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process (DE-A 3 147 309). In this downstream reactor, the thermal

degradation of the unstable chain ends of the polymer takes

place. The removal of the unconverted monomers and of the

25 decomposition products arising during the thermal degradation, in
particular formaldehyde, takes place by evaporation, mostly in
vented extruders.

Since the monomers used are generally not completely converted to

30 the polymer, their vapor pressure has a foaming effect on the
polymer melt as soon as the pressure on the melt is reduced to
atmospheric pressure (see DE-A 3 147 309).

It is an object of the present invention, therefore, to provide
35 an improved continuous process for preparing polyoxymethylenes
which has the following advantages over the prior art:

The tendency to form a foam during devolatilization should be
reduced, and the production of fines during pelletization
40 minimized. The pellets should be compact. The throughputs in the

finishing extruder should be increased and the energy requirement
lowered.

We have found that this object is achieved by means of a

45 continuous process for preparing polyoxymethylene homo— or
copolymers by bulk polymerization of the monomers in the presence
of cationic initiators, and also, if desired, in the presence of
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These polymers very generally have at least 50 mol% of repeat
20 —CH20— units in their main polymer chain.

The homopolymers are generally prepared by polymerizing

formaldehyde or trioxane, preferably in the presence of suitable
catalysts.

25

For the purposes of the present invention, polyoxymethylene
copolymers are preferred, particularly those which, besides the
—CH,0— repeat units, also have up to 50 mol%, preferably from
0.1 to 20 mol%, in particular from 0.3 to 10 mol%, and very

30 particularly preferably from 2 to 6 mol%, of repeat units

RZ R3

—O0—C—C— (R5),—
35 | I

Rl R4

where R! to R4, independently of one another, are hydrogen,

40 C;—C4—alkyl or halogen-substituted alkyl having from 1 to 4 carbon
atoms, and R> is —CHy—, —CH,0-, C;—C4—alkyl- or
C1—C4—haloalkyl-substituted methylene or a corresponding
oxymethylene group, and n is from 0 to 3. These groups may be
advantageously introduced into the copolymers by ring-opening of

45 cyclic ethers. Preferred cyclic ethers have the formula



. 40 Cl- C4- ebkpl/52n68al ogen- substituted al kyl having from1 to 4 carbon
atons, and R5 is -CH2-, -CH2O, Cil-C4-alkyl- or
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comonomers.

15
Other suitable oxymethylene terpolymers are those prepared, for
example, by reacting trioxane, one of the cyclic ethers described
above and a third monomer, preferably bifunctional compounds of

the formula
20

asfpgiydxanpl;ne or polydioxepan, as

CH;— CH— CH;— 2— CHy— CH— CH,
\,/ \./

o

25 and/or

r—_T//\\z//\j___W

0-0 00

30 where Z is a chemical bond, —O— or —ORO— (R= C1—Cg—alkylene or
C—Cg—cycloalkylene).

Preferred monomers of this type are ethylene diglycide,
diglycidyl ether and diethers made from glycidyl compounds and

35 formaldehyde, dioxane or trioxane in a molar ratio of 2 : 1, and
also diethers made from 2 mol of glycidyl compound and 1 mol of
an aliphatic diol having from 2 to 8 carbon atoms, for example
the diglycidyl ethers of ethylene glycol, 1,4—-butanediol,
1,3-butanediol, 1,3-cyclobutanediol, 1,2—propanediol or

40 1,4-cyclohexanediol, to mention merely a few examples.

Processes for preparing the homo— and copolymers described above
are known to the person skilled in the art and are described in
the literature, and further details would therefore be

45 superfluous here.
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The monomers, for example trioxane, are preferably fed molten and
generally at from 60 to 120°C. Since the polymerization is
generally exothermic, it is merely necessary to melt the polymer

25 by supplying energy at the start of the novel process. The heat
of polymerization generated is then sufficient to melt the
polyoxymethylene homo— or copolymer formed.

The molecular weights of the polymer may, if desired, be adjusted

30 to the desired values by using the customary (trioxane)
polymerization regulators. Possible regulators are acetals and,
respectively, formals of monohydric alcohols, the alcohols
themselves, and also the small amounts of water whose presence
can generally never be completely avoided and which function as a

35 chain transfer agent. The amounts used of the regulators are from
10 to 10,000 ppm, preferably from 100 to 1000 ppm.

The initiators used are the customary cationic (trioxane)
polymerization initiators. Suitable initiators are protonic

40 acids, such as fluorinated or chlorinated alkyl- or arylsulfonic
acids, e.g. trifluoromethanesulfonic acid, or Lewis acids, such
as tin tetrachloride, arsenic pentafluoride, phosphorus
pentafluoride and boron trifluoride, or else their complex
compounds and salt-type compounds, e.g. boron trifluoride

45 etherates and triphenylmethyl hexafluorophosphate. The amounts
used of the catalysts are from about 0.01 to 1000 ppm, preferably
from 0.05 to 10 ppm. It is generally advisable to add the



