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A process for stripping nononers and other volatile constituents from
polymer nelts The invention relates to a process for stripping volatile 5
constituents such as solvents or nononmers from polynmer nelts using an
evapor ator apparatus. The renoval of volatile constituents from pol yner
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or residues of unreacted monomers after concluded

transesterification or esterification or polymerisation
reactions and elimination products from transesterification

15 or esterification reactions.

For the purposes of the present invention, volatile
constituents are taken to mean any volatile impurities such
as monomers, i.e. any starting materials, and volatile

20 components of all kinds such as for example solvents, low
molecular weight reaction products, elimination products
from the reaction, and decomposition and breakdown products
which arise during the reaction, together with any
secondary compounds introduced via the feedstocks. In

25 relation to the residual monomers, low molecular weight
reaction products are hereinafter taken to mean those with

a degree of polycondensation of up to 3.

The removal of such constituents is necessary because such
30 accompanying substances generally give rise to deficiencies
in material properties such as thermal stability,
processability, flow behaviour etc.. Such volatile
constituents may also give rise to unwanted odour nuisances

and/or be harmful to health.
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2 Various apparatuses or processes are known depending on the viscosity of
the polynmer nelts fromwhich the volatile constituents are to be renoved.
Known apparatuses for this 5 task in polymer nelts are, for exanple, film
evaporators or filntruders, screw nmachi nes, strand evaporators or tubul ar
evaporators. Renoval of volatile constitzﬁnts by chem cal nmeans is 10
descri bed, for exanple, in EP O 768 337 . Renoval is effected by addition
of CH aci di c organi c conpounds. The chem cal conversion of residual
nmonomers nmay possibly give rise to products with unwanted environnent al
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Anot her known process descri bes e reductiion nononer s
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by injectionpf,supeseLitical solvents or gases into the polymer melt with
subsequent depressurisation described in EP 0 798 314 Al has al so proved
equal ly 30 costly. Conventional and usual processes are also based on the
removal of volatile consti LUent s by, MBans, o JPcham L8l Yodins is
10 described, for example, in EP 0 768 337 Al. Removal is
effected by addition of CH-acidic organic compounds. The
chemical conversion of residual monomers may possibly give
rise to products with unwanted environmental impact, which
distinctly complicates the use of the products in practical
15 applications. Said process also cannot be used for removing

residual solvents.

The process for reducing residual monomers with unsaturated
fatty acids according to US 4,215,024 suffers from the same

20 shortcomings.

Another known process describes the reduction of residual
monomers by treating the moulding compositions with
electron beam radiation, as described in DE 2 843 292 Al.

25 The process is, however, much too costly on a full
industrial scale. A process for the removal of residual
volatiles by injection of supercritical solvents or gases
into the polymer melt with subsequent depressurisation
described in EP 0 798 314 Al has also proved equally

30 costly.

Conventional and usual processes are also based on the

removal of volatile constituents by means of mechanically



assi sted systens. Accordingly, extruders, such as for exanple in US
4,423,960, DE 2 721 848 C2, EP 0 411 510 B1 or in "Entgasen von
Kunststoffen in nmehrwel ligen Schneckenmaschi nen", Kunststoffe 71 (1981),
pages 18-26, 5 devolatilising centrifuges (US 4,940,472), friction
conpaction (EP O 460 450 A2) or filmevapgrators (DE 1 925 063 Al or EP O
267 025 Al) are used. These processes conventionally have a short residence

time of the m : I e- e anically
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short residence tinmes, elevated tenperatures are, on the ©ne hand,
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The person skilled in the art is aware 25 that el evated tenperatures
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reactions result in unwanted reductions in quality, such as for exanple
di scol oration and/or Tornation of gel particles, particles or specks and
branchedi®tructures or even dissociation into 30 nononers. The mechani cal
energy is ”?&Tﬂ'g@g”;ﬁ%&ﬁ?Lé;gg@ mechanically assisted processes
exhibit the disadvantage that heavy moving parts which move
at high rotational speed and rotational frequencies are
required in the apparatus. This results in costly apparatus
15 or machinery which is susceptible to malfunctioning and
wear. If adequate degassing efficiency is to be achieved,
frequent circulation of the product is necessary. At the
short residence times, elevated temperatures are, on the
one hand, necessary in order to shift the diffusion
20 coefficients and physical equilibria of the volatile
components towards favourable values. On the other hand,
such elevated temperatures are unavoidable because the
frequent circulation of the product results in elevated
input of energy. The person skilled in the art is aware
25 that elevated temperatures strongly promote and accelerate
unwanted reactions in polymers. Such reactions result in
unwanted reductions in quality, such as for example
discoloration and/or formation of gel particles, particles
or specks and branched structures or even dissociation into
30 monomers. The mechanical energy is usually produced from

electrical energy, resulting in higher costs relative to

the use of primary energy. Typical energy inputs of such



el ectrical energy, resulting in higher costs relative to the use of primary
energy. Typical energy inputs of such 4 processes are in the order of 0.05
to 0.2 kWh/ kg of product. "Static" degassing processes, which introduce
nmechani cal 5 energy only via punps, usually gear punps, are furthernore
known to the person skilled in the art. These static processes operate in
such a manner that a polynmer nelt, optionally with additives, is introduced

into a degassin vessel, in ich the vpolatile constituyents eyaporate and
10 are drawtof e?%eﬁagﬁ%uﬁnf%$ﬂ1°€%%ﬁ %fo@e@ée%oo$t%nﬁﬂgogg ﬂ%ltiple
stages. One gxaedpte. of a static process is DE 10 031 766 Al, which

descri bes a two-stage, continuous process for degassing 15 styrene
copolymers, in which, in a first stage, the concentration of polyner is
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multiple stages.

One example of a static process is DE 10 031 766 Al, which
describes a two-stage, continuous process for degassing

15 styrene copolymers, in which, in a first stage, the
concentration of polymer is adjusted to above 99.8 wt.% in
a shell-and-tube heat exchanger with evaporation of
volatile constituents and simultaneous input of energy and,
in a second stage, the final concentration is obtained in a

20 strand evaporator without intermediate superheating.

A strand evaporator operates by forming free-falling
strands of melt in a cabinet, i.e. without supply of
mechanical energy. In the cabinet, the strands are

25 generally exposed to a vacuum at elevated temperatures. The
heights of such apparatus are limited and thus so too is
the residence time during which evaporation can occur.
Another disadvantage of the process resides in the very
large number of holes which are required for a good

30 degassing result in the strand evaporator. The diameters of
the holes are in the lower, single digit millimetre range,
while, at throughput of a few tonnes per hour, the holes

range in number from some thousands to a hundred thousand.



the holes are in the lower, single digit mllinetre range, while, at

t hroughput of a few tonnes per hour, the holes range in nunber from sone

t housands to a hundred thousand. 5 This is di sadvantageous. G ven the |arge
nunber of holes, it is to be feared that specks and swollen solids may give
rise to blockages and disruption to flow gn exit fromthe hole. Finally,
the efficiency of a strand evaporator 5 depends on the stability of the
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| ndustri®0 processing conditions.

Another example of a static process is US 4,699,976, which
describes a two-stage, continuous process for degassing
rubber-containing styrene polymers. This process uses two
15 degassing stages which are equipped with shell-and-tube
heat exchangers. In the first stage, the polymer solution
is concentrated to a residual content of volatile
constituents of between 3% and 15%. In the second stage,
evaporation is then performed to obtain the desired final
20 concentration. During this process, foaming occurs inside
the tubes. This process cannot, however, be used if the
concentration of volatile constituents is so low that the
polymer melt does not foam because the volume of gas which
arises is insufficient.
25
"Neue Mischverfahren mit geringem Energiebedarf fir
Polymerherstellung und -aufbereitung”", Chemische Industrie
(1985) 37 (7), pages 473 to 476, describes a static process
in which, prior to the final stage, an entraining agent is
30 mixed with the polymer before the product is introduced in
the final stage into a degassing vessel. As is familiar to
the person skilled in the art, the entraining agents used

are primarily inert gases, such as for example nitrogen or



(1985) 37 (7), pages 473 to 476, describes a static process in which, prior
to the final stage, an entraining agent is 30 mxed wth the polyner before
the product is introduced in the final stage into a degassing vessel. As is
famliar to the person skilled in the art, the entraining agents used are
primarily inert gases, such as for exanple nitrogen or 6 carbon dioxide or
alternatively also water. In EP 0 027 700 A2, an inert entraining agent
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restricting the temperature of the condensers to above 0°C

in order to prevent freezing and this limits the

performance of the condensing system, which must in turn be

compensated by a larger and more costly wvacuum

15 installation. Water may also react with various polymers,

resulting in degradation of molecular weight and impairment

of properties.

