- Le A 35 609-Foreign Countries Th/AB/NT -1- Process and apparatus for
renovi ng vol dkiA 68 5hi8skaeige Lountigs AhHBANTN i scous nedi a The invention rel ates
to a continuous process for particularly gentle heating or 5 concentration
of polymer solutions or polymer nelts, in particular of thernoplastic

pol ynmers, using a tube-bundl e heat exchanger consisting of conpact tubes
having flat channels and a cross section variable over the length and a
downstream separator, and an apparatus for carrying out this process. 10
The tube- bun&je heat exchanoer descrlbed 'Q1rnd stry . Jeating
or cooling A : vig L S AR

medi a. They mistially conslst of tubes through mhlch the nedluntto be
devol atilized or to be heated flows and around -the outside of which a
heat i ng nediuntfloms The apparatuses are referred to, for exanple, as
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evapor ators. ex

concentr & i ooftcatfrhsiod 6f 9@1911%%@1&10@ ér pdpEeit ens,ng ;slytsdtwsofquermoplasm
refrigerators. EP 077201 descri bes a heat exchanger tube for use in
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its ends and '&n OVa recta crosd “s8ct on ube par

in between, wbpa&htoﬁraﬁainapﬁdratﬁﬁlfdi‘&k{rr?@g%ﬂﬁﬁsambcaﬁ varl abl e. The inside of
the tube is provided wth beads, grooves or indentations in order to
generate a turbul ent boundary Iayer and to inprove the heat transfer.
However, ;4 he n t [ . et c.
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exhi bi ting | apbley fRuidwandr e traﬂmenzbtgnddﬂetﬂheaﬂasﬁxcdsaﬁgmr vRpRARr media. ddseri bed
in EP 0218104 Al _operates in OW- pressure range according to the Cross
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wast e gas tenper res an processes | n
referred to, for example, as flat-tube heat exchangers, fa]lmg-tube evaporators or flat-

15  tube evaporators. Fields of use of tube-bundle heat exchangers are, for example,

concentration plants for polymers, air conditioning systems or refrigerators.

EP 0772017 Al describes a heat exchanger tube for use in tube-bundle heat
exchangers, preferably in condensing boilers for cooling heating gases. The tube has
20 an approximately circular cross section at its ends and an oval or rectangular cross
section in the tube part located in between, which cross section may be constant or
variable. The inside of the tube is provided with beads, grooves or indentations in
order to generate a turbulent boundary layer and to improlve the heat transfer.
However, the generation of turbulent flow with the aid of indentations, etc. does not

25  function in the case of the highly viscous polymer melts exhibiting laminar flow.

The tube-bundle heat exchanger apparatus described in EP 0218104 Al operates in
the low-pressure range according to the cross counterflow principle and is used for
gas/gas and liquid systems, in particular for combustion processes with large
30~ amounts of gas and high waste gas temperatures and for processes in which a solvent
circulates. The apparatus consists of tubes which have a hexagonal cross-sectional

profile at their ends and an elliptical or round cross section in the middle part (about



circulates. The apparatus consists of tubes which have a hexagonal
cross-secti orial A 3p609Hoecigi Chinetties ends and an el liptical or round cross
section in the mddle part (about Le A 35 609-Foreign Countries 2 90% of the
tube I ength). The advantage of the hexagonal profile is that the tube ends
can be joined directly to one another and)a tight cavity thus forns between
the tubes wthout preperforated end trays being required. However, this
design is disadvantageous when the side walls of the heat exchanger | acket

are connecte the joined. tubes. It is necessary tQ weld on prepunched
metal sheet s%&%) Bﬁthg i“ﬁiﬁ 1_53'1’9 )- _tTt]h"E agm"tﬁ?r(’félf‘e %@g?%ﬁgofﬁw#@at {B‘S t'@?‘?e;)“gﬁot her .
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heating highly viscous, particular structurally viscous, :
subst ances coviiosit sprperf@ratedwendf tpxs abtief tedasdwhHowewre s adagent of f set

by 90 in plangs ,parallel to. one, angther. The heating. or coolin ium
[lows i n ¢ ho FTOCEIAERES PHED ERUTEe PBTBET RS FORNEY BEKS 0T BUTEPGI0 on
their outsidepe RERGERHES W BmetQsdrd 8o RlefdBn fepul@ictiIEardheets WRsh sikiifatk UbES
are in the formof round or flat tubes. A disadvantage of this arrangenent

is that many theleendowpd dlestubesjomed beomeewthene i nt er secting tubes, in 15 which
dead spaces the nediumto be heated or to be cool ed collects and undergoes
t hermal deconposition. Moreover, this design is very conplicated and

difficult to T&%hﬁexéamgg@f déRFBET iR duel 729 Phadintendfd B6rQeBHAE oPhiealiffr ader
Ver f ahrenst echni k GrbH di scl oses a flat-tube heat 20 exchanger. This

flat-tube hedtighixchsneyserini partieder stouctwrelhyemssiony Newahle substanges gonrgists iofig

el enent | nh concent.rati | ant,s., The apparatds, descri.bed is a t - bundl e
eat exclingaP VS anrBhofel Sen 1o BRRRNAERL BY SOE R el bR T RHE Ues
arranged i n dneider. AR HRARELHH cooliRy HRBTuRY B6wE BPthe iR Sirirth@Ndid s Heptelii ng i n
conparison with round tubes are nentioned as advantages. An application for

pol yners or pUliprier conded Sows omotheit rtowiide, perpendicular to the plane of the rows of
tubes. The tubes-are in the form of round or flat tubes. A disadvantage of this

arrangement is that many "dead spaces" exist between the intersecting tubes, in
15  which dead spaces the medium to be heated or to be cooled collects and undergoes
thermal decomposition. Moreover, this design is very complicated and difficult to

scale up for larger production plants.

A brochure of Schrader Verfahrenstechnik GmbH discloses a flat-tube heat
20 exchanger. This flat-tube heat exchanger is used for condensing vapours or as a
heating element in concentration plants. The apparatus described is a tube-bundle
heat exchanger which consists of a heat exchanger jacket in which flat tubes arranged

in rows are present.

