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comonomers such as 1,3-dioxolane, 1,3-butanediol formal or ethylene oxide being

used for the preparation of copolymers. The polymerization is usually carried out

25 cationically; for this purpose, strong protic acids, for example perchloric acid, or Lewis
acids such as tin tetrachloride or boron trifluoride are introduced into the reactor as
initiators (catalysts). The reaction is subsequently usually stopped by addition of

ammonia, amines, atkali metal alkoxides or other basic deactivators.

30 The conversion in the polymerization is usually not complete; rather, the crude POM
polymer still comprises up to 40% of unreacted monomers. Such residual monomers
are, for example, trioxane and formaldehyde and also any comonomers used. The
residual monomers are separated off in a degassing apparatus. It would be
economically advantageous for them to be recirculated directly and without further

35  purification operations to the polymerization.

Solvents are usually concomitantly used in the preparation of POMs. For example,

initiator and activator are generally added in diluted form in a solvent, since otherwise

the small amount required cannot be metered precisely and/or cannot be distributed
40 uniformly in the content of the reactor or in the reaction mixture.

The solvents or other additives can either accumulate when the residual monomers
which have been separated off are recirculated and can interfere in the process as a
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to 12, the initiator is added in diluted formin a solvent.
20  According to the German patent application No. 102004057867.2 of November 30,

2004, page 10, lines 27-39, which is not a prior publication, the deactivator is added as

a solution in trioxane, dioxolane or another monomer or in a carrier substance such as

oligomeric or polymeric POM. However, according to page 6, lines 9-15, the catalyst is

added as solution in a solvent, for example in cyclohexane or 1,4-dioxane.

25
The German patent application No. 102005012482.8 of March 16, 2005, which is not a
prior publication, describes a process for preparing POMs, in which the amount of
proton donors is less than 5000 ppm. According to page 6, lines 5 to 12, the initiator is
added in diluted form in a solvent.

30

Accordingly, either the initiator (catalyst) or the deactivator is added using a solvent in
the processes mentioned. A completely solvent-free process is not described.

It was an object of the invention to remedy the disadvantages indicated. In particular,

35 animproved process for preparing POMs is to be provided. In the process, the residual
monomers which have been separated off should preferably be able to be recirculated
to the polymerization directly and without further purification.

We have accordingly found the process defined at the outset and the polymers
40 mentioned at the outset. Preferred embodiments of the invention are defined in the
subordinate claims. All pressures indicated are absolute pressures.
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20
where R to R* are each, independently of one another, a hydrogen atom, a C4-Cs-alkyl
group or a halegen-substituted alkyl group having from 1 to 4 carbon atoms and RS is a
-CH2~ group, a -CH2O- group, a C;-Cs-alkyl- or Cs-Cs-haloalkyl-substituted methylene
group or a corresponding oxymethylene group and n is in the range from 0 to 3. These
25 groups can advantageously be introduced into the copolymers by ring opening of cyclic
ethers. Preferred cyclic ethers are those of the formula

R2
|
R—T—C])
R—— (R,
R4

30 where R"to R¥ and n are as defined above. Purely by way of example, mention may be
made of 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 formai, BUFO) as cyclic
ethers and linear oligoformals or polyformals such as polydioxolane or polydioxepane
as comonomers. 1,3-Dioxolane is a particularly preferred comonomer.

35
Likewise suitable are oxymethylene terpolymers which are prepared, for example, by
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derived from glycidyls and formaldehyde, dioxane or trioxane in a molar ratio of 2:1 and

10  also diethers derived from 2 mol of a gtycidyl compound and 1 mol of an aliphatic diol
having from 2 to 8 carbon atoms, for example the diglycidyl ethers of ethylene glycol,
1,4-butanediol, 1,3-butanediol, cyciobutane-1,3-diol, 1,2-propanediol and cyclohexane-
1,4-diol, to name only a few examples.

15  End-group-stabilized polyoxymethylene polymers which have predominantly C-C or
-0O-CH3; bonds at the ends of the chain are particularly preferred.

