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 nononers frompolyner nelts using an
evapor at or apparatus. The renoval of volatile constituents from pol ymer
melts is generally one of the |ast process steps in the production 10 of
pol yners. Theprotass| €oeoBirippehgSmbAcherscandedthay keladlidents which were
used for the productlon of the polymers_ or residues of unreacted nonomers
after concl 6aBatitnenks frpm pedymer BEl&8terification or pol ymerisation
reactions and elimnation products fromtransesterification 15 or
esterification reactions. For the purposes of the present invention,
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or residues of unreacted monomers after concluded
transesterificaticn or esterification or pelymerisation
reactions and elimination products from transesterification

15 or esterification reactions.

For the purposes of the present invention, volatile
constituents are taken tc 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, eliminaticn products
from the reaction, and decomposition and breakdown products
which arise during the reaction, tcgether with any
secondary compounds introduced via the feedstocks. In

25 relaticn 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 ccnstituents is necessary because such
30 accompanying substances generally give rise to deficiencies
in material properties such as thermal stability,
processability, flow behavicur etc.. Such volatile
constituents may also give rise to unwanted odour nuisances

and/or be harmful to health.



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 vol ati |l e constituents by chem cal neans is 10
descri bed, for exanple, in EP 0 768 337 AL. Renobval is effected by addition
of CH aci di c organi c conpounds. The chem cal conversion of residual
nononers may possibly give rise to products with unwanted environnental

i npact, which distinctly conplicates the use of the products in practical
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by injection o supercrltlca vents ‘or gases e pol yner t wth
subsequent depmeEssUrdrsation descrlbed in EP O 798 314 Al has al so proved
equally 30 costly. Conventional and usual processes are al so based on the
renoval of volatile constituents by nmeans of nechanically 3

Removal of volatile constituents by chemical means is
10 described, for example, in EP 0 768 337 Al., Removal is
effected by addition of CH-acidic crganic compounds. The
chemical conversion of residual moncmers may possibly give
rise to products with unwanted environmental impact, which
distinctly complicates the use of the products in practical
15 applications. Said process alsc cannot be used for removing

residual solvents.

The process for reducing residual meonomers 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 mculding 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
intc the polymer melt with subseguent 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 nehrwelligen Schneckenmaschi nen", Kunststoffe 71 (1981),
pages 18-26, 5 devolatilising centrifuges (US 4,940,472), friction
conpaction (EP O 460 450 A2) or filmevaporators (DE 1 925 063 Al or EP O
267 025 Al') are used. These processes cofiventionally have a short residence
time of the order of a few mnutes. 10 All the above-stated nechanically
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branched structures or even dissociation into 30 nononers. The mechani cal
energy isCusually produced from

All the above-stated 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 ccstly apparatus

15 or machinery which is susceptible to malfunctioning and
wear. If adequate degassing efficiency is tc be achleved,
frequent circulation of the product is necessary. At the
short residence times, elevated temperatures are, cn the
one hand, necessary in order to shift the diffusion

20 coefficients and physical equilibria of the wvolatile
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 reacticns in polymers. Such reactions result in
unwanted reductions in quality, such as for example
discoloration and/cr 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 ccsts relative to

the use of primary energy. Typical energy inputs of such
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energy inputs of such 4 processes are in the order of 0.05
product. "Static" degassing processes, which introduce

rgy only via punps, usually gear punps, are furthernore

son skilled in the art. These static processes operate in

at a polymer nelt, optionally with additives, is introduced
vessel, in which the volatile constituents evaporate and
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10 are drawn off in gaseocus form. Such processes often have

multiple stages.

One example of a static process is DE 10 031 766 Al, which

describes a two-stage, continuocus 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 evapcration 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 evaporatoer 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 tcoc 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 gocd

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 disadvantageous. G ven the |arge
nunber of holes, it is to be feared that specks and swollen solids may give
rise to bl ockages and disruption to flow on exit fromthe hole. Finally,
the efficiency of a strand evaporator 5 depends on the stability of the
strands, which in turn depends in conplex manner on product rheol ogy, flow
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quality of the holes and tenperature. It is accordingly difficult to
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10 processing conditions.

Another example of a static process is US 4,698,976, 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 1s insufficient.
25
"Neue Mischverfahren mit geringem Energiebedarf fiir
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 m xed with 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 di oxide or
alternatively also water. In EP 0 027 7006 A2, an inert entraining agent
fromthe group conprising water, nitrogen, carbon dioxide or hydrocarbons
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i.e. the concentration undergoes no further change. Changes of a
10 use of water is disadvantageous because 1t entails
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 vacuum
15 1installation. Water may also react with various polymers,

resulting in degradation cof mclecular weight and impairment

of properties.,

The concentration cof residual volatiles is at thermedynamic

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
skiiled 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 is

particularly advantageous if the concentrations of the



25 chem cal nature due to thermal processes, such as dissociation
deconposition and the like, nmay severely restrict this statenent and are
not taken into account in the definition. This definition is famliar to
the person skilled inthe 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 higher than corresponds to the 7thernodynamic equilibrium A
degassing apparatus is particularly advantageous if the concentrations of
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stage. If, for reasons of degassing efficiency, it is possible in the
i ndi vi duad stage to reduce the concentration of a volatile conmponent only
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10 discharged from the stage. If, for reasons of degassing
efficiency, it is possible in the individual stage to
reduce the concentration of a volatile ccmponent 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 value, 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 1s 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 te discharge frcom
the evapcration 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 states in which the product has a

