PF 56448 1 Method for renoving residual nononers from pol yoxynet hyl enes
Descri ptiph564dhe i nvention relates to an inproved process for renoving
unconverted residual nonomers from pol yoxynet hyl ene hono- or copolyners, a
devol atilization step being carried out in an extrudate devolatilizer. The
I nvention also relates to a process fol the preparation of pol yoxynethyl ene
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POM polymer still comprises up to 40% of unconverted monomers. Such residual

monomers are, for example, trioxane and formaidehyde, and if appropriate

concomitantly used comonomers, such as 1,3-dioxolane, 1,3-butanediol formal or

ethylene oxide. Here, POM represents both homopolymers and copolymers.

25

The residual monomers are removed from the crude polymer by working up by means

of devolatilization. According fo the prior art, POM is devoiatilized at atmospheric

pressure or reduced pressure:

30 EP-A 638 599 describes a process for the preparation of polyacetals, in which the
residual monomers are evaporated in a devolatilization section by pressure reduction:
in the examples, evaporation is effected via a throttle valve to atmospheric pressure
(page 4, lines 22 and 43).

35 EP-A 999 224 describes the preparation of polyacetal copolymers, the unconveried
monomers being removed by “reduced pressure” and absorbed in water circulation
(page 3, lines 8 and 49, and page 4 line 23). More exact data regarding pressure and
temperature of the residual monomer removat are not given.

40 DE-A 31 47 309 discloses the preparation of oxymethylene palymers, in which the
unconverted monomers are removed in a devolatilizing and compounding reactor by



unconverted nononers are renoved in a devolatilizing and conpoundi ng reactor
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- the residual monomers removed have to be freed from the deactivator
(terminating agent) used or other foreign substances via complicated procedure
before they are reused,

25 - the residence time of the POM in the devolatilizing apparatuses is very long. This
imposes a thermal load on the polymer, which promotes undesired degradation
reactions and may lead to disadvantageous discolorations of the material.

- the devolatilization of polymers in an extrudate devolatilizer also leads to long
residence times and the above-described disadvantages in the product quality.

30 - the residual content of formaidehyde in the POM is still too high.

It was the object to remedy the disadvantages described. In particular, it was intended
to provide a process for the removal of residual monomers from POM, in which
foaming of the POM is avoided. Moreover, it was intended to permit recycling of the
35 residual monomers removed, without intermediate compression or working-up and
without removal of the deactivators. The residence time of the POM in the devolatilizing
apparatus was to be shorter than in the known processes. The formaldehyde content
and the proportion of residual monomers and foreign substances was to be further
minimized.
40
Accordingly, the process defined at the outset for removing residual monomers was
found. Preferred embodiments of the invention are described in the subclaims.
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where R' to R*, independently of one another, are a hydrogen atom, a C,- to C4-alkyl
group or a halogen-substituted alkyl group having 1 to 4 carbon atoms and R® is a

20  -CHg-, -CH,0- group or a C;- to Cs-alkyl- or C;- to C,-haloalkyl-substituted methylene
group or a corresponding oxymethylene group and n has a value in the range from 0 to
3. These groups can advantageously be introduced into the copolymers by ring
opening of cyclic ethers. Preferred cyclic ethers are those of the formula
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where R' to R® and n have the abovementioned meaning. Merely by way of example,
ethylene oxide, 1,2-propylene oxide, 1,2-butylene oxide, 1,3-butylene oxide, 1,3-
dioxane, 1,3-dioxolane and 1,3-dioxepane (= butanediol formal, BUFO) may be

30 mentioned as cyclic ethers, and linear oligo- or polyformals, such as polydioxolane or
polydioxepane, as comonomers.

Also suitable are oxymethylene terpolymers, which are prepared, for example by
reacting trioxane and one of the cyclic ethers described above with a third monomer,
35 preferably bifunctional compounds of the formula
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Polyoxymethylene polymers which have been stabilized at the terminal group and have
predominantly C-C- or —-O-CH; bonds at the chain end are particularly preferred.

The preferred polyoxymethylene copolymers have melting points of at least 150°C and

20  molecular weights {weight average) M,, in the range from 5000 to 300 000, preferably
from 7000 to 250 000, g/mol. Particularly preferred POM copolymers have a
polydispersity (M./M,) of from 2 to 15, preferably from 2.5 to 12, particularly preferably
from 3 to 9. The measurements are carried out as a rule by gel permeation

chromatography (GPC) 2 SEC (size exclusion chromatography), and the M, value

25  (number average molecular weight) is generally determined by means of GPC/SEC.

