~:e3e 6 "6T6TY' -1 As originally filed P.F. 0000052596/ Ja Catalyst for the
preparation of polytetrahydrofuran 5 The present invention relates to a
catal yst for preparing pol ytetrahydrofuran, polytetrahydrofuran copol yners,
"diesters or nonoesters of these polyners by pol yneri Zaf)iPOB%(ﬁOSZS%Ja
tetrahydrofuran in the presence of at |egst one tel ogen and/ or cononomer.
10 Pol ytetrahydrofuran (hereinafter referred to as "PTHF"), which is also
known as pol yoxybutyl ene glycol, is a versatile internediate in the

pl astics and synthetic fibers industries and is enpl oye ik, as a
di ol component for producing pol yurethane, polyester angillmmmﬂwmmmm

el ast oners. Ag\oﬂgdﬂw@md it is, as are some of 15 its deri vaispyes, a

val uable auxiliary in a variety of applications, e.g. as a dispersant or in
t he dei nking of waste paper. In industry, PTHF is usually prepared by

pol yneri zati on of t et Catalystdonthrrpreparationafd pelytetedleydrefiran as " THF") over
suitabl escatalysts in the presence of reagents 20 whose addition makes it
possi bleto control the chain |ength of the polyner chains and thus to set
t he mean nol Betulpssenieinyprtique melptas tter sricatelysorior @aeparing rolyterahydyduan) . The
chai n | engt hydipte@AiykiFdhla dcopoByni@s, €GikeitoR 8 nlohRBsteRdo RV tpolfmdreligen. The
choi ce of suitabletel ogens additional]y makes it possible to introduce
functional grBYpErzafion ok tehrhydrofuran dpithe BFrgEncsoft Helegsbopherlogsmprf/ons Thus,
for exanpl e,cdnitmonge of carboxylic acids or carboxylic anhydrides as

tel ogens]é)rrakes it possible to prepare nonoesters or diesters of PTHF. PTHF
itself i's only formed by subsequent saponification or transesterification.
Thi s pr epar akolpatralyydidferasf (beriméterafatd © @ws“RIHKRY; whinhes AdFkmpmocass. 30

G h t el . i i . r . o
Tncor por at e byRRhe Wbl o8 € Dt SRtk ARk @ BOUERES B JifeR 20\
function of fbereiinsysticpand 4 employeheiniearidia psnd dolcenreprgdt foarroduemg

ther ef ore bepdipfietha®d pbRegter 4Rl 46 Bl stB e B0 IPARIRAS ikt R L808he of
justificati o.n.dExarTgI es “of buch 35 cononojrer sf arcIa t el ogens haau ng t wo
hydr oxy gr Odﬁss,eqcvap eec,xaﬂﬂu §jag¥idlary 1n a variety ol applications,’e.g. as a dispersant

or in the deinking of waste paper.

In industry, PTHF is usually prepared by polymerization of tetrahydrofuran
(hereinafter referred to as “THF”) over suitable catalysts in the presence of reagents

20  whose addition makes it possible to control the chain length of the polymer chains
and thus to set the mean molecular weight (chain termination reagents or
“telogens”). The chain length is controlled via selection of type and amount of
telogen. The choice of suitable telogens additionally makes it possible to introduce
functional groups at one end or at both ends of the polymer chain.

25
Thus, for example, the use of carboxylic acids or carboxylic anhydrides as telogens
makes it possible to prepare monoesters or diesters of PTHF. PTHF itself is only
formed by subsequent saponification or transesterification. This preparation is
therefore referred to as a two-stage PTHF process.