The concentration of residual volatiles is at thermodynamic

20 equilibrium, when, with ideal mass transfer and after an
adequate residence time, the product is at equilibrium with
the gas in the stripping apparatus at the selected
temperature and the selected pressure, i.e. the
concentration undergoes no further change. Changes of a

25 ~chemical nature due to thermal processes, such as
dissociation, decomposition and the like, may severely
restrict this statement and are not taken into account in
the definition. This definition is familiar to the person
skilled in the art. If degassing is to be possible at all

30 in an apparatus, the concentration of residual volatiles in
the product must always be higher than corresponds to the
thermodynamic equilibrium. A degassing apparatus 1is

particularly advantageous if the concentrations of the



25 chem cal nature due to thermal processes, such as dissociation,
deconposition and the like, nay severely restrict this statenent and are
not taken into account in the definition. This definition is famliar to
the person skilled in the art. If degassing is to be possible at all 30 in
an apparatus, the concentration of residual volatiles in the product nust
al ways be hi gher than corresponds to the thernodynamc equilibrium A
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endeavoured to achieve shor residence tines in order to reduce the

product s10 exgioseit®rged from the stage. If, for reasons of degassing
efficiency, it is possible in the individual stage to
reduce the concentration of a volatile component only by,
for example, a factor of 3 relative to the input value, but
the degassing task requires a reduction by a factor of 20

15 relative to the input wvalue, a three-stage installation is

required. Obviously, this is costly, highly complex and
thus to be avoided if at all possible.

Without exception, the stated apparatuses have short

20 residence times. It is endeavoured to achieve short
residence times in order to reduce the products' exposure
to elevated temperatures because, as is familiar to the
person skilled in the art, exposure to elevated
temperatures results in unwanted quality impairment, such

25 as for example discoloration and/or in the formation of
particles or specks due to secondary and decomposition
reactions. The short residence times relate only to those
states in which the product has a large surface area per
unit mass in the stripping apparatus, i.e. not in "sumps"

30 in which the product is collected prior to discharge from
the evaporation apparatus, where the surface area per unit

mass is low.



to el evated tenperatures because, as is famliar to the person skilled in
the art, exposure to elevated tenperatures results in unwanted quality

i mpai rment, such 25 as for exanple discoloration and/or in the formation of
particles or specks due to secondary and deconposition reactions. The short
residence tines relate only to those stages in which the product has a

| arge surface area per unit mass in the stripping apparatus, i.e. not in
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may be perforned efficiently, if possible wthin ence tinmes. In
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prior art f ruesqeugrlﬁﬁty breesng © ioné tphaer teltra CLr#Dld[léf ifatdon of° t%uecsnpraosduct s. These
modi fi catd onsmperature, elevated mechanical energy input for rapid

surface renewal and vacuum. The parameters diffusion and
mass transfer, which are also highly significant, are
product-specific, temperature-dependent physical variables
and can only be influenced within this framework.

15
However, as a consequence of elevated product temperatures,
the processes known from the prior art frequently result in
partial modification of the products. These modifications
may, for example be manifested by discoloration and

20 particle formation due to secondary and decomposition
reactions. The formation of particles or also specks
entails increased filtration efforts. Filtration units for
viscous products are complex and, due to steep pressure
gradients, difficult to operate. Temperatures are often

25 1increased in order to lower the melt viscosities of the
products and so reduce the pressure gradient. However, the
increase in temperature in turn has a disadvantageous

impact on product quality.

30 The object accordingly arose of providing, on the basis of
the prior art, an apparatus and a process which avoids the

disadvantages stated in the prior art and gives rise to



may, for exanple be manifested by discoloration and 20 particle formation
due to secondary and deconposition reactions. The formation of particles or
al so specks entails increased filtration efforts. Filtration units for

Vi scous products are conplex and, due to steep pressure gradients,
difficult to operate. Tenperatures are ofgen 25 increased in order to |ower
the nelt viscosities of the products and so reduce the pressure gradient.
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basis of thewdpraforprarductaregparyat us and a process which avoids the

di sadvantages stated in the prior art and gives rise to 9 good results in

terms of stripping volatile constituents and of product quality. It has now
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perforated annul ar a horizontally arranged c g does
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that it is advantageous and efficient for stripping if the polyner nelt is

exposed to ttHe staligigileyg aemediitiuengs agmparastadice adnd vegupana tfiore ly
ot et ively Sge RS AN A T 3 SRSy ok WP (rom (e
to the viacuummpd rey¥XidnEoft istdd, ppet pAog®it stoduced in this
apparatus exhibit good quality. It has also been found that
it is advantageous and efficient for stripping if the
polymer melt is exposed to the stripping conditions
(temperature and vacuum) for a relatively extended period
15 and the melt is continuously taken up from the bottoms in
the apparatus, so constantly forming new surfaces, and
exposed to the vacuum and remixing of stripped polymer melt
with as yet unstripped polymer melt is avoided. The longer
residence times permit lower temperatures, which are very
20 gentle on the product. It has also been found to be
particularly advantageous that, even at different
throughputs, the movement of the melt may be determined and
controlled externally by the rotational speed of the rotor,
i.e. of the perforated annular disks. In many other
25 apparatuses, the flow profiles and residence times and thus
the preconditions for uniform results change as throughput
varies. In the apparatus according to the invention, a
change in residence time due to a variation in throughput,
which always has an impact on the stripping result, may
30 readily be corrected by adjusting filling level and

rotational speed.



with as yet unstripped polymer nelt is avoided. The |onger residence tines
permt | ower tenperatures, which are very 20 gentle on the product. It has
al so been found to be particularly advantageous that, even at different
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externally by the rotational speed of thgyotor, i.e. of the perforated
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is taken to theatnrimingaarparesuis afcaiifd dw ttreougtvarisel @ppardttidss from

the inlet to _the outl et he pr.oduct running off the dis i s conveyed with
this 11 ow { MRARER SR AP €= oL F%ar ATIH T Fd5 SRS | ow ng

product .1d ndtediGpithe ks tEl tat WHLh hasa dgatdy ddt s ti SJovpebd avar ds
eqUIIIbrIUW%Ean that, as a result of the flow through the apparatus

from the inlet to the outlet, the product running off the
disks is conveyed with this flow towards the outlet and is
not mixed with freshly inflowing product. Instead, the

15 melt, which has already in part moved towards equilibrium,
is picked up again by the disks and degassed again. This
results in the "cascading action", which may also be viewed
as a division of the apparatus into several stages in a
similar manner as in a column or in a series of stirred-

20 tank reactors. Due to the cascading, surface formation
rates are vastly higher than in other stripping
installations. It is furthermore advantageous to introduce
the melts into the stripping apparatus at low delivery
pressures; these pressures are incomparably higher for

25 example in strand evaporator installations due to the very
large number of nozzles and the need to achieve a uniform
distribution among all the nozzles. Another advantage is
the low input of mechanical energy due to low rotational
speeds, which rules out product stress due to elevated

30 temperatures and a severe shear field. Further processing
of the monomer-reduced melts may be performed without
further temperature correction, i.e. under mild conditions,

without the melts having to be cooled for further



i s picked up again by the disks and degassed again. This results in the
"cascadi ng action", which may also be viewed as a division of the apparatus
into several stages in a simlar manner as in a columm or in a series of
stirred 20 tank reactors. Due to the cascading, surface formation rates are
vastly higher than in other stripping installations. It is furthernore
advant ageous to introduce the nelts into the stripping apparatus at | ow
delivery pressures; these pressures are inconparably higher for 25 exanple
in strand evdporator d nstd alncaft?rb%sdeucﬁle 1 ST Vresa/ly I}b]r%g fUMser® Ot Tiozzl es
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Anot her advantage is the | ow input of nechanical energy due to | ow
rotational speeds, which rules out product stress due to el evated 30

t enper at ur esrk?é‘%%esrﬁ}/&f & Eiiaém{é &l gy aH{cﬁ| toda;sgﬁefﬁa%é]grer%wé heofe the

F
nononer -reduced nelts may be perforned w rther tenperatur
correcti dn, dppmramdemakdd iconebddidnss imiddreanall e redhiisetaviig t o be

cooled for further, 11 processi ng operations due to excessively high

Lenper at ur o< £ 2 MRk ATRH 0 TRV rarh 15 GHHRAATHIOPE 10 1] | T3 Lo dtoor s.
The extended dpgsd dange tine and good surface renewal of the 5 apparatus
makes it possible in general to achieve the stripping perfornmance of the

apparatus without raising the tenperature. In particular, this apparatus

does not hayF t he .10 isadwﬁﬁ%$%§%of t.he s atic(ﬁgﬁgrat §§$Cthat only one

single stag i%?ﬁﬁiﬁﬁ e i p%??%ﬁﬁw Sach 1t ﬁHﬁ?n equi librium

Accor di ngl y,diadadwieitd gl o Prace sl 10 PragfifusdNithappiag Wnd siqapabl e of
achieving distinctly | ower _ _
stage 1S possible in order to approach thermodynamic
equilibrium. Accordingly, at identical processing pressure,
this apparatus is capable of achieving distinctly lower
contents of residual volatiles than are static apparatuses.
15 The person skilled in the art would not have expected that
excellent product quality may be obtained under conditions

of extended residence time.

