WD, 00/ 64554 1 1 9 AUG 2003 PCT/ EPO0/ 03216 Process and apparatus for 19 AUG 20,
evaporating poVQo@é4ssol uti ons of thernoplastic polyners, amrd¢TEHMegreabonat e
obt ai nabl e by evaporation The invention relates to a nmulti-stage,

continuous process for evaporating polyner”™ 5 solutions, especially of

t her mopl astic polymers, by indirect heat exchange by pa55|ng--the pol yner

sol ution through heat exchanoers espeC|aIIy tubular heat exchangers

havi ng a downsfees ating Ly ofy the

process. The 'pﬂ}#@irér's,oﬁb%{ﬁ&lﬁéﬁ%oﬂtﬁ%ﬁﬁnﬁﬂh%&% tggmt.sn”eat ed by the process
according to ol A content of <5
ppm 10 The renoval of volatile conponents froma polynmer solution is one
of the | ast rocess steps in the preparation of many polynmers. The

vol atile const deyension gelpiss to @rrwwtamycmméwmcwvarema@omagmolymer

unpol yne ner s ndi.n or.der I tu e o]

1 So0nt ty of CRIAREY R | RoR s b by e ne preNREs by
renmoving the yeisid-hige poiRRReMISion’ Hbhde hef! ¥ithangd, Uédp%lallj’ RuAs hedt
those variants, the polyrer solution is heated above the evdporation

t enper at ur e ofcxcltahgerv,dimg aedmrssbmn weparator, Ihd tecareappaiatisvior camyangeoutahaises,

for exanple, thin-film. eva tor extruders and those haV| I ndi.r ect
heat exchangepr%ssv\hj@ﬁ “h"&&t‘ ﬂbﬁw atlclt{?ﬂteg%yltge BT aawtfﬂﬁ's t he

pol ymer shoul g gfinPihriofl 497 qr&mam enol Aofiftht SR gmeauses undesi rabl e
col our changes or -t he prese ce of pitholes in the polyner. EP-A-Q 150 225,
for exandl e, descri bes an apparatus having two heat exchanger 25 bundl es

connected in i es. The_heat exchanger bundl es have rectangul ar_cha neI S
di sposed hori E@ﬁtrsmova phV aﬁththwnamsy 3 grlymeg sofudiogdg anscef then

apparatus 1S process steps in the preparation of many polymers. The volatile constituents to be

removed may be either solvents and/or unpolymerised monomers. Depending on the
order of magnitude of the viscosity of the polymer solution, different variants are
15 known for removing the volatile components from the polymer solution; in each of
those variants, the polymer solution is heated above the evaporation temperature of
the volatile constituents. There are known as apparatuses, for example, thin-film

evaporators, extruders and those having indirect heat exchange.

20 When heating the polymer solution it is crucial that the polymer should not be
damaged thermally. Thermal damage causes undesirable colour changes or the

presence of pinholes in the polymer.

EP-A-Q 150 225, for example, describes an apparatus having two heat exchanger
25 bundles connected in series. The heat exchanger bundles have rectangular channels
disposed horizontally, in which the polymer solution is degassed. The apparatus is
used mainly for the two-stage heating or cooling of viscous polymer solutions

during the reaction, but its manufacture and operation are relatively complex.

30 EP-A1-0 451 602 discloses a processfor concentrating polymer solutions, in which
the preheated solution is, in a throttled manner, expanded into a helical flow tube
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by

That object could be achieved with the elaboration and provision of the process

according to the invention, which is described in greater detail below. In addition,

15 that object could be achieved with the elaboration and provision of the apparatuses

according to the invention, which are described in greater detail below. In addition,

that object could be achieved with the elaboration and provision of the

polycarbonate according to the invention which has been treated by the process

according to the invention and is described in greater detail below.

