PF 00000570pg/hootos7bs4/sek originally filed" Process for preparing

pol yoxynet hyl ene honopol yners or copolyners 5 Description The invention
relates to a process for preparing pol yoxynet hyl ene honopol yners or
copolyners, in which trioxane is firstlylprepared and purified in a nononer
pl ant and subsequently polynerized, if appropriate, with addition of

sui tabl e copononer g, Jan 10,,pol yjeri zation plant. Pol yoxymethyl ene pol yners
(POVs, al so tﬂﬁeﬁﬂglﬂ)a& ;ﬂucet al s) are obtained by honopol ynerization
or copolynerization o , 3, o-triroxane (trioxane for short), formal dehyde or

anot her formal dehyde source. The conversion is wusually not conplete;

rat her, the_crude, POM pal yner still conprises up to 40% of unreacted
mononer s, SHEFSRSLY GUEHRNRS RENRPANEIRYSNE Ram RBlye Of pORINBRIE and 15

f or mal dehyde and al so conobnoners such as 1, 3-di oxol ane, 1, 3-but anedi ol

formal of ebBysape Oxide which are optionally used. For the present

pur poses, the term POM enconpasses both honopol yners and copol yners. The
resi dual nononers have to be renoved fromthe crude polynmers by neans of a
20 wor k- up, Thernvextiorprelatey tol@geresessgfor Prepasng aslyoryroétbylede Abmepolymerpbet e
conversi on gaihigr&e! A Witich HoxBiRe ¥ firdlyBrpARE AREpuicANR A BRoMEr PIBRT SHtR
nononers in the crL{@e PO\/I%rpoI yr}rer I S .C?E;r e%p%ﬂ%l nglfy h'lfgh at up to 40% the
resi dual nofidiREANSRYY RALYRIZEM, I APPERRTIalE, M, 2AG]I0N o §YitaRlg CQRANOMArs N, 25
recycli g, polginerizdtion plant.hdghoixymethyleneceslymers t (®OMs pisocesterredr torapari ng
the nononehsyaddisis) akUbt@MeHTBY RomBBoljASRAHOR &f EpllyrAlbitZahion OF 13 9-fokine

i t abl | ant b t] y
et et e

t here. Afteusydly nmtepampdeteoratidr, P@\VerudarRQkt pealymers stilladmprisesmep 40 #4086 oEnoved
o o b egsulnRicley fitDfet Cofdl ¥EBAuA DmBnbMERS oM, IR Bxamilel ridkine At [0C
whi on’1 $8Geiwakshide 51 Adchraoiters SR ael giosofe. Haditaedih el Be of
from 160 t oetyDE dxideawhicbaare aptionaltygusesli rgr shep preseotspurposas; diven gerto POM
process of JRcdikpadddd BolrmopolymeréiGnd EgidiadrsTONOMTEr' s renoved by the

degassi ng process can be reused as starting materials in POM production,
i.e. be recycled to the POM process. For exanple, the residual nononers can
be recir cul dhedeslduat cndnomers hiaee tpbé yemoverbirérorthe eacleqrolyamers iyomedrs ffed

stream bg t Qof-up foPéanifé by HbgdsRfhgt 0 the nonomer  plant.

Since, as mentioned above, complete 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, generally 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 melt
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.



PF ©00000570pf/donbos#54Fei rcul ation to the nononer plant has hitherto

requi red the formal dehyde-conprising residual nononer streans to be
scrubbed out by neans of a high proportion of water in a scrubbing colum.
The high proportion of water required at2+he outlet of this 5 scrubbing

col um was because precipitation of solids due to high

for mal dehyde/tri oxane concentrations had to be avoi ded. Polynerization

i nhi bitors, for exanple water, alcohols, amonia or am nes, are also.
frequent |y Rsedculationtedhe mopemesplant bas hitheppaeayireg the dorgyaidahyde-gorgprising

