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conponents from pol yner : sol utions This invention relates to
a device and a process for the renoval of vplatile 5 constituents from
polymers, in particular for vaporising volatile conmponents from

potymer solutions by indirect heat exchange. The device has at |east one
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by means of a hgta ¢ Badhdfger vitiPa %)Rﬁ’ﬁ&ﬁi of bﬁ&n@lbowmchwatheéﬂ ex8hdr@ zone,
tenperature of the volati I e constituents. Drying devices which are
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with indirect heat ch lf is,yital d ating of t
pol yner sol uti &ﬁﬂgthiﬁertﬁfgggéﬁyfﬁe@ R FR?{ at“ﬁ@%r&fﬁi tp g@ BE 'Hg&me bffhe

channels and wherein the width of the channels at least doubles between the entry

thereof and the exit thereof.

15 The removal of volatile components from a polymer solution is one of the final
processing stages in the production of many polymers. The volatile constituents to
be removed may be either solvents or unpolymerised monomers. Depending upon
the viscosity of the polymer solution, various methods are known for the removal of
the volatile components from polymer solutions, each involving heating the polymer

20 solution by means of a heat exchanger to a temperature above the vaporisation
temperature of the volatile constituents. Drying devices which are described are, for

example, film evaporators, extruders and those with indirect heat exchange.

It is vital during heating of the polymer solution that the polymer is not thermally
25 degraded.

Published patent application EP-A-150225 describes an apparatus having two heat
exchange bundles connected in series. The heat exchange bundles have rectangular
channels. This apparatus is primarily used for two-stage heating or cooling during

30 the reaction, but is a relatively complex piece of equipment.



Isubl l.shed patent application EP-A-150225 descri bes an apparatus having two

heat excwongssdiandl es connected in series. The heat exchhOmEPIoMRIIRES
have rectangul ar channels. This apparatus is primarily used for _

t wo- st age heating or cooling during 30 Ipe reaction, but is a relatively
conpl ex piece of equipnent. WO 99/ 54017

- 2= EP- B- 226204 di scl oses a process and a heat exchanger for
the renoval of volatile constituents froma polymer sol ution
containing at |east 25 wt.% of polyner. The pol ymer solution is
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been renoved.

in which at least 25% of the volatile constituents are stripped from the solution. The
process reduces thermal damage by reducing the time for which the polymer is
exposed to elevated temperatures. One disadvantage of the process is, however, that
15 it is not possible to achieve complete removal of the solvent in a single stage.
Moreover, polymer deposits form on the outside of the heat exchange bundle which
carbonise over time and occasionally flake off, so contaminating the polymer from

which the solvent has been removed.

20 EP-B-352 727 discloses a process for the removal of volatile constituents from
polymer solutions by heating the polymer solution to above the vaporisation
temperature of the volatile components in a plurality of channels connected in
parallel. The ratio of heat exchange surface area to the volumetric flow rate of the
product is ~80 m*m’/h. The flow velocity in the channels is ~0.5 mm/s and the

25 residence time of the polymer solution in the channels is 120 to 200 seconds. This
process also has the disadvantage that complete removal of the solvent is not
possible in a single stage. Moreover, polymer deposits form on the outside of the
heat exchange bundle which carbonise over time and owasionﬂly flake off, so
contaminating the polymer from which the solvent has been removed.

30



éo . EP-B-352 727 discloses a process for the renoval of volatile
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to above the vaporisation tenperature of the volatile conponents in
a plurality of channels connected in -3parallel. The ratio of heat
exchange surface area to the volunetric flowrate of the product is
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contam nating the polynmer fromwhich the sol vent has been renoved. 30
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t he 10 polymer solution, an outlet for the volatile components and an outflow for the

polymer solution from which the volatile components have been removed, and a
heat exchanger arranged inside the container which has a central receiving zone for
the polymer solution, which is connected to the container inlet, a product zone to
receive the treated polymer solution, a heat exchange unit having a plurality of
15 channels, which form a heat ekchange zone and which connect the receiving zone to
the product zone, a heating means to heat the heat exchange unit and the channels,
characterised in that the channels have a length of 1.0 to 40 cm, a height, constant
over the length thereof, of 1.3 to 13 mm and a width of 1 to 10 cm in the entry zone
of the channels in the receiving zone, wherein the width of the channels at least
20 doubles between the entry thereof and the exit thereof to the product zone.