The molecular weights of the polymer can, if appropriate, be adjusted to the desired

values by means of the regulators customary in trioxane polymerization and by means

of the reaction temperature and reaction residence time. Suitable regulators are acetals
30 orformals of monohydric alcohols, the alcohols themselves and the small amounts of

water which act as chain transfer agents, the presence of which water can as a rule

never be complietely avoided. The regulators are used in amounts of from 10 to

10 000 ppm, preferably from 20 to 5000 ppm.

35 The cationic initiators customary in trioxane polymerization are used as initiators (also
referred to as catalysts). Protic acids, such as fluorinated or chiorinated alkanesulfonic
and arylsulfonic acid, e.g. perchloric acid or trifluoromethanesulfonic acid, or Lewis
acids, such as, for example, tin tetrachloride, arsenic pentafluoride, phosphorous
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25 reactor.

Furthermore, the components for stabilization may comprise sterically hindered
phenols, as described in EP-A 129369 or EP-A 128738.

30 Preferably, the polymerization mixture is deactivated directly after the polymerization,
preferably without a phase change taking place. The deactivation of the initiator
residues (catalyst residues) is effected as a rule by addition of deactivators (terminating
agents) for the polymerization melt. Suitable deactivators are, for example, ammonia
and primary, secondary or tertiary, aliphatic and aromatic amines, e.g. trialkylamines,

35 such as friethylamine, or triacetonediamine. Also suitable are basic salts, such as
sodium carbonate and borax, and furthermore carbonates and hydroxides of the alkali
metals and alkaline earth metals, and moreover alcoholates, such as sodium
ethanolate. The deactivators are usually added to the polymers in amounts of,
preferably, from 0.01 ppmw (parts per million by weight) to 2% by weight. Furthermore,

40 alkali metal or alkaline earth metai alkyls which have 2 to 30 carbon atoms in the alkyl
radical are preferred as deactivators. Li, Mg and Na may be mentioned as particularly
preferred metals, n-butyllithium being particularly preferred.
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The melt polymerization is effected as a rule at from 1.5 to 500 bar and from 130 to
300°C, and the residence time of the polymerization mixture in the reactor is usually
25  from 0.1 to 20 min, preferably from 0.4 to 5 min. The polymerization is preferably

carried out to a conversion of more than 30%, for example from 60 to 90%.

in each case, a crude POM, which as mentioned, comprises considerable proportions,
for example up to 40%, of unconverted residual monomers, in particular trioxane and

30 formaldehyde, is obtained. Formaidehyde may be present in the crude POM even
when only trioxane was used as a monomer, since it can form as a degradation
product of the trioxane or of the POM. Moreover, other oligomers of formaldehyde, for
example the tetrameric tetroxane may aiso be present.

35 Trioxane is preferably used as a monomer for the preparation of the POM, which is
why the residual monomers removed also comprise frioxane, and moreover usually
from 0.5 to 10% by weight of tetroxane and from 0.1 to 75% by weight of formaldehyde.

The process according to the invention can be operated batchwise or, preferably
40  continuously.
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the extrpggp448 ogether with or separately fromthe initiators (catal ysts)
at a preferred 20 reaction m xture tenperature of frome62 to 114C. The
nmononers (trioxane) are preferably also nmetered in the nolten state, for
exanple at from60 to 120C. The nelt pblymerization is effected as a rule at

from 1.5 0pehfPin§ e dddbteanadiafizen th@ﬂ@@sh@ﬂdftdﬁ&ab@%tlm@@ﬁﬁlée‘rﬁm of the
pol yner i Z%#e‘r)tgaﬁ*gé@lﬂ&%&efepaebhﬁﬁ&%&g thah A anoz'% po‘; ren;%ma‘P ﬂyt anrezo m n,

pr ef er abl nmerizat' on rab arried out
to a conv%’?@ﬁ@ﬂo meﬁév@afﬂ'ﬂéﬁbssm%f%ﬁc@iaam%eme@mmouls’ rgxgdp@tcpqllogg,ch case,
a crude P§Ad thekdiangeras tedesini the egtrudatapsdodes tooysdader abl e proportions, for
exanplge up to 40% of unconverted residual nononers, in particular trioxane
and 0 formal dehyde, i s obtained. Formal dehyde may be present in the crude
POM even AFroFdiagly.\2 RariuatiyProlgred semsedureds armuhich coaprises the follawindor m as a
degr adat i steps:product of the trioxane or of the POM Moreover, other

ol i goners of formaldehyde, for exarrpl e the tetraneric tetroxane may al so be
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75% by wei ght of fornal dehyde. The process according to the invention can
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procedure is one which conprises the followng steps: a) the polyner is
brought tsep b?@é?ﬂl@é 8érrie® oGf bt BMvedGSed erZ@é%ﬁd aﬁ;@éﬂﬁrﬁ%rﬁeﬁ& rek@ufet om 10 to

