and device for the elimnation of volatile substances

from hi gh-viscous nmedia The invgntion relates t

conti nuous process for particularly gentle heatlﬂmmm“mwmnmmmn

in partlcular oﬂ t her -plastlc pol yner, A )

t ubsMisthod and, device for, the elimipation of volatile stance ich-viscous

havi g g flat channel s and a cross section varlable

apparatus for carrying out this process. 10 The

t ube-bundl e .heat, exchangers described in industry are .

Used HoMVRBHPY AEfeES 10 cbGPRIRNORS HIRRess AGF PRFICYASI§BHIR reating or

consi st of tubes With a circular cross section through

whi cpolymherspasingim tube-bundleldeat] exchingee ¢onsisting dfecampace thbes having

around, the outside of |ch a h

exchapaator, #iden dpPhrafi Foidaeryingldut @aHpRMAEsAt i on pl ants

for polyners air conditioning systens or

refrigerators. For a few particular cases of use,

exchesuiap fluibe ahdrfotlS@aporizing %Etl%@ﬁﬁs&nb&ifrom v1scous media. They

exchangers preferably in_condensing b0|Ie2;

cool psﬁlg ﬁg(éﬂspsﬁ Qf Q@e@ggé & cirgplar erppesarten Hi Wthh the medium to be
oval rectangu cross section in the tube part

I ocajnedlunn flostsweadds whiusé ofr mbe-berdit i heat rcag/hangas are, for example,

gonstant or. vari able. The inside,af .the

VO 285 200s166i667PCT/ EP2004/ 007678 1 " 159159 piviriipzh04/007678
5 concentration of polymer solutions or polymer meltssysos
over l ength and a downstream separator, and an

yol a&dnb&nﬁd%ﬁto@%%e‘rrsem%ﬁ %p WSlyHRE nfelts Tﬁeyamétﬁwﬂ thermoplastlc
e T FiRES o pagrodt stufoDo P ek 4% el and o downsiream
theocTreaupt-Sadf HEk" Githleck] RERABES th QB Pare wsed for heating or
appr@é@o%‘l&é&’ o‘E' th b FlEat&T HRsSatd hfindlthe tcﬁns‘?&@%f%ﬂﬂch a heating
I3r ovFREERtiAtion fpa‘rYHWe§W8Pnd‘Pﬂ‘HB%§>éi‘?‘%%r Bigsraer

to generate a turbul ent boundary | ayer and to inprove
the heat transfer. However, the generation of
t ur bBoreatfe partiowlah cases ofi wseotutien dith at n@hslrwéarccrossa section were

Sgle)s/ﬁ%?t M[@ @?ﬁ?&l?tﬁﬂ the rﬁ:aéesc hli)egv\? eat a%rg:g(g:lrJ ube for use in
tube-bundle heat exchangers, preferably in condensing boilers for cooling heating

20  gases. The tube has 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 improve the heat
transfer. However, the generation of turbulent flow with the aid of indentations, etc.

25  does not function in the case of the highly viscous polymer melts exhibiting laminar

flow.

The tube-bundle heat exchanger apparatus described in EP 0218104 A1l operates in
the low-pressure range according to the cross counterflow principle and is used for
30 gas/gas and liquid systems, in particular for combustion processes with large
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
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The tube-bundl e heat exchanger apparatus described in
EP 0218104 Al operates in the | ow pressure range
according to the cross counterflgw principle and is
used for 30 gas/gas and liquid systens, in particular
for conbustion processes with |arge anounts of gas
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ki gh{he?@fﬁb& Yute B U if QécBTsaReloWR&d dhlifefutBR& mbial BiRddts which simulate
preperforated end trays being required. However, this

desi the costouripfthel (ubes pieasito oppanothére si de wal | s of the
heat exchanger jacket are connected to 5 the joined
tubes. It is necessary to weld on prepunched net al

sheefge WahtC BxchaRger adelcritiddeinC DB 912129027 e ahdik@endedi fi#dcooling or
to one another. The heat exchanger described in DE 3

212 hearing| highly iviscewsdeln particlgp| strigtusally réssons gflawalie ysubstances

i scous, . tl [ I

1, P4l 1 e SPELGRER S B F G SR s paraic
ar e arérngoethenThedieatiyg SOcdoling hedizen flawa ki thke tuies, andethe fluid to be
anot her. The heat| or cogling nediumfl.o in th

¢ ubebeatssher torke wplsAdiavs FRneHaleRF, FrpeatiGifacigghg atane of the rows
flo ' i.de, i ;
oSl Dl AL i P SBEE e, 1R e L g o i
or f hmingemiensis thatinsgviieadgpact” kiss betweenrthe imatsecting tubes, in

1B ube et esd Saphes RBad ey R NetRd gy P RO TIGA P undergoes

or t theRalC@RbRIPoGAN. EMbReoRBd thE MREIGRES velyNEIniBilcated and difficult to
deconposition. Mreover, this design is very

conphkdabeauretor dargerdirduictioh plants. scal e up for |arger
production plants. A brochure of Schrader
Ver f ahrenst echni k GrbH di scl oses a flat-tube heat 20

exchanggschuldict StithdérubRriapRhstedtmilaNGRbH idetnes forflat-tube heat
condensi ng vapors or as a heating elenent in .
29oncexshangarod his Barybe heat exphanger s used dpy sapdenging vapors or as a

t Ubeh?ﬂﬁgl &lement in concentration plants. The apparatus described is a tube-bundie
heat exchanger which consists of a heat exchanger jacket in which flat tubes arranged
in rows are present. Improved heat transfer and less fouling in comparison with
round tubes are mentioned as advantages.