The channels preferably have a rectangular cross-section and the width of the
channels at the outlet is three times as large as the width of the channels at the inlet,
wherein the channels may widen continuously, but in accordance with any desired

25 profile.
In a preferred embodiment, the channels widen parabolically.
A device in which the width of the channels is kept constant for at least half the

30 length thereof and then widens to at least double the width, wherein the enlargement

proceeds continuously, but in accordance with any desired, in particular non-linear,
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pol yner solution fromwhich the volatile conponents have been renoved, and
a heat woobasmzr arranged inside the container whi ch haBCHEP®ro23sl
receiving zone for t he pol yner solution, which is connected to the
container inlet, a product zone to -4eceive the treated pol yner
solution, a heat exchange unit having a plurality of 15 channel s, which
forma heat exchange zone and whi ch connect the receiving zone to

t he product zone, .neatin ns heat the heat exchange unit .and the
channers. O Profifiis FREVE pUEHTh Yheat appraprae GUsiad Bper g inuts. theo
to 40 cm a hei giihnel wiifE hhfi b : 13
nm and a w dth of 1e ?gﬁ}i%@:@&nl%rﬁt]hﬁtﬁ%e ent rgf{z}%ﬁce Eg‘c&ﬁgﬁ?ﬁltge%hg%he S |hn
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In a preferred enbodi nent, the channels w den parabolically. A
device in which the width of the channels is kept constant for at |east
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profile i30likew se preferred. Wien an appropriately adjusted tenperature
I's used, the

The heat exchanger of the device according to the invention preferably has at least
100 such channels. In particular, however, there are 200 to 100,000 channels in the

heat exchanger.

15 In a preferred embodiment, the heat exchanger has a cylindrical shape, such that the
channels surround the receiving zone in a cylindrical configuration. The heat
exchanger is preferably arranged in the area of the channel outlets that the individual
channels directly abut with each other laterally and/or at the upper and under side
thereof, such that there are no zones between the channel exits on which the polymer

20 material may be deposited. This applies to both the cylindrical and any other
configuration of the channels.

In another preferred embodiment of the device, the heat exchange unit in particular
has a cuboid shape and is arranged beneath the receiving zone.
25
In a preferred embodiment, the heat exchange unit is formed from a plurality of
superposed or adjacent plate segments arranged in planes, wherein the plate
segments are spaced apart in one plane, and wherein the spacing thereof and the
lateral profile in the plane determine the width of the channels and the thickness of
30 the plate segments determines the height of the channels.



éhannel shapes ensure that the width .'of t he channel is constant in the zone

i n which wotobsaqol ymer sol ution is heated and does not enPET/BRO9DAIINRI
t he pol yner solution has reached a tenperature of above the
vaporisation tenperature of the volatile 55. conponents, such that these
may readily be stripped out of the solution while still in t he
channel s. In one variant, both the width and the height of the
channel may w den towards the exit in the preferred manner. 10

The heat exchanger of the device according to the invention preferably has
at | east In 3 ABfeRidd Vafilift UrehSdevicd ﬁﬁrﬂea%ﬁange%mmmehmagm 0
to 100, 000 channel’s I n the heat exchanger. 15 In a preferréd

enbodi ment, t heofhenperpesahamnadjacent platescartangelt irc planes) aytich platds drbaepdrited by
channel s surround the receiving zone in a cylindrical configuration. The

heat ex¥aegrESvherein thesnacing apd Jateralprofils of the spacersdetrrming the wéﬂthér:
| hop g T PIOES | i . t
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there are no zones between the channel exits on which the polyner 20
material may be deposited. This applies to both the cylindrical and any
ot her cBhf deytieenisipseferably entirelyonivpart, in particular thpse pastst incqontack wathr ed

enbodi ment of the device,. t.he heat. excha uni t . i articul.ar . has
= oubor d shape SRaOpEAE BohRE iR s  1ARTe Hateril APk dSWaRh content which;
preferred embodigiefhs atlnhést 16t 96 prERABE) atthdst SSwifgofBdnf rom a plurality of
super posed or adjacent plate segnents darranged in planes, wherein the plate

segnents dPe spaced apart in one plane, and wherein the spacing thereof and
ERNE EINR R AR TR RPN EE TR T
hei ght of the claR}ehow iron content and is in particular selected from the range Alloy 59
(2.4605), Inconell 686 (2.4606), Alloy-B2, Alloy-B3, Alloy-B4, Hastelloy C-22,
Hastelloy-C276, Hastelloy-C4, preferably Alloy 59.
15
The heat exchanger has any desired means known to the person skilled in the art for
heating the channels to temperatures above the vaporisation temperature of the
volatile components. These means are, for example, resistance heaters or a network
of tubes to convey a heat exchange fluid.
20
The channels in the heat exchange unit are preferably inclined over the length
thereof by a downwards angle relative to the horizontal towards the exit thereof, in
particular, they are arranged vertically. In this case, the receiving zone is arranged
above the channels.
25
The heating means for the heat exchanger preferably comprise a plurality of tubes
which pass transversely relative to the channels through the plate segrﬁents or
through the plates and through which a heat exchange fluid circulates.
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In a preferred variant of the device, the heat exchange unit is formed from
aplurality of superposed or adjacept plates arranged in planes,

whi ch plates are separated by spacers, wherein the spacing and

| ateral profile of the spacers determne the wwdth of 5 t he channel s

" and the thickn of the spacers determnes th ei ght of th hannel s.
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preferably at nasording+o.the ifventiam whefein the procesTemmpnigesr i al having a | ow

iron content is preferably tantalumor a nickel alloy having a | ow
iron content and is in particular selected fromthe range Alloy 59
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The heat exchanger hgslodbards red means known to the person skilled in the

art for heati ng the channels to tenperatures above the vaporisation
tenperature of the vol atil e conponents. These neans are, for
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preferably inclined g¢aindeito heeagsebauue above theRRp&NatiBl ténpleMinAddhe dO1EtR
relative to the horizontal towards the exit thereof, in particul ar,

they are aPranged vecamporehts ofithe pdlymersalution irel bedowithe bejling oe deconzpositivged
above the channel s. for, the heat ?X hanger