The preferred polyoxymethylene copolymers have melting points of at least 150°C and
molecular weights (weight average) My in the range from 5000 to 300 000, preferably
20  from 7000 to 250 000. Particular preference is given to POM copolymers having a
polydispersity (Mw/M,) of from 2 to 15, preferably from 2.5 to 12, particularly preferably
from 3 to 9. The measurements are generally carried out using gel permeation
chromatography (GPC)/SEC (size exclusion chromatography), and the M, value
(number average molecular weight} is generally determined by means of GPC/SEC.
25
Regulators and initiators

The molecular weights of the polymer can, if appropriate, be set to the desired values
by means of the regulators customary in trioxane polymerization and by means of the
30  reaction temperature and residence time. Possible regulators are acetals and formals
of monohydric alcohols, the alcohols themselves and the small amounts of water which
function as chain transfer agents and whose presence can generally never be
completely avoided. The regulators are used in amounts of from 10 to 10 000 ppm,
preferably from 20 to 5000 ppm. Methylal and butylal are preferred regulators.
35
The polymerization is preferably initiated cationically. Polymerization initiators (also
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The initiator is particularly preferably dissolved in a partial amount of the comonomers
or in the total amount of the comonomers and the initiator solution obtained is added to

25  the reaction mixture. Particular preference is given to using a partial amount and not
the total amount of the comonomers, with this partial amount preferably being from 0.1
to 80% by weight, in particular from 0.5 to 20% by weight, of the total amount of
COMONOMmers.

30  Accordingly, the polymerization initiator is preferably added to the reaction mixture as a
solution in a partial amount or the total amount of the comonomers in the process of
the invention. The concentration of the initiator in the initiator solution is generally from
0.005 to 5% by weight.

35 For the purposes of the present invention, the terms solution and dissolution
encompass suspensions of and the suspension of sparingly soluble initiators.

Main monomers and comonomers, initiators and, if appropriate, regulators can be
infroduced into the polymerization reactor in any desired premixed form or separately

40  from one another. Furthermore, the components can comprise sterically hindered
phenols as described in EP-A 129369 or EP-A 128739 {o stabilize them.
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The deactivators are usually added to the polymers in amounts of, for example, from
0.01 ppmw to 2% by weight, preferably from 0.05 ppmw to 0.5% by weight and in
particular from 0.1 ppmw to 0.1% by weight. in general, it is advisable to add the
deactivator in diluted form in order to be able to meter the small amounts of deactivator
30 mentioned precisely and distribute them uniformly.

in a preferred embodiment, the deactivator is added to the reaction mixture without
concomitant use of solvents. Such solvents which are preferably not used woulid be, for
example, water, methanol, other alcohols or other organic solvents.
35
Particular preference is given to dissolving the deactivator in a carrier substance having
ether structural units and adding the deactivator solution obtained to the reaction
mixture. Preferred carrier substances are ones which have the same structural units as
are present in the POM polymer to be prepared in the particular case. Suitable carrier
40  materials are, in particular, the abovementioned main monomers or comonomers and
also oligomeric to polymeric polyoxymethylene and other polyacetals.
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substances comprising the deactivators, preference is given to using apparatuses such
as side extruders, stuffing screws, melt pumps, mixing pumps, etc.

25  Accordingly, the deactivator is preferably added to the reaction mixture as a solution in
a partial amount of the main monomers or the comonomers or as a solution in an
oligomeric or polymeric POM in the process of the invention. The concentration of the
deactivator in the deactivator solution (carrier substance) is preferably from 0.001 to
10% by weight, more preferably from 0.01 to 5% by weight, in particular from 0.05 to

30 2% by weight, very particularly preferably from 0.08 to 1% by weight.

