIR 4 19

havi ng an insi de dp@iRh,epre@raly dah 3 €0 130mM) andr £fl@ig@bloy ffdr0.5 tb ot & nm
and a length of fromO0.5to 4 m preferably froml to 2 m and the

t hroughput per heaPreéstetsdipnt 1 teba, and theghroughputipgpeat peghaagdriteha thraugh 30

kg/ h, preferably from 15 to 25 kglh sed on. 10 the I , essure

in the separator bg\enmaé‘?sr%eﬁ?g_sggﬁgé 5%3@?(%%5&“3&%#%[}121& %%ngﬁf %0 0.1

MPa, andopan entrai fRrpol®MBEGhe ptdssiErarihi tBE sEfFator BEINBIréAtT REHGED.1 MWy, t he

del i very device | ocated downstream of the 'separator, at the intake side,
15 ¢) the degapsfutaplfyonerS kRa tubddBentridyan swtainerdespadially phirenghs,y,

ranul ated. 20 25 Nitrogen (\N2) i r r : h i -
% as geen found t ha eln%ylrntr%(aucegi %Ztol alepdeelgveer}? bA%lc%S o%atae Eiov%ns%rré:tarrnalo etrhe t

separator, at the intake side, and

15 c) the degassed polymer is subsequently isolated and, optionally, granulated.

Nitrogen (N,) is preferably used as the entrainer. It has been found that, by
introducing nitrogen, the residual content of volatile components can be reduced to

< 500 ppm without the need for further measures in terms of apparatus.

20
’ The invention also provides an apparatus for evaporating polymer solutions,
especially of thermoplastic polymers, by indirect heat exchange by passing the
polymer solution through heat exchangers, especially tubular heat exchangers,
having a downstream separator, characterised in that
25

a) the first stage or stages has or have a tubular heat exchanger and/or coiled

tube evaporator (3) each having a downstream separator (4),

b) the further stage has a tubular heat exchanger (7) having a downstream

30 separator (8), the tubular heat exchanger (7) having vertical, heated, straight



i ntroduci ng nitrogen, the residual content of volatile conponents can be
reduced to <wold/epss Wit hout the need for further neasuresPCH/EPOO/OR1OF
apparatus. The invention also provides an,apparatus for evaporating polymner
solutions, especially of thernoplastic b%Fyrrer s, by indirect heat exchange
by passing the polyner solution through heat exchangers, especially
t ubul ar heat exchangers, having a downstream separator, characterised in
that a) the first wbeaghaving ahdgsde Hmmetar dfdwem & touduiramn, preferabéx floangedo
and/or coiled tube_ evaporator (3)._each_ hayin downst r eam separ,ator (4),
b) the further stab%%sangatlﬁﬂﬂﬁlﬁagﬁﬂ@&-s @%ﬁ‘ag&gﬁ’ralﬂ? walithg " Hwnst r eam
"30 separator (8), the tubular heat exchanger (7) having vertical, heated,
strai ght WD 00/ 64554 PCT/ EPO0O/ 03216 -4 tubes having an inside di aneter of
‘from5 to 30 ¢hm pihefeeisabiryngded odovimstream 16 each stagé a detinglyhdoficd (@Qre)0fod to 4
m preferably from1l to 2 nL and c) there is arranged downstream of each
stage a felivery d&dmsperting thgpolysier sglufippanheiraingg especiplly garger ga BeNgn, an
entrai ner, especially.carsi . hei i i e side of
the delivery devi clélt%’ U eatﬁ{frlgﬁg? Sl?? Sgg‘.e #Eg&?%gﬁ%%eg{?@%&%ﬁa 5‘i des a
pol ycarbonate treated by the process according to the invention,
characterised by a residual bisphenol A (BPA) content of |ess than 5 ppm
10  The pr oc&hesinventioniilae prayidese polyearhangte teeateddry ihe sodesy ageerding tegthe
vol atil e compgnents from sol yti ons .of .any. desi,r iquid or, neltable
pol ymers and mv#f% cﬁag%glilsgﬁ gf.reﬁ&i%%’l%ge il‘éhﬁqjl‘ab cg’Bt‘FﬂBﬂgﬁfsst, aqugraldi tion
to the ggl vent, may be both unpol ynerised nononers or oligoners and ot her
| gw nol ecul ar wei ght starting materials. A solvent that is frequently used
i@t he prepar&bé aproodsst eording ast the poveptien scanedpeused! fgr remodvingr valatlee, i s

met hyl ene chl oride or m Xiul{{ogs %% arrlr}gtd@ﬂe%rie chlori ﬂgb and. chl orgben ene.

