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(54) Title: PRODUCTION OF POLYOXYMETHYLENE AND SUITABLE (TEH CATALYSTS

{54) Bezeichnung: HLRSTELLUNG VON POLYOXYMETHYLEN UND DAFUR GERIGNETE KATALYSATOREN M1

Rl {57) Abstract: A method for the production of polyoxymethylene is disciosed by the
bringing in contact of a formaldehyde source with a catalyst of formula (1), where M =

O Ti0. Zc0. HIG. VO. Cr0: Mo, WO, MnO,. ReO,, Fe. Ru. Co. Rh, Ir, Ni, P4, Pt

RZ /4 \ ¥ 2 (1) Cu, Zn, Cd, Hg, 5n, $n0 or PbO. R, R and R® independently = a group chosen from
— 0 x H. alkyl. aryl. or aralkyl, where the group can he completely or partly halopenated, Z

=ananionandn= ] or 2,
R3 n
{57y Zusammenfassung: Beschriehen wird ein Verfahren zur Herstellung von Polyo-
xymethylen durch Inkontakibringen ciner Formaldehydquetle mit einem Katalysator der Formel (1) worin M fiir TiO, ZrQ, HIO, VO,
CrO.. MuOs, WO,, MnO:, ReO;. Fe. Ru, Co. Rh, Ir. Ni, Pd, Pt, Cu, Zn, Cd. Hg. Sn, SnO oder PbO steht; RY, R? und R3 unabhin-
g1g voneinander fiir einen Rest stehen, der ausgewiihlt ist unter H, Alky!, Aryl, Aralkyl. wobci der Rest teilweise oder vollstandig
halogeniert scin kann; fiir ein Anion steht. und fiir | oder 2 steht.
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pol yoxynmet h§¥&ne is disclosed by the bringing in contact of a formal dehyde
source mﬁth a catalyst of formula (1), where M= Ti QO ZrO HfO VO O Q

Mot e, ré&ﬁg% lﬁgenégbn R aﬁ? {d 1a MrocEls Cd, Hg, Sn,
SnQ or Pb |ndc cn c osgp ron1 H. aIkI
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Z = an ani 5At3htFth and| agrata Y@&?P“Zﬁ%@ﬁr&@%%%g Beschriehen wird ein
Verfahren zur Herstellung von Polyo R xvmethv]en durch Inkontaktbringen
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wohci der Re%© CHPRRB| %L dd’é'—rer\VBPF%@ Ml”@ltﬁa?’%ﬁ@hlsé‘ﬁ“ §EQ e EYCRdf ein
Ani on st ehi¢tlzawk fori fokmals erThe' termhpol RixyRBODPES) G sPuepdr be¢ raimbefl ow

pol yoxynmet hybemescaandheahahystahds bt abhe dopeneher. |11 5 The present

i nventi opsgrel ates to a process for preparing pol yoxynet hyl ene by
contactingTﬁ orna eegﬂp ce i eéif cataegsélandta cahgl st _suitable
therefor. The oxyr’re?'ﬁ Ieneprrgsu??r hd Fr SREPRE b p Yy Zzation of 10
f or mal dehyde®® Yé’yeﬁ&fzﬁrﬁﬁr PERALIGPYED 2t 11y MeHR 6 ‘ERWRJsexe\?\héﬂ ¥ HHSFEhyde i s

copol yneri zaxe wield &powne ethers or formals, the CH20 chains are
interrupted by units which stemfromthe cyclic ethers or formals. The

term pol yexmetmgt%eel S8iSEf) 099581 BELAMesORD fOTyricieiosEy gnd for the

| | d ]
cohol ymer i T DioRRnE A ERSRrdlentR o IR CLPIAET W Hkdav i g 6 "
known. 20 Foh qiﬁé’teaﬁ(’:g Mm/legosseraégmrj g fﬁaectdcﬂwémaer%rﬂ-%w

trioxane in the presence of ytterbiumtriflate. A disadvantage is that the
yi el ds are UV ,a\6an 22Mededdidibedatt ioxarid NMemopd yhanigzatilbn3add7, 227

descri begst éb3nR QAPPSO WRH €9EL OO AHErdSus oRY| FiToméayb@En th cyclic
ethers us'rEEéHf%Q%@QEXQQ@rggncatalyst A disadvantage is that the catalyst
is easily deactivated by impurities or water traces in the
trioxane. The tricoxane used accordingly has to be very pure.

30 DE 2 226 620 describes the polymerization of formaldehyde using a
copper acetylacetonate complex. In this case alsc, virtually
water-free formaldehyde has to be used.

Us 3,305,529 describes the homo- and copolymerization of
35 formaldehyde in the presence of metal diketonates. However, the
yields obtained are unsatisfactory for an industrial process.

DE 727 000 describes the homopolymerization of formaldehyde or
trioxane and the copolymerization thereof with cyclic formals

40 using a catalyst which comprises titanyl acetylacetonate and
iron(II) acetylacetonate and/or iron(IIX) acetylacetonate. In
this case also, the monomers used should be substantially
water-free.

45 NAE 542/2001 Sch/712/ew April 11, 2002
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deactivated by inpurities or water traces in the trioxane. The trioxane
used accordingly has to be very pure. 30 DE 2 226 620 describes the

pol ymeri zati on of formal dehyde using az copper acetyl acetonate conplex. In
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subst anti al n’gﬁ TRACEPT FRECh 45 NRBCSAYPXARIT Sch/ 712/ ew April 11, 2002 PF
0000053406 2 The prior art processes have long induction tinmes, in
particul ar Iwhen anhebfiectredfiahederesenicanvenioén highirpviideea dhdcessay even
{M?adht oI ne 199(}34{&3%' %ﬁb}:@ﬂix%ﬁtﬁﬁhngixﬁé »ﬁlilcianBept@ﬁatcatm9ntbwfahdf htobla%dtl me

ich el aps : or c e
cat al yst toﬁﬁ%e{ﬁlq}leéh??g}?&tr%‘ %%ﬁé %oi@r}:emr%i zgwgﬁdé&g gﬁgr%ﬂucti on tine
| eads to long residence tines of reactants in the reactor which is
unecononi ca¥e have Soundothatctthds ohgeglr dsenchiavedithyod poopedvifhy a process
10 havi ng apsdmartingngdatyoxymethytendiloh detpreliey abl forimalldenpde tsnace
inpurities nch Rl@kalyS€esSE ivhet BErh@Idad, dehyde source. W have found that
this object is achieved by a process for preparing pol yoxymethyl ene by
contacting a fornmal dehyde source 15 with a catalyst of the fornmula I, 20
Go. R 1t N Pay P L o7k Od, b, Sh, SnG or Phol RL Re ahd R3 ar:

: , lr, N, : : : , Sn, SnO or , : an are
each i ndependently [&aa ichis 30 selected.fromH, alkyl, aryl and
aral kyl , 2and the radi cal\_ngy’ bartly or fuIIJ Halogenated; Zis an
anion; and 35 n is\l or 2.