The object was surprisingly achieved by a process for

20 stripping volatile constituents from polymer melts using an
apparatus which, under the action of gravity, constantly
forms free films and has an elevated film formation rate.
This is achieved by a horizontally arranged evaporator
apparatus which comprises a cylindrical housing which

25 accommodates a rotor which is externally driven. The rotor
consists of perforated disks in the form of circular rings
which are connected together. This connection may consist
of a central shaft, of external connecting elements, for
example in the form of straight or angled plates or tubes,

30 or of a hollow shaft (hereinafter also denoted hollow
cylinder), which may be perforated. The embodiment with a

perforated hollow shaft is preferred.



contents of residual volatiles than are static apparatuses. 15 The person
skilifed in the art would not have expected that excellent product quality
may be obtai ned under conditions of extended residence tinme. The object was
surprisingly achieved by a process for 20 stripping volatile constituents
frompolymer nelts using an apparatus which, under the action of gravity,
constantly forms free films and has an elevated filmformation rate. This

is achi eved rat.or r h conpri ses
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rings which are connect ed toa ther. This connectron may consist of a

central shaf% hargctaiieisthiin ety R eratt el b rar aaghil € V3P 3 or m of
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al so denoted hollow cylinder), which may be perfor ated. The enbodi nent with
a perforat egrdwldeowstsfant sstptrfe‘q‘(m rezhew?l The thevemlitontrioei des a process

for strippi n oI at const i tue ts from S, | an evaporator
appar at us, AL 1 Thr AR T oIS RS ER & for at or
appar at us ccam{trrsaels ghLod i ndrical housing in which, to 5 pr ovr de const ant

surface renewal of the nelt to be stripped, are arranged rotating
perforated disks on a central shaft. The perforated disks are circular

rings which re er}flr é'c?‘“ [ aoerf Ka‘,%eld in.su hv\%rr%nnelr that the ratio
of the tota ea o e clircu i A e ar aoccuprede t he webs
bet ween tdhe gimdtea:dJSaﬁ I’m%r%ctﬁe&,lrpl’sﬁcﬂf ablparfdéxmthat the ratlo of

the total area of the circular ring to the area occupied by

the webs between the holes is from 2.2-6.5, preferably from

2.5-5. It is particularly preferred to select the

equivalent hole diameter in accordance with the formula

15
A = x (n2 / ( ng m—5 3‘2))1/3.

The equivalent hole diameter A is here defined as the

diameter of a circle of identical area. The dimensionless
20 numerical factor x may vary between 0.002 and 0.030,

preferably between 0.004 and 0.016. n is the kinematic melt

viscosity in Pa-s.

The holes may assume various geometric shapes. The holes
25 are preferably in the form of equilateral, rotationally
symmetrical polygons which permit constant web widths of

the surrounding metal surface, and rectangles.

It is possible to deviate from these shapes at the inner
30 and outer edges of the annular disks so that the edge may

be made circular. At elevated viscosities, the equivalent

hole diameter is so large that spokes must be provided

between the inner and outer edges, optionally with a



2.5-5. It is particularly preferred to select the equival ent hole dianeter
in accordance with the formula 15 A=x (n2 / ( kg2 m5 S-2))113. The

equi val ent hole dianeter Ais here defined as the dianeter of a circle of
i dentical area. The dinmensionless 20 nunerical factor x may vary between
0.002 and 0.030, preferably between 0.0% and 0.016. n is the kinematic
melt viscosity in Pa-s. The holes may assune various geonetric shapes. The

hol es 25 ar referably in the formof equilateral, rotationall

Synmet i cal BHYE0nE AP b ¥ria TSt WM Vit RO WBrda tiRs S AR ng
metal surfage1andrectangee ddoiss RASSI Rk adavigie fPmihase shapes
at the inner 30 and outer edges of the annul ar disks so that the edge may

be made ci r cuilregr .sesttiginevat ed vi scosities, the equivalent hole dianeter is
so | arge that spokes nust be provided between the inner and outer edges,
optionally wwth a 13 further division by a central ring. The boundaries of

these hd exar elddwsitde sipokias AehrERke ELHIOh ANl 24 rant adhagd ner
sections. 5 For degassing, it is advantjgsgqeous for the size and shape of the
hol es of a pPérs dydtdd ofi sk R T athshidic .tq g sidemiritgrey nofte dstlvant ageous

T g SR, s o Al MRS B dont ool
or webs sur rduendiveg dree dwlapareruadaiiadeusdcaf v tdqussgaml teattengul ar
Cross-sectl%ﬂmpe and size of the holes.
10
All the metal surfaces or webs surrounding the holes are
advantageously of a square or rectangular cross-section.
Selection of the web widths makes it possible optimally to
adapt the ratio of the melt-bearing area as the circular
15 ring disk emerges from the melt relative to the surrounding
hole as a function of melt viscosity and other properties
of the melt. In the case of a circular ring disk, it has
proved favourable to select all the metal surfaces or webs

surrounding the holes to be cross-sectionally constant and

20 identical in size.

The power input into such an apparatus may be very low, of
the order of 0.01 kWh/kg. The increase in temperature to
which the product is exposed in this apparatus is

25 accordingly slight. Since the internal surface of the
apparatus which is available for heat transfer is very
large relative to throughput, it is, however, also possible
to heat or optionally cool the product by means of the wall
temperature.

30
The rotational speed of the rotor is favourably between 0.3
and 10 revolutions per minute, preferably between 0.5 and 5

revolutions per minute, particularly preferably between 0.8



Sel ection of the web widths nmakes it possible optimally to adapt the ratio
of the nelt-bearing area as the circular 15 ring disk energes fromthe nelt
relative to the surrounding hole as a function of nelt viscosity and ot her
properties of the nmelt. In the case of a circular ring disk, it has proved
favourable to select all the nmetal surfaggs or webs surrounding the holes
to be cross-sectionally constant and 20 identical in size. The power i nput

i nt h t y b | f., the ord f. 0.01 kWh/kg. Th
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revolutions per mnute. The filmformation rate is here greater than 5 and
preferably dtledthd R§FHFA0. It is defined as the ratio of the quantity of
that material which 1is drawn up by the rotating disk and runs back down in
the 5 formof a free filmto the total quantity of the throughput of the
reactor. Acdorahmiing tdethavierteromort het hoe s daeic eap papred nestess e s
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10 wvarious forms.

A preferred apparatus for performing the process according
to the invention is described in "Polymerisieren im
Ringscheibenreaktor", Kunststoffe 82 (1992) 1, pages 17-20
15 wunder the name VSR. The rotor here consists of various
wheels which are connected with a central shaft via two

(Figure 2) to four (Figures 3 and 4) spokes.

One particularly preferred apparatus for the stripping

20 according to the invention of volatile constituents from
polymer melts is a horizontally arranged cylindrical vessel
with an agitator, as is described in DE 44 47 422 C2 (Karl
Fischer Industrieanlagen GmbH) column 1, line 63 to column
7, line 39.

25
The external diameter of the rotor is preferably selected
such that it fits into the cylindrical housing (hereinafter
also denoted outer cylinder) of the evaporator apparatus,
the length-to-diameter ratio of the outer cylinder

30 preferably being between 0.6 and 2.5, particularly
preferably between 0.8 and 2.