.35 chai n g ent. The anpunts used of the regulators are from 10 to
?(5) 000 pp%bgg?é?éfggl y from 100 to 1000 ppm The initiators used are the
eustomary cationic (trioxane) polymerization initiators. Suitable
i-nitiators are protonic 40 acids, such as fluorinated or chlorinated al kyl -
or arylsulfonjc acids, e.g. tri £l uorPonet hanesul fonic acid, or Lew s acids,
such ~as fRtRtwYy &@hfib?‘ﬂﬁ% “fogms eRreferahlaf latorpueentahosiohsr uf from

pent af | uoP i @RS died SBobBrwe FdHY.uSPl dept orwislcte mbjiebé wmleex txospounds and
sal t -t ypeporpgsruede, ifet duHpAAnHE| e Ia@eaﬁgﬁé% L2 éﬂ aliphati

a fl S ohe used o
(o abBLLLD, T o 1000 Do prer 8 b1 PP BETE 18 Bh TS

gener al ?y advi sabl e to add the 0050/51165 5 catalyst in dilute form _
preferably at concentrations of from 0.005 to 5% by wei ght. Solvents which

may be u T St hit§ 1t prfkqres @nds eif rdesirednpoeagulbs tausc hagsbal ppdixed or
cycl oal i phatdny depdredandiores, bal epenai@bdakephadtia Hbﬁcéﬁ@%thQEYCN
ethers, ©oeaite PMIPRBELISation rba&ess. aitbrel Ina?eéiéc? gggug{&{ Ny

rem x e rd n r ed separ at r'om One anot her
Itoo thefgo?d;/ﬁr?erl zgt ?gﬁé?%algtﬁ%r gi%@ o sr% %Ig'so be provision of 10 conononer

feed poi ang the reactor. Accordl ng to the invention, the tenperature
and pPesgéﬁcéh "8h§° HRE FRYENE AR ot heo rempeEater@nse bees sare nirsahe a way

that norRAEMSTiRatpon yanne are holhemselfotedximpuwh &r ivayatieatrel ts at 15
from aboutorgtners 65, palysheirt ardand ittt .pEolt e Rimpild|DERRBkASe HHI1GSSHEE 1S

115C. £ nesort hdoRel FOBEd 28k PNk @MRAT BLYE 85 Bfint' ghabiyelhay;gh, the
pol ymeri zati on ognef H% takgs pl ace at el ge\?%te pressureﬁi’l preferabl y from

1.5 to 500 VAT |hsp culS&PCfﬂrBh?@qwmlzatmmmrpemeum@caneon

condi t | oreelativekunkighs ithe POl wupr il daltrionnyehdtn fyoaRBO US1 doed alt0 2% Of

f or mal dehkbvatetl peesduresopee HérAWIE F rom @rgs‘?&tsofasbarga:?n'ﬂhxtt'l% ‘ililgsed

system Thendxsyest Siylie Iﬂﬁﬁ@P%ﬁ@@eaQ@ioﬁ Oib 9,801 DL oxanaé,?gut and
9

en (nco ora
et W Rl o S AT P CLURR N S L A

reduced B} Un n%ﬁ‘bﬁ PFS?%WI& asrife 91a§rrb%r’étieur°é°(§ﬁd syigtem Then t he
pol yner i i%ﬂ?‘@ﬁ hy Lepe diomopglymendiaserc @edt BOP@oint of about 176°C, and

if relatively large amounts of comonomers have been incorporated
the melting point can be lowered to about 150°C, and it can be
still further reduced by unconverted trioxane. The temperature of
the melt in the polymerization reactor should not exceed 300°c,
since at high temperatures of this nature oxymethylene polymers
decompose. The particularly preferred temperature range is from
150 to 200°C. The melt temperature of the monomer/polymer mixture
is very difficult to measure precisely, but some indication is
given by the external temperature of the polymerization reactor.
It is important that the polymer is produced in molten form.
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25

30

The residence time of the polymerization mixture in the
polymerization zone is preferably from 0.1 to 20 min, in
particular from 0.4 to 5 min. The polymerization is preferably
conducted to a conversion of at least 30%, in particular more
than 60%. Under favorable conditions it is also possible to
achieve conversions of 80% and above.

35

40

It is preferable for the polymerization mixture to be deactivated
immediately following the polymerization, without any phase
change taking place.
45 The deactivation of the catalyst residues generally takes place
by adding deactivators to the polymerization melt. Examples of
suitable deactivators are ammonia, aliphatic or aromatic amines,
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possible for the deactivation not to be carried out until the
pressure-pelletization described below has taken place, for
example by spraying material onto the crude POM pellets.
25
In the novel process the melt is discharged, cooled and
pelletized, and it is important here that the polymer is
discharged, cooled and pelletized at elevated pressure and in the
presence of a liquid.
30
Examples of suitable equipment for what is known as
pressure-pelletization are vertically arranged tubes with a
static pressure (generated by the column of liquid) and tubes
with cross-sectional constrictions, and for economic reasons
35 (consumption of liquid) particular preference is given to a
circular arrangement of the tubes.

The pressure in the discharge equipment (cutting chamber)
essentially depends on the vapor pressure of the monomers used

40 and should be above this vapor pressure at the temperature of
discharge of the polymer melt.

