PF 55608 1 Method for renoving residual nonomers from pol yoxynet hyl enes
Descri ptiBh5560%he i nvention relates to a process for renoving unconverted
residual nononers from pol yoxynethyl ene hono- or copol ynmers, conprising
the follow ng process steps: a) the regidual nononers are renoved in
gaseous form as vapors at a tenperatur of from70 to 300C and a
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devol atilization apparatus, b) the residual nononer vapors are renoved

t hr ough a%va O[S pi pe, the vapor tenperature being kept above the
boiling p ??’Fﬂp'f’t'ci”s c) the gaseous residual nononers are condensed fromthe
vapors in a condensation apparatus, wherein 20 in step c¢), the
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~which conpris co d.resi dual mononers,..-the.i,nvention furthernore
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pol yoly et hyldavelatiiaation eppatatel ynmers. The invention also relates to a 30

process for the preparation of polyoxynethylene hono- or copol yners,

wherein fji rst, sui t@bge nononers are gr e‘z%{fld Oé stored .in a nonomer
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pol yneri zat i damperadure betagdepidahava gheoboilifapaintt hi s pol yneri zation, the
resi dual nononers present in the polynmers are renoved by the above

proc . 35 Fj he.,lnventi I | yox t hyl ene honp- or
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pol yners (POMPngenrsagen appasaiuby hono- or copol yneri zati on of 40
1,3,5-trioxane (trioxane for short),; formal dehyde or another formal dehyde
sour ce. W_Fr iﬁonversi on is usually not conplete; rather, the crude POM
pol yner s R conprises up to 40% of unconverted nononers. Such residual
nononers are, for exanple, trioxane and formal dehyde, and any

concam t ankley d)IRE cORIBABATR Sopafdicdisaperhtstt st 0prebaune obfrom 1.09 to
102.4 bar and a temperature of from 102 to 230°C, the temperature not falling below
the minimum temperature of 102°C at any point in the condensation apparatus, and

wherein those surfaces of the condensation apparatus which come into contact with
25 the vapors are coated with a liquid film which comprises condensed residual
Monomers.

The invention furthermore relates to the use of this process during or after the
preparation of polyoxymethylene homo- or copoiymers. The invention also relates to a
30 process for the preparation of polyoxymethylene homo- or copolymers, wherein first
suitable monomers are prepared or stored in a monomer plant, the monomers are then
polymerized to said polymers in a polymerization reactor and, during or after this
polymerization, the residual monomers present in the polymers are removed by the
above process.
35
Finally, the invention relates to polyoxymethylene homo- or copolymers obtainable by
the last-mentioned process.

Polyoxymethylene polymers (POM) are obtained by homo- or copolymerization of

40  1,3,5-trioxane (trioxane for short), formaldehyde or another formaldehyde source. The
conversion is us'ually not complete; rather, the crude POM polymer still comprises up to
40% of unconverted monomers. Such residual monomers are, for example, trioxane
and formaldehyde, and any concomitantly used comonomers, such as 1,3-dioxolane or
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crude polynmer by working up. The invention starts fromthe process of
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According to said publication, the intended reuse of the condensed trioxane for the
POM preparation is possible only when the inhibitor is overcompensated before the
polymerization reaction by addition of corresponding amounts of polymerization
initiator. This additional initiator dose makes the process more expensive. Alternatively,

30 the publication teaches that the inhibitor may also be removed in a complicated manner
by ion exchange, extraction or distillation, which likewise reduces the cost-efficiency of
the process.

The publication teaches, on page 6, lines 23-24, that the residual monomer
35  formaldehyde cannot be condensed in the condensation zone, and it is for this reason
that it is removed in gaseous form. In the process of DE-A 32 31 797, the residual
monomers trioxane and formaldehyde separated off are accordingly obtained as two
different phases (trioxane in liguid form and formalidehyde in gaseous form}), which
complicates their recycling.
40 | .
It was the object to remedy the disadvantages described. In particular, it was intended
to provide a process for removing trioxane, formaldehyde and other residual monomers



differ ent'Pgr?gg%% (trioxane in liquid formand formal dehyde i n gaseous
form, which conplicates their recycling. 40 It was the object to renedy
t he di sadvant ages described. In particglar, it was intended to provide a
process for r ving trioxane, for dehyde .and other residual npner s
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f ound. Inplﬁ?%@giti on, said use of this.process, the process nentioned for
the preparation of the POM pol yners and the POM pol yners obt ai nabl e by
the |l ast-nmentioned process were found. Preferred enbodi nents of the.
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pol ynmeri zati on of formal dehyde or - preferably - trioxane; in the
preparati OE of the 20 copolyners, conononers are al so concomtantly used.
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- CH2@ - units in the polymer main chain. Polyoxynethyl ene copol yners are
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Very generally, such POM polymers comprise at least 50 mol% of repeating - CH,O -
units in the polymer main chain. Polyoxymethylene copolymers are preferred, in
_ particular those which, in addition to the repeating -CH,O- units, also comprise up fo
25 50, preferably from 0.1 to 20, in particular from 0.3 to 10 mol% and very particularly
preferably from 2 to 6 mol% of repeating units