A preferred apparatus for performng the process according to the invention
is described in "Polynerisieren im Ringschei benreaktor”, Kunststoffe 82
(1992) 1, pages 17-20 15 under the name VSR The rotor here consists of
various wheels which are connected with a central shaft via two (Figure 2)
to four (Figures 3 and 4) spokes. One pargicularly preferred apparatus for
the stripping 20 according to the invention of volatile constituents from

polymer nelts i ri I rr i cal ,vessel
agi tator, ag%is%dgéggtbéﬁg' aﬁ% %f %99%%5%é§1 %&FI% sche(x¥%%h2t r]‘é'anlagen
GrbH) col untinl thlel p&ted toyldelderm sihch |umet3&he2&a"ﬂwrextﬂﬁMd disamedeer of

the rotor is preferably sel ected such that it fits into the cylindrical
housi ng (hefdiSrartded Fiido 2defotléd 35 &t Ay inndée) UpPeth®adfasdr &6

appar at us, atp@)%ra%et h1,Q-odirRIERL £ wln%so bblﬁ% %Uy gocfy'fer&ftfeti%% grngf erably

bei ng between 0.6 and 2.5, particularly ™ preferabl etween 0.8 an . 15 1t
is al so advamtageomsntto cer ragmetrh @anrdtiarl esc darttor itda [wapdur tlhieeowner
cylinder, such that the apaurs formed may be discharged via an enl arged
slot in the &ﬁblelrm g&r QH@ ‘apparatus. This measure brings about a major
reduction in entrai nment of polyner particles into the vapour |ine and
vacuuntlnstallatlon A particul ar advantage of the particularly preferred
enbodi ment ﬂspﬁhéi@%ﬂﬁém@dwaﬂQﬂgﬁ cdngthreuerirdn cand rflor preffereche hol | ow

shaft bear | ng, e perf orated dskencTe Nlowo Al d oY dedad

10 the hollow shaft bearing the perforated disks. The hollow
shaft is provided with orifices or holes, such that the
resultant vapours may flow away unimpeded. The manner in
which the rotor is mounted makes it possible to operate the
reactor with different temperatures in the bottoms zone and

15 1in the vapour zone. The design furthermore makes it
possible to limit the entrainment of relatively high
viscosity melts as the rotor rotates by the incorporation
of stators which project between the disks. Especially in
the case of relatively high viscosity melts, this measure

20 optimises the ratio of melt surface area to melt volume on

the disk.

However, for optimum and thus very particularly preferred
use of the apparatus presented in DE 4 447 422 C2 for

25 stripping polymer melts, it is convenient to make still
further modifications to the designs presented in DE 4 447

422 C2.

If melt viscosities are excessively low, typically below 20
30 Pa-'s, it may thus happen that wetting of the rotating

circular disk is inadequate. It has proved advantageous in

this connection to arrange lifting elements on the outer

periphery of the annular disks in such a manner that, as



resul tant vapours may flow away uni npeded. The manner in which the rotor is
nmount ed nmakes it possible to operate the reactor with different
tenperatures in the bottons zone and 15 in the vapour zone. The design
furthernore makes it possible to limt the entrainment of relatively high
viscosity nelts as the rotor rotates by tjhe incorporation of stators which
proj ect between the disks. Especially in the case of relatively high

Vi scosity I.ts,, thiss measure 20 optim ses the ratio , of nmelt surface area to
nel t vol umsrmto}?ﬁe Jtl‘rf{ebd}%ke?f% CI5Yr OB i T ERE (HE Vet y particularly

preferred usshtofnddigsiapparaddis wigsemed in DE 4 447 422 C2 for 25
stripping polyner nelts, it is convenient to make still further
nodi fications to the designs presented in DE 4 447 422 C2. |If melt

Vi scosities excessivel v, : i gal e 20 30 Pa-s, | y thus
happen t hat m\;\{eetq%l ng g?djtlﬁ!e rrof[)%yqtll‘%%l%icr?léﬁ/a‘?lédéﬁoﬁﬁ% Qoglﬂg%%ar?éeftg? has
proved advantyggemisl i rof tdbsve @4 o), tlol frirangef ld-fdd i wd ements on the
outer periphery of the annular disks in such a manner that, as 16 the

lifting el efBAEHiss AheXGIuah &Y difkk 1Rtatdd i Hrsustar rdhgedial th nelt.
When stri PG 6l ald Uelyo O Hseasidis PUNIPTadTedd S ox i upi Cal 1y Of

above 200 Pa-s, lifting of excessive quantities of pro y the rotating
circular di skismyptiraswf fiinlmunivamad @ondi tnedrisyd sfioeh @mse faort axangdl ies
di sruption of filmformation. A nethod for preventing thi enonenon,
which is i mptUvERS N iWE b I WREpVep F ALY it 1 ¢ o‘{/ﬂ; Lo ont al

doctor begs N dNe 3Rt hdtidd¥al doctor bars on the stators at the
bottoms filling level. Any coalescence of melt behind this
bar in the direction of rotation of the rotor is thus
avoided. These bars may be mounted directly on the housing
or be supported by optional additional bars which are

15 likewise fastened to the evaporator wall. The doctor bars

and/or supporting bars may here be designed, as described
in DE 44 47 422 C2, in such a manner as to promote material
conveyance. This is particularly significant and
advantageous to assist conveyance of the melt to the

20 evaporator outlet.

It may be advantageous to heat the vapour or gas zone
differently from the underlying melt or bottoms zone of the
cylindrical evaporator. It is accordingly advantageous to
25 heat the upper gas zone to a lower level, i.e. to
temperatures which are 5 to 20°C lower, than the melt zone
therebelow. Any polymer films on the walls in the gas zone
of the evaporator have a long residence time and suffer
less damage due to lower temperatures. This measure ensures
30 longer evaporator service periods, reduced formation of
specks due to cracked products and better colours of the

final products.



bottons filling |l evel. Any coal escence of nelt behind this bar in the
direction of rotation of the rotor is thus avoided. These bars nay be
nmounted directly on the housing or be supported by optional additional bars
which are 15 |i kewi se fastened to the evaporator wall. The doctor bars

and/ or supporting bars may here be designed, as described in DE 44 47 422
C2, in such a manner as to pronote material conveyance. This is

particul arly..significant and advantagequs to assist conveyance of the nelt
P he b eiiien A At B EE M S S HE O Sy o
gas zone difderentierdiompdhgdrgerindna reldudyt ol 10msy zesse derdthen
cylindrical evaporator. It is accordingly advantageous to 25 heat the upper

gas zone to ¥9 dhaTME étakilkity of tieiparciniess Mhikth RERCS 388 20C | over,
than the meli,#ans herehel o, AV DAYMRL 4B L6 dald s.dftdine oas
enc sufter

zone of the evaporator have a long resi e tinme an ess damage
due to | dweroff enpertaittureasc s o oareastingg s Bres s3rd gy &yapied or servi ce
peri ods, reduced formation of specks due to cracked products and better

col ours of tARFYSShdl - br Attt I i RaRIegdsd o Hridt d82 k étfifbr at ur es
must be sel Qq{@%véﬁ%@iﬁésef&ﬁc&%%@ SmolMY & & Sulstand Il dye dependent

on the thermal stability of the polyner to be processed. Another vital
factor is almeidcmidesileda el Wualnworg entd P aoft iconist ket st ¢makbbley

o 10 nbar 4L ATe ZUerahe T BTG 11 mes anount Lo 10 1o 240 m nut o5,
preferabley 15 to 180 m nutes and particularly preferably
If the temperatures of the polymer melts introduced into
the evaporator apparatus are appreciably, i.e. of the order
of 20 to 50°C, below the desired operating temperatures,
which conventionally amount to 200 to 350 K, of the
15 evaporator apparatus, it may be advantageous to heat the
melt before introduction with heat exchangers suitable for
polymer melts. In this manner, it is possible to reduce the
temperature differences between the heating medium and the
product in the evaporator in order to avoid product damage

20 on the walls.

The product is preferably introduced into the evaporator
via a valve with automatic pressure control in such a
manner that direct depressurisation into the product space
25 occurs at the input end of the evaporator. Due to the
elevated thermal potential of the immediate surroundings,
cooling effects are avoided, which may be disadvantageous
with regard to particle contents, for example of a
crystalline nature. To this end, the product inlet valve is

30 for example arranged in the end face of the reactor.

It is advantageous to offset the vapour outlets arranged on

the top of the evaporator by 15° to 60° relative to the



between 20 and 60 m nutes. 10 If the tenperatures of the polymer nelts
introduced into the evaporator apparatus are appreciably, i.e. of the order
of 20 to 50C, below the desired operating tenperatures, which
conventionally anount to 200 to 350 K, of the 15 evaporator apparatus, it
may be advantageous to heat the nelt befgre introduction with heat
exchangers suitable for polyner nelts. I'n this manner, it is possible to
reduce the tenperature differences between the heating ium and t he
product in t%eerrge)% FHYT h e T ES P r%%ﬁl%ﬁﬁgg&%or%??hel%l |'s.
The product ddqy eferaddycd ntd vducer ishf o the evaporator via a valve with
automatic pressure control in such a manner that direct depressurisation
into the product space 25 occurs at the input end of the evaporator. Due to

the elevat ! : tdal by [ ' Oﬂﬂg'! cool i ng
effects ar e%gjv%ﬁgéwtv%%%hnéa@ %]ggv élegsdv%aﬂrfeg}ga ooﬁrsas&jc\gm thr e%%?%s to particle
contents,5 f arongxanpilrey of rorrysitedlineamatngesd, Toytitidr arull, Hdes ipduct
inlet valve is 30 for exanple arranged in the end face of the reactor. It
i s advant agediLht CIL LD VEPHAT RRTTQL LT dhgeth ol 1¢he%%p of the

evaporat or by 1 4y & ra{al@éﬂd’é’ﬁf osﬁm,l%fgeu@{b@ﬁﬂxér%ﬁné{& digegyion of

rotation of the rotor, in order to reduce nelt ref e I nvention al so

provi des an dvapor atyorirejapiaralt usows icogrpre isiqigoet weoeni Zbm addldy arf anged,
cylindrical housing, a rotor conprising circular perforated di sks which are
arranged on a central shaft, the length-to-dianeter ratio

