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A process for removing volatile components from polymer solutions The
present invention relates to processes for removing volatile components
from polymer solutions, which result in products with a low residual
content of volatile 5 components without thermal degradation of the
polymer. The removal of volatile components from a polymer solution is one
of the final process stages in the production of many polymers. The
volatile constituents to be removed may either be solvents and/or
unpolymerised monomers. Depending on the 10 order of magnitude of the
viscosity of the polymer solution, various processes are known for removing
volatile components from the polymer solution, in each of which processes
the polymer solution is heated above the evaporation temperature of the
volatile constituents. Examples of apparatuses which are known include thin
film evaporators, extruders, and those comprising indirect heat exchange.
It is crucial that 15 the polymer is not degraded during the heating of the
polymer solution. US-A 4,153,501 describes a method and an apparatus for
removing volatile constituents from a polymer melt by heating it in a heat
exchanger which contains vertically disposed channels which release their
pressure directly into the bottom of a 20 separator, where evaporation of
the volatile components takes place. The channels have thicknesses of 0.5 -
4 mm. The temperature difference between the polymer solution and the
heating medium is less than 50C, and the cooling of the polymer solution
due to the components which evaporate is less than 30C. A residual content
of volatile components in the polymer of <0.1 % by weight is claimed to be
achieved. 25 EP-A 150 225 describes an apparatus which comprises two heat
exchanger bundles connected in series. The heat exchanger bundles comprise
rectangular channels. This apparatus is mainly used for two-stage heating
or cooling during the reaction, but is a relatively costly apparatus. 30 



EP-B 226 204 discloses a process and a heat exchanger for removing volatile
constituents from a polymer solution containing at least 25 % by weight
polymer. The polymer solution is heated in an indirect heat exchange zone
which consists of a    WO 99/5438I PCT/EP99/02387 - _ 2 - 1 5 0 C T 2002
multiplicity of channels. These channels have a substantially uniform
surface to volume ratio of 0.158 - 1.97 mm-1 l, a thickness of 1.27 - 12.7
mm, a width of 2.54 10.16 cm and a length of 1.27 - 30.48 cm. The polymer
solution is heated in the channels, at a pressure of 2 to 200 bar, to a
temperature above the evaporation 5 temperature of the volatile components
but below the boiling temperature of the polymer. The dwell time of the
polymer solution in the channels is 5 - 120 seconds. After heating, the
solution is conveyed into a chamber in which at least 25 % of the volatile
constituents are out-gassed from the solution. This process reduces thermal
degradation because the period of time over which the polymer is exposed to
high 10 temperatures is kept as short as possible. However, this process
has the disadvantage that the solvent is not completely removed. Moreover,
polymer deposits are formed on the outer face of the heat exchanger bundle,
which deposits carbonise and gradually spall off over the course of time,
so that the product is contaminated. 15 EP-B 352 727 discloses a process
for removing volatile constituents from a polymer solution, wherein the
polymer solution is heated to a temperature above the evaporation
temperature of the volatile components in a multiplicity of channels
connected in parallel. The ratio of heat exchange surface to the product
volume flow is > 80 hours/m. The velocity of flow in the channels is < 0.5
mm/sec and the dwell time 20 of the polymer solution in the channels is 120
- 200 seconds. This process also has the disadvantage that the solvent is
not completely removed. Moreover, polymer deposits are also formed here on
the outer face of the heat exchanger bundle, which deposits carbonise and
gradually spall off over the course of time, so that the product is
contaminated. 25 The object of the present invention was to provide a
process for removing volatile components from polymer solutions which
results in products with a low residual content of volatile components
without thermal degradation of the polymer. 30 This object has been
achieved according to the invention by a two-stage process for removing
volatile components from polymer solutions with a polymer content >60 by
weight, wherein in a first stage the polymer solution is heated in an
indirect heat 
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channels, to 150 to 400C at a pressure of 1.5 to 50 bar and is subsequently
depressurised in the channels to a pressure of 3 to 200 mbar, whereby the
flow in the channels becomes two-phase at least in part and the volatile
components are at least partially separated from the polymers, and the
polymer, which 5 still contains residual volatile components, is freed from
residual volatile components in a second stage at a pressure of 0.1 to 10
mbar and at a temperature of 200 to 450C. In the first stage of the process
according to the invention, the polymer is forced into the channels of the
heat exchanger at a pressure of 1.5 to 50 bar abs., preferably 2 to 5 10
bar abs., flows through the channels and in the course of this procedure is
heated to a temperature of 150 to 400C, preferably 200 to 350C. At the
outlet of the channels, there is a prevailing pressure which is below the
saturation pressure of the volatile components. This pressure is 30 to 200
mbar abs., preferably 30 to I00 mbar abs. 15 The dwell time of the polymer
solution is preferably 2 to 120 seconds, most preferably 80 to l20 seconds,
at a velocity of flow which is preferably 0.0001 to 0.1 mm/sec, most
preferably 0.001 to 0.005 mm/sec. The ratio of the heat exchange surface of
the channels to the volume flow of the polymer solution is preferably 5 to
75 hours/m, most preferably 15 to 50 hours/m. 20 A honeycomb evaporator is
preferably used as the indirect heat exchanger, the i channels of which
have a parabolic profile. The product stream in the channels is thereby
depressurised, the consequence of which is that on flowing through the
channels the product stream becomes two-phase in at least part of the
channel and 25 separation of the volatile components can be effected via
the gas flow. In the first stage, the volatile components are preferably
removed down to a residual content < 0.5 % by weight, and the product is
then fed to the second stage. In the second stage, the polymer is freed
from residual volatile components at a 30 pressure of 0.1 to 10 mbar abs.,
preferably 0.5 to 3 mbar abs., and at a temperature of 200 to 450C,
preferably 250 to 350C. This residual degassing is assisted by the polymer
being distributed in the apparatus so that a large mass transfer surface is
WO 99I54381 PCT/EP99/02387 ' - 4 - 1 5 OCT 200z formed and diffusion of the
volatile components out of the polymer is thereby facilitated. This second
stage is preferably carried out in a long-tube evaporator. In the long-tube
evaporator, the polymer is forced through a perforated plate with a
multiplicity of holes or via a manifold distributor which contains the
requisite holes. A 5 multiplicity of polymer strands is thereby produced.
These slowly flow to the base of the apparatus and in the course of this
procedure release the volatile constituents which are still present. It has
also been found that products with particularly bright colours can be
obtained if 10 the removal of volatile components from polymer solutions is
effected in apparatuses 