| arge surface area per wunit mass in the $tripping apparatus, i.e. not in
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10 temperature, 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 ¢f elevated product temperatures,
the processes known from the pricr 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 mani fested 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 often 25 increased in order to | ower
the melt viscosities of the products and%o reduce the pressure gradient.
However, the increase in tenperature in turn has a di sadvantageous i npact
on product ogabdtyes3DtIhenobent atcotdipgiygavosetofeprovisdingenas the
basis of the prior art, an apparatus and a process which avoids the
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terms of stripping volatile constituents and of product quality. It has now
surprisingly been found that a process using an 5 apparatus of rotating
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to the vacuum and rem xi ng of stripped pol yner nel

10 longer residence times, the products produced in this
apparatus exhibit good quality. It has alsc been found that
it i1s advantagecus 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. Tt 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
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is taken to _mean that, as a result of the flow through the, apparat from
the inl et G ihe GUHRANS (HEPF Rt ST of the TBYSRSLPS EBAVEGEd wit h

this flow t omedddse ddu Qutf & 3t Spr L1 48 xeds Wby r eshbyrnenfl ow ng
product. Instead, the 15 nelt, which has already in part noved towards

equi l i bri@mstripping installations. A cascading action is taken to

mean 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 ocutlet 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



ts 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 intothe stripping apparatus at |ow
delivery pressures; these pressures are inconparably higher for 25 exanple
in strand evgfqgggoi installﬁtionsddue to thesgeé%% Igrgﬁ Pugbegagfrggzzles
and the needtd Geht &Y e B TAE 3P “BF stTi BUTTBR™ ARbhg" af 1" FREPREZZIEES

Anot her advafdagexameld hgokOyt Foput £ obmneghaniens enefrgymdeeaporhovwrs.
rotational speeds, which rules out product stress due to elevated 30
tenperatures and a severe shear field. Further processing of the

nmononer - r ed y . r .t ho f t u
correction,uﬁ&%.ggﬁéé§g§5f%§%§§%%§ig%%?mégﬁtﬁ%%? %E%Pﬁéthgﬁggg%ggfotB%
cooled foF fappdweatdd mPprocessi pgsopwlat i ongedeieat otexeersevel yhbi gh
tenperatures, for, exanple downstream from extruders or film evaporators
The ext ended Y elRRIGHE LT hRrBRUCYo0l ShefakR2FehehallbRovher81appdr Affis
makes it poq%ﬁ¥éE${hggperal to achieve the stripping perfornmance of the
apparatus without raising the tenperature. In particular, this apparatus
does not have the 10 di sadvantage of the static apparatuses that only one
single stage is possible in order to approach thernodynam c equilibrium
Accor di ngl y, L1atP3deht i caf - ptoees2PRYTpFBSsEres Nehi 824pphR&tus is capabl e of

achi evingy di ${i0¢¥lyr A Q¥8E s the static apparatuses that only one single

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 1s 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 alsc 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
skilled in the art would not have expected that excellent product quality
may be obtai ned under conditions of extended residence time. The object was
surprisingly achieved by a process for 20 stripping volatile constituents
frompolynmer nelts using an apparatus which, under the action of gravity,
constantly forns free filns and has an el@vated filmformation rate. This
is achieved by a horizontally arranged evaporator apparatus which conprises
a cyl i ndri cathdousidge Whh Chir 201 @s€oampdatess aroot ot ribpehgi scextetnal |y
driven. The rotor, consists of perforated disks in the formof circular
rings whi chc@tetloifiels etir emgee heRer TRe st EonhetRi BRARAY2EBRSRBPATBF A,

central shaf . co t] r el rm of
o R e L R e
al so denot edahyd twvus cydmpidesgs ahtghinayibel peotstagedn Thecapbedi nent with
a perforated hollow shaft is preferred. 12. The invention provides a

process for BERYIR)F MgPRotaRt | RUrERnSt Tebenes PFokipol§rer tRePEs in an
evapor ator appafatls, af@aéﬁféﬁéééeg?ﬁQ%iﬁgg?éﬁfoggﬁéépaﬁakkyoﬁrEanged

evaporator apparatus conprises a cylindr ousing in Ich, to 5 provide
const ant surdacterakenewattof the nelt to be stripped, are arranged rotating
perforated disks on a central shaft. The perforated disks are circular
rings which are in 10 particular perforated in such a manner that the ratio

of the totapharsa of fheqchisrbar Ling-Lo1the an68 QAEURI §debYrn the webs
between the holes Is from2.2-6.5, preferably from