30

Other telogens act not only as chain termination reagents but are also incorporated
into the growing polymer chain of PTHF. They not only have the function of a
telogen but are at the same time a comonomer and can therefore be referred to as
telogens and as comonomers with equal justification. Examples of such

35 comonomers are telogens having two hydroxy groups, for example diols

I
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--. 2 - P.F. 0000052596/ Ja (dial cohols). These can be, for exanple, ethylene
gl ycol, propylene glycol, butylene glycol, 1,3-propanediol, 1,4-butanediol,
2-butyne-1,4-diol, 1,6-hexanediol or |ow nolecular weight PTHF. Further
‘suitabl e conononers are cyclic ethers sych as 1, 2-al kyp@ngodtes /Ta€- 9

et hyl ene oxi de or propyl ene oxide, 2- nethyltetra 5 hydrof uran an

3- nethyltetra é ofuran The use of such conononers |eads, wth the

exception of(d pls). Thesagandsetor sxample, gtbyleneoslucoli pippylenegivcobhutyleney t he
formation of 1&@@3;&6@&%@11 IGPBOlaNERs1S 2- Bwyremafdicﬂr 1ocfeinediiblte@ low THF

I t h dify PTHF. 10
Fndust v ai | ynoeniee whiet STHE AR SyiBRRS oo S AR Bi0h S REMCEA on o
THF using vval@-ra]kyllené bxities) eeligol etlpylerdeowxivel ec uprapylews gixidePTHmettylteed-ogen
QVer Al S CAN ol O SR A SioRurk MR B LI AIRARRRR By SHET™

i ssolved in-the reaction s €t'erogeneous, |
undi ssol ved,thgexception oowetenrl, 41bh@n¢<bolaand/1ﬂ\v majegulasrweighty BE Fottsthﬁhl ch
are, in partigh@n &chet?a\ﬁ?&lro'fﬁ}aﬁ heopm%é}@suere}éafei P’EHFedwtw a9 gHpol ecul ar

wei ght of from 650 t represent. a di sadvant a%&/ a arge i ndustri al
scal e, proce¥pe “@ﬁﬁa%@é’d‘ isrveaynales i Restipleyio chemicldy wedily PERED t wo- st age

processes in which THF is f|rstIy pol yneri zed, e.g. in the presence of

fl uorosul fo et.rah dro uran ste and.t are
Cubosouat {nfudiafy, sidut ShibRprebd A Sl S B3 et Poud 80 T Dl
achi eves hi giséng Wlalér cbmbatasadmlsot mmﬁecmlangv@glgt%ﬁﬁ s dclegaesver Acid

articul arl F@&g,gw pesence
gf car boxyl ?/C?;H%%n ri es%%trgﬁggﬁg%l@ l%g %ﬁﬁﬁgé&gbﬁnaﬁgoxyﬁlsé&‘%‘? m xt ures,
e.g. acetic T&MWrSWSféInd#ﬂ ddeterogeneaityy k- |1@rg¢1a@@ﬂisaolm QYW dloweven e i n t he

presence of 1%&&1%1‘}%@"1?1# %oﬁ%rﬁélsf@ﬁl% PFE:""fn ?%E@lhﬁ%cﬁ@@ecﬂﬁbtﬁ@g dsis
transesterification of th ta

or exa hanol
form PTHP an®f ﬂEﬁW%%m&E@u arrwe f ?Iatq58rsoé OCrppEesEy a&aﬁageﬁaé}tqgfau on of
THF in the presence of carboxylic anhydrides and/or carboxylic
anhydride/c boxylll C ac:m‘_ddt tures and the 30 1Bre({x)aratl on of TH ﬁéeml yners
by pol yneriz Pl 8n GE°T Fﬁla hE25t eBENEE 01 “ERPHT yffchplé R%‘Hn és "Bnd/ or
car boxyl i ¢ aatloyementenedtwosstage preccssds m xthiche EHES fiestlyl palymetizeds e.gsin
COMDNOMEr'S Qygr, réseheedoiaﬂhgoeﬁfo%w%& to"fOb R b BBl AR SR add BT poSes

of the present paten ication, are - A-198 01 462 descri bes

aci d- actdWat &8 selaﬂeepwmmqmem tpc?ﬁﬂﬂ%sﬂna\f?rﬂgOETwemlvmerléqwaeéahfrea of >
300 nR/g, anachedved th m}ggh@f TH c6ii efsidils/ tad @b @I@eg@gwpsoceise§ ASpaamhm e

vol unes of >

pore sizes.in to 20
b F- 000005 aM g aped BF ez of S dafe e of cemenvlic
pol yneri zat i ahydfidekHdr carbokpliacvanhydtide/caboxylic AEidimtktares teag. asetidihpdride228, 462

