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A process fowoenmassing vol atile rom pol ynmer sol PCT/BRS9/022%
_.present invention relates to pr4mﬂﬁmm*]ﬂﬂ,mmem)vi ng vol atile conponqut 8CT 2002
from pol ymer sol utions, which resu ucts with a | ow resi dual
content of valsrocéss for caompang nolatil domeineh iefromipotianeradhitiars of t he
pol ynmer. The renoval of volatile conponents froma polyner solution is one
of the final process stages in the production of nmany polyners. The
vol atil e congi ] nt.s. ved | the . S0 S L or
unpol yner i sezh%g%ﬁ%tr gl&grﬁg)gle%?l ngﬁ)oﬂllg?%sggglg&o{egg?m V":@%i o&ﬁﬁ%n&ts tfﬁoén
viscosity of pblpmepeblutiBhs, SHHitH ket iN Produds Wit acldSefesiiugl atawm dfovolstgeovi ng
vol atil e conponents fromthe polyner solutjion, in each of which processes
the pol yrfer euPRATents Withonk deraalsarpdationeofdhapdymer on t enperature of the
vol atil e constituents. Exanples of apparatuses which are known include thin
fil mevaporators, extruders, and those conprising indirect heat exchange.
It is cruciafhé hehovd dfioliglk YdRipohént§ Gondl@UpAdSer doliting i§ RAe NsFathe Nfhaof t he
pol ymer solution. US-A 4,153,501 describes a nethod and an apparatus for
renovi ng vol procése stages tin theeprodudticonefampuy paymens| Thepyolatdatconsgitingnts to he heat

h whi ch t ai ticall ' d ch | s whi . hei
o cseure. di TR IOGIIRE ShatE o SPhT BOCERRT AN GronRer B AOR 2R of

the vol afg | eo@erBeARIEhRudLEL thePVidéRity DRGhE ?arym%!r SohaYE, H%io%'}ﬁé&%&soire 0.5 -
4 mm The tenperature difference between the polynmer solution and the

heati ng medi kmwsfdreemovihganoB0IE, compdnertie froouthe pglyofer stletipm|iy wech sfovhith on
due to the conponents i ch eyaporate is l.ess than 30C A residual .content
G “vol at | T o ROHBORLHE I GHRy Reeals? 253 e ByaRAERgR: e BoEIF MM o be
achi eved. 25,5518 JbaGtitaéms IERGAPIOE B BPpARRS AN HRh Wit GKRo%A rm&mag%hih\ﬂﬁlnheat
exchanger bundl es connected in series.” The heat exchanger bundles conprise
rect angul ar elaporagirs, exthilesappahateumnipgisig intiyeat heat dxohangaok 3¢ agpeiahéat i ng

or cool i dyring the reactign, . but js a relatively cosily apparatus. 30
lnSg the po mer?s not egraged durng the heating o?the pok}ymer solutl)c/m. PP

US-A 4,153,501 describes a method and an apparatus for removing volatile
constituents from a polymer melt by heating it in a heat exchanger which contains
vertically disposed channels which release their pressure directly into the bottom of a
20  separator, where evaporation of the volatile components takes place. The channels
have thicknesses of 0.5 - 4 mm. The temperature difference between the polymer
solution and the heating medium is less than 50°C, and the cooling of the polymer
solution due to the components which evaporate is less than 30°C. A residual content

of volatile components in the polymer of <0.1 % by weight is claimed to be achieved.

25
EP-A 150 225 describes an apparatus which comprises two heat exchanger bundles
connected in series. The heat exchanger bundles comprise rectangular channels. This
apparatus is mainly used for two-stage heating or cooling during the reaction, but is a
relatively costly apparatus.