25 Improved heat transfer and less fouling in comparison with round tubes are
mentioned as advantages.

An application for polymers or polymer melts is not known.

Heat exchanger tubes having flat, oval or elliptical cross section and the production
30  thereof are described in the prior art. DE 805 785 Al, for example, discloses a plate-
type heating element which has a largely rectangular cross section. The plate-type

heating element is however produced by bending over the two sides of a metal sheet



. Heat exchanger tubes having flat, oval or elliptical cross section and the
production 3@ ARBRSr@6{Foasign desttriebed in the prior art. DE 805 785 A, for
exanpl e, discloses a plate type heating el enent which has a |argely
“rectangul ar cross section. The plate-type heating elenent is however
produced by bendi ng over the two sides of;a netal sheet Le A 35 609-Foreign
Countries 3 and welding in further netal strips and stiffening profiles.
This apparatus is taken as a basis in DE 2 506 434 Al, the heat exchanger

t ube bein roduced. fro ingle .netal .strip by.bending over,, and a
Support ng | IAGE BB B HTA S G STSERE BERTRY TORIPPAS HECRIS ded. A
simlar flat fyhg hﬂ)é@%{fﬁl@g%iﬁf}hpﬁeél%xéﬁﬂagéﬂ%be%emg pﬁaaﬁ&dtﬁl&nsau?ﬁgeletl ng

fl ange consists of an edge of the nmetal strip which i's bent from
surface of theetalistin dyt hendinpeovent end or sappotbiag kflangsi bewg itegratedo Thhanber s

f Th bl i cati. 7 837 3 i.b | at . heat
whi ch, 1 CeoweRARE ghds ke Hehottided Ao e ok B eaS e T 1OR5 SHBS
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of the tube. 10 A di sadvant age o%é./all designs nentioned is Fhe conpl i cated
product i on offrethdhe sistase of the thleaatst the hbeghtaponendibrtk aigein; soithatriyyopphembers bei ng

necessary. lt.is obj.ect. o I nti.on t e.ac act ,tube Jin _which
only one shapPHg EE%E'E@%C#IQH ﬁ?@ttzg%%\%y ae BE%@S%?EFT‘ §xE %F%h@gd”%%h’dpspense
with the joi "don&8am thhibebeRaion8@end, @nsukes dtonddva HqaeQst conMRESS il thet he
melt flow. It is the object of the invention to renove volatile substances
from hi ghl y vivedepsegigmodyenthe epirapdarimdofuselef thpauhei cul arly gentle conditi ons,
i.e. with.as low a thermal | oad as possible (tenperature and residence
time) and narrow residence tine distribution, 20 and to provide a suitable
appar at us whi g hiifigesmtapRt ofalVésighe nebinfia PR ttR® esmPlicatdieproiaion JTeRd tubes,
exchangers. The object is achieved, according to the invention, by passing
the pol ymer s¥lleast one skaping ansbord jpining prepssabeing aetnssaay <t Aean Oéw@hagg]@r

consi sting Ofin\cfé)n%%ctto &slébaegor?lggct tube in which only one shaping process is necessary.

Moreover, it is intended to dispense with the joint seam, which can lead to

15 disadvantageous changes in the melt flow.

It is the object of the invention to remove volatile substances from highly viscous
polymer solutions under particularly gentle conditions, i.e. with as low a thermal load
as possible (temperature and residence time) and narrow residence time distribution,
20 and to provide a suitable apparatus which does not have the disadvantages of the

known heat exchangers.

The object is achieved, according to the invention, by passing the polymer solution
continuously through a tube-bundle heat exchanger consisting of compact tubes and
25  heating said solution to a temperature above the boiling point of the volatile
substances. The volatile substances are then separated off in a downstream separator
(devolatilization chamber) from the polymer melt, and the devolatilized polymer
meelt is transported further through a discharge apparatus, for example a gear pump
(e.g. for granulation).
30
The invention relates to an evaporator apparatus for the treatment of viscous media,

consisting at least of a feed chamber having a perforated tray, a tube-bundle heat



» 25 heating said solution to a tenperature above the boiling point of the

vol atil e suldstAa3ced9-Fonggr Qloattirle® subst ances are then separated off in a
downst ream separator (devolatilization chanber) fromthe polyner nelt, and
“the devolatilized polyner nelt is transported further through a discharge
apparatus, for exanple a gear punp (e.g.gfor granulation). 30 The invention
relates to an evaporator apparatus for the treatnent of viscous nedia,
consisting at |east of a feed chanber having a perforated tray, a

t ube-bundl e heat Le A 35 609-.Forei untries 4.exchanger connected thereto
and havi ng pe%é%eﬁﬁpﬁ?chedameéﬂge%%t E%‘@E% ?fﬁ%ﬂnﬁwu Go?‘gi”?ﬁc‘l‘iz{;‘g%n Anber
connect ed t hede§bRtigRdichaMAtheR DhACHRT @Rréthi dndf BivihdS JRERAYE tundNEbraghkapour

t ake-of f for renovi ng vol atil e components, characterized in  that the tubes

of the heat exetatged haappun takseaff doutemovang wolatfilst ¢aneponeniss shagasterizsd iover 5
t he greatest r f_their |l ongitudinal dinmensiqn. In.the context of the
nvent fon. - Haytar fheb B Uk peRchpet et R e QAL EES Fo O oss
sections havithg gfeatd fRheiphgltodinselmesigen. shapes. Rectangul ar  cross
sections having rounded edges or elliptical cross sections are preferred. 10

The tubes of the heat exchanger preferably have a rectangular or elliptical

Cross secti ver 80 10,.98% of thejr.longitudinal,di si on. .The Xi mum
Chickness of Tna GBEeKh AL PEr et eohlin il EBHR oo ftign af1i

el liptical cresangestiros destigiseHa@npredtadgiler £ 150hdqiodge GHARS| Re@igfugirabl y 1
to 20 mMm The maximumwi dth B of the tube interior in the region of the

rectangul ar oHossgertiqisihguing spunsisd ségasios gllipsicalierorssestions are mefered00 mm
preferabllg 7 to 100 mm particularly preferably 7 to 50 mm 20 The ratio of
maxi mum wdth B to maxi nrumthickness Dis in particular 2:1 to 30: 1, '

The tubes of the heat exchanger preferably have a rectangular or elliptical cross

section over 80 to 98% of their longitudinal dimension.