descri bes a &%%ﬁ 38%&{%@&}{‘&1&%9&%%5%@ of the"}fre?e{%@e 3k ‘éXJTdecgi?aA?stsOES des

over acid-ac oni tes
cnB/ g, adber alpempOrREE g¢ciates and quéequgmtgtéar@eslert traporg of mﬁ%TféiF acaafes with, ar ea of
220 to 260 N gxanipl6AREthIMEIUS fRMIPBIRANPRAINY] fUBRENSI on wi th the catal yst
being used in powder formis described. 10 According to DE-C2-195 13 493,
cal ci ned magnesi um al um num hydrosilicates of the attapulgite or sepiolite
é ype are usﬁﬂh@prepﬁfhﬁd)rysi PTHF uglr;&mﬁﬁérngupﬁ)bytremmhrrﬁé bydseive dftcbtbbxgli?/cm

iesters. The.use,of t se catalysts t he .known. montmmril | onite,
zeolite or k%{gllyﬁﬂdeéatagpfstgar gxg HPS&}F}@E&%O&YW gﬁcég BBT‘WF@H tltl?)n rat es
and nor e3ni Ibmpamqmrnpér"lfﬂlésoami@lmarsnby @olymerigatiomof ddUf an thé preseugiet of
di stribution a?lf)o E ARyitRs %mﬁ}?)tr EHaﬂ)% lid Enl?'dﬁlle/%ﬁl%géyqlcdgc?ﬁ:rrﬁﬁﬁﬁesaaﬂf ocess
for the continuods preparation of e ters having an i nproved

mol ecul ar  wePGHE cHiest 35 EUmqnomersThet spkid éeé cpialystsy Whefé e prefeesd for dhy i d

i norgani c ac lq @@gafms résemspasd@le@ﬁpmgnm{:afeatwns menti oned are 20 catal ysts
of the zi rcom um oxXi de/p silicon dioxide type or the bleaching earth type,
with catal yst particles of < 3 mm

35 DE-A-198 01 462 describes acid-activated calcium montmorillonites having a

specific surface area of > 300 m%g, an acidity of > 0.02 mmol/g for pK, values of
< -3 and pore volumes of > 0.4 cm’/g for pore sizes in the range 30 to 200 A as



-WO- A- 94/ 05719 nentions anorphous al umi num silicates and al so aci d-activated
and cal cined kaolin or zeolites as catalysts for the preparation of PTHF
esters of 25 dicarboxylic acids having a narrow nol ecul ar wei ght
“distribution by polynerization of THF ig_a fixed bed ip e of
carboxylic anhydrides. The abovenmenti ong’d processes show tﬁ%@stgﬁ%)fa

pol yneri zati on catal ysts based on sheet silicates which are used do display
a hi gh cat al Gasalysiein Ravder ohepswai formripy theolymerizatiools B do &oreh ifplocess.

On the ot herglhapdiF dladehgscase of the preferred nethod of production in a
fluidized bed or fixed bed, which offers advantages in separation fromthe
catal yst conpared to the suspension node, the catal ysts described display a
greatly redud8dA-dB\IGR evdnibos mmmofqhqmeidgtaomlgmersmmwand :tlknﬁen&conom’ cs

of a heterog us ca BT on the
35 pr odu;es{l vg’pggsof %/eh_‘e %CE(I[I.X‘?[%}Z Fﬁgﬂﬁ%}ﬁﬁﬁﬁ% 6‘8%‘8% % ﬁﬁﬁl S an obj ect
of the preseht ¢ A Bam’iHaveragepavisides i thatangy Ol k3 &tmeangraeqyafa@st aronobf