R3

where
25
M is Ti0O, 2r0, HfO, VO, Cr0;, Mo0;, WO;, Mn0O,, Re®;, Fe, Ru,
co, Rh, Ir, Ni, Pd, Pt, Cu, Zn, Cd, Hg, Sn, SnO or PbO;

R!, RZ2 and R? are each independently a radical which is
30 selected from H, alkyl, aryl and aralkyl, and the radical
may be partly or fully halogenated; ‘

7 is an anion; and
35 n is 1 or 2.

The present invention further provides a catalyst ¢of the formula
I. The remarks hereinbelow relating to the process according to
the invention apply correspondingly to the catalyst according to

40 the invention, unless it is clear from the context that this is
not the case.

For the purposes of the present invention, the term “alkyl”

encompasses linear, branched and cyclic alkyl groups. These are
45 preferably €3-Csp-alkyl, in particular C;-Cg-alkyl groups, such as

methyl, ethyl, propyl, isopropyl, n-butyl, 2«butyl, isobutyl,



The presentPFnQ@ROP8A4PArt her provides a catalyst of the formula |. The
remar ks hereinbelow relating to the process according to the invention
apply correspondingly to the catalyst according to 40 the invention, unless
it is clear fromthe context t hat th|s is not the case For the purposes

of the presg Ation ternt k S ranched
and cyclol c %&t brlw’sj 8 SLe a )lsyéf é’ﬁfag ﬁgﬁaiﬁ’ﬁy H

Parti cul ar ?ﬂ? V P §¥ ntg&chc oheayiy pr %XQﬁHhePﬁVépyl i sopropyl ,
n-butyl, 2-butyl, isobutyl, PF 0000053406 3 tert-butyl, n- pentyl and

n- hexyl, orTKs- mo@yeahaed kyddicaughass pﬁf@lraatppaﬁtoquﬁlteaeaﬁ&}or cycl ohexyl
or cyclohgpmmm%eaalaaf@ I%Qetagtfaéﬁo%ﬁaeé&f ef&?amlawa nated and/ or

5 quorlnat fluorl nat.ed Iuorinated
radi cal s, G cuB{:'géa{ FEai CAIRT rt,&rcyllafsg%ye]f éFQBFﬁ T6- Cl4-aryl ,
such as phenyl napht hyl , anthracenyl or phenanthrenyl and in particul ar
phenyl or mrbrﬂap'm pyefefdel ulCyFCradirydl ssualy asaphgnyb, traphthge, C1- C4- al kyl
radi cal s. AisdHodcenyl poef mietiaing h€dn P Qaritd ahkyhrtmtarapnbﬁpzycbr or

phenyl et hulnag?%h;lcu&ﬁé PLAf GBEE1L ) WR:Y Cub o HnrelScl _rtffatgt M
S preferab’i%iTl Mo02r WD2, Ir d, “nore pre er ab or W)2
R1, R2 and preferably each |ndependently Cl- C6- al kyl mhlch 20 may
be partly or fully halogenated, in particular fluorinated, phenyl, benzyl
or napht hyl Aradyli dal prefrmatdyefceCiosanh vkl t GURD amcbREydack | ndependent |y
bei ng net hypherdyaiekhblt yPardiculhwopperiderice hepsifdiiaoopenpyl. 25 phenyl or
napht hyl 35R2 is particularly preferably Hor methyl. Particularly preferred
catalysts d fr ' d t t anedi one

2, 2-dl et hyt fﬁ%‘*tﬁg b oo Lres8rapl o, G 58, ARG, foir ARHA"SE, et
inethy?rqfﬁ5 VIM%ﬁ¥:Pr3w8éntanedione
6-t et ranet hyl hept ane- 3, 5- di one,

trifIrigr @21 ag®@-Riaphte hytefekablpubaciedirelependently C;-Cg-alkyl which
12 5ofhé§'Ee7FZr9E§a$fLEHTQE2h41$§3Hé%@@d'Qﬂepéﬂﬁicular fluorinated,

,1,1,5,5 ione. 35 Zis an anion, preferably an
ni on deri §£%¥%ﬁ§t2§% g whose pKa Is | owner than that of acetic

acid, or a non coordlnatlng anlon The term "non-coordi nati ng ani on" is
known to t A icYlRE| BEEfeTanse APt IEVRD tef BF sand Rinfarh ndepegdanttY f ecti ve
being methyl, tert-butyl, trifluoromethyl, heptafluoropropyl,

25 phenyl or naphthyl. R? is particularly preferably H or methyl.

4, 4-d
2,2,6
4,4, 4-
1,1,1
1,1,1
ani on

Particularly preferred catalysts are derived from the following
diketones: 2,4-~-pentanedione, 2,2-dimethyl-3,5-hexanedicne,
3-methyl-2,4-pentanedione, 4,4-dimethyl-1l1-phenyl-

30 1,3-pentanedione, 2,2,6,6~tetramethylheptane=3,5=-dione,
4,4,4-txifluoro-1-(2-naphthyl)-1,3-butanedione,
1,1,1,5,5,6,6,7,7,7-decafluoro-2,4-heptanedione and
1,1,1,5,5,5-hexafluoro-2, 4-pentanedione.

35 Z is an anion, preferably an anion derived from a Bronstedt acid
whose pK; is lower than that of acetic acid, or a non-coordinating
anion. The term “non-ccocordinating anion” is known to those
skilled in the art and refers to anions having an effective
charge distribution over more than one atom, so that there is no

40 point-center charge.

Z may be, but does not have to be, part of the ligand sphere of
the central metal.