25
An application for polymers or polymer melts is not known.

Heat exchanger tubes having flat, oval or elliptical cross section and the production
thereof are described in the prior art. DE 805 785 Al, for example, discloses a plate-
30  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
and welding in further metal strips and stiffening profiles. This apparatus is taken as
a basis in DE 2 506 434 Al, the heat exchanger tube being produced from a single



heat exchanger which consists of a heat exchanger

jacket in which flat tubes arranged in rows are

present. Inproved heat transfer_fnd less fouling in
conparison with round tubes are nentioned as

advant ages. 25 An application for polynmers or polyner

melts is not known, Heat exchanger tubes_havi flat,

oval MRl SFIR (% g’&‘!“h% oR%Ts @84 B FUBRIPS s HEinE offtégrated. The
t hercﬁ@flﬁ%fiﬁg SRt BRd wdladd'A BhiIRf AR thbe Raeiimbed DR 19 857 510,
for exa e, discloses a plate 30 type heating el enent
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pl at e-type eat | el erent i.s .however, prpduced
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profiles. This apparatus is taken as a basis in DE 2
506 ohBtragi|to therabolementioned angy ensuresosirongiang liguidefight gonnection in the
froma single 3 mgtal .strip by bending.over, and a

suppDiEriAR PR PLVSE TSR Pqﬁngé):fgge%ﬁherﬂg)e. over | appi ng

ends are then welded. A simlar flat tube is described

in DE 19 857 510, but here the supporting fl ané;e _

consh giisadwantage afcidledesigns mentiene is ke complidatad preduséian of the tubes,

rom.t.h f dhe el ' ri .
. A e B 0P .1 i of e
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exchanger tube which, in contrast to the _
abovM¥REV T g oS otended 40 r digpenss grith k) Jpintsemy Mgk can lead to

connge. dvgﬁag%ugg%%gy?{]%g&eqtqm@n over the entire

period of u A di sadvant age of al
desi gns nentioned is the conplicated production of the

ubes,. .10 at | east .one.shaping and.gne j,0inin . .
157 ocds teehtitet A dbe Eeption 10 reghoy \RUHLE sliaheRg rom highly viscous
| nveiiAB doPutlbhs nAd&G YaRRG arlly PRRt1E Bontitidi, AN WithARow a thermal load
shapi ng process i s necessary.. Moreover, it is

i nt easdedsible (tirspeeatere andirhsidénse jtione) tand @ampwwksiddnce sime distribution,

| ead t0, di sadvant. ous changes.in the [t flow, 1

e o P SuRSR TR BRERGH dost Attt 05 Gifidvamaes of the
SubskWafiseat ExBaidegd)| Y vi scous  pol ymer sol utions

under particularly gentle conditions, i.e. with as |ow

28 thermal load as possible (tenperature and residence

oy . o et but L on. .
or ov 15 86Jedk s OIS AR b e Bhehloh, b pRbing @PiBolyiher solution
di sasbmintiagbsthdbughhetube-bundle heat exchanger consisting of compact tubes and

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
25 (devolatilization chamber) from the polymer melt, and the devolatilized polymer
melt is transported further through a discharge apparatus, for example a gear pump

(e.g. for granulation).

The invention relates to an evaporator apparatus for the treatment of viscous media,
30  consisting at least of a feed chamber having a perforated tray, a tube-bundle heat
exchanger connected thereto and having perpendicularly arranged tubes and a
perforated ceiling (lower perforated tray), and a devolatilization chamber connected

thereto and having a discharge unit for the product and a vapor take-off for removing



known heat exchangers. 20 The object is achieved,

according to the invention, by passing the polyner

solution continuously through a4tube-bundl e heat

exchanger consisting of conpact tubes and heating

said solution to a tenperature above the boiling point

of the volatile ces vol at.i nce

o e vote ol SRIRfER b i e ey Sy aPE BbR"S8Ranger have o
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(e.g. for granulation). The invention relates to an
evapor at or apparatus for the treatnent of viscous

gedi By thGonRRsi ¢t RO ifenti®RStheOkerm fré@shgula"bREs sectlon includes
having a perforated tray, a 't ube- bundl e heat exchang
conn@@taeaulahefpe&t ss:cmms Hexingrgctarguierad coungded pdge mﬁgse%f well as the
t ubes_angd .a mate

tr a0 e Lo ity ot Bt B BlacB e 01l Wbether by arcs ofa
t her gikdle. aDlﬂ: prférrd condigantion ger tlh@idros‘s(Hecﬂidiﬁlspth@tdcblti long circle, of
and a vapor take-of f faor renoving -4 vol at

conpAstARBalar SFRsF Ae¢tians Awymngnroupdgd F%St%b@ﬁpt&al {CFRss sections, long
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IQect F‘gﬁ over %sﬁ&%ﬂ&?ref t‘ahel r | ongitudi nal dinension,

in particul ar over the great est part of their

| ongi t udi nal sion. In t ontext of th
| SIThF e ofelng GHeRt PEBERE R SIera 08V & er B P aligtical cross

rect e&geh goeﬁo%s)s@@&fttha%nlgﬁmﬁa digehaagul ar and
round ge shapes as well "as the so-called "long
circle" |.e. t wo paraIIeI stralght si des are j oi ned

toge C The preferre

S0 i Rsd . e S R sptign o e e lomg
circhf, sh@ft axfsQﬁ'ttl@J‘&HésaJecﬁ@rQSﬁ tifeSibé HISridIaN tHedre£ioH BE €d rectangular
edges or elliptical cross sections, long 10 circles

bei ngr elipticalaFtogs geationr is epteferabdy tlytre 30 gimy pestipalarly preferably 1 to
excth%gr preferably have a rectangular or elliptica
Ccros ection over 70 to 98% of their |ongitudina
di mensi on. 15 The maxi mumthi ckness D (i.e. the

ext ensi on of the cross section of the tube al ong t he
2nor The maximpm; width Bs s he ckieapipn f thenaotsutsetiompehegpbe along the

int lil&gl’ g)gé)o@f file fuBE iARALARP ﬂ{eafeglon 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.