0 T hose pol pres Rl ¥ LRI PR BPASPTRICh with TRe L@l papgoest ers
di spl ays a hisge ippouderdpsm isydes@igdci al |y when used in a fluidized bed or
fixed bed. 5 W have found that this object is achieved by a catalyst which
0705 rmBl0 pr AFRFBRJS HE-FEAS5 19, B3nRae T e e AT B ASFERHS: ot | oast
1 mB. Furt hthe moatapulghe oat abpyistitehatypat ateeasdedonms ofatdlyse ffeat prepsri@d and
b): 10 a) A i i S imumin
t he pore rad?agt%trré{%gﬂg P%r% %6587%1 @8%%@A%p%gée o t%ésse @attﬁlksqéﬁ{s B%Z)ff al yst

por es havi ngkrae |m<vﬂmﬁr15m1@oozepbte3go¢aelerr rc)lta(l)‘yl‘StSl!b“s gridatoe feadhton highes cnB/ g,

preferably %(ﬁ?ﬁl@ﬁzz{tﬂaﬁr}at@s QK@ nﬁff@/uﬁlfé‘ﬂl‘ijfgﬁfpeﬁldgch'iﬁ DOmy ﬁ'r{fﬁ)rﬁhf m@ﬁzt:ﬁlhry st
pores having radii from?2 greater than 0.075 cnB

pref er ably gWé‘&pb‘ihSW?&HO‘DOflthEﬁ%%’ﬁ‘eéﬁ"@tﬂpe pore vol ume of cat al yst pores
having a radius of > 200 A of greater than 0.1 an/g, pr ef erably greater

than 0.15 c reneis Lve catal.ysts V\/nic t he
foatures ay Tha-bi 2090 oesrabs & BeasRdel i S RuRbS e bt S o

cat al yst par diestess hai/mgtarﬂ masbve(d 106lenuifr welighhdiagibotieh.yTheakesess tis posed bI e for
the catal yst 10, e

decant ati on %‘%\td gﬂdr gltol %‘Bﬁ{ %Eltgﬂca&fé}m s P§&Héslh§pg§t§il %‘ﬁ%?‘gﬁ’é‘g‘é agér/ when
used in 2 fl Eﬂt%ib’&téef M@dmmonfur&@aldgédlconrﬁl@znﬂwxmerr the @lt‘@ﬁhléa eafth defenent |
50% of the t&ﬁtﬁ|ca@§@ﬁpa\f9élém¢§nﬁﬁde up by pores having a dianeter of <
0.1,um 30 The production of shaped catal yst bodies from pul verul ent raw
materials can be carried out by nethods known to those skilled in the art,
for exanple Wﬁet)tlf()ﬁ@w mgg&m&rrmirbbmusmiumxmnushomcs ﬂm aalsee acidsctivhedl, for

Ver | agstesel MRCRIRREGERnch B B0 AR, iihiuafbr PRRR G at, 1

t hose sk#d | edicathoxyiic aacnds fbatwwaﬁrplr@n@mdm%eculaubme@@tm gligirbution sby vent s,

can be addedpgymeAgariol®f TRARINAGIUDR i IpRésBRG o ficBrboxylicCarhyrides.
0000052596/ Ja

The abovementioned processes show that the polymerization catalysts based on

sheet silicates which are used do display a high catalyst activity in powder form,
30 i.e. in a suspension process. On the other hand, in the case of the preferred method

of production in a fluidized bed or fixed bed, which offers advantages in separation

from the catalyst compared to the suspension mode, the catalysts described display

a greatly reduced activity when used as shaped bodies. However, the economics of

a heterogeneously catalyzed PTHF process are critically dependent on the
35  productivity of the catalyst.



‘gi ven to shaping by aggloneration or extrusion in the presence of water as
auxiliary. As raw materials for the novel shaped catal yst bodi es having the
abovenentioned 5 pore structure, it is possible to use pul verul ent
catalysts which initiate the polynerizatjon of THF in the ®Roeee»986/9f

car boxylic anhydrides or carboxylic anhydride/carboxylic acid m xtures
and/ or cycl iﬁ ethers. Preference.is @i ven to, cat %Iﬂ%ist ra\ﬁ/ mat erial s which
display a satli SR Of Hic: Prasenh iyanen A Rrovidherratil ey forihp shgparatiopoh, i n a
st andar di zed ppBtetrbydrafirar npdlgstrahydeofutah ecapolypss sdiedters her ioaseRirs 1od

invention, initial,productivit ans. the productivity..of t.he catal yst at
negl g iy | s BenBsP Hitch b sy B YR g SERRLIHTHS S 1iBle SRRl om &
bat chwi se polpyrruciivigt, especielp avhenusad ias ftediced beslbrifixedbed.exanpl es. Thi s
initial pgoductivity of the catalyst raw material in powder formis at

