PF 55608 1 Method for renoving residual nonomers from pol yoxynet hyl enes
Descri pti opF §5ddge | nvention relates to a process for renoving unconverted
resi dual nononers from pol yoxynet hyl ene hono- or copol yners, conprising
the follow ng process steps: a) the residual nononers are renoved in
giseous formas vapors at a tenperaturel of from 70 to 300C and a pressure

of from O.i8hod for?EmBRAAg Féstilial ARNBAENIM bblydxymidthylénel ati | i zati on
apparatus, b) the residual nononmer vapors are renoved through a vapors

pi pe, the vapor tenperature being kept above the boiling point, 15 c) the
gaseous r d¥gsgtpliomononers are condensed fromthe vapors in a condensation
apparatus, wherein 20 in step c), the condensati on apparatus is operated

at a pressyre of froml1.09 to 102.4 bar. and a t erature of fraqm 102 to
2300, "the. TEIPETLP AR {0 7 BGeR o5 PBRI™ HECY TR e CLHBP BRTIPS T8 102C at
any poi nt palyoxysethyiede homor oh e1s..eompdisig thehtollewingtpneress stepsaces of the
condensati on apparatus which cone into contact with 25 the vapors are
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al so rgl ates tdavalatiB@tion aseratusor the preparation of pol yoxynet hyl ene hono-
or copolymers, wherein first suitable nononmers are prepared or stored in a

mononer plant, the nononers are then polynerized to said polynmers in a
pol yrrer i z&di onthe eesidual manememNaporyarerempyead thrawgh a yapogRipe.Ahe veper t he

r esi dual fTDnO!T&hFeﬂét@éb@ingik@pﬁéﬁbvé%é’lﬂ@li@ goig, r enoved by the above
ocess. 35 Finally, the Invention relates to pol yoxymnet hyl ene hono- or

‘c@pol yners obtai nable by the |ast-nmentioned process. Pol yoxynethyl ene
pol ymdBs (@OoMthegesasys sesidugl mpnamets argcondsnsed ffem thavepersdt a40

1, 3, 5-tri oxaneohéénsaxanapgapatushort ), formal dehyde or another fornal dehyde
source. The conversion is usually not conplete; rather, the crude POM
pol ymer still conprises up to 40% of unconverted nonomers. Such residual
nononers a¥f@reifor exanpl e, trioxane

20 in step c), 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 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 fo the use of this process during or after the

preparation of polyoxymethylene homo- or copolymers. 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 usually 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



and forrralpieg%@ﬁ, and any concomtantly used conmononers, such as

1, 3-di oxol an€ PF 55608 2 ethyl ene oxide. The residual nononers are
renoved fromthe crude polynmer by working up. The invention starts from
t he process of DE-A 32 31 797 for workiang up trioxane from 5
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devol at i | Weafin®HP. zone at from 70 to 300C and from 0.005 to 50 bar, B.
removal of the vapors, the vapor tenperature being above the dew point, 10

condenoat 108 BEfan GARIERING Proes A DEARL S, 16r BPRYBb GPkioxhe ane 1 par,
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appropriate, purification of the trioxane. 15 This process has the
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pol yneri zat i ooncondensabes forpaldeiyde Helirigsrepivedner gasabuoform( pol ycondensat i on),

t he docungnt ﬁ%gﬁ%gﬁateoﬁlfrﬁﬁgﬁon@ftﬁé 8 to page 8, line 5 and in the
C

exanpl es, the C mta use of a polynerization inhibitor, for exanple
~water, alcohols, ammonia or amines, in the condensation zone. 25 According

~10 saifl pThisipeadass has tHeadisadvantdgel thiae tredriotanisremoeed] ems entidrgd oxane for the
POM pr epa | i Lol t be: i nhidi: | r ed
v oro-Thgb S AP Sty g U Bl U A OTRAISSECT .
pol ymer i z@riesAMPlenparaiorgaldenydes whlghiblack\ag apparatugesAuniiglhe faNARNSaRN process
nor e expenswurkingAlp efrthetrioxehe/ and®hich apparbtuses thenrhave &z be slekhad by he
| nhi bi tor -gRx) &%l bfoiu Chiso Le pafe IRBBIE,
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zone, andddiychiiddridatid)! e d®BHNENt teaches, on page 7, line 15 to page 8, line 5 and in
the examples, the concomitant use of a polymerization inhibitor, for example water,
alcohols, ammonia or amines, in the condensation zone.
25 :
According fo 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 liquid form and formaldehyde 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



