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(57) Abstract

The invention relates to the evaporation of a viscous polymer solution having at least 30 wt.%, preferably at least 50 to 70 wt.%,
solvents and monomers. According to the inventive method, the polymer solution to be evaporated is guided through a heated helical tube
(5) as a film flow with a vapor exit velocity ranging from 200 to 300 m/s and flows into a heated separator (6) afterwards. Heating of
the helical tube (5) and of the separator (6) is realized in such a way that the temperatures of the heating means in the helical tube (5)
and in the separator (6) are above the softening point of the polymer. An additional important method criterion is characterized in that the
two-phase mixture which is made of a polymer melt, solvent vapors, and monomer vapors and which is formed in the helical tube (5) is
relieved to a pressure ranging from 10 mb to 800 mbyys in the heated vapor separator (6).
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to the tenperature falling short of the gltass transition
tenperature. Only in the final phase 20 of the process, when the
proportion of polyner has a substantial influence on the vapour

pressure of the solution, does the solution tenperature rise sharply and
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t he object:

There have so far

been two basic processes for achieving
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1. The solution’is ﬁeat ed during spray drying and then atom zed into a
drying tower 5WO099/67002 or an- aggl onerating tube with the ai d RET/ERI9I02BNng

steam The solvent is evaporated off in this process to give a

powder which is substantially sol vent- free but enriched with

condensate. This normally requires afterdrypng. The mai n

di sadvantage of this process is the high cost in ternms of energy and

equi prent. 10 2. The evaporation process uses conbi nati on of

evapor at or typei conn cted in .. serles ‘An npl e of a known

conblnatlon is: isglation of polyiners from solutions evaporation to 20
. % of polyner) + f|In1evaporator (mai n evaporation to 50 wt . %

of pol ymer) + doubl e-shaft screw machi ne (residual evaporation to 500 15
[err]g/g of resTHeldhventibh s tbhsed on a processTioe thO RRapuRatich) ofdl polphes QolueibhX +
doubl e-shaft screw machi ne has frequently been used 1 n recent

ti mes. The nul t whergietheepalymenwoletion Sowie Suoughea heated helix @end devapolr sgparator
pat ents DE 1 667 051t83§1 1 921 045, is based essentially on a flash
evaporat i o stream evaporation in the indirectly heated
helix. A vapour Separator is added downstream of the helix. To
avoi d excessively high viscosities, which can result in clogging of
the tube, the phothessanufacture of pdlymers innsbhutionpaisdlution iy elstained after the reactishi ch

rai ses the tenpgrature | evel and hence | owers the viscosity to the poi nt
wher e ﬁ"éﬂ lsdpgjataining eﬁe@\bpwguvtsqwaf, fthgipolymer has ag@rsolmh

~residence time Q‘Iuﬁ&elr??ucl} ﬁ%gﬂ,g’gtt?l irdifdze hl%V\{'e fﬂgsfﬁ %03 %ﬁl %q?%xh tcthﬁle en%

product damage occurs

general | y10e copedadtl atThik heceiﬁtat& Siiving - Q/Odumueﬁ%fpp&ﬁal pfBlems, which Wﬁtéﬁf
proportion of solvent, even at high pol yner concentrations near the end of

t he t ubdemand diametrically epposetbmgtsutess convection and not diffusion to
dom nate the evaporation process at this point. The high degree of
concentration relieves the 30 downstream screw machine, resulting in a

lowering of theThepinddlyrét! B48! sofeAing Poirit fwhich is often well above the boiling point
of the solvent. As the boiling point of the solution is close to the boiling point of the

15 solvent up to high polymer concentrations because of the very large molecular
weight difference between polymer and solvent, the solution viscosity during the

process initially increases sharply and can reach values well above 1000 Pas, which

results in a poor heat transfer, requires large mixing forces and can lead to the
temperature falling short of the glass transition temperature. Only in the final phase

20 of the process, when the proportion of polymer has a substantial influence on the
vapour pressure of the solution, does the solution temperature rise sharply and

exceed the softening point of the polymer, which becomes noticeable as a drop in the
viscosity. Towards the end of the process, the convective evaporation process
changes to a diffusion process. This phase demands a prolonged residence time, a

25 large exchange area, thorough mixing of the viscous product and a high partial

pressure gradient.