il
A A
rR' R

30 where R" to R*, independently of one another, are a hydrogen atom, a C4- to Cy-alkyl
group or a halogen-substituted alkyl group having from 1 to 4 carbon atoms and R’ is a
-CH- or -CH,0- or a Cy- to Cs-alkyl- or C;- to Cy-haloalkyl-substituted methylene group
or a corresponding oxymethylene group and n has a value in the range from 0 to 3.
Advantageously, these groups can be introduced into the copolymers by ring opening

35 of cyclic ethers. Preferred cyclic ethers are those of the formula



_cHe- or PEASBPEor a c1- to C4-al kyl - or Cl- to C4-hal oal kyl -substituted
nmet hyl ene group or a correspondi ng oxynet hyl ene group and n has a val ue
inthe range fromO to 3. Advantageougly, these groups can be introduced
i'nto the copolyners by ring opening 35 of cyclic ethers. Preferred cyclic
ethers are those of the fornula PF 55§08 4 R2 R CO R3 C(IR5S R
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where Z is a chemical bond, -O- or -ORO- (R=C;- to Cg-alkylene or Cs- to Cg-
cycloalkylene).

20 Preferred monomers of this type are ethylene diglycide, diglycidyl ether and diethers of
glycidyls and formaldehyde, dioxane or frioxane in the molar ratio 2:1 and diethers of
2 mol of glycidyl compound and 1 mol of an aliphatic dicl having 2 to 8 carbon atoms,
such as, for example, the diglycidy! ethers of ethylene glycol, 1,4-butanediol, 1,3-
butanediol, cyclobutane-1,3-diol, 1,2-propanediol and cyclohexane-1,4-diol, to mention
25  but a few examples.

Polyoxymethyiene polymers which have been stabilized at the terminal group and have .
C-C or —0-CH; bonds at the chain ends are particularly preferred.

30  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, preferably
from 7000 to 250 000, Pérticularly preferred are POM copolymers having a
nonuniformity (M,/M,) of from 2 to 15, preferably from 2 to 9. The measurements are
carried out as a rule by gel permeation chromatography (GPC)-SEC (size exclusion



from 7000 tosg%SO 000. Particularly preferred are POM copol yners having a
nonuni formty (MVM) of from2 to 15, preferably from2 to 9. The
measurenents are carried out as a rul® by gel permeation chronatography
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as hexafluor0|s ropano glycol's o ype ar ery particularly
preferred, in particular diethylene glycol and triethylene glycol; and
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alcohols having 2 to 30 carbon atoms, such as hydroguinone; halogenated alcchols
having 2 to 20 carbon atoms, such as hexaflucroisopropanol; glycols of any type are

30 very particularly preferred, in particular diethylene glycol and triethylene glycol; and
aliphatic dihydroxy compounds, in particular diols having 2 to 6 carbon atoms, such as
1,2-ethanediol, 1,3-propanediol, 1,4-butanediol, 1,6-hexanediol, 1,4-hexanediol, 1,4-
cyclohexanediol, 1,4-cyclohexanedimethano!l and neopentyl glycol.

35  Monomers, initiators, cocatalysts and, if appropriate, regulators can be premixed in any
desired manner or added separately from one another to the polymerization reactor.
Furthermore, the components may contain sterically hindered phenols, as described in
EP-A 129369 or EP-A 128739, for stabilization.

40  Preferably, the polymerization mixture is deactivated directly after the polymerization,
preferably without a phase change occurring. The deactivation of the initiator residues
(catalyst residues) is effected as a rule by adding deactivators to the polymerization
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cycl ohexanegl o? , 1, 4-cycl ohexanedi net hanol and neopentyl glycol. 35
Monomers, initiators, cocatalysts and, if appropriate, regulators can be
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polymerlzatlon reaction, it is usually necessary to meit the polymer in the extruder only
at the start of the process; thereafter, the resulting heat of polymerization is sufficient to
melt the POM polymer formed or to keep it molten.

30
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
from 0.1 to 20, preferably from 0.4 to 5, minutes. The polymerization is preferably
carried out to a conversion of more than 30%, for example from 60 to 90%.