10 Any conventional materials which do not cause direct damage
to the product may be used for the production and
manufacture of the evaporator apparatus used according to
the invention. Particularly suitable materials for the
treatment of polycarbonates are non-rusting steels of type

15 CrNi(Mo) 18/10, such as for example 1.4571 or 1.4541 (steel
classification 2001, publisher: Stahlschliissel Wegst GmbH,
Th-Heuss-Straflle 36, D-71672 Marbach) and Ni-based alloys of
type C, such as for example 2.4605 or 2.4610 (steel
classification 2001, publisher: Stahlschlissel Wegst GmbH,

20 Th-Heuss-StraBe 36, D-71672 Marbach). The non-rusting
steels are used at process temperatures of up to approx.
290°C and the Ni-based alloys at process temperatures of
above approx. 290°C. When treating styrene polymers and
styrene copolymers, for example comprising acrylonitrile, a

25 stainless steel typical for chemical applications, for
example 1.4571 to DIN or 316 SS to ASME, is advantageous
for product quality.

The apparatus used in the process according to the

30 invention is shown schematically in Figure 1 and described
below: the polymer melt is introduced via the product inlet
1 of the housing 10 by means of a pipe with control valve

into the end face of the evaporator. The product outlet 2



of the cylindrical housing being between 0.6 and 2.5. 10 Any conventi onal
mat eri als which do not cause direct damage to the product may be used for
the production and nmanufacture of the evaporator apparatus used according
to the invention. Particularly suitable materials for the treatnent of

pol ycarbonates are non-rusting steels of ;gype 15 G N (M) 18/10, such as for
exanpl e 1.4571 or 1.4541 (steel classification 2001, publisher:

St ahl schl ussel gst H, _Th-Heuss-Strafe 36, D 71672 Marbach) and
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cl assifi cat icppod@@d, epublricshele prlcftlcschnussel WgsheGiblkdersA@e of the
Th- Heuss- StraBe 36, D 71672 Nhrba%g%. The non-rusting steels are used at

process tenperaitged OoPfufheo caggnei icaloecapndativs -NThsase@ratadypsl at
brocess t empenatynes (o 3Raue Annnax 4, 290C Athen iy 63l NG gyreng. Bel ymers
and styrene copolyners, for exanple conprising acrylonitrile, a 25

stai nl es$ stdel toypivdal ther velpeuirc@orappl.i Cakl ersorf o thexarpladinll4s71 to
DIN or 316 SS to ASME, is advantageous for product quality. The apparatus

used in the 9PréCess TREESEE 1§ SEE Fhé S3ESitVENESA HHENS HAWR Sttt dal Iy in
Figure 1 angrdeserihad dhghaws ta*%ge E:Q)lrﬁﬁ%%rt e'ae:cttog'e%ih'e'}t QdUCed ot he

product inlet 1 of the housing y neans o pi pe with control valve
i nto the endhiadcte %f Thiee séwdparsattorf.astleaepr aducheounitetrn211%adfl Bhefmelt is
e o ite end to th inlet 1

effected by ans .of a.gear .punp at .th ppo pr oduyct
on the underBEdeVaR e ato G "Ho 10F SEHEE, i PCaaed K5dtaidr PPhe
evapor atigd ayehatbird @iGRRSH LWeNt S take dhdwd ofifscbisamithe @raremator at 5 the
top via the vapour port 3. The rotor with the annul ar

bridging between the annular disks 5. The level of the

bottoms is adjusted with an overflow weir, which may be a

metal sheet 7, for example a metal sheet without or also

with openings. In the embodiment shown in Figure 1, the

15 central shaft is arranged centrally in the outer cylinder,

i.e. the evaporator housing.

The necessary vacuum is preferably generated using jet or
vapour pumps which are ideally operated with substances

20 inherent to the system and process. It is, however, also
possible to use the generally conventional liquid ring
pumps in combination with Roots vacuum pumps to generate
the vacuum. It is advantageous to operate the liquid ring
pumps with a substance from the process.

25
The process according to the invention for the removal of
volatile components from polymer melts, is in particular
suitable for melts of engineering thermoplastics such as
polycarbonate, polyester, polyester carbonates, polyamides,

30 polymethyl methacrylate, and blends of these polymers,
particularly preferably polycarbonate, polyester, polyester
carbonates, and blends of these polymers, very particularly

preferably polycarbonate.



di sks 5 nounted thereon is set in rotation with a shaft 4. The annul ar

di sks 5 are connected together via a hollow shaft 9. The stators 6 fastened
to the internal wall 8 of the cylindrical housing 10 spread the pol yner
melt on the 10 annul ar disks 5 and, at el evated viscosities, prevent
bridgi ng between the annul ar disks 5. Thgylevel of the bottons is adjusted
with an overflow weir, which may be a netal sheet 7, for exanple a netal
sheet without or also wth openings. In the enbodi nrent shown in Figure 1,
the 15 central shaft is arranged centrally in the outer cylinder, 1i.e. the
evaporat or ITousiprdcekRe aReersS Y tWatheMinyepitelbar akly reanenaifd Upang | et

or vapour punps which are ideally operated with substances 20 inherent to
the system &§¢%prdc@Focesseiss foowdeerr oguss 1oposdi piod g isse itthe general |y
conventional,liqui.d i |%q e%%QB%éﬂl onhig &Obgggglcg Rog %f sLacuum punps to
generate the vacuum i°s "advant ageous erate the |qU|d ring punps
with a s&bsp@nqea&b@mathe pmﬂqesserzsth@eam@@e$anW@wmﬂmgu;pdlydmide@vent|on
for the renoval vol atil e conponents frompolynmer nelts, is in partlcular
sui tabl e foP9 F“te§hé’fl BRGDAREEHILAG S hECHYSIEASENEs SRR LySensolofc STEACe,

pol yester, polyegst ?rll%am%%% swa'hy%@ %%%fyl%%m'ﬁ@etabw/o@em% ¥l ate, and

bl ends of these polyners particularly preferab pol ycar bonat e, polyester
pol yest er u@mb@nawésteandnul@d@@d@foﬁh&@espopp&@msxsvepwqﬂaduhmﬂkwIy
preferably gcar% nate %chesi according.to the inv ntlgp may for
exanpl e be §r88&§§@§ he POr-d&5&eiton PO Y5Shrterg rooRate

10 and copolymers of styrene and acrylonitrile, and blends of

these polymers, very particularly preferably polycarbonate.

The polymer melts to be stripped using the process
according to the invention may originate from various

15 processes such as two-phase interfacial condensation
reactions, melt transesterification reactions, solid phase
condensation reactions, emulsion polymerisation reactions,
bulk polymerisation reactions and the like or be produced
by melting existing polymeric material. Such processes are

20 sufficiently well known from the prior art. There are no
limitations or restrictions with regard to the manner of
polymer production, the installation used or the production

process which is performed.

25 The polymer melts to be stripped may be combined with
inhibitors before being stripped according to the
invention. Inhibitors are taken to mean any compounds which
have a decisive inhibitory effect on chemical reaction
kinetics, such that quality-impairing modification of the

30 polymer is avoided. Addition thereof is, for example,
necessary after the production of polymers which still

contain monomers and reaction products after completion of



particul ar of engineering thernoplastics such as 5 pol ycarbonate, polyester,
pol yester carbonates, polyam des, polynethyl nethacrylate, polystyrene,
copolynmers of styrene and acrylic nononers such as acrylonitrile and/or

net hyl nethacrylate, and bl ends of these polyners, particularly preferably
pol ycarbonate, polyester, polyester carbgnates 10 and copol yners of styrene
and acrylonitrile, and blends of these polyners, very particularly

preferably | ycarbanat e.. The pol yrer |ts .to be stripped i ng the process
accor di ng tgcq}%er%anc\olcelﬁ%r} of' My or i gi nraetrggu(?er o%%a%%d?@% Bt GM'C%V%ses such as

t wo- phase i nididadial wondensanmundLast insmdElgrddadsast eri fication
reactions, solid phase condensation reactions, enulsion polynerisation
reactions, bulk polynerisation reactions and the |like or be produced by
mel ting exi ;N P UIRIIS fBLETE Al .o SURt: I RERSSEH AN 120 Sdciently well
known fromthe prior art. There are no Imtations or restrictions with
regard td t hperavhrmest of theoltymeers getodichiiaat i drhenarsisd |aate caciused or t he
producti on q?Process whi ch i s rformed. 25 The polyner nelts to be stripped
may be conbi SR IUEH S isd’rﬁ*bi%%ﬁsevﬁe? e MRS <& A UGy o the

i nvention. Igthidid Qs @ e miakelkd & JBan SN HONRAWdH Wi £hhe haye a decisive
inhibitory effect” on chem cal reaction Kkinetics, such that

qual i ty-i npan€datemodidn cat irefsfraty 3Egoltheer 3.s Hwiadsd osddiarients

thereof is, for_ .exanple ecessary aft he product.i on, of .pol ynmers which
still cont&l’n 1o noe%resfsant Y'eac i%rne pardg(%eu(%t? atter* ctoorrpqeeaﬁtglnv%tfe f’sihﬁ he

reactiond n ryaderi dro miediioes t he, CONtRMIS oftd ey i) eaid areardiight twwompounds
by thernal processes. )
complete standstill.