|l east 0.5 g of PTHF or PTHF derivative per g of catalyst powder and hour of
reaction ti nmVe hpes Eyad dhatitBisgibjesch i achieyed wtélwtawglchas/ imthedarm wift i al
producti vi ty spdpedtboliRg ot partiBledhifsin®akbiugié Frak YeaRr RO mAL!| Prediradl@asleast- S

g/ g*h. The sgai)edﬁaéallyst odi es of tﬁ}g[g{esan mvenﬂq}g ar ngt
restricted tQ-cBhAdpartighiagy p %ra&yc?ﬂ 8! B shudhengotss theqafalyst has at
conposi ti ons leafhenefolxefestueds a) bed py:esent 20 i nvention can |ikew se be
carried qyt usi ng catal ysts produced by converting a shaped body having
little of no polynerization activity into a catalyst according to the
present inverd)i onoporeuadihedistributiomwhich displays|ageagifonsundximamainyke porar e

bl eachi ng earths agiilvahsdnes ©03pSGPARJI s or m xed oxide catal ysts

obtai ned by inpregnation or coating of Support nmaterials. In this

enbodi ment, the catal ysts of 25 the present invention |ikew se have a

powder activithy OfA pbrel @sifiine LfTatil@h pBrekFha®ing AT ddeffdy 00OME 00 A oFf

cat al yst .powder and ho 0 eagtion tinme, preferahly_1 g/g*h and

parti cul &SI y pref &F%fyﬁﬂzl. é‘oélcﬁ* » pﬁgaﬁgﬁ%‘g s Bwstcﬂ%l@g‘?'ﬁ(qri BPOTctivity
can be carried outvpluhor ofccatalyst pores having eatiil off froimt 200 510 Aot pienigr thae shaped
body to obtain a We a_.ch S| I | @gous
material in 30 po%'er ‘%%?éh pr%éaci :é{r/eg‘q%g ?irf@'slt c‘éo %@Widoﬁ@eugoéwg o(rgade of
aci di ¢ solids knowatalyst Paesschaying pe@divg afhe 200 A At @vagirngpar @-1 enyg,esent
invention, the userGtrabeRéat& thir@iSemP/pg. pPreferred. Preferred sheet

silicat ez are those of the nontnorillonite/saponite group, 35

kaol in/s Ppenti ne group or the palygorskite/sepiolite group, particularly
preferably mpaéfeRhtd Is@iNcnas catiiysts Whidheifave baml the featiaéd Hpuld o).t es or
sepiolites, as are described, for - 6 - P.F. 0000052596/Ja exanple, in

Kl ockmanns Lehrbuch der M neral ogie, 16 h Edition, F. Euke Verlag 1978,
pages 739- 765 vélefmerad thesimdivinduahshaped caslystdfody loe cprlysiepartidlgoeaitleash().06 he

sheet silicatge. & -afl gy [ i i vation
can be carri ?21:03{1 nya%%rr@%ﬂﬁ’s?ﬁsa?g e(ﬁ%?lltan%lr gﬁeésa\(g?%qgeljgcer%?]@gae,p-gﬁgﬁdagﬁarrpI e,
in US- A- 2)64dtogy theqrolymer, e BY dpeasiptionagd/or dilteation.ip thoease D6 2 syprengiond
activation cafodess éavlidnae®@ii a DyidiRABEd 6f fixcitedus acids, preferably
customary mneral acids or organic carboxylic acids. The acids are
preferably selected fromthe group consisting of hydrochloric acid,

sul furic aci dp alfdrthet preferadi ainboginaphd0% cofabe dotalf poreivolumd @, madetp dbyaci d
and citric agj £t Cdd e is given to sulfuric acid and/or
hydrochl ori c ggelség%g a?ﬁ%“?‘?"’ﬁﬁ?‘?‘%?‘ﬁm d activation, it is possible, for
exanpl e, 300 suspend the sheet silicate in powder formin acid and to react