30

EP-B 226 204 discloses a process and a heat exchanger for removing volatile
constituents from a polymer solution containing at least 25 % by weight polymer. The

polymer solution is heated in an indirect heat exchange zone which consists of a
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"EP-B' 226 204 di scloses a process and a heat exchanger for renoving volatile
consti t uent swirgrsasipol yner sol uti on contai ning at | east ZEC%IEBBM@SQlkg) 17002
pol ymer. The polymer solution is heated-i2n an indirect heat exchange 'z HE

" whi c_h c_on_si sts of a WO 99/ 54381 PCT/ EP99/ 02387 - _ 2 - 150 C T 2002
mul ti plicitymof; SRAPNS ehanfdleS EheéRagRhds NAVE 2 susbatiainy halthim UWnihes i
surface to volu ratio of 0.158 - 1.97 mm1 |, a thickness of 1.27 - 12.7

nm a widt h wiluRe5tib0f161 Bm &A@ nam!' endtitkness df 227 - 130.mi6, awidibhef HH4 yner
solution is heated in_the cpar}nels, at a@gr%gsur&n?f 2 to 20Q bar,. to a
tenperat ure Hhdyem ped @VispgP Rl ba’ 5 etfpeinatlie @0 erfé’l‘%i@malﬁiheéteédﬁﬁgﬁents
but below th gL t a e 0 I | L .1 he
pol ymer solu |a§§éllg’ngtgﬁep%g¥g{ﬁnze)fg EOSE%G I% %12[8 %%%QQ%AMF tf%ltga I Rg{anéﬁe

sol ution s s weapéryad éMmihe wlailandaipohehtybiue ibekbv tigabbilidk ¥mpératuie ofahat il e
constituents are out-gassed fromthe solution., This process reduces thernal

degr adat i on Pridrmesdhervedetime @f de polpmensdutiahingthe channsls is ver 13 sesepdised to
high 10 t S | . i o j<So
TLRCEEL N e e

pol ynmer depogdlatsle dobstitQénte dreoduttdagsed Ukdh tha@eelutdn.tTigs pestesseredbenghémbindl e,
whi ch deposits carbonise and gradually spall off over the course of tine,

so that the ¢revatlationibscaysetamperindeaf timg qver phadptheoolyhercisoxpesed torligless
for removi ng vol atil e.constituents fr. ol r. sol uti.on,. wherein the
pol yrrer ol VEMBRAehiskeBhet I Spasli Foseudovs PSS dhediuyantage
tenperature @f &Ql‘%(l)l‘(/l@ﬁﬁg hbt%o?rﬂﬂ&@l@‘ar%évédnh@or@&UeF,'p%'l)’n&‘értd)ép&fits‘é{-’l?s{‘%ﬁﬁééon

connected in parallel. The ratio o0f heat exchange surface to the product
vol ume f1 ow the out(atroof the teatTéneshamdeo bimdle.owhich aiaposits icadbonisaandlggadugllyx 0. 5
mm sec and the dwell tinme 20 of. the polyner solution in the channels is 120
- 200 second¥®al %Vebﬁt?ccé’éléseé)?&‘l}lehﬁ%&ta{féeJj’f%‘i‘&\/’éﬁf”été@“iaﬁeélt the solvent is
not conpletely renoved. Mreover, polynmer deposits are also fornmed here on
the outer face of the heat exchanger bundle, which deposits carboni se and
gr adual I splEaP4B 85F 72% disclobes @ pracsss fof ramaveng waatilaaonstiteens frdonca polymer

contam nated. .25 The, obj ect of ,the present. i nventi on was to proyi de
process for LA nﬁh%ﬂnatﬂilq é)%ye?ﬁso?fém@ fif HRISEI e EBPsTE i 2DRKE dhe

results in pé&ﬁb‘xggg? ‘é{'b;jxgpex%tulr&‘ﬂf e ivdpiile €BMbERInLfn %Oh%iticﬂlf%itggifg%ﬁﬂél§