25 he heati ng, nean
preferably conprise WW’HFW@E'&F‘E]WS@E Wheretn the residence time of the polymer
solution in the channels is from 5 to 120 sec,

03] separation of the volatile components from the polymer solution through the
15 outlet and

D) discharge of the polymer from which the volatile components have been

removed.

20 The device and process according to the invention may be generally applied for the
removal of volatile components from sensitive solids, in particular from
thermoplastic polymers, elastomers, silicone polymers and high molecular weight

lubricants and similar substances.

25 Preferably, however, the process according to the invention is used for degassing
thermoplastic polymers. These polymers comprise any plastics which flow under the
action of pressure and heat. Polystyrene, polycarbonate, polyphenylene,
polyurethane, polyamide, polyester, polyacrylate, polymethacrylate may be
mentioned by way of example in this connection. The process is very particularly

30 suitable for degassing polycarbonate.



which pass transversely relative to the channels through the plate segnments
or t hr oM@NR9S4087 pl at es and t hr ough whi ch a heat exchangeP¢1/EP99/02398
circul at es. WO 99/ 54017
- 6- The present invention also proyides a process for the renoval
of volatile conponents froma polymer solution containing at |east
40 wt. % of pol ynmer using the device according to the invention,
wherein the process conpri ses: 5 A) i ntroduction of the pol yner
solution into the receiving zone at a pressure of 1 - to 100
bar abs., The vohitile cBADOAGHEs FAY BeSIth MepSymenSedPRbdomRErs Sak Yhivets Qnghe
channel s of the heat exchange‘rJ 0 a tenperature above the
vapori sati on t esspentfrequenty usdubil;l\/ché prdduetidlgof thermopl?sﬁcqmlmmeﬁﬁ,foxoéxaﬁipﬂb,

ol ymer sol ution bel ow .the bailing, or_ deconposition
Ito err%;erat ure of IPFFEY BF &H@Fﬁie’\ﬁﬁéln@?‘%“? ﬂ%mP@é’leH@gE‘@n@?%d@ﬂoﬂbmﬁ-yner
solution i& the channels is from5 to 120 sec, O separati on of
the vol ati f]e conmponents fromthe pol ymer solution through the 15 _
outl et and The polyaher softivns FogrIrst 1edde 40 GtyARIT pblyaer\Wii i rhéleenVtata, thk e

conponents have been renoved.
P polymer solution typically has a viscosity of 0.5 to 200 Pas.

In the process, the polymer solution is in particular compressed into the channels at a
10 pressure of 1.5 to 50 bar abs., preferably of 2 to 5 bar abs., flows through the

channels of the heat exchanger and is so heated to a temperature of preferably 250 to

350°C. The pressure prevailing at the outlet of the channels .is preferably below the

saturation pressure of the volatile components at the particular temperature. The

pressure in the product zone is preferably less than or equal to 10° Pa, in particular
15 from 3000 Pa to 10° Pa.

Preferably, the pressures upstream and downstream from the channels, the

temperature in the channels and the shape of the channels are selected such that the

volatile components are already completely separated from the polymer in the
20 channels.

The pressure in the receiving zone and the temperature in the channels is in
particular selected such that at least 95%, in particular at least 98%, preferably at
least 99.5%, particularly preferably at least 99.8% of the volatile components of the

25 polymer solution vaporise in the channels.

The residence time of the polymer solution in the channels is typically 5 to 120 sec,
preferably 80 to 120 sec. The flow velocity of the polymer solution is in particular
from 0.0001 to 0.01 mm/s, preferably from 0.001 to 0.005 mm/s. The ratio of heat

30 exchange surface area of the channels to the volumetric flow rate of the polymer
solution is 5 to 75, preferably 15 to 50 m*m*/h.



20 . The device and process according to the invention may be generally
applied for thew099/54017r enoval of volatile conponents from sensPCT/ZP99/02398
solids, in particular from t hernopl astic polyners, el astoners,
silicone polymers and high nol ecul ar weightg. | ubricants and simlar
subst ances. 25 Preferably, however, the process according to the
invention is used for degassing t hernopl asti c pol yners. These

pol ymers conprise any plastics which fl ow under the action of
pressure and heat. Pol ystyrene, polycarbonate, pol yphenyl ene,
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menti oned by way o In I'S connect1 on. € process IS

particul arly 30Oprovidedinendly dyfway cfeganplcrapd tialsydoaids tindt the invention.