10 particular perforated in such a manner that the ratioc 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 (0 / ( kg m® s2))¥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 eguivalent

hole diameter is so large that spokes must be provided

between the inner and outer edges, opticnally 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 dinensionless 20 nunerical factor x nmay vary between
0.002 and 0.030, preferably between 0.004 and 0.016. r7 is the kinematic
melt viscosity in Pa-s. The hol es may askuine various geonetric shapes. The
holes 25 are preferably in the formof equilateral, rotationally

symetrical poty@onsd Wi shoperyi & constant rweh. wrdthgoohdathessurr edagdieng
metal surface, and rectangles. It is possible to deviate fromthese shapes

at the innerhoB®s gk otltelr EdgesPokes handnfpdPke 8pskicss aRdt cikevddge may
be nmade circ¥1 ) égt§$§ ated viscosities, the equivalent hole dianmeter is
so large tha I%%dies nust” be provided between the inner and outer edges,
optionally wwth a 13 further division by a central ring. The boundaries of
these holes are then the spokes and spoke sections and circular ring
sections.>5 FOF RIAEIING, 1t is advantageous for the size and skape B8f the

holes of a pgfd 05@1(?9 gk sk nggr%ﬂgéﬁt&f@kt tpls;gLyEy RgRMORE gdvant ageous

for all the perforated disk e evapor af or apparatus to be identical
with regard fortthermshapedaadtsyzeusf féheahdl ese pOrAblkatbe aekals strfaces
or webs surrounding the holes are advantageously of a_square or rectangul ar
Ccross-sectiopie evaporator apparatus to be identical with regard to the
shape and size of the holes.
10
All the metal surfaces or webs surrounding the hcles 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-secticnally constant and

20 identical in size.

The power input into such an apparatus may be very low, of
the corder 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 i1s, 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 nakes it possible optinmally to adapt the ratio
of the nelt-bearing area as the circular 15 ring disk enmerges 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 netal surfaces or webs surrounding the holes
to be cross-sectionally constant and 20 i4dentical in size. The power input
into such an apparatus may be very low, of the order of 0.01 kWh/ kg. The

increase in drefperadwsBut Lonwhpeh hwheups odoigd £ 51exposedtiont haseappar at us
is 25 accordingly slight. Since the internal_ surface of the _apparatus which
i s avail abl 316t HeRat ¥ adderd %n@e99ef¢%ﬁ%&ﬂr%¥%§F©é EBaRnhtBughputs it |s

however, al sg pgssibl e %QTﬁ OPEé $¥l€g°$ft9ﬁa9rﬁQHQEl y Qﬁﬁg
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the wall tenperatu |onal speed of the rotor Is avoura

bet ween 0. 3 isantlkadh reydbyt tloasr pedt idgud s k pied er abs ypbekweenan0ib ahd 5
revolutlons m nute, particularly preferably between 0.8 14 and

revol uti on {h%mrﬁﬁuﬁeirﬁ%ef¥}mn§@o hatF okt ateaR&lthepé 5?%aPEFOPﬂaHu§ and
preferably gf a% %p: It is defined as the ratio of the quantity of
that materia |ch IS 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. According to the invention, the des rlbed appar at uses

cor r espondi MFEOEHEI abfovel St SR Ben Fegfui r BRentSS Ry E k@ppiéagﬁﬁﬁﬁus f or ns.

correspending to the above-stated requirements may take

10 wvarious forms.

A preferred apparatus for performing the process according
to the invention is described in "Polymerisieren im
Ringscheibenreaktor", Kunststcffe 82 (19922) 1, pages 17-20
15 under the name VSR. The rotor here consists of various
wheels which are ccnnected 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 i1s described in DE 44 47 422 C2 (Karl
Fischer Industrieanlagen GmbH) column 1, line 63 fo column
7, line 39.

25
The external diameter cof the roter is preferably selected
such that it fits intc the cylindrical housing (hereinafter
alsc denoted outer cylinder) of the evaporator apparatus,
the length-to-diameter ratio of the cuter 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 "Polynmerisiereri im Ringscheibenreaktor", Kunststoffe 82
(1992) 1, pages 17-20 15 under the name VSR The rotor here consists of

vari ous 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 inventi®on of volatile constituents from
polymer nelts is a horizontally arranged cylindrical vessel wth an
agitator, aslt sideslcyd betlvame Dfedds 470 422y H2q€ Kané rétscheccéndustal anl agen

GmH) colum, 1, line 63 to colum 7, line 39. 25 The external dianeter of
the rotor isbridterdbisF S%Y]ejcricg. ’ s%l(’:‘ﬁhtﬂ%‘i‘ti’fh?i‘f%p?‘h‘f% REMGGI MAdr PEal

housi ng (hereginafigleq al 5o denotedroues: oyl indend @hpthepgvapgratpe

apparatus, the length-to-diameter ratio of the outer cylinder 30 preferably
bei ng bet weerpaGatars. L6l s pegdscud arting prEhewabh ynbeoneendocB8iandi2. 15

It is also advantageous to arrange the rotor eccentricall in,the ouyter
cyl i nder ,gsﬁht‘iarfa{%“qmte Q/géb%i%m brivgut ey helt NP sEkF‘u%r‘é%BgWaTéﬂeeﬁP rged
slot in the pRREMm PAHdr £f 14 esn apparatus. This neasure brings about a major
reduction in 5 entrai nment of polyner particles into the vapour |ine and

vacuuminstallation. A particular advantage of the particularly preferred
enbodi nent kg t he extrenel copstruction, and f 10 the hol | ow

rigid K ?rn1of
shaft beari g B4 petior aﬁ%‘ﬁa%'%@i@.o he"hoPF b ShaFt YsPB?B‘%FH%ﬁ Wi th
orifices or HasimsHchi § hdte td@remely rigid construction and form of