20

The invention provides a multi-stage, continuous process for evaporating polymer

solutions, especially of thermoplastic polymers, by indirect heat exchange by

passing the polymer solution through heat exchangers, especially tubular heat
exchangers, having a downstream separator, characterised in that
25 —

a) first, in a single stage or in a plurality of individual stages, the polymer
solution having a polymer content of from 5 to 20 wt.% is concentrated to
from 60 to 75 wt.% in a combination of a tubular heat exchanger and a.thin-
film evaporator, or a coiled tube evaporator or in a tubular heat exchanger,

30 each having a downstream separator, at a temperature of from 100 to 250°C,

the pressure in the scparator being approximately from 0.1 'tc;- 0.4 MPa,
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-a) first, in a single stage or in a pl urg#i_ty of individual stages, the

pol ymer solution having a polyner content of from5 to 20 w.%is
concentrated to from60 to 75 w.%in a conbination of a tubular heat
exchanger and a thin- filmevaporator, or a coiled tube evaporator or in a
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downstream of the ™ separator, at the Tntake side, and 15 c) the degassed
pol ymer 16 subsequdh pglyinmp) theeptestnre, inothei separiatoy beipgafromas ddPa tai §.1 dgBa ( N2)

is preferably used as_t ntrainer. |t s been found that, by .
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reduced to being introduced into the delivery device located downstream of the

separator, at the intake side, and
15 c) the degassed polymer is subsequently isolated and, optionally, granulated.
Nitrogen (N,) is preferably used as the entrainer. It has been found that, by

introducing nitrogen, the residual content of volatile components can be reduced to

< 500 ppm without the need for further measures in terms of apparatus.

20
The invention also provides an apparatus for evaporating polymer solutions,
especially of thermoplastic polymers, by indirect heat exchange by passing the
polymer solution through heat exchangers, especially tubular heat exchangers,
having a downstream separator, characterised in that

25 -

a) the first stage or stages has or have a tubular heat exchanger and/or coiled

tube evaporator (3) each having a downstream separator (4),

b) the further stage has a tubular heat exchanger (7) having a downstream
30 separator (8), the tubular heat-exchanger (7) having vertical, heated, straight
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pol ycarbonate treated by the process according to the invention,
characterised by a residual bisphenol A (BPA) content of | ess than 5 ppm

10 The proces > | i ' valatile
conmponents fr ?nltgsoi uﬁ#‘gglss Bg:{ Me}tﬁ? d&%@ﬁ%@;ﬁa&%a@@o& {)else pol'y }os@lgnd
simlar substmeatisn, characterised by a residual bisphenol A (BPA) content of less than 5 ppm.

10

The process according to the invention can be used for removing volatile

components from solutions of any desired liquid or meltable polymers and similar

substances.

15 The volatile components, in addition to the solvent, may be both unpolymerised
monomers or oligomers and other low molecular weight starting materials. A solvent
that is frequently used in the preparation of thermoplastic polymers, especially
polycarbonate, is methylene chloride or a mixture of methylene chloride and
chlorobenzene.

20
Preferably, however, the process according to the invention is used for degassing
thermoplastic polymers. Those polymers include all plastics that become flowable
under the effect of pressure and temperature. There may be mentioned by way of
examples polycarbonate, polystyrene, polyphenylene sulfide, polyurethane, poly-

25 amide, polyester, polyacrylate, polymethacrylate, SAN resin and their copolymers.
The process is very especially suitable for the installation and drying of

polycarbonate solutions.

Polycarbonates which can be processed especially advantageously using the process
30 according to the invention are both hemopolycarbonates and copolycarbonates. In a

manner known in principle, the polycarbonates may be linear or branched in
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starting materials. A solvent that is f_rfguentl y used in the preparation

- of thernopl astic polyners, especially polycarbonate, is nethylene chloride
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treated by t he0QPdoEsdLEhd of BPigl 20 tad0P 08 EisHibb: Fer .90 1980:000mdy
especially from 22,000 to 60,000. Very special preference is given to bisphenol A

homopolycarbonate having the above-mentioned properties.

15 The polymer freed of solvent according to the process has a viscosity of especially
from 100 to 5000 Pas in the molten state.

A bisphenol A homopolycarbonate treated according to this process has a residual
bisphenol A (BPA) content of less than 5 ppm at the melting temperature (320°C).

20
The heat exchangers used, especially the tubular heat exchangers, have any desired
means known in principle to the person skilled in the art for heating the channels or
tubes through which the polymer solution flows to a temperature above the
evaporation temperature of the volatile components. Those means are, for example,
25 resistance heaters or a system of pipe5s for transporting a heat exchanger fluid.