45 pPreference is given to Z being a halide, sulfonate of the general
formula ROSQ;- where R is alkyl, partly or fully halogenated alkyl
or aryl such as trifluoromethanesulfonate, benzenesulfonate or



charge di st PFh@PO8R53EE6 nore than one atom so that there is no 40

poi nt-center charge. z may be, but does not have to be, part of the |ligand
sphere of the central netal. 45 Preference is given to z being a halide,
sul fonate of the general fornula ROS0Z where Ris alkyl, partly or fully
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general for Fif5E R'CAS aRnEPELRed (fOT,B #RY i He JoF 8y PRELRIPRLYY fBL&Ypreferably
fully hal ojahegerprt@ikplkyln Pamarsiratapardafdocr hndtrt allkyl, such ass

trifl uoroacetaf pormveltaxed danfllexedubbratse tsRichahk ubshMabeobbrite or
tetraphenyl batAlgheriabRigxed MliRsRRRHCpRALIhAS shexafd uor ophosphat e,

conpl exed ahggggffo%g)%lasﬁﬁatgexagml Yar ogrsenat eogugﬁ)r@sl exed anti nonate such
as hexafl uoro- or XaCRI OF 0ant I Konate. - Z s n particul ar chloride or

triflate (PPERFIRATAPEERAALS A% GoAPLFEed (AntidORARBFUGH &5 ArKaEbeRer or

| i gands i n haxachinyosntinonater i Aedinbyatticudendehloridef ocharélaautral ity
of the strugtyifludrdreehahesimlichalte)The positive charge of the M grouping
which regglts fromthe formal oxidation nunber of the central nmetal m nus

h | ' f bl ' . ch l.i
has to be cOnpanEn n 8% AL RSeR SRS o RAC IRV, 1aDBREEHRIRET!

. es
di ket onat e P8rthf Mégﬁg)°%rﬂ’a5ﬂez?‘e‘ht‘7as1%ﬁ'ef’érE]BGF yStf“cPPgFe?En?Ee i s

gi ven to ustagmke alheypesitive ghanaamtdf \ehef Mf gronpirg vhigh resulteol %
nore preferé@bby theoorbcrmad d0{Mht[pm antben qarthecoeémtrdY matid HoOnbdGHepm
based on15hgchoF {EH RNy de SIERib1F’ REGLEIGA Y ShELYED di® REGRAGS ek ddi@t
catalyst | Before b%s%ohgekggte&’% YURL! &3 'tt%'ﬁ-aﬂﬁ? ﬁﬁee%rg%tt'i% L2 &fd L eked
by cust omar 5-processes fTor ,[;kré'parl ng me compl exes reSft:jﬂ a et al
compound wi ERS{HEKSHARRERT (9T ARG RABLES TIPS Pgahds™ rify BEESFAbMbctrced | 1
any desired sequence. Preference is given to reacting a netal conpound,
whi ch nay optebemrdce dengaven |teawisigggtimipstalysh B ih ketweat ety Tl from

di ket onaze 1spgengs al mMylehtRdrepre?Criyly eRen BItd NEOEPRPAPERAL £n di ket one
with a base aifbfcmmkgﬁhy@ecé%roggﬁﬂ,se}siage% BhefRL aﬁaﬁﬁ\ﬁfl%g?hé%ﬁ%e.

tri oxane, tgtraoxane or par af or nal yde or a m xture there d nore
preferably forpal dehyde or trioxane or a mxture 35 thereof. Trioxane, the
cyclic trinBFefgrenserdPdahyeRe, tapyePpaiag dhitacatplit Tabedrrgone? Hahgg
from2 to 1901YmﬁrﬁgatghydeThe preparation is effected by customary
25 processes for preparing metal complexes by reacting a metal
compound with the appropriate ligands. The ligands may be
introduced in any desired sequence. Preference is given to
reacting a metal compound, which may optionally contain leaving
groups, with a diketonate. The diketonate is generally obtained
30 by reacting the appropriate diketone with a base.

The formaldehyde source used is preferably formaldehyde,
trioxane, tetracxane or paraformaldehyde or a mixture thereof,
and more preferably formaldehyde or trioxane or a mixture

35 thereof. Trioxane, the cyclic trimer of formaldehyde, and
paraformaldehyde, an coligomer having from 2 to 100 formaldehyde
units, are either depolymerized before use in the polymerization
reaction or preferably used as such and dissociated in the course
of the reaction.

40
The formaldehyde scurce preferably has a degree of purity of at
least 95%, more preferably at least 99% and in particular at
least 99.5%. In particular, the formaldehyde source contains a
maximum of 0.002% by weight of compounds having active hydrogen

45 such as water, methanol or formic acid, based on the weight of
the formaldehyde source. However, the process according to the
invention also tolerates formaldehyde sources having a lower
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25 derivatives.

Examples of useful aliphatic hydrocarbons include propane,
n-butane, n-pentane, n-hexane, n-heptane, n-decane and mixtures
- thereof. Examples of useful halogenated hydrocarbons include

30 methylene chloride, chloreoform, carbon tetrachloride,
dichloroethane or trichloroethane. Useful aromatics include
benzene, toluene, the xylenes, nitrobenzene, chlorobenzene and
biphenyl. Useful alicycles include cyclopentane, cyclohexane,
tetralin and decahydronaphthalene. Examples of useful acyclic

35 ethers include diethyl ether, dipropyl ether, diisopropyl ether,
dibutyl ether and butyl methyl ether; useful cyclic ethers
include tetrahydrofuran and dioxane. Examples of the useful
polyether polycls include dimethoxyethane and diethylene glycol.
An example of a useful sulfoxide is dimethyl sulfoxide. The

40 useful carboxylic acid derivatives include dimethylformamide,
ethyl acetate, ethyl acrylate and ethylene carbonate.

Particularly preferred solvents for the solution polymerization
are selected from the following: n-hexane, cyclohexane, methylene
45 chloride, chloroform, dichloroethane, trichloroethane, benzene,
toluene, nitrobenzene, chlorobenzene, dimethoxyethane, dimethyl
sulfoxide and ethylene carbonate. All mixtures thereof are also
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preference is given to initially charging the formaldehyde source
25 and adding the catalyst to it.

The polymerization is preferably carried out at a temperature of
from -40 to 150°C, more preferably from 0 to 150°C. The solution
polymerization and suspension polymerization are carried out in

30 particular at from 20 to 100°C and especially from 30 to $0°C. The
bulk polymerization is preferably carried out at such a
temperature that the formaldehyde source, especially trioxane,
and the polymer are in the form of a melt. In particular, the
temperature, depending on the pressure, is from 60 to 120°C,

35 especially from 60 to 100°C.