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

particularly preferably 4:1 to 10:1.

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

30
In a preferred embodiment, the tubes have a wall thickness of 0.5 to 5 mm,

preferably of 1 to 4 mm.



or elliptical cross section is preferably 1 to 50 mm
particularly preferably 1 to 20 mm 20 The maxi num
width B (i.e. the extension of the cross section of
the tube along the long axis) of the tube interior in
the region of the rectangular or elliptical cross

iggt j'r;%n t"iﬂpj?ﬁit‘i% ae;tPt"é{Jnlﬁa’éf Sr%&ﬂ?}) gﬁ%eﬁrgeﬁ?ﬁhgggﬁyopi é{ll:?es having a
rat i gr&iar/¥Poss Sauto Bk Bxdiple by RNiink 61 prebsikgless D is in

particular 2:1 to 30:1, particularly preferably 4:1
to 10:1. The tubes preferably have a length of 100 nm
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8mbogh theBhds dfitiRe fubéxast theéat exoMahger! il thk d@statidizatlorbcamber.
5 mn preferably of 1 to 4 nm The tubes can be

obt ai ned, for exanple, by being formed fromtubes

havi j.reu C et an, o I

roll ?%%S%osre R‘ﬁ r ééssléllggnngs foggﬁcfr?%s&féa?ﬁym%er é); g‘i&a }§§ b\%ﬂ% gFtween, for
W I egxanfé)i podymetd tb deldeogiatiizedvind ehd pas space lie ofdet &clivedlerate vapor
5 to the ends of the tubes of the heat exchanger, in

t he epMAIQR PIOPSSERS on chanber. These serve as neans for
lpncreasing the size of the phase boundary between, for

exanpl e, polyner to be devolatilized and the gas

spacBuitdbte anraigements af edies wire loopp or wire)bpills arerdisclosed, for example,

proces . itahl e arrangenents of wires, w.e

P ooptr B 1148 235 a1 theSionfen SEFHER s hefopm ciRaymif 5 pference.

DE 10 144 233 Al, the content of which is hereby

i ncorporated by reference. Sharp edges (corners) with
possBhirp edgesd(comerse mgthf possiblredqadgorers forgheprsiddetoare gvoided in the
the .15 inventipon. The danger aof nonunif.orm . .
I8 o1 FVBUES i PR ol iR Qipiationf Y prouct flow s less in an
el | i plipfied] nibelRRad Mafldtiute. f | at tube. The tube can be

made circular in the usual manner at the tube ends,

with the result

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.
20  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.

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

stages.

It is furthermore possibie 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
30 level at the end of the tubes. This prevents nonuniform evaporation behavior in the

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

A variant of the apparatus in which a cross-sectional constriction which in particular



that customary fastening in the plates of a

t ube- bundl e heat exchanger is possible. 20

Furt hernore, product entrance ang_exit can then be
designed in the usual manner. The transition from
round to elliptical or rectangul ar cross section
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of the tubes. "This prevent's nonuniform evaporation
behavior in the evaporator tubes arranged si de by
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nore than hal f, preferabll& not nore than a third,

par t leasiitwice s longer@agimiarkyprefeed than a fourth, of
1 he length of the tube (8) and in particular over at
east two hundredths, preferably at |east one
hundCesgibhred peth dpertufes) 3h abreptairap hythatpreslsﬁasihd Gtiéden vaporlzatlon of
fiftieth, of the length of the tube is provided,i
the UPPBIVeBhiT BRI dhe fomBarBively éaremgmftss cqrapazedyith aperture

P Bk o AU S, e S el

Cr oss- sectlonal constriction corresponds at least to

iLts t er pal ter rticul arl referably is.at .
155 £ irther adveffiees o B pirtinel A5 Tt piaed Sfission pressure
Conpgydree %ﬁaﬁhs’?@&ﬁh%ﬁ@%ecﬂ@hﬁﬁ’ééﬂp.inddlié?i@e i uhif®m distribution of the
pressure and sudden vaporization of any solvent is
pr evpolymdrs ofeethe yapershaateichanger gibes dippssibler conpar ed
Wi th aperture arrangenents prevents the danger of
bl ockage in the region of the constriction. 15 The
f ur t refy dﬁ’di‘ﬂ@lﬂirﬂgﬁ‘éfdﬁlfedﬁy g agiarand NARNENE wai¢h ik tc}iiliracterlzed in that
nprove dm ssion pressure can be established |n t he
Meedtheismssectional shanEietion isPreAiASIpITisdisiesHe By the Gbes.
pol ymers over the various heat exchanger tubes is
possi bl e.
It may be advantageous to utilize the poorer heat transfer between such an inserted

sleeve in the entrance region of the tubes to keep the temperature difference between
entering product stream and the inner surface of the sleeve smaller than the
25 temperature difference which results during operation of the apparatus without an
inserted sleeve. This effect can be enhanced by using a material having a
comparatively lower thermal conductivity for the inserted sleeve than for the tubes
and by leaving an open gap between heat exchanger tube and inserted sleeve or by
increasing the wall thickness of the inserted sleeve.
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.



