-1- Method For Production of Polyoxynethyl ene Hono- O Co-Polynmers 5
Description The invention relates to a process for preparing

pol yoxynet hyl ene honopol yners or copolyners, in which trioxane is firstly
prepared and purified in a nonomer plant-tnd subsequently polynerized, if
appropriate, wth addition of suitable conononers, in a 10 pol ynerization
pl ant. Pol yoxynet hyl ene polyners (POMs, also referred to as pol yacetal s)
are obtai ned by honopol yneri zati on or copol ynmerization of 1,3,5-trioxane
(trioxane for short), formal dehyde or another fornal dehyde source. The
conversion is wusually not conplete; rather, the crude POM pol ymer stil
conprises up to 40% of unreacted nononers. h_resi dual nononers are, for
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1, 3-di oxol ane, 1, 3-butanediol formal or ethylene oxide which are optionally
used H”Btffk§5$ﬁﬁﬁt pur poses, the term POM enconpasses both honopol yners
and copol yners e residual nononers have to be renoved fromthe crude
polymers by neans of a 20 work-up, for exanple by degassing. Since, as
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Since, as mentioned above, compiete conversion can generally not be attained and the
proportion of residual monomers in the crude POM polymer is correspondingly high at
up to 40%, the residual monomers to be separated off have to be utilized, generaily by

25 recycling, preferably to the polymer process or to the process for preparing the
monomers.

Thus, for example, DE 102005002413.0 discloses firstly preparing suitable monomers
in a monomer plant and subsequently transferring these to a polymerization reactor

30 and polymerizing them there. After the preparation of POM, unreacted residual
monomers are removed by degassing by bringing the polymer to a temperature of from
165 to 270°C at a pressure of from 10 to 100 bar. This results in formation of a meit
which is degassed at a pressure of from 1.05 to 9 bar and a temperature of from 160 to
240°C in at least one degassing apparatus. According to the process of

35 DE 102005002413.0, the residual monomers removed by the degassing process can
be reused as starting materials in POM production, i.e. be recycled to the POM
process. For example, the residual monomers can be recirculated directly to the
polymerization reactor or into the feed stream to this, or be recirculated to the monomer
plant.



Recircul ation to the nononer plant has hitherto required the

f or mal dehyde- conpri sing residual nononmer streans to be scrubbed out by
means of a high proportion of water in a scrubbing colum. The high
proportion of water required at the outlet. of this 5 scrubbing colum was
because precipitation of solids due to high fornaldehyde/trioxane
concentrations had to be avoided. Polynerization inhibitors, for exanple
wat er, al cohols, ammonia or am nes, are also frequently used in known
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di stillHiowiosanesrystallization in one or nore 25 further process steps to
give trioxane and wat er the trioxane obtained in the nononmer plant or
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resi dual nofﬂb‘ﬁ@r@ ihg m@pdawstreanas fermedein thet Dolmmeeanm@assmw epsures an
degassed i NgxRBetPOR pPockicBe@Sfity. © Ji ve one or nore vapor streans which are,
I f apprgpriate, fed to a condenser to give a condensate which is recycled
to the %I ynerization reactor and one or nore gaseous,
f or mal dehydEhis ohjsct isiachieved bmmprqmséorsmeaarmrnqlxeqxvmeﬁymgstmopgwmers or
pol yoxynet hydpaiyendie By el iidilyraériza 86w by EBpolybhzation i df thienkeCoraatidriohaldef or
kneader a”dsdn%b@e&%n% ps GHRh_RRTY additives and processing aids in this
trioxane is firstly prepared in a monomer plant by
20 - acid-catalyzed reaction of a high-concentration aqueous formaldehyde
solution in a reactor to give a trioxane/formaldehyde/water mixture,
- distillation of the trioxane/formaldehyde/water mixture to give crude trioxane
as overhead stream and
- work-up of the crude trioxane by distillation or crystallization in one or more
25 further process steps to give trioxane and water,
the trioxane obtained in the monomer plant or additionally suitable comonomers
are fed to a polymerization plant in which
- the crude polyoxymethylene homopolymer or copolymer which still
comprises residual monomers is prepared in a polymerization reactor and
30 is
- degassed in one or more stages to give one or more vapor streams which
are, if appropriate, fed to a condenser to give a condensate which is
recycled to the polymerization reactor and one or more gaseous,
formaldehyde-comprising streams and also a partially degassed
35 polyoxymethylene homopolymer or copolymer which
- is fed to an extruder or kneader and is mixed with customary additives and
processing aids in this
- to give a polymer melt and
- extraction of a formaldehyde-comprising extruder or kneader offgas from
40 the extruder or kneader,