100 bar v t ssure of from
| nbar toﬁg%ﬁg&;oveﬁéerﬂtﬂﬁ %%g')“ e”ﬁdér re?'?’ge% p?%%uk béﬁ%&ﬁ ﬁ%ggq?east one
devol at i |9&¥Plaglizgpserratersd. and 15 c) further resi dual nonomers are then
renovEd in an extrudate devolatilizer. Step b) can be carried out both at

reduced PReRgUNh s Hubrakess HRESAMGRS BAGhYdhtiBh &8 Bbfmer (POM) is brought to a

temperature of from 165 to 270°C at a pressure of from 10 to 100 bar, a melt forming.

If the POM is present under these pressure and temperature conditions at the end of
25  the polymerization reactor or of the deactivation, the features of step a) have already

been fulfilled. Otherwise, the POM is brought to a pressure of from 10 to 100 bar and to

a temperature of from 165 to 270°C by conventional measures for adjusting the

pressure and temperature. Usually, the temperature of the POM before step a) is below

the temperature to be established in step a), i.e. the polymer is heated in step a). This
30 heating is also referred to as overheating.

However, the POM temperature — in particular in the POM preparation by melt
polymerization — before step a) may also be above the temperature fo be established in
step a); in this case the polymer is cooled in step a).

35
In step a), the pressure is preferably from 15 to 60 bar, particularly preferably from 17
to 50 bar.

in step a), the temperature is fikewise preferably from 170 to 240°C, particularly
40  preferably from 180 to 220°C.



but an abovenenti oned procedure under reduced pressure before the extrudate
devol ati | pees4ags preferred. 20 In step a) of the process according to the
i nvention, the polymer (POM is brought to a tenperature of from 165 to
270C at a pressure of from10 to 100 bar, a nelt formng. |If the POMis
present under these pressure and terrpe$ature conditions at the end of 25 the
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deactivation. In this — preferred — embodiment, step a) accordingly directly follows the
20  polymerization or deactivation. This can be effected in terms of apparatus in a simple
manner by ensuring that a heating zone (e.g. overheating zone) which establishes the
temperature of step a) directly follows the polymerization zone or deactivation of the
reactor. This heating zone may be designed, for example, as a heat exchanger. The
pressure of step a) is preferably established by the reactor geometry and the reaction

25  conditions of the POM preparation.

Pressure and temperature of step a) shouid in any case be established so that the
polymer is present as a melt. The term melt is not intended to exclude the possibility of
the polymer comprising small amounts of solids, for example not more than 5% by

30  weight.

In step b) of the process according to the invention, the melt obtained in step a} is
devolatilized at a pressure of from 1 mbar to 8 bar and a temperature from 160 to
240°C in at least one devolatilizing apparatus. The devolatilization can consequently

35 also take place under superatmospheric pressure — in contrast to the processes of the
prior art.

In step b) pressure and temperature are usually lower than in step a); this is also
referred to below as a pressure jump or temperature jump. The conditions are to be

40 chosen in step b) so that the POM is devolatilized in the form of a melt. In a multistage
devolatilization, one or more of the devolatilization temperatures may also be above the
temperature of step a).



However, it is nore advantageous with regard to energy to bring the still

hot crudepFBGM;go said pressure and said tenperature imedi ately after the
pol ymeri zation or deactivation. In this - preferred - enbodinent, step a)
accordingly directly follows the 20 poI ymerization or deactivation. This can
be effected in terms of apparatus in a®sinple nmanner by ensuring that a
heating zone (e.g. overheatl ng zone) whi ch establishes the tenperature of
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tenperat ure of step a). In step b), the pressure is preferably
from® m¥r to 8 bar, particularly preferably from 10 nbar to 7 bar. 5 In
step b), the terrperature Is |ikewi se preferably from 168 to 220C,
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tenperature in
preferably not more than 30 min.

The heating of the polymer in step b) is effective in a conventional manner by means of

25 heat exchangers, double jackets, heated static mixers, internal heat exchangers or
other suitable apparatuses. The pressure is likewise established in a conventional
manner, for example by means of pressure control valves. The pressure jump may also
be achieved by plug pipes or pinch pipes or a cross-sectional constriction with
subsequent widening.

30
Suitable devolatilizing apparatuses are devolatilization vessels (flash vessels),
devolatilizing extruders having one or more screws, filmtruders, thin-film evaporators,
spray dryers and other conventional devolatilizing apparatuses. Devolatilizing extruders
or devolatilization vessels are preferably used. The latter are particularly preferred.