Examples of suitable acid components are: orthophosphoric
acid, phosphorous acid, pyrophosphoric acid, hypophosphoric

15 acid, polyphosphoric acids, benzenephosphonic acid, sodium
dihydrogenphosphate, boric acid, arylboronic acids,
hydrochloric acid (hydrogen chloride), sulfuric acid,
ascorbic acid, oxalic acid, benzoic acid, salicylic acid,
formic acid, acetic acid, adipic acid, citric acid,

20 benzenesulfonic acid, toluenesulfonic acid,
dodecylbenzenesulfonic acid and any other phenyl-
substituted benzenesulfonic acids, nitric acid,
terephthalic acid, isophthalic acid, stearic acid and other
fatty acids, acid chlorides such as phenyl chloroformate,

25 stearic acid chloride, acetoxy-BP-A, benzoyl chloride and
esters, semi-esters and bridged esters of the above-stated
acids such as for example toluenesulfonic acid esters,
phosphoric acid esters, phosphorous acid esters, phosphonic
acid esters, dimethyl sulfate, boric acid esters,

30 arylboronic acid esters and other components which generate
acid on exposure to water such as tri-iso-octylphosphine,

Ultranox 640 and BDP (bisphenol diphosphate oligomer).



Suitabl e inhibitors for polycarbonate which has been 5 produced by the
transesterification process are acid conponents such as Lewi s or Bronsted
acids or esters of strong acids. The pKa val ue of the acid should be no
greater than 5, preferably | ess than 3. The acid conponents or the esters
t hereof are added in order to deactivateshe 10 reaction m xture, i.e.
ideally to bring the reaction to a conplete standstill. Exanples of

sui t abl e aci C ous acid,
pyr ophosphor(i%c iam 8 hypo%ospﬁoé{égp%&ycp ané %es%{%rsrlpégp%mrc%
benzenephosmmﬁdpk&m;duoﬂadlaﬂﬁld,dlmwkrmgmmrmsgmai e,pPaspiofshski@ryl boroni c

acids, hydroch or| c acid (ha%ﬁdr ogen, chloride), sulfuric acid, ascorbic
acid, oxalic o as%ﬂq'cﬁq]cyp&}ﬁ%’ ORifF rAGLd%i d, acetic acid,

adi pi ¢ aci dbéﬂzterr{ r@&g&,or?fb benzenesdd 901 £ e fbsu@%};@éﬂé oni g Aei d,

dodecylbenzenesulfonlc acid and any ot her phenyl stituted
benzenesut f aiicd acimslbadaric amldj, betrea'@phtahald,c sliidylsoptihdl i ¢ acid,

stearic aci qoand ot h fatt aci d or| des such as phenyl
et e i

chl or of or mat's, benzoyl chloride and
esters, Semdcﬁfé@lﬂoeﬂﬂﬁer’@étﬂﬂﬁ%ﬁtﬁﬁ ca‘nd %ﬁb&ﬁkﬁéﬁt;ﬁ{@(@/lﬁm ds such as

for exarrpl e toluenesul fonic acid esters, phosphoric acid esters,

phosphor ous st idstteads b%}?ﬁmﬁ%ﬂﬁpn%lﬁwler@l%mmdwlﬁmfe asoric
acid esters, ;30 ry&ﬁc{ro(pﬂor e e ee(,ir];slcanaldC 0f he h r S ot (r)ﬂr;eancte'[s}ic\f/vh|%<:g1P ener at e

acid on exp&)sue er suc ri-150-0C yI p os nox 640 and
BDP ( bi Smemﬁnzhﬂhoﬂﬂl’tadleié)lamrﬁﬁt)ers?,Z @r@&iﬂ’tﬂtﬁr%rﬁdl vEydgsefegtodty be
consi dered here are .

of the above-stated acids such as for example

toluenesulfonic acid esters, phosphoric acid esters,

phosphorous acid esters, phosphonic acid esters, boric acid

esters, arylboronic acid esters and other components which

15 generate acid on exposure to water such as tri-iso-

octylphosphine, Ultranox 640 and BDP.

Compounds which may particularly preferably be considered
are orthophosphoric acid, pyrophosphoric acid,

20 polyphosphoric acids, benzenephosphonic acid, benzoic acid,
benzenesulfonic acid, toluenesulfonic acid,
dodecylbenzenesulfonic acid and any other phenyl-
substituted benzenesulfonic acids and esters, semi-esters
and bridged esters of the above-stated acids such as for

25 example toluenesulfonic acid esters, phosphoric acid
esters, phosphorous acid esters, phosphonic acid esters and
other components which generate acid on exposure to water

such as tri-iso-octylphosphine, Ultranox 640 and BDP.

30 Compounds which may very particularly preferably be used
are orthophosphoric acid, pyrophosphoric acid,
benzenesulfonic acid, toluenesulfonic acid,

dodecylbenzenesulfonic acid and any other phenyl-



ort hophosphori c acid, phosphorous acid, pyrophosphoric acid, hypophosphoric
aci d, pol yphosphoric acids, benzenephosphonic acid, sodium

di hydr ogenphosphate, boric 5 acid, arylboronic acid, benzoic acid,
salicylic acid, benzenesulfonic acid, toluenesulfonic acid,

dodecyl benzenesul foni ¢ acid and any ot her, phenyl - substituted
benzenesul foni c acids, acid chlorides suéh as phenyl chloroformate, stearic
acid chloride, acetoxy-BP-A, 10 henzoyl chloride and esters, sem -esters and

bri dged est SHPS G UHFE RFHAENASREPE SIS RPES SIGre Tearfsi —esters
tol uenesul f QI 3Gl S &ter PRASRIY b AL LS Sroi SNQIRAOTQUS ACT d

esters, phosphonic acid esters, boric aci esters, arylboronic acid esters
and ot her cexaopért $odliegte sl fgerier atod daeisdt ears exylo pivos dthe niat ercisuch as
tri-iso- octyl phosphine, Utranox 640 and BDP. Conpounds whi ch may
particul arl ¥55F&Perabl y be considered are orthophosphoric acid,
pyrophospghoric acid, 20 pol yphosphoric acids, benzenephosphonic acid,
benzoi c acid, benzenesulfonic acid, toluenesul fonic acid,

dodecy! benz &hes @lcfighiicc casipg nand sama Yotige @ ppleantyilonesuist istadtied liquid

benzenesul foni ¢c_aci ds d_esters, sem-esters..an ri dged esters of the
above- st at ed "add éeoglusc?lf%gén ‘for p&)?ar?ﬁlree S]Iel}é]r?esu:%fhgni%glé‘?‘lcd esters,

phosphoric aenborestteris, PMSPhRiGUS dondeseis.] yhesphguratae dest ers and
ot her conponents which generate acid on exposure to water such as
tri-iso-oct HIShEIPRUSE, SUHERENGX BUNNEFE BOROMSY SCafSourfds \iHide Lay Beer y

o) T | PSR Y S B O aohahone s oo
aci d and anygeatihred fHerayll molecular weight has been achieved in order

to begin evaporating the residual monomers immediately

thereafter. In a particularly preferred method,

incorporation of additives to improve individual product

15 properties is performed downstream from apportionment of

the acid and stripping and not together with the stripping

step because additives are often used which are volatile

under a vacuum, which is essential to stripping, and the

necessary concentrations in the polymer are then difficult

20 to establish.

The acidic components are preferably added in liquid form.
Since the quantities to be apportioned are very small,
solutions of the acidic components are preferably used.

25
Suitable solvents are those which do not disrupt the

process, are chemically inert and evaporate rapidly.