The majority of products are very heat-sensitive, i.e. from this point of view they

require a low temperature level and short residence times.
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L3 the end product. The mai n di sadvantages of. this process are

t he hi gh i nvest man99/67002 costs for the screw nachi ne, the VISGE/EPI9/04623
rotating parts, the many seals, especially those of the vapour
donmes, their susceptibility to failure because of the rotating
parts, and the handling of the heavy nmaching _parts. 5 The obj ect

of the invention is, during the concentration of polyners, to reduce the
resi dual solvent or nononer content at least to the limting value of |ess

than 1 w. % allowed by law, and at the same tine to replace the
expensi ve process engi neering applied hitherto with sinpler nethods
whi ch can be cargi ] ' Sj i _— Thi s
obj ect is achi e%g%glgg%%%%ég?ﬂotgfqr)%gﬂwé%ﬁ%egr{orb%;ﬁia%%n%giggé@e?tor the
evapor ati on of a polynmer solution, wherein the polyner solution,
which in the initial conposition contains at |east 30 w. % of

sol vents and nohorBressolysionfis hedsed diing sprapodryingnditheniBomized amto ediryingdowe h
L ow vel ooLty LT Yol S BEReshloht B S Bl SoR B e
means in the evaporated off in this process to give a powder which is substantially solvent-
free but enriched with condensate. This normally requires afterdrying. The
main disadvantage of this process is the high cost in terms of energy and
equipment.
10
2. The evaporation process uses a combination of evaporator types connected in
series. An example of a known combination is: falling-film evaporator (pre-
evaporation to 20 wt.% of polymer) + film evaporator (main evaporation to 50
wt.% of polymer) + double-shaft screw machine (residual evaporation to 500
15 pg/g of residual solvent).

The combination multiphase helix + double-shaft screw machine has frequently been
used in recent times. The multiphase helix, which is described in greater detail in
patents DE 1 667 051 and DE 1 921 045, is based essentially on a flash evaporation
20 and a downstream evaporation in the indirectly heated helix. A vapour separator is
added downstream of the helix. To avoid excessively high viscosities, which can
result in clogging of the tube, the process is carried out under positive pressure,
which raises the temperature level and hence lowers the viscosity to the point where
the danger of clogging is averted. On the other hand, the residence time of the
25 product in the flow tube is so short that no product damage occurs. In this way the
starting solution can generally be concentrated to 70 to 90 wt.% in one pass. The
molar proportion of solvent, even at high polymer concentrations near the end of the
tube, is still large enough for convection and not diffusion to dominate the
evaporation process at this point. The high degree of concentration relieves the

30 downstream screw machine, resulting in a lowering of the residual solvent content of



helix and the separator are above the softening point of the polynmer and in
that the wda ss7pdzase m xture of polyner nelt and sol ventPOEPPN4023nd
nononer vapours, formed in the helix, is expanded into the heated
vapour separator to an absolute 20 pressure in the range 10 nbar to 800
nmbar . Advant ageously the tenperatyre of the heating nmeans in the
hel i x and the separat or Is kept at a value which is 10%to 30%
above the polyner glass transition tenperature. 25 '

Advant ageously the process is also carried out _in such a way that, the

pol ymer theynd; produgts the maisy disadyentages pbthjionrocesspae the lghoinyastment

entering the helj . .

“a - RO 2 S5 magphines Mseer ™ B TG, PR e mpBY, el
resi dual sol ventspegiallghdse of the vapdi® WohfekSthel? sa¥pabiity b fdiliee BB bf the
solution even further, down to a residual solvent content of 5

[err]g/g to 100rqteting patty, anidithe handling @f éhedwavnmachidoparts. r eam of t he
separat or. 5 | f the proportion of polymer in the starting solution
verylow(§30 w.%, two or

The object of the invention is, during the concentration of polymers, to reduce the

S

residual solvent or monomer content at least to the limiting value of less than 1 wt.%
allowed by law, and at the same time to replace the expensive process engineering
applied hitherto with simpler methods which can be carried out with inexpensive

10 equipment.