35
The devolatilization in step b) can be carried out in one stage (in a single devolatilizing
apparatus). It can also be carried out in a plurality of stages — for example in two
stages - in a plurality of devolatilizing apparatuses which are arranged in series and/or
parallel. The series arrangement is preferred.

40
In the multistage devolatilization, the devolatilizing apparatuses may be identical or
different in type and size. For example, it was possible to operate two identical



preferably from5 to 50C, in particular from10 to 40C, bel ow the
tenperature of step 15 a). The residence tine of the polynmer in step b) is
as a rul ePF56#448 sec to 15 min, preferably from5 sec to 3 min. In a
nmul ti stage devol atilization (see further below) these tines each relate to
a single stage. Additional residence tjnme can be introduced by 20 neans of

connecting pipelines. In order to m nitli ze damage to the polyner as a result
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For exanple, 1t was possi 0 operate two 1dentical PF 56448 10
devol atilization vessels in series, or two differently dinmensioned
devol i ti | inzegarticuiary psefesed embsdinieatof the ptovess aeotdingto the invkatian, irzthag
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Before entry into the extrudate devolatilizer, at least one devolatilizing step is carried

out at reduced pressure.

25 Residence times and temperature profiles correspond here to the above data for step
b). The pressure is as a rule from 1 mbar to 1 bar, preferably from 5 mbar to 500 mbar
and in particular from 10 mbar to 250 mbar.

Of course, this devolatilizing step too can be divided into a plurality of stages.
30
The residual monomers liberated in the devolatilization are separated off as a vapor
stream. Regardless of the design of the devolatilization (one-stage or multistage,
devolatilization vessels or devolatilizing extruders, etc.) the residual monomers are
usually selected from trioxane, formaldehyde, ietroxane, 1,3-dioxolane, 1,3-dioxepane,
35 ethylene oxide and oligomers of the formaldehyde.

The residual monomers removed by the process according to the invention (vapor
stream) are usually taken off in conventional manner. They may be condensed or
adsorbed or absorbed in monomers and recycled to the polymerization.

40



preferably, two different devolatilization vessels are used in series, the
second vepesgb44daving a snmaller volune. In a two-stage devol atilization

under superat nospheric pressure, the pressure in the 10 first stage is
preferably from2 to 18, in particular from3 to 15 and particularly
preferably from4 to 10 bar, and that 1'n the second stage is preferably from
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The ratio of trioxane and fornmal dehyde in the vapor stream can be varied by
est abl i shing apgrc_)pri ate pressures and tenperatures. The hi gher the

pr essur e, TherdevogfilizeddfOM having arlew fegidish j@eo@eneaient if ohtaised apampreductam 5
Si nceo acsi tigdprogedstadcblingnte €ing indentichhas pirgé ahé eskidley sloabinkt Zortéranf t akes
place at thg BEIM is from 0.01 ppm to 1%, preferably from 0.1 ppm to 0.1% and particularly

preferably from 0.5 ppm to 100 ppm.

In step ¢) of the preferred process, the melt reaches the die plate {distributor plate) of
25 the extrudate devolatilizer with a throughput of from 100 to 700 g/h, preferably from 200
to 500 g/h, per die.

The viscosity of the melt is preferably measured as MVR of from 2 {0 50 g/10 min
(190°C; 2.16 kg load), preferably from 3 to 35 g/10 min, according to 1ISO 1133.

30
The die diameter is as a rule from 3 to 8 mm, preferably from 4 to 6 mm, and the drop
is from 1 to 10 m, preferably from 1 to 3 m, the last parameter being very independent
of the amount produced.

35 In particular, the extrudate devolatilizer is operated with a minimum level on the die
plate as well as in the discharge cone (¢f. also “Entgasen beim Herstellen und
Aufbereiten von Kunststoffen" VDI Verlag Diisseldorf 1992, pages 53-63).

The pressure in the extrudate devolatilizer is preferably from 0.1 to 250 mbar,
40 preferably from 1 to 50 mbar and in particular from 2 to 20 mbar.



partly under superatnospheric pressure, regardless of whether it is a

one- st agePpP56448il t i st age process, it is possible to establish operating
conditions (inter alia, pressure and tenperature) under which the vapor
stream can be condensed without prior _intermediate conpression in
conplicated apparatuses. However, the13apor stream can 10 of course al so be
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superatmospheric pressure requires no minimum level of fill in the devolatilizing
apparatus. Rather it can also be operated without a level of fill. This considerably
reduces the average residence time of the polymer and narrows the residence time

25 distribution of the polymer in the devolatilizing apparatus; the thermal load of the POM
is substantially lower. Undesired discolorations are minimized in this manner.
Accordingly, a further advantage of the process according to the invention is the
protection of the product.