The reaction pressure is preferably from 0.1 to 50 bar, more
preferaply from 0.5 to 10 bar and in particular from 1 to 7 bar.

40 Useful reaction apparatus include the reactors which are known to

those skilled in the art to be useful for the type and conditions
of each different polymerization.

45
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R& —Cc— 0

RE — C— (R®),

25
rd

where R3, RP, RC and Rd are each independently hydrogen or an

30 optionally halogenated C;=-C4-alkyl group, R® is a =CHy=, =CH;0-, a
C;-C4-alkyl- or C;-Cy-haloalkyl-substituted methylene group or a
corresponding oxymethylene group and n is an integer from 0 to 3.

Cyclic ethers mentioned only by way of example include ethylene

35 oxide, 1,2-propylene oxide, 1,2-butylene oxide, 1,3-butylene
oxide, 1,3-dioxane, 1,3-dioxolane and 1,3-dioxepane, and
comonomers mentioned only by way of example include linear oligo-
and polyformals such as polydioxoclane and polydioxepane.

40 when they are used, repeat units of the formula

45



Cyclic et hePE ARAGPBA4A60NI y by way of exanple include ethylene 35 oxide,
1, 2-propyl ene oxide, 1,2-butylene oxide, 1,3-butylene oxide, 1,3-dioxane,
1, 3-di oxol ane and 1, 3-di oxepane, and conononers nentioned only by way of
exanmpl e include |inear oligo- and pol ygormal s such as pol ydi oxol ane and
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20 O D and/or 25 where Z js 4 chem cal bond, -0-, -ORO (R= Cl-Cg-alkyl ene
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CH; — CH— CHy — Z — CH; — CH—CH,

20 \\‘0 /f 0

and/or

25 wihihw

O 0

where 2 is a chemical bond, -0-, -OR0O-~ {(R= C;-Cg-alkylene or
30 Cp-Cg-cycloalkylene).

To name only a few examples, preferred monomers of this type
include ethylene diglycide, diglycidyl ethers and diethers made
from glycidylene and formaldehyde, dioxane or trioxane in a molar

35 ratio of 2:1 and also diethers made from 2 mol of glycidyl
compound and 1 mel of an aliphatic diel having from 2 to 8 carbon
atoms, for example the diglycidyl ethers of ethylene glycol,
l,4-butanediol, 1,3-butanediol, cyclobutane-1,3-diol,
1,2-propanediol and cyclchexane=1,4-diol.

40
Particular preference is given to using ethylene oxide,
1,2-propylene oxide, tetrahydrofuran, 1,3-dioxane, 1,4-dioxane,
1,3-dioxclane and 1,3-dioxepane, in particular 1,3-dioxepane as
COMONCmers.
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40% by wei gRF, 9Q000334AQ€rably from 0.2 to 10% by weight, in particular
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f ormal dehyde source. 5 The conononers may either be initially charged with
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toget her w t d rnatively, .lhe b dded to
t he reacti &Ehgri gﬁé%ﬂ%ﬁs?gtgﬁﬁa;c]i%%ﬁ% ﬁ%écﬁnﬁndgh ngibt%oc{fr ggggngj e

catal yst. WA RY YT hBPEe ALY STEIdhenEPs 10% 1R evsiighy, rink t hat

t hese cont aPArptFoldidgom A.pake i Bubar wahght + hagedaoe Peerformeidehyder a
relatively kongainewk irefeaeefommaldédydri desrdd.s stly | engthen 15 the

I nductionstine of the polynerization and secondly reduce the thernal

stabl} 11y OfnbNEoRARELTRRGYL Al BLIeH; QMG LRakDE hys Qeidat tve ef fect.

For this re%son reference i s gl ven elher s Whi ch contain

In (Y
| ess than O: ET%%OW%iSQHF?e @ddsfate thy dldégéc”f‘?\lalnv FheEG5% Bt Misgnt
of peroxi de§ogetheR twidhasheofoxnplogbidpesoxiate Adtebrativedy t hbeyumnt itey of
cyclic ethemndde@dto Ittheordectian pritant conglatting degtlasaidrmalabhide

pol yoxymalhkhgpes £ aheedatipfterence is given to adding sterically
hi ndered phenol antioxidants to them |In principle, 25 useful sterically

hi ndered phepol s include all conpounds having a phenolic strugture which
G

have at | ea¥PeBneYSHRS PEAPFS hbigrngs MERSt hehHfedsl Acrifhgthat

Pref erence itBegg eantadbuppreridas, dpapptelicwerpwhatsthgy thave Beef oytaried 35
HO wher e Rlfanda Relatdvedlgniomaltioe Heférs erse.aRdraxiieadiranlal kangthéd
group, asubgéiinthfd idhnkyingrOURHR pa1FhdIStddtubadahd | SZRInRA1g’ HBuANE RS S
an al kyl groHpym& SHRsliht bl ede al ahtcag{(g%ﬂ?%tg{}l@hgoi‘é’rmﬁ %%gng:t@ their

substituted_am no, group. gﬁt oxXI| t)f e _nentJ one e descri bed,
for exanpl eOXF I HE GETRCDy R ¢BiS ERETOY, FBEIBITICC B GOUBBSIATETY A
further groGBCHic fHerEsr BRich Gantainy 1esHdd1a8d OpPRhdY PY Feight vBRFS r om
subst i t ut edpbefgmatdyallberythan doi0d95%i by paritghtul af pdrcomdeshsteputted as
benzeneprophpat sgeac ipdsoxdd@adid Galsab! yn iR uaaditP PO Wds ibr evhéhivsed.ass
are conpounds of the fornmula 10

In order to prevent oxidative degradation of the

polyoxymethylenes obtained, preference is given to adding

sterically hindered phenol antioxidants to them. In principle,

25 useful sterically hindered phenols include all compounds having a
phenolic structure which have at least one sterically demanding
group on the phenolic ring.

Preference is given to using, for example, compounds of the
30 formula

R2 R

rl

where R1 and R? are identical or different and are each an alkyl

40 group, a substituted alkyl group or a substituted triazole group
and R? is an alkyl group, a substituted alkyl group, an alkoxy
group or a substituted amino group.

Antioxidants of the type mentioned are described, for example, in
45 DE-A 27 02 661 (US-A 4,360,617).