Very particularly preferred is an apparatus of said

type which is characterized in that 20 the

cross-sectional constriction is_fornmed by an inserted

sleeve in the tubes. It may be advantageous to utilize

t he poorer heat transfer between such an inserted

sl ee in the entrance reqiqon of the _tubes to keep. .the
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| nvelron il SRR, 8 o PR’ RBGE pRA L Bowdit fiusrgurrent 1o the
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1hor L RS BPAGANT RURRIAY S OFSRT SOPARA ABLIG:  pressure in the
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i nvention, C risi the, s s of preheating th
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of 160 to 240C, passing the polyner into the feed

chanber at a 5 pressure of 2000 to 100 000 hPa,

pr ef &r pisferreds poOEH is cchstacoived ba thasaths i avgperation god yrempval of the
hrough..t he tube. bundle..of -t he.heat exchanger wit.h . .

18 cac FRgusRopRERTiRE oy Payy ity BiCIAR0 Gl il pprticular in the
exchaR@e efghth, ofitielt@¥sng countercurrent to the

polymer, to a tenperature of 160 to 380C, preferably

165 to 300C, and evaporation and renoval of the

S0 SR ECHRAINSRAR s FSGP feln gei  fe chme

addi 10@mPhlsytd N0t Pes,| pretratd@c300anPoE tbhe0’tRalke pasticudarly preferably
pressure in fhe devolatilization chanber of 1 to 5000

0pa, 1 frsteddbPas-of 2 to 2500 hPa, particularly

preferably of 5 to 1000 hPa, and collecting and

di scharging the polynmer. A preferred process is

char acpaticuleq the thrbaghpuh ef polypwer atataral,arded enmvsihgleftube, is 0.5 to

the 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.

The tubes of the tube-bundle heat exchanger are produced, for example, from round
30  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
two ends have the in particular original round cross section of the starting tube,

which, for example, has a diameter in the range of 6 mm to 450 mm, preferably of



15 volatile conpounds are additionally effected in the
| ower quarter, in particular in the |ower eighth, of
the tubes. Preferably, the viscogity of the polyner
material on entering the feed chanber is 100 nPas to
107 Pa-s, preferably 500 nPas to 106 Pa-s,

partlcul arlglqpreferably 20 1 Pa-s to 105 Pa-s.
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sol ution. These polynmers include ' plastics
ar e friethyddnee cblodde, tisphens | Aenwrcdactgmessﬂrme, aamlommle toluene,
terrpeﬁrh ure. 10.Pol.ycarbonate, pol yam de,
pol yESIRsPeeng and sydlohexatic ne ool yester, pol ystyrene,
hydrogenated polystyrene pol yur et hane, pol yacryl ate,

ol ynet hyl nethacrylate, poly(styrene/acrylonitrile),

2;90| y M@nyh@mbp}ar hegt @&e@ag@rﬁepqu}ﬁ\s@ﬁ@yamgo;, {lag mixture enters the tube
€opo hxﬁfﬁé §%§ glgg%yh\g%; E(L)f?po%tﬁﬂlq§ pglfml{tpc?by g k)yegﬁfré g'ma}’enpﬁl the tubes,

ment roned
and, at the end of the apparatus, the mixture, in the form of a gas/liquid mixture,

enters the separating container (devolatilization chamber), where the volatile
compounds are removed as a gas. The devolatilized melt is further transported, for

25 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
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

30  prevailing pressure.

The heating medium has, for example, a temperature of between 50°C and 350°C.

The exact heating temperature depends on the polymer solution to be heated or



exanpl e. The substances and vol atile conpounds to be
devol atilized are all solvents 15 which can

expedi ently be conbi ned with thegabovenenti oned

pol ymers, or nononers thereof or |ow nolecular weight
ol i goners, for exanple chl orobenzene, nethylene
chloride, bisphenol_ A  caprolactam styrene, i

acr y?@ﬁ?rmt?de?nqe 8 desirad; ieyih e f@?@nﬁﬁ@%% PB B ggtired product
20 VagRetdpget ubul ar heat exchanger is used as an

evaporator, the mxture enters the tube bundle as a

singl e phase. Evaporation is permtted by a pressure

gradient in the tubges and, at .the end of the
bt bresstrs opiestatiged PREthEhupt fspetiio 2o mem they] P 000 hPa.
I Xture, enters the separating container
devol atilization chanber), where the volatile
c onpStaindiess ateels; mnkalddsaisallmysydganitihealusnminatnd otheralloys are suitable
is further. trangported, for 25 ex le via. unp, to
t he ?FeSHa?e&‘é‘tx &Tatli®l T2RPIAN @P&’ﬁ&‘soi@'ﬁ?’bﬁﬁf'ﬁ?ﬁgoﬂ&“ ate preferably
appagg@tus. Wen the conpact-tube heat exchanger is
used as a pure heat exchanger, the tube heating is
adj usted so that the product tenperature of the

1 e ik RStsR R o bUBRRn SERRL 05 sBEp e VBl sybeances, such

at  t 5 solvéhtP b ahdrdhgerf) £68UL Polyhite dobdionngr Fo2dhdatihg the polymer
has, for exanple, a tenperature_ of between 50C and

350Csolutigqe sad pracesschping¢jstingvisbed by the folpwHgadyantagrs in comparison
pol y i to be heated or 9 concentrated and on
TL Pt

t he esult of concentration or on the desired
product tenperature. The pressure drop established

ver the fube_ length_.is npt e than 100 0Q0 hPa.. 5 . )
18t aj 1l ess{’%tieéénegt, gw&wmﬁ%ﬁﬁ% hegt, exchapger hetiyeen heating medium

al um num ﬁﬁﬂpﬂidti&r o@in%o%sth@rg?ea‘iéfi dfakEvoldmeBEisdfahe flat compact
for the evaporator apparatus. Lowiron stainless

st eel s ar tibpy wfcomplatigon wigk tound@ubke process accordi ng
to the invention serves for renoving volatile
subst ances, such as solvents and nononers, froma

pol ymer spkitrief en@th dfAhe HEREXMANERIDWRRS RE bette? et tRRsfer
sai d process being distinguished by the follow ng
28dvant ages i n comnpari son