-7- The vol atil e conponents may be both unpol yneri sed nononers
and sol vents. One solvent frequently used in the production of

t her nopl asti c pﬁlxgge]rs i's r.e . net hyl ene _chl orj.de, of a
m xture ofgmat hyPene chl osrhlog}eg gngﬁ%(glr%ba%c?gﬂe?f 4 apparatus acfﬂ%ﬁ%ltf}n&e
solutions contain at | easgvéitior . % of polymer. In the nolten state, the

pol ymer solution typically has a viscosity of 0.5 to 200 Pas. In
the process, the polyner solution is in particular conpressed into the

chamnel s at & e T &Sl ordtetrol Grieehithe 8P cnlnl] SIR! Y ©F 2 t0 O

10 Figure 3 shows a cross-section of one plane of the heat exchanger.

Figure 4 shows in a longitudinal section through one part of a heat exchanger

how the planes of the heat exchanger are superposed.

15 Figure 5 shows a cross-section through one part of a variant of the heat
exchanger of a device according to the invention comprising

superposed plate segments.

Figure 6 shows a longitudinal section through a variant of the device according
20 to the invention having vertically arranged channels.

Figure 7 shows a longitudinal section along line A-A in Figure 6 in simplified
form to clarify the passage of the heat exchange medium through the
tubes 13.
25



channel s of the heat exchanger and is so heated to a tenperature of
preferably 250 W& 99/54017 350[err] C. The pressure prevailing at PCHYBPOMO2398t

of .the channels is preferably bel ow the saturation pressure of the
vol atil e conponents at the particular tenpegature. The pressure in
the product zone is preferably less than or equal to 10[err] Pa, in
particul ar 15 from 3000 Pa to 10[err] Pa. Preferably, the
pressures upstrgam and downstream fromthe channels, the

tenperature in Eﬁgheﬁﬁnnels and the shape of the channels are sel ected such
that the vol atile conponents are already conpletely separated from
the polyner in the 20  channels. : The pressure in the receiving

zone and the t eHpeappamtes according dd divenirivention isnrepresented irpRigure 4| All asitsateed

such that at |eas % . j.n rticular at |east 98% preferably at
| east 99.5% pa™ ecﬁ”? @bqbggpérhé'fﬁ?‘ °Y(§35‘1°a% é%lveecappm@s\)@satdqwle shell

conmponent ssof tfe ﬁ@la‘% OV,

The resi dence t| e ofuplpﬁ %%}S;g‘r?eier tt*l on 1&;)% anngﬁlgﬁgﬁg{)‘ﬂﬂ%ﬁflﬁ?HS
to 120 sec, outlet 3(foetheralidtile 86mpenchB) Iis e lo%ﬁgi& ,Ghe pel tﬂsbr@fwlﬁélﬁthe
pol ynmer sol ution s in particular from0.0001 to S,

preferably fronfdatge sorsitentlavierhesn remevedds idischargerd through the Omlch&rvgﬁl the
oS SR, B b T AT il 36 Sl B8R
-8 - exchange medium.
10
Inside the double shell 16 is located the heat exchanger 31 with a central receiving
zone 21 to receive the polymer solution to be degassed. The receiving zone 21 is
connected to the inlet 1. 200 channels 14 (cf Figure 2) are arranged around the
receiving zone 21, which channels extend from the receiving zone to the periphery
15 of the heat exchanger 31 and which flare parabolically towards the exit 32 into the

product zone 18.

The polymer solution is pumped through the inlet 1 into the receiving zone 21 using
a conventional pump (not shown). In order to achieve a more uniform distribution of

20 the polymer solution into the individual channels, a cylindrical displacement
member 10 is located in the centre of the receiving zone 21. The heat exchanger
furthermore has means to heat the channels to above the vaporisation temperature of
the volatile components. These means are a plurality of tubes 13 on the periphery or
within the heat exchanger 31, which are interconnected by the annular chamber 17.

25 In the upper part, the tubes 13 are connected to the annular chamber 11, in which the
hot heat exchange oil is introduced through line 4. The heat exchange oil is
discharged from the heat exchanger through the line 5. The tubes 13 are held
together by end plates. The shell 16 of the apparatus may be heated with a heat
exchange fluid.

30



‘i’he following Figures illustrate the invention in greater detail. These
illustrations aW@99/54017  provided nerely by way of exanpl e andPCHERIDI3IBOL

limt the invention. 5 Figure 1 shows a | ongitudinal section of
an apparatus according to the -10- i nventi on.