pol yneri zat irgsiduall moh@mief sPE@NS to bé svvabber oatrisli meghiys 6fna Aighgqwbpartiont biewater

| nvention 1, Br oy, n@gﬁfu%‘?sﬁ]e"\ﬂigﬁ&;rﬁé&ﬂm of vidté/ éﬁf@ire&%ﬁﬁe Yurb 6t this
secondary streans for In"the Mer process an nsures an excel | ent
POM pr odéct sgivhbingy . calammhj wagp; gfaqaursg aRErilationpy oh olidesdueor tor dpal i ng
pol yoxynet hydraiatdiengd@ piokamesshcentrativpp by tebe atyldéhnopol yneri zati on or

copol yneri zation of trioxane or additionally of suitable conmononers, in
which trioxane is firstly prepared in a nononer plant by 20 - acid-catal yzed
reacti on of PRlyejEatiomnbivites: famexampis watero aleahelshammoniaopramipngsi areaal@act or
to give a t miequéntly/Used irekrnbaiyplotasses forsulpressing titl sgontdnabu® polginetizetion of
trioxanq/oforti qghyde/mater m xture to give crude trioxane as overhead
stream and work-up of the crude trioxane by distillation or crystallization
in one or nore 25 further process steps to give trioxane and water, the
tri o?age obtlahauleabdort_iirhwamb}e:&em thé avention taqﬂb\tid@aqirdaqess whichtdllews @ffiienter s
are fed to 2 - e
nomopol yrer TSroa: Shae SBtorRnD siBhmp loed T tne Bonial fropeeel AR HNeL=H
prepared in eéC?J@F{/)ﬁQ ey QuAltict or and 30 is - degassed in one or nore
stages ti@ gi ve one or nore vapor streans which are, if appropriate, fed to

oo o SR oGRS Bt b AENOL il ROLYIIAEU 00
partial |y degaaly@grs By hpaopelyineazaipnareconslvpisbizgtian obrioxansopy additiopally 1of- i s
fed to an exuitasle comondmesdiarwragtd i s m xed with customary additives and
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,



processing @Fq®oDOstdsuasch t0 give a polymer nelt and - extraction of a

f or mal dehyde- conpri si ng extruder or kneader offgas from 40 the extruder or
kneader, PF 0000057054/ Sch -3- wherein the fornal dehyde-conpri si ng secondary
streans fromthe polyner plant are recy@-ed directly w thout addition of
auxiliaries to the nononer plant. 5 Pol yoxynethyl ene honopol yners or

copol yners (POVs) a o re.. r Gl val
honopol yners are pr @’Eﬁ@‘d*‘%ﬁ%ﬁ?@%ﬁ??%;ﬁﬁpﬁﬁ”@3 %g%hg%t@&v&d@&h?@ g?lg;‘qgfabl Y,
trioxane; in the prelaatata meyeled diypellyy witheut addition steruxiliaies tthe mopamer y
used. 10 Such POM pplaptrers quite generally have at |east 50 nol % of
recurring -CH2O- units in the main polynmer chain. Polyoxynethyl ene
copolymers are preferred, in particular those which conprise recurring
-CH2O-  uhi t Polyeyeneibylens hemepolymesy ongppalyrperst (EIQMs)areknomnopey 158 8Bnd@rg| %
in gart : 0C/ul bmiriepcally. Tavailmbld) mhk Yhemdpol@ngrspard | repadedy bpr pbigmekikationf oom Oiqi
to mol % - 2 re

to R4 are eg%rﬁfa?u%ﬁg&eé gﬁad;%te ng}lyéfth%)%geaw?{n g@r??ééa?a%d&d?i?gng?@a orhucm(!l']i o?von'}g?ﬁ

Cl- C4- al ky| 2 adgitionallgused. ogen- substituted al kyl group having from1 to 4
carbon atonms and R5 is a CH2- group, a -CH2O group, a Cl-C4-al kyl- or