that it ispngﬁgﬁ,ﬁd In gaseous form In the process of DE-A 32 31 797, the
resi dual s trioxane and fornmal dehyde separated off are accordingly
obtai-ned as two different phases (trioxane in liquid form and formal dehyde
i n gaseous form, which conplicates thgir recycling. 40 It was the object
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nonomnmer s 10 found. In addition, said use of this process, the process
mentioned for the preparation of the POM pol yners and the POM pol yners
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pol ynmeri zation of formal dehyde or - preferably - trioxane; in the
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“\eéry generally, such POM pol yners conprise at |east 50 nol % of repeating -

CH20O - uni ' | ' rs are
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20  copolymers, comonomers are also concomitantly used.

Very generally, such POM polymers comprise at least 50 mol% of repeating - CH,0 -
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 to

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

) . TZ T3
—0—C—C—(R%), —
lla‘ R*
30 where R to R, independently of one another, are a hydrogen atom, a C- fo C.-alkyl
group or a halogen-substituted alky! group having from 1 to 4 carbon atoms and R® is a
-CH_- or -CH;0- or a C;- to Cy-aikyl- or C,- to Cs-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



30 where B 458054 | ndependent|y of one another, are a hydrogen atom a Cl-
to C4-a|kyr group or a hal ogen-substituted al kyl group having from1l to 4
carben atons and R5 is a -CH2- or -CH2O- or a Cl- to C4-alkyl- or Cl- to
C4- hal oal kyl -substituted nethylene grodp or a correspondi ng oxynet hyl ene
group and n has a value in the range f,om0 to 3. Advantageously, these
groups can be introduced into the copﬁfyners by ring opening 35 of cyclic
ethers. Preferred cyclic ethers arﬁLLQQQ of the fornmula PF 55608 4 R2
RC- 3 Ra where R to R5 and n have the gbovenentioned neani ng. Merely by
way of exanple, ethylene oxide, 1g2- -op %ene oxi de, 1, 2-butyl ene oxide,
1, 3-butyl ene oxide, 1,3 5 dioxane, 1, 3-dioxblane and 1, 3-di oxepan (=

but anedi ol formal, BUFO) may be nentiRdned as cyclic ethers and |inear
oligoformal s or polyformals, such as pol ydi oxol ane or pol ydi oxepan, as
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15

where Z is a chemical bond, -O- or -ORO- (R=C;- to Cs-alkylene or Cs;- to Cs-
cycloalkylene).

) 20  Preferred monomers of this type are ethylene diglycide, diglycidyl ether and diethers of
) glycidyls and formaldehyde, dioxane or trioxane in the molar ratio 2:1 and diethers of
2 mol of glycidyl compound and 1 moi of an aliphatic diol having 2 to 8 carbon atoms,
such as, for example, the diglycidyl 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.

Polyoxymethylene polymers which have been stabilized at the terminal group and have
C-C or —O-CHj3 bonds at the chain ends are particularly preferred.

30 The preferré_d 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. Pérticulariy 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



C-C or- %%' egé;ds at the chain ends are particularly preferred. 30 The
preferred F ymet hyl ene copol yners have nelting points of at |east 150C
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000, preferably from 7000 to 250 000. sParticularly pref erred are POV
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25 In addition to the initiators, cocatalysts may be concomitantly used. These are alcohols
of any type, for example aliphatic alcohols having 2 to 20 carbon atoms, such as tert-
amyl alcohol, methanol, ethanol, propanol, butanol, pentancl or hexanol; aromatic

) alcohols having 2 to 30 carbon atoms, such as hydroquinone; halogenated alcohols
having 2 to 20 carbon atoms, such as hexafluoroisopropanol; 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-cyclohexanedimethanol 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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m xers. ®h or separately from the initiators (catalysts), at a preferred reaction mixture
25 temperature of from 62 to 114°C. The monomers (trioxane) are preferably also metered
in the molten state, for example at from 60 to 120°C. Owing to the exothermic '
polymerization reaction, it is usually necessary to meit the polymer in the extruder only
) at the start of the process; thereafter, the resuiting heat of polymerization is sufficient to
- meit 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 polymeﬁzation 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
wheri 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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preferably from 170 fo 300°C.