Figure 2 shows a preferred arrangenent of the channel w dth. 10

Figure 3 shows a cross-section of one pl ane of the heat exchanﬁer.
Figure 4 shoigﬁ n nal sec ion t par at
exghanger ukf 7id géhe&%hﬁo'ﬁ?rteﬁe@ ?.Hogng o afeilQ %ﬁ@e&’%@l
super posed. 1&cordifg @Uth€ irfvention §f1A¥Aevics THS TNk QB ia8 atrébﬁﬁ%ﬂﬂu Q%S-Q@thog

a variant of the heat exchanger of a device according

to the inventi owltb@dmghgpﬁgmmandamdth of 10 mm. The lmgbbbﬁﬂmmhaMdﬁsellOmm

| t t th h a
vasiant of the ToswithHche Shangeb 2 Sonstant 16 mm for he fist 60 fm Rbantiesnthe
havi ng versi cal él%nﬁélrvﬂﬁ&?sd \ftﬁi zﬁéwldth ereof at e%ﬂt%z s 40 qofﬁe Jownstream

| ongi t udi nal section al ong Aln gure I |
formto clarifypdrien pAtheanie wdllstzseanﬂeatofmmﬂﬁﬂw lﬁtﬁdpatﬁbdlw m%ﬁﬁpd he

tubes 13. 25

Figure 3 shows how the channels 14 according to the invention are arranged in a
circular configuration around the receiving zone 21. The tubes 13 run through the
10 holes 22 in the spacers 20.

Figure 4 shows a longitudinal section of several superposed channel planes. The
channels 14 are formed by a plurality of alternately superposed spacers 20 and plates
19, through which the tubes 13 pass and hold the spacers and the plates in position.

15 The arrangement shown here is suitable for a device having a vertical position of the
channels 14. The receiving zone 21 in this case is located above the channel entries
23.

In the variant shown in Figure 5, the heat exchange unit 32 is formed by layers 37 of

20 superposed plate segments 36. The segments 36 are spaced apart by a layer 37 and
so form the width of the channels 14. The height of the channels 14 is defined by the
thickness of the plate segments 36.

The functioning of the apparatus according to the invention is further illustrated by
25 means of Figure 1. Once the polymer solution to be treated has been conveyed into
the receiving zone 21, the solution passes into the channels 14, in which it is heated
and the volatile components are removed therefrom. At the end 32 of the channels
14, the degassed polymer falls due to gravity into the product zone 18 of the shell 16
and is conveyed out of the apparatus according to the invention by means of pump
30 24 via line 2. The volatile components are drawn off through the outlet 3. The
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Exanpl es The apparatus according to the invention is represented
in Figure 1. All units are made fr.an-Alloy 59 or have an All oy 59
coating. The apparatus has a double shell 5 16. The upper part of the
apparatus has an inlet 1 for the polynmer solution and an outlet 3

vol ati e const i SRR Ao e bl sudiRhe ARld wict BRI on e R B sin 2
with the 5. assistance of punp 24. The tenperature of the inlet 1 is

controlled with a heat exchange nedium 10 I nside the
doubl e shell 16 is located the heat exchanger 31 with a central receiving

21 ' th I ol uti t de sed. ,The recejving zone
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which flare pariapetherch 4 puridiewaf tibed 18; tieecérids 32 whithcaré bennected by tulps Bhids (natone

18. The pol yner solution is punped through the inlet 1 into the
recei ving zone %PWE& mg?oml a tubingsystemy d e twhving system is gopnectediorthe inlet whbeldr

i AR form & tubinge£yet SIApINE he inlek o
e i ndi vi dual ERRand S 6 SisbighieaiRatiotige kT BEWNRT S0 o' 1]

|l ocated in the centre of the receiving zone 21. The heat exchanger
furthernore has neans to heat the channels to above the vaporisation

tenper at ul@ of The polymen spdutionl enters theaiswisetmugh thetinlet] (Eignee G passesthroughi t y

oF L bes. 15 o0 RiRGH AT iy okl kb 1 £ AEATR i 12 1
channels 14. In the channels 14, the solution flows downwards and the volatile
constituents are removed by heating. The polymer melt leaves the channels 14 and
drips into the product zone 18 for further processing. The polymer is discharged by

15 means of the pump 24 through the line 2.
xam

In this Example, a 75 wt.% polycarbonate solution containing 24 wt.% of
20 chlorobenzene and 1 wt.% of methylene chloride was concentrated in an apparatus
as shown in Figure 1. The polycarbonate solution was compressed into the channels
14 at a pressure of 3000 hPa and heated therein to 300°C. A pressure of 40 hPa
prevailed in the product zone downstream from the channels. The residence time of
the polymer in the channels 14 was 100 seconds. The channels were 1 cm wide at
25 the entry 23 and 3 cm wide at the exit 32 and, after half the channel length, flare out
as shown in Figure 2. All parts in contact with the product were made from Alloy
59. The pressures at the entry 23 and exit 32 of the channels 14 and the shape of the
channels were selected such that the volatile components have already completely or
at least virtually completely been removed in the channels. The degassed
30 polycarbonate exhibited a residual chlorobenzene content (solvent) of only 400 ppm.



