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waste  paper 2elogenglP-A-303,190/1988). The cationic

pol yneri zati on of tetrahydrofuran (THF) mﬁth the aid of catal ysts
has been descri bed by Meerwein et gew. Chem 72 196 A 927) .
Ei t her pref or nP@lytetrahydrafyses dﬁ@ﬂﬁ§ed3%?Qmﬁ%§§%§spﬂﬁY? FFYS ne

process, or 30g1yccine shAlyShs AR d¥nR#IGRE | Fobi thel prdigaranicdn oof
polyurethane, polyester .and polyamide elastomers, for the
15 preparation of which it is employed as diol component.
The inclusion of PTHF in these polymers causes the latter
to become soft and flexible, for which reason PTHF is
also referred to as a soft segment component for these
polymers. Polytetrahydrofuran monoesters of monocar-
20 boxylic acids are used, for example, as plasticizers
(US-A 4,482,411), impregnating agents (DE-A 2,932,216),
monomers (EP-A 286,454), emulsifiers and dispersing aids
(JP-A 138,452/1987) and are further employed for de-
inking in the regeneration of waste paper

25 (JP-A-303,190/1988) .

The cationic polymerization of tetrahydrofuran (THF) with
the aid of catalysts has been described by Meerwein et
al. ({(Angew. Chem. 72 (1960), 927}. Either preformed
catalysts are used as catalysts during this process, or
30 the catalysts are produced in situ in the reaction
mixture. Thigs takes place by producing oxonium ions in
the reaction medium with the aid of strong Lewis acids
such as boron trichloride, aluminum chloride, tin tetra-
chloride, antimony pentachloride, iron{III) chloride or
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llnfl uence on i tthemeopmattalgsst systems do not operate in a truly cata-
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20 amounts, based on the macromolecule to be prepared, and
are consumed during the polymerization. For example, in
the preparation of PTHF using fluorosulfonic acid as
catalyst according to US-A 3,358,042, two molecules of
fluorosulfonic acid must be used as catalyst per molecule

25 of PTHF. A particular drawback of the use of halogen-
containing catalysts is that these lead to the formation
of halogenated by-products during the preparation of
PTHF, which are very difficult to separate from pure PTHF
and have a detrimental influence on its properties.

30 In the preparation of PTHF in the presence of the pro-
moters cited these promoters are incorporated as telogens
in the PTHF molecule so that the primary product of the
THF polymerization is not PTHF but a PTHF derivative, for -
example a PTHF diester or sulfonate, from which the PTHF

35 must be freed in a further reaction, eg. by saponifi-
cation or transesterification (cf. US-A 2,499,725 ahd
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these promoters and a conversion of only 6% is achieved
15 over a period of 19 hours. In this process PTHF
diacetates are formed which must then be converted by

saponification or transesterification to PTHF.

US-A 5,344,964 teaches the production of PTHF diesters by
reaction of THF with a mixture of a monocarboxylic acid

20 and a carboxylic anhydride. The reaction takes place in
contact with metal oxides of metals of Groups III and IV
of the Periodic Table of the Elements.

PTHF diesters are formed likewise during the polymeri-
zation of THF using Fuller’s earth catalysts according to
25 EP-A 3,112. '

In US-A 4,303,782 zeolites are employed for the pre-
paration of PTHF. The THF polymers obtainable in this
process have extremely high average molecular weights -
M, from 250,000 to 50,000 D - and could not be generally
30 adopted for the aforementioned purposes. Accordingly this
process has also not attained industrial significance. A
further serious drawback of this process is the small
space-time yield (about 4% of PTHF in 24 hours) which is
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presence of a carboxylic halide or carboxylic anhydride,
a heteropolyacid being used as catalyst. PTHF diesters
are .again formed during this process, and these must be
hydrolyzed to PTHF. |

JP-A 91171/94 relates to a catalyst consisting of an
oxidic support material which contains a salt of a hetero
polyacid and which has been prepared by application of
the hetero polyacid salt to the support material and
drying at 300°C. At this drying temperature the chemical
structure of the heteropolyacid remains unchanged. The
use of these catalysts for the polymerization of tetra-
hydrofuran is proposed. These catalysts have, however,
the drawback of a brief useful 1life since the
heteropolyacid adsorbed on the support bleeds during
execution of the process.

In US-A 4,568,775 and US-A 4,658,065 there is described
a process for the preparation of PTHF in which
heteropolyacids are employed as catalysts.  The
heteropolyacids are soluble to a certain extent in the
polymerization mixture and in the polymer and must be

~ removed therefrom, since they cause discoloration of the

PTHF product, by the use of elaborate measures, viz the
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Accordingly we have found a'process'for the preparation
of polytetrahydrofuran or polytetrahydrofuran monoesters
of C;-C;, monocarboxylic acids by the polymerization of
tetrahydrofuran over a heterogeneous catalyst in the
presence of one of the telogens water, 1,4-butanediol or
polytetrahydrofuran having a molecular weight of from 200
to 700 dalton, or of a C,;-C,, wmonocarboxylic acid or
mixtures of these telogens, wherein the catalyst used is
a supported catalyst which contains a catalytically
active amount of an oxygen-containing tungsten or
molybdenum compound or mixtures of these compounds on an
oxidic support material which has been calcined at from
500 to 1000°C following the application of the precursor
compounds of the oxygen-containing molybdenum and/or
tungsten compounds to the support material precursor.

The polymerization catalysts used in processes according
to the invention are supported catalysts consisting of an
oxidic support material, which contain oxygen-containing
molybdenum or tungsten compounds or mixtures of such
compounds as catalytically active compounds and which
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The catalysts which can be used according to the inven-
tion contain in general from 0.1 to 50% by weight,
preferably from 1 to 30% by weight, particularly pre-
20 ferably from 5 to 20% by weight, of the catalytically
active, oxygen-containing compounds of molybdenum or
tungsten or the mixtures of the catalytically active,
oxygen-containing compounds of these metals, in each case
based on the total weight of the catalyst, and in each
25 case calculated as MoO; or WO, respectively, since the
chemical structure of the catalytically active, oxygen-
containing compounds of molybdenum and/or tungsten is not
yet exactly known but can.only be postulated, for example
from the data of the IR spectra of the catalysts which
30 can be used according to the invention.

In principle, the catalysts according to the invention,
in addition to the catalytically active, oxygen-contain-
ing molybdenum and/or tungsten compounds can also be
doped with from 0.05 to 10% by weight, preferably w1th.
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hydroxides can be used as starting materials for the

15 preparation of the oxidic supports, but preferably
freshly'precipitated hydroxides are used for the pre-
paration of the oxidic supports, which are dried after
precipitation generally at from 20 to 350°C, preferably
from 50 to 150°C, in particular from 100 to 120°C, under

20 atmospheric pressure or reduced pressure.