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 in 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
0of 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 i1s 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 the incorporation of stators which
proj ect between the disks. Especially inldhe case of relatively high
viscosity nelts,

melt vol une e ther digkeldiveveryifor omdiouprangdrthuskvesy particularly

preferred

out er
lifting ele
When stri ppi

this measure 20 optimses the ratio of nelt surface area to

use of the apparatus presented in DE 4 447 422 C2 for 25
strippi ng potgrernyldky Finsed cohvenneht.-to nake still further

nodi fications 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 wweddisgrofpine rotatingly chighl atsdbsktyspbhadeguaterslt has
proved advantageous in this connection to arrange lifting elenents on the
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is to provide horizeontal doctor bars on the stators at the

bottoms £illing level. Any cocalescence 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

iikewise 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 tc assist conveyance cof the melt to the

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. 1t is accordingly advantageous to

heat the upper gas zcne 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

longer evaporator service periocds, reduced formation of

specks due to cracked products and better coclours of the

final products.



bottons filling level. Any coal escence of nelt behind this bar in the
direction of rotation of the rotor is thus avoided. These bars may 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 materilal conveyance. This is
particularly significant and advantageous to assist conveyance of the nelt
to the 20 evapofextart ciddaetsind pmycdes aduard ageonss trouseabet helwapedr or

gas zone differen fromthe under]ying nelt or bottons zqne of the
cylindri cal {Rﬁuéiéé ?nqtp?¥¥ﬁﬁﬁﬁbrd¥%@ﬁya%%v%ﬁﬁ%5%55%3£§Ydeﬁgﬁﬁe?ﬁeoﬁpper
gas zone to @ d ower develoails Bicd Oor tEIPSAL WS ¥high 8re-8550420C | over,
than the nelt zone therebelow. "Any polymer Tilnms on the walls in the gas

zone of theéirevapor atidra hafectzot ohg kst deneedd $ meednde sufiiet chbessntamage

due to | ower tenmperatures. This neasure ensures 30 | onger evaporator service
beri ods, T odie G B HESNE ofO Rheuka BRI 1 oF £ 3RRET pf oAuat SLaRa bet ¢ or

colours of theyddhal or oduetss dfar Dif fer el deaassi ngo P1oCcRBa -t gARET At Ur es
must be selected for different polyners. They are substantially dependent

on the therte stabidd tyepidemes polyeeranoube protessed?40Anonheesyit al
Stri pped.  PrOSSUTREEY o Bk tot B Tt RBbrit G BHEC 15" hbkr PEBEBFBPLbI y 0. 05
to 10 nbar andkdde AyelRges s sl denee. times amount to 10 to 240 m nutes,
preferab{g 15 to 180 mnutes and particularly preferably
If the temperatures of the polymer melts introduced into
the evapcrator 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 advantagecus to heat the
melt before introduction with heat exchangers suitable for
polymer melts. In this manner, it 1s possible to reduce the
temperature differences between the heating medium and the
preduct 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 1is advantageous tc offset the vapour outlets arranged on

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



‘between 20 and 60 m nutes. 10 If the tenperatures of the polynmer 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 before introduction with heat
exchangers suitable for polynmer nelts. Id this manner, it is possible to
reduce the tenperature differences between the heating nmedi um and the
product in thermuaponalof im ofdedi focaven b prositet i damageth20rovtot heimal | s.
The product is preferably introduced into the evaporator via a valve with
automati ¢ prasiiy & comdyte imekuchehl Wranner that direct depressurisation
into the product space 25 occurs at the input end of the evaporator. Due to
the elevated thermal potential of the immedi ate surroundings, cooling
effects are Hwoiidedntwivrehs ey pheodi Sadvant agepnsatwr t hppegatdst o particle
contents, for exanple of a crystalline nature. To this end, the product

inl et val¥e TEPHE ¥ X €OBF 7 khedF TP IHE el 1381681t heuFeastof . It
|s_advant agegus, | & HLsel s ADec YADOUL L Q) £ % 818 A0ed, o Lieatop of the

evaporator by 15 to 60 re ive to the 1 perpendi cular 1n the direction of
rotation of dtmmngddrgnia cenesl t oha 2duceherel ¢ngefit ux-dTaeetavenbt o al so
provi des an eva orator,%ﬁggratus 5 conprising a horizontallé grranged,

cylindrical fousthEY R ndot et ! cORpFHRT Nyt eis REFEWepRrf of afBd € 2ks which are

arranged on a central shaft, the length-to-dianeter ratio

10 Any conventional materials which do not cause direct damage
te 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: Stahlschlissel Wegst GmbH,
Th-Heuss-StraBle 36, D-71672 Marbach} and Ni-based alloys of
type C, such as for example 2.4605 or 2.4610 {steel
classification 2001, publisher: Stahlschliissel 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 acrylenitrile, a

25 stainless steel typical for chemical applications, for
example 1.4571 to DIN or 316 SS to ASME, is advantagecus

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 wvalve

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 rmanufacture of the evaporator apparatus used according
to the invention. Particularly suitable materials for the treatnent of

pol ycarbonates are non-rusting steels of type 15 C N (M) 18/ 10, such as for
exanple 1.4571 or 1.4541 (steel classifildéation 2001, publisher:

St ahl schl ussel Wegst GrbH, Th-Heuss-StraBe 36, D 71672 Marbach) and

Ni - based al lgysref mdiipei L e Bt @ Hpmexmmbe 2. 4695 wim2. 4610né st eel
classification 2001, publisher: Stahlschlussel Wgst GibH,

20
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process terrperatures of ~ above -“appr ox rene pol yners

and  styrenescdepal yereron s tf idfu eaxedTpd e o shhf Acsy | ometevaporat@bd at
stainless steel typical for chem cal appl ications, for, exanple 1.4571 to
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Figure 1 an epo ynmer melt is 1ntroduced via the
product i nl éthe krofultare dicliss rEg ahfle byonreanise df t @gptlper wid eohdt bbwval ve
into the end face of the evaporator The product outlet 2 19 of %]he melt is

ef fect ed by Shédrs bf Tgyexra Pmd atfaHeEnehposi b eeh%lt?ﬁnﬂﬂew%%%d cefinlet 1
(Ca)\r/]atp(r)uraa'tJ gger@ofgﬁleﬁ%ncsﬁﬁe%@rg d%ﬁ;%q&%ﬁﬁ?;%% rﬂ%ygi\eg%gﬁ gl'ltioFﬂ-g'? 5 the
top via tthe arapowrr phirdk=8.5 Tdred r ciore e tdcedhevannwd aries, prevent

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 cuter 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 thermcoplastics such as
polycarbonate, polyester, polyester carbonates, polyamides,

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

preferably poclycarbonate.



‘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 annular disks 5 and, at elevated viscosities, prevent
bridgi ng between the annular disks S. The level of the bottons is adjusted
with an overflow weir, which may be a net@l sheet 7, for exanple a netal
sheet without or also wth openings. In the enbodi mrent shown in Figure 1,
the 15 central shaft is arranged centrally in the outer cylinder, 1i.e. the
evapor at or housing. The necessary vacuumis preferably generated using jet
or vapour pfipomiaeds aeccoddahd ytoperat edven t hosubsy afcesex2fipiahkeent to
the system and process. It is,_however, also possi Ig@%o use the generally

t
convent i onal"$§Guit BEHG S PhpECT nt ot FALTF ohC ki ¢ Y¥€Gaculh punps to

generate t%y@ﬁw@rIéfi&@ﬁﬂ@@fﬁ@@%ﬁef&oﬁ%@wgm@chi guid ring punps
with a substance fromthe process. 25 The process according to the invention

for the rempvalyvafrbwpdtati | Eo toaponent 3o yen ¢ol yaeponetes, pelivampdesi cul ar
suitable for_nelts of engineeri t her nppl astics such as ol ycar bonat e,

pol yester, PO SERT UYL B b6l Tt yai tey S por SRELRYP Ret actyr abe, and
bl .ends of thase NOYIEF smonPREEs Chan | ys pieferabl yrpokysanbenakernhpol yester,
pol yester carbonat'es, and bl ends of these polyners, very particularly

preferably puwtticarorate. 200 Thengs ocesshaseopdlyigers, t herktavehardn may for
exanpl e be ysed L1y Py osSP78S L85 0e pregustion of; POLYIRr 8. bBnates
10 and copolymers of styrene and acrylonitrile, and blends of

these polymers, very particularly preferably polycarbonate.

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

15 processes such as two-phase interfacial condensation
reactions, melt transesterification reactiocns, 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 acccrding to the
invention. Inhibitors are taken toc mean any compounds which
have a decisive inhibitory effect on chemical reacticn
kinetics, such that guality-impairing modification of the

30 polymer 1s 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

met hyl methacrylate, and bl ends of these polyners, particularly preferably
pol ycar bonat e, pol yester, polyester carbonates 10 and copol yners of styrene
and acrylonitrile, and blends of these pdlyners, very particularly
preferably pol ycarbonate. The polynmer nelts to be stripped using the
process acadiedimgdta dheld nveddt oo neydodd i lateorit @it ¥ as £ ousw 15 processes
such as two-phase interfacial condensation reactions, melt

transest eri MGRAGUIRT ¢HkdnsCOmRA R HHHS e NReRER T DFS®Ract i ons, emul si on
pol ynmeri sation reactions, bulk polynerisation reactions and the like or be
produced by nelting existing polymeric material. Such processes are 20
sufficientlﬁumﬁdbﬂeuxmhﬁwiﬂnﬁémf¢migmlyﬁarbdﬁmﬂe wit ecimohat i loeéat i ons or
restrictions with re ard to t he manner pol ymer production,  the

i nst al | atd oPRRSEFSStH (ﬁﬁﬁﬁ?%ﬁFeEkﬁkﬁ%EQQWnR%P?%S%e?¥%rﬂ%ﬁ 25 The
pol ymer nel tc%rrgﬂvr% %@a@dawevpf‘s @Pb% W4 My 1 pdi BEtOL S pef 9Fe being
ng to I nhi

stripped accor i nvention. itors are taken to nmean any
conpounds watctondhacel ds déﬁtesmﬁea i wehi g taf ytled factd ovhched cal noeact i on

ki netics, such that uall iring nodificatio the 3
avoi ded. /kkﬂ%ﬁ%ﬁ?ﬁréh ggf%r%ﬁ%ﬁwﬂ%ﬁs ?E%%sgar@h%f?%+8 ﬁ%m ?%%%Eflon

of polyners whigh %éﬂérs C&Y@?éé‘f MPAONEY $e &Neh T 8AGL | O, PEOLUE 52 BE T Ehe
conpletion of 21 the reaction in order to reduce the contents of |ow
mol ecul arC weiegttt iconpoivndsrdy 1 her nedeprogessesring the reaction to a

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 Dbenzenesulfonic acid, toluenesulfonic acid,
dodecylbenzenesulfonic acid and any other phenyl-
substituted benzenesulfonic acids, nitric acid,
terephthaiic 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 ocligomer;.