30  Under the conditions according to the invention, the deactivator added during the
deactivation does not boil and therefore passes over into the residual monomers (vapor
stream) only to a very small extent, if at all. Rather, the excess deactivator not
chemically bonded remains very predominantly in the devolatilized POM melt. This
dispenses with the complicated removal of the deactivator from the vapor stream,

35  which would otherwise be necessary if the vapor stream is to be reused in the
polymerization. This removal of the deactivator from the residual monomers, which has
been dispensed with, improves the cost-efficiency of the process according to the
invention.

40 The devolatilization under superatmospheric pressure, according to the invention has
the further advantage that the penetration of ambient air or oxygen into the
devolatilizing apparatus is avoided. POM composes in an inert atmosphere at



and especially from 10 sec to 5 mn. The process according to the invention
has, intepFab448 the foll ow ng advantages: 10 OM ng to the stepw se
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resi dence t|ne o ?{ mg 25 distribution
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i s sulist ahickexihgy, dooventratitun eesporetibriidging, reate dryimgafreezrigoulj zed in this

manner . %Qgﬁ%ﬁ[}glme,t,ﬁg fetciBsor @ﬂy&g@é age of the process according to the
invention is t protection of the product. 30 Under the conditions

according to the invention, the deactivator added during the deactivation
does not Mathermord, tlﬁhmfme@séewbséabmﬁefprrammyirtgﬂesidadirmlmaﬂs)norrers (vapor

stream qr'&e\oc)raﬂnz%w.e bbbcéwlble;oijﬂbe efféctdd ddfing or3eP e, préfiRalforces S
deact vat or not F] ally ho y predomnantly in the

devol aﬁl | ROy %?W?Fe m°‘ﬁﬂ°§’P°‘é1m§’Ee(ﬁ(§@ Pﬁg)[ he conplicated removal of the

deactivator fromthe vapor stream 35 which would otherw se be necessary if
t he vaporTi a8 iow fe8iddgl et cotehgan w@écﬁweaba iiofrthghi s removal of the

d d h,
mor oves (el BT FRbE? g nd SRRl Bkl ngercs@?@ﬁﬁ%“sp% R et i on. a0
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| nverto orprB@svoldtiitgedf et Raingpal veaiduabeontditof Ydistilp enepsdids @ <aboarbi ent air or
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Surprisingly, the procedure according to the invention considerably reduces the
25 residual formaldehyde content, although it would have been expected that the
additional shearing should damage the POM.

In the preparation of POM, suitable monomers are usually first prepared in a so-called
monomer unit, for example trioxane from aqueous formaldehyde solution, and/or

30 suitable monomers are stored. Thereafter, the monomers are transferred from the
monomer unit into a polymerization reactor and polymerized there to give POM, as
already described further above. The crude POM described is obtained, and the
unconverted residual monomers are removed from said crude POM by means of the
devolatilization process according to the invention. Residual monomers can also be

35 removed during the polymerization to give POM, by the devolatilization process
according to the invention, or this residual monomer removal according to the invention
is carried out both during and after the polymerization.

The invention furthermore accordingly relates to a process (“POM process” below) for
40 the preparation of polyoxymethylene homo- or copolymers, wherein first suitable

monomers are prepared or stored in a monomer unit, the monomers are then

polymerized in a polymerization reactor to give said polymers, and, during or after this



t.enperatures from about 260C, but as |low as from 160C in an

oxygen- CORF&68481g at nosphere. It is for this reason that even very snall

| eaks in the devolatilizing apparatus should be avoided in the

devol atilization under reduced pressure according to the prior art. In
contrast, the present devolatilizati ot t h super at nospheric pressure 5 is
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pol yoxyet hyl ene hono- or copol ynmers (POM for short). The desired | ow
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st ages foIIowth eric pressure.
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for exanple trioxane from aclueous f or mal dehyde sol uti on, and/or 30 sui tabl e
mononer s BracPretegied émbprisnent f)itae POMs fivsH Get be sesidyal mesp@ersdy eom t he
nononer uainvblatlrManoa przeysacdordinhg tnthe éaehtion, atch gicdgipraftierane pidparatioh®f gi ve
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obt ai ned, an unconvert rom sai d crude

POM by meRIERIE DY raNSpeEing| %prﬁglq f?aMPSé'@%Bo'ﬁBﬁ%?a&P'ﬁée%c@rt’Wé 8 nventi on.
Resi d2(al davolatiization aessel Slasi eestd!) oe devddatiliding ierigudenang odmoning that i on to gi ve

POM by tr’é@udgﬁl‘fﬁérﬁ{rﬁéréﬁﬁ? 9&;0?& Fostﬁe iehRfSAi ng to the invention, or this

resi dual nononer renova accor g to the 1nvention is carried out both
during and after the polyneri zat ion. The invention furthernore accordingly
rel at es tlo aaotheopressrdd drddddimentdil the BEMis)rekbd fromitbe tréredyal spaosieroly of

POl y OXy e B Yk GASHIB AR proess HRELAUMBS the HEHEbA ohly'dtting tHe! &feit®n of the

25 additives on the extruder or the other mixing apparatus. The mixing apparatus for the
addition of the additive may be identical to the devolatilizing apparatus which is used in
the devolatilization process. For example, both the additives can be mixed in and the
devolatilization process carried out, i.e. the residual monomers removed, from the
same extruder.