Way of carrying out the polymerization

POMSs derived from formaldehyde can be prepared in a customary fashion by

35  polymerization in the gas phase, in solution, by precipitation polymerization or in bulk.
POMs derived from trioxane are generally obtained by bulk polymerization, for which
purpose it is possibie to use any reactors having a good mixing action. The reaction
can be carried out homogeneously, €.g. in a melt, or heterogeneously, €.g. as a
polymerization to form a solid or pelietized solid. Suitable reactors are, for example,

40  pan reactors, plowshare mixers, tube reactors, List reactors, kneaders (e.g. Buss
kneaders), extruders having, for example, one or two screws and stirred reactors, with
the reactors being able to be equipped with static or dynamic mixers.
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25  The residual monomers are removed from the crude POM. This is usually effected in a

degassing apparatus; suitable degassing apparatuses are, for example, degassing

pots (flash pots), vented extruders having one or more screws, filmtruders, thin film

evaporators, spray dryers, stream degassers and other customary degassing

apparatuses. Preference is given to using vented extruders or degassing pots. The
30 latter are particularly preferred.

Degassing can be carried out in a single stage (in a single degassing apparatus). it can
likewise be carried out in a plurality of stages, for example two stages, in a plurality of
degassing apparatuses. in the case of multistage degassing, the degassing

35 apparatuses can be identical or different in terms of type and size. Preference is given
to using two different degassing pots connected in series, with the second pot having a
smaller volume.

In single-stage degassing, the pressure in the degassing apparatus is usually from
40 0.1 mbar to 10 bar, preferably from 1 mbar to 2 bar and particularly preferably from

5 mbar to 800 mbar, and the temperature is generally from 100 to 260°C, preferably

from 115 to 230°C and in particular from 150 to 210°C. In the case of two-stage
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havi ng a gmedsiueas andltemperaluresi ngl e- st age degassing, the pressure in the
degassi ng apparatus is usually from 40 0.1 nbar to 10 bar, preferably from
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25 1013 hPa is below 60°C present in the reaction mixture is not more than 0.1% by
weight at any point in time during the process. This amount is preferably not more than
0.05% by weight. Preference is likewise given to the melting point of the compounds at
1013 hPa being below 25°C.

30 In the calculation of this amount, the POM, the monomers, comonomers,
polymerization initiators, deactivators and regulators are not taken into account, but
any solvents used in their addition or other additives are.

The term process refers to the totality of all process steps from the initial monomer
35 mixture (i.e. before initiation of the polymerization) to the end of the removal of residual
monomers (degassing). However, if additives are added to the POM after the removal
of residual monomers, this addition of additives does not come within the scope of a
process according to claims 1 to 10, i.e. it is possible in the addition of additives to add
more than 0.1% by weight of compounds whose melting point at 1013 hPa is below
40 60°C. A process which includes the addition of additives is subject matter of claim 11.

The process according to claims 1 to 10, i.e. without taking additives into account, is
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addi tion of_ additfdr¥ @8rideforl lcoh@8BnWkeiYidhelRkRieSCOPE Of a
- nonpolar polypropylene waxes,
25 - nucleating agents,
- fillers,
- impact-modifying polymers, in particular polymers based on ethylene-propylene
(EPM) or ethylene-propylene-diene (EPDM) rubbers,
- flame retardants,
30 - plasticizers,
- bonding agents,
- dyes and pigments,
- formaldehyde scavengers, in particular amine-substituted triazine compounds,
zeolites or polyethylenimines,

35 - antioxidants, in particular antioxidants having a phenolic structure,
benzophenone derivatives, benzotriazole derivatives, acrylates, benzoates,
oxanilides and sterically hindered amines (HALS = hindered amine light
stabilizers).

40 These additives are known and are described, for example, in Gachter/Mdller, Plastics
Additives Handbook, Hanser Verlag Munich, 4th edition, 1993, reprint 1996.



pr-ocess acqﬂ._r% toclains 1 to 10, i.e. it is possible in the addition of
additives to a nore than 0.1 % by wei ght of conpounds whose nelting point
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additives is subject matter of claim 1141 The process according to clains 1
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flame r'® ardants, 30 - plasticizers, - bonding agents, - dyes and pigments,
The extruder or the mixing apparatus can be provided with degassing facilities, for

example o remove residual monomers or other volatile constituents in a simpie
manner. The homogenized mixture is discharged in a customary fashion and preferably
pelietized.
20
The addition of additives can be made particularly miid by minimizing the time between
discharge from the degassing apparatus and introduction into the mixing apparatus in
which the additives are added. For this purpose, it is possible, for example, to mount
the degassing pot directly on top of the intake of the extruder used for blending with the
25 additives.