in which the surfaces which come into contact with the product are made
from materials which are low in iron. By means of this measure, the quality
of the products obtained in prior art processes for removing volatile
components from polymer solutions can also be improved. 15 Another aspect
of the invention therefore relates to a process for removing volatile
components from polymer solutions at temperatures above the boiling points
of the volatile components and below the boiling or decomposition
temperature of the polymer, characterised in that a11 the surfaces of the
apparatus by means of which the 20 process is carried out which come into
contact with the polymer solution, with the polymer or with the volatile
components consist of a material which contains less than 10 % by weight
iron. In this respect, it is of course possible to fabricate all parts of
the 1 apparatus which come into contact with the product from said low-iron
material. However, the apparatuses preferably comprise only one low-iron
surface, e.g. a 25 coating of low-iron material, and underneath that are
fabricated from conventional iron or steel. Examples of low-iron materials
in the sense of the present invention include alloy 59 (2.4605), inconel
686 (2.4606), alloy B-2, alloy B-3, alloy B-4, hastelloy C-22, 30 hastelloy
C-276, hastelloy C-4 or tantalum. Alloy 59 is preferably used.   WO
99/5438I PCT/EP99/02387 1 5 0 C T 2002 -5 The process according to the
invention can be used for removing volatile components from solutions of
thermoplastic polymers, elastomers, silicone polymers, lubricants of high
molecular weight, and similar substances. However, it is preferably
employed for solutions of thermoplastic polymers, for example polystyrene,
polyphenylene, 5 polyurethane, polyamide, polyester, polyacrylate,
polymethacrylate and copolymers thereof. The process according to the
invention is particularly for removing volatile components from
polycarbonate solutions.   WO 99/5438l PCT/EP99/02387 - 6 - 15 0 C T 2002
Examples Example 1 5 A solution containing 75 % by weight polycarbonate, 24
% by weight chlorobenzene and 1 % by weight methylene chloride was forced
into the channels of a heat exchanger at a pressure of 3 bar abs. and was
heated to 300C there. The heat exchanger had 100 channels with a length of
330 mm, which had a diameter of 16 mm at the inlet, and which widened at
first linearly to a diameter of 34 mm over a length 10 of 200 mm and which
subsequently widened parabolically to 104 mm at the outlet. The pressure
downstream of the channels was 40 mbar abs. The dwell time of the
polycarbonate solution in the channels was 100 seconds. The polycarbonate
was 



collected at the base of the heat exchanger; its chlorobenzene content was
1500 ppm. The polycarbonate solution was then pumped into a long-tube
evaporator, distributed 15 over the perforated base thereof, and was forced
at a pressure of 40 bar abs. through 1000 holes of diameter 1 mm, so that a
multiplicity of strands 6 m long was formed. At a pressure of 1 mbar abs.
and a temperature of 300C the residual concentration of solvent in the
polycarbonate was reduced to 20 ppm chlorobenzene. All parts of the
installation which came into contact with the product were fabricated from
alloy 59. 20 The degassed polycarbonate had a Yellowness Index (YI,
measured according to ASTM D 1925) of 2.3. Example 2 25 This test was
performed analogously to example 1, except that the parts of the
installation which came into contact with the product were fabricated from
high-iron steel ( 1.4571 ). The same residual content of solvent was
achieved as in Example 1, but the polycarbonate which was obtained had a YI
>10.   Claims  1. A two-stage process for removing volatile components from
a polymer solution having a polymer content > 60% by weight, said process
comprising: (a) (i) heating, in a first stage, the polymer solution in an
indirect heat exchanger, which comprises channels, to a temperature of 150
to 400C at a pressure of 1.5 to SO bar, and (ii) depressurizing
subsequently, the polymer solution in the channels of said indirect heat
exchanger to a pressure of 3 to 200 mbar, thereby causing the flow in the
channels to become two-phase at least in part, and the volatile components
to be partially separated from the polymer; and (b) freeing, in a second
stage apparatus, residual volatile components from the polymer of said
first stage at a pressure of 0.1 to 10 mbar and at a temperature of 200 to
450C, wherein the surfaces of said indirect heat exchanger and the surfaces
of said second stage apparatus, that come into contact with at least one of
the polymer solution, the polymer, and the volatile components, each
consist of a material which contains less than 10% by weight iron. 2. A
process according to claim 1, wherein the indirect heat exchanger is a
honeycomb evaporator, and the channels of the honeycomb evaporator have a
parabolic profile. 3. A process according to claims 1 or 2, wherein the
residual content of volatile components after the first stage is < 0.5 % by
weight. 15 0 C T 2002 4. A process according to claims 2 or 3, wherein the
second stage is carried out in a long-tube evaporator.
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