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

length and reduced volume

- less material damage owing to the shorter residence time at high temperature
25 and hence better quality of the end product, in particular of polymers (e.g.

mechanical properties, color number, processability)
- lower capital costs owing to the compact design

30 - a more uniform distribution in the case of highly viscous polymer solution
over the tube cross section or complete filling of the compact tubes in
comparison with generally broader, known plate-type evaporator or plate-

type heat exchanger.



with the prior art: 15 - better heat transfer in the

t ubul ar heat exchanger between heating nedium and

product owing to the greater sunpace/volunme ratio of

the flat conpact tubes in conparison with round tubes

a shorter length of the heat exchanger owing to the
heat ,transfer 20 resi.dence

bet t {
e GG Brthh S LGORGHSEPS G iy b A cDRtstigh to e conventional

| encebfordiel frRUR Ak téploH B8 tl{eefécid Sinfet 8hd SELHB E6vdMMIXGtion chamber
to the shorter residence tine at high tenperature 25

and inepessiblseMaseovgnasimple sdale Hp bynaumbasingcis, achigvable with such an
particul ar of polyners (e.g. mechanical properties,

col APPAESer processability) |lower capital costs

owing to the conpact design 30 - a nore uniform

distribution in the case of highly VISCOUS pol yner

sol ufungamerfpk investigatione haveoshovaethet an low achapnalilead as possible is
fillin f o} 0

gend Icgl]%ﬁog fg} gn&ﬁé d&@%ﬁhéaﬁ%ﬁ%{ églpfm%gmé@é pf)érg o‘?flg rlgs1dence time at low

pl attemptispge loe at shexciesidgmse. timd Gt Gghn@niperanire dhdu:mdhe same time a
Cross sectlon of .the tube ends, connection to th
conVRATOMOFesldengsetime distakptiopafier feasng gelating toneast- eﬁfwgﬁncy, the latter
ee %FQQEIEQ ritherdtdlSn{tURAt Rk irhid Ad & kS according t
{)Josglls ﬁ/tg'r eo€e © s%ln%fi& gcg’ﬁe upqqé) B%ygﬁgara according fo
achi the afvteation féd Suthh reslt thpphesat raguiresndatmata romtstaidingly fulfilled by
i nvest]gati ons have shown that as |low.a_.thernal |oa
e Rk REpRTRes SR AT oSl oMo ea 4 e ePILA9 g the plant ae
of %'%@Pedﬂ&i.ts' i.e. along residence tine at |ow
tenperature or a short residence tine at high
tenperature and at the sanme tine a narrow residence
me_di stribut easons. re tdn
15 oot TS FPESRARSPraipg & Theiiantap i e o Shelrt, in two arcas:
Experimental investigations into the evaporator
apparatus_according to the invention led to the
resul t t hBvaponetink pregessescafentatilesubsoncesinchenine) reactions:
fulfilled by

- separating off water or other low molecular weight substances in
20 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

25
- reactions with formation of a component which can be separated off
and has a high vapor pressure (HCl removal in the reaction of
phosgene with alcohols to give dialkyl carbonates)
30 - pyrolysis reactions in which desired products vaporizable under

pyrolysis conditions form, e.g. cleavage of polyesters due to

macrocyclic mono- or dilactones



such appar atuses and hence consi derabl e savings in the
capital costs of the plant are to be expected. 15 The
process according to the inventijgn is used, for
exanple, in two areas: Evaporation processes of
vol atil e substances in chem cal reactions: 20 25 30
separating off er or _.other low nol ecul ar wei

Pﬁ%@V

{ .
subst ances in $8 SFAGHPRSID WHCh adEdqtiyR Saseoys c&%ﬁ?ﬁﬂn& is formed
in the preparadfddesited ﬁfb%tancé’ﬁd&??#offhsr;s coR@t MBS AR & separated

or pol yam des separating off phenol .
condensat i on afff dfqrhexaﬂxplc asepanatiore ofj gztseow @hehpk from isocyanate

bi sphenol s to | i rs, o eactions
Wit h formatlo ?%%Bg%éﬁt? V\H{%&ﬂ‘gg #S B urS 3? at ed
off and has a h| gh vapor pressure (HCL renoval in the
reaction of phosgene with alcohols to give dial kyl

car bonat eEyappyatisnprocessesavithovh shémicelmeaetiotesi r ed

products vaporizabl e under pyrolysis conditions form
e.g. cleavage of polyesters due to macrocyclic nono-

or dilactones sepdrafiivg Sff¥olatile 1BRdrh&s fdiisBeyihtes) ffom coating resins
reacti ve gaseous conponent is fornmed fromthe desired

substance under pyrolysis condltlons and i s separated

18 ff, for exanp ntle %gf%ﬁtt }eﬁﬂ) ﬁ%e c81ﬁg1?1k %{hgl%allry sensitive

|socyanate obtained as con ensa ein t € pyro SIS 0
uret hanes 5 1Gsubbtakoesfiarpatticntar i theeassas fietdhemicals) and
chem cal reaction: separating off volatile nononers
(diisocyanates) from coating resins