The maximum thickness of the tube interior in the region of the rectangular or

15 elliptical cross section is preferably 1 to 50 mm, particularly preferably 1 to 20 mm.

The maximum width B of the tube interior in the region of the rectangular or
elliptical cross section is in particular 5 to 500 mm, preferably 7 to 100 mm,
particularly preferably 7 to 50 mm.

20
The ratio of maximum width B to maximum thickness D is in particular 2:1 to 30:1,

particularly preferabty 4:1 to 10:1.

The tubes preferably have a length of 100 mm to 10 m, preferably of 200 mm to 3 m,
25 particularly preferably of 500 mm to 1 m.

In a preferred embodiment, the tubes have a wall thickness of 0.5 to 5 mm,

preferably of 1 to 4 mm.

30  The tubes can be obtained, for example, by rolling tubes having a circular cross

section.



particularly preferably 4:1 to 10:1. The tubes preferably have a | ength of
100 Mmto 10 LenA 3p6ed-dFoahifyColntfl@0 nmto 3 in, 25 particularly preferably

of 500 mMmmto 1 in. In a preferred enbodi nent, the tubes have a wall
thickness of 0.5 to 5 mm preferably of 1 to 4 nm 30 The tubes can be

obt ai ned, for exanple, by rolling tubes lpving a circular cross section. Le
A 35 609-Foreign Countries 5 Particularly preferably, vertical wres,
chains, wire loops or wire braids are attached to the ends of the tubes of

(ne neat xRS D BRI MR 0B SRRy R e

polymer to beoﬁﬁ:valhabfihbzﬁ!&swmetm@t @@ﬁarﬁgéﬁqﬁthd develdifivation chébeer at e vapour
expul si on processes. Suitable arrangements of wires, wire |oops or wire

brai ds are disclosed, for exanple, in DE 10 144 233 Al , the content of

uhi oh |5 her ofheed BGOK ROTALAY BY LLELELENGE ik B PaEt AEMARORARES) (N

possi bl e dead corners are "avol de

danger of5 norampll polsinet to Mdvaratmﬁed oel the gauigiact,linordes td &S8lerdie &pour
elliptical tube than in a flat tube. 15 The tube can be nade circular in the
usual nanner ©&PulsioE PreAseseénds, with the result that customary fastening in
the plates of a tube-bundle heat exchanger is possible. Furthernore,

product entrance and exit can then be designed in the usual manner. The

transition f rmﬁmbhwmdngan@ité bmiresalmmlob@c@amgubmidsmr@ﬂiscmeeﬁ, ifemexarpler abl y
takes place w thout sh}rg In a particularly preferred variant of
the inventi ort RE &0 {4h&3 38, thawltsntmf Ovhagh ltsgﬂe@by nzt‘@ﬁ@gafsﬂ by referenest

cross-seggional area. The flattening can be effected in two or nore

Sharp edges (corners) with possible dead corners for the product are avoided in the
invention. The danger of nonuniform distribution of the product flow is less in an

elliptical tube than in a flat tube.

15 The tube can be made circular in the usual manner at the tube ends, with the result
that customary fastening in the plates of a tube-bundle heat exchanger is possible.
Furthermore, product entrance and exit can then be designed in the usual manner.
The transition from round to elliptical or rectangular cross section preferably takes
place without sharp edges.

20
In a particularly preferred variant of the invention, the tube may have a plurality of
zones of different cross-sectional area. The flattening can be effected in two or more

stages.

25 It is furthermore possible to introduce additional orifice plates in the region of the
tube end, which are intended to keep the pressure in the tube interior at the same
level at the end of the tubes. This prevents nonuniform evaporation behaviour in the

evaporator tubes arranged side by side. Consequently, maldistribution is prevented.

30  The invention according to the invention also relates to the use of the evaporator
apparatus according to the invention for removing volatile components from polymer

solutions or melts.



stages. 25 It is furthernore possible to introduce additional orifice plates
in the regior eof 35869-Fordign €BGatrigh)i ch are intended to keep the pressure in
the tube interior at the sane level at the end of the tubes. This prevents
nonuni f or m evaporati on behaviour in the evaporator tubes arranged side by
si de. Consequently, maldistribution is Qﬂgyented. 30 The invention according
to the invention also relates to the use of the evaporator apparatus
according to the invention for renoving volatile conmponents from pol yner
solutions or nelts. Le A 35 609-Foreign Countries 6 The invention
furthernore relates to a process for evaporating volatile conponents from
pol ynmer sol ut4 : | v - ol gl t he
Poventi on, . comnneiioRuhRert s il  PRR AL For MARALHE GRAR Clinlfls e
of 150 to 5 Zb&f,popymdéresahinionsodr heélls tusing 4R Cevapassomgppaneupatoordingitotthet he
feed chanber at a pressure of 2 000 tp 100 000 hPa, preferably of 000 to
50 000 hPa, pAYSHAY FHPIiSHR ‘gﬁéﬁepﬁ At BreRsAtNgdhe NYl¥MSE Hyp Eergreratyie Hidap to
exchangers wi t i fFh . change
medi am 1 1wt 1 Ceg e eparty of 160 1 DRTC. PRI ofirite FRARE 1000 SRk pEH° S
380C, pr ef er glresgurk6at 2 603Q0 QO0&A hEw aprefaidblp rof1D0dN do SEr080&Pappassing thel ati | e
.conpounds in the region of the devolafilization chanbe and optionally

frcigarine ks Bl of bes

addi ti onal | y ROYReeRrQght ot H heabe¥changer mtéégea%g Ph thentw

devol atil i zatjon ehrefs df Lonear QOhABR mBLGHENBRING PurkertGrde 30mbPa,
particularly ﬂrprrea?gfggl ye%S % to - loo%aﬁga,marﬁ&co?‘]gﬁt ?nug arn@-rﬁll schar gi ng

t he pol yner. pbbymerptoed empechtyre of 866 td IBCEapmbdirahly 166l to BH0G°Katnd beaperatipor at i on
and renoyal of the volatile conpounds, are additionall ffected jn the

| ower quif t erandirimggliaf dbg vl wwgowmgﬁh%{e@}ﬂnmﬂg? dfvplatzgtien cﬂ%l?%r ably,
the viscosi ty,ngf @tf@»‘ﬁal@ﬁ'abi@i%nﬂ%t 87 i3 109Rr SBRNI HOtHeNBbELEa CHERRRM in! e 20
100 nPas to 107 Pa-s, preferabl'y 500 nPas to 106 Pa-s, particularly
preferably IdePalaglizaion@bambersof 1 to 5 000 hPa, preferably of 2 to 2 500 hPa, particularly

preferably of 5 to 1 000 hPa, and collecting and discharging the polymer.