W t hout thernma ion of the polymer. 30 This object h een
achi eved accmmdeéated ingpardikel.iTheaatio ofihday exachtnge sirfagetopghe peslsct wlume flowiing

wei ght - uher PR Tt oy Thesteeal Bge foRe by SRS SR padiheanrel e
i ndi r ectyohealf the polymer solution in the channels is 120 - 200 seconds. This process also has the
disadvantage that the solvent is not completely removed. Moreover, polymer deposits
are also formed here on the outer face of the heat exchanger bundle, which deposits
carbonise and gradually spall off over the course of time, so that the product is
contaminated.
25
The object of the present invention was to provide a process for removing volatile
components from polymer solutions which results in products with a low residual

content of volatile components without thermal degradation of the polymer.

30  This object has been achieved according to the invention by a two-stage process for
removing volatile components from polymer solutions with a polymer content >60 %

by weight, wherein in a first stage the polymer solution is heated in an indirect heat



WO 99/54381 PCT/EP99/02387 _ 3 _ 15 0 C T 2002 exchanger, which conprises
channel s, tow0B0Q/58381400C at a pressure of 1.5 to 50 bar and’qTéE@%&Z]‘uieﬂng Yon
~depressurised in the channels to a pressgre of 3 to 200 nbar, whereby
flowin the channel s beconmes two-phase at least in part and the volatile
component s a&ﬁhg&gek SAith Re h@ésldsax%ﬁ&a'i@wta nmcteh% R4MFERS ], 5@5\@0@3@

pol ymer, st’ill contains residaal volatile components, Is freed from
resi dual volaid isesubseynentintepressursesieinomhd s &t agressesselt 2 t0f200.hbarp 10

nbar and at a terrperature of 200 to, 450C. he first, s e of th rocess
accor di ng t ovheieby teeiaw dm therghannsdy %me%wf"d)ﬁléséo?t I%Sblrw?étgerda%wfaﬁq the
heat exchange r.ef

bar abs. flowstgao tnﬁf’ri]t(%ll%F aﬁ%es{elc):%[lal# %gga gq]r(%gﬁ}ﬁgpoz%rﬂ?rgeﬁlgﬁ B?E%l%m%; Tg‘?lel ure is
heated tG a §tﬂrr¢tﬁﬂtaaﬁweelda£1 Vobdlilé eordféHentspiseftezd diuny redial Oblatﬁ@Gonﬁbnérﬂﬁ
outlet of the channels, there is a prevaili ng@(i)ressure which is bel ow the
saturation pingssoens sagetdne presbure iof 8.1deiporhenerd atpHemppratize of 200 to 450°€0 200
nbar abs., preferably 30 to 100 nbar abs. 15 The dwell tinme of the pol yner
sol ution is preferably 2 to 120 seconds, nost preferably 80 to | 20 seconds,
at a vel oci tyy gf fdtQuowlar ehe 151%0&%5 e&ﬁfr@akagyo Qxqu%tffoﬁ fhe oy S 8§ forbRBnto

preferably 0.001 to 0.005 mi sec. The ratio of e heat exchange surface of
t he channel sthe charels\afltmieat Exohanger aha pressureref 1 éob af ibanalbiss ppfrfelfabkyaz:)iow 5to

75 hours eferab 5 to 50 haqurs/m 20 one e 0 tor is
et or antty JERaUsSNFHE iRtgh BB e B8ah e oe dhahi Beskee < Hle

have a par abgle R0k 150 tof B0, iﬂe\tArheiab 108ag3s0°¢ &t B ANE! 5 the chdifie
epressuri sgglnlp ﬁle rC(())nse(()quence (’)?5 iclﬁ I's that on f?lovm ng throﬁgﬂﬁt ﬁ’e
hannel s t hethpreodwcpresaiting prdsere vdsch wobgibasthe isatueatioh gaetsurgaott the fvolatide
channel and 25 separati.on of the volatile conpone can effected via
the gas fl ovgompenenfs. Fhip gresuiesal0 tp R@émaa@‘m @@5&%@ sl%ﬁr”ébaﬁla@f erably
renoved down to a residual content < 0.5 % by weight, and the product is
then fed to the second stage. In the second stage, the polynmer is freed