Properties of the resultant polymers may be modified with
30 conventional additives and additional substances (e.qg.

auxiliaries and reinforcing materials). The purpose of

adding additives and added substances is to extend service

life (for example hydrolysis or degradation stabilisers),



'23 substi tuted benzenesul fonic acids and esters, sem -esters

and bridged

esters of the above-stated acids such as for exanple toluenesulfonic acid

esters and phosphoric acid esters. 5 The acidic conponents

may be

apportioned in solid, liquid or gaseous form In a preferred nmethod, the

acidic conponent is continuously hoane?gously i ncor por at ed
product stream from whi ch nononers are, fo

into the

r exanple, to 10 be renoved in the

production process directly once .the desired final nolecul a i ght has
been achiev@@ FWR&Q&%‘Cq%gﬁb %ﬁb_ é?éﬁ%HQQﬁ%?ﬁg%#ﬁ@% %W*éﬁgrs _
i medi at el y sttranaafdren., o & gt Gulaidde sprigfer e maddigie ndiaey poration

of additives to inprove individual product 15 properties is

per f or med

downst r eam fiediRa@SpGaEndrmerftl aof aukid igdii@sand tot diMpgione &ed Hete t oget her

wth the st réh%@aqm% 38R Ctéec(af%sr_e e%%[q{?tli ves i arg a%fiécl:ﬁ% gfeﬁﬁ% )wh

under a vacuum Ich 1S essentia stripping, He

'é§1fH“%SQ¥ atile
cessary

concent r & i dlsnen reha rpeinaer tar d ifflerndiel fMicwlall a2Pdaaresdablficsh. The

acidic conmponents are preferably added in liquid form Sinc

to be appor (¥6fed CarP& HerF SPidrantsol REMBIRE TSN e tariddiar tc ARFomEaH
preferably C%-er?ﬁe%“'tto?‘l%l R S eS AR o W(l?ng)iagi{%;/%lgq%i%‘}ts d'ﬁrnfléQ?ht he

process, ar emcally inért and evaporate ra ropert

e the quantities
ts are

i'es o e

resul tant paliyietest mayere lspdiffilbedus titate30 adenv eritliicralf laddi,t igdes sand

itional n . d. iliari nd rei nfaqrcin
Sggpz)sg gf Sfullgnsfrteas %%% (c%r%ona%breas) .e$I‘haes% m%y a lC beg crg?ntbe

fﬂéﬂ %%. The

10 will in order to establish and obtain the desired

properties. Such added substances and additives are

described, for example, in "Plastics Additives",

R. Gachter

and H. Muller, Hanser Publishers 1983, in Additives for

Plastics Handbook, John Murphy, Elsevier, Oxford
15 Plastics Additives Handbook Hans Zweifel, Hanser,

2001.

1999 or in

Munich

These additives and added substances may be added to the

polymer melt individually or in any desired mixtures or in

20 two or more different mixtures and in particular

directly

on isolation of the polymer or alternatively after melting

pelletised material in a "compounding" step.

The additives and added substances or mixtures thereof may

25 here be added to the polymer melt as a solid, i.e. as a

powder, or as a melt and also in the form of solutions in

suitable solvents. Another apportionment method is to use

masterbatches or mixtures of masterbatches of the additives

or mixtures of additives.

30

These substances are preferably added to the finished

polymer using known apportioning units, but, if required,

they may also be added at another stage of the polymer



addi ng additives and added substances is to extend service life (for
exanpl e hydrolysis or degradation stabilisers), 24 to inprove col our
stability (for exanple heat and UV stabilisers), to sinplify processing
(for exanple mould release agents, flow auxiliaries), to inprove service
characteristics (for exanple antistatic agents), to inprove 5 flane
retardancy, to influence visual appearance (for exanple organic col orants,
pi gnent s) o f t act

o 1 er 8, el e, AR PRAH B LR e S RRAERg B2 ) s
fibres and cammmtfusbr]e&)wn Thes et niey @l dpdees ,c ek aitor le&ampble iscogvder to
establish and qQbtain the deS|red roperties. Such added substances and
addi ti ves ar¥c iYed tF0rC é%ﬁﬁﬁi', in "Plastics Additives", R Gachter
and H Miller, Hanser Publishers 1983, in Additives for Plastics Handbook,
John Murphy, Elsevier, Oxford 1999 or in 15 Plastics Additives Handbook Hans
Zwei fel, Hanser, Miunich 2001. These additives and added substances may be
added to the polymer nmelt individually or in any desired m xtures or in 20
two or nore different m xtures and in particular directly on isolation of
the polyner or alternatively after nelting pelletised mterial in a
"conmpoundi ng" step. The additives and added substances or m xtures thereof
may 25 here be added to the polyner nelt as a solid, i.e. as a powder, or
as a nelt and also in the formof solutions in suitable solvents. Another
apportionment nethod is to use masterbatches or m xtures of masterbatches
of the additives or mxtures of additives.



30 These substances are preferably added to the finished polyner using
known apportioning units, but, if required, they may al so be added at

anot her stage of the polyner 25 production process. Mxing with the polyner
proceeds in apparatus known for this purpose, such as for exanple screw
machi nes or static mxers. 5 26 Exanples,feterm nation of stated analytical
characteristics: 5 Rel. viscosity: Relative viscosity is determned as the
guot i ent of viscosity of the solvent and the viscosity of the pol yner
di ssol ved i%égﬁg%Egilvent. It is measured in 10 dichl oronethane at 25C at a
concentration of 5 g/l of solution. Residual nononer content: 15 Residual
nononer content is determ ned by dissolving the sanple in dichloronethane
and then pr RSFRFBIFG IR W tH- 2 ERBtBIRe) Wetdrnstha el et b eci pi t at ed

pol ynmer has been separated, the filtrate is evaporated. The residual
nononers are quantified by reverse-phase chromatography in 20 a 0.04%
phosphorix &xld/ acietandittryd e nobil e solvent gradient. Detection is by W
means. Yl: 25 The Yl value is determned to ASTME 313 on injection noul ded
sanples 4 mmin thickness. The injection noulding tenperature is 300C

Relative viscosity is determined as the quotient of the

viscosity of the solvent and the viscosity of the polymer
dissolved in this solvent. It is measured in
10 dichloromethane at 25°C at a concentration of 5 g/l of

solution.

Residual monomer content:

15 Residual monomer content is determined by dissolving the
sample in dichloromethane and then precipitating it with
acetone/methanol. Once the precipitated polymer has been
separated, the filtrate is evaporated. The residual
monomers are quantified by reverse-phase chromatography in

20 a 0.04% phosphoric acid/acetonitrile mobile solvent

gradient. Detection is by UV means.

25 The YI value is determined to ASTM E 313 on injection
moulded samples 4 mm in thickness. The injection moulding

temperature is 300°C.

The same polycarbonate, produced by the transesterification
30 process, is used for all the Examples. The data are stated

in Table 1. In order to be able to achieve and compare the

stripping effect, the polycarbonate pellets are sprayed

prior to use with such a quantity of 1% phosphoric acid and



s

The sane pol ycarbonate, produced by the transesterification 30 process, is
used for all the Exanples. The data are stated in Table 1. In order to be

able to achieve and conpare the stripping effect, the polycarbonate pellets
are sprayed prior to use with such a quantity of 1% phosphoric acid and 27
honogeni sed at roomtenperature in a tunblye dryer that the concentration of
100% phosphoric acid relative to the polycarbonate is 5 ppm 5 Likewi se in

all the Exa t; t at. 29 t, a e 0 hin a
mel ting ext L@@?&D@%SO%S%O%W aptgh(rjﬁleon:L r (rzce%rnﬁ)&}ePforgl}edrerquhrE)5t itrl%%{)r der
to be i ntreducethtiatectd o ft HEYEafdrersghind d e isi Mgipithigre appartat us. 10
Exanple 1: The nelt produced in the nelting extruder was supplied to a

devi ce accoﬁ&ﬁﬁ&mt PRtE 4467 APP®2 with a rotor diameter 15 of 620 mm and a
ratio of rotor dianeter-to-length of 0.8, which was operated at a
rotational speed of 1.3 revolutions per mnute at 290C and 1 nbar absol ute.
The filling Uicwealisends adjlusthed Esteotp tdmat tdre aedrlages messicdercledd ret of 20

m nut es was tcal ned.. The el dj,scharged wi.th a gear. 20 pu Vi

nozzl e, sha 8,‘%0i%ntagC By i%st eeso,ft c5\(l)§(§lskeacfhanld1 abé[}qlettjinsgecfxgcﬁlrbd?fat gnog%t]aiz%é{il are
shown in Taldoe Mb, Copeariddn W el @ flie il AT )EXT R ttbdisi ng an
apparatus according to DE 4 447 422 C2 with a rotor diameter of 620 nm and
rotor di anetiéytradsiqeshgtir 9dtlivo tdrerpafiier rigttay itdveals tepeddinPr essure and

t enper aturea\ﬁ)raefa%g_n Exanpl e 1, but the average residence

10
Example 1:

The melt produced in the melting extruder was supplied to a

device according to DE 4 447 422 C2 with a rotor diameter
15 of 620 mm and a ratio of rotor diameter-to-length of 0.8,

which was operated at a rotational speed of 1.3 revolutions

per minute at 290°C and 1 mbar absolute. The filling level

was adjusted such that an average residence time of 20

minutes was obtained. The melt was discharged with a gear
20 pump via a nozzle, shaped into bristles, cooled and

pelletised. The data obtained are shown in Table 1.