The water-soluble or hydrolyzable salts of the elements
constituting the support material, for example their
halides, preferably their nitrates or carboxylates, in
particular their acetates, serve as starting compounds
25 for the preparation of these hydroxides. Suitable start-
ing compounds for the precipitation of these hydroxides
are, for example, zirconyl chloride, zirconyl nitrate,
titanyl chloride, titanyl nitrate, yttrium nitrate,
yttrium acetate, aluminum nitrate, aluminum acetate,
30 iron(III) nitrate, tin(IV) halides, in particular tin{IV)
chloride, zinc nitrate or zinc acetate. From the
solutions of these salts the corresponding hydroxides are
precipitated preferably by means of aqueous ammonia
solution. Alternatlvely the hydroxides can be obtained by
35 the addition of dilute or weak acids, such as acetic
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their acetates,, serve as startin onpoynds. r _the_preparation_ of
these hydr oxt a8 2o pRmah s, powder T HEPg BTy o shffe’ Roptiy, atotpndls
preci pitation gredigsicataly mayleomprise, dmeadddtiomame ¢hez hydaowyides
chioride, zifciy! iidf3bBpective hbtaly) Chl Oldffe Uhhilel W' Sther
yttriumnitrate, yttrium acetate, alumnumhitrate, alum num,
acetate, 30  hHydrPIMycontaining t | qampeunds des fam paramPliear orEdeVY)
chl ori.de,s zi nc Hyidrsdels OF &l NpodgRbeie, RigPerEnsoluble SUYHINRS @boni-hese

moans of aqueodtin GEE- Sings EbPorexagt PREMGER, THEDRGLFLRRABE can
be obtai ned by t3fese phecipiitdtes obndbtube atetwaakirssd dsoweserh as dsetic
assumed for the purposes of this application, and for the
sake of simplicity, that the compounds concerned are the
20 hydroxides of the stated metals. The term "hydroxides"
used in this application thus represents a collective
term for the hydroxyl-containing precipitates obtained by
the aforementioned methods of precipitation.

When using silicon dioxide as oxidic support material,

25 preferably freshly precipitated silicic acid is employed

| as starting material for the preparation of the catalysts

which can be used according to the invention, which can

be obtained, for example, by acidification of a water-

glass solution, and which is advantageously dried prior

30 to further processing, as described above for the
hydroxide precipitates.

To the resulting hydroxides of the support components or
the silicic acid, which in this application are also
termed support material precursors, the precursor com-



0050/ 45224 - 8 - acid, to water-soluble hydroxo

conpl exes _of the respec- tive nmetals until .precipitation of the
respective 005bydep24de occurs. Likewi ®e-t is possible to obtain the
hydroxi des by the hydrol ysis of organonetallic conpounds, 5 for exanpl e

t he al cohol at epouhdsheof etpecttatalistgally actiygeh RXYIER TRPREAINing
tetraet hanol at g, 1?1:&89{1{11“”&{18?6?.“ Sfungsten pé@tﬂi}b&h&s taiénlpﬂferably

tetramet hanol ate, “titaniumtetrai so-

gel -1i ke preci pPPALEdgRYicHEPYEIRa, Han dtﬁ't?}h@npf"é%‘leﬁus f@iutlf’a't ?gntlb?s? hese

hydr oxi des, \Ahp%ca&b@& goMboUniise| Bgamples of \Xate.y aobuphe Usr goucesr
Possi bl y these

nor,

a]gdi : |h on5to thszﬂga ﬁﬁ‘lﬁdBEp j‘; caalyRie iiﬁe%? %{,éf@gqgraﬁ?agieﬂz;

of ot her thydseen! oxonialybdenun oopopodsds afrer. fogx amanpleaxi 15
hydr at es, ner. t lub I

S hce the exacPOERerPRlrealr SAILS e tina Bl LSO Tum O, o2 cantiol "be
det er mi ned howéwemedi,t fiog: exampl@sslhmdiﬁﬁﬁolm$u?%%%e%ft¥h?§l e in

appl i cati on, atQ%u %8 tgﬁﬁonla paker nﬁﬂdﬂﬂdrfg‘slﬁétéémtarﬂmhéﬁ@@y@ﬂ?‘

concerned are droxides_of the s e ter
"hydr oxl@es" tungstaEgs; anIFﬁ‘%d appere&rPrsn l?lﬁué‘cggb?ég@ﬁf"gna cﬁﬁ 1 eEPPve
1; feg Tef ortthe gbq&?ﬁ)ggng@:c&h@e@ ngrprm@ﬁlﬁ—t@arbéw ne.dlebywater -sbheble

menti one ods o pitati dfongdi.oxi de
as oxi di ¢ suppSft-tiat 8Fi é?cpli%:d Brd eré%?MOQ‘lr)ésth p‘%’gm pita éitcj si ?#m c
acid is enpl oyeskample, dsysﬂds‘spﬂgmgt encpilarbdenum hsrpexpdeatinadapepHe
catal ysts m‘ﬁ@h‘iﬁ Caa[}ug tﬂéegs bo PQ. PQtEQe e ants! 'ﬂﬁleré\bf&h 5"

be obtai ned, f&F exanpl e ter- ass
sol uti odjs and mwnfuls;aé;th ag@ouBiu;'tH‘F’#%@Irprﬁl%ﬁ et a‘“@-ybﬁ%’“ﬁﬁerand

processing, a$a @deH1viRGitedOrefc¥ablyle the amfiEiHxs8BLHr 6€i phestes.
tungstic and molybdic acids are applied by impregnation,
as precursor compounds, to the hydroxides of the support
components or the silicic acid, respectively. For infor-
20 mation on the nomenclature, composition and preparation
of the molybdates, isopolymolybdates, tungstates or
isopolytungstates reference is made to ROmpps Chemie-
Lexikon, 8th Edition, Vol. 4, pp. 2659-2660, Francksche
Verlagsbuchhandlung, Stuttgart, 1985; ROmpps Chemie-
25 Lexikon, 8th Edition, Vol. 6, pp. 4641-4644, Stuttgart
1988 and Comprehensive Inorganic Chemistry, 1lst Edition,
Vol. 3, pp. 738-741 and 766-768, Perganon Press, New York
1973. 1Instead of the abovementioned molybdenum or
tungsten precursor compounds of the catalytically active
30 molybdenum or tungsten compounds it is possible to use
heteropolyacids of molybdenum or tungsten, such as 12-
tungstatosilicic acid (H,[Si{W,,040}]-26H,0) or 12-
molybdatosilicic acid, or their water-soluble salts,
preferably their ammonium salts, to effect application of -
35 the molybdenum or tungsten to the hydroxidic; ie.
hydroxyl-containing, support material precursor. The thus
impregnated hydroxides of the support components used in



To the resulting hydroxides of the support conponents or the silicic

acid, which in this application are also - termed support materi al
precursors, theoppgetraér com - 100050/ 45224 - - 9 -
pounds of the catalytically active, oxygen-contajning ol ybden

and/ or tungsteﬁCthﬁ§©uﬂ§sth9rémPE?QﬁéFﬁgl§1llclc %ﬁ&ﬁ.%ﬂebyn Eivels tion

Swi'th an aqueouariehuht%r% 8i0e:d 350°C,PALFIRILIGH rﬁ.a.fumobao thx angpt &s, of
| wat er - sol ubl e precursor ounds of theﬁ&atalytlcal active,

oxygen- cont ai nFRgeY atmOFBH§§P€nBBFSﬁBF§b8€nE fidoBRGEs 3¥8 for exanpl e,

t he wat er-sol uble salts of tungstic acid (Herr]WJerr]), as are

f or med, for ex I ssplvin U |
anmoni a, ﬁggﬁﬁnﬁfuﬁgg?agé gﬁﬁlggiiggoéglgﬁéggpbpat%n% stateég?orned
therefros1by aprdchrsarlcompegndshef the Cpaabytyﬂg%lﬁtégtﬁYe: oxygen-