and activat e iy Mo8R%oK M WRasRNEHA@ bodied Frolipivahi&S 8 M&EHNE GRbR! Vst
raw material 1 n powder form To renove adhering traces of acid, It can

subsequent | y BB Sy MFthadsgkaawn foathoss sigHeb HI theprindpiesxample {absitivg:i ed or
cal ci ned. Theaggloyiergioafort Harusivaghs atd desatibed; dbhkyshple] i GdvHRIdYBRUS] Y

carried out at mosphepd ¢, .pre r enmper at ur es from 0_200C,
preferably f erlﬁr%%leg%s g@b},glsf gl’r%llj'ff’oﬁ?% %"gl g?‘?SESrCE?ﬂ @Vl’“hﬂm{:?ﬁg 1B be
carried 30 outld4uide Auxdiuice knowas tuthosarsdilied Inowher atte figreexeample dinddoever ,
the acid acti i e i i i : i . known
bor oo CFor - A RforoNnRE caR ! fed during (B DRIpMENED WPty ot

silicate by spraying or kneading with simultaneous shaping, as discl osed,
for exanple, in W25 A-99/39820.



-Cal cination of the catalysts is preferably carried out at from 150 to 900C,
particularly preferably from 200 to 700C, in particular from 300 to 500C,
for fromO0.1 to 12 hours, preferably from1 to 5 hours. Both pul verul ent
‘catalyst raw 30 materials and preferredgshaped catal ysp Fbﬁg(b(ﬁfsﬁ@dhabe

cal cined. The catal yst porosity specifiéd according to the présent

i nvention is achieved by nethods known to those skilled in the art. These
are, for exadiptie o AAPINE I eeelpBPBlip afefXIISioRr Boile iPEesgriedel RiSTr 3% es,
anmoni um sal fuxilig@yani di ni um sal ts, urotropin, 35 proteins, carbohydrates or
nodi fi ed carbohydrates such as nethyl cel |l ul ose), i norgani ¢ additives (netal
oxi des, clay mnerals) as nentioned in, for exanple, DE-A-196 01 861,

choi ce of anAspyw aptdralsfopalid n@let sisipzé caliabst bdalidsi lmvingf the hbocaenkipsdd - 7 -

P. F. 000%05 %0%? / &%CR]?%‘U ﬁr is Bgﬁhﬁg F)n‘ﬁéét 88fVCI lp&é C%&@#@@ thBQH\qﬁftfate ﬂ’%

precal ci nati‘on or recal cine nd/or appropriate
process par amiYIBmZmTlnntheTHFd@ukhﬁlmpﬁeme pﬁ@azmaﬂw a@l@@lyldes oF casbanylice

limted conp t h pp per&vdmotgrer s and
auxiliaries %ﬁg?@&/%béﬁﬁsggga{}ﬂu&seﬁgéﬁ (z}mlle\%etﬁérfgo rte%é?%el n %‘(1 h only a

| ow | evel of Cabdysh Ve mateeials W {splay 3aﬁ485f8‘ftﬂ%}’rmﬁ’@hE’ithl‘ifé’r‘lttysw%‘ﬁLbs Hdver sel y
affect the cgdvadeyforen ACL Stk(ilda}‘dlkéii M?ﬁéﬁiatl@ﬂ(ﬂés@ I’Fdr $hd Wrﬁ&és dﬂfhel‘tgedéﬁﬁt

t t d/ d t ndi t d
i t1 veld oy e el atoisdogy avens Mopetnrnewrht SdBiey Rafebibics,
al um num oxi lbes T cohveysionsnexs atan. b hietepmined] for ceample, frem bobdtchwise he

product |.on oborb e S8RSpaAh AR lacRAca I (FORARILY RCHRS bidgsyRnd 1 n

t he producti res having litt Tc}iF
subsequent | yOfsililBjC@tﬁﬂ)éﬁ I %@ma}aﬂumwdellgmh@ ddeast Yst 8 afHi I eaR T used

acc?L di ][lg t Odéfrﬁi‘?mpé et dath)%[‘f)d)\f?dbr%ﬂ@ hBEr TRACENR tinfed prefdtendeqd gw@ﬁ to7- ation
I n e rtormo