HOO 0 11 PF O8O83A% O R6- O C CH2-CH2 OH 15 where R4, R5, R7 and R8
are each independently Cl-Cg-al kyl groups which may thensel ves be

substituted (at | east one of themis a sterically demandi ng group) and R6
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R4 R7
0 0

|
CH;— CH;—~C—0—R6— 0— C— CHz—CH; CH
R3 RS

15 where R%, R3, R? and R® are each independently C;-Cg-alkyl groups
which may themselves be substituted (at least one of them is a
sterically demanding group) and R® is a bivalent aliphatic radical
having from 1 to 10 carbon atoms which may also have C-0-bonds in
the main chain.

20

Preferred compounds of this type are

CH CHj CH
A/ I 3
C -
25 / 0 0 /C\ CHj3
CH CHj
H ~-CHz CHy C-0-CHy~ CHy O~ CHy CHp-O-CHy- CHy—O- C-CHp~ CH OH
CHs \CH3

30
(Irganox® 245 from Ciba-Geigy)

and
a5
CH CH
\3 P CH3 CH{ / 3
cH/ ﬁ ‘ﬁ C\CH3
HO CH2= CHy; —C— Q—(CH2)§—0O — C— CHz — CH» OH
C CH
40 Ha\c e 3
/ ™ CHs <N
CH; CH3y CH;,

{Irganox® 259 from Ciba-Geigy)
45
Examples of sterically hindered phenols include:
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30 Preference is given to using the antioxidants in a quantity of up
to 2% by weight, more preferably from 0.001 to 2% by weight, in
particular from 0.005 to 1% by weight, based on the weight of
monomer mixture used or polymer obtained.

35 Another possible way of stabilizing the polyoxymethylene obtained
by homopolymerization of a formaldehyde source is to cap the
hemiacetal end groups, i.e. convert them to functicnalities which
do not tend to thermally degrade. To this end, the
polyoxymethylene is reacted, for example, with carboxylic acids,

40 carbonyl halides, carboxylic anhydrides, carbonates or
hemiacetals, or cyanethylated.

In this variant, the polyoxymethylene is stabilized in a separate
step following the polymerization. Preference is accordingly

45 given to stabilizing the polyoxymethylene by copolymerization
with the comonomers which requires no separate step.
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cool ing and Chl ppl ng ‘of the polymer nelt at elevated pressure and in the
presence of a 25 liquid, in particular of water, and is described in German
patent appREteX itdie BRAACT Othe @A Imerhzatians TRAFEIOn n@NOSSSaNeUomRY ei n by
way of refewbicle.id stihd presess iaccebe diewgptiiont hene nven theo removekd)c tioan
times arqs dRamplell bedawbt e i®n, Nbl NSu Pty Rl thafd o d @ reBflystss al

appl i cat i ongyghofd %mrao}egaéﬁsg%ds plOgéydda e, i hgeéo]h‘/g%et 06520 o idfe. the

t al 1 1 |
accor i ng t BYt YaSh M KEE ﬁna‘ha%quﬁaﬁﬁewmavﬁgge Foan roraged B Ao B Rt

above 10, 008U§? 5} .2cPh@PRunber 35 average nolar mass M is preferably at
| east 10,000 g/nol, nore preferably at |east 12,000 g/ nol. The wei ght
aver age 120l @ke n@@]ﬁroﬁy@eﬁh?iﬁi@tﬂsygahefﬁﬁﬁﬁ réeoeeaecg/mlr,emasoﬁﬁgpﬂeé erably at
| east 50, 0091 Gi®lor, THE EW%BGyé%p%ESBﬁYk' aﬁe?E$a£f6M b§oPiﬁ%Qﬁﬁply
pre

| ess than 8 r ef er abl SS exa el ow
ﬂgnénal é’sggagg 1 t% f"o ?heA

here
illustrate P I nven ‘la%nwo pSyn hés?‘s for

catal ysts ag erization comprlses the discharge, cooling and chipping of
the polymer melt at elevated pressure and in the presence of a
25 liquid, in particular of water, and is described in German patent
application DE-2-100 06 037 which is fully incorporated herein by
way of reference.

In the process according to the invention, induction times are

30 obtained which are in the optimal range for industrial
applications of from a few seconds to a few minutes. At the same
time, the catalyst quantity required is small. The
polyoxymethylene preparable according to the invention has number
average molar masses M; of well above 10,000 g/mecl. The number

35 average molar mass M, is preferably at least 10,000 g/mol, more
preferably at least 12,000 g/mol. The weight average molar mass
is preferably at least 40,000 g/mol, more preferably at least
50,000 g/mol. The polydispersity index PDI (Mu/Mn) 1is preferably
less than B, more preferably less than 7.

40
The examples hereinbelow illustrate the process according to the
invention.

1. Synthesis for catalysts
45
1.1 Synthesis of MoO;(diketonate)Cl (21 = Cl)



1.1 SynthesPE 8000853@@6et onate)Cl (Z = C) PF 0000053406 13 0.5 mmol of
the di ketone specified in Table 1 were d| ssolved in 2.0 m of ethanol,

mxed with 0.5 nmol of sodiumethoxide in 1.2 ml of ethanol and agitated at
50C for 10 mn. The ethanol was then g¢gaporated at this tenperature under

reduced pregsur t f rah drof ur

i kewi se %agolrﬁm }fs t@}% %i‘?&’%n Pl%‘j%?t ent raﬁl%i of u?‘ye do“'fﬁl 2 %‘gva’ﬂ‘ was
repeat ed once fArdazg rdﬁ’r’fﬁdK iRl &> SHIUL Pénsﬁ U fdoxdde tholed to
-50C and addi %elﬂl v@l‘t [Pt agoimpnd GIIIVBERE1ZE i5P°2 AP oF0 migt.r Tho deviancdnwas
After' 20 m mhet hevammatedt at etiias tempeeaserk tunded Pdduce tpresseade ned i ng

the resul tg @Gt?él@fdﬁﬂu&bﬁ addd®0 1He %tfmdﬁm&aaa&a@tlmseemved the

| t d
T e
fresh tri CHFB?BE? aNEe PRFS- ST "'\ﬁgéu?'e toPASRCBORMTEOD PRERLBEA IR 15
obt ai ned i ncphled nghmSPCyard lﬁsibdxﬁﬁ vhih Fﬂ)l5yﬁ@r3ilz(af iNIP2€&ackH ghml]1oP

