
Process for thermal separation of a solution consisting of
thermoplastic polymer and solvent The invention relates to a process
for the thermal separation of a solution consisting of thermoplastic
polymer and solvent in which the solvent is heated under pressure
above the critical point of the solvent and then decompressed into a
vessel such that a polymer-rich phase and a low-polymer phase form,
and wherein the polymer-rich phase is supplied to a second vessel.
Prior art The specified invention represents an improvement of an
existing process for the thermal separation of solvents from
thermoplastic plastic materials, particularly elastomers. US 3 726
843 discloses a process of this kind for the separation of an alcane,
particularly hexane, from ethylene propylene diene monomer (EPDM)
rubber. US 6 881 800 discloses a similar process with the difference
that US 3 726 843 demonstrates the thermodynamic states in clearer
detail. These processes are based on similar separation techniques of
polyethylene or polypropylene from hexane, which have been in use on
an industrial scale for quite a long period of time. The fundamental
advantage of the mentioned processes lies in the fact that, during
the process steps, the polymer is always present in dissolved form,
as a melt or as a melt-type paste. This is achieved by adding an
alcane to the monomer mixture during the polymerization step. Under a
certain pressure, the monomers are polymerized in hexane at high
degrees of conversion. The solution is then, in addition, possibly
decompressed and heated indirectly to a certain temperature using a
single or a plurality of heat exchangers, wherein the pressure must
be selected such that the polymer always remains nicely soluble
inside the solvent to avoid the formation of deposits in the heat
exchanger. In one example on an industrial scale with hexane as a
solvent, the necessary pressure is approximately 50 to 80bar (gauge),
the necessary temperature 220 to 240 `C. The solvent now undergoes
flashing inside a separator to achieve 20 to 30bar, wherein in the
range slightly above critical a polymer-containing phase and a
lighter, low-polymer phase form. These phases can then be separated
by way of the difference in densities thereof. The temperature
decrease in this pressure jump is  minimal, because there is no
enthalpy of vaporization in the above-critical range. The heat of the
separated, low-polymer phase is therefore usable for heating the
educt, which represents an essential advantage in terms of process
technique. In a static flash vessel, the resulting polymer-rich phase
undergoes further flashing to pressures between 1bar (gauge) and
10bar (gauge), wherein the pressure is selected such that the flash
is as complete as possible, while the polymer-containing bottom,
however, remains in the form of a melt. The bottom can be supplied to
a degassing extruder or kneader by means of a polymer pump or a
valve, inside which any remaining solvent and monomer residues are
removed in an absolute or partial vacuum. For the above process to
work, a sufficient enthalpy gradient must be present such that, after
flashing, the polymer remains in the form of a melt inside the two
separators or the drawing-in of the degasser. This aspect limits said
process, as many polymers have a maximum temperature before thermal
degradation sets in that is below a range of 220 to 240 'C. The use
of a low-molecular solvent or of the monomer as a solvent is
conceivable On the presence of restricted solubility of the polymer
in the monomer); however, in this case, the flash stage then results
in temperatures that are far below the melting point. This problem,



DESCRIPTION OF THE FIGURES Further advantages, characteristics and
details of the invention become clear from the following description
of preferred embodiments as well as based on the drawing. Shown are
in Figure 1a schematic block diagram of a process according to the
prior art; Figure 2a schematic block diagram of the process according
to the invention. According to the prior art, as seen in Fig. 1, a
monomer and a solvent are introduced into a stirred tank 1 inside
which polymerization occurs. By means of a pump 2, through a heat
exchanger 3 and a valve 4, this solution reaches a high-pressure
separator 5 through a flash nozzle. Heating of the solution above the
critical point of the solvent occurs inside the high-pressure
separator 5 (i.e., the point when there is no longer any gaseous
phase, when nothing is left to evaporate), and there results a
polymer-rich and a low-polymer phase. The solvent and the low-polymer
phase are returned for polymerization in the stirred tank 1. The
polymer-rich phase in turn is routed via a flash nozzle and a valve 6
to a low-pressure separator 7, which is unstirred. From the
low-pressure separator 7, the solution reaches a finisher or the
solvent reaches a condenser, respectively. The invention provides for
replacing the low-pressure separator 7 according to Fig. 2 with a