25 - In the upper part, the tubes 13 are connected to the annul ar chanber
11, in which th®099/54017 hot heat exchange oil is introduced thrBULRPI9/0A2984.
The heat exchange oil is di scharged fromthe heat exchanger through
the line 5. The tubes 13 are held t.aget her—by—end-ptates.—The shel |

16 of the apparatus may be heated with a heat ”, d. 30
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Figure 2 is a the c representation of a |ongitdtdi ha L sec

channel %ﬁ#@lﬁﬁ*to the invention of the device. The entry 23 has
a rectangul ar cross-section with a height of 2 nmand a width of 10
mm The | ength of the channel is 110 mm The wi dth of the channel
is a constant 1D nmm Pevice Her the ssmd@Bal i voldtide eaftpenents fiom & polymeh ssohution

wi dens, such that the w dth t ereof at the exit 32 is 40 mm The downstream
portion of the side YRIMPSIBEAtICAT 26 of the channel 14 is parabolic in

shape. 5 Figure 3 shows how the channels 14 according to the

i nvention are arranged in a circular configuration around the
receiving zone 21. Tileorttaihasem)}\ﬁhitbhhdsr&uﬂht (1hdorlBe polyntdr86lutidn, dh duftRt (3)
spacers 20. gure_ 4 shows a | ongitudinal section of several

super posed channel pfog ﬂ@sVOIﬂtﬂé components aiga-tdow fhﬁr’é ﬂiﬁﬂq}mewheﬂlosl from
plurality of altern u rs 20 an
t hr ough whi ch the tﬂ%@%ﬁf%’ﬁ@% e&'ﬁ‘a‘l’ﬂ‘g‘?“ﬁselﬁ’( % eg’nd the plates in

position. 15 The arrangenent shown here is sui tabl e for a device having
a vertical position of the channel s 14. The receiving zone 21 in
this caselfs | ocat edanslmoheat exchangex (3B whichris eranged inside th8 container (30), with a

central receiving zone (21) for the polymer solution, which is connected to

the container inlet, a product zone (18) to receive the treated polymer

solution,

15 a heat exchange unit (32) having a plurality of channels (14), which form a

heat exchange zone and which connect the receiving zone to the product zone

(18),

a heating means (13) to heat the heat exchange unit (32) and the channels,
20 characterised in that the channels (14) have a length of 1.0 to 40 cm, a height,
constant over the length thereof, of 1.3 to 13 mm and a width of 1 to 10 cm
in the entry zone of the channels (14) in the receiving zone (21), wherein the
width of the channels (14) at least doubles between the entry (23) thereof and
exit (32) thereof to the product zone (18).
25
2. Device according to claim 1, characterised in that the width of the channels
(14) at least triples between the entry (23) thereof and the exit (32) thereof to
the product zone (18).

30 3. Device according to claim 1 or 2, characterised in that the width of the
channels (14) is constant between the entry (23) thereof and at least half the



In the variant shown in Fi gure 5, the heat exchange unit 32 is formed by

apart by a layer 37 and so formthe w dt —of—the channels 14. The
hei ght of the channels 14 is defined by thegs. Emi“‘n re pl ate
segnents 36. The functioning of the app “ 3“‘ o the

I nvention is further iIIustrated by 25 means of +i guré 1" Chce the

Done 21, “Che. sol ut | olfgis Etof (gt ot AoRITS Praferably hileast ibles, Rt s
and the volatile co ?of‘{h‘% é@ﬁpﬁ%}-w?feﬁgg%z)@%ﬂg@v% ?%?@fs?t he

channel s 14 egasse yner
product zone 18 of the shel | 16 and |s conveyed out of the apparatus
according to the invention by neans of punp 24 via |line 2.
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4, 13 and Sthe entry (23) therbé¥ dndehe/éxit @Q}Stﬂé{‘ t@ﬂﬁ‘iﬁ‘édﬁﬁt Q&ﬁ(('lﬂ) ng to

Flgure 6 (longitudinal section), vertically arranged | ayers of
rectangul ar plates 19 and spacers 20 (c.f Figure 4) are hel d

t th b bundl f. tub 13,. th h t b
bonds (not. 5" CHting SFRIHE: 1h 9% Gb cHs e o BB G dle e
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heat exchange oil (c.t FiQgure
6. Device according to one of claims 1 to 5, characterised in that the heat

exchange unit (32) has a cylindrical shape and surrounds the receiving zone

1).

15 7. Device according to one of claims 1 to 5, characterised in that the heat
exchange unit (32) in particular has a cuboid shape and is arranged beneath

the receiving zone (21).

8. Device according to one of claims 1 to 7, characterised in that the heat
20 exchange unit (32) is formed from a plurality of superposed or adjacent plate
segments (36) arranged in planes (37), wherein the plate segments (36) are
spaced apart in one plane (37), and wherein the spacing thereof and the
lateral profile in the plane determine the width of the channels (14) and the
thickness of the plate segments (36) determines the height of the channels
25 (14).