This object is achieved according to the invention by a process for the evaporation of
a polymer solution, wherein the polymer solution, which in the initial composition
contains at least 30 wt.% of solvents and monomers, preferably 50 to 70 wt.%, is
15 passed at a high flow velocity through a heated helix and a heated vapour separator
connected thereto, characterized in that the temperatures of the heating means in the
helix and the separator are above the softening point of the polymer and in that the
two-phase mixture of polymer melt and solvent vapours and monomer vapours,
formed in the helix, is expanded into the heated vapour separator to an absolute

20 pressure in the range 10 mbar to 800 mbar.

Advantageously the temperature of the heating means in the helix and the separator
is kept at a value which is 10% to 30% above the polymer glass transition
temperature. |

25
Advantageously the process is also carried out in such a way that the polymer

solution is at a pressure of between 4 bar and 20 bar on entering the helix.



mor e nﬁltiphase'helfx stages can be connected in series. |If the throughput

is very WO ®67¢025 t/ h of polyner), two or nore nulti phaCT/ER99i04023
stages can be connected in parallel, it being necessary for each
stage to be equipped with its own punping system 10 For

further processing of the concentrated pol yger, the bottom product in the
separator, consisting of the polyner nelt, is expediently drawn off by

means of a wi de- nout hed gear punp or a conveyi ng screw and then
converted to a solid granul ated formin a cooling, device. 15
The process accAréavelgpmsnt pthe jpusntiop for achiewingpyea lower F??é‘g-l%ﬁ?lé{%l%ti“@@eﬂﬁch

as POLY S MRNR! S Sooril B2 161yid sBAARh SIen ROKAIASNRSBS residual sobvemt

t erepht hal at es, rene and copolyners an

copol ynmers pr epgsréht @ff 5tipge RAFIOUGE, ifi btrai®evaporator dowaStrydrR BFf thel separatos!
but adi ene, e.g. ABS, but is also suitable for other polyners such as 20

I norgani c silicones. The great advantage of the process according
to the inventiop. js that.it dispenses . i.th the inve n nd
oper ati ng. Sost olahe PHESHiSReLRLBREon stesing solied s vew oo LT v
Coupl ed Wi th t hindrafRiiiNasORblk YR caR R BhhétediiCseridy © 3 fHENhrongRi is Ry 25
al so a reduction in the thermal and nmechanical stress on the pr ct,
resulting in a high (>5 t/hhefogodymen)obivecor moed multiphhde hdlix stggesichn betdoanedtad in
above 0.1 w.% the multi.phase heli together with the separator is
sufficient to aB#AdSlelt bRING gEesssary {neadd stags 1q fig equipped Wifle §f§ qvgy pumping
specification i %{SQ% ow 0.1 wt.% the strand evaporator is added downstream
30 The invention is based on the follow ng know edge:

10

For further processing of the concentrated polymer, the bottom product in the
separator, consisting of the polymer melt, is expediently drawn off by means of a
wide-mouthed gear pump or a conveying screw and then converted to a solid
granulated form in a cooling device.
15

The process according to the invention is suitable for thermoplastics such as
polycarbonates, polyester-carbonates, polyalkylene terephthalates, EPDM polymers,
polystyrene and copolymers and graft copolymers prepared on the basis of styrene,
acrylonitrile and butadiene, e.g. ABS, but is also suitable for other polymers such as

20 inorganic silicones.

The great advantage of the process according to the invention is that it dispenses
with the investment and operating costs of the otherwise conventional expensive
machines. Coupled with this are not only lower operating and investment costs, but
25 also a reduction in the thermal and mechanical stress on the product, resulting in a
higher product quality. If the specification is above 0.1 wt.%, the multiphase helix
together with the separator is sufficient to achieve the object. However, if the

required specification is below 0.1 wt.%, the strand evaporator is added downstream.