35

“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
formaldehyde, is obtained. Formaldehyde may be present in the crude POM even
when only trioxane was used as a monomer, since it can form as a degradation

40 product for the trioxane. Moreover, other oligomers of formaldehyde, for example the
tetrameric tetroxane, may also be present.
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(melt/ai rIn step b) of the process, the residual monomer vapors are removed through a vapor

pipe, the vapor temperature being kept above the boiling point, e.g. at from 130 to

25 220°C. The vapor pipe conveys the vapors into the condensation apparatus and is, if
appropriate, thermostated at said temperature by means of conventional heating
apparatuses. If the devolatilization in step a) was carried out at at least 1 bar, the vapor
removal is effected either by a compressor downstream of the condensation apparatus
(step c})) or without additional mechanical apparatuses, by the temperature-related

30 vapor pressure gradient prevailing between devolatilization apparatus and
condensation apparatus.

if devolatilization was carried ouf under reduced pressure in step a), the vapors
removed can be compressed in an optional step b’) after step b} before they are

35 passed into the condensation apparatus (step c)). Compression is preferably effected
to a pressure above 1 bar, in particular from 1.1 to 5 bar. Suitable compressors are
conventional apparatuses, such as turbo compressors, jet compressors or liquid ring
compressors. Liquid ring compressors are preferably operated with liquid trioxane at
from 65 to 115°C as a barrier liquid, and compressor and condensation apparatus can

- 40  be combined.
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The lower pressure and temperature limits to be established preferably obey the
following inequalities 1 and 2:

30 T > 18417 X*+40.968 X +101.93 (1)

—-3453

p > 10((T+273.15)+10-81] /100 '

12102.17 .

-31.09473%1n{273.15+T)+0.03070786*(273.15+T)}
{T+273.15)}

216.1826-

4 e( /100000

(2)
35 Here, the meanings are as follows:;
T temperature in °C

p absolute pressure in bar
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packed columns or columns having fray internals, as mentioned on page 6, lines 26-28,
20 of DE-A 32 31 797, are generally less suitable since they may have froublesome dead

volumes or surfaces which are not wet.

The condensation apparatus is preferably a tubular condenser, a film condenser or a
scrubber tower. An externally heated tube which preferably has no internals is

25  particularly preferred. The tube is preferably arranged perpendicularly and, also
preferably, the gaseous residual monomers removed are passed into the tube from
above. There, they condense on the tube wall (= contact surface) and form a liquid film
(condensate) which runs down.

30  In order to improve the condensation efficiency, the cooling can be effected with the aid
of liguid monomers, for example liquid trioxane. These liguid monomers may be, for
example, either (already condensed) residual monomers, or monomers which have
been added for the first time, i.e. fresh monomers, or mixtures of residual monomers
and fresh monomers.

35
During the cooling with liquid monomers, liquid trioxane is passed as quench frioxane
into the condensation apparatus, for example the tube. !t is believed that a film of liquid
guench trioxane forms on the condenser wall, the gaseous residual monomers
(trioxane, formaldehyde, etc.) to be condensed undergoing condensation on said

40  quench trioxane. The quench trioxane can be fed cocurrently with or countercurrently
to the gaSeous residual monomers, preferably cocurrently. A mixture of quench
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condensation apparatus, it being possible, if required, to meter in fresh trioxane. For
example, a part of the mixture comprising quench trioxane and condensed frioxane and
removed at the lower tube end can be coocled and recycled to the upper tube
beginning.
30
It has surprisingly been found that, in the development of the condensation according
to the invention, the residual monomers formaldehyde and other low-boiling
compounds can also be separated off in a simple manner as a liquid and not, for
example, as gas. This was not to be expected since DE-A 32 31 797, on page 6, lines
35 23-24 and page 7, lines 6-13, teaches that removal of formaldehyde can be effected
only in gaseous form. 1t is assumed that, under the conditions according to the
invention, the formaldehyde or the other low boilers condense on the liquid trioxane fiim
or dissolve in the liquid trioxane.

40 In the condensation step c) of the process according to the invention, preferably, and in
contrast to said publication, no inhibitors at all are required in order to prevent
polymerization of the removed residual monomers in the condensation apparatus.
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t o besr ukShaRishyde e The residual monomers are preferably selected from trioxane,
formaldehyde, tetroxane, 1,3-dioxolane, 1,3-dioxepan, ethylene oxide and oligomers of
formaldehyde.

The development, according to the invention, of the condensation in step c) reliably

30  prevents the undesired polymerization of the residual monomers. Even if
polymerization initiator was entrained in the devolatilization apparatus, which cannot
always be avoided, and thus enters the condensation apparatus, it presents no
problems there. Presumably, in the condensation designed according to the invention,
a polymer which may form in the condensation apparatus dissolves in the condensed

35 state instead of forming sclid deposits. Volatile, more readily entrainable initiators can
therefore also be used in the polymerization, and the procedure is not limited fo the use
of sparingly volatile initiators.