Suitabl e inhibitors for polycarbonate which has been 5 produced by the
transesterification process are acid conponents such as Lewis 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 deactivate the 10 reaction m xture, i.e.
ideally to bring the reaction to a conplee standstill. Exanples of

sui tabl e acid conponents are: orthophosphoric acid, phosphorous acid,

pyr ophosphordanmacirdis wpophosphaicefedb itk potyjphespfionéce agres,

benzenephosphaoni ¢ .aci d, sodi um _ di hydrogenphosphate, boric acid, B aryl boronic
aci ds. _hydr GEHITSIIE SRIE {Chydh UherP T ta)S e f ur e aet 8SohabEar bi ¢ aci d.
oxal i ¢ aci d,acb@ﬂzq{%(%pd&gpmi@ygéfd,a%@ phOEh S BEI Fi @cetic acid, adipic

acid, citric acid, 20 ‘benzenesul foni ¢ acid, toluenesul fonic acid,
dodecyl benzdremadrfapiics o amt sy otdierm phemyd rogemhst ¢ sphate, boric

benzenesul fonic,acids, nitric acid, . terephthalic acjd, ijsophthalic acid,
otearic bl it qnaocits Serds PUF UM Brt des st 28 phonyl

chl or of or matigyn 25 sheard 6 ACd &h €Nl 051 66n e ACPEOXYc BR- A4, benzoyl chloride and
esters, sem -esters and bridged esters of the above-stated acids such as

for exanpl e dalamnlaml s o balodnl esterd, anphosphorher aghengster s,
phosphorous aci d .esters, phosphonj acid esters,. dinethyl sulfate, boric
aci d estersﬁéﬁ#ﬁﬁ%ﬂ%%f&ﬁ%g ?%ﬁié&%ﬁ% %%Hg%th%?l%oﬁ$%ﬁ%h?§smﬁF8? ¥nerate
acid on eXp%%#f?ECtWEBﬁHféﬂﬁ%téﬁ $tdatSo-0ety! phosphiiae, acbtbxaner-£40 and
BDP ( bi sphenol di phosphate oligoner). 22 Conpounds which may preferably be
Considehﬁﬂ KRz aifle chloride and esters, semi-esters and bridged esters

of the above-stated acids such as for example

tcluenesulfonic 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-

cctylphosphine, Ultranox €40 and BDP.

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

20 polyphosphoric acids, benzenephosphonic acid, benzoic acid,
benzenesulfenic 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 hophosphoric 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, dodecylbenzenesulfonic
acid and any other phenyl- substituted benzenesul fonic acids, acid chlorides
such as phenyl chloroformate, stearic acdd chloride, acetoxy-BP-A 10
benzoyl chloride and esters, seni-esters and bridged esters of the

above- st at edsdes dist stued) snfone exbhhiphec dol denesdl éshecsacsdmestersrs
phosphoric acug esters g?gﬁghorous acid esters, phosphonic acid_esters,

boric acid ®% st %ﬁ@1% cogc?ﬁee%?%Y%'%EﬁF%@h%Fl BnﬁHHQnﬁé WRFch 15
generate aC'é&éﬁbf%p9éyaﬁ?%ﬁuﬂ?éﬁicSQEDdaés éké'éﬁd Bﬁ%XbHB?%Eth?d Ul tranox

640 and BDP. Compounds may particul ar preferably be considered are
ort hophosphogstteasi d, pyrophosphoric acid, 20 pol yphosphoric acids,
benzenephosphoni ¢ acid, benzoic acid, benzenesulfonic acid, toluenesul fonic
acid, dodecyl benzenesul fonic acid and any other phenyl- substituted

benzenesul f o & ac] A5c anGEShEEEs REW 5@851[%§rt§89e9r iHogdiest ensqQhgt he
above-stated acids such as for 25 exanple tol uenesulfonic acid esters,

phosphori c aet dyasstes sfophosphoz opse fetr de@snergpdphbspheniidiaci d esters and
ot her conponents mhich‘genergte aci d on _exposure ég wat er suc

h
Cri i oo oot yE SRR nel S UF o7 Breu 6567 S BPp S 305 C8nbOLRARORATER ARYCver y
partiCU|ar|Yt@§e$§%é$%N @@r@§@dfr§ﬁew@I&H°@@9§ﬁ@9§iﬁrégigorpﬁkgﬁBQéphgbiC
u

acid, benzenesulfonic acid, toluenesul fonic acid, dodecylbenzenesulfonic
aci d andi@anybotpemopd@nih the production process directly once the

desired final molecular weight has been achieved in order

to begin evaporating the residual monomers immediately

thereafter. In a particularly preferred methed,

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 poclymer are then difficult

20 to establish.