30 - The invention is based on the following knowledge:



L5- ' I n a nunmber of experinmental studies it was found,

surprisingly, tweomobagner sol utions can be concent r atperi/ER90I023
mul ti phase helix to residual solvent and nononer contents of |ess
than 1 w.% w thout clogging or product danage occurring. This is

achi eved by high tenperatures of the heating_neans above the 5

softeni ng point of the polyners, which prevénts the pol ymers from sticking
to the wal | and frompossibly initiating clogging in the tube and
product damage, by hig flow velocities in the helix, which can
reach the speedibg ambm af ¢xperitentalnsudies 4t was foundpsyrprisingly, that pelamerand

| arge wal |l shear ,forces nd ent an ey ti.on
into the evacua oé‘glospép(éar“a SrCOW%qﬁ? JP%IEB%SF Slééiﬁe}ﬁ |rﬁsdd%a§1°§‘pﬁn&|

the separator, mBavSBet fé@nﬁhﬁssf &8 Nhiah | Prwt BTREBEM CRggRiES UF Sfrodudt Cddradlee
di scharge of t he vi scous product out of the system when using a

heat ed di schar geccponng. oThis is ach1eved by highytemperatures\ofi thet heatidg snudans gbove thes,

Lo bo abovs  hoSOIEAEE Roitkes B R ERNBCVHED REEvRts<lp gofmerh dogt Sicking o the
Tnothe 15 mil i aagn bty Mk dbfng B HE e B Bt adnioloy HER,

below 1 w.% flow velociticslis theedixt whichl candesohrth®gpecdrofgoand aiid Heéxiceidnsirelaow

with the aid of Exanples and dr awi ngs
high pressure level and large wall shear forces, and by a subsequent expansion

evaporation into the evacuated separator. The temperature of the heating means in
10 the separator, above the glass transition temperature, ensures a reliable discharge of
the viscous product out of the system when using a heated discharge pump or a
conveying screw as the discharge means, it also being necessary for the temperatures
of the heating means to be above the glass transition temperature in said discharge
means. Under these conditions the residual solvent content of the polymer in the

15 multiphase helix can reliably and reproducibly be reduced to below 1 wt.%.

The invention is described in greater detail below with the aid of Examples and

drawings.

20 Fig. 1 shows a flow diagram for a one-stage continuous polymer evaporation using

a helix with a downstream vapour separator and discharge means;

Fig.2 shows the experimental residual chlorobenzene content of concentrated
polycarbonate for different series of experiments and, by way of comparison,

25 the residual chlorobenzene contents established under the experimental
conditions in the phase equilibrium state as a function of the pressure in the

separator; and



20 Fig. 1 shows a flow diagramfor a one-stage continuous pol yner
evaporati on usi w@ 99/67002 a helix with a downstream vap@ROT/BF99A402E0r
and di scharge neans; Fig. 2 shows the experinental residual

chl orobenzene content of concentrated pol ycar bonate for
different series of experinents and, by waygQf conparison, 25

t he residual chl orobenzene contents established under the experinental
conditions in the phase equilibriumstate as a function of the pressure in
t he separator; and

_6- FFig: 3 3shoneua flow |disgremafor antlires-stage irPRitougus RolyBe: EHIRSEASion
pol yner evaporation __. . SLJE ' a ' u
separators and a dowhirs etg% lé?hrxaﬁtagéé Wil 6M$%Lﬁéaet§%sp%r?§ta\g{ri&pns\ﬁ%gﬁ Etraﬁﬁle
process is illustrategpbfitér. usi ng the evaporation of a polycarbonate
solution (PC solution) as an exanple. As shown in Fig. 1, the PC
solution 1 to be concentrated is

5 The process is illustrated here using the evaporation of a polycarbonate solution (PC
solution) as an example. As shown in Fig. 1, the PC solution 1 to be concentrated is
pumped by the pump 2 through a heat exchanger 3, expanded in the valve 4 and then
flows through a helix 5 and a downstream vapour separator 6 consisting of a
commercially available cyclone separator. Both the helix 5 and the vapour separator

10 6 are provided with a heating jacket through which a heating means or heat transfer
medium, e.g. Diphyl THT, flows. A film flow forms in the helix 5 due to the
composition of the vapour/liquid mixture, the pressure gradient and the high
temperatures, it being possible for the vapour at the end of the tube to reach flow
velocities of 200 m/s to 300 m/s. The vapours separated off in the vapour separator

15 6 are condensed in the condenser 7 and drawn off as distillate 9 by means of the
pump 8. The concentrated polycarbonate melt 10 remains in the vapour separator 6
as the liquid phase and is fed by means of a discharge pump 11, also heated, into a
buffer container or optionally into further process stages. The discharge pump can
consist of a wide-mouthed gear pump or a conveying screw.