The polyoxymethylene copolymers obtainable by the process of the invention for

preparing POMs (claims 1 to 10) or by the process of the invention for preparing POMs

and adding additives (claim 11) are likewise subject matter of the invention. Moldings of
30  all types can be produced from the copolymers.

As a result of the process of the invention being carried cut in the presence of not more
than 0.01% by weight of compounds having a melting point below 60°C (1013 hPa)
and preferably in the absence of solvents, it is possible to recirculate the residual

35 monomers separated off in the degassing step directly and without further purification
to the polymerization. Accumuiation of additives in the recirculation of the residual
monomers is avoided, as is sweating-out of additives from the finished molding. The
occurrence of secondary reactions which could adversely affect the polymerization is
reduced.

40



- -fornal de avengers, in particular am ne-substituted triazine
conpounds, zeolTtes or polyethylenimnes, 35 - antioxidants, in particular
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addi tion ofy fiﬁ&lnwo\fﬁémﬁ%ﬁﬁQ&ar}}%daescﬁ&fow|r9'4|3a(§|!>)\/o|£ﬂé %e@éb& \WHsZhiRGd e t1me

bet ween disc g ‘1[ aratuys an ti on Into the
mi xi ng. appiraREOTA STFATLAS (WET AT AR Br el e 5 epﬁf?ﬁ Blehose, it is
possi bl e, f2ominetesnpddiym eethaxide (as rrastatbatak siergboue) Wy metergd aﬂrd moedof t he

i ntake 20f k8 texpSIUABT mES 88 dEtivRoE MAHRE aWdmtbunbhat it was present in a 10-fold

molar excess relative to the initiator. The residence time in the deactivation zone was
3 minutes.

The polymer melt was taken off through a pipe and depressurized via a regulating

25 valve into a first degassing pot which was operated at 190°C and 3 bar. The vapor was
taken off from the pot via a pipe and introduced into a falling film condenser where it
was brought into contact with a trioxane feed at 118°C and 3.5 bar. Part of the vapor
was precipitated and the monomer mixture obtained was recircuiated to the reactor.
The proportion of the vapor which was not precipitated was fed via a pressure

30  maintenance valve into an offgas line.

From the first degassing pot, the meit was taken off via a pipe and depressurized
through a regulating valve into a second degassing pot which was provided with an
offgas line. The temperature of the degassing pot was 190°C and the pressure was

35 ambient pressure. The pot had no bottom and was mounted directly on top of the feed
dome of a twin-screw extruder ZSK 30 from Werner & Pfleiderer so that the degassed
polymer fell directly from the pot onto the extruder screws.

The extruder was operated at 190°C at a speed of rotation of the screws of 150 rpm
40  and was provided with vents which were operated at 250 mbar. In addition, it had a

feed opening for additives, through which 0.5 kg/h of the antioxidant ethylenebis-

(oxyethylene} bis[3-(5-tert-butyl-4-hydroxy-m-tolyl)propionate] (commercial product



25 additivgﬁ35 pol yoxynet hyl ene copol yners obt ai nabl e by the process of
the invention tor preparing POM (clainms 1 to 10) or by the process of the
invention for preparing POV and adding additives (claim11l) are |likew se
subject matter of the invention. MIlding3 of 30 all types can be produced

fromthe c 1.0 S n bei n
carried ou'([?'%g Xﬁéﬁ FA@e(?llgée%§g(L’g|6\f &H%#%gag ﬁg% rﬁet%iecﬁ)neme\?\%r%a c:)rrgounds
havi ng a m§i‘~°@ﬁﬁ@eﬁﬁwe%@%‘wﬂewd('m@lﬂyswWéﬁd preferably in the absence
of solvents, it is possible to recirculate the residual 35 nononers