The residual monomers separated off in step c) are removed in a conventional manner
40  and can preferably be reused as such directly, i.e. without further working up. However,

if necessary, the condensed residual monomers obtained in step ¢) can be purified in a

purification apparatus. This can be effected in purification or separation operations
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However 1f neces

, ar, he condensed residual nmononeg, btained in step

oy Can b MR Eoe ol dPRASHY S0 %S 1 5 orooay CrOMPEEERT  ect od | h
puri fi catbietow)der the peaparation obpelyatyimelzylvr BEEBYr tepolkmemsnwpereirs &rstf or
exanplse hyitshis MdnbetPate pr&isdréd bCtbieMin a RRINGARP HRint, We mBHEMERPAreWen
crystallization dsorption, .absorption, chem sor(}])tdj an thﬁrr{ﬁ_l
di ffusi orf® ymﬁrgﬁ%ﬂq ‘?‘Pdd -Bolymefs ina pol;Pmenzaﬂon reactor and, during or after this

polymerization, the residual monomers present in the polymers are removed by the

above separation process. The residual monomers can of course also be removed

during and after the polymerization.

30
The POM process according to the invention accordingly comprises the separation
process according to the invention as a process step.

Usually, the crude POM obtained is provided with conventional additional substances
35 and processing assistants (additives) in the amounts customary for these substances,

in an extruder or another suitable mixing apparatus. Such additives are, for exampie,

lubricants or mold release agents, colorants, such as, for example, pigments or dyes,

flameproofing agents, antioxidants, light stabilizers, fibrous and pulverulent fillers or

reinforcing agents or antistatic agents, and other additional substances, or mixtures
40  thereof.
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such as Wﬂ efgrrrdé:r arBfchﬁmgHtr i tl#ec?eyd%%hmbﬁorhérs%pé)%?d P«?rﬂ th& %%Hu%fi at aI l 0

I's however C rel ate
the use ofMRECHT @c%sseae@éen BEgesheperding to tb%ﬁypattan@re@flr afrt%rsih@um
nononers plepapsioatof e puacPOM, i.bedvenbettus thegadalitioafds die aduitived @nphepar at i on

of the pob%ﬂ@@% a‘?ﬂ:ﬁe Bg@n?@rﬂlrﬁgﬂé’ LY FoN 'Is%vﬁﬁ%é gol?%:zat,o?l JEQ&or

prepar ation rs-are usua
monone?  PliaAdeveighiizalionpatdiash nok)and qepar@mwﬁm%réﬁgda@ mgrmeerﬁ &Pt abl e

“nmonomer s aceorgingtethe invEndoreaft er, the nononers are transferred fromthe
nmononer plant into a 15 polynerization reactor and pol ynerized there to
give POM  as Iread descri bed further abov The crude POM descri bed,
from whi c 21t ? ‘ffé%ﬁ’ gefodigentiiiaihe n§M§3 fiped E"@B‘ép%f‘?-ﬁp"@?f by the
separat i omqnomeeasfsy ihe cepaliation pmcbé’waucnmgmdlm inventionhirdy areddditResofdbal

?g”?gg@?ngéﬂtl\?égﬁﬁ 8 362 B8 Ahés i 8o BBRAY Fha bR B6EStus 15306 U N9
Ol oal " SEMterh By SOuRiHS Ty be &9@8&59% 6 EBvoIRlizp PRrCRRRERILS EhiSkis PRSH out
both duri mgstema) eiftbe sepdiationpubeessr Fwaaxample s pm:tﬂmb@h to mix inrtkent i on

accor di ngbadme%oane% LRy o&tostéb 8 &Qﬁé%darif@ﬂ p%éé%§$§ 'to r@t%b@é’"ihefr%idhﬂe '
preparation of 2
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plant. For example, the residual monomers can be recycled directly into the
polymerization reactor or into its feed, or they can be recycled into the monomer plant.

Consequently, in the POM process, the residual monomers removed are preferably
30 recycled to the polymerization reactor or to the monomer plant. Of course, these two
variants can also be combined.

Finally, the invention also relates to the polyoxymethylene homo- or copolymers
obtainable by the POM process described.

35
The separation process according to the invention removes frioxane, formaldehyde and
other residual monomers from polyoxymethylenes and, in the condensation, avoids the
undesired polymerization of the condensing residual monomers even without addition
of polymeﬁzation inhibitors. Moreover, it simpiifies the removal of the formaldehyde

40  which, like the trioxane, may be condensed as a liquid phase. The separation process
according to the invention can therefore be operated with simpler apparatus and more
economically.