In 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 s, 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 out 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
fo 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 condénsation apparatus can

- 40 be combined.



nmet er ed |%#%@taep a). If the crude POMto be devolatilized is present in
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before th% are 35,passed jnto the.cqondensati on_apparatus (ste )2

npr essi rRrES'f';S}Yefté\fa&HP‘}“%*F@BPé’ﬂ egirgd pofymearzation %fBB%@SP‘@hWO“PWe

rtidél ain particoldr. o theotrioxdrae andfitheftraaldehydes fsthe condensatiomapparatis al

appar at Usggn p %I el lé’rsavBH%B‘?f SRBeESFRGRd td %ﬁF@’Falﬁzéé’ér% lﬂémgiur%hﬂ: npqw q

conpressors nMpressors are
tri oxane SWQ@T‘T@%&‘S@OB@B%%‘H} RS P? mtieas ﬁhp%ﬁﬁég%rpoﬂd
condensatl on apparatus can 40 be conbl ned. PF 55608 8 By keeping the:

| Eﬁ%irataﬂfﬁe%“"ﬂ'?s%‘ﬂﬁ SIS iR R ORof el o R IRATI S T et the
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tri oxane phfrerhe. Q)tq@barmdmmmratmeenffram Ry 18af@l yst traces and

f or mal dehyde, can be avoided, cf. 5 DE-A 32 31 797. In step c) of the
process, rSaud pqgsss%?éjssat{ae tsé'm%lé?aturg‘s) %?engsrtgblgﬂed ?noan gc(nannvse(ra\f:I orIarl %anner for
example by pressure control valves or upstream or downstream compressors or by
25  suitable heating or cooling means, for example by heating or cooling jackets.

The lower pressure and termperature limits to be established preferably obey the
: ) following inequalities 1 and 2: |

30 T > 18.417 X% +40.968 X + 101.93 (1)

—3453

p > 10[(T+273.15)+10' 1) /100 '

2102,
216.1826- 2202.17
+ e (T+273.15)

-31.09473*1n(273.15+T)+0.03070786+*(273. 15+'I‘)J

/100000
(2)

35 Here, the meanings are as follows:
T  temperature in °C

p  absolute pressure in bar



vapors (bﬁFﬁﬁﬁb ng) In a condensation apparatus. According to the

i nvention condensation apparatus is operated at a pressure of from
1.09.to 102.4 bar and a 10 tenperature of from 102 to 230C, the tenperature
not falling below the mi ninmum tenperatgure of 102C at any point in the
condensati on apparatus. Here, point neans the spatial position or the
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35 Her e, ure 1n
essure Pﬁraﬁ)&'i“alﬂp 98’“%0”3’(“ %‘E%Séﬁ?ﬁ’ m@‘éﬂﬁ”@? beAnswef ved f or mal dehyde in

| oxdhe, for exanple dissol ved as nol ecul ar fornmal dehyde, as

par af or makgdpyd Io'ﬁ gfaﬂ@é thbliaEon st.é?'tﬁ%'q:é nell, 1BF BRimMk] fOMer'S,
expressed as aﬂ@on ﬁ%@ r?p iE\Iasgfmcc F?] eﬁ‘;l nventje)g%] B t he
condensat f&H" g-i’ie:h" uf igtemals, yhas '%%'SF'H? ted;by athermostatiag "f"?%ﬁs t hose
surf aces fur extreple@hbatisgbr oumllag jecket, testhetsuitdble temeperatuce. On the other hand,
packed columns or columns having tray internals, as mentioned on page 6, lines 26-28,
20 of DE-A 32 31 797, are generally less suitable since they may have troublesome dead
volumes or surfaces which are not wet.

The condensation apparatus is preferably a tubular condenser, a film condenser or a
scrubber fower. An externally heated tube which preferably has no intemals 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 |IC|UId film
- ) (condensate) which runs down.