In a further development of the invention, the first stage a) is carried out in a tubular
heat exchanger which has heat exchanger tubes for the polymer solution having an
inside diameter of from 5 to 30 mm, preferably from 5 to 15 mm, and a length of
30 from 0.5 to 5 m, preferably from—3 to 4 m, the throughput t_hrough the heat
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carried out ibeiatrodungdahereheat exchanger which has heat exchanger tubes for
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from3 to 4 mythe phdid tADRBME ihid" Cner Wit the Polymer SoRtion 28p3cily QY ab54
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proposed produced from a low-iron material having an iron content not exceeding 10 %. All
parts of the heat exchangers that come into contact with the product are produced
.especially preferably from Alloy 59 (2.4605), Inconell 686 (2.4606), Alioy-B2,
15 Alloy-B3, Alloy B4, Alloy C-22, Alloy-C276, Alloy-C4 or Alloy 625.

The invention is explained in greater detail below by means of a drawing showing a

preferred embodiment.

20 In the single, diagrammatic Figure, a pump 1, for example a gear pump, a centrifugal
pump or a screw pump, feeds the 5 to 20 % polymer solution in a first stage through
a first tubular heat exchanger 2 and a coiled tube evaporator 3 to the sump of a
separator 4. In the separator 4, the more readily volatile components are separated
off and condensed in a condenser 5. v

25 -

| In the examplary embodiment shown, and in that respect preferred, a gear pump 6
feeds the already concentrated polymer solution (from 25 to 40 wt.% polymer)
through a further tubular heat exchanger and a further coiled tube evaporator to a
further separator 8, where the more readily volatile components are separated off and

30 condensed in a condenser 10. The sotution, which 1s now concentra!ted to from 60 to

w
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conveyed from the gear pump to a granulating device.

By means of the described process it is possible when treating bisphenol A homo-
polycarbonate at a melting temperature of < 320°C to achieve a residual BPA

15 content of 2 ppm, at all events £ 5 ppm. Gas chromatography was used as the
analysis method for the BPA determination.




85 wt_% polyner, is then fed by a gear punp 9 through a second tUb“h@rAm$ﬁm3
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t he pol yner solution, which has been concentrated to 5 nore than 98 w. %
to a content of volatile constituents.gft < 500 ppm nitrogen is introduced
as carrier gas into the intake side of a further gear punp, as a result of
whi ch thEIQesired purity of the polyner solution is achieved. The nore
readily vl ati | e conponents forned in the sunp 11 and the gear punp are 10
condensed in a condenser. The polyner nelt degassed according to the
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in a single stage or in a plurality of individual stages, the polyner

sol ut i onwh¥vinrggcambioatjareef & Bibulen hedfexehaggpmandy thin-fmozyrROTAGR B R ‘Poénﬁéd to
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thin-filméeva oraPor, or a coile ulfe ‘evaporator or 1 n a tubular heat
exchangetempesstire of fiong1 G0 BRMSCr depresspria ther sepatton beingmpproaximatelydforfir om
100 to 250 C tﬂﬁ pressure in the separator being approximately from 0.1
to 0.4 Mbé,tOB)“ a further stage, the polynmer solution is concentrated

from 60 to 75pt . %y § furiier 5888 thSpolneadiiich & éBicAlralt@atore ¥0haTgast.Ravi ng
a downstream separator, at a
to at least 95 wt.% in a tubular heat exchanger having a downstream separator, at a
temperature of from 130 to 350 °C, the tubular heat exchanger having vertical, heated,
straight tubes, with or without built-in static mixers, having an inside diameter of from 5 to
30 mm and a length of from 0.5 to 4 m, and the throughput per heat exchanger tube
through the tubes being from 5 to 30 kg/h, based on the polymer, the pressure in the
separator being from 3 kPa to 0.1 MPa, and an entrainer being introduced into a delivery
device located downstream of the separator, at the intake side, and

c) the degassed polymer is subsequently isolated and, optionally, granulated.

2. Process according to claim 1, characterised in that nitrogen (N3) is used as the
entrainer.
3. Process according to claim 1 or 2, characterised in that the polymer of the polymer

solution is a thermoplastic polymer selected from the group: polycarbonate, polystyrene,
polyphenylene  sulfide,  polyurethane, polyamide,  polyester,  polyacrylate,

polymethacrylate, an SAN resin or a copolymer or a mixture of those polymers.