Synt hesi s otebbfRfdlidfatranat B €SO20FRi0/2te QBEPErduty dar tiheraesedeyd ati on

of the prlQﬁ'ZBbé at.nﬁftfeQr BBdimd M8 ol @AECEE A1 4@ “@?e@ﬁpl el i hedsé mmiPwehe

1.1. 1.750 PTQ nd i he° itk %Me%"’e?ﬁ S%’f:‘z ?Qﬂoﬁgg‘&%%r 'kl Qg 218 ol
I

of silver triflate 1l era ure. The
Pesul ting pPEEPRITRIEBI AT R, A5 B ol aAPIPEARnABE £ educed
pressure andriciyorgaetdpnet vag hlideydERaremeiRfe@nATREPI29-h Dy §EEARINe was

| i kew se remnpieblomrthaepl atleis [stepr @ah tepesitiedr optéiamere . TIThe sbkyt iwas

repeat ed 15086€a ifdE . inl k918 OhainddN wvabt 858€0id RtheNps1 fRdliefatWas Ye&ekidn.t he
pol ymeri zation reaction. 30 The foll ow ng di ketones were used for catal yst

synt hesi s: 4- pent anedi gn th hexgned]

3-met hyl - 2, &: Beﬂ%ﬂ‘e‘*&l&nsg ﬁégﬁﬁ&lﬁﬁ%ﬂﬁ %Oﬁié%@? K%QS p%%?’g:ﬁééll one, 35
6- tetrarret hyl hept ane- 3, 5- di one,

trifl Uprbelthe-sedphehydticn @-fbuharmﬁqjme';cate formed, the procedure
, 5, 206whs 7ad ,dedteGdkHUOK Bxhndllent anedi one and

, 5,5, 5- hexaf | uoro- 2 4- pent anedi one. 40 2. Pol yrreri zation 2.1 Bul k

Z‘merl zat | 09%@&? oq_f t 8%’55‘?}{% %n‘tnare]an;(@:I‘IieZm(I‘)D(‘)'relcl 1S bu&g.ne(al ol. t‘Illormal wer e

2,6

, 4, 4-
1,1
1,1
|

2

4

1

1,

po

45 adm xed at e ta y St ot on rrom.

mmol of 511v r trlflate in 1.75 ml of tetrahydrofuran at
room temperature. The resulting prec1p1tate was removed, the

25 solvent removed under reduced pressure and 1.75 ml of
trichloroethane added. The trichloroethane was likewise removed
and replaced by fresh trichloroethane. This step was repeated
once more. The solution obtained in this manner was used in the
polymerization reaction.

30
The following diketones were used for catalyst synthesis:
2,4-pentanedione, 2,2-dimethyl-3,5-hexanediocne,
3-methyl-2,4-pentanedione,
4,4-dimethyl=1-phenyl-1, 3-pentanedione,

35 2,2,6,6-tetramethylheptane-3,5-dione,
4,4,4-trifluoro-1-(2-naphthyl)-1,3-butanedione,
1,1,1,5,5,6,6,7,7,7=decafluoro-2,4-heptanedione and

1,1,1,5,5,5-hexaflucroe-2,4-pentanedione.

40 2. Polymerization
2.1 Bulk pelymerization
2 ml of liquid trioxane and 200 pl of butanediocl formal were
45 admixed at 80°C with 100 pul of the catalyst sclution from 1.1 or

1.2. The time between addition of the catalyst and the onset of
cloudiness was measured as the induction time. The conversion was



1.2. The ti @& RAAAA3404%i ti on of the catalyst and the onset of cloudiness
was neasured as the induction tinme. The conversion was PF 0000053406 10 15
20 14 substantially quantitative and the polymer obtained as a solid. In
the followng table, the induction tinmgg are neasured and al so the nunber
aver age and ' 8 t I yl ene I ned
and t he pol i\gﬁgggégfyﬁyﬁ%ﬁg? é%@l\%/&\?/ %%. .agexgégﬁ%ﬁ&s %agggic?'

| nduction MI'[ g?noﬁl?\/ﬂw,l,ng[ 3P D1 115 LPAREE 1Y) TAPRE: BRarReaslEssl1 99913480 70
R1( CO) CR2( COPRINWEPEY 53298 7and sveigihrsavevags Molprt MBEssy-of0t8e67- 6. 2

t - Bu/ Me/ Me2 022800y Redthy8 £b@1dbObirled anButhé RifAYa556etd 6ty Sidesx. (201 = M, /
t-Bu/ H t - Buml?- 4o 4epbstdd CF3/ H Naph4213315. 113. 5100866. 66. 4

CF3/ H C3F71272415. 613. 0102606. 54. 6 CF3/ H CF3142515. 514. 657585. 02. 0 Z1=C1
Z2=0502CF3 25 Me=Met hyl Ph=Phenyl t-Bu=tert-Butyl Naph=2-Naphthyl 2.2

Sol ution polyiwrd zati on 1200 | of a solvent or a binary solvent m xture
(solvents and solvent m xtures are specified in the followng Table 2) are

30 initially charged and 2 of liquidtrioxane and 60 VM of _butanedio
formal arw pdded at 80C. 0. [Blugitioh 2Mp, PsHmol] |My, [kg/mol] PDI
t et ranet hyl pept anedi onedi oxptrasieydgdnum| tri fl uor omgt hanesul fornate in
trichl or oet ppnetematadded tpgzit he [42eactgon sgutl OI’Tzl The[ 42 e [Ret wdgn e
addi tion of |gheosakalostra35| sol utj on and cl oydi nes§ was peasurled ag the
i nduct i on t ppeARter—reropa—of e —sotvert—pby-Frtrator—or—eyegeratHon,
the product Me/H/Me 53 32 17.3 (15777755 75 5.5 '14.8
15 |Me/H/t-Bu - 34 - 10.8 |- 67 - 6.2
t-Bu/Me/Me 217 28 10.2 }15.8 |71 81 5.1
t-Bu/H/Ph 513 5 16.1 |16.7 |51 65 4.1
t-Bu/H/t-Bu - 12 - 16.4 |- 67 - 4.1
20 CF3/H/Naph 421 33 15.1 |13.5 |100 86 6.4
CF3/H/C3Fy 127 24 15.6 [13.0 |102 60 4.6
CF3/H/CF3 142 5 15.5 (14.6 |57 58 5.0 12.0
z2l=Cl Me=Methyl Ph=Phenyl
22=080,CF3 t-Bu=tert-Butyl Naph=2-Naphthyl
25