30
In particular, the crude POM can first be transported into a devolatilizing apparatus
from the polymerization reactor and the residual monomers removed there according to
the invention, and/or the POM can then be provided with the additives on an extruder
and at the same time the residual monomers removed according to the invention. The

35 above embodiments i) and ii) can therefore be combined.

As mentioned, the residual monomers removed by the devolatilization process can be
reused as starting materials in the POM preparation, i.e. recycled fo the POM process
according to the invention. The target point of this recycling can be adapted to the

40  production plant. For example, the residual monomers can be recycled directly to the
polymerization reactor or fo its feed, or they can be recycled fo the monomer unit.



nononers are prepared or stored in a nononmer unit, the nononers are then
pol yneri zed in a polynerization reactor to give said polyners, and, during
or after PRPE44¥ 56448 14 polynerization, the residual nobnoners present in
the polyners are renoved by the above devolatilization process. O course,
t he resi dual nononers can al so be rem:)&ed during and after the

pol yneri zation. 5 The POM process according to the invention accordingly
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fillers or reinforcing agents or antistatic agents, and other additives, or
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renovi ng % €. residua n??oners ere accoraing to the’invention.  I'n anot her
preferred é’hﬁﬂﬁﬁwsﬁ"qsﬁ henRrop@Rlt i s freed fromthe residual nonomers by

t he devol atilization process according to the invention only during the
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process carried out, i.e. the residual nononers renoved, fromthe sane

extruder. 30 In particular, t cru POM can f|.rst be transported into a
devol ati |7 zi H&%‘BMPE&%@ COWFBE‘%W@%W%AH tgﬁtpl reactor and the residual
monordd s + enuvemdvalideveatiizatiordefidgh-poilingfordign/substapnes Grgl/onganideoN&D) can t hen
be provi ded wWdnhiHelomddi tives on an extruder

Comparative example

25 5kg of a mixture of 96.495% by weight of liquid frioxane, 3.5% by weight of dioxolane
and 0.005% by weight of methylal were heated {o 160°C and pumped into a tubular
reactor having static mixers. By adding 0.5 ppmw of perchloric acid (as 0.01% strength
by weight solution in 1,4-dioxane) the polymerization was initiated; the pressure in the
reactor was 20 bar.

30
After a residence time of 2 min, triacetonediamine was metered in as a terminating
agent (as a 0.1% strength by weight solution in 1,3-dioxolane) in the terminating zone
and mixed in by means of a static mixer.

35  After a further residence time of 3 min, the product (crude POM) was let down to a
pressure of 3 bar via a control valve into a devolatilization vessel, with the result that
the volatile components were separated from the polymer melt. Residues of trioxane
and formaidehyde remained in the polymer melt.

40  The devolatilized POM was provided with formaldehyde scavenger (zeolite Purmol 4ST
from Zeochem AG), antioxidant (Irganox® 245 from Ciba Spezialitaienchemie GmbH)
and further additives {polyamide C 31, Loxiol® P 1206 from Cognis}) on an extruder by



and at the sane tinme the residual nononers renoved according to the

i nventi onPFBde48 35 above enbodinents i) and ii) can therefore be conbi ned.
As mentioned, the residual nononmers renoved by the devolatilization process
can be reused as starting materials in the POM preparation, i.e. recycled
to the POM process according to the i¥ention. The target point of this

r ecygl i lngnrmrg inex ragetptbattht(800 §eof POMEDRbHrigaRe Bbaddponting aauitvad)eThd he
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can ofg CcoyLse nak S84 BenG@my ned. 5 Finally, the invention also relates to
t he potl:’yoxyrrect)%‘)%{i eneBhSrm- or copolyners obtainable by the POM process

descri bed. The devol atilization process according to the invention permts
devol at i | Ezatplemceerting it thetimenbbresone f oam ng of the polynmer. The vapor
stream need neither be conpressed 10 in-between nor freed fromthe
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than in tigohfiipegsses of the prior art. 15 The fornal dehyde content of the
resulting POM pol yners is substantially reduced and the color properties