- to give a polymer nelt and - extraction of a formal dehyde-conpri sing
extruder or kneader offgas from 40 the extruder or kneader, -3- wherein the
f or mal dehyde- conpri si ng secondary streans fromthe polynmer plant are
recycled directly without addition of auxjliaries to the nononer plant. 5
Pol yoxynet hyl ene honopol yners or copol yngrs (POWs) are known per se and are
commercial ly available. The honmopol yners are prepared by pol ymerization of
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from 0.5 to 6 mol%, of recurring
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units, where R' to R* are each, independently of one another, a hydrogen atom, a
C,-C,-alkyl group or a halogen-substituted alkyl group having from 1 to 4 carbon atoms
and R® is a CH,- group, a -CH,O- group, a C;-C4-alkyl- or Cy-Cs-haloalkyl-substituted

20 methylene group or a corresponding oxymethylene group and n is 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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25
where R' to R® and n are as defined above. Mention may be made, merely by way of
example, 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 formal, BUFQ) as
cyclic ethers and linear oligoformals or polyformals such as polydioxolane or
30 polydioxepane as comonomers.



oxi de, 1, 3-di oxane, 1, 3-dioxolane and 1, 3-di oxepane (= butanediol formal,
BUFO as cyclic ethers and linear oligoformals or polyformals such as

pol ydi oxol ane or 30 pol ydi oxepane as conononers. -4- Likew se suitable are
pol yoxynet hyl ene terpol ymers which are ppepared, for exanple, by reacting
trioxane, one of the above-described cyclic ethers and a third nononer,
preferably a bifunctional conpound of the formula 2CHCH2 Z-CH2-CQ\ jH3 5 O
O and/ or |Likewise sGRablz G polpmyencihyilencateqiodymiara lwhininare prépared GRCexample,
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et hyl ene glycol, 15 1, 4-butakgdiol, 1, 3-butanedi o\,/cycl obut ane- 1, 3-di ol ,

1, 2- propganedi ol and cycl ohexarf®- 1,4-diol, to nameooni y a few exanpl es.

End- gr oup- S%@E@J i zed pol yoxynet hyl ene pol yners whi ch have predom nantly CC
or -OCH3 s at the ends of the chain are particularly preferred. 20 The
preferred pol yoxynet hyl ene copoly ¥ I ng points of at |east 150C
and nol ecul ar wei ghts (wei ght averade) MH, in the range from 5000 to 300
000 g/rmol, preferably from 7000 0 000 . Particular preference is
given to POM copolymers having a pol ydi spersity (M)M) of from2 to 15,
preferably from2.5 to 12, 25 particularly preferably from3 to 9. The
measur ement whered igerghemical boad.-Oed ORQ- (ByCgdls-alkytanes Gadr-aynloalreng) aphy
(GPC) - SR (si ze exclusion chromatography); the M value (nunber average
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regul ators 65 Qct%t g'c%rt?orn %%n%‘?l for Oefm:ample the diglycidyl ethers of ethylene glycol,
15  1,4-butanediol, 1,3-butanediol, cyclobutane-1,3-diol, 1,2-propanediol and cyclohexane-
1,4-diol, to name only a few examples.

End-group-stabilized polyoxymethylene polymers which have predominantly C-C or
-0-CHs; bonds at the ends of the chain are particularly preferred.
20
The preferred polyoxymethylene copolymers have melting points of at least 150°C and
molecular weights (weight average) M, in the range from 5000 to 300 000 g/moal,
preferably from 7000 to 250000 g/mol. Particular preference is given to POM
copolymers having a polydispersity (M,/M,) of from 2 to 15, preferably from 2.5 to 12,
25 particularly preferably from 3 to 9. The measurements are generally carried out by gel
permeation chromatography (GPC}-SEC (size exclusion chromatography); the M,
value (number average molecular weight) is generally determined by means of GPC-
SEC.