f rom r eslisdualhevdhelt time of eiegenérsohition isSfreferabs el 2 sedordst modtdrafemublyabs. |
preferably 0.5 to 3 nbar abs., and at_a tenperature of 200 to 450C,

preferably 28bta b2&Bserendsyigt & \fe&qltw&ﬂ%g@w lﬁg>r¢f§ra§§/sﬁ) 9@yt - 1t mevssss yrmer
b d
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vol atile cormmnmm so dhet vadime Hlvwpof thegrolyrsert sodutiinyis fpaefetablyas ecd75 Houss/mecond
in a |long-tube evaporator. In the |ong-tube

stage is preferab rrled
evapor at or, PA¥ ‘Hy Spg'&OZé@Gnt hrough a perforated plate with a

mul tiplig ty of hoI es or via a manifold distributor which contains the
requisite holes. A5 nultiplicity of polynmer strands is thereby produced.
These sl ow yAfhoeytamb hevapaser df préferabppasat s thndndirect Iheac exclmagaf thdi s
procedure rel ease t he voI Stl | e constituents_which are sti|l present. It has

aj so been foURBENY'HA! YPHEHARYSS2 WerARCPa ot Bhe PragpFicHicaBoiotiescheane s _
obtained if difheh edegﬁemekd Ofhe VQrddduefice SFRANANS il O PRWHE 3Bk kheNS 1S

ef fected i n appafat uses
channels the product stream becomes two-phase in at least part of the channel and

25  separation of the volatile components can be effected via the gas flow. In the first
stage, the volatile components are preferably removed down to a residual content <

0.5 % by weight, and the product is then fed to the second stage.

In the second stage, the polymer is freed from residual volatile components at a
30  pressure of 0.1 to 10 mbar abs., preferably 0.5 to 3 mbar abs., and at a temperature of
200 to 450°C, preferably 250 to 350°C. This residual degassing is assisted by the

polymer being distributed in the apparatus so that a large mass transfer surface is



~in which the surfaces which conme into-contact with the product are nade
fromnnateri avo9M38h are low in iron. By neans of this nmea®GT&EPIMIS uaI |]t¥
~of the products obtained in prior art précesses for renoving volatil o
conponents from pol ymer sol utions can al so be inproved. 15 Another aspect
of the invenbipdy faﬁ@rcﬁffgglsn rél dleedolble BcdMRmEHS HRT of ﬁ'féDFbl'Slﬁhei"Qk ahérbly
conponents from pol yner solutions at tenperatures above thé boiling points
of the vol atfa¢1htamdnﬁhr$esnt®damngebepm£¢ralbig ch:m:emougmcrlodgd:uhtmyspmmtmm In the
tenperature of the poly har cteri,s hat, all t rfaces, of the
appar at us bﬁo%% 6‘fap\%ﬁt‘brh heP ﬁnffréﬁ: $§h@éﬂ£h9ed3€ fat?zdwl inl4le cBitR 4 nt o

contact with, ‘?BJ {Fﬂes%?lvﬁgé %ﬁnv\ﬁeﬁ'dtd%tﬁﬁﬁomhﬁﬁg{)ntgm ‘ﬂ‘lctxlaattug %H&Esa% |le
conponent s cons 0 materi a ch contains les y wei ght

i ron. | n5thimsultipBgiecss, pdlymesstzhde suhseby pagiubdéde Thesef siowliycfidve tathHe hase 68 of
the 1 apparatus which cone into contact wwth the product fromsaid | owiron
material . HoD@@BPAratup ang jRathe GRES ?fr@F%P%F‘?}“%d?ﬂﬁ?ﬁes@eo‘fﬂlﬁﬁll%ﬁémftﬁwsr on
surface, e. gWhlélth%S?lﬂthTéSggt of lowiron material, and underneath that are
fabricated from conventional iron or steel. Exarrpl es of lowiron materials
in the sense of the present invention include alloy 59 (2.4605), inconel
686 (2.4606), alloy alloy B-3, alloy B-4, hastelloy C 22, 30 hastell oy
C 276, hast di hayalg hee@rfou%that predugts Mt r@glqu@lpfrtérgér eQlpyrs ¢a he obtained if