13 In aF;)Frg?Beorared enbodi ment i), the residual nononers are freed from
the residual nononers by the separation process according to the
invention directly after the preparatidon of the crude POM i.e. even
before t @(aﬁ% ition of the additives on the extruder, for exanple by
transporting thé crude POM | eaving the polynerization reactor 5 into a
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t here adiwonmhrativetexatripte 1 belewtdoorspdris dmexdrepie p2 #bmrdEA Indoddhent i),
the crude POMis freed fromthe residual nononmers by the separation

pr ocegs cording to the i n,venti(on only on addition-of the 10 additives
on the extIRAERFVGSPARIST T Aitki ng apparatus. The ni xi ng apparatus for
the addition of the additives nay be identical to the devolatilization

appar at uspuparGBnd deabied PONSIRBIyer ebnthipfgXRRTf 84% QR uRERLESSy For |
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an 1 n [ ar e C | . e r 1 QU nnoners. renpv e
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descriPbedn Bdtrbp soppeseera bieyvapets are gampeassed incahpsibd bagandfeddo ast art i ng

mat er i al gohderisBforP£dVeP TR 86Mbic@Bor dnd@he VS diptld 1© thé EorlieMsRIPCRHS

according_ 2 0 _the .in jon. The target point of this recycling can be
adapt ed %e?ﬁtm%?%%ﬂ@tti\fgé}e'pl ant. For exanple, the residual nononers can

be recycled directly into the polynerization reactor or into its feed,

or they gag dAdérRaled 2shd iBirdthkiemiBmopERked cailinn. QUERGEFHULRIHE, 16 whigh'; het EOM

process, S rs._r ved, are, pre r.ecy o the
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trioxane, forfml'dehyde and ~ot her residual nondoners 1o

pol yoxy @6y Beagcandensed of Hedissph@eriegtionsnn agesicst ehabouti3the Bagason

pol ymer i ##d aeburtfof Vasor cesd agmietbe pesied Walummaaneich ¢ftiecorinh@nt] sasldi tion
recovered by conventional scrubbing with water.

An amount of trioxane corresponding to the condensed amount of vapor is branched
off from the quench circulation for further processing. This trioxane contains 99.8% of -

30 polymerizable fractions and is purified in a working-up by distillation or extraction to
polymerization quality.

The recycle trioxane is cooled in a cooler to the feed temperature of about 75°C at the
top of the column. No deposits are formed.

35
Said water content of the quench trioxane of 2000 ppm is obtained from the frioxane
content of 99.8%: 100 % — 99.8 % = 0.2 % =2000 ppm.

The comparative example shows that, although the concomitant use of water as an

40 inhibitor prevents the polymerization during the condensation, the water has to be
removed in a complicated manner by distillation and extraction from the trioxane
separated off, before the trioxane can be reused in the polymerization.



of polynéyi§§ﬁq%3n i nhibitors. Moreover, it sinplifies the renoval of the
f ormal dehyde 40 which, like the trioxane, may be condensed as a liquid
phase. The separation process accordihgg to the invention can therefore
‘be operated with sinpler apparatus and nore econom cally. PF 55608 14
Exanpl es: Conparative exanple 1 bel ow corresponds to exanple 2 from DE-A
32 31 79Tompdisivesratmiple2:dmispie ol thgpnhibitorart ) Pul ver ul ent deactlvated
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counter CJp%%é%&%sﬁ:%@g@%g‘%%g@@ﬁ%'t%|hg%1g@b. 20:1, to the vapors entering
t he packed colum at a tenperature of 135C. The quench trioxane is fed
to the t @xambldhe col um at about 75C and | eaves the colum, together
with the trioxane fraction precipitated fromthe vapors, at about 95C.
The uncondensed or undi ssol ved fractions in an _anpunt of about 3% based
on 25 t hd NeRERARHUGY WaspbressEeed inlegiwle Bd-ep RbIHE™-tee aHeNcAieNaEeAS of t he
col um amdednth the éshowingdiffsreccas\venipamtalitrsExamylie 2g wi t h water. An anount
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The condensation apparatus was not a packed column but a tubular condenser in the

25 form of a perpendicular tube which had a length of 200 cm and an internal diameter of
10 cm, contained no internals and was provided with a heating jacket. The vapors to be
condensed were passed into the tube at the upper end, as was the quench trioxane,
the mass ratio of quench trioxane to vapors (i.e. quench ratio) being about 100 : 1.

30  The tube was heated to 105°C, and the temperature of the guench trioxane was
likewise 105°C.

At the lower tube end, a mixture of quench trioxane and condensed vapors, comprising
trioxane, formaldehyde and all readily volatile components, was removed. The

35 temperature of this mixture was 105°C. At the upper tube end, no substances were
removed in gaseous form.

A part of the mixture removed which corresponds to the condensed amount of vapor
was branched off without further purification for reuse as monomers in the POM

40  preparation, and the remaining part was fed as quench trioxane back to the
condensation apparatus (quench cirdulation).