20 components from so 1quid or meltable polymers and similar
substances.
15 The volatile components, in addition to the solvent, may be both unpolymerised

monomers or oligomers and other low molecular weight starting materials. A solvent
that is frequently used in the preparation of thermoplastic polymers, especially
polycarbonate, is methylene chloride or a mixture of methylene chloride and
chlorobenzene.
20
. Preferably, however, the process according to the invention is used for degassing
thermoplastic polymers. Those polymers include all plastics that become flowable
under the effect of pressure and temperature. There may be mentioned by way of
examples polycarbonate, polystyrene, polyphenylene sulfide, polyurethane, poly-
25 amide, polyester, polyacrylate, polymethacrylate, SAN resin and their copolymers.
The process is very especially suitable for the installation and drying of

polycarbonate solutions.

Polycarbonates which can be processed especially advantageously using the process
30 according to the invention are both homopolycarbonates and copolycarbonates. In a

manner known in principle, the polycarbonates may be linear or branched in



Preferably, however, the process according to the invention is used for
degassi ng theoephssati c pol ynmers. Those pol yners include alpcTmpragoizes t hat
beconme flowable wunder the effect of pressure and tenperature. There may be
menti oned by way of exanples pol ycarbonaté, polystyrene, polyphenyl ene

sul fide, polyurethane, poly 25 am de, polyester, polyacryl ate,

pol ynet hacryl ate, SAN resin and their copolyners. The process is very
especi al | y susttehire Upto 8thmol%siraferably fromeRickodOymeif, of thepatbonatelgrongisen

sol utions. Pol ycarbonates which can be processed especial |y advantageously
usi ng the prodgswitablg %E@F‘%ﬁﬂ?&st‘@nt%r?ﬂ%‘@ﬁt‘?%ﬁm&‘??’é‘cb‘é‘ﬁﬁboxﬁw acid ester

the. pol yoar bongis SRS ERRREAAES SRLESonyR LR RGTEHIENEe ot I sRAZ, 16
"5 structure. Add k@licHs oDA¥manE dicaraiylic fdiedindOrpbeat@Dinnt Holeduld Etairg atdyonat e

groups in the suitable polycarbonates can be replaced b%/ aromatic
di car box§l i c @ciivecthemr theigr eaurest n@menajetajie pAyastar ccarbopaieshThen@ed 0 Bt h

acid radicals_of carbonic acid.apd cid radicals .of ar ti.c dicarboxylic
aci ds i ncor pot f‘é‘ﬁ an?eﬁghen%qngxaﬁpe ctﬁ%ﬂl}??iag&%?mgwf% paﬁl\‘}gr%?ﬁ%tgﬁ't heir correct
nane, aromatic pol yester carbonates. They are to be subsuned under the
generic termthernoplastic aromati c pol ycarbonates. There are treated by

t he process atbere diragrenisdttyethenproeess aacadingcioathe yinyenéiba respéojallyt prgieraly ast i ¢
pol ycar bonat es havi.ng. an.aver age l.ecul ar wei gh ca ted.by,10
measuring t heﬁlFEP%RIPﬁ(?Ié Rﬂl%céﬁ’ﬁng s E?Vl%én iaﬁer@%'%ﬂgc% Sighgﬁtgﬁfﬁ%%#ghon of
0.5 9 pgp 1095e£§uriﬂg thd fefativl vﬁfcogiwzéec BPeH. €1, 4PatC0ncaifalich 8P0Y% gge@m

18, 000 to 80, 000 an especially from 22, 000 660, 000. Very speci a

%f erence i s1@) méof Col, 61,5 phromal 120000 #60.609.qaeferablyt ommahs,00§ tbt88,000 and
a

ove-nentioned properties. 15 The pol ynmer freed of saol vent according, to
the process hepegally dpgy 22008 to éQ&Q& Yeryyspegiah prefaenceds sy tpalgsnhﬁn@h%

nolten state. ' ngl r according to this
process has ahéﬁlé@‘ﬁga afﬁ%%ﬁ@kﬂ%ﬁﬁ%ﬂgo%ﬁ? Efnoﬁ g%%g'l ess than 5 ppmat the
melting tenperature (320C). 20

15 The polymer freed of solvent according to the process has a viscosity of especially

from 100 to 5000 Pas in the molten state.