30 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
reaction temperature and residence time. Possible regulators are acetals or formals of
monohydric alcohols, the alcohois themselves and also the small amounts of water
which function as chain transfer agents and whose presence can generally never be

35 completely avoided. The regulators are used in amounts of from 10 to 10 000 ppm,
preferably from 20 to 5000 ppm.



nmonohydri c al cohols, the al cohols thenselves and also the small anmounts of
wat er which function as chain transfer agents and whose presence can
generally never be 35 conpletely avoided. The regulators are used in anmounts
of from10 to 10 000 ppm preferably fr@gm20 to 5000 ppm As initiators
(also referred to as catal ysts), use is fmde of the cationic initiators
customary in trioxane polynerization. Suitable initiators include protic
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25

Monomers, initiators, cocatalysts and, if appropriate, regulators can be premixed in any

way or introduced separately from one another into the polymerization reactor.

Furthermore, the components can comprise sterically hindered phenois to achieve
30 stabilization, as described in EP-A 129369 or EP-A 128739.

The polymerization mixture is preferably deactivated immediately subsequent to the
polymerization, preferably without a phase change occurring. The deactivation of the
initiator residues (catalyst residues) is generally achieved by addition of deactivators
35 (terminating agents} to the polymerization melt. Suitable deactivators are, for example,
ammonia and primary, secondary or tertiary, aliphatic and aromatic amines, e.g.
trialkylamines such as triethylamine or triacetonediamine. Further suitable deactivators
are salls having a basic reaction, e.g. sodium carbonate and borax, also the
carbonates and hydroxides of the alkali metals and alkaline earth metals, in addition
40 alkoxides such as sodium ethoxide. The deactivators are usually added to the
polymers in amounts of preferably from 0.01 ppmw (parts per million by weight) to 2%



pol ynmeri zation, preferably w thout a phase change occurring. The
deactivation of the initiator residues (catalyst residues) is generally
achi eved by addition of deactivators 35 (term nating agents) to the
polymerization nmelt. Suitable deactivators are, for exanple, amonia and
primary, secondary or tertiary, aliphatic and aromatic am nes, e.g.
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resi dence t Mel tag POMPYmentarmedor keepif elle® in the reactor is usually from
0.1 to 20 mnutes, preferably fromO0.4 to 5 mnutes. The polynerization is
The melt polymerization is generally carried out at from 1.5 to 500 bar and from 130 to
25 300°C, and the residence time of the polymerization mixture in the reactor is usually
from 0.1 to 20 minutes, preferably from 0.4 to 5 minutes. The polymerization is
preferably carried out to a conversion above 30%, e.g. from 60 to 90%.

In any case, a crude POM which, as mentioned, displays considerable advantages, for

30 example it comprises up to 40% of unreacted residual monomers, in particular trioxane
and formaldehyde, is obtained. Formaldehyde can be present in the crude POM even
when only trioxane has been used as monomer, since it can be formed as degradation
product of trioxane. In addition, other oligomers of formaldehyde, e.g. the tetramer
tetroxane, can also be present.

35
According to the process of the invention, trioxane is used as monomer for preparing
the POM, which is why the residual monomers taken off also comprise trioxane, usually
together with from 0.5 to 10% by weight of tetroxane and from 0.1 to 75% by weight of
formaldehyde.

40



preferably carried out to a conversion above 30% e.g. from60 to 90% In
any case, a crude POM which, as nentioned, displays considerabl e advant ages,
for 30 exanple it conprises up to 40% of unreacted residual nononers, in
particular trioxane and fornaldehyde, is obtained. Fornal dehyde can be
present in the crude POM even when only trioxane has been used as nononer,
since it can be formed as degradation product of trioxane. In addition,

ot her ol i gofercargfout dherprabeky,disipxanegis firkly peparmoein a meinomepgnt daa @Urgy be

present. 35,ARRGh&HEhd Q%échﬁ:af?é 'héH for @@e 'a@‘fﬁ&‘dn%?’m ttﬁé PAGREY blﬁnfdﬁ'ﬁéi as
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t et roxane apefdrabipn992dby eveifob99.a684 ohweight, of dicxahe ehhigh-pudity triBxartoi.eaa ry