Comparative Example 1:

25 As Example 1, but using an apparatus according to DE 4 447
422 C2 with a rotor diameter of 620 mm and rotor diameter-
to-length ratio of 3. The rotational speed, pressure and
temperature were as in Example 1, but the average residence
time was 90 minutes.

30



time was 90 mnutes. 30 28 Conparative Exanple 2: The nelt produced in the
melting extruder was conveyed into a nodel ZSK 40 degassi ng screw machi ne
fromWerner & 5 Pfleiderer with a screw dianeter of 40 mmand a rati o of
external to root dianmeter of the screws of 1.55. The degassing screw
machi ne, which was operated at a wall tegperature of 300C, had two
degassing zones. The first degassing zone was operated at atnospheric
pressure. 0 2;&610 bx Mass | of nitrogen, relative to the quantity of nelt,
was apportrgﬁgé—ggﬁeﬁe—éﬁeEégegﬁd degassi ng zone. The pressure in the
second degassi ng zone was 2 nbar absolute. The nelt was discharged via a
nozzl e, shaped into a plurality of strands, cooled and pelletised. The data
obt ai ned arg hgnpeht PEORHCEELiE thecherpaiagi ¢EtERARE| ¥as: cPRFerert ipteduced
in the neltin r r,hS n n a r. which was
heated to Zgogpeé agg ép gB égégﬁpo%gfgﬁbégcg é%lg{e% $% %%glé was here
subdi vi déd PEmEmdsteandstbyaneamswoﬂlamspemnefeﬂOpmatawm ahrkb@oberfes, each
of a dianmeter of 3 t he strands freg falling for 3 m.in the cabinet. The
[

nel t coales8éaeSHaﬁhEob5§8taH&aW§§e§5 §Bﬁa?6é8wﬁn9ﬁ &-gear Thénp via a
nozzl e, ShaB@%ab@EﬁgascEEHrﬁBbBXn@f %BE@Hd§asC8?E?gt@Bd Qe||%5ﬁ§6d The data

obt ai ned are sShown i'n Tab .29 Tabl'e 1: "Rel at i veDPCBPAPheno
temperature of 300 C, had two degassing zones. The first
degassing zone was operated at atmospheric pressure. 0.25%
10 by mass of nitrogen, relative to the quantity of melt, was
apportioned before the second degassing zone. The pressure
in the second degassing zone was 2 mbar absolute. The melt
was discharged via a nozzle, shaped into a plurality of

strands, cooled and pelletised. The data obtained are shown

15 in Table 1.

Comparative Example 3:

The melt produced in the melting extruder is passed into a
20 strand evaporator, which was heated to 290°C and was at a
vacuum of 1 mbar absolute. The melt was here subdivided
into strands by means of a spinneret plate with 150 bores,
each of a diameter of 3 mm, the strands free-falling for 3
m in the cabinet. The melt coalesced on the base and was
25 discharged with a gear pump via a nozzle, shaped into a
plurality of strands, cooled and pelletised. The data

obtained are shown in Table 1.



YI viscosity[ppm [ppm [ppn] Initial 1.20452011761.9 product Exanple

11. 208505492. 3 Conparative 1.211456553.4 Exanple 1 Conparative

1. 2051758672. 5 Exanpl e 2 Conparative 1.2052208702.4 Exanple 3 30 d ains: 1.
A process for stripping volatile constituents from polynmer nelts in an
evapor ator apparatus, 5 characterised injyghat the horizontally arranged
evapor at or apparatus conprises a cylindrical housing (10) in which, to
provi de conﬁ%%ﬁ% surface renewal of the nelt to be stripped, are arranged
rotating perforated disks (5) on an externally driven central 10 shaft (4).
2. A process according to claim1l1, characterised in that the

Iength-to-d}aneLeL_LaLLg_gL_Lhe housing (1 of the cylindrical evaporator
apparatus i $ between 0.6 [FBlandve. BFC3. A BPAcess BB@BPéiﬁglto cllaim1 or
2, characterised in viscosity|[ppm] (ppm] (ppm]
Initial
1.204 520 11 76 1.9
product
Example 1 1.208 50 5 49 2.3
Comparative
1.211 45 6 55 3.4
Example 1
Comparative
1.205 175 8 67 2.5
Example 2
Comparative
1.205 220 8 70 2.4
Example 3




»

that the hole size of the holes of a perforated disk (5) is identical. 20
4. A process according to any one of clainms 1 to 3, characterised in that
the hol e sizes of the annular disk elenents (5) are determ ned by the
formula A= x(rl12 /(kg2 M1 S-2))' 25 wherein x varies between 2.10-3 and
3.10-2, preferably between 4.10-3 and 13§.10-2. 5. A process according to
any one of clains 1 to 4, 30 characterised in that the perforated disks used
are annula Lsks nounted on a perforated hollow shaft. 31 6. A process
accordi ng t&1g ﬁ§_ 5, characterised in that the circular ring disks (5)
have a ratio between the total area of the circular ring to the area

occupi ed b¥ t he_webs between the holes of from2.2-6.5 5 preferably from
2.5-5. 7. AlprocBsBraeesrdifAyg eb6ranypipdevelatiapngonstdtentehiradteri sed in

t hat the netal ig5;2§g§ ﬁgFEguggng e59§098£8§ ﬁgggggtﬁgrcular ring disk are

of a square or tangul ar cross-section wt onstant di nensi ons per
di sk. 8. 5A procesbaaecoedingdt dnanjtabnehef hokdrontdlig Zrraebadacteri sed in

that stators (6), optionally having 15 hori zontal cross-bars, are provided
on the internal SHAPPTFOFhAPBIFRALF: BATPROASENG F10) TBFLCAE BPHRSRGt or

appar atus betweenjphe;anpykan, digkprb9d de9coABt EHAPQLRAEQR2PRAERRYS o f
conprising a horizontally

the melt to be stripped, are arranged rotating
perforated disks (5) on an externally driven central

10 shaft (4).

2. A process according to claim 1, characterised in that
the length-to-diameter ratio of the housing (10) of
the cylindrical evaporator apparatus is between 0.6

15 and 2.5.

3. A process according to claim 1 or 2, characterised in
that the hole size of the holes of a perforated disk
(5) is identical.
20
4, A process according to any one of claims 1 to 3,
characterised in that the hole sizes of the annular

disk elements (5) are determined by the formula

1

A=x(n* /(kg’m™ s72))’
25
wherein x varies between 2-107% and 3-107?, preferably

between 4-1073 and 1.6-1072.

5. A process according to any one of claims 1 to 4,
30 characterised in that the perforated disks used are

annular disks mounted on a perforated hollow shaft.



[} “ 4
20 arranged, cylindrical housing (10), a rotor conprising circular
perforated disks (5) which are arranged on a central shaft (4), wherein the
l.engt h-to-di anmeter ratio of the cylindrical housing (10) is between 0.6
and 2.5. 25 10. An evaporator apparatus according to claim9, characterised
in that the perforated disks (5) are cogpected by a horizontally arranged,
perforated hollow cylinder (9).

6. A process according to claim 5, characterised in that
the circular ring disks (5) have a ratio between the
total area of the circular ring to the area occupied
by the webs between the holes of from 2.2-6.5,

5 preferably from 2.5-5.

1. A process according to any one of claims 1 to 6,
characterised in that the metal surfaces surrounding

the holes of the circular ring disk are of a square or

10 rectangular cross-section with constant dimensions per
disk.
8. A process according to any one of claims 1 to 7,

characterised in that stators (6), optionally having
15 horizontal cross-bars, are provided on the internal
wall of the cylindrical housing (10) of the evaporator

apparatus between the annular disks (5).

9. An evaporator apparatus comprising a horizontally
20 arranged, cylindrical housing (10), a rotor comprising
circular perforated disks (5) which are arranged on a
central shaft (4), wherein the length-to-diameter
ratio of the cylindrical housing (10) is between 0.6
and 2.5.
25
10. An evaporator apparatus according to claim 9,
characterised in that the perforated disks (5) are
connected by a horizontally arranged, perforated

hollow cylinder (9).