Sai d wat e& gggbgnt of the quench trioxane of 2000 ppmis obtained from
the trioxan ntent of 99.8% 100 %- 99.8 %= 0.2 % =2000 ppm The
conparati ve exanpl e shows that, although the concomtant use of water as
an 40 inhibitor prevents the pol ynerigg@tion duri ng t he condensation, the
wat er has_to be, renpv n a rrplcat d manner distillation and
extracti of{}‘?P@m?méb'{erd%éﬁPes't rﬁ'ﬁf‘%ﬁ%tcf' Sikith aﬁ‘é"f%‘}'éo%rﬁe tri oxane can be
reused in the polynerization. PF 55608 15 Conparative exanple 2:

Om ssi on ekamBrR 4-nhi bitor The procedure was as described in Exanple 1,
except that the quench trioxane used 5 was a trioxane which conprised no
wat er as inhibitor (apart from an unavoi dable trace content of not nore
t han 15 pphe efoordurerwas/s io iExaomie/3 butivii theotlidvdne dirraness:the oags ratiof ect ) .
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wi o IRe" par pEIRARY i frtapururste? duPhcabn ey A8 oy S skl LoBd
were fed PresATaiRg. ansibe eTeInpERRGassReledity 4881G/and fedasvaugneh friogane

(W t hout bgexprtes seHdenbatich ppActRS@UEBG dRpatigi)Us. The pressure in the
devol atilization zone, the vapor pi pe and the condensati on apparatus was
about 4 bar. The condensation apparatus was not a packed colum but a
tubul ar cHRdeHERYe Fanditiess. tos, afaposits farrped ipdherPlant @ﬁert%}rr@um ch had a

| engt h50f 200 cm and an internal diameter of 10 cm contained no

~internals mp%s provided with a heating jacket. The vapors to be
condensed Wwere passed into the tube at the upper end, as was the quench

trioxane, the mass ratio of quench trioxane to vapors (i.e. quench
ratio) bePolgeriEntituntiedctivited FDWMveptivioer mmnegiabwtt&ri"/&ﬁﬁfmoavm‘tdme

;(raurjrper at Uﬁ'm?a?ﬁefé 8s g&ﬁ*gﬁ@u&ﬁ B%ﬁz@@&ai gy‘&@l é@ Ex%ﬁl@’l .\ ﬂﬂrﬁl Isovver tube
tri oxg(?]e é %‘ﬂ?ﬁ@ﬂy@'@ CéHfi? ymeresy EPPV‘EW‘S g% BEWE"?]&@“ +'?9e nmoved.
The 35 t evqmratanmmfedffrcnhihe devalbtilizatiovezoneH6iainkd dbvet 89 ef friowbee,end, no
subst anceguesf arf@fﬁﬁ N&EyLit &@6%¥§offf8rrrﬁﬂlde‘?ﬁ B&rdceRis AMtPabBut Y B8 Cofl enoved
whi ch Cor{ormgidehydet ?hé anpo('}%?pe ngsekep%nP%H C. f' f?ero compressor, the vapors
were compressed to about 9 bar and fed to a condensation zone. The compressor and
25 the vapor pipe up to the condensation apparatus were thermostated at 150°C.

The condensation apparatus was in the form of a tubular condenser. The vapors to be
condensed were passed into the condenser at the upper end, as was the inhibitor-free
quench trioxane. The vapor temperature was 200°C and the temperature of the quench

30 trioxane was 130°C. The quench ratio was about 100 : 1. A mixture of quench trioxane
and condensed vapors was removed from the condenser, the temperature of the
mixture being 133°C. At the upper tube end, no substances were removed in gaseous
form.

35 A part of the mixture removed which corresponds to the condensed amount of vapor
was branched off without further purification for reuse as monomers in the POM
preparation at 133°C under pressure, and the remaining part was cooled to 130°C and
fed as quench trioxane back to the condensation apparatus (quench circulation).

40  After operation for 24 hours, no formation of deposits or blockage was observed.
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was branched off without further purification for reuse as nononers in

t he POM 40 preparation, and the renmining part was fed as quench trioxane
back to the condensation apparatus (ddench circulation). PF 55608 16
The plantg ||Dist ed no deposit formation at all even after 24 hours.
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trioxane and condensed vapors was renoved fromthe condenser, the
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25  After operation for 24 hours, no formation of deposits or blockage occurred.

In the POM preparation, a polyoxymethylene was prepared from 95.5% by weight of
trioxane and 4.5% by weight of 1,3-dioxepan with 0.2 ppm by weight of
trifluoromethanesulfonic acid as initiator, the conversion being 73%. The polymer was

30 devolatilized as described on a ZSK 30 extruder at 220°C and 50 mbar and was
provided with Irganox® 245 (ethylenebis{oxyethylene)bis[3~(5-tert-butyl-4-hydroxy-m-
tolyl)propionate], CAS 036443-68-2) from Ciba as a stabilizer.

The melf flow index MFI of the polymer, determined according to DIN EN ISO 1133 at a
35  melting point of 190°C under nominal load of 2.16 kg, was 2.8 g/10 min.