out the Progessm h&&nh&é@ﬁﬁurﬁlﬁn%ﬁt&hwQQ@QB{;%udh’Boﬁrqu plant in a purity
whi ch neets the specifications required for use as nononer in the polyner

plant: this can be pure trioxane, i.e. a streamhaving a m nimum content of
97. 5% by weAgtardingpoether inlséntioB9 %% isypmib@tto mise 9|ySRadwyn wedaghs fooprapariakane

or hi gh-pur ?&ymbﬁiﬂ@f%«ahe Svhich GnYrisB8 tAd RNdvAlg ProteBs Bleps:cont ent of 99. 9%
by wei ght o ri oxane. According to the invention, it is possible to use any

known process for preparing polynerizable trioxane, which conprises the
fol I owi b processidsatghred I@actiancofda canedniratet! aguenusoierodldehysiensautionained

aqueous for mal dedaees 16 vl el thdxdnd/fermd H@Maié? rBikiuRe, a
xture I.Sti tlon of

tri oxane/for mal e/ wat er r tall
the trioxane/f oalﬁglragi e?WQFth?fuﬁhg t{'8xagﬂ 8""%8 éjefwa?( nggurg g gve
wor k- up of the GwaéﬂQNaheﬁade in one or nore further process steps to give
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process S is
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carried out indescibpdifar exaneme.daRE 1G208405Hr18rk ed process variant, be
connected to the reactor 20 to formone unit so that the vapor rising from

the reactor T% [fisi I‘Ji\tYOrnS ttﬁg%lfl(é)%c P§§ rr!igﬁeé'@?@ élien'e !x*u%' ifl%nI th%weggtto?gsvn\?%rhég mthe

colum directly ente |oxane stream
first col unfutiB ap‘é{%!%féﬂ Vf"tﬂ-‘-"ac%d!bﬂd)f@,feﬂﬁli’rﬁchéﬁs variat, Hlﬁa"ép@ﬁﬁtﬁﬂéﬁ ithenregetor ow

boi | ers20 to form one unit so that the vapor rising from the reactor directly enters the column and
the liquid flowing down from the column directly enters the reactor.

The crude trioxane stream from this first column is passed to a second column for
overhead separation of low boilers.

25
The bottom stream from the low boiler separation column is worked up in a pure
trioxane column from which a trioxane stream having a purity corresponding to the
above-defined pure trioxane or high-purity trioxane is obtained as side offtake stream
or bottom stream and is fed to the polymerization plant.

30
The overhead stream from the pure trioxane column is passed to a further column in
which water is taken off at the bottom and an overhead stream is taken off and
recycled to the first distillation column.

35 The polymerizable trioxane, i.e. the stream comprising pure or high-purity trioxane
corresponding to the above definition, is fed to a polymerization plant which is operated
in a known manner, for example using the process described in DE 102005002413.0.

Here, the POM which still comprises residual monomers is firstly prepared in a
40  polymerization reactor, preferably by bulk polymerization.



25 The bottom stream fromthe | ow boiler separation colum is worked up in a
pure trioxane colum fromwhich a trioxane stream having a purity
corresponding to the above-defined pure trioxane or high-purity trioxane is
obt ai ned as side offtake stream or bottgmstreamand is fed to the

pol yneri zation plant. 30 The overhead stream fromthe pure trioxane col um
Is passed to a further colum in which water is taken off at the bottom and
an over headThisr RAOM iss stibdetnentyf dagabsed einyoneedr tmorehstafies it kdowh i ddgassion

colum. 35 f&ﬁé : or
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t he processapgaatuses Paniculir ptE2@h6e 82gilah 10.degaissieg potisdfiddbidard)i ch stil |

conpri seg resr dual nonomers is firstly prepared in a 40 pol yrreri zation

reactor, erably by bul k rization.  -8-
degassed | n Eﬁ@eg?glsfﬂg‘g 1ae g F’H’}% V'SB@&%%’PW%%ﬁ@'&PQPHE a%?'"@)l%rrpl e
i n degassi ngelpwt&barf lEolute ot a first\flash pdt Exgive degasehuas, singar med a)llqurd)steeglmr ews,

thin film e%%r|§?£®a§%&w ﬂ%rsrrqro%“mrchq& faﬁéra%eﬁat%méw 249 3HSbi0G to give a
appar at uses. Parhr cul re er )Erlr gr ven to degassing pots (flash pots).