met a-tungst ate er S no (of
(H[err]NbC{errF?nEg%nwg Pﬁ?k&ggﬁup or 8hh§§§ﬁ% eE&Qﬁbg?ggg t?n the
nolybdenun1tr|subé@qpﬁnﬁqGGEBéYSt by %H#ﬁﬁﬁ%ﬁ BRI | ﬁb1958a?€s

formed ther eff 4Ry dF saidChilibsatesn, chiicpition iﬁftlﬁhe support

nmet a- nol ybdat es and par a- nol ybdat es. Pref I'ts

of these maF&ﬁ&é@n?%ﬁﬁ?Wﬁﬂﬁ/ us pErgat ﬁge %é&?tﬁb 5%%??%

g? FLecqbfpr_cgma@%ndan be ?Q@dra@&??dihg;ﬁﬁ ﬂhh81auppmubn, takescphpoﬁents
e silicic,a respective or J,nfq

nomencl at ure, éﬁnbg§|F?8 gﬁﬁnﬁ?g%%r%ﬂlthe dase %f gﬁ%hﬁgPQEthEerlal

|sopolynDIybdapeepmmsqyﬂzﬁmgregnated Wlthoﬁ@bﬁﬁnﬁﬁﬁQHﬁﬁpfeF@WEﬁE@dﬁs made

to R[err]npps %@55 5 60,
Francksche %ﬂ%ﬁilaggbuaﬁ and #un rn‘?’utt art 19g§giﬂe€§fiﬁggsaéﬁanle-
!

25 Lexi kon fcgt tth=ii preparapion 6oL pshes satadgnss usedogg
and Comgrsehensigvedrdigatics tHeeMinsddntiokst Edition, Vol . 3, pp.
738-741 and 766-768, Perganon Press, New York 1973. Instead of the
abovenenti oned nol ybdenum or tungsten precursor conpounds of the

catal ytically agid veatdlyst npkgbdesonsothuendsiperegnatesurind | driedpsei bl e

_to use converted to the finished catalysts by calcination in air
at from 500 to 1000°C, preferably from 550 to 900°C and

particularly preferably at from 600 to 800°C. 1In the

20 course of calcination the hydroxides of the support
components or the silicic acid is/are converted to the

oxidic support material, and the precursor compounds of

the catalytically active, oxygen-containing molybdenum or

tungsten compounds applied to said support material by

25 impregnation are converted to these catalytically active
components. Calcination at these high temperatures is

important if the THF polymerization is to achieve a high

conversion and thus a high space-time yield. At lower

calcination temperatures the catalysts also cause THF

30 polymerization to take place but only with uneconomically

low conversions. On account of IR analyses on catalysts

produced in this manner Yinyan et al., Rare Metals 11

(1992), 185 suppose that, in the case of tungsten-doped

supported zirconium oxide catalysts, the precursor

35 compound of the catalytically active, oxygen-containing



het er opol yaci ds of nol ybdenum or tungsten, such as 12-
- tungstatosilicic acid (Herr] [Si{Werr](err]}] [err]26H err]0) or 12-

ol ybdat osi | i c0@5@£4%R2%r their water-solkble salts, pref erably
their ammoniumsalts, to effect ap I |cal;|8n of 35 t ¥bde m or
tungsten to twegsteRr oxpEpeund; o applied b Hro%wrggﬁ‘ta;lﬁf’ng, su t

material precussponiif hﬁ&:@oxxde, beﬂamelnahedlbaal&yxmmfedt lae suyEport
conmponent s used, i n 5224 leach

case or the i npFERynFHFIRINE 5%3&' 8, §&RSral with “the hydpoxyl 80

to 350[err]C, %f@lﬁﬁd? abfytheosuppotrd ﬂrﬁ@ﬁaeua]lc;precursqmdé:rh%tqmm-c
pressure_or redu ggure e Rapd

i ncor por%tl ng ?%gf%bg §g bxygg'ﬁr ggﬁzg‘ihgngﬁéﬁhggt:eﬁe cat aldﬂtdl I(:Baéllji
active, oxygenformed, owhrich nasg n@g§t§@§nuﬁrﬁﬁ)r chergspdn EbRPEEHES ad'}/q he

subsequent cat g}y 4 | Yook I8 Wist Ba 4By eL e Of
sai d hydroxi degh @a?%yn%ﬁ o\;r?%) %bets up orte“i’rnl aanatgirrl a? pfﬁ%%eursor t hus

treated, to foifh ghstéachlysddfferentfirom QY HE RRF
invention, takgsmpb@f@s whicH Natle M&Ymadébrhédl rorithe thee sﬂippdmet

support materi al h |

conpourdl. < mat epiaYeFLECHBL B, HORLAST nERERhar FOr S e oS dgrmed g

Iﬁre ItE\e/eﬁ{ Iegﬁrﬂbronhef o bdainainy ston tatiind mge svppentsst an:alymdmn% to
con§8Pt 8§ Pﬁeghgcggkahéédtgr EﬁPrEH{’é L P on oy e

are Ir's catalysts ycaIC|nat|on|n air
at fromb500 to 1000[err]C preferably from 550 to 900[err]C and

particularly ppgf dl.ax@a)éi tmd @{@@Q@ tg ] anﬂﬂg,g@s 28an 0@y Ske of

cal cination the hydroxi des of th e su ggonens or_the I|ICIC

acid is/are coHoeft @ ttdhe Herocess o XFBFC l§lYﬁﬁ‘t§rlP erIATAnLRgF e

precurs@g conpeuays ffe doped with compounds containing sulfur or
phosphorus or sulfur and phosphorus in addition to
compounds containing molybdenum and/or tungsten. The
preparation of these catalysts takes place in a similar
manner as that described above for the catalysts

20 containing molybdenum and/or tungsten compounds only,
compounds containing sulfur and/or phosphorus being
additionally applied by impregnation to the hydroxides of

the support components or the silicic acid produced in a
similar way. The application of the sulfur and/or phos-

25 phorus compounds to the support material can take place
concurrently with the application of the molybdenum
and/or tungsten component or afterwards. Advantageously,

the sulfur and/or phosphorus components are prepared by
impregnation of the hydroxides of the support components

30 or the silicic acid with an aqueous solution of a
compound containing sulfate or phosphate groups, for
example sulfuric acid or phosphoric acid. Advantageously,
solutions of water-soluble sulfates or phosphates can

also be used for the impregnation, ammonium sulfates or

35 ~ ammonium phosphates being particularly preferred. A
further method of applying the phosphorus-containing



the catalytically active, oxygen-containing nol ybdenum or tungsten

conpounds applied to said support material by 25 ° inpregnation are
converted to tR@Se/45Rakytically active- 12 - conponents. Calcination at
t hese high tenperatures is inmportant if the THF pol ynerization is to

achi eve a hi ghPrecursogon\keepndsd t kegekhgrgh Whilke- thfe VPERSUTPRT | over

- cal cination teppRpahHEesS &BRLEHHBhY S o ByiSdemas ©rT Htuddstenpol yoerthati on
to take place but only ,w th unecqonom ¢ | ow conversi.og:s. n
T Y’l‘Ir11yan