15 A preferred process is characterized in that the evaporation and removal of the
volatile compounds are additionally effected in the lower quarter, in particular in the

lower eighth, of the tubes.

Preferably, the viscosity of the polymer material on entering the feed chamber is
20 100 mPa's to 10’ Pass, preferably 500 mPa's to 10° Pas, particularly preferably
1 Pa's to 10° Pa-s.

In particular, the throughput of polymer material, based on a single tube, is 0.5 to
12 kg/h, preferably 1 to 9 kg/h.

25
The devolatilization can be carried out in one or more stages, in the latter case it
being possible to connect a plurality of tubular heat exchangers in series or to

combine them with other devolatilization apparatuses.

30  The tubes of the tube-bundle heat exchanger are produced, for example, from round
tubes, which are brought into the shape shown in fig. 1 with the aid of a suitable tool,

for example a roll. The tubes have a cross section which changes over the length. The



In particular, the throughput of polyner material, based on a single tube,

Is 0.5 to 1lemgg5owgf&§ragbyntﬂ;e§o 9 kg/ h. 25 The devol atilization can be
carried out in one or nore stages, in the latter case it being possible to
connect a plurality of tubular heat exchangers in series or to conbine them
wi th other devolatilization apparatuses. 730 The tubes of the tube-bundle
heat exchanger are produced, for exanple,” fromround tubes, which are

brought into the shape shown in fig. 1 with the aid of aswtabletool, for
exanple a roll. The tubes have a cross section which chiqtges over the
length. The [twosnds hapo i e paicwsy eriginek round WOt PRASION Afethe HiEaTting Selies i cul ar

o oot er 1 it o BB s 3 aibeRliP i ke 3 mp TG veh e RERIPLE. | N30
particul ar Of6rihﬂx fmﬁt)QnﬂQ inmparthila pR1 01 s fcasmemnngrhlm pccxﬁnye"ﬁmrﬁﬂ@lm

perforated trays. The cross section in the mddle region of the tube 5
cor r esponds SppYeskirAHt Rariprated diaxs. Dhe arops é?CUPBdPth@deFi eckgite?! HEVIRY round

or ellipfi C%bﬂ@%)%ﬁgér’\%hér%xfrﬂtelg togth 12)) Feké@g&l%%ﬁaﬁ@}’%aﬂﬁg%gﬁﬁﬂ %k nce

they are produce one rocess acc o the
i nvention is eligedalf side vahs (dﬁgﬁgzrz)f"ﬂhe ﬂﬂiOtubI@vltdvatmOI sezmrngldehhemlpasduced
polymers as a nelt or solution. These polyners include all plastics which
are fl owabl e fIAYERE PIREE-i nf | uence of pressure and tenperature.

Pol ycar bonat e, pol yam de, pol ypropyl ene, polyethyl ene, polyester,

pol ystyrene, hydrogenated pol ystyrene, polyurethane, polyacrylate

pol ymet hyl mﬂrh&mbw athe, prosésy r smerduey \td othe t ihiverdionr essmned for heating or for

pol y(acr ril e/ butadi ene styr ne) and their 15 co ynmers or optlonally
bl ends oﬁ t h&lepelpy %}?&y Eéstﬁ:e YBHSAS H‘e‘?‘lglt 89 31@9%1: é&aalpwrs mpplde
substances ang étﬁfs'»kr H%P%W%let tHEY LISt §§ §t‘ﬂ
whi ch can exped?{ent I y . conbi ne Bm%?t ﬁe a overrent | Sn po‘#yme ¢
nononer s t herRedfcadronhieyy pubyamntdé,apoivprapiytene) ipgbratndenep r pflpestd) ypolystyrene
chl or obenzeneh,
ydrogenated polystyrene, polyurethane, polyacrylate, polymethyl methacrylate,
styrene/acrylonitrile, resin, poly(acrylonitrile/butadiene/styrene) and their
15 copolymers or optionally blends of the polymers may be mentioned here by way of
example. The substances and volatile compounds to be devolatilized are all solvents
which can expediently be combined with the abovementioned polymers, or
monomers thereof or low molecular weight oligomers, preferably chlorobenzene,

methylene chloride, bisphenol A, caprolactam, styrene, acrylonitrile, toluene,

20 ethylbenzene and cyclohexane.

When the tubular heat exchanger is used as an evaporator, the mixture enters the tube
bundle as a single phase. Evaporation is permitted by a pressure gradient in the tubes,
and, at the end of the apparatus, the mixture, in the form of a gas/liquid mixture,
25  enters the separating container (devolatilization chamber), where the volatile
compounds are removed as a gas. The devolatilized melt is further transported, for

example via a pump, to the next devolatilization stage or a granulation apparatus.