5 The degas¥?HfY S Ed@cyﬁ ROMERRAPS preferably carried out by

degassi M@ to bel ow 6 bar absolute in a first flash pot to give a gaseous

gggfg{r‘eg”gt frot bﬁé’rh esiﬂeeﬁfﬂssr‘ﬂ'&' igmhbsfrréteﬁa é’o@asgfd)ﬁﬁ gé ldeg Qséihl%p%&b@ chﬁ od
D e piaTaably e Torn A3 Ao e, ol o 286,15 B! SETRMIRyY Gl °
t wo- st age di;'gas% Int0 par apd $hatam thepsasbod stdge dee dreterably be from has to dibar, in

particul ar bé@remrarfr&nh%%rswSap&rdﬁaqrMerrlyypr@reeémyﬁ&hw osttqua?( to 10 bar,
and thag In the second stage can preferably be from1.05 to 4 bar, in

partrcul r from1.05 to 3.05 bar and particularly preferably froml 05to 3
bar. 15 TheThesesidual menomess ibdrated cutiegidegassing ateghappragriate ctakert off as one

arorotr]I opri at eo;] tn@ds-er\a ot smam@eancprpagggdetd/ep@énoehéeamleamwde%@eﬁ prefedably
condenser . TRgail g Solbl bl RSB e 2ot bR BL TAERE o
vapor st r eathan the uncondensed vapor stream
20
This gives a condensate which is recycled to the polymerization reactor and also a
gaseous, formaldehyde-comprising stream. The partially degassed polyoxymethylene
homopolymer or copolymer is subsequently fed to an extruder or kneader and is there
provided with customary additives and processing aids in the amounts customary for
25 these materials. Such additives are, for example, lubricants or mold release agents,
colorants such as pigments or dyes, flame retardants, antioxidants, stabilizers against
the action of light, formaldehyde scavengers, polyamides, nucleating agents, fibrous
and pulverulent fillers or reinforcing materials or antistatics and also other additives or
mixtures thereof.
30
The desired product POM is obtained as a melt from the extruder or kneader.

A further formaldehyde-comprising secondary stream is taken off as extruder or
kneader offgas at the extruder or kneader dome.

35
The inventors have found that it is possible for all formaidehyde-comprising secondary
streams obtained in the polymer plant to be recirculated directly, i.e. in the form in
which they are obtained in the polymer plant, without chemical alteration and without
addition of auxiliaries, to in each case a suitable point in the monomer plant.

40



20 This gives a condensate which is recycled to the polynerization reactor
and al so a gaseous, fornal dehyde-conprising stream The partially degassed
pol yoxynet hyl ene honopol yner or copol ymer is subsequently fed to an
extruder or kneader and is there prOV|d§p Wi th customary additives and
processing aids in the amounts customary for 25 these materials. Such
additives are, for exanple, lubricants or nold rel ease agents, colorants
such as pignments or dyes, flane retardants, antioxidants, stabilizers
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thus in ther&(v{areaké tHRRSERRIP6H hE RRMDIAZBAM & The gaseous,

f or mal dehyde- rising secondary streans V\:hl ch are obtained in the

si ngl e-stage or rrul ti stage depressurization of the polynmer nelt fromthe
pol yneri zat Here, theaopematiegcconditians) in rthe heorglesseru ares ppagferabfyt eet sshethat the
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the 15 pol | ant V\/mchlsr to the no | ess. han
80%% by i g e SyPERanBTaIy e 3 foRiAlderyle son Gaf efrerorm G 25 rafabtany
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of prefggably at |east 25% by wei ght,

One or more further formaldehyde-comprising secondary streams, viz. the extruder or
kneader offgas, are obtained at the extruder dome or kneader dome and are, according
to the invention, likewise recycled directly, i.e. without chemical or physical alteration,
to the monomer plant.
25

A subatmospheric pressure is generaily generated at the extruder dome or kneader
dome; frequently in the range below 800 mbar in a first stage and a lower pressure,
frequently in the range below 500 mbar, in a second stage.