30 In order to improve the condensation efficiency, the cooling can be effected with the aid
of liquid monomers, for example liquid trioxane. These liquid 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 frioxane is passed as quench trioxane
into the condensation apparatus, for example the tube. It is believed that a film of liquid
quench 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



cont act vm 44$% vapors (referred to bel ow as contact surfaces for short)
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In the — preferred — closed procedure, a part of the mixture removed from the
condensation apparatus is branched off, cocled to the required temperature, for

25 example by means of a heat exchanger, and recycled as quench trioxane into the
condensation apparatus, it being possible, if required, to meter in fresh trioxane. For
example, a part of the mixture comprising quench trioxane and condensed trioxane and

) removed at the lower tube end can be cooled 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. It is assumed that, under the conditions according fo the
invention, the formaldehyde or the other low boilers condense on the liquid trioxane film
or dissolve in the liquid trioxane.

40 Inthe 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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or dissolve inthe liquid tri oxane. 40 I'n the condensation step c) of the
process according to the invention, preferably, and in
Above, trioxane also represents the other, stated residual monomers, such as

25 formalqehyde, etc. The residual monomers are preferably selected from frioxane,
formaldehyde, tetroxane, 1,3-dioxolane, 1,3-dioxepan, ethylene oxide and oligomers of
formaidehyde.

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 solid deposits. Volatile, more readily entrainable initiators can
therefore also be used in the polymerization, and the procedure is not limited to the use
of sparingly volatile initiators.

The residual monomers separated off in step ¢) 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



contrast t % publication, no inhibitors at all are required in order to
pr event p'g'l:g zation of the renoved residual nononers in the
condensati on apparatus. PF 55608 11 Preferably, therefore, neither water
nor anot her inhibitor nust be added befigre or during the condensation.
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the | nventRBREMRGrS 8P YREMIT AR kY PSP FRAS Fha PEGRGE REGHT BIPCRSfar at o
di ssol ves helow)tier the prepamtign of polyoxymethylene homo- or copolymers, wherein first
' 25 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 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 fo the invention as a process step.

Usually, the crude POM abtained 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 example,

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.



35 state i gﬁgof formng solid deposits. Volatile, nore readily
entrainable Tnitiators can therefore also be used in the polynerization,
and t-he procedure is not limted to the use of sparingly volatile
initiators. The residual nononers separdted off in step c) are renoved in a

q ti tly, i.e.
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pr epar ed umstepramnbﬂnersep@rlaam process. Exaexdnaple,rit ie passble both fooniran thehyde,

and/ or Suiguaiplés SRIGIES ok GieBlepoPiie sophiBliciRbioBEss (% RARSEINE rélida
_transferredfromthe Pe é))&mﬁrrerlzatlon reactor and
";?I YIEr | zéT&PW%'WQ?SGP%%ﬁ%VQEOQ ?’éﬁ'ﬁ‘fa&'ées further above. The

ude 1BOM descri bed, from whi ch the unconverted residual nononers are
separ at ed lﬁbém@MaF 'ﬂ% 088 PBIM ﬁBmRﬁé’B& ﬁleﬂfé%i%h%é&ortdéntﬁﬂﬁ Hertb‘a‘?@bbﬁéh i's
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vt aet s davapiBReRECarkihe rw"wg% St Reparied o Yieks FoRRBe 5 o gi ve
POM or t thesinventionuand/onthabitdviean b‘@pd}esnro‘oﬁedamﬂmma@ntweson@nuaxttuden onis
carried Oléhd 30iHe dhrid firbe BCrediLA MENYnerd SbpHTBIed HdcedrdirgUb e ntBntdn. ¢ he

tne. pPlpardEear P B gist L EadbERe fufiort BF B3Bpbelier 0. whorei n 1irst 25

sui t abl e nononers are prepared or stored in a nononer plant, the nononers
are then Tpelrysigudl ARshohrersRintbvied by i SepafatidnPPOOLEE chA alif a:pmp}m& afterand,

duri ng O yal b ek R |QUIRDNER AR, b RE RGUALIPTBTRLSy BifREDt 11 the

pol ymers are remnoved b ar N dual
NMONONEr S @h}ﬁtlrtg m@@ualgjén HeRPMererarationgi.e. recycled to the POM process according