C1- C4- hglyoal ' 20 I r . ' oo
oxyrmet hPenc sy bt Bolyrishe Guie beFRaty 10 aploabothof. FfehfTRG"CHRR unite n
advant ageoudits MaiN inelvmstLehan- | PRlyoxymethyinng! oraendls arengyefesisdnim@aicudycl i ¢
et hers. Pr eftisoseashicly cbmprisd heugingr-€H,00 sinitofogetrer withrapg & RPmolRs - greferably R3

-(R3)n R4 froftP0.01 to 20 mol%, in particular from 0.1 to 10 mol% and very particularly preferably
from 0.5 to 6 mol%, of recurring
rR? A
||
—O—G—C—(R), —
15 R' R

units, where R' to R* are each, independently of one another, a hydrogen atom, a
C-C4-alkyl group or a halogen-substituted alkyl group having from 1 to 4 carbon atoms
and R® is a CH,- group, a -CH,0- group, a C;-C,-alkyl- or C,-C4-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

2

R
R‘—c':—cl)
Ra—ll—(ﬂs)n

R

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, BUFQO) as
cyclic ethers and linear oligoformals or polyformals such as polydioxolane or
30 polydioxepane as comonomers.



where R ' topRpoandsTosarschas defined above. Mention may be nmade, nerely by
way of exanple, of ethylene oxide, 1,2-propylene oxide, 1,2-butylene oxide,
1, 3-butyl ene oxide, 1, 3-dioxane, 1, 3-dioxolane and 1, 3-di oxepane (=

but anedi ol formal, BUFO) as cyclic etheds and |inear oligoformals or

pol yformal s such as pol ydi oxol ane or 30 pol ydi oxepane as conononers. PF
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are prepare xane sbrlbed
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t he for mul apkéféidbtdbifinCliéhaCtbripilundoof thefoethala OHO OHO where Z is a chem cal
bond, -0-, -ORO (R=C, - CB-aIkerne or C3-CB-cycloal kylene). 10 Preferred
monorers of this type are et Iene di IyC|de dlegC|dyI et her and di et hers
derived fromglycidyls and ﬂﬁi ne i oxane in a nolar
ratio of 2:1 and diethers oved fron12 nmol of ci dyl conpound and 1 nol
of an al Pphatic diol having from2 to 8 carbon atons, for exanple the

di gl yci dyl anbers of ethylene glycol, 15 1, 4-butanediol, 1, 3-butanediol,
cycl obut ane- 1, 3-diol, 1,2-propanedi ol d cl ohexane- 1,4-diol, to nane
only a few exanpl es. End-group-stgb?TTéii?;x) met hyl ene pol yners whi ch
have predomnantly G- C or -0O CH30Qopos at t ds of the chain are
particularly preferred. 20 The preferred pol yoxymnet hyl ene copol yners have
nmel ting points of at |east 150C and nolecul ar weights (weight average) M,

in the rang‘%vﬁer@ﬁ‘u?ggﬁeﬁ\f&amdo@ wrsl g% %\?fﬂli%%fé’orfég %l%n%?o 000

g/nmol. Particular preference I'S givent ymers h
pol ydlsd@rsMy (MIM') of from2 to 15, preferably from2.5 to 12 25
parti cul ar| yPrpieetd madriomedrs @inttis typedare Tétbylena diglyeide n tiglyaivg! gmeeaadi Idiettoaasr i ed

gﬁﬁ olr%lt gglr ap 'ﬁ(léf? H\iﬁ;mfﬁfﬁ bgﬁj;%}:%/dé@aan@ﬁgtﬁ aﬁ@ 1@5?&0‘@"@6}3 of 2:1 and

aver age
general ly d fromm@obef ‘@gﬁ %1 Qgﬁn \é\ﬁp'%é'f’&l'ﬂl i’aﬂf‘gt he
pol ymer can, frcmi aam»rabparbam egtorns, $m@t examplécthd ediglyeidylv ethees of athylersen glyebl, t he

regul at ofgs qq&-hﬂﬁﬁédﬁoii, R, 3BHANRAS, BRICHTRINEZES-HRN 25 rdpun8&ENSHCdycldi8xane-

1,4-diol, to name only a few examples.