kneader mixer 8. A corresponding kneader mixer is disclosed, for
example, in DE 591 06 245.3, DE 592 03 529.8/DE 596 08 462.5, DE 596
00 991.7, DE 500 12 557.0, DE 101 20 391.8, DE 101 50 900.6, DE 101
60 535.8 and DE 195 33 693.3. Said kneader mixer can have one or two
shafts, can be parallel- or counter-rotating or being operated at
different speeds. The polymer-rich phase is supplied to the kneader
mixer 8 at different feed locations 5, which are indicated by
reference numerals 9.1, 9.2 and 9.3. These feed locations are
distributed across the length of a single or a plurality of stirrer
and/or kneader shafts.  Said stirrer and/or kneader shafts are not
shown in further detail; however, they are arranged horizontally or
slanted, and actively route the polymer composition to a discharge 10
such that the treatment of higher viscosities is possible. From the
discharge 10, the product reaches a finisher 11, which can also be a
horizontally disposed kneader mixer. Inside the finisher 11, the feed
temperature after the pressure jump is adjusted such that the polymer
melt is maintained above the solidification range. Furthermore, the
invention provides for a liquid stripping agent to be added in the
finisher, specifically at a single feed location or at a plurality of
feed locations such that, at an adjusted pressure in the vessel
space, the stripping agent evaporates, whereby correspondingly the
dosed quantity of the stripping agent is used to adjust the
temperature of the polymer composition. By a lowering the partial
pressure and improvement of the material exchange, it is possible to
significantly reduce any achievable content of undesired volatile
substances. The polymer composition then reaches a further processing
station via a further discharge 12, presently not shown.  DR. WEISS &
Dr. ARAT European Patent Attorneys / Attorneys at Law File reference:
P4260/PCTDate: June 28, 2011 W/ST List of reference numerals 1
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Claims 1.A process for thermal separation of a solution consisting of
thermoplastic polymer and solvent under pressure, whereby the solvent
is heated to above the critical point of the solvent and thereafter
flashed inside a vessel (5) such that a polymer-rich phase and a
low-polymer phase form, wherein the polymer-rich phase is supplied to
a second vessel (8), wherein a) a pressure jump on entry into the
second vessel (8) leads to a thermal flash in the second vessel (8),
the polymer part of the heavy phase rising to at least 70%,
especially more than 80%; and b) the resulting polymer-rich solution
is supplied - especially distributed over at least a portion of the
length of a stirrer shaft - which is within the same vessel space and
which heats the polymer composition by mechanical kneading energy
with the effect that the polymer content rises to >70%, particularly
>90%; and wherein c) a flash container is replaced by a mixer; d) the
flashed solution or suspension is distributed on the hot bed over the
length of the kneader and kneaded therein, which corresponds to a
reconversion; e) which is implemented via one or a plurality of feed
locations f) a product space is operated at excess pressure similarly
to the flash container, wherein g) a feed temperature is selected
such that a product does not solidify inside the degasser, and
whereby there is no granulation of the product, and wherein h) a
flash kneader is used. 2.The process according to Claim 1,
characterized in that a reconversion inside the second container (8)
occurs at the single feed location or a plurality of feed locations.
3.The process according to any one of Claims 1 or 2, characterized in
that the temperature of the polymer composition is maintained above
the solidification range by adjustment of the speed and/or torque of
the stirrer and/or kneader shaft inside the second vessel (8), and/or
by adjustment of the pressure and/or contact heat.  4. The process
according to any one of Claims 1 to 3, characterized in that the
stirrer and/or kneader shaft(s) actively route the polymer
composition to a discharge (10), whereby the treatment of higher
viscosities is possible. 5. The process according to any one of
Claims 1 to 4, characterized in that in the subsequent finisher (11),
the feed temperature is adjusted such that, after the pressure jump,
the polymer composition is maintained above the solidification range.
6. The process according to Claim 5, characterized in that, inside
the finisher (11), a liquid stripping agent is added at a single feed
location or a plurality of feed locations such that, with adjusted
pressure inside the vessel space, the stripping agent evaporates and
thus the temperature of the polymer composition is adjusted by means
of the dosed quantity of the stripping agent, and any achievable
content of undesired volatile substances is significantly reduced by
lowering the partial pressure and improving the material exchange. 