When the compact-tube heat exchanger is used as a pure heat exchanger, the tube
30 heating is adjusted so that the product temperature of the mixture flowing in the
tubes remains below the boiling point of the lowest-boiling volatile substance at the

prevailing pressure.



met hyl ene chl oride, bisphenol A, caprolactam styrene, acrylonitrile,

tol uene, 20 [etAhgb BerFeragaCdu@ied ohexane. Wien the tubul ar heat exchanger
is used as an evaporator, the mxture enters the tube bundle as a single
phase. Evaporation is permtted by a pressure gradient in the tubes, and,
at the end of the apparatus, the mxturegin the formof a gas/liquid

m xture, 25 enters the separating contai ner (devolatilization chanber),
where the volatile conpounds are renoved as a gas. The devolatilized nelt
is further transported, for exanple via a punp, to the next

devol atilization stage or a granul ati on apparatus. Wen the conpact-tube
heat exchang i 6 e t § i's
adjusted so t h(fftkﬁ:ta1 ﬂ@gg‘}egg‘ﬁg“ B#ef‘roar{)eratpl}g’)e(go %ﬁ%ﬂrﬁiﬁeﬁtgpﬁ %@%ﬂé&ﬁ??}!&?ﬁé t ubes
remai ns bel oWtehexabohtdting feaipetatat dependsovveslie bolylriengoluioat tol ke hedisd ance at
the prevailing pressure. Le A 35 609-Foreign Countries 8 The heating nedi um
has, for exarfSReentratedetndermthsy desie FetiieghC e BT therH%SlréﬁaRf?dWéati ng
t enperat ug e dgpgnds,on the pol ymer solution to be heated or concentrated
and on the desited result of concentration or on the desired product
tenperature. The pressure drop established over the tube length is not nore
t han 100 000 fpPa. Staipl ess steels, nickel-based alloys (e o el | oy,

| nconel ), ¢t (s Hiessueh i FReHhebon heck b lengih 5 mots et KOMREES (ot o1 a1
for the evaporator apparatus. Lowiron stainless steels are preferably
used. The process according to the invention serves for renoving volatile
subst ances, <Siainlesastesls) uiekelshaaed alioysofreg. Hastellomn Ingootl),netanmol, liromion f or

heat i ng e pol.ymer solution,. said process_being distinguished by the
ot 1 ows i) adVaHH Ses ATy SCurpRPYIg T (Aol R P BRbEor SPIREA T L GutioD
transfer in tggﬁnlgwge@ga@%@etfe@m?hggger bet ween heating nmedi um and product
owing to the greater surface/volunme ratio of the flat conpact

The process according to the invention serves for removing volatile substances, such
as solvents and monomers, from a polymer solution or for heating the polymer
15 solution, said process being distinguished by the following advantages in comparison

with the prior art:

- better heat transfer in the tubular heat exchanger between heating medium
and product owing to the greater surface/volume ratio of the flat compact

20 tubes in comparison with round tubes

- a shorter length of the heat exchanger owing to the better heat transfer

- a shorter residence time in the tubular heat exchanger owing to the shorter

25 length and reduced volume

- less material damage owing to the shorter residence time at high temperature
and hence better quality of the end product, in particular of polymers (e.g.
mechanical properties, colour number, processability)
30

- lower capital costs owing to the compact design



20 tubes in conparison with round tubes - a shorter length of the heat
exchanger owing 89 ghbFoR8ht €budtaad transfer a shorter residence tinme in the
t ubul ar heat "exchanger owng to the shorter 25 length and reduced vol une -
‘less material damage owing to the shorter residence tinme at high tenperature
and hence better quality of the end prodygct, in particular of polyners (e.g.
mechani cal properties, colour nunber, processability) 30 - |ower capital
costs owing to the conpact design Le A 35 609-Foreign Countries 9 a nore

uni formdistribution in-the case of highly viscous polymer solution -over
the tube cross sectmere mlf@wsetb@tlﬂlil lip thegease of Hegldp pieeus polyesr jsplution
O O 1\ JEREE 3hd Xt BRUP el SNOWD cBE I RS SYARE LB R hull e

type heat exchanger roun 555 "sect Pon e ends,
connection to the @apiAsdn eml genﬁﬁfllfy%raﬁ(ﬁd ki@ys pldie-tfiR é@gbﬁtbr%r plag-f eed
chanmber and of the devolatilization chanber is possible. Mreover, sinple
scal e-up by nunbert¥ply hgag extbargsjabl e with such an apparatus. 10 Fundanental

i nvestigations have shown that as low a thernal | oad as possible is

required Tor gentle devolatilization of polymer nelts, i.e. a long residence
time at | ow OemgepoahereurRl crassirtion be shedabe @ntli, dnéctidhgh the tpeveationat and
at the same tine a narrow resjdence time distribution. For reasons rel ating

to cost-effi ciesiorared trays in sheregionmf the feedehamber and eddbe devlpfiligatipn ghayebegat i ons
h t | t
into the e"agg ﬁgasleapg E&}e&-‘ss@g)fan%;lﬁ >p9f uﬁﬁr{?ﬁr{ g dﬁ“édh?é%aﬁ Ay i shg\f ah€su

that these r I'remen are ou suc appar at uses and
hence consi degppltaeissavi ngs in the capital costs of the pl ant are

10

Fundamental investigations have shown that as low a thermal load as possible is
required for gentle devolatilization of polymer melts, i.e. a long residence time at low
temperature or a short residence time at high temperature and at the same time a
narrow residence time distribution. For reasons relating to cost-efficiency, the latter
15  is preferable. Experimental investigations into the evaporator apparatus according to
the invention led to the result that these requirements are outstandingly fulfilled by
such apparatuses and hence considerable savings in the capital costs of the plant are

to be expected.
20 The process according to the invention is used, for example, in two areas:
- Evaporation processes of volatile substances in chemical reactions:
- separating off water or other low molecular weight substances in
25 polycondensation reactions, for example in the preparation of esters,
oligoesters, polyesters or polyamides
- separating off phenol in the condensation of diphenyl carbonate with

aromatic bisphenols to give oligomers or polymers or
30



. to be expected. 20 The process according to the invention is used, for
exanpl e, in toARSeHS:-Fdrvign Qloahtren processes of volatile substances in

chemi cal reactions: 25 separating off water or other |ow nol ecul ar wei ght
“substances in polycondensation reactions, for exanple in the preparation of
esters, oligoesters, polyesters or polyagides separating off phenol in the
condensati on of di phenyl carbonate with aromatic bisphenols to give

ol igoners or polynmers or 30 Le A 35 609-Foreign Countries -10 reactions with
formati on of a conponent which &gg be.seg{ar ated of f and hag a hi;{qh vapour
pressure (HO removal i'NeTH0ES ML EOrPAQR O B rgpant witieh 51 BhsTRardied gity e