End-group-stabilized polyoxymethylene polymers which have predominantly C-C or
-O-CH; 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/mol,
preferably from 7000 to 250 000 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 8. 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 alcohols 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.
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anounts of water which function as chain transfer agents and whose presence
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are al cohol or exa ving f rom to 20
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pent anoli5 hexanol; aromatic al cohol s having from2 to 30 car bon atons, e.g.
g
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gl yeol oiTFArT %P%?Oscar%t%&)@ﬁyé G<herlORISOR PR Yely dartcast
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P atoms, S et ane i ?3 propanedlo 1,4-butanediol, 1,6-hexanediol,
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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 phenols 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 salts 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%
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pol ymer forne ol ynerization is generally
carried out at from1l.5 to 500 bar and from 130 to
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
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process for -prepstilalign gotrystalizatiobl &f thei tameme/fomalddéhydefmatersmixtark eof givé owi ng
process steps: 14 tﬁ&ﬂaﬂe%ﬁ&al yzed reaction of a concentrated aqueous

f or mal dehyde sol ution 1n or tqQ give a tri oxa}?e/for mal dehgde/ wat er

mxture, - dist¥OPER & 1Be %@%FMP%%.% 8F mase further process steps to give
t ri oxandhf or nal ¢elyméatarlm énoxame and uteowgiev.dn particditar t thisooasnze armdoeeswasks up of

the crude trioxapgibBdOBPefmAIBIiR DELdZ0BROPI1ABESS Steps to give 15

pol ymeri zabl e trioxane and pure water. In particular, this can be a process
as is described, for exanple, in DE 102004051118.7. The distillation of the
tri oxane/ f offi Mmldisamaﬁtw ofathertrioxateforndldehydematercaixtuoe fiom ther nehe!dr isocarrieth a
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di rectly enthe iquiditowingdown 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.
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appropri at e:}hérﬁﬂﬁsrﬂr QMdeﬁﬁe@{}’% fre re vapor streans and passed to a
condenser e Condenser

This gives a condensate which is recycled to the polymerization reactor and alsc 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 formaldehyde-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, 0 in each case a suitable peint in the monomer plant.

40
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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 generally 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



preferably pPessoddsrosdH¥mby wei ght, particularly preferably | ess than 40% by
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| east 25% by weight, nore preferably at | east 50% by weight. 20 One or nore
further fornmal dehyde-conprising secondar\¥ streams, viz. the extruder or
kneader offgas, are obtained at the extruder donme or kneader done and are,
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f or mal dehyde so 'on FA is concentrated in an evaporator V to give a
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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 Kil 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 Kll 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 melt 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



15 The cruge pagoospora/Soer head stream 3 fromthe first colum KIl is passed
to a second colum Kill in which |ow boilers, stream 6, conprising, in
particular, nmethylal, nmethanol and nethyl fornmate are separated off at the
top. The bottom stream 7 fromthe secondl-distillation colum Kill is passed
to a third colum, the pure trioxane colum KIV, from which a trioxane
stream 8 conpLi.s to
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further fourth colum KV in which water is taken off as bottom stream 10
and an ove(r#}‘ea i tream 11 is taken off and recycled to the first

distillati m Kil. 25 The stream 8 conprising polynerizable trioxane
fromth® third distillation colum KIVis fed to the pol ymeri zation reactor
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pressure | o the first degassing stage and is |ikew se
recirculated directly to the first colum KII of the nononmer plant. The
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stages to gat@ehtto th@mohomergans 13 and 14. The vapor stream 13 is partly
condensed in the condenser Kto give the condensate 10 stream 15 and the