' al
account of |R S¥grp¥idign SHRR]K: s materi’a?br oBUEEYTPRTL ni SR
et al., Rare Meinplkeghiting the(hParPxidRE suppost mhteriah phecerser®sf

t ungst en—doped, . S rLe | ' ' 2 or 35
compound®or t N5t BP9EFBarFS “Caft b SRt MELCOIEIAAEL By LHE procuss
0050/ 45224 described abote. Examples stugh berpropelyagidsearpyla-

| mpregnati on t @ uhBgearopnoBbhed UM AYA" Ot (1B gBOSPSEhom qakly candi ned
at the hi g caIaC| ﬁl ng_tenperatures used, th the. fdr oxy!

groups of the dgppelvbiatephespprzdsr a6Hid t Hly [PAMOPIPsl 5 8H2Q%/1 | TReESi ve,
oxygen- cont ai ni-ag LIBGSbENeRBIBYLUAILER BHis purpbsemBétenbpolyasidsgeatds
Its chem cal stg;)ﬁcgére and chem c%l acti vty Eartigul rlﬁg IL.tsS

cat al yt A8 propBplybdenum or tungstep with §repRLSnACtPENP x&}ﬁ% PRSRRS! ni ng
t ungst en foanatiigsl evhphbspienber abydads @iel] et exrdopel vagizds t can

mat eri al zirconihum di oxi de. Jhe f I Q- gs.sied t

nmol ybdenum COI’]F;LISI% nge slhs;‘;%%r l{gdéggt g%@t %fe\;\ht?%:%% c’anpjf)eeftagée]gi%cggrdi ng
to the inventi emmonium salgs,alfoFadpise PUreese - supported catal ysts can

al so be used in the process of the invention to advantage when 15
they are doped with conpounds  containin sul fur or phosphorus or -
sul fur and phoPpwéngs calcirpkiennupger the bowemrRttRtdi APRYHOPHEdenum
and/ or fwngst ekhelfRteropolalidsaiiedoriatikese ¢aral yhescahakgtpbateyin a
sim | ar gaéril:ri%% 'as tor}]c%tgegﬁ%:%rnltg%%i%%ovemfo(irybtdré%u?nat alO.yCSt Stung sten

compounds . -

Some of the catalysts which can be used according to the
invention are known and their preparation is described in

20 JP-A 288,339/1989, JP-A 293,375/1993, J. Chem. Soc. Chem.
Commun. 1259 (1988) and Rare Metals 11, (1992), 185. The
catalysts have been used hitherto only in petrochemical
processes, for example as catalysts for alkylations,
isomerizations and the cracking of hydrocarbons, ie.

25 processes which are not related to the process of the
invention.

The catalysts which can be used accoxrding to the
invention can be employed in the procesé of the invention

in the form of powder, for example when carrying out the

30 process by a suspension technique, or advantageously as
shaped articles, eg. in the form of cylinders, balls,
rings, coils or chips, particularly with the catalyst

" taking the form of a fixed bed, which is preferred when
using, for example, loop reactors or when the process is



20 cont ai ni ng nol ybdenum and/ or tungsten conpounds only,

conmpounds contai ning sul fur and/or phosphorus being additionally
appl i ed by inpoegodabenato t he hydroxi desldf- t he support conponents
or the silicic acid produced in a simlar way. The application of
the sul fur andbperphed- cegtinupuslis conpounds to the support material can
take pl ace concurrently with the application of the nol ybdenum
and/ or tungsten comnponent or aftermards.,Advantaggous , t he sul fur
and/or_phospho?uscnomﬁﬁﬁﬁﬁ%?@9¥¥¥ﬁ%pa?%ﬁd%y pr er?%%?egﬁaf?%n B he
hydroxi des of LhepsupReEta&08P el ipariiculadlyt beefelrbbly fordini adidn

aqueous solution of a ., conpound. cont.aj ni S 0s e
groups, for acetlgxaﬁﬁlg'sulﬁﬁ?ﬂalc?rﬁtﬁ d ab?léfho;%ﬁ%%%ﬁ%%%m?@ 2084
Advant aggous| yacrylic azdlditambsmethaetelisoaabtic serivat dg @enpsiabhases

can al s d | Lon_ca ni 3
anmoni um phosgﬁgg éu‘igbéc'lfo% éﬂgr_é?%%gﬁbﬂp?gf (@alflflli'ré ed. Ez%éﬁééétﬁsrtﬁgr
met hod of appl yiongcakboplyddghacddscont ai ni ng 0050/ 45224

- 12 - precursor compounds, together with the precursor

conpounds contai ni ng nol ybdenum.gr tungsten, to t

+

, h i di c.
support mat er i ZRTSAERIRIY syrpripdng,and ParFFrﬁngﬁéYi ﬁﬂ"?ﬁgé%é}llﬁi%ai c
ﬁgfg?gt Olnat er 'd%heprﬁ‘dﬁt A S@h&t When Wi$d RBOI 3 Eﬂd USE Cc @hiedi e Iggens water
pol yaci ds e process .. r .

het er opdPyaci d?"%&é’rﬁig' utanediod B?ﬁ%ﬁ%%’bﬁ% ?)%Otvagié}egf 1Pk phoddst

(H err] [ P{W er offOtéyer JiGjvertfienr ]i3) high cjpacet-time yiclds| yhdanepRESPhoric
20' d (Herr] [Rleeply Rl %ﬁ%@hha#@@&?hﬁ:] Obpehl€h8in PTHFCAAvEh§O be

npl oyed -for thi's "pur posé heteropolyacids o 10 mol ybdenum or _tungSten
with organi c a@ gelecudiesspedehs, of from 290 ERaffPeIPRESPNSAPC22ELIRE Sai d

het er opol yaci dg-e£3z1ed as t&8l8geRerd @tk igbllyife fifdBidn eRict isal,t #here

pref_erab!% as ., amoni um Salts 2:8% t hi.s purpose. , Lin

cal ci natin undér ignEORVEFERENEP ONEHF c}"f‘tql?ﬁfg “f@ecuj'aﬁg’eﬂ‘&r%r'(?éawgci ds

di ssoci ate to figyngraresdidllytasdl lyw molecular weight PTHF have two
hydroxyl groups, they are not only incorporated as
telogen at the chain ends of the PTHF chain, but are also
incorporated into the PTHF chain as monomer.

20 The telogen is advantageously added to the polymerization
in the form of a solution in THF. Since the telogen
causes termination of the polymerization, the average
molecular weight of the PTHF or PTHF diester can be
controlled wvia the amount of telogen used. The more

25 telogen present in the reaction mixture, the lower the
average molecular weight of the PTHF or the respective
PTHF derivative. Depending on the telogen content of the
polymerization mixture PTHF or the respective PTHF
derivatives can be specifically prepared to have -average

30 molecular weights of from 250 to 10,000 [lacunal. Pre-
ferably the process of the invention produces PTHF or the
respective PTHF derivatives with average molecular
weights of from 500 to 10,000 dalton, particularly
preferably from 650 to 3000 dalton. To this end the



. active, oxygen- cont ai ni.ng nol ybdenum  or tungsten conpounds.
Sonme of the catal ysts which can be used according to the I nvention
are known and adsifag22paration i s descrilfed in 20 JP- A 288, 339/ 1989,