A bisphenol A homopolycarbonate treated according to this process has a residual
bisphenol A (BPA) content of less than 5 ppm at the melting temperature (320°C).
20
. The heat exchangers used, especially the tubular heat exchangers, have any desired
means known in principle to the person skilled in the art for heating the channels or
tubes through which the polymer solution flows to a temperature above the
evaporation temperature of the volatile components. Those means are, for example,

25 resistance heaters or a system of pipes for transporting a heat exchanger fluid.

In a further development of the invention, the first stage a) is carried out in a tubular
heat exchanger which has heat exchanger tubes for the polymer solution having an
inside diameter of from 5 to 30 mm, preferably from 5 to 15 mm, and a length of

30 from 0.5 to 5 m, preferably from 3 to 4 m, the throughput through the heat



The heat. exchangers used, especially the tubular heat exchangers, have any
desired neanwokoess4i N principle to the person skilled in PheErosoRn06
heati ng the channels or tubes through which the polyner solution flows to
a tenperature above the evaporation terrb@f‘ature of the volatile
conponents. Those means are, for exanple, 25 resistance heaters or a
system of pipes for transporting a heat exchanger fluid. In a further

devel opnent odxchivgzer mytstpeptubet beingd frost 5 36 3Qckgd), preferabiy freth dlito 2 ka/h,
tubul ar heat exchanger whi ch has heat exchanger tubes for the pol yner

sol uti on havibrgedan thepalymerdi amet er of from5 to 30 nm preferably from5
‘to 15 mm and a length of 30 fromO0.5 to 5 m preferably from3 to 4 m the
t hroughput through the heat WD 00/ 64554 PCT/ EPO0/ 03216 6 exchanger tubes
‘per tube bei ng 44 giferRative fﬁﬁh&gdd?elopﬁﬁﬁteétaﬁhb)in\fdhﬁﬁh,laﬁgéﬁ pampk gnh ntrapmaged on
the polyner. In an alternative further devel opnent of the invention, a gear
punp, anSent rpymnent a delivemnyoller issusdd s therdglivery (device.sTheseeis paefetahly ptepeseér y

chat ¢ seal | ShegsF ot are Y RBs e iof it e B BiRe RO el uTl

the parts thaj. £888udediiRereOntact with the polynmer solution, especially the
heat 10 exchanger or the tubul ar heat exchangers, can be produced from any
desired material. Preferably, however, those parts, especially the heat
exchangers, ar roduced froma lowiraop pmaterial having an iron content
not exceed; ngBghbpaR fhat samedngy cqntast il e pohRe P L ioRa eoRes Y g Beat
contact jgi th éﬁﬁfnfge?déﬂheahﬁ)upir @%chﬁ%@ﬁ?'c%h'% gl’r@d‘u‘éé@tﬁd{nf%ﬁuéﬁiﬂeﬁy 59
(2. 4605), Incone 686 (2.4606), Alloy-BZ, 15 Alloy-B3, Alloy , Al oy

2, Al oy- Qaidterial\ Preferddly ohowkvery tlsdb. paftse especéailyi tre heatesmhangees] am
greater detail bhelow by neans of a drawing showing a preferred er(;bodi ment .
20 In the si noduced; Gfpadest-iren matssiab hayng gryron copgnt gotexseeding 48k flinp, a
centri fugal .J1.he S i.Qn in
2 i st ot agePti el hedf ERHaRT ot SGR 1B ok utdl it BRUEP O icell

evaporator 3 gdetiBy Preferably Frons IRyabdr(24605)) htvheHe8y &1.06064, Allog-BOr e
readily volatil e conponents are separated
1 Alloy-B3, Alloy B4, Alloy C-22, Alloy-C276, Alloy-C4 or Alloy 625.