20
The helix 5 had an internal diameter of 15 mm, a length of 6 m, a mean helical
diameter of 284 mm and a helical pitch of -5.7. The internal surface area of the helix
was 0.29 m®. This set-up was used to perform experiments with throughputs of 35 to
85 kg/h of PC solution. The temperature of the PC solution downstream of the heat

25 exchanger was 180°C at a pressure of 19 bar. On entering the helix 5, the PC
solution is expanded to 3 to 8 bar by means of the valve 4. The temperature at this
point was 150°C to 180°C. On entering the heated vapour separator 6, the two-
phase mixture consisting of PC melt and solvent vapour, formed in the helix 5, was
expanded to an absolute pressure of 10 mbar to 800 mbar. In this expansion

30 evaporation, large amounts of vapour are again released abruptly. On leaving the



‘punped by the punp 2 through a heat exchanger 3, expanded in the valve 4
and t hen wd do@meo2t hr ough a helix 5 and a downstream vapgT/ESB0ALEE0r
6 consisting of a comercially avail abl e cycl one separator. Both
the helix 5 and the vapour separator 10 6 are provided with a heating

j acket through which a heating nmeans or heaty transfer medi um e.g.
Di phyl THT, flows. Afilmflow forms in the 'helix 5 due to the
conposition of the vapour/liquid m xture, the pressure gradient and the

hi gh tenperatures, it being possible for the vagour at the end of
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as the liquid phase and is fed by neans of a discharge punp 11, also

heat ed, into a vapour sepaiaidrf @rwas@0LCner or optionally into furt her process
stages. The di scharge punp can consi st of a w de-nout hed gear punp
or a convesi ng screw. 20 The helix 5 had an internal dianmeter of 15
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vapour ‘separator 6, the PC nelt had a concentration of 98.1 to

99.85 w . % at awo99/67002t enperature of 240[err]C to 260[err] C. PAWEP99/04023

tenperature of the heating neans (i.

e.

t he tenperature of the heat

transfer nmediumin the heating circuit of the helix 5 and the vapour
separator 6) was 300[err]C. 5

series of experinents using this set-up are

The bgundary conditions for three
collated in tabular form.

bel ow and the results are shown in the graph of Fig. 2. The
etE)perlmsnts differ in the conposition of the starting
Ist seriepefexperimentsf experinents the system pressure in the

i ndi vi dual
sol uti on.
separ at or

upstream of the nozzle is 19 bar and the pressure

series of e

In

6 was varied between 10

10 and 1000 nbar. The pressure
downst ream of the

nozzle is 3 to pchBfutionhe Pressure |losses in the tube are given by
the difference between the pressure downstream of the nozzle and the system

pressure.
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2nd series of experiments

PC solution:

Composition of the solution

Throughput

Temperatures:
Heating of heat exchanger 3

Heating of helix 5
Heating of separator 6 and
discharge pump 11

14 wt.% of PC -8 -
43 wt.% of chlorobenzene
43 wt.% of dichloromethane

43 kg/h

200°C (heat transfer medium: steam)
300°C (heat transfer medium: Diphyl THT)

290°C (heat transfer medium: Diphyl THT)

30 wt.% of PC
60 wt.% of chlorobenzene
10 wt.% of dichloromethane

38 kg/h

200°C (heat transfer medium: steam)
300°C (heat transfer medium: Diphyl THT)

290°C (heat transfer medium: Diphyl THT)



1st series of experinments

sol ution 14 wo 9962002PC 5
of chl or obenzene
di chl or onet hane
Tenperatures: 10
transfer nmedium steam
(heat transfer nedium D phyl THT)
di scharge punmp 11
THT) 15
Conposition of the solution