25 to the invention. The target point of this recycling can be adapted to the production
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 7
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 po!ymefization inhibitors. Moreover, it simplifies the removal of the formaldehyde —
40  which, like the frioxane, may be condensed as a liquid phase. The separation process
according to the invention can therefore be operated with simpler apparatus and more
economically.



during am%g%éda the polynerization. 30 The POM process according to the

I nvention accordingly conprises the separation process according to the

i nvention as a process step. Usually, the crude POM obtained is provided
wi th conventional additional substance$4 35 and processing assistants
(additiveﬁ& n, the anounts customary for these substances, in an extruder
or anot he EWPeab|e m Xxi ng apparatus. Such additives are, for exanple,

| ubricants or nold rel ease agents, colorants, such as, for exanple,

pi gnent s Qonthestive ekh@pROY Bsléw TOrregIIMGS to einm i Dpdrh DE-AIP@1 F7abi | i zers,
fibrous and pulverulent fillers or reinforcing agents or antistatic
agents, and ot her additjonal substances, or m xtures 40 thereof. PF 55608
13 Inda poEtRaFative example Twdrer af)  t he resi dual nononers are freed from the
residual nononers by the separation process according to the invention
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from eresid

e separation roc I ng..to, the
i nvent i on2Belty<-gre %fd’(?[]att |earﬁacng§ ichyig TufHhgr fedy %Fi‘i‘@c%'éﬁa%%@r% ifigatione
ot her m xvalgeappae atibsequéhicompounding piie wpos rbmovedlﬁoaﬁdeuemiawlfzaﬁdre

?ﬁd'st ;gez pds i 4 c&%éét glg %Bb@tfélZgﬁn Sfptﬁ‘lbfarfséei@?rloﬁéﬁé ArfcPfultRer @EW@BI R Sré’"ﬂf ch i tshutsgd
st P, Eloriefve, SRR AL 5% e malshyide 56 vehe R Bkept o PGS N
“ie. 16 rématube bempressatutile vaporsare cempresgedtecabout 8 bar ard iedﬁoas on the
sane extr ugedensatior ianaTﬁé %%ssér%d%é’dﬁm? Bl¥el UpaB i SorRieh¥atRin ZAki 0N

reactor can %lrstt orted into a devol atlllzatlon pot and the
resi dual ABNORERSS 8%5 -of f there according to the invention, and/or
the POM can then be provided-with the additives on an extruder and at the

same tinmethh %oﬁ&'ﬂsgﬂbﬂ zdhenoMhe f&ﬁpéfraaéd%ﬂe@ﬁéluﬁﬁCQDQh@&nbﬁbﬁeh% Whggnt i on.

20 Th ab nbo The residual
ronondPe PLIGRH 2Byt & inlnieh fnts Bes el eis” COUPFef%Figgrm B0 cer the
purifi cat rajie Qﬂﬁb@lﬁ 4051, detherviapers Qfmnngsthgpw@da@ltynm@ta rater@ of be used
agai n as 135°C. The quench frioxane is fed to the top of the column at about 75°C and leaves

the column, together with the trioxane fraction precipitated from the vapors, at about
95°C. The uncondensed or undissolved fractions in an amount of about 3%, based on

25 the amount of vapor used,-leave the packed column at the top of the column and are
recovered by conventional scrubbing with water.

) An amount of frioxane 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 trioxane
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.



starting MHEt¥608Is in the POM preparation, i.e. recycled to the POM process
according 25 to the invention. The target point of this recycling can be
adapted to the production plant. For anpl e, the residual nononmers can be
recycled directly into the polynerization reactor or into its feed, or
they can be recycled into the nononer plant. Consequently, in the POM

process, Cothparstive exbmpRIR TFhissioe 6DMe thrigr pr ef erably 30 recycled to the
pol ymeri zation reactor or to the nononmer plant. O course, these two

~variants can al so be conbined. Finally, the invention also relates to the
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which, like the trioxane, nay be condensed as a |iquid phase. The

separatlon rocess according to the invention can therefore be erat ed

wi th 39 mpiTee expalP ShaYS Mt hichecessclininpa dn DF-A B2 33956 59100t be Ao

Conpar at i vat witeupindibltobel ow corresponds to exanple 2 from DE-A 32 31 797 5