di al kyl carbonates) 5 1Q1d1§adoxrlﬂgb{5\!a§oﬁle?f€sé&é‘s(}l€1 Wit Geshe QehcBbRUICE S
vapori zabl e under pyrolysis conditions form e.g. cleavage of polyesters
due to macrocyclic nonphosgenedvithhdcehdstomvotipikiybcarberatésdns i n which a
reacti ve gaseous conponent is formed fromthe desired substance under
pyrolysis conditions and is separated off, for exanple separation of
gaseous akcohol from i sga¥RER! Racdtsalnethidts dOREEReMR RapblezaBl! Qhdgi S of
ur et hanes Evaporation procésses w thout chem cal reaction: separating off
vol atile mononers (dii seiegkeiat esydifiensmfowat iergy clesvags génpolpessesvdwm toenpval

fromm xtures containi nl% t her nal | senaj tive
acrocyclic mono- or dilactonés

- pyrolysis reactions in which a reactive gaseous component is formed
10 from the desired substance under pyrolysis conditions and is separated
off, for example separation of gaseous alcohol from isocyanate

obtained as condensate in the pyrolysis of urethanes

- Evaporation processes without chemical reaction:
15

- separating off volatile monomers (diisocyanates) from coating resins

- gentle solvent removal from mixtures containing thermally sensitive
substances (in particular in the case of fine chemicals) and
20
- separation of solvents and of monomers from polymer solutions, in
particular of chlorobenzene and/or methylene chloride from
polycarbonate melts, caprolactam from polyamide melts, styrene,
acrylonitrile and toluene or ethylbenzene from SAN melts or ABS

25 melts, cyclohexane from h-polystyrene melts

- separation of volatile desired substances from mixtures, for example

from distillation residues

30 - separation of ethanol from alcoholic beverages



- substances (in particular in the case of fine chemcals) and 20 25

separ at i on of LsAl3feyt0sF aeidn Gfounwieoners from pol ynmer sol utions, in

particul ar of chl orobenzene and/ or nethyl ene chloride from polycarbonate
“nmelts, caprolactamfrom polyam de nelts, styrene, acrylonitrile and toluene
or ethyl benzene from SAN nelts or ABS mglhts, cyclohexane from h-pol ystyrene
nelts separation of volatile desired substances from m xtures, for exanple
fromdistillation residues 30 - separation of ethanol from al coholic

beverages Le 35 6009- For ei untr| 5.10 Th |nve tion is explalned
in nore det ai ﬁ%@VWWSW%B‘F IHHE?I tW‘?qj‘go‘?’é’Vé’Yaé’ L;angp ‘ghfeifﬁrﬁ?%ﬁsoand on
the basis of @B RIRILhEBAthe HHER offbHUfn%dﬁ?:ﬂW the follow ng: Figure 1: the
side view of a heat exchanger tube 8 having a variable tube cross section
over the length Figure 2: the cross section of the flat tube section Figure
3: the design.of .the tubes @?I e heat exchanger Figure 4: the schematic
overal | view bfc HHEe %?)’8&0?18? O%IB¥ar at us according to the invention 15 The
evapor at og apparatus 1 has the foll ow ng design: The heat exchanger tubes 8
arranged parallel to one another (cf fig. 3) are present in a heat
exchanger conkigireel: 4thesidsi wiewnef ®heatrexchanger jubek® hatidg snvariable pbefwest ed
trays

section over the length

Figure 2: the cross section of the flat tube section

10
Figure 3:  the design of the tube-bundle heat exchanger
Figure 4: the schematic overall view of the evaporator apparatus according to the
invention
15

The evaporator apparatus 1 has the following design:

The heat exchanger tubes 8 arranged parallel to one another (cf. fig. 3) are present in
a heat exchanger container 4 consisting of an outer jacket 10 and two perforated trays
20 3,9 in which the tubes 8 are fastened in such a way that a gas-tight space forms. The
tube ends are terminated by the perforated trays 3, 9. A heating medium flows
around the outside of the tubes 8, countercurrently to the polymer solution in the
tubes 8. In the middle region, the tubes 8 (cf. fig. 1) have the virtually rectangular
cross-sectional shape shown on a larger scale in fig. 2. The short side edges of the
25  tubes 8 are, however, rounded. The heating oil flows into the chamber 4 at the inlet

12 and out of the chamber 4 again at the outlet 11.

Figure 4 shows the overall design of the evaporator apparatus. Above the upper
perforated tray 3 is the feed chamber 2 with the feed pipe 13 for the polymer; the
30  devolatilization chamber 5 with the discharge pump 6 and the vapour take-off 7

thereof for the volatile component is mounted below the lower perforated tray 9.



.20 3, 9in which the tubes 8 are fastened in such a way that a gas-tight
space forns. IEhe35600FoasiasCagriber m nated by the perforated trays 3, 9. A
heati ng medium flows around the outside of the tubes 8, countercurrently to
*the polynmer solution in the tubes 8 1In the mddle region, the tubes 8 (cf.
fig. 1) have the virtually rectangul ar gﬁoss sectional shape shown on a

| arger scale in fig. 2. The short side edges of the 25 tubes 8 are, however,
rounded. The heating oil flows into the chanber 4 at the inlet 12 and out
of the chanber 4 a} ain at the outlet 11. Figure 4 shows the overall. design
of the evapor pparatus. Above the upper perforated tray 3 is the feed
chanber 2 with the feed pipe 13 for the polyner; the 30 devolatilization
chanber 5 with the discharge punp 6 and the vapour take-off 7 thereof for

t he vol ati | e Raompahehvolatilempmpondnisdiaw a podyineneslutiensf orated tray 9. Le A 35
609- Foreign Countries -12 Exanple Renoval of volatile conponents froma

pol ymer solution: 5 A preheated pol yner solution consisting of about 80% of
mass ABS and 9

Ct gl bonzone ‘R it By By SPORER ColRfoip of RBbu S00L YL ARl ABSRRIRLKATI e 2
wi t h per f or atofdndnosier 8r salvent faccyplopidicie; styitvee, retigtibergrnhanipaethybethpigkdiang) t ubes