i nproved. The foll ow ng advant ages coul d be achieved in particular by the
conbi nat i ohe eftrushater deyaladlizgs had seven dies eadhthavinge dibmeter of 2pen.dionand b) : -
very | OdeWﬁi&? éu@qaw.% Ahéd geﬁhq% fo‘.ﬁ(ﬂﬁ?h@sw@.@qﬁ’%ﬂy?&abswd in a melt _
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wei ght of reRRieRyd fhe WaEe0Reat ed to 160C and punped into a tubular reactor
having static mxers. By adding 0.5 ppnw of perchloric acid (as 0.01 %
strength by weight solution in 1,4-dioxane) the polynerization was
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The residual formaldehyde content of the granules was determined by the sulfite
method:

25 70 ml of demineralized water were initially taken in a 250 m! conical flask having a
ground glass joint, and 50 g of the sample to be investigated were weighed in.
Thereafter, the conical flask was provided with a clean reflux condenser, and the
mixture was rapidly heated to the boil on a preheated magnetic stirrer with stirring.
50 minutes later, rapid cooling was effected and the formaldehyde content was

30 determined on a Metrohm Titroprocessor 682 under User Methods 1 and 2.

The pH was adjusted to exactly 9.4 with N/10 sodium hydroxide solution (5 ml) and
N/10 sulfuric acid, 5 ml of sodium sulfite solution were added and, after a short reaction
time back titration was effected with N/10 sulfuric acid to pH 9.4.

35
The residual formaldehyde content was calculated using mass of FA [mg] =
consumption (H2SO,) x 2 x concentration (H,S0,) x mass (formaldehyde)
FA content [%] = mass of FA [mg] weight taken [g, POM granuies] x (1 000 000/1000)
(sodium sulfite solution = 136 g of Na,SO; + 1000 g of demineralized water)

40 FA =formaldehyde

The results of the measurements are shown in the table.



agent (as a 0.1%strength by weight solution in 1, 3-dioxolane) in the
termnati pgssas®e and mxed in by nmeans of a static mxer. 35 After a
further residence tinme of 3 mn, the product (crude POM was |let down to a
pressure of 3 bar via a control valve into a devolatilization vessel, with
the result that the volatile conponeﬁpé were separated fromthe pol yner
nelt. Residues of trioxane and fornaldehyde renalned in the polynmer nelt.
40 The devol ati |l i zedRoh scavenger (zeolite
Purnmol 4ST from Zeo¢ prroé%m\f&% %Igf)xsl &eméblz)%léfIE [E’TF' 45 from Ci ba

Spezi al i t at encheni e (RM¥eNtivegiampler 1 hd 26 pam ofirézidug 581 yhni de C 31, Loxi ol (r)
P 1206 from Cognis) on an extruder by PF 56448 16 mxing in a nasterbatch
(500 g of POM conprising the correspondi ng additives). The extruder used
was a twi n-screw extruder, the residence tinme being 50 sec. The extruder

al so served for further devolatilization of the POM by subjecting the latter
to a reduced pressure of 250 nbar during the extrusion. After the
extrusion, the polyner 5 was cool ed and granul ated. Exanple according to
the invention The procedure corresponded to the conparative exanple, the
pol ymer not being 10 cool ed and granul ated after the extrusion but being
transferred to an extrudate devolatilizer. The extrudate devolatilizer had
seven dies each having a dianmeter of 5 mm from which extrudates forned
over a length of 1.6 m and subsequently coalesced in a nelt 15 | ake and
wer e di scharged fromthe extrudate devolatilizer. The extrudate

devol atilizer was operated at a tenperature of from 185C, the pressure was
30 nbar and the residence tinme was 30 sec. After enmerging fromthe
extrudate devolatilizer, the polymer was cooled and 20 granul ated. The
resi dual formal dehyde content of the granules was determ ned by the sulfite
method: 25 70 m of dem neralized water were initially taken in a 250 ni
conical flask having a ground glass joint, and 50 g of the sanple to be

i nvestigated were weighed in. Thereafter, the conical flask was provided
with a clean reflux condenser, and the mxture was rapidly heated to the
boil on a preheated magnetic stirrer with stirring. 50 mnutes later, rapid
cooling was effected and the fornmal dehyde content was