JP- A 293, 375/1993, J. Chem Soc. Chem Commun. 1259 (1988) and Rare
Metal s 11, (19g8)ogeissisThbased on ddenl THE samayat hewRlgyed. h@@#@ﬂt d%nl y

in petrochem cglounts of PEPSRSEE64 £OT 19XaBRAE %%e‘fé&%'bl $t FxlRl 0.2 to

al kyl ati ons, | soreri zat1 ons and the crac of hydrocarbo i e.
processes whi ch mekt ad r@%‘i’e‘aﬂf%ﬂf}ﬁepﬁg@é@ P?% 4%s ? ﬂ%t on
The catal ysts which can be used accordi ng to the |nvent|on can be

enpl oyed int r ocess of the inventio e rp f
exanpl e when cﬁ?g %JSY‘B 173l 18 %‘?%%Jé%]sl% c%lrlélués%e%dst?on techni que or
advant aggousl ysaasc prefesdiabedfaon i 2336, updo ithe Heo i gk d‘a‘emﬁﬁ?ﬁd@?%

bal l's, : f.xéei"%re e gl ﬁ%ﬁihg #bL NokDe: 681 #iSiehe

taklngtheformo ChIS err usin for
exanpl e, | oop owkhcones aff when P*hbytpﬁl-ié'éé ipg, for Wh—"-Ch PO38PRS5 LN

- 13 - SEOUBY Y, d rdte Hdridpassnbexyl i c
aci ds, prefera}gfgé%err O%féwr rr[)n':z)a-'rrle o%%ﬁ ylrﬁ:ﬁﬁacdl%and Y

particul arly pP¥f BFléBIry tfl"é’r rﬁ‘tt%&ﬁréf’us PresguEe| 8 zation

2- et hyl pgxanoi gyaeed. 5 acrylic acid and nethacrylic acid, serve in

general as tel ogens for the preparation of the PTHF nonoesters of
nonocar boxyl i ¢ aci ds.

To avoid the formation of ether peroxides the polymeri-

zation is advantageously carried out under an atmosphere

of inert gas. Suitable inert gases are, for example,

nitrogen, hydrogen, carbon dioxide or the nobel gases,
15 with nitrogen being préferably used.

The process of the invention can be carried out batchwise
or continuously, the continuous mode of operation usually
being preferred for economic reasons.

When the process is carried out batchwise the reactants

20 THF, the respective telogen, and the catalyst are gene-
rally caused to react in a stirred vessel or loop reactor
at the temperatures stated until the desired conversion
of THF is achieved. The reaction time can, depending on
the amount of catalyst added, be from 0.5 to 40,

25 preferably from 1 to 30 hours. The catalysts are added,
to effect polymerization, in general in an amount of from
1 to 90% by weight, preferably from 4 to 70% by weight
and particularly preferably from 8 to 60% by weight of
the THF employed.

30 To work up the reactor effluent from a batch process,
said effluent is separated from the catalyst suspended
therein, advantageously by filtration, decantation or



Particularly surprising and particularly advantageous is the fact
that when use is nade of the telogens water 10 . and/or 1, 4-butanedi ol
PTHF can ‘be oboasog4ds2R4t he process - 1®f-the invention in high
space-tine yields in one step. | f desired, |ow nolecular weight,
open-chai n PTHFehtwvifiggation.a nol ecul ar wei ght of from 200 to 700 dal t on
can al so be recycled as telogen to the polynerization reaction, where

15 it is converted to PTHF of hi gher nolecul ar i .=.Since

1, 4- but anedi ol TRAJPPAWMABLEBGLIR K& ROTP R s ﬁﬁﬁgﬁg from | CARLYFt
groups, they aig geheeBlYy Woeked apedhyvdistillatiRimgamaintdrwtahdlBF ends
of the PTHF chai

n, but are also i ncor.porat ed ,i he ; PTHF, in as
nononer. 20 gel?ﬂea%%?ﬁbﬁﬂe?gsﬁﬁVﬂﬂwﬁﬁggu589d%&%éélg%gf é ﬁgl§k%$$§%tion
in the ferm of sgagel uttimoma i seddiid Sunificaeiorl| egege, if desmirad, low
term nation of [Zatd O he,_gyve I i gpd Of
the PTHF or PTﬁéE%Fggl? é%éa%ﬂe.ETHk.%ag’ongrﬁ%ﬁl é) v?%pfgﬁégﬁﬁoﬁ:ﬁdﬂgf %{;@' ogen
used. The nor epedymert ebygediptdddatiprn t HBdPEacTPEHCA? Xt RFRSSEFR | r the

average nol ecul-ap Webghte Of thle LRHde i [ hg1teepaeiv¥ty, volatildE THF
derivati ve. DepenX

1di ng on the tel ogen content gi th pgoly rléstion
m xture PTHF oPlimemezspeeanyLeTIfePolymerifged, aifiQfes S¥EAPHE sggci Rally
prepar edot 0 hapecaussagesseibedm@hepBlar 3yeaghbeoof ahdoredpoled 46, OB

[lacuna]. Pre- , fera t he _process of the invention produces PTHF or
t he resﬁ?@FF&QnP?HF%bé?i38F&Ves with average nolecul ar :
wei ghts of from500 to 10,000 dalton, particularly preferably fro
650 to 3000 daF&g& 159 this end the 0050/ 45224 -
14 - te ogeﬁ I'S, based on the THF anount enpl oyed, added in '
amounts of fromO0.04 to 17 nol % preferably fromO0.2 to 8 nol % and

particul arly prelgnahicydd oF A arAlyRY:

Catalyst A was prepared by the addition of 2600 g of

15 zirconium hydroxide to a solution of 640 g of tungstic
acid (H,WO,) in 3470 g of 25% strength ammonia solution.
This mixture was kneaded for 30 min and thereafter dried
for 2 h at 120°C. The powder resulting after a sifting
operation was pelletized, the resulting @pellets

20 {3 x 3 mm) then calcined at 450°C over a period of 2 h.
The catalyst had a tungsten content, calculated as
tungsten trioxide, of 20% by weight, based on the total
weight of the catalyst.

Catalysts B and C:

25 Catalysts B and C were prepared analogously to catalyst
A, but calcined at 600°C {(cat. B) and 700°C (cat. C)
respectively.

Catalyst D

Catalyst D was prepared by the addition of 1600 g of



The pol ynerization is generally carried out at fromO to 5 80[err]C,
preferably from25[err]C up to the boiling tenperature of THF. The
pressure used 095954&22¢ not critical for16he outcone of the
pol yneri zation, for which reason_the process is general I{ carried out
at atnospheri c FrEenium hydroxide ferrat Felatiogefdust$r 3 safetungshdc
.'polynmerizationglid aSdsbe® g of ammbhidMPi Sulbgréormnt3pmpoly edhenss

per oxi des the pol yneri - , zation js adyantageously carrje u nder an
at mospher e strength, ammondia s’iﬂ]t“g{'b‘t‘én’l mert s Jherkuy e?’a?oi‘nﬁﬁgﬁél or
ni trogen, hydr agemincamdon hdresifterodrtied folrelR paaesi205C. Thet powderogen
being pref er ably diftdng arer aTHERIAECTDI NS IMENLLON LR REGRT T o
out batchw se or ORI nudus Y, e continuous node of  operation
usual |y the nyegudtingedpdloretmoibenc cabebmed at 600°CWarext he
process s cariged gl oPat£ i seridiecheati ! 9 a difigetdie LEAPERL]ve

tel ogen, and the catal yst are gene- . y causg o react In_a
stirred vessel @laW@FaeHs druingsten Grigxide orperb8tir b ¥eagkh aREi P t he

gesi rg_d conver -'“‘dxﬁ.'"furt rc]:onte(ﬁft,:Hﬁg.bﬁlaﬁlaae?édﬁo;rg%% eﬂ?&i'yoﬂlgti' s ,ngsetziS
ependai ng. on e anpount, cal alLyst adqe e 1rromdo. 0 ,
preferal}l% fr o1 ttb(?ﬁtl‘?gﬁr“%elg%r’fe O%tt&{eyﬁaé:aiyed%dded, to effect

pol ymeri zation, in general in an anmount of from 1 to 90% by wei ght,
preferably frore %a?l 7t0%? by wei ght and particularly preferably from
8 to 60% by weigah ® the THF enpl oyed. - 30 To work up the
reactor effluent froma batch process, said effluent is separated