The thermal stability of the polymer after storage for two hours in nitrogen at 220°C
was 99.78%. |



fed as qusngkgdg | oxane back to the condensation apparatus (quench
circulation). 40 After operation for 24 hours, no formation of deposits
or bl ockage was observed. PF 55608 17 Exanple 6: A crude POM pol yrer
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fl ow i ndex MFI of the polymer, determined according to DIN EN |1 SO 1133 at
a 35 nelAfiengpgraiiorn fonP4 hOGE, nnidemativmdfniebodigan bafckagel6cdugedwas 2. 8 g/ 10
mn. The thermal stability of the polynmer after storage for two hours in

nitrogen at 220C was 99. 78% )
In the POM preparation, a polyoxymethylene was prepared from 85.5% by weight of

25 trioxane and 4.5% by weight of 1,3-dioxepan with 0.2 ppm by weight of
trifluoromethanesulfonic acid as initiator, the conversion being 73%. The polymer was
devolatilized as described on a ZSK 30 extruder at 220°C and 70 mbar and provided
with lrganox® 245 (CAS 036443-68-2) from Ciba as a stabilizer.

30  The melt flow index MFI of the polymer, determined according to DIN EN ISO 1133 ata
melting point of 190°C and a nominal load of 2.16 kg, was 4.9 g/10 min.

The thermal stability of the polymer on storage for two hours in nitrogen at 220°C was
. 98.24%.
35
' Examples 3 to 7 according to the invention show that, by means of the separation

process according o the invention, the residual monomers can be separated off
without problems. In particular, no deposits or blockages occurred in the condensation
apparatus even after 24 hours, although no inhibitor was concomitantiy used. Even the

40 formaldehyde could be simultaneously separated off in a simple manner.



PF 55608 F?L%ss 8arrpl e 7: A crude POM polymer nelt containing about 38% of

unconverted nononer was let down in a devolatilization pot (flash pot).
The tenperature in the devolatilizatiqg pot 5 mas from170 to 180C and

t he pres bo t 4_bar ISI 84% o oxane
ot her ol fﬁiﬁ’ qgtaﬁ;ﬂl"(%?ﬁﬁt? tﬁg?@{] Bfe? ‘8”56 s @%prr?%ersﬁ&fvh'ghfde
wer e fed lkpaisa waqrdmg;iﬁn pe invention end obuhigh teserparasion REesrse isapatn '
apparatus. 10 The condensation apparatus was in the formof a film
condenser. The vapors entering the condenser at a tenperature of about
175C condensed on a filmof quench trioxane which ran down the surface
of the condenser. The quench trioxane was fed to the top of the
condenser at about 135C. The quench ratio was 100: 1. A m xture of quench
tri oxane and condensed vapors was renpoved fromthe condenser, the
tenperature of 15 the m xture being 137C. No substances were renoved in
gaseous form A part of the m xture renoved which corresponds to the
condensed anmount of vapor was branched off w thout further purification
for reuse as nononers in the POM preparation at 137C under pressure, and
the remai ning part was cooled to 135C and 20 fed as quench trioxane back
to the condensati on apparatus (quench circulation). After operation for
24 hours, no formation of deposits or blockage occurred. In the POM
preparation, a polyoxynethyl ene was prepared from 95.5% by wei ght of 25
tri oxane and 4.5% by wei ght of 1, 3-dioxepan with 0.2 ppm by wei ght of
trifluoronmethanesul fonic acid as initiator, the conversion being 73% The
pol ymer was devolatilized as described on a ZSK 30 extruder at 220C and
70 nbar and provided wth Irganox(r) 245 (CAS 036443-68-2) from G ba as
a stabilizer. 30 The nelt flow index MFI of the polyner, determ ned
according to DIN EN I SO 1133 at .a nelting point of 190C and a nom nal

| oad of 2.16 kg, was 4.9 g/10 min. The thermal stability of the polyner
on storage for two hours in nitrogen at 220C was 98.24% 35 Exanples 3
to 7 according to the invention show that, by neans of the separation
process according to the invention, the residual nononers can be

. separated off wi thout problens. In particular, no deposits or bl ockages
occurred in the condensation apparatus even after 24 hours, although no
i nhi bitor was concomtantly used. Even the 40 fornmal dehyde coul d be

simul taneously separated off in a sinple manner.