170 e | one b EuSpRr R the s ber R B R A s L1t o COBPRERAREE o
3 nmand a slgQtp éﬁﬁh&gou%i%uwps( Ghhe thb&-hatd -a tORE 1400 0B 11330 AEAL B flapd th

oil by the countercurrent nmethod. The entry tenperatdre of the polymer
solution i n ttﬂb'ﬂa régpaert bemghhri@@mm losg hed, ‘ﬂCtheTm@:twhnrmeg@ol beviog 4 Istm/s W th

| h 240C
SonC) vt 1 ERKAGRY oPh i SR S AR E e 85 Re  ppo D e A8 o885 5 506
hPa is est ablwlﬁhsﬂi bpwcoaﬁtem@reh%@mbe D entrEmp i bﬁﬂé%ﬁ&ﬁéﬁ%@ﬁmaﬁe

separated fromthe devol atilizafion container 5 at
Conpar ati ve erpbe |hnetnc>s:hameng4 #n 1 ¥ a8 r Blreopolbmet sglution dloves withea q;blymee same

throughput of 6 kg/h downwards through the tubes 8 heated at 240°C and leaves the
tube 8 at a temperature of 225.4°C. A pressure drop of 52.800 hPa is established over

15  the tube length. The volatile substances are separated from the melt in the

devolatilization container 5 at 10 hPa.

Comparative experiments using an evaporator having a round tube of the same
length (diameter: 10 mm) showed that, with the same throughput, a heat transfer
20  which is better by the factor 1.8 can be realized with the tubular heat exchanger
according to the invention. Moreover, it was possible to reduce the residual content

of solvents by about 33% by weight using the compact-tube heat exchanger.



-length (diameter: 10 mm) showed that, with the sane throughput, a heat
transfer 20 wh aB35ig9lRiréier dMntriee factor 1.8 can be realized with the

t ubul ar heat exchanger according to the invention. Mreover, it was

" possi ble to reduce the residual content of solvents by about 33% by wei ght
usi ng the conpact-tube heat exchanger. Lg4A 35 609- For eign Countries - 13
Patent Clains 1. Evaporator apparatus (1) for the treatnment of viscous
medi a, consisting at |east of a feed chamber (2) having a perforated tray
(3), a tube-hundle heat 5 exchanger (4) connected thereto and havi ng

per pendi cul arm&%éd tubes (8) and a devolatilization chanber (5)
connected thereto and having a discharge unit (6) for the product of a
perforated ceiling (9) and a vapour take-off (7) for renoving volatile
conponents, char acEwpbrags appatanat (1f) fer thebasatme) obvistbs hhedin, exdimingest (4)

h t | 1] ptical ti 10.th t t of
thel 11 ongl t UGl nal 6 PEASEBhCHEIbGE (AbBPARbR TEEDELG 18Y Do Arabeiandls etk m 1.
charact ers zed i1 thakaddd 4 UaERe4E) nedhodhE SR SASARRARI MariBGuths

rectangular or ellipti ross section over ,
| ongi tudi nal di men@) amd 4 Xde3olaklizgimnatiamisep peh) atontiected dhetietng ahd Havaigmal or

2, characterized i hat the Xi mum t hi ckness D of  the tuhe interior in
the regi on of the ‘gf’cthéﬁei Wi E,@In%r thec Pradyet %tPa @P’gg@t@e%qlkl%'(%sa@ t BP nun,

referably 1 to 2 Y . DG : c ai s
p y Onaﬁérbffﬁﬁ’} ﬁ’;{‘%{?‘ﬂgé r@%@p%@%ﬁ@%@%ﬁh@& Raflh¥ tResC

| to 3, characterized I he tube Interior in

t he regi on of the (B¢of thadeitexcimmgeeld) hptd c@kctangassosdipticahcross gection 5 mm
preferably 7 to 100 nm partic ar%lﬁ. eferably 7 to 50 nm 25 5.

Evapor at 6@1 appar attgggéf'@&eétrleﬁrh%tutl‘%‘r ltg‘iﬁm@ﬁ inﬁ%%‘in'to 4, characterized in
that the tubes (8) have a length of 100 nmto 10 m preferably of 200 mmto
3 m

2. Evaporator apparatus according to Claim 1, characterized in that the tubes (8)
of the heat exchanger (4) have a rectangular or elliptical cross section over 80
to 98% of their longitudinal dimension.
15
3. Evaporator apparatus according to Claim 1 or 2, characterized in that the
maximum thickness D of the tube interior in the region of the or elliptical

rectangular cross section is 1 to 50 mm, preferably 1 to 20 mm.

20 4. Evaporator apparatus acéording to any of Claims 1 to 3, characterized in that
the maximum width B of the tube interior in the region of the rectangular or
elliptical cross section is 5 to 500 mm, preferably 7 to 100 mm, particularly

preferably 7 to 50 mm.

25 5. Evaporator apparatus according to any of Claims 1 to 4, characterized in that
the tubes (8) have a length of 100 mm to 10 m, preferably of 200 mm to 3 m,
particularly preferably of 500 mm to 1 m.

6. Evaporator apparatus according to any of Claims 1 to 5, characterized in that

30 the tubes (8) have a wall thickness of 0.5 to 5 mm, preferably of 1 to 4 mm.



- particularly preferably of 500 nrmto 1 m 6. Evaporator apparatus according
to any of C &ens31609Fbeigh@nattier i zed in that 30 the tubes (8) have a wall
thickness of 0.5 to 5 mm preferably of 1 to 4 mm Le A 35 609-Foreign

" Countries -14 7. Evaporator apparatus according to any of Clains 1 to 6,
characterized in that those parts of thg 4 appar atus which are in contact
with product, in particular the tubes (8), consist of a lowiron material,
in particular selected fromthe series consisting of steel, nickel alloy,
alumniumor _titagium in particular. 5 |owi nst . 8. aratu
according to’any &f2R9TAICREPRATIYS 8ecopding ta‘b"l“@’r‘i’fr(g]&@% ttfhét %\?&A“E‘{%{?S&m 5&% es,
chains, wire | oopghQk p §%flﬂ{eaépﬁﬁra@ﬁsewﬁ?éﬁ%éﬂ1 BonthdiSyig) &dﬂ%t i Barkiches (8)
of the heat exchanger , In the devolatilization cha 5). 710 9.