separat ed i éxgmﬁJ%esh%ﬁgQﬁéHngdﬁ)&Sang L b LUl AE metoreg

purificatio a I.on of tives . in the

reci r cuPat |3€H't'8f' of the ”P'E%tPHJQP eﬁﬁW@F%r‘"éasl@e’fﬁﬂPgl'ﬂéa 2 spUutipg I M ng- out  of
additives fromthe finished nolding. The occurrence of secondary reactions
whi ch coul d adversely affect the polynerization is reduced. 40 PF 56923 12
Exanpl es Perchloric acid in the formof a 0.01 %strength by wei ght solution
of 70% strength by weight aqueous perchloric acid in 1, 3-di oxol ane was used
as initiator for the 5 polynerization described bel ow. Sodi um nmethoxide in
the formof a nmasterbatch was used as deactivator. The nmasterbatch
conprised a polyneric POM copol yner of trioxane and 3.5% by wei ght of

but anedi ol formal (comrercial product Utraform(r) N 2320 from BASF) and
0.0021 % by 10 weight of sodium nmethoxi de. A nononmer m xture consi sting of
96. 995% by wei ght of trioxane, 3% by weight of dioxolane and 0.005% by

wei ght of nethylal was fed continuously into a polynerization reactor at a
rate of 5 kg/h. The reactor was a tube reactor provided with static m xers
15 and was operated at 150C and 30 bar. 0.1 ppnw of perchloric acid as a
solution in 1, 3-di oxol ane (see above) was mi xed into the nononer stream as
initiator. After a polynerization tinme (residence tine) of 2 mnutes, sodium
nmet hoxi de (as mast erbatch, see above) was netered and m xed 20 into the
polymer nelt as deactivator in such an amount that it was present in a
10-fold nolar excess relative to the initiator. The residence tine in the
deactivation zone was 3 m nutes.



The pol yner mglt was taken off through a pipe and depressurized via a

regul ati ngFfS §823ve into a first degassi ng pot which was operated at 190C
and 3 bar. The vapor was taken off fromthe pot via a pipe and introduced
into a falling filmcondenser where it 4was brought into contact wth a
trioxane feed at 118C and 3.5 bar. Part of the vapor was precipitated and
t he nononer™@&Mét ure obtai ned was recirculated to the reactor. The
proportion of the vapor which was not precipitated was fed via a pressure 30
mai nt enancel.Va|AV;§‘fobé’§_sofona;5}eB£ﬁrg_;aﬁoydxg)ﬁ}etrﬂéﬁ@cbtﬂ@y%bfss(bm%@5&)”9 pot, the
melt was taken off via a Lpe an tdegressurl zetd thr.oErgoh a regul ating val ve
into a second PRYHELFRN ad%? R R UR EOPPERITGRARRe R AONGMERE Y i ne.  The

t enper abur e of comendegesaridrjspa polyemeri2@og ivitiaiot &, [frapprpristenase@fatanis) ent
gr essu][ €. ;I'h_e %Hin@%é&?ti%&ﬁ&? c,?‘('i‘%nwﬁﬁg fﬁé&@éi@dal%ér%@rliéry, viHeréif R ht Pet Leed
onme of a tw n-screw extruder rom Vern Jeiderer s e
degassed pol yr?éqouf‘g?fw&mpé@?? Vﬁﬁeq'%?[t'ﬁﬁ pgb’fatﬁ(ﬁ&%%sgﬂém eP pgﬁEe . The
extruder was opks eaetioramixigeat any poisippdmegiuripg tha prepessfis npematertear O0df% 150
rpm 40 and wasyfwetitdeith ietFOMethk SnoMdintdis, Wehronepersbelimatizaf ifibators, | n

addi ti 9% It hao%a 'vaFo??gB&)Peedﬂjiéggrsfngf]@%gﬂ%tciu\ﬁgé1'n ﬁwgrcgféggtimi ch 0.5 kg/h of