The acidic components are preferably added in liquid form.
Since the quantities to be appertioned 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 pclymers may be modified with
30 conventional additives and additional substances (e.g.

auxiliaries and reinforcing materials). The purpose of

adding additives and added substances 1s to extend service

life (for example hydreclysis or degradation stabilisers),



23 substituted 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 nay be
apportioned in solid, liquid or gaseous form In a preferred nmethod, the
acidic conponent is continuously honbgeneously incorporated into the
product stream from whi ch mononers are, 4%r exanple, to 10 be renoved in the
production process directly once the desired final nolecular wei ght has
been achi eved idinpmordercoloibegti abevappr af o nge tdrep Yeshewal amdnover s
imediately thereafter. In a tipcul arl referred nmethod, incgrporation
o adh {1 Ve A TR 04 o - SRS S5 r bher t TELTE 68 pEPF bftad

downst r eam fd1Qm APRQYL A @nept 0 4 ot e A6 &s and: St1fPPi-g aBd,pet toget her
with the stripping step because additives are often used which are volatile
under a vacthanaatischstiscessbnt | ekanml staiipps ngt i aneoemes) petessapyove

concent%gti ns in the 0I¥ner are en difficul% 20 to estaZ%ish. The
acidic c nﬂ%ﬁgﬁ?sr%ﬁifé%%e%Wa t v Added T T d PRt T2 %FRcet the quantities
to be apporéﬁaceiwdead YTy SoBblant SOl pidpnst of thecacidhsrcppppnents are

preferably us 25 Suitable solvents are those which do not disrupt the
process, arerairenicsd 4o iseeel fhd svaposeas el impidt ymod Pf bpest i ésnelvt he

[eoul Lant RELYIRLS (B IO [, WAL 30, cpvent onal 2ddht | yog gnd,
purpose of fipres and carbon fibres). These may all be combined at
10 will in order to establish and cbtain the desired
properties. Such added substances and additives are
described, for example, in "Plastics Additives", R. Giachter
and H. Miiller, Hanser Publishers 1983, in Additives for
Plastics Handbook, John Murphy, Elsevier, Oxford 1999 or in
15 Plastics Additives Handbook Hans Zweifel, Hanser, Munich

2001.

These additives and added substances may be added to the

polymer melt individually cor in any desired mixtures or in
20 two or more different mixtures and in particular directly

on isolation cf 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 tc 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 ancther 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 fl ane
retardancy, to influence visual appearance>(for exanple organic colorants,
pi gnents) or to adapt polymer properties to specific stresses (inpact

nodi fiers, fppebyctdoni gedcasper Aliginki biousthat ecilgher firdde@dd dur, gl ass
fibres and carbon fibres). These may all be conbined at 10 will in order to
establish an@pB%F%FHStHéoﬂésfpédtbﬁépéPFP8§e sgERrMadded CLuSsPARISs SETEY
additives ar i hed € in "Plastics Additives", R Gachter
and H. NUIIe@acﬂgﬁgérBE BF ﬁggg%g in Additives for Plastics Handbook,
John Murphy, El sevier, CXford 1999 or in 15 Plastics Additives Handbook Hans
Zwei f el , anser, Muni ch 2001. These additives and added substances nay be
added to the polymer nelt 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 pol yner
proceeds in apparatus known for this purpose, such as for exanple screw
machi nes or static mxers. 5 26 Exanples Determ nation of stated anal ytica
characteristics: 5 Rel. viscosity: Relatdtve viscosity is determ ned as the
guotient of the viscosity of the solvent and the viscosity of the pol yner
di ssol ved i Esfdugsles0l vent. It is nmeasured in 10 dichl oronmet hane at 25C at a
concentration of 5 g/l of solution. Residual nonomer content: 15 Resi dual
nononmer content is determ ned by dissolving the sanple in dichloronethane
and then pregipitating it wt t t hano cipitated

pol ymer has %Eéetgénmsde%daq e# {}i]ae"a%ccl? I ?Qﬁr%g{ )gtell %ﬁe v%%%%cfc%c% P%%}é)é ?'e si dual
nmononers are quantified by reverse-phase chromatography in 20 a 0.04%
phosphoric acid/acetonitrile nobile solvent gradient. Detection is by W
nmeans. YI° BEL THE 8@osMdIVie is determined to ASTM E 313 on injection

nmoul ded sanples 4 mMmin 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
dissclved in this solvent. It is measured in

10 dichloromethane at 25°C at a concentration of 5 g/l of

scluticn.