30 The extruder or kneader offgas is, according to the invention, taken up in the liquid ring
pump which is in any case present in the monomer process in order to compress a
water-rich liquid stream, in particular the overhead stream from the evaporation of the
formaldehyde feed stream from an initial concentration of about 10-60% by weight, in
particular about 15-45% by weight, to the pressure of the fourth column for the removal

35 of water which precedes the reactor for the preparation of trioxane.

In particular, the extruder offgas taken up in the liquid ring pump is compressed to a
pressure of from 2 to 7 bar absolute, preferably to about 5 bar absolute.

40



nore preferably at | east 50% by weight. 20 One or nore further

f or mal dehyde- conpri si ng secondary streans, viz. the extruder or kneader

of fgas, are obtained at the extruder dome or kneader dome and are, according
to the invention, |ikew se recycled direggly, i.e. wthout chemcal or
physical alteration, to the nononer plant. 25 A subatnospheric pressure is
generally generated at the extruder done or kneader done; frequently in the
range bel owrB&®hvemtion is illuatrated belost withetharaid of 4 figjuee apd assuample. f requently in

t he range bel ow 500 nbar, in a second stage. 30 The extruder or kneader
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wei ght, strdigghargedtream 1 is reacted in a reactor Rto formtrioxane which
is obtained as a trioxane/formal dehyde/ water mxture 2, this is passed to a
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met hanol which a trioxane stream 8 which comprises polymefizable trioxane and can thus be’fed
20 to the polymer plant is taken off as side offtake stream or at the bottom. The overhead
stream 9 from the third distillation column KiV is passed to a further fourth column KV
in which water is taken off as bottom stream 10 and an overhead stream 11 is taken off

and recycled to the first distillation column KIL.

25 The stream 8 comprising polymerizable trioxane from the third distillation column KiV is
fed to the polymerization reactor P of the polymerization plant, in which crude POM,
stream 12, is obtained by bulk polymerization under superatmospheric pressure.
Stream 12 further comprises residual monomers which, in the preferred variant shown
in the figure, are removed by degassing in two stages. In a first degassing stage F1, a

30 vapor stream 13 is obtained and is recycled to the condenser K where it is partly
condensed to give a condensate stream 15 which is recycled to the polymerization
reactor P and a gaseous, formaldehyde-comprising stream 16 which is recirculated to
the first column Kl in the monomer plant.

35 In a second degassing stage F2, a further vapor stream 14 is, in the preferred variant
shown in the figure, taken off at a pressure lower than that in the first degassing stage
and is likewise recirculated directly to the first column Kl of the monomer plant. The
partially degassed POM, stream 17, is fed to an extruder E and there mixed with
customary additives and processing aids to give a polymer meit 19 and an extruder

40 offgas 18 which is passed to a liquid ring pump F which is operated by means of the
overhead stream from the evaporator V for formaldehyde FA. The extruder offgas 18 is



and nethyl formate are separated off at the top. The bottomstream 7 from
the second distillation colum Kill is passed to a third colum, the pure
trioxane colum KV, from which a trioxane stream 8 which conprises

pol ynmeri zabl e tri oxane and can thus be f p 20 to the polyner plant is taken
off as side offtake streamor at the bottom The overhead stream9 fromthe
third distillation columm KIV is passed to a further fourth colum KV in
whi ch wat er taken tupkianthefliquials ofbthiet liggrids timge @ompOF acumpressadetohthadoressusarof e i s

taken of f  ppdnrRENSAdFhdiding RE dndsd o%éti%lra&be BaiQumm Kil. 25 The stream

8 conprising polynerizable trioxane rom e th|r distillation colum KIV
Is fed to the polynerization reactor P of the polynerization plant, in
whi ch crudeERakple stream 12, is obtained by bul k pol ynerizati on under
super at npspheric pressure. Stream 12 further conprises residual nononers

which, int r ef d varignt showmn in the figure, . a enpv b
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to the mnoﬂﬁétn@n?wthfe%or%rn%l?%ﬂnﬂg trioxane, as is the extruder offgas 18.