L romt Qtei cat glr ¥ele SYHENECHas prepd i ChY tAVaAIADEYS! B£bYaddd tgabison,

zirconium hydroxide to 2260.g of 26.5% strength by weight
MoO; solution in 12% strength aqueous ammonia. This

15 mixture was kneaded for 30 min and then dried for 16 h at
120°C. The dried material was kneaded with 40 g of 75%
strength phosphoric acid and 1.4 1 of water over a period
of 30 min, after which it was dried for 2 h at 120°C. The
powder resulting after a sifting operation was pelletized

20 and the resulting pellets then calcined at 600°C over a
period of 2 h. The catalyst had a molybdenum content,
calculated as molybdenum trioxide, of 20% by weight and
a phosphorus content, calculated as PQ,, of 1% by weight,
based on the total weight of the catalyst.

25 Catalyst F

Catalyst F was prepared analogously to catalyst A, but
was calcined at 675°C. '

Catalyst G

Catalyst G was prepared by adding 75 g of TiO, (P25, from
30 Degussa) to a solution of 20 g of tungstic acid (H,WO,)
in 100 g of a 32% strength aqueous NH; solution. This



0050/ 45224 - 15 - centrifugation. The

- polyneri zation reactor effluent freed fromcatal yst I's generally
Morkeddup by dP8BPVE&RREn, unconverted THF7 - bei ng advant-ageously
renoved, by distillation, in a first 5 stage, In a,secaond purification
stage, if desi mégturgywwas knegdes: fiok %wﬁgﬁFgP?thcgﬁlF Be Kepghrdted

fromthe 180k IeThe yowde 5 tdbd diirieal afitde t riteducddnpwas ses boired
recycled to the re%ﬁ% i

Jon_ Alternativel latile THE || '
be depol yneri z88, © rcoe;‘o’tﬁplze YUt he )1%5‘evop "I(') a ]serbtesg?}:%%%s%%% ,SAa o
2&042i960, andtuﬁggcbaddunudnt, calculatosd i @0 WOt hp§ f20kmby weight,
anpl es repa | t X Cat al A
oy 1 noaed, FRots) Befl YATsHEBE S carmrgen, S YS! 0 ues

prepared I'on of Zi rconi droxide to a
solution of 640 g of tungstic acid (Herr]WJerr]) in 3470 g of 25%
strength annnnb%t§g§%kign. This m xture was kneaded for 30 m n and
thereafter drie for 2 h at 120[err]C. The powder resulting after a
sifting operation was pelletized, the resulting pellets 20

f; 2t gl 3 tnm)h fj he'itsQ@'SC%c@eSfaTiéé?L Qﬂdl&Bﬂéﬂl im pe.isod of aibtilled wafiée
talys ad a tungsten conten cgl cul ated as tungsten trioxjide, of
20% by wei ght , Wﬁ&?eoc‘?ﬂr’}”trl‘%étm‘ﬁp 157'%g ﬁgi Ght 18% &fh&e §§‘| ?slf . wé?&h@
Cat al ysts B andgieocus2iH, solathbyshy Ridimny Gotdr eqindpamed atnaP8§oasdy to

g’lt alyst g wh%’lebugtac.:@‘icfhgedatat 2000085¢ 45t (G - oB) @yl {R0[g5rIiC Geat.

distilled water over a period of 1 h. The mixture was
stirred for a further hour. The resulting precipitate was
then filtered off, washed and dried for 24 h at 120°C.
2.4 kg of this precipitated TiO, were added to a solution

15 of 638 g of tungstic acid in 3.65 kg of 25% strength
aqueous NH; solution. The mixture was kneaded and then
shaped into 1.5 mm pellets. The pellets were first
calcined for 2 h at 450°C and then for 2 h at 610°C. The
catalyst had a tungsten content, calculated as WO,, of

20 18.6% by weight, based on the total weight of the
catalyst.

Batch THF polymerizations:

In a glass flask having a capacity of 100 ml and equipped
with a reflux condenser 10 g of catalyst pellets
25 (3 x 3 mm), which had been dried prior to use over a
period of 18 hours at 180°C/0.3 mbar, for the removal of
adsorbed water, were suspended under ‘a blanket of
nitrogen in 20 g of telogen-containing THF and left at
50°C for 24 hours. After this time the reaction mixture
30 was diluted with a further 20 g of THF. The catalyst
pellets were removed by filtration and washed three times
with 20 g of THF each time. The filtrates were combined,
concentrated at 70°C/20 mbar in a rotary evaporator, and



respectively. Catal yst D _ Cat al yst D was prepared by the
. : - - 16 -

addition of 1600 g of . 0050/ 45224
zirconi um hydrogbdgas5224 sol uti on of 425 ¥of tungstic acid and 200
g of ammonium sulfate in 3470 g of 25% strength amoni a sol uti on.

This mixture weeigheddedof etermine ghenavepiagea M eqHar Heiht dn 2 h at
120[err] C. Theppowdleh of the PREM UbtGide®wad Wibjetgepai@tidlb vesbe -

pelletized and , | t he r?sulgi a eé%et§ then cal cined at 600[err] C over
a peri oBigFi2latiene EQPaFQ t *h®838’ tungst en cont ent,
cal cul ated as tungsten trioxide, of 18% by weight and a sul fur

content, CalCu%ﬁ%g?§g€?§§leQ&Jleégiﬁgf)%%igékghRMnPa%ﬁga%%FysFTﬁﬁmggﬁhéOtal

wei ght of the | yst i
pr epar edsby t hebaddnetiowasf deségmined by gel pérmemtiem hshiFemaeI¥aPlY60 g

of 26.596strengb@$z¥swggggtdeﬁ%§?d ﬁ@C%ﬁérégggkygﬁon in 12% strength

agueous ammoni ure”was kn ed for 30 mn and then dried
for 16 h at 120[err]C. The dried terial was kneaded with 40 g of
75% strength phosphoric acM)=an -4 1 of water over a period

of 30 min, after which it was dried forXkh at 120[err]C. The powder
resulting after a sifting operation washﬂelletized 20 and the resulting
pellets then calcined at 600[err]C over “a* period of 2 h. The

cat al yst had a.nnly&&g§§n1cont%%5ﬁs for (¥ﬂcnnégﬁgg é%?iggdegyn1%%§ as

trioxide, of 26% b htCianf a phosphor Uus con cal cul a
PO err], of 1%imdiwdidglafl polymer species i in the polymer mixture
obtained and in which M; is the molecular weight of the

10 individual polymer species i.