Conparative exanple 1 (prior art) Pul verul ent deactivated POM copol yner

cont ai ni ng, about 34% of unconvg gg nononers i s continuously devolatilized

in a soli Eeemelﬁﬁﬁsoy&f@@%&r ipg&RuthedePiBAr  and 130C. The residence tine
t he crude pol ymer powder in the solids screw is 10 about 15 minutes.:
ter1 ?j lkatilization, the crude polyner still has a content of about
.5% of volatile fractions, which is further reduced to the necessary

speC|f|cat|on val ues in the subsequent conmpoundi ng. The vapors renoved

from t he dbepraseduresi asdeseibvas iodxainple afi.eaipbibitoisfPes gfienchitioxane waset r oxane

and fU”hﬂéeoclé\ﬁthltﬁefallbﬂﬁa‘ﬁﬁ%réfces%@mﬁﬁﬂe@%&@angﬂébm s and about 8% of
f ormal dehyde. The vapor pipe is kept at 135C In a turbo conpressor, the

vapors are conpressed to about 2 bar and fed to a condensation zone. The
. conpr 88 soil haveparhwetafed frop the deyolatiization zeneddirestly vigre vapeepiparwithewdr nost at ed

at 150C. &hﬂp:@@m RSRbdriRnEatdR dppataiud The prIsdURS in IhddelonAliigation Pane QueNch
tri oxane, Whi
the vapor plpe and the condensation apparatus was about 4 bar.

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 fo 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 quench 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 forreuse as monomers in the POM

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



20 2000 ppm of water as inhibitor have been added, flows countercurrently,
in a mass PFr3fB08 of about 20:1, to the vapors entering the packed col um at
a tenperature of 135C. The quench trioxane is fed to the top of the col umm
at about 75C and | eaves the col um, tpget her with the trioxane fraction
precipitated fromthe vapors, at about 95C. The uncondensed or undi ssol ved
f ract i ons Tha pieamt exfiibited nsf degosit forgratiomakalieven aftsr 2hboursount of vapor used,
| eave t he packed colum at the top of the colum and are recovered by
conventio%a néEbbl ng with water. An anmount of trioxane corresponding to

t he conde 8'5"’6? unt of vapor is branched off fromthe quench circul ation
for further processing. This trioxane contains 99.8% of 30 polynerizable
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di stil | at pespacatidncaid the réraginfng ot wes cbdoﬂ&M&ﬂGT&Sﬂ@ié&gl%ﬁh@h%lgtrhﬂéme t he
tri oxane )t | 55 15 nparative
exanpl e Zﬁg%ntgggégn 0 s%:tﬁ:g ﬁﬁ?’ﬁw@“ﬁﬁ%@@% ure was as described in
Exanpl e 1, except that the quench trioxane used 5 was a trioxane which

£ cpnpr i sedUndenmthese carslitionk) tbot iy dépasits forrhedin the planbafterdsdhours.r ace  cont ent
“of noy rmre than 15 ppm of water, which however does not have an inhibitory
ef fect fter a_)few m nutes, deposits formed in the condensation zone.

After a t 5EAMPB 30 ni nut es, the condensation zone was bl ocked and the
plant had to be shut down. 10 The exanple shows that the process disclosed

in DE-A 3puRéruldhf, lﬁﬁ!’éﬂéﬂva{é% F‘f@Mrdoﬁgl nfé\"bor\%blh#ﬁﬁ_g ohféﬁ%bf Bhcontérgegxanpl es

bel di d
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the fabl odpvc@,attﬂzatfoer mm@decmwaeleﬁlllwonhtreﬂabputeﬁ‘m of volatile fractions. The .
vapors removed from the devolatilization zone contained about 80% of trioxane,

tetroxane and further cyclic oligomers of formaldehyde, acetals and about 10% of

formaldehyde. The vapor pipe was kept at 150°C. In a turbo 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 condénsation 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 ftrioxane 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.