- separation of solvents and of monomers from polymer solutions, in

particular of chlorobenzene and/or methylene chloride from

15 polycarbonate melts, caprolactam from polyamide melts, styrene,
acrylonitrile and toluene or ethylbenzene from SAN melts or ABS

melts, cyclohexane from h-polystyrene melts

- separation of volatile desired substances from mixtures, for example

20 from distillation residues
- separation of ethanol from alcoholic beverages

The invention is explained in more detail below by way of example with reference to

25 the figures and on the basis of an embodiment.
The figures show the following:

Figure 1: the side view of a heat exchanger tube 8 having a variable tube cross '

30 section over the length

Figure 2: the cross section of the flat tube section



gentl e solvent renoval from m xtures contai ni ng
thermal ly sensitive substances (in particular in the
case of fine chem cals) and sepgkation of solvents and
of nmononers from polyner solutions, in particular of
chl or obenzene and/ or nethyl ene chloride from

pol ycar bgnat I.ts, . caprolact fro ol yam de nelts,
st yré‘ﬁlér,e 3: ac‘?‘? Heﬁﬂg‘i ?f%@%@%%&ﬁ@’@‘%ﬁ%yl benzene
fromSAN nelts or ABS nelts, cycl ohexane from
h- pol ystyrene nelts separation of volatile desired
subsFigmeek f the stheimaticroverallf vdiewenfahe keapofddorf apparatus according to the
distillation residues separation of ethanol from
al cohol i ¢ beXR¥FHPBs The invention is explained in nore
detail below by way of exanple with reference to 25
the figures and on the basis of an enbodi nent. The
f i guTsevahonatarlappdratus dasthe fellguing dgsign:he si de vi ew of
a heat exchanger tube 8 having a variable tube cross
30 section over the length Figure 2: the cross section
of t1ge hdaRbxdhdREer ¥8es 180 ranged pdrhlBd1 & ofe arldifer 46 FigN3Yodre present in
t he tube-bundl e heat exchanger Figure 4: the schematic
overah¢at gxehangsr coplaingy 4 sonsstivg of gp anter issketdOcnditvg pedorated trays
he | [ K r Sq:
tpor dnd Bhigh 12 o108 CHPRAAEE i SREY Ty Date BRSDHpacs forms. The
par afubelent® afd Ceriviritdie by (thé peffofited3iragy 8, Pr @s hedtingnmedium flows
heat exchanger contaj ner 4 consisting of an O%\tk)?ﬂr‘ ..
P grpsolution in the

j ackapund thenoutside of dhg Bibgs Sg countgrgurrently togthe

t he : t.ep j :

. WHBER. 8L GpaR 2B, 10 HEs R Dihe T rmaly sengue
by t ¢respecfionaishapet shaywa @ a Pargek deelatin fig. 2eTheishdrt sids edges of the

around the outside of th ubes .8, caountercurrently to .
ltshe. &lgFSygr@fe, BVEYSTorPun ecf H’é\e MOlg?lowﬁ 1Qtﬂéfxq§lml:ér 4 at the inlet
regi PPand KR of HREhaMbeCd agdih 8 thd budldVg. the virtually

rect angul ar

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
20  devolatilization chamber 5 with the discharge pump 6 and the vapor take-off 7
thereof for the volatile component is mounted below the lower perforated tray 9

(perforated ceiling).



cross-sectional shape shown on a larger scale in fig.

2. The short side edges of the 15 tubes 8 are,

however, rounded. The heating Qijh _flows into the

chanber 4 at the inlet 12 and out of the chanber 4

again at the outlet 11. Figure 4 shows the overall

desi gn of the evaporator apparatus. Above the upper

per f tray 3 is the feed chanber 2 with the feed

pi pe 13 for the polyner; the 20 devolatilization

chanber 5 with the discharge punp 6 and the vapor

t akeRembval of ivoatidoéoniponenks=from mpolymer solpbinnnt i s

nount ed bel ow the | ower perforated tray 9 (perforated
ceiling). -13 Exanple Renoval of volatile conponents

§ 1 Oy &y BRaddRI0] ﬁﬂ’ér%lu@i@n condisti geﬂf%@b@tcg(]%’ lo¥ HRks ABS and about 20%
sol ution consi sting of about % of mass ABS and about

20% oftxhomamerroe rsokypntq(emvhmm(eaetwydncmthylbe@en@tn}d mathyl ethyl ketone)

SR T DYNC R DI EAR T TR

CoNP@chadge ?q»\ahﬁgtfouxeeﬁaém UEle hms Rave tstall bl of. 13T0enm, the flat
tubes have a to | ength of 1310 mm the flat tube

r egi whe egieg teimp 10 mamdongiand; in the recsanalaguiegion, having a slot

579, B %08 B B IR " ot s s s

heat ®tth oilitylthe tdunitercirfent artivide Thelenteyntermpetanod of Heepolymer solution
entrytenperature of th L sol ution he heat
crchinbiat e TR %1 The Dol o ioR: S5 Wions polymer

ECUH it AR 4, R BB 0 s

t enpabaiBuat e tmpezﬂﬁrem' 22A4;3€eAspmcseundrcb<pp off 525&0()8&& 151 Pstablished over
is established.ov 15, t.he tube length. The ,vaol atil e
léubst n&bs EFP&thse aphﬁaper SBRSRTISES FOF (SepATateflo Tom he melt in the

devolidloidt1Zati drPtontRidr 31 880 hPaat 10 hPa. Conparative
experinments using an evaporator having a round tube of

the samne Iength (diameter: 10 mm) showed that, with

t hr a heat transf i C
e BTy Bl G50 FENBLED SRAEL T e of e sam
t ubuleABthNEMmMAXE NBNERY shawed kight,Ngith Ghé Reme nmmghpam a heat transfer
Mor eover, it was possible to reduce t he resi dual