nventi 08 cal BRAGLA felpeiB eppliongy BPx rorl g REARER D SRR bdbabRukeS o

ther nopl ast iif Weich e %urtﬁ&e@SWHiéﬁr@mé iith %ﬂ&ichMnﬂfeSproHu&Na@arﬂh@e @onhi gh
gDI ecul ar weight, and simlar substances. However, it is preferabl

| oyed f orm@ema,ls wdieh ae law ml%)smp@spﬁltlylme@surﬁdhe ex@lrﬁmoé tlmryézo;a ene,
poI yphenyl ene. o yur et Y, St ery ate
pol ymet hacr y°| é“ée ahd pélgf)oefrgr)?g?ce ef?){aor?mb‘i"ﬁg y"ﬁ%‘é‘% %&g%%mt Bdl?lﬁlgr
i nvention i soRAoht 63 A5d Ve indirov&IOVi ng vol at i I e conponent s from
pol ycar bonat e sol uti ons. WO 99/ 5438l PCT/ EP99/02387 - 6 - 15 0 C T 2002
Exanpl e§5ExarrpI e 1 5 A solution containing 75 % by wei ght poI ycar bonate, 24

% b ht b d f. d
oty 1 o e BPed B and Mehiah e Bt oSl p e R SnO Gt B S
heated to 3Q@mpoh&tis frohlBolyBRE sEMEBAN Sk ﬁr&@@awmﬂefb&lwgtﬁblﬁs log gyt h of
330 mMm which had a dianetér of 16 nmat the inlet, and whi ch w dened at

first |ineanojatie camponends @ndobelcm then oiléng ar ICbmgnpDSltmmtermmatmﬂ ahdhenhi ch
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polymer or with the volatile components consist of a material which contains less than
10 % by weight iron. In this respect, it is of course possible to fabricate all parts of the
apparatus which come into contact with the product from said low-iron material.
However, the apparatuses preferably comprise only one low-iron surface, e.g. a
25  coating of low-iron material, and underneath that are fabricated from conventional

iron or steel.

Examples of low-iron materials in the sense of the present invention include alloy 59
(2.4605), inconel 686 (2.4606), alloy B-2, alloy B-3, alloy B-4, hastelloy C-22,
30  hastelloy C-276, hastelloy C-4 or tantalum. Alloy 59 is preferably used.



-'coll ected at the base of the heat exchanger; its chl orobenzene content was
1500 ppm Theoolsyssar bonat e sol ution was then punped into adTOERPIN2AS § (T 2002
evaporator, distributed 15 over the perf.gr.ated base thereof, and was force
“at a pressure of 40 bar abs. through 1000 holes of dianmeter 1 nm so that a
multiplicity : ; : : bs.
and &t enper PSR SEeting 0 MAnERich Wil s R rBRGIR Blale corlPoibn

pol ycar bonat gomadlutRels o0& thetrop Bstiepolyahdreradleizenesiliocdht pplgniess, dibrichsts of
installation which came into contact with the product were fabricated from
al | oy 59. 20hizhenaleqydarseaigyotndcimanabetanced. Howeyer.ghiseseferabliesmplyyed for
measured according t STM 925), 0of 2.3. Exanple 5 This test S
per f or ned an%ﬂl%tb%gslog mé%g?r% ep§l,y“£%f<5eeg9r Fﬁ%{?nafhg%éyfegebfpoﬁwzien%@ne’
install atg o i L dHhiQe C | gq,yeq bgd from
hi gh-ir ong stn%dg?m‘(é{hfﬁ %gﬁ;o fy?ﬁlg'el’hgag%@rféé’ p’glfsy?%rgfaéfe (F:Hc())nt en%acgﬁﬁfo%@eﬁrﬁwanggs