20 The vapeggsepg e fed fromthe devolatilization zone directly via a vapor
pi pe (W thout conpressor) to a condensation apparatus. The pressure in the
devolatilization zone, the vapor pipe and the condensati on apparatus was
about 4 bar. The condensation apparatusi?was not a packed colum but a

t ubul ar CO@%&%&B in the 25 formof a perpendicular tube which had a
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for-regse AsmiBaips®at2dgect he POM 40 preparation, and the remaining part was
fed as quench trioxane back to the condensatlon apparatus (quench

circulation). PF 55608 16 The plant exhibited no deposit formation at all
even af t erTHa4cdndemsation Bpparptus whs ib thEnferm oba éuhmlar canderser.iThe®apors te b8, but
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t hese condPii.ons, too, no deposits forned in the plant after 24 hours. 15
Exanpl e 5: Pul verul ent, undeactivated POM copol yner contai ni ng about 34% of
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1. Aft'er
was branched off without further purification for reuse as monomers in the POM
preparation at 128°C under pressure, and the remaining part was cooled to 125° C and
fed as quench frioxane back to the condensation apparatus (quench circulation).

25  Afler 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 melt flow index MF| of the polymer, determined according to DIN EN ISO 1133 ata
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%.



20 devol atF;r_l Ion, the crude polyner still contained about 3% of volatile
fractions. vapors renoved fromthe devolatilization zone contained
about 80% of tri oxane, tetroxane and further cyclic oligomers of

f or mal dehyde acetal s and about 10% of 48f or mal dehyde. The vapor pipe was
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the condenser, the tenperature of the
In the POM preparation, a polyoxymethylene was prepared from 95.5% 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 Irganox® 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 to 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 simuitaneously separated off in a simple manner.



m xture bﬁJ&n%GJO?C At the upper tube end, no substances were renoved in
gaseous 0O A part of the mxture reaned whi ch corresponds to the
condensed anmount of vapor was branched off w thout further purification
for reuse as nononers in the POM prepqgation at 128C under pressure and

t'he remainin art Cco0 ed as qu tr|o ack t
the condeb Pl G5t aBadleabitn PO BePariohprocsss UM A iseoarish & or 94
~ hours, nolikewisaatendiof tathpdsvension and bbwiialy thecseparatiod pracess Isea Padi/ '
preparation, a polyoxynethyl ene was prepared from 95.5% by wei ght of
tri oxane and 4.5% by wei ght of 1, 3-dioxepan with 0.2 ppm by wei ght of
trifluoronethanesul fonic acid as initiator, the conversion being 73% The
pol ymer was 30 devol atilized as described on a ZSK 30 extruder at 220C and
50 nmbar and was provided with IrganoxO 245
(et hyl enebi s(oxyet hyl ene) bi s[ 3-(5-tert-butyl-4-hydroxy-m
tol yl ) propi onate], CAS 036443-68-2) from Ci ba as a stabilizer. The nelt
flow i ndex MFI of the polyner, determ ned according to DIN EN | SO 1133 at a
35 nelting point of 190C under nominal |oad of 2.16 kg, was 2.8 g/10 m n.
The thermal stability of the polyner after storage for two hours in
nitrogen at 220C was 99. 78% PF 55608 18 Exanple 7: A crude POM pol yner
melt contai ning about 38% of unconverted nononmer was let down in a
devol atilization pot (flash pot). The tenperature in the devolatilization
pot 5 was from 170 to 180C and the pressure about 4 bar. The vapors,
conprising about 54% of trioxane, other oligoners of formal dehyde, acetals
d about 6% of formal dehyde, were fed via a vapor pipe thernostated at
OC to a condensation apparatus. 10 The condensati on apparatus was in the
formof a filmcondenser. 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
guench trioxane and condensed vapors was renoved 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 anount of vapor was branched off w thout further purification
for reuse as nononers in the POV
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prepar at i B 5860837C under pressure, and the remaining part was cool ed to
135C and 20 fed as quench trioxane back to the condensati on apparatus
(quench circulation). After operation%%(\)ﬂr 24 hours, no formation of
deposits or bl ockage occurred. In the preparation, a polyoxynethyl ene
was prepal&cigimym 95. 5% by wei ght of 25 trioxane and 4.5% by wei ght of
1, 3-di oxepan with 0.2 ppm by weight of trifluoronethanesul fonic acid as

initiator, th Versi N 0 , S | at il as
descr  bed'on & S5 uShelfetRerShed S HebmERaf BER6Rmebo e