vapor stream 16.
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



The vapor spfr eansoskdseednl6 are recycled to the nononer plant for preparing
trioxane, as is the extruder offgas 18. 15 According to the node of
operation shown by way of exanple, a proportion of about 11% of the teed
stream 8 to the polyner plant is recycle@-as vapor stream 16 to the nononer
plant, a further proportion of about 5% of the sane feed streamis recycled

as vapor st 4 ! [ 1.1 j 0 [oXe f eed
tream i s gber drftafortR FERbE Ry AR50 i 334 Syhio3Eor the
tri oxane feeanvegtioselrlaitto the pol yner plant is recycled directly without
further chem cal or physical treatnent to the nononmer plant. Conparative

exanpl e 25 - J: . r h - ISl 14
and 6 and ohee FETPARP el Gl BoMRe 8 AT HERRERIA S0 A8 ShBRRR: o
process, 5 sclompryentinnabprocessdn at 9astd08ef ol d excess of water and subsequently
recycled to the trioxane plant. The extruder off gas 18 is in this case

scrubbed out, t n } QUi j . . Thus, tal of
about  22% @*“&%ﬁ@ﬁ%ﬁ%ﬁ%ﬁ%‘?ﬁ&zﬁ% Plan ¥ wPublelifhs: B hsiclier, #Ej0apd® 51 0
of f gas conpiorgaldghyder-eamprisindoresyde staams rdeaneidRya canysdapesite whisht biogl Bewat er .
Thi s gives mt@hlinessinke ey iafe @iituidgd Withe)t ddalitigalof Watn. the tri oxane feed
stream the nononer plant. This streamis fed to the nononer plant. 35
The folI'owi ng advant ages are achieved by the inventive process presented in
the exanple conpared to the conventional node of operation described in the
conparative exanple: 40 Since the formal dehyde-conprising secondary streans
obt ai ned can be recycled directly and do not require any further treatnent,
for exanple an offgas scrub, this PF 0000057054/ Sch -12- node of operation
is associated with a cost advantage of at |east 3-8% conpared to a
conventional plant. Since recirculation occurs wthout adm xture of water,

t he 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 fornmal dehyde-conprising recycle streans do not form any deposits
whi ch block the return lines since they are recirculated wthout addition
of water.



10 PF 0000Pp¢bddsiol4/sER- Clains 1. A process for preparing pol yoxynet hyl ene
honmopol ynmers or copol yners by honopol yneri zation or copol yneri zati on of
trioxane or additionally of suitable 5 conmpnomers, in which trioxane is
firstly prepared in a nmononer plant by 13acid- catalyzed reaction of a

hi gh- concentrati on aqueous formal dehyde solution (1) in a reactor (R) to
give a tr|e%ﬁﬂglfornaldehyde/mater mxture (2), 10 - distillation or
crystalliza 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, fmtm@éesarmqasp@irgo@owmaweﬁd iHxpelyaeds Vi@t édpolyins tisy oxane
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honopol §rer orcoﬁlﬂﬁ'@Wﬁ%ﬂ" Wﬂ@b" which still conprises residual nononers is

prepared in a piokymeisifistlyippeparedii Dmohbher plast bys - degassed in one or nore
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appropriate, fed to con
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f or mal dehyde- conpr {&j ng streans (16) and also a partially degassed
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Pl Vorygl ) 1" DALY o) A b o e g
inthis - to give H’@B‘F?Wﬂptrﬂ@@f‘e@ig)’e@ﬁ strears (@ on of a

f or mal dehyde- conprweikngp eixthe wade wibxareiadee @fhoestuftié)protessnstedietoegive uder
(E) or kneader, V‘hg[?%ﬁ‘?LMWEQr mal dehyde- conpri si ng secondary streams (14,
16, 18) from the 'ant are recycled directly w thout addition of
auxiliaries to them?oﬁm?@f‘e phtained i the,emBnQIRRYs Plagd cor Fdditionalyc suitahle
wher ei n5t he di stil cambormers drdted thra polyanerizanompladehwhighwat er m xture (2)