PTHF yields obtained batchwise using differxent catalysts
and telogens and the average molecular weights M, are
listed in Table 1.

Table 2 lists the results of the batchwise polymerization

15 of THF to PTHF over catalysts calcined at different
temperatures underxr otherwise identical reaction
conditions. '
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Catal yst F
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NH3 sol uti on.
pellets. The pebbeys4saede first
then for 2 h at 610[err]C. The
calcul ated as W)[err], of 20
-of the cat al yst.

18. 6% by wei ght,
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in which ci stands for the concentration of the I ndi vi dual pol yner

species i in the polynmer mxture obtdined and in which Merr] is the
ol ecul ar- wei ghe56/45224 10 i ndi vi duat $bl yner species i. ' PTHF
yi el ds obtai ned batchwi se using different catalysts and tel ogens and
t he average nofeetinvounsipalymerératiereof THF jjsted in Table 1

Table 2 lists the results of the batchw se polynerization 15 of THF to
PTHF over catal ysts_calcined at different t enperatures under
otherwise idef¥R®BEe %reaction condi tions. 0050/ 45224

- 19- [err] 0050/ 45224 -20- [err]
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A fixed-bed 2feactor having a capacity of 250 ml was

- filled wunder argon with 220 ml (372 g} of the

5 MoO,/Zr0,/P0,3" catalyst E which had been dried . for

20 hours at 180°C/0.3 mbar. When placed in the reactor

the catalyst was covered with THF (<0.01% by weight of

water). A circulating pump was provided to effect

circulation of the reaction mixture. When the reactor,

10 pump and conduits had all been completely filled with THF

the reaction mixture was pumped over the catalyst for

24 hours at a reactor temperature of 50°C, without THF

feed. 8.1 g/hour of THF containing 0.2% by weight of 1,4-

butanediol were then continuously metered into the

15 circuit over a period of 120 hours. The circulation/feed

ratio was approximately 60 [lacuna]. The average THF

yield over the reaction time of 120 hours was 48.9%. The

average molecular weight M, of the PTHF obtained was 2400
dalton as determined by GPC.

20 Example 10

The continuous THF polymerization described in Example 9
over catalyst E was continued with the same rate of feed
of THF, which contained 0.4% by weight of 1,4-butanediol,
but without recycling .of the product (circulating pump

25 switched off), using otherwise identigal reaction con-
ditions. Once the PTHF yield had reached a steady value,
the reactor effluent formed was collected over a period
of 72 h. Following c¢oncentration of the reaction
solution, as described for the batch tests, PTHF was

30 obtained with an average molecular weight of 900 dalton
(as determined by GPC) at a THF conversion of 6.8%.



Cont i nuous pol ynerizati on of THF Exampl e 9 A fixed- bed
reactor having a capacity of 250 m was - filled wunder argon wth
220 m (372 0§p0/4B22¢he 5 MoJerri/22C/ PJerr] catalyst E which had
been dried for 20 hours at 180%err C/ 0.3 nbar. Wien placed in the
react or Bat chaPalyerigstionep th THF (<0.01% by wei ght of
-water). A circulating punp was provided to effect circulation of the

reacti on m Xtur n,the_.reactor d copduit a I en
conpletely fillF g‘& %‘FﬁhTﬁﬁlymerlz?ﬁé"?eﬁt??@ﬁ%ﬁf&?u?é a/a a%ﬁ?ﬁﬁ go%/e{f)gt he
catalyst for H wer24chewisdabua asadeéscribepeint ExempleS5D[errC Tabidout

-tl)-:"lt:anedi ol feedg tsgﬁléﬁg'j 3%tlér r?t%’ Eﬁeﬁ%?gf%%'sﬂﬁ.g;% t%%gi{gwl ggt rgLi 'éL g;/er a

period of 120 hours. The circul atlon/feed ' rati o was approxi mately 60
[Iacuna]g, The %.\é%r%g THF yield over the reaction tinme of 120 hours
was 48. 9% aver age nol ecul ar wei ght I\/[err] of the PTHF obt ai ned
was 2400 dalton as determ ned by GPC. Exanpl e 10
The conti nuous THF ollyner.1 zat descrl ed | R 9 r
catal yst E was €O enuéﬁta\ﬁ"fﬁ ﬁ'} e r ?"Eé . of ]fﬁ%\ég ijch
cont ai ned 0. 4%y wei dht of 1, 4- but anedi e, ogen BRSO °+ee°é’§lﬁfl ng of
t he product (circul atijng punp 25 swi { tipmdbof f) | {%si ng ot weighte
i dentical reaclion cor¥ ditions. hthe PTHF yield M,lr eachgd a
st eady val ue, Hhe—+eactpr—eHuvent—formed—wgs—cottectedover——=
peri od pf 1212 |hwo,/Bod] ()\Eilngledégh}ent 2eQ0 on | of 36the | ea%i%%n
solution, as d¢scribed forrthejbatch tesfys, PTHF wds 30 optained wth
an average nol Le-u-l—a-v—wc —ght—ef1+900—tdattof— gs—detern
a THF conversi on of 6. 8@153/1‘:102 Butanediol {- 2000 47.9 7900

e}

10 13 WO;/Ti0, | Butanediol 2000 37.2 5300
H ' '

Continuous THF polymerization in the presence of butane-
1,4-diol

Example 14

A fixed-bed reactor having a capacity of 250 ml was
15 filled under argon with 322 g (250 ml) of the WO;/2r0,
catalyst F which had been dried for 72 h at
180°C/0.3 mbar. The polymerization equipment was filled
with THF containing butane-1,4-diol (0.5% by weight
butane-1,4-diocl). The reaction mixture was initially
20 ° pumped over the catalyst for 24 h and at a reactor
temperature of 50°C. Subsequently, THF contéining butane-
1,4-diol {(0.5% by weight butane-1,4-diol) was
continuously added at a space velocity of 0.166 kg of
THF/1 of catalyst*h. The polymerization reactor effluent
25 obtained over a period of 72 h (3.00 kg) was worked up by
distilling off the unreacted THF under reduced pressure,
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- The batch pol yneri zation experinments with catalysts F to H were
carried out as00B8£45B@d4 in Exanple 1 or 23 Tabl e 3 shovvs t he
experinmental results obtained. 5 Tabl e Exa C&t}al yst
Tel agen Anptinl levedThy shoyf palfe dlStlllRElOI‘l at 150°C 0

tel ogen CoNygHSHOBFMPIeFUh@dre obtained which had, according to|tlpen by

9 h ht
CiMerry) O iEomR g soectppny Rz AYeEASE BRLSRIAT Vi Rodh Of 303
5500 dalton. The yield was X2 7% Wifler rdpakketeimd Biekhedrn| 16

2000 47.9 0 10
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Conti nuous THF pol yneri zation in the presence of butane-

1, 4-di ol Exanpl e 14 A fixed-bed reactor having a capacity

of 250 m was 15 filled under argon with 322 g (250 m) of the

W3/ 2rJ err]

13



tatal yst F which had been dried for 72 h at - -180ferr]C.0.3_nbar. The

pol yneri zati on -equi pnmrent was filled with THF ainin

‘but ane- 1, 4- di 0b050/55224 wei ght buzane- 1, 4- dumﬁ umwlimumn

m xture was initially 20 punped over the cataly (o t a
react or Weeapaimture of 50[err]C. Subsequently, THF contafnihg
but ane- 1,4-diol .(D.5% by wei ght but ane- 1, 4-di ol) was

continuously added at a space_ velocity of 0.166 kg of THF/ 1 of
catal yst *h. ~Thé- pol 3rig¥9sess JiP% &8 BFeBRIRLAAT ?g p°ly%§%?%%%%)§aré

period of 72 h (3. 08rkgloMastiRitkedffurdh monoestessi Idfi ng, ot f, trxeno-
unr eact ed THF under reduce res

- 23 - f ol | ofiBY°B gﬁ rta-cggisﬁ’}a}’sﬁ}ﬁ a??%’ﬁm% 15%’3?%’%?}"& o-S ar .