Thr oughput

PC sol uti on:

Heating of heat exchanggr 3
Heating of hélix 5

Conmposition of the
PCT/EP%R40%3. %0
43 W . % of
43 kg/ h
200[ err] C (heat
300[err]C
Heati ng of separator 6 and

. . 290[ err] C (heat transfer nedium D phyl
2ndrdearjes of gxperipentsnent s
30 wt. % of PC

PC sol uti on:

60 wt. % of chl orobenzene 20 10 wt. %
of di chl or onet hpggolution:  Thr oughput 38 kg/h
Composition of the solution 14 wt.% of PC
5 | 86 wt.% of chlorobenzene
Throughput 40 kg/h

Temperatures:
Heating of heat exchanger 3
10 Heating of helix 5

200°C (heat transfer medium: steam)
300°C (heat transfer medium: Diphyl THT)
Heating of separator 6 and
discharge pump 11 290°C (heat transfer medium: Diphyl THT)
Fig. 2 shows the residual contents of solvent (chlorobenzene) in the bottom product
15 discharged from the helix 5, said contents being measured with the help of an
analysis. The theoretically calculated equilibrium values, i.e. the values below
which the solvent contents cannot fall under the given boundary conditions, are also

plotted on this graph.

20 If even more stringent demands are made on the absence of solvent in the
polycarbonate, a strand evaporator can be added downstream of the separator 6 or
the discharge pump 11 as a further evaporator stage. Residual solvent contents of
less than 0.1 wt.% can be achieved with a combination of this type.

25 Fig. 3 shows a flow diagram of a multistage helix evaporator set-up with vapour
separators in combination with a strand evaporator as the last stage. The two
successive multiphase helix stages 12 and 13 are constructed completely
analogously to the set-up of Fig. 1 and consist of the pumps 2, and 2,, the heat
exchangers 3, and 3,, the valves 4, and 4,, the multiphase helices 5, and 5, and the

30 vapour separators 6, and 6,. The outlet of the second vépour separator 6, is



Té'rrpérétures: . * Heating of heat exchanger 3 200[ err] C (heat

transfer medi umyosdoRagtr 25 Heating of helix 5 PCT/E0jos028] C
(heat transfer medi um Di phyl THT) Heati ng of separator 6 and

di scharge punp 11 290[ err] C (heat transfer nedium D phyl
THT) -10- -0-

3rd series of experinents PC sol ut1on: Conposition of the
sol ution 14 wt.% of PC 5 86 W . %
of chl or obenzene Thr oughput

Tenperat ures: connected Migad disghasge pemp 1dxe Hiaﬁ@éﬂ 633P0r3t20®§ bﬂo}lgln@ﬁ@ébe state

transfer nedium ﬁ'ﬁe uaﬁf) aiioﬁgﬁnél_“e aliondolls 4 QlthdSion apparatus capable S’PSJoﬁﬁ&LE a

(heat transfer ?tté
large exchange area for the product. It consists substantially of an evacuated

container 16 equipped with a nozzle plate 17 at the top end and a discharge means
5 18 at the bottom end. The nozzle plate 17 produces threads of product melt, which
fall down through the container 16 and are then drawn off by the discharge means 18
as product melt. As the threads are falling, the residual solvent evaporates by
diffusing out of the product. The residual solvent content can thus be reduced by a
further one to two orders of magnitude.
10
On entering the first helix 5,, the PC solution is at a temperature of 200°C. A
pressure of 2 bar prevails in the separator 6,. The polycarbonate concentration c, is
30 wt.%. In the second stage the temperature in the helix 5, is 300°C and the
pressure in the separator 6, is less than 0.1 bar. The c, value is over 99 wt.%. In the
15 third stage a vacuum of 1 mbar and a temperature of 300°C prevail in the strand
evaporator 15. Downstream of the discharge means 18 the c, value after final
concentration is over 99.9 wt.%. Concentration in the first helix stage 12, in the
second helix stage 13 and in the strand evaporator stage normally gives c, values of
25 to 30 wt.%, more than 99 wt.% and more than 99.99 wt.% respectively. In the
20 case of very low throughputs per nozzle bore, e.g. below 100 g/l, residual solvent

contents of less than 10 ppm are achieved in the strand evaporator.