9. Device according to one of claims 1 to 7, characterised in that the heat
exchange unit (32) is formed from a plurality of superposed or adjacent
plates (19) arranged in planes (37), which plates are separated by spacers

30 (20), wherein the spacing and lateral profile of the spacers (20) determine the



10 . The pol ymer solution enters the device through the inlet 1 (Figure—
6), passes thr owgp9/54017 the receiving zone 21 wth the—displacenent

menber 10 and is distributed anong the channel s “‘mm m“!%l S
14, the solution flows downwards and the vojglile l‘“‘!‘“‘m e
removed by heating. The polymer nelt |eaves the channel s'«l4cand "

drips into the product zone 18 for further processing. The polyner is

di sch d by 15 nmeans .of the pu 24 throu the_ l.ine 2. .Test
e 0o DY TS TR e e ens T & Sfneis 56 e asiss (29)fgtermincs

contai ning 24 w . % ofhe2Qioht ofthe ShARGE and 1 wt.% of nethyl ene chloride
was concentrated in art13 alp%pa(r)at us Z(ﬁ'gs shown in Figure 1. The

pol ycar bonat e sol uti on was conpressed into the channels 14 at a
pressure of 3000 hPa_and heated therein to 300[err]C. A _pressure of 40 hPa
prevail ed in tht0-pr oBgvice aenoeding i one ah flaims inte 9 charagierised inthat the shannglse

time of the pglye i . ol nnel s
were 1 om i de at 2004 B e el BEHSNRTR B2] ard Fiund ol S et BEieE Y
after half the channgdwhwirgs ngltrélativetd the horizontaBtowWaad¥this rexfti (gz)“ thefeof Ain!
parts in contact wth the product were nmade from Al | oy 9. The

pressures at the entpattiogantheyeaxs arg@edverticallshannel s 14 and the shape of
t he channel s were sel ected such that the volatile conponents have
al ready conpletely or at least virtually conpletely been renoved in

the channels. Tie depagigedeciding t¢hy 6RERAREY Go QN bRIAG R4 R Y i
chl or obenzene content (sol vent ?gof only 400 pp(r)n ’ S%dlﬂ\?%%g% EZ%T?
12 - 10 means (13) comprise a plurality of tubes (13), which pass transversely

relative to the channels (14) through the plate segments (36) or through the

plates (19) and through which a heat exchange fluid circulates.

12.  Device according to one of claims 1 to 11, characterised in that the device is
15 entirely or in part, in particular those parts in contact with the polymer
solution, made from a metallic material having a low iron content which

contains at most 10 wt.%, preferably at most 5 wt.% of iron.

13.  Device according to claim 12, characterised in that the material having a low
20 iron content is tantalum or a nickel alloy having a low iron content and is in
particular selected from the range Alloy 59 (2.4605), Inconell 686 (2.4606),
Alloy-B2, Alloy-B3, Alloy-B4, Hastelloy C-22, Hastelloy-C276, Hastelloy-
C4, preferably Alloy 59.

25 14.  Process for the removal of volatile components from a polymer solution
containing at least 40 wt.% of polymer using a device according to claims 1
to 13 by

A) introduction of the polymer solution into the receiving zone (21) at a

30 pressure of 1 to 100 bar abs.,
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froma polyner sol ution conprising at |east—5—
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hments have
and a heat exchanger (31), which is arranged
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wi dt h

of the channels (14) at |east doubles between the entry (23) thereof and
exit (32) thereof to the product zone (18). 25 2 Devi ce

according to claim
(14) at least trinpl

t hereof t®)
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thivagh tiecouttet (ne (18) . 30 3. Devi ce

according to claim1l or 2, characterised in that the width of the
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15.

16.

17.

18.

D)  discharge of the polymer from which the volatile components have

been removed.

Process according to claim 14, characterised in that the polymer is a
thermoplastic polymer, preferably polystyrene, polyphenylene, polyurethane,
polyamide, polyester, polyacrylate, polymethacrylate, polycarbonate or a
copolymer of the stated polymers, in particular polycarbonate, or is an

elastomer or a silicone polymer.

Process according to one of claims 14 or 15, characterised in that the volatile

component is a polymer solvent or a monomer of the polymer.

Process according to one of claims 14 to 16, characterised in that the pressure
in the receiving zone (21) and the temperature in the channels (14) are
selected such that at least 95%, in particular at least 98%, preferably at least
99.5%, particularly preferably at least 99.8% of the volatile components of
the polymer solution vaporise in the channels.

Process according to one of claims 14 to 17, characterised in that the
temperature in the channels (14) is 250 to 350°C.

Device for the rempval of vol ati |IRCTEBAYAISN! S

wo-



channel s (14) is constant between the entry (23) thereof and at |east half
t he w8 B54017 PCT/EP99/02398

-13 - | ength thereof and at |east doubles, preferably—at—

| east triples, over the remaiygder of the tength t
the exit (32) to the product zone (18). 4. Dﬂ“\m\\“ﬁmﬁm‘]&m\o
one of clainms 1 to 3, characterised in that the width of PIEL W s thhe
channel s (14) increases non-linearly, in particular parabdlically, between
the entry (23) thereof and the exit (32) thereof to the product zone (18).