4, Process according to claim 1 or 2, characterised in that the polymer is a

polycarbonate.
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tenperature of from 130 to 350 C, the tubular heat exchanger having
vertical, heated, straight tubes, with or wiwthout built-in static m xers,
having an inside dianeter of from5 to 30 mmand a length of fromO0.5 to 4
m and the throughput per heat exchanggr tube through the tubes being from
5 to 30 kg/h, based on the polyner, the pressure in the separator being

from3 kPa to,0. 1 MPa d
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chl ori dethepolmmarxt ure of chl or obenzene and net hyl ene chloride. 6. Process
according to claim1l, characterised in that the first stage a) is/are
carried out in a tubular heat exchanger which has heat exchanger tubes for
the pol yper s@appirh@B foﬁwpmuﬁglpbl?ﬁieﬂGoldh@ﬁ%}efndﬁéctf}reﬁmﬁhhﬁge%}r passiagd a

|l ength of from0.5 to 5 he throughput through the heat exchangler t ubes
per tubeﬂlﬁemﬁb’mf’F oRPItipRH g@i"‘l’&j’/ theab aexehangsrs thawingo| 3 rAgwostream, Sepasgias f or

evapor at &HLI% Xﬁrﬁ]t wgpl utions by indirect heat exchange by passing the
pol ymer tion rough heat exchangers having a downstream separ at or,

char act eri seda) n t fdirst stage has a tubular heat exchanger and/or coiled tube evaporator (3)
each having a downstream separator (4),

b) a further stage has a tubular heat exchanger (7) having a downstream
separator (8), the tubular heat exchanger (7) having vertical, heated, straight tubes having
an inside diameter of from 5 to 30 mm and a length of from 0.5 to 4 m, and

c) there is arranged downstream of each stage a delivery device (6, 9) for
transporting the polymer solution, it being possible for an entrainer to be introduced at the

intake side of the delivery device of the further stage.

8. Apparatus according to claim 7, characterised in that a gear pump is used as the
delivery device (6, 9).
9. Apparatus according to claim 7, characterised in that an entrapment pump is used

as the delivery device.

10.  Apparatus according to claim 7, characterised in that a delivery roller is used as the

delivery device.

11.  Apparatus according to claim 8, characterised in that a gland or a shaft seal of the

gear pump is so formed that the entrainer can be introduced there.




a) a first stage has a tubul ar heat exchanger and/or coiled tube evadcar ﬁ%lﬂm
(3) each having a downstream separator (4), b) a further stage has a

t ubul ar heat exchanger (7) having a downstream separator (8), the tubular
heat exchanger (7) having vertical, heated, straight tubes having an
inside dianmeter of from5 to 30 mmand a length of from0.5 to 4 m and c)
there is.arranged._downstream of each. st.a | i -dewvi (&, feor

tr anspor 1 ing RRGURLS JRErGBER B SR DY SRR B BE b bR thatalt otk o1, 1
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8. Apparatus according to claim7, characterised in that a gear punp is
used as MEErodwsed femlowaiyo@atesal.9) . 9. Apparatus according to claim 7,
characterised in that an entrapment punp is used as the delivery device.
10. Apparatus according to claim7, characterised in that a delivery roller
is used &% thAppatelus\aecorditeviocelaind 12, Appactetised imcthet thenlpwi-trou Impatenid, is

characterised in that a gland_qr aft s ar opu i

formed tHereEomifs groner ARk s L2 dafo nsedti b iautetd). AiGBERHoy £%,
Appar at ug g 1781 Aloy-C42AN0P B2, Aflo¢ B3, ABloy B40 10, characterised in that all
parts of the drying device that conme into contact with the pol yner
solution or the nolten polyner are produced fromlowiron material. 13.
Appar atus according to claim 12, characterised in that the | owiron
material is selected fromthe group: Alloy 59 (2.4605), Inconell 686
(2.4606), Alloy-B2, Alloy C22, Aloy-C276, Alloy-C4, Alloy B2, Alloy B3,
Al | oy B4.