fromthe reactor (Rl bfid6ahdijdidmBtiyldnd Romopolymer or copolymer (12) which stil
comprises residual monomers is prepared in a polymerization reactor (P}
and is
- degassed in one or more stages to give one or more vapor streams (13,
20 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 partiaily
degassed polyoxymethylene homopolymer or copolymer (17) which
- is fed to an extruder (E) or kneader and is mixed with customary additives
25 and processing aids in this
- to give a polymer melt (19) and
- extraction of a formaldehyde-comprising extruder or kneader offgas (18)
from the extruder (E) or kneader,
wherein the formaldehyde-comprising secondary streams (14, 16, 18) from the
30 polymer plant are recycled directly without addition of auxiliaries to the monomer
plant.

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

35 first column (Kli} and the crude trioxane overhead stream (3) from the first
column (Kll) is passed to a second column (KNI} in which a stream (6)
comprising low boilers is separated off at the top and a bottom stream (7) is

taken off and passed to a third pure trioxane column (KIV) from which a trioxane

stream is obtained as side offtake stream or bottom stream (8) and is fed to the

40 polymer plant and an overhead stream (9) is taken off and passed to a fourth



35 first cpkwabodd¥oba/seRd t he crude trioxane overhead stream (3) fromthe
first colum (KIl) is passed to a second colum (Kill) in which a stream (6)
conprising low boilers is separated off at the top and a bottom stream (7)
is taken off and passed to a third pur®+irioxane colum (KIV) fromwhich a
trioxane streamis obtained as side offtake streamor bottom stream (8) and
is fed to the 40 pol [ ant and over head, stream i s taken off and
bassed o a fotPHRRHKVE i BhER welbias fiked o ol oM (I0\AcAn Aiaruad o
taken of f as betream(tt)istaked 00 and metyaled do thetfissiccolumn @dh (11) is taken off
and recycled to the first colum (KIl). 3. The process according to claim 2,
wherei n thg gaseous formal dehyde- 5 conprising .stream (16) fromthe polynmer
blant i's racyciDe PIoBHb L dpRRM (2o MeTelt Firo Sgeciodss ORTARKINERG o
cl ai m 35 wher ecompfhiging streams(16pfreal thehgalgmercplapt issiecycled tedime (it cobnpr i ses
I ess than 80% lyjywei ght of trioxane or less 10 than 60% by wei ght of
trioxane, particularly preferably | ess than 40% by wei ght of trioxane. 5.
The process according to any of clains 2 to 4, wherein the formal dehyde-
conpri si ng4ext Mhdeprasesgyaaccondg ite clakendupvhanein theqgageousndormaigehyde- whi ch
Give aqtrcam (oo o ARG boRRidesGesP IR by tieitht o1 Mol ArBEEE . ©
o bosutl of 1t e el ot TeRepSaprnirueshCrele by idns Wab AT obeidRt kv
6. The processohttiosan.ng to claim5, wherein the stream (19) is conpressed
inthe 20 liquid ring punp (F) to a pressure of from4 to 6 bar absol ute,
preferably 5.5 bar absolute. 7. The Qcess -accqrding.tq a of clains 2 to
B, wher ei 1%t he HBJRSERRGG5TINE 1o ANTuB! BRI I Anytrsten das)lomtaieniecy our
to | ess than 6 comprising sixtruderi offgasf(iBsis taken upasia fiquid tioggiump F)gakich is
stream§13) andparaediubiig S QAT &b onbAr bk WiIBHORS plodsds ROV ch i s
oper at ed at Ies§ thg(ﬁ%}l a&.absol ut e ciio flave % vagpor S(H{aam (14& Wm%:h IS
recycled to t h&TRBR wpich j§ compressed m the iquid ring pump o the pressure o

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
20 liquid ring pump (F) to a pressure of from 4 to 6 bar absolute, preferably 5.5 bar
absolute.

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
25 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

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