The evaporation or concentration is normally followed by yet another process step
for cooling and solidifying the polymer melt. For this purpose the hot polymer melt

25 is drawn off from the vapour separator 6 in the embodiment of Fig. 1, and from the
strand evaporator 15 in the embodiment of Fig. 3, by means of a gear pump with a
large feed area or by means of a conveying screw constructed as a collecting pump,
and is then transferred as a thin layer onto a cooling belt or a cooling roller, where it
solidifies to a film or sheet of product.

30



Heati ng of separator 6 and di scharge punp 11 290[err] C
(heat transfer <georwo2D phyl THT) Fig. 2 shows the pEasEsbiakos
contents of solvent (chlorobenzene) in the bottom product 15 di schar ged
fromthe helix 5, said contents being nmeasured with the help of an

anal ysis. The theoretically calcul ated equikjbriumvalues, i.e. the values
bel ow whi ch the solvent contents cannot fall under the given
boundary conditions, are al so plotted on this graph. 20 | f
even nore stringent demands are nade on the absence of solvent in the

pol ycarbonate, a strand evaporator can be added downstream of the separator
6 or the di scharge punp 11 as a further evaporator stage. Residual
sol vent contents of |l ess than 0.1 wt.% can be achieved with a

conbi nation of fgithet KREmple 25 Fig. 3 shows a flow diagramof a

mul ti stage helix evaporat or set-up with vapour separators in
conbination with a strand evaporator as the |ast stage. The two

successi ve_nul tjphase helix stages 12 and 1 are onstructed conplete
anal ogousl ¥ to Saoe- Welameﬁagselupawalse&ﬁ it Sty confTpatiqne pf 2 %b(fé"

the mu t1 phase. RePrsEoaFARRE Sk SmilcfidcbyRitn, ety B, 'Sl a%%f%‘@%

6[err] and 62. whbe ssfdli®is:of the second vapour separator 62 is

Throughput: 15.9 kg/h

10 Proportion of isobutanol in starting solution: 44 wt.%
Melting point of CP-amide: 120°C
Heating means: steam
Temperature of heating means in heat exchanger 3: 150°C
Temperature of heating means in helix 5: 150°C

15 Temperature of heating means in separator 6: 150°C
Pressure upstream of nozzle 4: 11 bar,,

Pressure in separator 6: 10 bar,,

Result: 0.1 wt.% of isobutanol in the discharge 10



T - connected via a discharge punp 14 to a strand evapor at or

15 bel ongi hg t owid®,Fhat € of the art. The strand evapop@iRboorodo3
di ffusi on apparatus capabl e of producing a | ar ge exchange area for
the product. It consists substantially of an evacuated cont ai ner 16

equi pped with a nozzle plate 17 at the top_ggd and a di scharge neans 5
18 at the bottomend. The nozzle plate 17 prdduces threads of product nelt,
whi ch fall down through the container 16 and are—then—drawn of T by

the di scharge nmeans 18 as product nmelt. As the t T |IeF
the residual solClaims evaporates by di f fusi ng out m mﬂﬂ“}& l“\
* c

The residual solvent content can thus be reduced by a ur tmers one
to two orders of nagnitude. 10 On entering the first helix 5,, the

PC solution is gt a pRIEBKIBE H{eee]vﬁf)oﬁﬁ&{ 8f & Wscodt polymer sollﬁfcﬁlsédi'ftﬁnﬁ’lg[a@l 8t

prevails in the separator 6[err].” The pol ycarbonat®e concentration err] is
30 wt. % In the secodd vat%@f sblvents eanyl anariomiers,i prefetablin 80 it 782wi.%, Hh@fedn theC

and the pressure in the separator 62 is less than 0.1 bar. The
c[err] valde is over PYYMRE sojutignitohecvaporated 1§ pasped as; Howa Wil ¥PoYr sty

and a tenperature of v@lﬁ&&f&fio% tﬁ?@@%/%htgfbg?g?ﬁ%&{eﬁ%glix (5),and théiy ARRE A Qfgnl°-