Comparative example

25 For comparison, the gaseous formaldehyde-comprising streams 14 and 16 and the
extruder off gas 18 were, corresponding to the conventional process, scrubbed out by
means of a 5-fold excess of water and subsequently recycled to the trioxane plant. The
extruder off gas 18 is in this case scrubbed out into water by means of a liquid ring
pump. '

30
Thus, a total of about 22% by weight of the trioxane feed stream to the polymer plant
is, as offgas comprising mainly trioxane and formaldehyde, scrubbed out into water.
This gives a stream which is 32% (by mass) larger than the trioxane feed stream to the
monomer plant. This stream is fed to the monomer plant.

35
The following advantages are achieved by the inventive process presented in the
example compared to the conventional mode of operation described in the comparative
example:

40 Since the formaldehyde-comprising secondary streams obtained can be recycled
directly and do not require any further treatment, for example an offgas scrub, this



15 According to the node of operation shown by way of exanple, a proportion
of about 11 %of the feed stream8 to the polyner plant is recycled as
vapor stream 16 to the nononer plant, a further proportion of about 5% of
the same feed streamis recycled as vapgp.stream 14 and an additi onal
proportion of about 6% of the sane feed stream is recycled as extruder

of fgas 18. Thus, a total of about 22% of the trioxane feed 20 streamto the
pol ynmer pl amodesofroperationds désos@atdd/with alvost advantagerof @ah easicrB%ocomipared taé

treat nent tQ@ohlttiGRAPMERN. Pl ant. Conparative exanple 25 For conparison, the
gaseous formal dehyde-conprising streans 14 and 16 and the extruder off gas
18 were, corresponding to the conventional process, scrubbed out by neans
of a 5-f ol dSincegesiratatigntascursrvdthoubadrainene plywalethé etengy aguantage exrapare@| ant .
The ext pudes aQBﬁVé]ﬁgnﬂ%ré@sgrbéthééth@%e scrubbed out into water by neans of
a liquid ring punp. 30 Thus, a total of about 22% by weight of the trioxane
feed streamto the pol yner plant is, as offgas conprising nainly trioxane
and for mal déthermaser thsheperatien iaftthe velerdr is trquhle-frgey érs partisulasathenaassous s 32%
(by mass) |@6lﬁﬁlddh§6é‘-cbrh9nélﬁg¢ EERR SRRSO GRMNéeh BhE depBARWRicH Ibidtk thd hi s
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convent il@nal node of operation described in the conparative exanple: 40
Since the formal dehyde-conprising secondary streans obtained can be recycl ed
directly and do not require any further treatnent, for exanple an offgas
scrub, this -12- node of operation is associated with a cost advantage of at
| east 3-8% conpared to a conventional plant. Since recirculation occurs

wi t hout adm xture of water, the energy advantage conpared 5 to a
conventional process is at |east 30% Furthernore, the operation of the
plant is trouble-free; in particular, the gaseous formnaldehyde-conprising
recycle streans do not form any deposits which block the return lines since
they are recircul ated without addition of water. 10 - 13 -



Claims 5 1. A process for preparing pol yoxynet hyl ene honopol yners or

copol yners by honopol yneri zati on or copol ynerization of trioxane or
additionally of suitable conmononers, in which trioxane is firstly prepared
in a nmononer plant by - acid-catalyzed reaction of a high-concentration
aqueous formal dehyde 10 solution (1)-13r a reactor (R) to give a

tri oxane/ for mal dehyde/ water m xture (2), - distillation or crystallization
of the trioxane/forml dehyde/ water m xture (2) to give crude trioxane as
overhead stream (3) and - work-up of the crude trioxane in one or nore
further process steps to give 15 trioxane and water, the trioxane obtai ned
in the nononer plant or additionally suitable conononers are fed to a

pol yneri zat ilghl ant in which - the crude pol yoxynethyl ene honopol ymer or
copolymer (12) which still conprises residual nononers is prepared in a
pol ynmeri zation reactor (P) 20 and is - degassed in one or nore stages to
gi ve one5or 1nord mapess §irr peapsritd olyokvhetviliend koregpdlfmerp pefogopelyeersf 8 to a

condenser (K) tjghbotkyrAerz20618 1% addpolynbrzattiti 61 trickah& ©f ChRftiohall) BE suitable
pol ymeri zati on reactor g;’%\»ﬁncg one Or nore gaseous, formal dehyde-conpri sing
y I

streams (16) antPOHEL ly 25 degassed pol yoxymet hyl ene honopol yner
or copol yner ( 1#joxahé atfirstlyi prepareédtroa anonexter p@et by E) or kneader and is m xed