The invention is explained in greater detail below by means of a drawing showing a

preferred embodiment.

20 In the single, diagrammatic Figure, a pump 1, for example a gear pump, a centrifugal
. pump or a screw pump, feeds the 5 to 20 % polymer solution in a first stage through
a first tubular heat exchanger 2 and a coiled tube evaporator 3 to the sump of a
separator 4. In the separator 4, the more readily volatile components are separated
off and condensed in a condenser 5.
25
In the examplary embodiment shown, and in that respect preferred, a gear pump 6
feeds the already concentrated polymer solution (from 25 to 40 wt.% polymer)
through a further tubular heat exchanger and a further coiled tube evaporator to a
further separator 8, where the more readily volatile components are separated off and

30 condensed in a condenser 10. The solution, which is now concentrated to from 60 to



of f and condensed in a condenser 5. 25 In the exanplary enbodi nent shown,
and in that reeywedssareferred, a gear punp 6 feeds the alr eadyEr00/03216
concentrated polynmer solution (from25 to_, 40 wt. % pol yner) through a
further tubul ar heat exchanger and a further coiled tube evaporator to a
further separator 8, where the nore readily volatile conponents are
separated off and 30 condensed in a condenser 10. The solution, which is
now concent r agset.%o pblyawer oty thenViled Y/ 84deart phitdp/ ERRLER 21 fecénd Fubvla¥heat
polymer, is then fed by a gear punp 9 through a second tubul ar heat
exchanger to eX¢hangens be sumposasepasatonil. | n order further to concentrate
“the pol ynmer solution, which has been concentrated to 5 nore than 98 w. %
to a content of volatile constituents of < 500 ppm nitrogen is introduced
‘as carrier gam érdéofukther fordonként@iteibe @blyindr dolukiet, Wiiah hpsibgen cdgcéntiatedubt of
whi ch the desired purity of the polyner solution is achieved. The nore
readi |y §ol at inpee hemP8rehtes td acapigni of yolatils ¢apstituendhaf CHOOwaR, 1plpgeNaise 10

d di d .. Th | . | t. .d di h
nvent s on 1o DEBGECE Frish enaguly ik, it SEEgREREEr REEc LI 9 roans

of the descri RREhAROEERSd bliritySofRRSSIPIer Whibntit @atlibn@. bi sphenol A hono-
pol ycarbonate at a nelting ténperature of 5 320C to achi eve a residual BPA

15 content of 2 ppm at all events < 5 ppm Gas chronatography was used as

the analysis thod for the .BPA determ.nation, 0 WD 00/ 64554
PCT/ EP0O/ 0321 Bh& ez s 113@“&? cpmppfients formed an t‘?o“HP}Pnﬂ‘oﬁkd ‘gP SEFJumpgre

evapor atpng p&iﬁd@ﬁ?d%ﬁ'ahﬁ&g@&fse@yrheiygwgﬁ&%ew& s GRedamey (ARG 13€

pal ymer sol ution roug eat 5 e ngers having a dowistream separ at or,
r act er i sedconveydbfrorhQhe gear pump to a granulating device.

By means of the described process it is possible when treating bisphenol A homo-
polycarbonate at a melting temperature of < 320°C to achieve a residual BPA
15 content of 2 ppm, at all events < 5 ppm. Gas chromatography was used as the

analysis method for the BPA determination.



0 a) first, in a single stage or in a plurality of individual stages, the
pol ymer sol utworolsassung a pol ynmer content of from5 to 20 WPC¥6EP80/03216
concentrated to from60 to 75 w. % in a cgnbi nati on of a tubul ar heat
exchanger and a thin-filmevaporator, or a coiled tube evaporator or in a
tubul ar heat exchanger, each having a downstream separator, at a
tenperature of from 100 to 250C, the pressure in the separator being

appr oxi mat el yPatentrChiithst 0 0.4 MPa, 15 b) in a further stage, the pol yner
solution is concentrated from60 to 75 w.%to at least 95 wt.%in a
tubul ar heat exchanger having a downstream separator, at a tenperature of