Downstream of the di scharge nea val ue

concentration is ovea h8&ted siparfor @) cleivictéried inithattthe tdrhpahtubd! dHths hegitngl 2,
in the second heljx stage 13 and in the strand evaporator stage
normal |y gives c[errmegaf indhe belix (5) and the sepamton(6)aregboystee softanirgopeint of

and nore than 99. 99 o r tively., |Ln the 20. se of very l.o

t hroughput s per nozz S pgogfrg;grp%‘. gl.n tﬁ%tl tgﬁ/t‘fﬁ'@ eltfuxrtlérgiogfpﬁyrg%ﬂ Jygﬁtand Sofvent

contents gb | ess thapapbiirdiil mafidn@GlapsiifdrMed R thetHeRR (SR S Bt into the
heated vapour separator (6) to an absolute pressure in the range 10 mbar to

800 mbar.

2. Process according to claim 1, characterized in that the temperature of the
15 heating means in the helix (5) and the separator (6) is kept at a value which is

10% to 30% above the polymer glass transition temperature.

3. Process according to claim 1 or 2, characterized in that the polymer solution

is kept at a pressure of between 4 bar and 20 bar on entering the helix (5).

20
4. Process according to any of claims 1 to 3, characterized in that the polymer
solution is further concentrated, down to a residual solvent content of 5 pg/g
to 500 pg/g, in a strand evaporator (15) downstream of the separator (6, 6,).
25 5. Process according to any of claims 1 to 4, characterized in that if the

proportion of polymer in the starting solution is less than 30 wt.%, several

multiphase helix stages are connected in series.



The év"apor ation.or concentration is normally foll owed by yet another

process step wooggrdg@’ cooling and solidifying the pol ynmer mghEpobose2shi s
pur pose the hot polyner nelt 25 is drawn off from-the—vapour-separator

6 in the enbodiment of Fig. 1, and fromthe rator 15 in
t he enbodi nent of Fig. 3, by neans of a geag, punp Wthlgmﬂ mﬁwﬂﬂ ﬂﬂl’ eed
‘area or by neans of a conveying screw construct ed as a

and is then transferred as a thin |ayer onto a cooling belt or a coollng
roller, where it solidifies to a filmor sheet of product.

- 11 - 6. Pnéuesshmcoﬁnmpcb any of5claims Tthéo §ar¢bamm¢dremthat sfetheup

was used to study t copncentrat i t opanecar boxa e

(CP- ami de) /i sobut ano'i?“' 'i‘ﬁﬁ’or?ﬁlgano%ffﬁd a@B’r’rﬁwl}aﬁﬂg IX Stages are St
in parallel, each stage being equipped with its own pumping system.

5 7. Process according to any of claims 1 to 6, characterized in that the bottom
product in the separator (6) is drawn off by means of a discharge pump (7)

and then converted to a solid granulated form in a cooling device.



were as follows: . Thr oughput: 15.9 kg/h 10 Proportion of

| sobut anol i n wigxyokghepa sol ution: 44 w. % Mel ting poi ntpcaf/ERISr0aesde:
120[err]C Heati ng nmeans: steam Tenperature of heating neans

i n heat exchanger 3: 150[err]C Tenperature of heating neans in helix
5: 150[err]C 15 Tenperature of heating; pgans in separator 6: 150[err]C
Pressure upstream of nozzle 4. 11 bar[erﬁ Pressure in separator 6:
10 bar[err] Result: 0.1 w.% of isobutanol in the discharge 10
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“13 - 6: ‘Process according to any of clainms 1 to 5,

characterized wobfgadozi f the t hr oughput i s nore tRCAVEDY4023
several multiphase helix stages are connected in parallel,
stage being equipped with its own punping system 5 7. Process

according to any of clainms 1 to 6, characjpegized in that the bottom
product in the separator (6) is drawn off by means of a discharge punp (7) e

and then converted to a solid granulated formin a cooling device.

Strand evaporator
Final concentration to

>90.99 wt.%

e

d st
Multiphase helix
Concentration to

>99 wt. %

1st st
- Multiphase helix
Concentration to

>25-30 wt.%
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