PElt (1) and - ext fasoia RAGTXCE, LR SoMrlbin s ol MEBIRMIETY, |
off gas {48y 30 11 0P IR LR GHEPCPE Ro RHEAdEPRaARPE e weter Hhidie
f or mal dehyde- conpri $2)ng secondary streans (14, 16, 18) fromthe polyner

plant are recycled Gﬁ%ﬁl%"ﬁbh)br%r}s@!‘rﬁati@r@@fﬁﬂé)ﬂio%né/)‘fﬁ'lﬂéldé%o%ﬂﬁétbi tﬁﬂ)kturfeo(Z)he
ereln e

nononer plant. 35 2t The B@ogess accor dlhng \tﬁﬁ cl ?%%m %

distillation of the'® 9VFEHIRITPE FES QXRVEET REEAP (WMdl%re (2) fromthe
reactor (R) is earrwedk-wuef ihe cude frioxanecipl anenor(Rpre) fugher priveessr sigles ta givkane
over heagls st r eam ( 3) tfgxane bh@whtdgrst colum (KIl) is passed to a second

colum (KIl1) in Wh.\hceh tﬁlo%tn[ae%ma{n@d in the monomer pilant or additionally suitable
comonomers are fed to a polymerization plant in which
- the crude polyoxymethylene homopolymer or copolymer (12) which still
comprises residual monomers is prepared in a polymerization reactor (P)
20 and is
- degassed in one or more stages to give one or more vapor streams (13,
14) which are, if appropriate, fed to a condenser (K} to give a condensate
(15) which is recycled to the polymerization reactor (P) and one or more
gaseous, formaldehyde-comprising streams (16) and also a partially
25 degassed polyoxymethylene homopolymer or copolymer (17) which
- is fed to an extruder (E) or kneader and is mixed with customary additives
and processing aids in this
- to give a polymer melt (19) and
- extraction of a formaldehyde-comprising extruder or kneader offgas (18)
30 from the extruder (E) or kneader,
wherein the formaldehyde-comprising secondary streams (14, 16, 18) from the
polymer plant are recycled directly without addition of water as auxiliary to the
monomer plant.

35 2. The process according to claim 1, wherein the distillation of the
trioxane/formaldehyde/water mixture (2} from the reactor (R) is carried out in a
first column (KIf} and the crude trioxane overhead stream (3) from the first
column (Kll) is passed to a second column (Kill) in which a stream (6)
comprising low boilers is separated off at the top and a bottom stream (7) is



conprising low boilers is separated off at the top and a bottom stream (7)
is -14- taken off and passed to a third pure trioxane colum (KIV) from
which a trioxane streamis obtained as side offtake streamor bottom stream
(8) and is fed to the polyner plant and an overhead stream (9) is taken off
and passed to a fourth colum (KV) inldhich water is taken off as bottom
stream (10) and an overhead 5 stream (11) is taken off and recycled to the
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conpresggd in the liquid ring punp (F) to a pressure of from4 to 6 bar
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5. The process according to any of claims 2 to 4, wherein the formaldehyde-
comprising extruder offgas (18) is taken up in a liguid ring pump (F) which is
operated using a liquid from the monomer plant within the process to give a
stream (19) which is compressed in the liquid ring pump (F) to the pressure of
20 the fourth column (KV} and recycled to the fourth column (KV).

6. The process according to claim 5, wherein the stream (19) is compressed in the
liguid ring pump (F) to a pressure of from 4 to 6 bar absolute, preferably 5.5 bar
absolute.
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7. The process according to any of claims 2 to 6, wherein the degassing of the
crude polyoxymethylene (12) is carried out to less than 6 bar absolute in a first
flash pot to give a gaseous stream (13) and a liquid stream which is fed to a
second flash pot which is operated at less than 1 bar absolute to give a vapor

30 stream (14) which is recycled to the monomer plant.