2.2 Solution polymerization

1200 pl of a solvent or a binary solvent mixture (solvents and
solvent mixtures are specified in the following Table 2) are

30 initially charged and 2 ml of liquid trioxane and 60 ul of
butanediol formal are added at 80°C. 0.015 ul of '
2,2,6,6-tetramethylheptanedionedioxcmolybdenum
trifluoromethanesulfonate in trichloroethane was added to the
reaction solution. The time between the addition of the catalyst

35 solution and cloudiness was measured as the induction time. After
removal of the solvent by filtration or evaporation, the produot
was isolated as a solid and washed with acetone and/or aquecus
sodium carbonate. In Table 2, the induction times measured and
also the number average and weight average molar masses of the

40 polyoxymethylene obtained and the polydispersity index are
reported.

45



was i sol at eBFa90900834863nd washed with acetone and/ or aqueous sodi um
carbonate. In Table 2, the induction tinmes neasured and also the nunber
average and wei ght average nolar masses of the 40 pol yoxymnet hyl ene obt ai ned
and the pol ydispersity index are reporsed. 45 PF 0000053406 15 Table 2 5
10 15 20 Ruqﬁgﬁ]v§nt [I]1nduction Mh Mv PDI No. tinme[ kg/ nol t[ kg/ nol ]

HexaneCH1Tol g[ m n) 112000. 1811595. 4 28004000. 369. 8555. 6
38004001. 812.5514. 1 48004004. 514.5644. 4 54008000. 1415.8764. 8
64008000. 61kt 3| Sih vent49Q890112.6745. 9 &gQQQHQQG,ABUb 0 PDI
98004001. 89iMB55( 9 108004002. 116. 3744. 5 114Q08000. 5 éﬂgﬂﬁ Fﬁg,moll
124008004 57935 § 320036448313 HA90Q40P1. 4113
154008006, 31 64378 TR 04408 | B0iY |35 CHI= dvcl ohexane Tri2-
1,1,1-Trich’broe haile 3. Conparative expewldénts 3A13. 1 Prl&sar ati g .af
NbOZ(diketoBite)zg 357G pr sodl M et NoXLEEe Wer(gy grSSofjegd 1 m 12t |of
et hanol , 1 H -tk g'-'\ ol ofithe di k‘et faYaT=) S%pe'%ci fi ed\‘j%| o-Tabl es .:g g
3 800 400 1.8 12.5 51 4.1
10 |4 800 400 4.5 14.5 64 4.4
5 400 800 0.14 15.8 76 4.8
6 400 800 0.6 10.5 43.9 4.2
7 400 800 1 12.6 74 5.9
15 |8 1200 0.5 16.1 80 5.0
9 800 400 1.8 9.4 55 5.9
10 800 400 2.1 16.3 74 4.5
11 400 800 0.6 11 40.7 3.7
20 12 400 800 4 15.7 93 5.9
13 1200 1 13.6 44.8 3.3
14 800 400 1. 11 39.2 3.6
15 400 B0OO 6. 11.6 44.5 3.8
16 1200 |28 11 45.3 4.1

25 CHl= Cyclohexane
Tri¢= 1,1,1-Trichloroethane

3. Comparative experiments

30 3.1 Preparation of MoO;(diketonate);

0.35 mmol of sodium ethoxide were dissolved in 1.2 ml of ethanol,
admixed with 0.35 mmol of the diketone specified in Table 3 in
2.0 ml of ethanol and agitated at 50°C for 10 min. The ethanol was
then evaporated at this temperature under reduced pressure and
tetrahydrofuran added, The tetrahydrofuran was likewisge
evaporated and replaced by fresh tetrahydrofuran. This step was
repeated once more. The sodium diketonate solution obtained was
coaled to ~5%C and admixed with 0.16 mmol of Mo0O3Cl: in 2 ml
tetrahydrofuran. After 20 min, the temperature was increased to
64°C., After sedimenting the resulting precipitate, the supernatant
was decanted and filtered. The tetrahydrofuran was removed under
reduced pressure and replaced by trichloroethane. The
trichloroethane was likewise removed and replaced by fresh
trichleroethane. This step wae repeated once more. The solution
obtained in this manner was used in the polymerization reaction.

35

40

45



2.0 mM of e?ﬁaﬂgpogﬁa43§itated at 50C for 10 min. The ethanol was 35 then
evaporated at this tenperature under reduced pressure and tetrahydrofuran
added. The tetrahydrofuran was |ikew se evaporated and replaced by fresh
tetrahydrofuran. This step was repeategl once nore. The sodi um di ket onat e
sol ution obgap RO NG 16 mmol of M02Cl12
in 2 m 40 tetrahydrof ﬂfgﬁigﬁﬁ%& u%%%nﬂl@?ygé?g%meéﬁngraeqms increased to
64C. After sedinenting the resulting precipitate, the supernatant was
decant ed anBFPT |4 ded-STHE YettTinyanstandfinds 2P Rrvv 5 dudept Aoitaneddied
pressure anfiorrgl aexre bgmixed HtoBORE haitd fThw 19¢ itwhl260opl hahetheas | i kewi se
renoved asdcatfllysredobytis®sfrdn BChl orpetdiske frdibi theéstakidivasnr epaafecd once

nore. The sglufy sgbaaiaa@daddﬁthalﬁ N MBS sEd WAt F@ﬁ&%éf s Z@ki on

3406 f
O om 2 ISRt e 1 Frne o ki i SAEGHER o e Ben tindel B MSL TrOm

wer e adni xet® dihsdelaPrhng rTﬂHlfOé tB‘Z@GJ]QUGFtlﬁé tineg Aepsured; theory 1F|lém
3.1. The tiard fthemnunbendaietiage ehdt veightaakyesge suiliari ovsaas ¢hehenset of
cl oudi nese pobycmarthglens ddt@ineddand ialsd ithe. pdhed Wpekdptpasnddd egleed as
described u rtegl: In the follow ng Table 3, the induction tines
nmeasured, the yield and the nunber average and wei ght average nol ar nasses
of the 10 polyoxynethylene obt ai ned and al so the pol ydi spersity index are

reported. 1 e29 Table 3 Diketonate Induction Mi M,, PDIYield
R1( CO) CR2( kgloolllkglnol {4 Mo/ HiMal 513 647 13 5100
t BuPh/ H Wb k tenagys 03, o- Induckeenes5dMa73. 38. TMwPh/ H CL7ABL403| Pi1’b . 85