30 determ ned on a Metrohm Titroprocessor 682 under User Methods 1 and 2.
The pH waPF&hitiada8ted to exactly 9.4 with N 10 sodi um hydroxi de solution (5
m) and N 10 sulfuric acid, 5 m of sodiumsulfite solution were added and,
after a short reaction tinme back titration was effected with N 10 sul furic
acid to pH 9.4. 35 The residual fornal dehyde content was cal cul ated using
mass of FWd dgih- consunption (H2ZSO4) x 2 x concentration (H2SO4) x nass
(formal dehyde) FA content [9% = mass of FA [ng] weight taken [g, POM
granul es] .x (1 000 000/ 1000 (sodiumsulfite solutjon = 136 g of Na2SO3 +
1000 g of Tderft REXCE?S PetPmRH yncaovwdm%vmcm@m%%ﬁqfﬁ@oiveéxm?t@vlsﬂeﬁ he
measur enent s velrezeis laalavoiatilizatien stebliecarPed 6644 8n BXtrudGdepencidtiliver. exanpl e 239
ppm of gresi dual FA Inventive exarrpl e 96 ppm of residual FA PF 56448 18 W

claim 1. A process for verted residua rmno rs from

pol yoxym&*?hyIolr égoces\ﬁﬁgpgﬁwgg Ig% EFPE‘&F?BF‘FS&"&W h"? tQd out in an
extrudat e de\dﬂvaletlliaezI§rfr0n502.t025@nphancess according to cl al m 1, wherein the
pressure in the extrudate devolatilizer is fromO0.1 to 250 nbar. 3. The

process agcording to either er ei he te ure of
Phe 10 mai T Baeds sktpone fesfidialramid Bnde: YhIER fe lehsitbeo e 70 4
The pi@cess dvelberientgringtharexiradate davetatilizet i frdm Wideto&i’A°G.he resi dence tine is
from 2 sec to 60 m'n 15 5. The process accordi ng to any of clainms 1 to 4,

tnereL1 2, YIS RO of Gy LR g R e O 2

devol atil i zed?%QCtQSanéqure of from1 nbar to 9 bar and a terrperature of
from 160 to 240C in at | east one devolatilizing apparatus, and c) further

residygl BONGHRGoAE S8 ing T8RS ddlmB" %L WHERLE devol atilizer.

a} the polymer is brought to a temperature of from 165 to 270°C at a pressure
of from 10 to 100 bar, a melt forming,

20 b)  the melt is devolatilized at a pressure of from 1 mbar to 9 bar and a
temperature of from 160 to 240°C in at least one devolatilizing apparatus,

and

c) further residual monomers are then removed in an extrudate devolatilizer.

25
6. The process according to any of claims 1 to 5, wherein, in step a), the pressure is
from 15 to 60 bar and the temperature is from 170 to 240°C.
7. The process according to any of claims 1 to 6, wherein, in step b}, the pressure is
30 from 5 mbar to 8 bar and the temperature is from 168 to 220°C.

8. The process according to any of claims 1 to 7, wherein the devolatilization in step
b) is effected in two stages.

35 9. The process according to claim 8, wherein, in the two-stage devolatilization b), the
pressure is from 2 to 18 bar and the temperature from 160 to 240°C in the first
stage, and the pressure is from 1 mbar to 1 bar and the temperature from 160 to
240°C in the second stage.

40 10. The process according to any of claims 1 to 9, wherein, in step b), a
devolatilization vessel or devolatilizing extruder is used as the devolatilizing
apparaius.



25 6. The process according to any of clains 1 to 5 wherein, in step a),
the pressprggiagg from 15 to 60 bar and the tenperature is from 170 to 240C.
7. The process according to any of clains 1 to 6, wherein, in step b), the
pressure is 30 from5 nbar to 8 bar and the tenperature is from168 to
220C. 8. The process according to any18f claims 1 to 7, wherein the

devol S't il ifaw ;lsregééé 161188 prdpardtonek QQé%étﬁyléd%czﬁ@gil?%?p@ﬁngis, Wh@rgm Ofﬁss
accordl ng o.clal. er n | -S e VO l. atl on , e
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of clains 1 , el i . J L L,on vessel or
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19 11. A process for the preparation of polyoxynethyl ene hono- or

copol ynmer 2. Vihempesdess heaosding to dlaib m,mmrm_@sieu@rw mmaiedraee in a
nononer unit pol ymeri zati on reactor
to give sai dT%%’F'gﬁe@@r@m"?ﬁé%’?%??ﬁﬁg'}ﬂ%%ﬁ@?@“’g‘#@sent in the polyners
are renoved, during or after this 5 polynerization, by the process according
t o anmp of 1% & padyckytethiiene hamoT becqpotyces sotdainatiel by thd mrocesaiarcdrilingther ei n t he
resi dual mn%ﬂﬁér%f%%@é’?ﬂ A4 §> recycled to the polynerization reactor or to
t he nononer unit. 3. %\ pol yoxynet hyl ene hono- or copol yner, obtainable
by the process according to either of clains 11 and 12.