S. Devi ce acppr di pgeés ae&ﬁdﬁ% t& bd SFcldinisA4%0 18NeHardict@ised Rffthafthelppdssiiree

heat exchanger (3I) has nore than 100, preferably from 200 to
100, 000 channel s. 10Qin the receivihg zone [21)i at ¢thecentiyr (@8 i the chhammelsf(14) izifrom 1.5tto 5,

characterised in that_ the heat exchange unit (32) has a
cylindrical shape amf 2aabgyprferably fiom2 a3 her Bsne (21). 15
7. Devi ge according to one of claims 1 to 5 characterised in that the
heat exchange unit (32) in particular has a cuboid shape and

is arranged benmat h Process according to bheof ¢lgigisvidg 19p¢tardclekised in that the préssure
Devi ce according to one of clains 1 to 7, characterised jn that the heat 20

exchange unit (32) i theprednct gors €8)Iisiless than o eqhabty BO'sBey isrpastigudarciiom
plate 3000 Pa to 10° Pa.



segnents (36) arranged in planes (37), wherein the plate segnents (36) are
spaced apart in gne pl ane (37), and wherein the spacing thepepipsviidghe

| at er al b?@ﬁ*”%@ﬁlﬁ the plane determ ne the width of the channels (14) and
the t hi ckness of the plate segnents (36) determ nes the

hei ght of the channels 25 - 14 - : Devi ce accordi ng
to one of clains 1 to‘%”-cha cterised ipn that the heat
exchange unit (32) is clﬁid roma q qulity of superposed or adjacent

pl ates (19) arranged in planes (37), w&tgﬁdilates are separated by spacers
30 (20), wherein the sgac' lateral profile of the spacers

(20) deternine the Z- -5 width of the
channel s (14) and the thickness of thefgpdcers (20) determ nes
t he hei ght of the channels (14). : 0. Devi ce according to one of
claims 1 to 9, characterised int E g ls 5 (14) in the
heat exchange unit (32) are ﬁ I P I ngth thereof by a
downwards angle relative to the al {tjo s the exit (32) thereof,
in parti§Q th regged Jically. 11
Devi ce according to one of cl q Jdlgharpcterised in that the
heating 10 means (13) q ] diml urfality of tubes (13), which
pass transversely i ity -he\chaﬂfels (14) through the
pl ate segnents (36) or throudh— I
cun ol \
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bl ates (19) and through which a heat exchange fluid circul ates.
12. Devi o oypasrdi ng to one of clains 1 to 11, characteri SBCOI/ER99/(2298 t he

device is 15 entirely or in part, in particular those parts in
contact with the pol yner soAution, made froma netallic
material having a |low iron content V\:ﬁl%l"( - contains at nost 10

w.% preferably at nost 5 wt. % of iron. 13. Devi ce according
to claim12, characterised in that the material having a | ow 20
iron content is tantalumor a nickel alloy having a lowiron content and is

in particul ar selected fromthe range Al loy 59 (2.4605),

I nconell 686 (2.4606), Al |l oy-B2, Alloy-B3, Alloy-B4,

Hastel |l oy C 22, Hastell oy-C276, Hastell oy- C4, preferably

Al l oy 59. 25 14. Fic s#hor the renoval of volatile conponents
froma pol ymer solution ﬁ containing at |east 40 wt. % of

pol ymer using a device according to clains 1 to 13 by

A) i ntroduction of the polymer sol utder—-ato tg receiving zone (21) at a
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B) .passage and heating of the polymer solution in the channels (14) of

t he, heat exchanger (31) to a tenperature above the vaporisation

t emper at urgofoshdl® vol atile conponents of the pol ymer sol utipor/apgie2393

bel ow the boiling or deconposition tenperature of the pol yner,

wherein the residence tine of the pol§qﬁé solution in the channels is
SEp

from5 to 120 sec, cr aration of the volatile
conponents fromthe polynmer solution 10 t hrough the outl et
(3) D) di scharge of the polyner fromwhich the volatile
conponent s have been renoved. 15 15. Process

according to claim 14, characterised in that the polyner is a

t her nopl astic pol ymer, preferably polystyrene, polyphenyl ene, polyurethane,
pol yam de, pol yester, polyacrylate, polynethacrylate, polycarbonate or a
copolynmer of the stated polyners, in particular polycarbonate, or is an

el astonmer or a silicone polyner. 20 16. Process according to one
of clainms 14 or 15, characterised in that the volatile
conponent is a polynmer solvent or a nononer of the polymner. 17.
Process accordi ng Firﬁ oﬁcl ains 14 16, characterised in that the
pressure 25 iyt recei vi ng ne (21) and the tenperature in the
channel s (14) are sel ecte that at |east 95% in
particular at |east 98% preferably ) 99. 5%
particularly preferably at |east 28 +soratl |l e conponents of
t he pol yner sol ution vaporise i s \ 18. Process
according to one of clainms Jf tol1l7, erigsed ijn thet the
tenmperature in the channe (14)\{5 ofefr1L.
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19. Process according to one of claims 14 to 18, characterised in that
the pressure in the regeL\qug_zone (21) at the entry (23) to
t he channels (14) is from1.5 to 50 bar abs., preferably from
2 to 5 bar abs.. 5 20. Process according to one of clains 14 to

19, characterised in that the pressure in the product zone

(18) is less than or equal to 10[err] Pa, in particular from
3000 Pa to 10[err] Pa.
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