The pressure in the cutting chamber is a function of the
selection of the pipeline arranged between the cutting chamber
45 and the centrifuge. The pressure drop in the pipeline system is
essentially determined by the cross-sectional area, the length,
the number and nature of bends in the pipe, the cross-sectional
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The liquid/pellet mixture is then separated using suitable

20 equipment, such as centrifuges (rotating centrifuge basket) or
cyclones or impact dryers.

The residence time in the liquid is preferably from 0.1 sec to
4 min, preferably from 0.55 sec to 2 min and in particular from 1
25 to 40 seconds.

It is advantageous for the liquid to be reintroduced into the
circuit and for the pellets then to be dried, and also, if
desired, subjected to a preliminary devolatilization.

30
For this use is made of suitable equipment, such as fluidized-bed
dryers, hot-air dryers or vacuum dryers, or else combinations of
these. Radiation dryers (infrared radiation or microwaves) are
also known. During these processes energy is supplied to the

35 pellets and serves to heat the pellets and to remove further
amounts of residual liquid, and also unreacted monomer content.

The temperature of the pellets during this process is from 25 to
150°C, preferably from 65 to 120°C.

40
In one preferred embodiment of the novel process, the crude POM
is subjected to preliminary devolatilization, increasing the
throughput in the finishing extruder.

45 The novel procedure gives compact, almost spherical pellets,
avoiding the production of fines and foaming, as in the prior
art. The resultant polyoxymethylene polymer may then be further




“The tempgygoys185t he streamof liquid is generally from20 to 95C, in
particular from35 to 75C. The streamof liquid cools the nelt (wthout
escape of the nononers). To renove the material 15 from the di scharge die,
use may be nade, for exanple, of rotgting knives or of cutting rotors,
preferably applied agai nst the dispgar e die. The liquid/pellet mxture is
then sep éfﬁasﬁgi%tf FUSABMETY (PGP FEnt SUSRAP £53BEht F¥rgddiPPPERat i ng
centrifudd lB&sRet §t&r, Iy @ vAB3LORann/Fact dryers. The residence tine in the
liquid is preferably fromO0.1 secto 4 mn, preferably fromO0.55 sec to 2
mn and in particular from1 25 to 40 seconds. It is advantageous for the
liquid do be reintroduced into the circuit and for the pellets then to be
dried, and also, if desired, subjected to a prelimnary devolatilization.
30 For this use is made of suitable equipnent, such as fl uidized-bed
dryers, hot-air dryers or vacuumdryers, or else conbinations of these.
Radi ation dryers (infrared radiation or mcrowaves) are also known. During
t hese processes energy is supplied to the 35 pellets and serves to heat the
pell etggand to renove further anounts of residual |iquid, and al so
unreact ed nononer content. The tenperature of the pellets during this
process is from25 to 150C, preferably from65 to 120C. 40 In one
preferred enbodi nent of the novel process, the crude POM is subjected to
prelimnary devol atilization, increasing the throughput in the finishing
extruder. 45 The novel procedure gives conpact, alnost spherical pellets,
avoi ding the production of fines and foamng, as in the prior art. The
resul tant pol yoxymnet hyl ene pol yner may then be further 0050/51165 8
processed with customary additives, such as stabilizers, rubbers, fillers,
etc., in a usual manner. 5 10
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. 15 20 25 80503520655 0050/ 51165 9 We claim 1. A continuous process for
preparing pol yoxynet hyl ene honmo- or 5 copol yners by bul k pol yneri zati on of
the nmononers in the presence of cationic initiators, and also, if desired,
in the presence of regulators, wherg during the polynerization both the
nononers and the polymer are present in nolten formand, if desired, the
polynmer is then deactivated, and the nelt is 10 discharged, cool ed and
peIIetizeﬁ? ¥H conprises discharging, cooling and pelletizing the
pol ymer at elevated pressure and in the presence of a liquid. 2. A process
as cl ai metl. i A ct@itninboushpr eters ifdrappéperins eplyotpndts 1eakY ABhol Sor
sepalr at sddfromfis&n_.q;rdar@ubg Btk polyResisLdion b&e@héeﬁ&}dxﬁ@fsiqg ?he Qoprgcess
as claimed i r ; ey e r 0 . 0, ar
20 4. A procele agea ot cheidlic Andpiafolt SSold 8168, if Msdefy o ke g

conposed of WBXEIC BT Sf 5??éi%ﬁ%r§F WheFs (AT ngr the Relymerdzabian bath 978/ 99

Sch/ sm 10. 02. eepygnopemers and the polymer are present in molten form and,
if desired, the polymer is then deactivated, and the melt is
10 discharged, cooled and pelletized, which comprises
discharging, cooling and pelletizing the polymer at elevated
pressure and in the presence of a liquid.

2. A process as claimed in claim 1, wherein, in another step,
15 the polymer is separated from the liquid and, if desired,
then deactivated.

3. A process as claimed in claim 1 or 2, wherein the pressure is
from 1.2 to 200 bar.
20
4. A process as claimed in any of claims 1 to 3, wherein the
liquid is composed of water or of oils or of a mixture of

these.
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