D
Ph/ H Ph5- 20R!6§9) SRF (§93R1 o imeplmip ! - fukg{mo¥y(!bg/mak [%] |
Me/H/Me 1.5 13.6 47.1 3.5 100
tBuPh/H/MeOPh |10 14,2 56.0 3.9 -
Me/Me/Me 5 8.4 73.3 8.7 -
20 (ph/H/C;H3s 40 3.2 8.8 2.8 52
Ph/H/Ph 5-20 5.6 19.2 3.4 95-100
t-Bu/H/t-Bu 15 13.7 70.2 5.1 95
Ph/H/t~Bu - - - - -
25 |CF3/H/Naph (1)*-10 6.8 39.2 5.8 87-91
15.6% 53.7* 3.4%

* contains Mo0;{CF3(CO)CH(CO)C-Naphthyl)Cl
#-* : no polymer formation

30 As comparison of Tables 1 and 2 with Table 3 shows, the catalysts

according to the invention give shorter induction times than
those of the prior art.

35
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Ph/ H t - Bu- - PF- OBA9PHARAEH (1) *- 106. 839. 25. 887-91 15. 6*53. 7*3. 4* * contai ns
Mo02( CF3( CO) CH(CO) C- Naphthyl )CL it-of . no polyner formation 30 As

conpari son of Tables 1 and 2 with Table 3 shows, the catal ysts according
to the invention give shorter inductiopytines than those of the prior art.
35 712/ ew 40 45 PF 0000053406 17 we claim 5 1. A process for preparing

pol yoxynet hyl ene by contacting a fornal dehyde source with a catal yst of
the formula I 10 15 where Mis TiO zZrO HO VO C02, MO02 , W2, MO02,
Re02, Fe, Rf® C¥LM*Rh, Ir, N, Pd, Pt, Cu, Zn, Cd, Hg, Sn, SnO or PbO 20
R1, R2 and R3 are each independently a radical which is selected fromH,

ﬁl Ikyl , mryglagdgapfd:d@/ds_, feRdpt&ariany @alyorpedhy1Raet by cndadklivg & 4
al ogenat ed; , sBRF: S o pggﬁﬁ s clained in
claim1l where ggrlﬁ/lé]lld}m %250r Ve‘ﬂgﬁt% bAc%?%%ye%sogstﬁ?afrre %n%any of the
preceding clains where 35 Rl, R2 and R3 are each independently H,

Cl- C6-al kyl which y rhe partly or fully hal ogenated, phenyl, benzyl or
naphthyl . 4. A procgess as_claiyyed in claim3 where Rl and R3 are each

i ndepenglent | y met hyl 4 tE/t-Bl){ |, trifluoronethyl, 40 pentafl uoroethyl,

hept af | uor opropyl, {pheny\_or ngPBhthyl. 5. A pr oceds as claimed in claima
where R2 is H or nethyl. © 542/ 2001 Schl1712lew April 11, 2002 PF
0000053406 5 38 R3

n

15 where

M is Tio, ar0, HfO, VO, Cr0;, MoO,, W0O;, MnO,, Re(;, Fe, Ru,
Co, Rh, Ir, Ni, Pd, Pt, Cu, 2n, Cd, Hg, Sn, Sn0O or PDbO;

20 Rl, R? and R? are each independently a radical which is
selected from H, alkyl, aryl and aralkyl, and the radical
may be partly or fully halogenated;

Z is an anion; and
25
n is 1 or 2.
2. A process as claimed in claim 1 where
30 M is MoQ; or WO,.
3. A process as claimed in any of the preceding claims where
R!, R? and R} are each independently H, C;-Cg-alkyl which may
35 be partly or fully halogenated, phenyl, benzyl or
naphthyl.
4. A process as claimed in claim 3 where R! and R3} are each
independently methyl, tert-butyl, trifluoromethyl,
40 pentafluoroethyl, heptafluoropropyl, phenyl or naphthyl.

5. A process as claimed in claim 4 where RZ is H or methyl.

45 NAE 542/2001 Sch/712/ew april 11, 2002



6. A pr ocesBF JQ00P05 3406, any of the preceding clains where Z is a halide,
sul fonate of the fornula OS02R , where Ris alkyl, partly or fully

hal ogenat ed al kyl or aryl, conplexed borate, conpl exed phosphate,

conpl exed arsenate or conplexed antimate. 7. A process as clained in
claim6 whege hlo 2 OZrO
HO VO O, mm%éﬂésggg%zﬂeﬁﬁo% Hﬁ?e‘)f The %ogéﬁﬂq %lRﬁf“y"ﬁcfrE

Zn, Cd, Hg, Sn, SnQ or PbQ, 30 RI, are independently a radi caI
which is selectkd ¥% cﬂﬂhﬂllg?kyf’r“lfé‘r“;ﬂtea%l *é}em fiogPuda OFPe& - r HBPEQIR iy be
partly or fully hal®g&tat edrtlyicr fuldni baloganatsd alkBl ok prgdess as
claineds in any of tdwnflleseadbsgatid AicERhplbgsd® gHiRphhoe Med@ghededs atséeaties

f or mal dehyde, tri ox&necdﬂ?leggaa;,pgl%hgggyde 9. A catalyst of the fornula
l, nis | or 2. 712/ew 4

7. A process as ¢laimed in claim & where
10 2 is 0S0,CF; or chloride.

8. A process as claimed in any of the preceding claims where the
formaldehyde source is formaldehyde, trioxane or

paraformaldehyde.
15
9. A catalyst of the formula T,
rR1
o
20 2
T (I)
— o+
R3 n
25 where
M is Tio, Zro, HfO, VO, CrQ;, Mc(O;, WO;, MnO;, Re(;, Fe, Ru,
Co, Rh, Ir, Ni, P4, Pt, Cu, Zn, Cd, Hg, Sn, Sn0O or PbLO;
30 R!, R? and R3® are independently a radical which is selected
from H, alkyl, aryl and aralkyl and the radical may be
partly or fully halogenated;
2 is an anion; and
35
n is 1 or 2.
40
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