PF 55608 '1'555 8arrpl es 6 and 7 al so |IIustrate the POVI preparation process

(POM process) which is |ikew se according to the rnvention and of which
the separation process is a part. PF 3608 20 W claim 1. A process for
renovi ng \H,ncgnverted residual nononers from pol yoxynet hyl'ene hono- or
copol yners, %’Hpr. sing the follow ng process steps: 5 a) the residual
nononers are renoved in gaseous formas vapors at a tem perature of from

50 tf) foloc a{ml pPodRES fF Werodhg hﬁm&r&%sﬁgaﬁﬂomﬁeémm pdIfskyRItYYIEHe | N ad
evol atiliza ner_.vapors are renove
t hr ouga_h a vap'o@ﬂ%%g%%@k@%?a%%ﬁasf@rﬁgJ&?)t‘ﬁv "g%rgr ng ﬁ(%opsf above the boiling

poi nt ® ¢c) the gaseous residual nononers are condensed fromthe vapors in
a con- densataypn taprsidabiutonchiersBes @nbved i §ds2Pus Jormtdievapontststati-on

O neratore”of PRGN (A AEROR Sy iBeb ikl o B 505

tenperature of f hete erat ur e no el ow t he
m ni mum t enper at HeEPYPYMAGp e devolaiizalien ARParaiushe condensation appa- ratus,
and wherein those surfaces of the condensation appar at us whi ch come into

contagl withyth r%%@[rﬁl rﬁ&’r“on?é?%ggrs‘%{né nan'?o\Je'dCIH'og 'v%})é(\gﬁrg UQderseS

condensed resrdua 0Cess
wher ei n the cond&{eRaRlbre hgipakert @bovr B8 broﬁma potnubul ar condenser a f| | m
condenser a scrubber tower. 30 3. The process according to ei t her of

claims 1 a”d %Ont o a%'eBu e@rd%‘éa oﬁameré ?eé!&{b‘éﬁed el tﬁé’Oé’pf‘dFéﬁrd? B be' ng

brought into Irq resi nononers or Wt
m xture conpri si H@”?%'QF&B%?ra%norrers and fresh nononers. 4. The process
accoriding to any of clains 1 to 3, wherein no inhibitors which would 35
prevent pol yngkd.g@tion of the residual nononmers are added after step b)
or in step c). 5. The process according to any of clains 1 to 4, wherein
t he residual nononers

in step ¢), the condensation apparatus is operated at a pressure of from 1.09 to

102.4 bar and a temperature of from 102 to 230°C, the temperature not falling
20 below the minimum temperature of 102°C at any point in the condensation appa-
ratus, and

wherein those surfaces of the condensation apparatus which come into contact
with the vapors are coated with a liquid film which comprises condensed residual
25 monomers.

2. The process according to claim 1, wherein the condensation apparatus used is a
tubular condenser, a film-condenser or a scrubber tower.

30 3. The process according fo either of claims 1 and 2, wherein, in step ¢), the vapors
are condensed by being brought into contact with liquid residual monomers or
with a liquid mixture comprising residual monomers and fresh monomers.

4. The process according to any of claims 1 to 3, wherein no inhibitors which would
35 prevent polymerization of the residual monomers are added after step b) or in
step c).

5. The process according to any of claims 1 to 4, wherein the residual monomers
are selected from trioxane, formaldehyde, tetroxane, 1,3-dioxolane, 1,3-
40 dioxepan, ethylene oxide and oligomers of formaldehyde.

6.  The use of the process according to any of claims 1 to 5 during or after the
preparation of polyoxymethylene homo- or copolymers.



are sel eth'Feas?oraom trioxane, formal dehyde, tetroxane, 1, 3-dioxolane, 1,3

40 di oxepan, ethylene oxide and oligonmers of formal dehyde. 6. The use of
the process according to any of clain@1l to 5 during or after the
preparation of pol yoxymet hyl ene hono- or copol yners. PF 55608 21 7. A
process for the preparation of polyoxynethyl ene hono- or copol yners,
wherei n  #irsh progesior hersprareiian eimelyoxgpeineldn® hompoereeppolymersorvisnen
plant, the nuR§-suNESIS nnBrichLareRPENETBY bZ&6retiOn & MchoR®r YK, Shé oho-
pol ymeri zat | Cf'ﬂerrs%?g %h%?w %B};nerggt{]] toSSalicpgolorrne%fiE%r oﬁJ%e%izB@Arﬁ%%H?% %hb,ocﬂlr- the
resi dual nonomers present’ in the po (ST are renoved by e process
accor (ﬁ ng to lBgyr er ¢hia pakymerizaion, thg resfgial plopeesss piesetdn g mdyrwa@ m?7,
wher ei n t he rgsirgh@ledBNtREBIctetSaRRAN@RIEany#elihed té6 8. t he pol yneri zation
reactor or to the nononmer plant. 10 9. A pol yoxynet hyl ene hono- or
copol yner, obtainable by the process according to either of clainms 7 to
8. 8.  The process according to claim 7, wherein the residual monomers removed are
recycled to the polymerization reactor or to the monomer plant.
10 ,
9. A polyoxymethylene homo- or copolymer, obtainable by the process according to

either of claims 7 {o 8.