‘from 130 to 3p0C, . ul.ar.. nger i % hfed! solfiietse

st rai ght tubeg, V\Awﬁ(l)rsgag\%lf otbr[ﬁ%gﬁllﬁt%%llﬁ g?a?f%gﬁﬁggrg{ﬂ%\gi ?105 an iﬁgi de
“di ameter of from Sindire@0he4) exohangt dyl paginy alie fpobymér. Solutiod throughnhedt he

t hroughput per heat _exchanger tube through the tubes being from5 to 30
kg/ h, baSed on t hexchangerehavingpdoyasivamseparatopchaapisFisaddn thati ng from 3 kPa
to 0.1 MPa, and an entrai ner being introduced into a delivery device

| ocat ed downstream of the separator, at the intake side, and 25 c) the
degassed pol ymer ig) subggguintl 3ingls Gitaieesr and, pRRilitp vl individual anigkat e, 2.
Process according to claim1, characterised in that nitrogen (N is used as
30 the entrainer. WO 00p@yssn sEafeEPaGre3ppdymer @ntant of dromn fde d0dvhe iso

claiml or 2, characterised . t .of the pol splution is

a thernmopl astic pol ymer C%F%tﬁ%%pofaﬁ%%ts ﬁ@‘?é&% m aﬁ%rflglgﬁlﬁ%%%g%{él}mﬁr hedt

pol ystyngne, pol yphenyl gai@agstrfahd @ thRRfi MY e@igdRat6r, oP@l Aol dfbe cvRPbMBTIOR! |

pal yacryl ate, pol ynethacrylate, an SAN resin or a copolymer or a 5 mxture
t hose pol yners. in a tubular heat exchanger, each having a downstream separator, at a

temperature of from 100 to 250°C, the pressure in the separator being

approximately from 0.1 to 0.4 MPa,

15 b) in a further stage, the polymer solution is concentrated from 60 to

75 wt.% to at least 95 wt.% in a tubular heat exchanger having a

downstream separator, at a temperature of from 130 to 350°C, the

tubular heat exchanger having vertical, heated, straight tubes, with or

without built-in static mixers, having an inside diameter of from 5 to

20 30 mm and a length of from 0.5 to 4 m, and the throughput per heat

. exchanger tube through the tubes being from 5 to 30 kg/h, based on
the polymer, the pressure in the separator being from 3 kPa to

0.1 MPa, and an entrainer being introduced into a delivery device

located downstream of the separator, at the intake side, and

25
c) the degassed polymer is subsequently isolated and, optionally,
granulated.
2. Process according to claim 1, characterised in that nitrogen (N,) is used as

30 the entrainer.



4., Process according to claim1 or 2, characterised in that the polyner is
a . pol ycar bon®Oe0/685530 5. Process according to any one of cIP&ITAP0/0X246 4
characterised in that the solvent is netfylene chloride or a m xture of
chl orobenzene and net hyl ene chloride. 6.  Apparatus for evaporating polyner
solutions by indirect heat exchange by 15 passing the polynmer solution
t hrough heat exchangers having a downstream separator, characterised in

that 20 s 253.a) aProcesstaceording eagjaim { (5.3, shavaetsrisedkinnhnagde nohymerrofcde| ed
tube evaporator (3).each having a downstream separator. (4 b), a further
stage has a tubul aPOHESE 58 ]ﬁgn%efa %75’“‘11%{% ng%ygxgmgﬁpggnﬁbgieé%er gcgt},p.(B),
‘the tubul ar heat exghaiB&atd, pbly3BYeRIpNGphdnghne sﬁ'l‘fi@é,%lyuréﬂxﬁﬁé,?hlyahﬁ'&@s
havi ng an i nside dianeter of fromb5 to mnmand a length of from0.5 to 4
‘'m and c) there ispayesigrgpelyauwiats pelymetifacdah, ant SHY rasideir avepglydevoce (6,

9) for transporting.the | ymer solution, an entrainer being introduced at
t he int a&e si de ofm?ﬂgred’gﬁﬁ%rpf){m?'ce of the further stage. 30 7. Process

according to claiml1, characterised in that the first stage a) is carried
out in a tubular heat exchanger which has heat exchanger tubes for the WO
00/ 64554 PCT/ £P00/ PR246 act6rduiz @ clbim1D or 2] characterised in that the polymer is a

polycarbonate.