t he anti"oxi dant et hylenebi s- xXyet
bi s[ 3-(5-tert-butyl -4-hydroxy-mtolyl)propionate] (conmercial product PF
56923 13 12 ganowe(procezs actarding @ biainSpewherkinth&neitingadoint ohwheecomgioangdat n. The
product was diggBapy be,g\gt%:se@_ and pelletized in a customary way. The
exanpl e shows that 1,3-dioxolane, i.e. the conononer, was used for the
netered 5 addition of the initiator. The deactivator was netered in as a
soluti dd i B.a FAOWprédess@8@3dibg to Geem hrer 2, wikenpindbe pslyfmerizagioapamitiaged
pol yoxymet hyl engrigapglymers (POVs) by a) polynerizing a reaction mxture
conprising suitable main nononers and 5 conononers and al so a pol yneri zati on
initiator and, if appropriate, a regulator, b) adding a deactivator and c)
renovi ng t He r déiedriedesaaapentaing lo anepidiaimsHeto Janbarein piotie apigs amdssefiisse
mel ting point &olykist3attieinitistopel ow 60C present in the reaction mxture at
any poijqat in tinme during the process is not nore than 0.1 % by weight, with
the P t he mpnoners, conononers, polynerization initiators, 10
deact i vat ors anidlerigrasaesrydingto pey plridims| Iuiadd Wharamidiedaaia moREMsks are

selected from among tricxane and other cyclic or linear formals.

6.  The process according to any of claims 1 to 5, wherein the polymerization
25 initiator is added to the reaction mixture without concomitant use of solvents.

7. The process according to any of claims 1 to 6, wherein the deactivator is added
fo the reaction mixture without concomitant use of solvents.

30 8. The process according to any of claims 1 to 7, wherein the polymerization
initiator is added to the reaction mixture as a solution in a partial amount or the
total amount of the comonomers.

9.  The process according to any of claims 1 to 8, wherein the deactivator is added
35 to the reaction mixture as a solution in a partial amount of the main monomers or
the comonomers or as a solution in an oligomeric or polymeric POM,

10. The process according o any of claims 1 to 9, wherein the process is carried out
without concomitant use of solvents.
40
11. A process for preparing polyoxymethylene copolymers (POMs), which comprises
preparing the polymers by means of the process according to any of claims 1 to



2: The pro§§a§¥%§cording to claim1, wherein the nelting point of the
conpounds 3 hPa is below 25C. 15 3. The process according to claim|l
or 2, wherein the polynerization is initiated cationically. 4. The process
according to any of clains 1 to 3, wherggn protic acids are used as

pol ymeri zation initiator. . The process according to any of clains 1 to
4, wherein the 'R&@"d *Pﬁih%ﬁ?é’?’%d)éfruétonéaé}’ 884iBPSf r om anong trioxane and ot her
cyclic or linear formals. 6. The process according to any of clainms 1 to 5,

wherein t hq2p0|PY§@3[dx§ﬁ1teEr§%ne%% lenEP @EtQma & RIS Hr8sd AR oFRALL G dff xture

wi t hout concom oce according to any of
clains 1 to 6, c&ﬂ@?éﬂ%$995 gﬁﬂ??%ﬁ?@Fngmﬂ g@wn?i t he reacglon nliture

wi t hout concomtant use of solvents. 30 8. The process according to any of
clainms 1 to 7, wherein the polynerization initiator is added to the
reaction mxture as a solution in a partial anmbunt or the total amount of
the conmononers. 9. The process according to any of clains 1 to 8, wherein

t he deactivator is added 35 to the reaction mxture as a solution in a
partial anpunt of the main nononers or the conmononers or as a solution in
an oligoneric or polyneric POM 10. The process according to any of clains 1
to 9, wherein the process is carried out wthout concomtant use of
solvents. 40 11. A process for preparing pol yoxynet hyl ene copol ynmers (POW),
whi ch conprises preparing the polyners by nmeans of the process according to
any of clainms 1 to PF 56923 15 10 and then adding d) customary additives.
12. A pol yoxynet hyl ene copol yner obtai nabl e by the process according to any
of clainms 1 to 10 or by the process according to claim11.