280ont wiich’ isfbetter by rﬂ?% fagjorah8 (pan Isozeplizegeihthe, dabylar; heat exchanger
COMPES ctor&l}i'g to ﬁx%f’iﬁve?ﬁgﬁ Adover, it was possible to reduce the residual content

of solvents by about 33% by weight using the compact-tube heat exchanger.
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An evaporator apparatus (1) for the treatnent of

vi scous nedi a, consisting at quat of a feed chanber

(2) having a perforated tray (3), a tube-bundle heat 5
exchanger (4) connected thereto and having

perpendi cul arly arranged tubes (8) and a perforated
ceilE&%ﬂ¥§¥ﬂﬁmd a devol atilization chanber (5)

connected thereto and having a discharge unit (6) for

t he product and a vapor take-off (7) for renoving
vol al.i | e Anepapoeatosappatatusad) ori the treatmenhaoff visdoas medéss consisting at

(8) of the heat_,exchanger,.(4) .have rectan ar ar

11 ot ¢ P D02 et ERatBTP b hARE » RSTIGHIGA BFY [ o fibe-bundle hea
kongi t udi aharfdefeASéMRectbd RS I26H HAVIngVipdndRularly arranged tubes
greatest part of ‘their |ongitudinal dinmension. 2 The

evapor at o8) app aparforatedsceding (d@nd a develatlization chamber (5) connected
characterjz

ed in that the . tubes. of . t he heat
cxchanger nEE U hVg A Mschiry 5pie (B) G|, PadifCing  yepor take-off
15 secti ofy) @¥efenftRidgOvARife RondpBfédts, | chB@LicHS¢ A that the tubes (8) of
di mensi on. 3. The evaporator apparatus as clainmed in

clai m 1 ofhe heatotxghangee(4) haue pnectangular ios ellipsigalrarpss section over one
1@” thnle‘iz?al% 8% tﬁe'ﬂre{oéggﬁqiﬁa{r]tcﬁ{ﬂeggioﬁ nint&?tri]gu?agj ((l)vr%:{ gﬁ%gpe%test part of

or rec ar Cross sectionts

mm  pr ef ethahllohgitudlimalPfimemsioR0 4. The evapor at or
apparatus as clainmed in any of clains 1 to 3,
characterized in that the maxi mumw dth B of the tube

intesior 1R tieotR6l Phardtud Qg c{agrﬁgnggxgl&a%] 1,0 haractﬁriyzec% in that the

elliptical cross section iIs nm preferab
to 100 mubeg€B)t oft theahday emclengermt)yhavet @ réfangaiar 26 dliptical cross

0 o O e TR ud i 2 ™
length of 100 mmto 10 m preferably of 200 rmto 3
m particularly preferably of 500 mmto I m 30 6. The
evapdr at ofhagpaemtarsipparak as slaimédinagiginot or P.adhamcterized in that the
5. char acltng)rdimzu%j t}ilicr:]kness D of the tube interior in the region of the elliptical or
rectangular cross section is 1 to 50 mm, preferably 1 to 20 mm.
20
4. The evaporator apparatus as claimed in 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. The evaporator apparatus as claimed in 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.

30 6. The evaporator apparatus as claimed in any of claims 1 to 5, characterized in
that the tubes (8) have a wall thickness of 0.5 to 5 mm, preferably of 1 to

4 mm.



that the tubes (8) have a wall thickness of 0.5 to 5
mm preferably of 1 to 4 mm -15 7. The evaporator
apparatus as clained in any of _.gkains 1 to 6,
characterized in that those parts of the apparatus
which are in contact with product, in particular the
tubef (8),. CcOnsist of a i.ron nmater

| ow ; tal, .in ) .
par th cul ar"*sefRYE aapl?a}r%mf g glaungd 1_8&“&9%&%’_?? hdo § characterized in
steel , nigkelhodd Ipars oH thel #s WhichnhiéMn lbntadt with product, in
particular |lowiron steel. 8. The apparatus as clai ned
i n any ofpatticularghd tubes 1§), consisiof @rloweitbri matehial, in particular selected
vertical _wres, chains, .wre |opps 0 ire braids a
mount ed. O SRS emisring of stsel ekl afloy gl of
gxchangerparfoularilowliftm stey.ol atilization chanber (5). 10
9. The apparatus as clained in any of clains 1 to 8,
characterized in that the tubes (8) have a plurality
of nes having a different recta L or | i ptLcal -
cr 05 s ol praflds olfae iy Aok AU, Fiq FronBlicleiabd B hat vertial

in any ofwigésichdins] wife Ropsbevwire bedidy 1€ meunkdiadt the ends of the tubes
cross-sectional constriction which in ﬁarti cul ar

ext ends d¥ept theheshsrehanger{4).1n the deyplatibzatignchamber{g). o
1@han a third, particularly preferably not nore than a
ourth, of the length of the tube and in particul ar
over9.at | Heasippavamshamclainsidnim, anypefedlainabl yo 8 charad¢rizedan that the

hundr edt h, . paj.ticul ar referably at | t one .o
FITet ot h by 5 hive byl Sh oo by GEisrOFR g ipror cliptica
the upperq gftdeaiisfil kgl on of the tubes. 11. The

apparatus as clainmed in claim210, characterized in

that the length of the <cross-sectional constriction

orresponds at least tp.its.internal .di ter . :
157 er BF aor ha Sonari s efimpd in 207 o] Hlpims 5 phppacterzed in that o
appar at uscrass-seb @b @ondiri®ionh@hichfin GJastidibar k& tenasl o¥ds not more than
characterized in that the cross-sectional

const ri cthadfy prefemnblyrmot moye thanjarfhisd i pagtialasbypreferably pet more than a
the tu befsom(tﬁ,) of the length of the tube and in particular over at least two hundredths,

I . .
tﬁamum, m

preferably at least one hundredth, particularly preferably at least one fiftieth,
20 of the length of the tube is provided in the upper entrance region of the tubes.