achi eved as tharebkahipd protesstmgtortiing tpahy crarehtiomiepaticudérlyvés refmosingecldide a Vi
>10. Claims 1. A tvvo-stage (?roce?s.for renmovi ng vol atil e conponents from
a pol ymer sofURPREITSARBOCHBIRAESOI M ent > 60% by wei ght, said process
conprising: (a) (i) heating, in a first stage, the polynmer solution in an

i ndirect heat exchanger, which conprises channels, to a tenperature of 150
to 400C at a pressure of 1.5 to SO bar, and (ii) depressuri zing
subsequently, the polymer solution in the channels of said indirect heat
exchanger to a pressure of 3 to 200 nbar, thereby causing the flowin the
channel s to becone two-phase at least in part, and the volatile conponents
to be partially separated fromthe polyner; and (b) freeing, in a second

s age apparatus, residual volatile conponents fromthe polyner of said
first stage at a pressure of 0.1 to 10 nbar and at a tenperature of 200 to
450C, wherein the surfaces of said indirect heat exchanger and the surfaces
of said second stage apparatus, that conme into contact with at | east one of
t he pol yner solution, the polyner, and the volatile conponents, each
consist of a material which contains | ess than 10% by weight iron. 2. A
process according to claim1l, wherein the indirect heat exchanger is a
honeyconb evaporator, and the channels of the honeyconb evaporator have a
parabolic profile. 3. A process according to clains 1 or 2, wherein the
resi dual content of volatile conmponents after the first stage is < 0.5 % by
weight. 15 0 C T 2002 4. A process according to clainms 2 or 3, wherein the
second stage is carried out in a |long-tube evaporator.
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The polycarbonate solution was then pumped into a long-tube evaporator, distributed
15  over the perforated base thereof, and was forced at a pressure of 40 bar abs. through
1000 holes of diameter 1 mm, so that a multiplicity of strands 6 m long was formed.
At a pressure of 1 mbar abs. and a temperature of 300°C the residual concentration of
solvent in the polycarbonate was reduced to 20 ppm chlorobenzene. All parts of the
installation which came into contact with the product were fabricated from alloy 59.
20 The degassed polycarbonate had a Yellowness Index (YI, measured according to

ASTM D 1925) of 2.3.

Example 2

25 This test was performed analogously to example 1, except that the parts of the
installation which came into contact with the product were fabricated from high-iron
steel (1.4571). The same residual content of solvent was achieved as in Example 1,

but the polycarbonate which was obtained had a YI>10.
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exchanger, which comprises channels, to a temperature of 150 to 400°C
at a pressure of 1.5 to 50 bar, and
(i)  depressurizing subsequently, the polymer solution in the
channels of said indirect heat exchanger to a pressure of 3 to 200 mbar,
thereby causing the flow in the channels to become two-phase at least
) in part, and the volatile components to be partially separated from the
polymer; and
(b) freeing, in a second stage apparatus, residual volatile components from
the polymer of said first stage at a pressure of 0.1 to 10 mbar and at a
temperature of 200 to 450°C,
wherein the surfaces of said indirect heat exchanger and the surfaces of said second
stage apparatus,

that come into contact with at least one of

the polymer solution,
the polymer, and
the volatile components,
) each consist of a material which contains less than 10% by weight iron.
2. A process according to claim 1, wherein the indirect heat exchanger is a

honeycomb evaporator, and the channels of the honeycomb evaporator have a

parabolic profile.

3. A process according to claims 1 or 2, wherein the residual content of volatile

components after the first stage is <0.5 % by weight.

4. A process according to claims 2 or 3, wherein the second stage is carried out in

a long-tube evaporator.