| rganox(r) 248oMmeAy epelyrersgomprising thedolewiag PECcesaBiePszer. 30 The nel t

fl ow imdex MFI of the polyner, determ ned according to DIN EN I SO 1133 at a
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220C was 98. 24%Pesafusefim §0 i 30°F and oprgssie ebiremd-G4h 8wl kak fidAbw t hat |

by means of the sh@adlinepn a pevalifizatoncappdiang,to the invention, the

resi dual nononers can be separated off w thout problens. In particular, no
deposits or bl ockages occurred in the condensati on apparatus even after 24
hours19 al t hou§h rBE refidust MEPOMBEVARSRT IR FeARYed thirUgH @ YARoR PiRRe theprapor

f or mal dehyde coultdmberaturebeingrkeptabove sispboiliigepbisf f in a sinpl e manner. 7

PF 55608 19 Exanples 6 and 7 also illustrate the POM preparati on process
(POM process) which is |ikew se according to the invention and of which
the separati of) prib@gasequs rgsl NO”P@ES‘S@GWBQ"W from, ih, vaporsAn GPzss f or
,«atim)vi ng unconverdeadationsapghaedtusyononers from pol yoxynet hyl ene hono- or
“.copol ygrers, conprising the follow ng process steps: 5 a) the residual
nononers are rﬁm)_ved i n gaseous formas vapors at a tem perature of from
70 to 300C an¥"&®Bt essure of from0.005 to 50 bar from the polymer in a
devol atilization apparatus, 10 b) the residual nononer vapors are renoved

through a VapWstéB E)?thet&&déﬁs%bn apparaRisad Hb&afé@idﬂg dfé‘ﬁuré‘@ﬁi’tﬂntﬂm tgoi l'i ng
poi nt, 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 contéct
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 to either of claims 1 and 2, wherein, in step c), 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 ¢).

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.
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c) the gasRPbh86Q&si dual nonomers are condensed fromthe vapors in a con-
densati on apparatus, 15 wherein in step c), the condensation apparatus is
operated at a pressure of from 1.09 t02102.4 bar and a tenperature of from
102 to 230C, the tenperature not falling 20 bel ow the m ni num tenperature
of 102C atb.anyThsousetofithe priogessoanterding oy @b plaims hias dudngionafier ien t hose
surfaces of trﬁegﬁgﬁ@mdgﬁaymg@?reﬂgugnwhbp&bp@m&nto contact wth the
vapors are coated with a I'iquid fil mwhich conprises condensed residual 25
mononers. 2. The process according to claim1, wherein the condensation
appar at us fused® pocass fon Bigl Risp@atiRiepfaiyoxymethyigne baaen seporslymers.cvhaseiar

t?wer : )530tﬁ. st suitalsie afonaares giicgepared bi Stdreddh acrh@iqmerlplm,dhamom?rﬁi n, in
step c), e v r br ‘ I

T aui d 7 esi dudeigane s PoARIERE 'sal plirgR 17 itihersalioh I Shay Yl
nonomers and fiR@ehaftfsisrpplymenzatipRethgresidual moneness argsert B e RAYEeEins 1 to
3, wherein no drakerhovearts thi ipedtes® dtebrdind tadrvefelaimme st | zati on of the

resi dual nononers are added after step b) or in step c). 5. The process
according to any of clains 1 to 4, wherein the residual nononers are

sel ect'®d & om khei RIRERSE acedinglta sl d, whereingha residupl moRpERe removed ame 40

di oxepan, et hykeyviedisittepalptiedtdtion neactoradr td themadribetergdantPF 55608 21 6. The
use of the process according to any of claims | to 5 during or after the
preparation of pol yoxynethyl ene honmo- or copolyners. 7. A process for the
preparation of polyoxynethyl ene hono- or copol yners, wherein 5 first
.syitabl e nononers are prepared or stored in a nmononer plant, the nono- ners
Z}je t hen pol ynerized to said polynmers in a polynerization reactor and, dur-
ing or after this polynerization, the residual nononers present in the
polymers are renoved by the process according to any of clains 1 to 5. 10
8. The process according to claim7, wherein the residual nononmers renoved
are recycled to the polynerization reactor or to the nononer plant.