10 5. Process according to any one of claims 1 to 4, characterised in that the
‘ solvent is methylene chloride or a mixture of chlorobenzene and methylene

chloride.

6. Apparatus for evaporating polymer solutions by indirect heat exchange by
15 passing the polymer solution through heat exchangers having a downstream

separator, characterised in that

a) a first stage has a tubular heat exchanger and/or coiled tube
evaporator (3) each having a downstream separator (4),
20
. b) a further stage has a tubular heat exchanger (7) having a downstream
separator (8), the tubular heat exchanger (7) having vertical, heated,
straight tubes having an inside diameter of from 5 to 30 mm and a
length of from 0.5 to 4 m, and
25
c) there is arranged downstream of each stage a delivery device (6, 9)
for transporting the polymer solution, an entrainer being introduced at

the intake side of the delivery device of the further stage.

30 7. Process according to claim 1, characterised in that the first stage a) is carried

out in a tubular heat exchanger which has heat exchanger tubes for the



15 12. .20 13. 2514. 15. the polynmer solution having an inside dianmeter of
from5 to 30 woa@medssa |ength of from0.5 to 5 m the throu@crmPoe/ba20aigh

t he heat exchanger tubes per tube being forom 5 to 30 kg/h, based on the
pol yner. Apparatus according to claim®6 olr 7, characterised in that a gear
punp is used as the delivery device (6, 9). Apparatus according to claim®6
or 7, characterised in that an entrapnent punp is used as the delivery
devi ce. Appar at us theqmiyierysdlatian bavingawinside diametec of fioped tor30 mat aed a

delivery roller is used t he_delivery device. ratys according .to
claim 8, charact er 88 ‘?fﬁé‘f‘ﬁg)ts Y al%ﬁég@roﬁg%f@ggéhﬁw U e46 %?“tf?ﬁrrp is
‘so fornmed that the i J Weesh paratus according
to any one of cl ai %Q{}Ef‘%&ﬁ%’fr%rﬁr&?&%,g@d In %Egéﬁaﬂeﬁé‘p parts of the

"dryi ng device that conme into contact with the polynmer solution or the

nol ten pol yner are produced from|owirgn material., Apparatus according to
claim 127 cha¥act eAPREANS mepeTding: Reclpighdi oh Gharasteriged m that @) g8t QUMPrISm t he

group: Alloy 59 (2 . 2.4606), Alloy- B2, Alloy C 22,

Al | oy- C276, All oy-(&‘%,ﬁ%g\lhl"eoé/éflgg&edﬂk’fcggg’%; Al |l oy B4. Pol ycarbonate treated
by the process according to any one of clainms 1 to 5, <characterised by a
resi dual bisphenol A (BPA) content of less than 5 ppm Pol ycarbonate
accordi ng to 2l ai nApRarasacgendig eelaisy 6a0r ds caragtenised piethal am enfrapagnt

content of less t h&'?mg il as the delivery device.

10
. 10. Apparatus according to claim 6 or 7, characterised in that a delivery roller is
used as the delivery device.

11.  Apparatus according to claim 8, characterised in that a gland or a shaft seal

15 of the gear pump is so formed that the entrainer can be introduced there.

12, Apparatus according to any one of claims 7 to 10, characterised in that all
parts of the drying device that come into contact with the polymer solution or
the molten polymer are produced from low-iron material.

20
. 13.  Apparatus according to claim 12, characterised in that the low-iron material
is selected from the group: Alloy 59 (2.4605), Inconell 686 (2.4606), Alloy-
B2, Alloy C-22, Alloy-C276, Alloy-C4, Alloy B2, Alloy B3, Alloy B4.
25 14.  Polycarbonate treated by the process according to any one of claims 1 to 5,

characterised by a residual bisphenol A (BPA) content of less than 5 ppm.

15.  Polycarbonate according to claim 14, characterised by a residual bisphenol A

(BPA) content of less than 2 ppm.