Residual monomer content:

15 Residual monomer content is determined by dissolving the
sample in dichloromethane and then precipitating it with
acetone/methanol. COnce the precipitated polymer has been
separated, the filtrate is evaporated. The residual
monomers are guantified 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, 1s 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



‘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
abl e 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 tunble dryer that the concentration of
100% phosphoric acid relative to the pol3dtarbonate is 5 ppm 5 Likewi se in
all the Exanples, the pellets were nelted at 290C at a rate of 50 kg/h in a

mel ting extrigdesgdimael £SKrodk Mmp&ppentoni Vs nenmé £f hey,der erdti thor der
to be introduced directly thereafter into the stripfing apparatus. 10
Exanpl e 1: THEGRSGrprioguced 1%0% hehoebhdhyc extrddes absveuppl Fe8 to a

devi ce accordj t 4 447 with a rotor dianmeter 15 of 620 nm and
a ratio of rgéggkﬁﬁénma%ﬁ-%%-§§§% h 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 level was adjusted such that an average residence tinme of 20

n nutes was %ﬁﬁ%ﬁ#ﬁﬁlewﬁi#mﬂﬁewﬁéa@@b%ﬁarg%@ Bt he &S geare20eptind 9Fa a

nozzl e, sha inta bri S,  Copl n e | sed t i are
shown in Ta%ﬁg)f?EQtﬁapgég i%% %ga%§{@ g? £5$%££%ﬁgn%fgyﬁéggu?mggéﬁgﬂgg
appar at us actordti ngCdee Bod Wdrme 422 €218 ddrary oinrodianeterpnef 620 nm and

rotor dianeter- to-length ratio of 3. The rotational speed, pressure and
t enper at ur e WEFEOHCTH Bt LY 1theteaf her alktageh ¢ et BERRENY

apparatus.
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
mel ting 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 dianeter of the screws of 1.55. The degassing screw
machi ne, which was operated at a wall tenperature of 300C, had two
degassi ng zones. The first degassing zonsg was operated at atnospheric
pressure. 0.25% 10 by mass of nitrogen, relative to the quantity of nelt,

was apporti pefare d cond degassing zone. The pressure in the
second degas@%mne-wms’@éfm—absol ute. The nelt was discharged via a
nozzl e, shaped into a plurality of strands, cooled and pelletised. The data

obtai ned are_shown 15 in Table 1. Conparative Exanple 3: The nelt produced
in the meltinyg S&rudBroFEHhsedintFEa-19 %}ﬁ%‘ﬁ%&év‘éﬁﬁr SPBY YRR Eﬁt%as

heated to 290G,ancth wask afg ader%a}ﬁs & Of o e DR c1RPS0! BE 6 #BEnEBI E Was here

subdi vided 1nto strands by a spinneret plate wth 150 bores, each
of a di anet #flefiBmm wieh st randsy fdeendadt inf 40rmB8 amdia theicabifnet. The

melt coal esced on the base and was_ 25 discharged with_a gear punp via a
o721 6. ShapatE ST 0 e ol 14 Ere ST anee. SooTen Ghal pert eliGed. The data

obtai ned ar eyl A J@RLE dacrtthe Tahh £l wde! @b ver PG BPA Fhenol

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 cbtained 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.



Yl viscosity [ppn] [ppm [ppm Initial 1.204 520 11 76 1.9 product Exanple
1 1.208 50 5 49 2. Conparative 1.211 45 6 55 3.4 Exanple 1 Conparative
1.205 175 8 67 2.5 Exanpl e 2 Conparative 1.205 220 8 70 2.4 Exanple 3 30
Clainms: 1. A process for stripping volatile constituents from polynmer nelts
conprising introducing the nelt into a horizontally oriented cylindrical
device having a length to dianmeter ratio?®f 0.6 to 2.5 that contains a
plurality of perforated disks rotating about a comon horizontally
oriented, exTabhally driven shaft bringing the nelt and disks into contact
in a manner calculated to constantly renew the surface of the nelt to be
stripped, wherein the perforated disks have equal-sized holes having a

comon si ze [Aconform ng T 0g. i de 4DPC ng[@@§ S-Z]pnhddaiwherein x is 2.10-
3to 3-10" Jand is the kin%natlc melft visco$ity in Pas. 2. The progess
according tq claim 1l whereinis¢asity|[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




shaft is perforated and hollow. 3. The process according to claim1 where

t he devi ce

further contains stators having horizontal cross bars,

stators positioned between the disks. 4. Stripping apparatus conpris
horizontally arranged, cylindrical housing, a rotor conprising cir
perforated di sks which are nounted on a central shaft and connected
together with a horizontally arranged,gﬁerforated hol | ow cyl i nder,

the length-to-dianeter ratio of the fir

Claims:

1. A process for stripping volatile constituents
from polymer melts comprising introducing the melt
into a horizontally oriented cylindrical device having
a length to diameter ratio of 0.6 to 2.5 that contains
a plurality of perforated disks rotating about a
common horizontally oriented, externally driven shaft
bringing the melt and disks into contact in a manner
calculated to constantly renew the surface of the melt
to be stripped, wherein the perforated disks have
equal-sized holes having a common size A conforming to
a=x { °/{ kg® m?® s7?))*? wherein x is 2-107% to 3-1072

and is the kinematic melt viscosity in Pas.

2. The process according to claim 1 wherein the

shaft is perforated and hollow.

3. The process according to claim 1 where the device
further contains stators having horizontal cross bars,

the stators positioned between the disks.

4. Stripping apparatus comprising a horizontally
arranged, cylindrical housing, a rotor comprising
circular perforated disks which are mounted on a
central shaft and connected together with a
horizontally arranged, perforated hollow cylinder,
wherein the length-to-diameter ratio of the first

cylinder is between 0.6 and 2.5.

t he
ing a
cul ar

wher ei n

cylinder is between 0.6 and 2.5.