290 g of sPTHF were hpfabfiedanhimrehad, beterdiemgecust lmtalyst [ dnr | HhanR
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ie yreld was 16

yield was 9.7k. The“space- of PTHF 2100/ 1 of
cat al yst *h. diol or po Y%@EF@EE@§°?BFaFheg%Véﬁara?id%°%$cular
pol ytetrahydrof urangeight of £mP2by! el aryelr ghvesn, Neroesihaiirel of
Cerr]-Cerr] nono- carboxylic acid

by the. pol ynerization_of
tetra- 5 hy 8h6ear e Resng, hat eEE@ cSRLR YRS | ﬁlﬁeﬁi is a
presencgpoof one of ghgpbetedenmuudiydt whilchuteneains a catalgtbéably
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molybdenum compound or mixtures of these compounds
on an oxidic support material and which has been -
calcined at from 500 to 1000°C following the appli-

15 cation of the precursor compounds of the oxygen-
containing molybdenum and/or tungsten compounds to
the support material precursor.

2. A process as claimed in claim 1, wherein the oxidic
support material used is zirconium dioxide, titanium
20 dioxide, hafnium oxide, yttrium oxide, iron oxide,
aluminum oxide, tin oxide, silicon dioxide, zinc

oxide or mixtures of these oxides.

3. A process as claimed in claims 1 and 2, wherein a

catalyst is used which is additionally doped with

25 _ oxygen-containing sulfur and/or phosphorus
compounds .

4. A process as claimed in any of claims 1 to 3, where-

in the supported catalyst contains from 0.1 to 50%
by weight of molybdenum and/or tungsten, calculated

30 as molybdenum trioxide or tungsten trioxide and
based on the total weight of the catalyst.

5. A process as claimed in any of claims 1 to 4, where-
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tshese tel ogens, wherein the catal yst used is a 10 Jl’ N
tatal yst which contains a catalytically ' acti veg "ﬂﬂl’ﬂﬂ l
. .0xygen- cont ai Mo&p A46RPk en or - 2®l+ybdenum conpound of mx of
t hese conpounds X on an_oxidic support material and which has been
cal cined at from 500 td sauBIEied Catalwsy e umedphich pontains fregy | on

of the precursor cojingds Disthe WEYGBE- of sulfur andyert phidsphoFRisybdenum
and/ or tungsten conpounds t.o

t he .suppor.t. nateri al precursor.
2. A process as cleaitated|ag Auliahr ey erth‘drgﬂfﬁﬁediad‘ based on € uppor t

material used is zidowdl ureibilaXisie, thie teatalysX). di oxi de, haf ni um
oxide, yttrium oxide, iron oxide, al um num oxi de, tin oxide,
silicon dioxide, zinc oxi de or m xtures of these oxides.
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Is used which is a 't'ﬁg# OPES i d hy B NaLodt 4 i ng
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process as claimed in any of clains 1 to 3, where- in the

supported catapyst gGMdds fdPB1Rihdd® i20%ny of claims Dytaves ghihedfe-
nol ybdenum and/ or tungsten,, cal gul ai(fd 30 ., ml ybden t r.d pxi de
or tungsten trioxi d&® anium diox1dg) Qi JUisfFY%Rs tﬁﬁ%ﬂm L@thlﬁfee

cat al yst. With A rerreiasn @8 oxigienadel nsedyasfsupports rattexrikl wher e-
0050/ 45224 - 25 - in a supported catal yst is used
whi ch contains from 0.05 to 10% by wei ght of sulfur and/or
phosphotas, 8. A procesg as claimed in any of claims 1 to 7, where-

in water or 1,4-butanediocl or 1,4-butanediol/water
mixtures are used as telogen. '

9. A process as claimed in any of claims 1 to 8, where-

in tetrahydrofuran having a telogen content of from

15 0.04 to 17 mol%, based on tetrahydrofuran, is used
for the polymerization.

10. A process as claimed in any of claims 1 to 9, where-
in supported catalysts are used which have been
prepared by impregnation of the freshly precipitated

20 and dried hydroxides of zirconium, titanium,
hafnium, yttrium, iron, aluminum, tin or =zinc or
freshly precipitated and dried silicic acid or mix-
tures of these compounds with a solution of the
precursor compounds of the catalytically active
25 molybdenum and/or tungsten compounds and optionally
' with sulfate-containing and/or phosphate-containing '
solutions, followed by drying and calcination at
from 500 to 1000°C.



B

cal cul ated as sul fate or .phosphate and based on the total weight

of the catalyst. 5 6. A process as clained in any of claims 1 to 5,
-wher e- 0050/4%224 coni um di oxi de is used as support material

7. A process as clained in any of clai 1l to 5 where- in
titani um di oxiRRERATAIAMLS Rﬁh{qeﬁ%ﬁ}lﬁ?ﬂ%"ﬂb with zirconium
~diroxide are used as support material. 10 8. A process as clained in
any of clains to 7, where- in water or 1, 4-butanediol or

1, 4- but anedi ol %ﬁét m xtures are used as tel ogen. 9. A

process as claimed in any of clains 1 to 8, where-

In
LML R 0P TR LBl

nol % based on ydrofur an, pol¥ﬁerization.
10. A procesPakytstaahxitofunran onosPaphers ©F £1-fther &Onocarboxylic p

supported cat a%é’ﬁé BYC tRL Ao iRl NRYEi BRECBE tetrahydrdM i8Rt e6vey a
0]

i npregnati on e freshly precipitated 20 and _dried Ey . oxi des
of zirconi umhetexegenagpus catalyst uify nEBf BRGSSOGR PFoPPS 9§ '%ﬁﬁ tin
or zi HCf or ] telogens{j wetlelyy, prLegiputahediald oiri edblyitetmahyatyict wmrami x-
tures of these conpounds with a solution of _.the [ sor
compounds of tHE a?yT?ﬁ%T? ECY?§%L§509 frod 298I§gdgﬁgng%ﬁ§:5P'fﬁ%gsten
conpounds- and ®pt aond|4G;, monocarboxwlic saicisgh eoxomtisitnineg anll/ dhese

DapsPhal eoconteLikdihe, wherein SO 5anal) HBLaVSEN M Ndiriea
catalyst which contains a catalytically active amount of
an oxygen-containing tungsten or molybdenum compound or
mixtures of these compounds.on an oxidic support material
and which has been calcined at from 500 to 1000°C follow-
ing the application of the precursor compounds of the
oxygen-containing molybdenum and/or tungsten compounds to

the support material precursor.