Appar at us accor di tige tibesa(8), oénsGt af melow-iron Saterialiriagiaesdutar delentetlfadmtthe t ubes
(8) have a plurality of zones havin i ffer r ect angul.ar or elllptlcal
cross- sectional %‘%ﬁ copsisipg Oﬂé lo%cg(ﬁfié\}% %P@Furﬁp?ﬁég%ﬂlﬁ@gbemlﬂp

any of Cains | t%@_ﬂfogrstee[_ermw ng vol atile conponents from pol yner
solutions or polynmer nelts. 11. Process for evaporating volatile conponents
from pol ynmer solutions or nelts wusing an evapor ator apparatus according to

any of C ai 1to 9, conpris 20 th t.e rehetln epol r toa
t enper at ur emgf 153 P8 cordmgfoeg%pgciqdmgglotq Z)’ @4’696 8§FE E-X%& ymer
into the feed champes &@nsawlreqo@gse&w@b&adszarg%umdlaqqh@%sm?%e aef er abl y
of 5 000 to 50 000 hPa, passing the polymer through the tube bundie of the
heat exchanger (4)(8)mftthch¢véamhaggesf(41 brethe Wevalaii®latiop chdrebeatiby by nmeans of a
heat exchange nmedium 25 flowi ng countercurrent to the polynmer, to a
tenperature of 160 to 380C, preferably 165 to 300C, and evaporation and
renoval of the volmgpatatus according to any of Claims 1 to 8, characterized in that the tubes

(8) have a plurality of zones having a different rectangular or elliptical cross-

sectional area.

15 10.  Use of an evaporator apparatus according to any of Claims 1 to 9 for

removing volatile components from polymer solutions or polymer melts.

11, Process for evaporating volatile components from polymer solutions or melts

using an evaporator apparatus according to any of Claims 1 to 9, comprising

20 the steps of preheating the polymer to a temperature of 150 to 250°C,
preferably of 160 to 240°C, passing the polymer into the feed chamber (2) at

a pressure of 2 000 to 100 000 hPa, preferably of 5000 to 50 000 hPa,

passing the polymer through the tube bundle of the heat exchanger (4) with

heating of the tubes (8), preferably by means of a heat exchange medium

25 flowing countercurrent to the polymer, to a temperature of 160 to 380°C,
preferably 165 to 300°C, and evaporation and removal of the volatile

compounds in the region of the devolatilization chamber (5) and optionally

additionally in the lower section of the tubes (8) at a pressure in the
devolatilization chamber (5) of 1 to 5 000 hPa, preferably of 2 to 2 500 hPa,

30 particularly preferably of 5 to 1 000 hPa, and collecting and discharging the

polymer.



- conpounds in the region of the devolatilization chanber (5) and optionally

addi tional | y 1iena Bh@&0b PoRdios€6tntal Of the tubes (8) at a pressure in the
devol ati |l i zati on chanber %55 of 1 to 5 000 hPa, preferably of 2 to 2 500
"hPa, 30 particularly preferably of 5 to 1 000 hPa, and collecting and

di scharging the polynmer. Le A 35 609- Forgi gn Countries -15 12. Process
according to Claim1ll, characterized in’l1 at the evaporation and renoval of
vol atil e conpounds are additionally effected in the |ower quarter, in
particular in _the |ower eighth, of the tubes (8). 5 13. Process according to
Claimi1l or 12, cHapesss eesordiagita Chim klhebpocigniged iin thaiche cvaporpiigimande

series: polycarbo 1 de ol Qpyl.e | yet hy. e, pol yester,
pol ystyrene, hydr ggﬁe‘lﬁﬁl g)gk{é%%es%ow@r%i&%rﬁo 9@?@?%&@6 ?)&ollnytgg :‘](We&taél?%er’
pol ynet hyl et haCﬁﬂE&ﬁi@ulaﬁIrMh@W@@[%ﬁﬂQ@f’tHel thBes (8y.€si N,

poly(acrylonitril e/ butadi ene/styrene) and their copolynmers or optionally 10
bl ends of the polyners. 14. Process according to any of Clains 11 to 13,

Fow ol ecut an e dHcest A8 b Cinf T3 Th o BraGichied s s BRDARE S ©
chl orobenzene, netsbitweae fedth Othedeserlel:s PhARSHrbddated, WH@Ct roppléne,

acrylonitrile, toluene, ethyl benzene and cycl ohexane. 15. Process according
to any of O ains Pebtethylene, chaplyester i zaolystyrenmt thydrogenaiedsi tpphistyrente

pol ymer materi al |.n feed i 0 107
Pa-s, preferably %&%ﬁ%&t gaoi)gagryﬂégs pg%gf{ré?nﬁé uélgl%lfiéﬁlager’ e%grgg%@@lgﬂf% to
105 Pa-s. 16. Proagesis, ptaadsondritefbuadtierefstizend)imd Heit €opbbymerh of egticgkilged in

that the throughput of FOl ynmer material, based on a single tube (8), is 0.5
to 12 kglh, 25 pridsnds abihg nolyraers kg/ h.

14.  Process according to any of Claims 11 to 13, characterized in that the volatile
compounds are solvents orlmonomers or low molecular weight oligomers of
the polymers used, preferably chlorobenzene, methylene chloride, bisphenol

15 A, caprolactam, styrene, acrylonitrile, toluene, ethylbenzene and

cyclohexane,

15.  Process according to any of Claims 11 to 14, characterized in that the

viscosity of the polymer material on entering the feed chamber (2) is

20 100 mPa's to 107 Pas, preferably 500 mPas to 10°Pas, particularly
preferably 1 Pa's to 10° Pas.

16. Process according to any of Claims 11 to 15, characterized in that the
throughput of polymer material, based on a single tube (8), is 0.5 to 12 kg/h,
25 preferably 1 to 9 kg/h.