11.  The apparatus as claimed in claim 10, characterized in that the length of the
cross-sectional constriction corresponds at least to its internal diameter,
preferably is at least twice as long.

25

12.  The apparatus as claimed in either of claims 10 and 11, characterized in that
the cross-sectional constriction is formed by an inserted sleeve (14) in the
tubes (8).

30 13.  The use of an evaporator apparatus as claimed in any of claims 1 to 9 for

removing volatile components from polymer solutions or polymer melts.

14. A process for evaporating volatile components from polymer solutions or



30 13. The use of an evaporator apparatus as cl ai ned
inany of clains 1 to 9 for renoving volatile
conmponents from pol ynmer sol uti ang or polyner nelts.
14. A process for evaporating volatile conmponents from
pol yner solutions or -16 nelts using an evaporat or
appar at us af clainmed in ané_of clainms 1.t

% h

0.9, .
conpri si Bl ISWEAL SYAPOFALGH, APRaTaYS A% &lagrd Jh any Pfaclaims 1 to 9,

t enper at u F t ) 0 150
2400, pas e e 1 e P gyure of 150 o

at a pres2s°€, qireedly tof 1690 t® PB30MPa pagsingf dreapblymst into the feed

5000 to 5 50 .000,hPa, ' I t

ube bundPETET (AL ohaAReRB L AD0R % AP0RP0 hPRCBERRPIG of 5000 to
tshe t ubessg Bdo hP4,epkml heDpoaRAShASugh fiRAtubeCHEMBOAS the heat
medi um fl owi ng countercurrent 'to the polyner, t

0 a
t enper at ugxchefger (4D with IB8Tg ofithst mbab(8), prderally3poweans of a heat

d i :
"t he T oBron By e g Bt Y Rhd pEEER  Miperauce of

10 opti ongéh Yo 38EHC, ipeuTerably 163 tolBBOPOVEId SRpériation Biid tdhgoval of the
tubes (8) at a pressure in the devolatilizatian

chanmber ( B9latile omppundsdn 1tie; regiom O ithe dgvelatilzatign chamber (5) and
Pa, partict . .

1@ ol | egt i ngﬁtﬁé}n&[l&éd@%%é?&? krﬂgéﬁte ﬁéwgro%egﬁé?%i@:%?@qgﬂg t a pressure in

process asheCldavaimilizatior | chiamibérl (S)c lofir habefd00ddPal, rprefesdbly of 2 to

the evaporation and. repoval of volatile unds, ar .
addi t i onaPPyV B¥% ella(r%“l?rﬂ)?tﬂﬁﬁfq%%rofq%éf’t éﬁooorﬁ?an and Solfecting and
parti cul aElisl:l‘i’aréilﬁg tl&%@&meﬂ.ght h, of the tubes (8). 16.

al

The process as ¢ din claiml1l or 12,
characterized in that the polyner is 20 selected from

e 35 She ROt 3 PO T e R R B8 vsporsion nd
pol yst yr eRgnovaP et ¥olaBletRPounk® araaaditiahaly dTfctedsh i lower quarter,
nmet hacryl ate, styrene/acrylonitrile, resin,

pol y( acr ylimoparticulawintihe lowee aighthy, of basybeakd). t hei r

copol yners or optionally blends of the polyners. 25

17. The process as clainmed in any of clainms 11 to 13,

char ae! er iThe @rddesd 43adlaitred in claim 11 or 12, characterized in that the polymer is

20 selected from the series: polycarbonate, polyamide, polypropylene,
polyethylene,  polyester, polystyrene, hydrogenated  polystyrene,
polyurethane, polyacrylate, polymethyl methacrylate, styrene/acrylonitrile,
resin, poly(acrylonitrile/butadiene/styrene) and their copolymers or optionally
blends of the polymers.

25

17.  The process as claimed in any of claims 11 to 13, characterized in that the
volatile compounds are solvents or monomers or low molecular weight
oligomers of the polymers used, preferably chlorobenzene, methylene
chloride, bisphenol A, caprolactam, styrene, acrylonitrile, toluene,

30 ethylbenzene and cyclohexane.

18.  The process as claimed in any of claims 11 to 14, characterized in that the

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



vol ati | e conpounds are solvents or nononers or | ow
nol ecul ar wei ght oligoners of the polyners used,
preferably chl orobenzene, nethyljgne chloride,

bi sphenol A, caprolactam styrene, acrylonitrile,
tol uene, 30 ethyl benzene and cycl ohexane. 18. The

| ai med i f ¢l ai 1 ,
Char act ef THGHBRT tonall 24 Drefeedly's OURPRie 1o} g Rars, particularly

material QorRIHPT PAG tb he° pegd chanmber (2) is -17 100
nPa-s to 107 Pa-s, preferably 500 nPa-s to 106 Pa-s,

particularly preferably 1 Pa-s to 105 Pa-s. 19. The

process clai ned in.any .of clai 11 .t0 , . .
char ﬁit er BmicFFSt%aﬁlal_ é in gny ﬁ&@%ﬂﬁg}ﬂ t8f1]528f“§fﬁ‘étFnzed in that the
terial tthﬁr”gﬁgutCHf 1ythétdh&erialDBase@bn al sindle Bubeq8)L 25 0.5 to 12 kg/h,
g/ h, preferably to 9 kg/h.
preferably 1 to 9 kg/h.