X | inders, extr e bbed extru

spher es, 1Y i n§& éqatg}aih@pggg ‘Pbé%li“B]I é’“ﬁ“@'ﬂY‘B’aPﬂé’rﬁtéaﬁf tg*{%gtbaﬁaéﬁl zgr yare for
exanpl e, drypreribly BEeas 26fg/gases 20 such as air or nitrogen which have
been heated to 80-200C, preferably to 100150C. Tel ogens suitable for the
preparation of PTHF esters are carboxylic anhydrides and/or carboxylic
anhydr i de/ pr'6hé shaped dataiyst bodies ofTthe mﬂ:sonli mventicdsaramet pastrfotadatol qatad¥tor gani ¢
and i nor gani i I t es of

gani GnRfiHs %fgh&éa B ShaBRER oBid sttﬁ,ﬁg TRproYRE %rr}hegaf@«gm

organic acids are c 1 7°C Akl ds and onic aci
i nor gani 40 acinélgnt&’rnecaéhllk@wlﬁ% bg cqagricdn gty 'é)%ll*g G?tP]dStéd?rﬂducﬁﬁd)é’pWF’ém&cq d.

Preference i ghaBéd Bodyt Kavitfpl Ifle Ok garpbcynf@fzwwdtmmmd& dé[alish@d:dorcﬁﬂ@)(ﬂr i des.

A 30 th f [ t I
ng ;gar boxyleﬁ’é H%r e”ére{“gfgﬁgif‘; Boh&’ﬁ’gb tg“é‘gﬂl %ﬁqﬁﬁpfﬁnnﬁp fsf"g% Cf&tb@tslfre
preferably fbleshing earfhs activhiethaniticaped bBdies er mexedeaeitplcatslysts obkaiddaly c

boxvl | .
ggir d?xgalp?o?fcflllﬁa}g I%Elgn aF %B#tﬁlgao(\f sqap(lr?ﬁ'fakeq ags? 'Irg tnhllg&ﬁg&gﬂl' Etxﬁﬁ:' ?A’talyﬁ% &f ! L oma tic
car boxyl2% a&lﬁdxesantempmt | likswassi lmvamcpqva\@h@ﬁmﬂemé@aiﬂ@@i@ﬁ lgcofé‘éf Ry,

Exanpl es of ﬁ’f‘HFQfeh‘Jﬁ%eoﬁer 6fp&@§l¥§t‘ pRMA¥E M PRI If GefRGibA Sink, Pretéabiyi ¢ and
mal efi ¢ anhydride. Particular preterence i iven to acet.ic ahydrlde -

8 - P.F. 00086528ubpartcupdy prefarably éo-3/8 - lbr Msdsiipmpnt alithig itk B5HWher r ed

tel ?J% e 2 540228@%63@31«1@{ bexg fdrerQmeEHEn bxs?m?rﬁ (ﬁhlanéﬂabjﬂ nﬂﬂmgeh«g shapsd Hedycr i bed
in
additional u bquh@)?é’wtaer %rtcl??p?]g sgr%ei gﬂn 3anelt5‘8p r}’olcaﬁ%r&?agg l?’?/ térgjglenm ng of

the ring30 prpdiwedealﬁblyna three-, four- or

As active catalyst composition, use is made of acidic solids known to those skilled
in the art. According to the present invention, the use of sheet silicates is preferred.
Preferred sheet silicates are those of the montmorillonite/saponite group,
35  kaolin/serpentine group or the palygorskite/sepiolite group, particularly preferably
montmorillonites, hectorites, kaolins, attapulgites or sepiolites, as are described, for



-five-nmenbered ring, for exanple 1, 2-al kyl ene oxi des, e.g. ethylene oxide or
propyl ene oxi de, oxetane, substituted oxetanes such as 3, 3-di net hyl oxet ane,
the THF derivatives 2-nethyltetrahydrofuran and 3-nethyltetrahydrofuran, as
“conononers, with particular preference_geing given to PI?OOWXEZSg@qa

2- nethyltetrahydrofuran or 10 3-nethyl tetrahydrofuran. The tel ogen and, if

desired, the conpnoner are ad eust i ntroduged.into_t

pol ymer i zat i AR slbll%?‘i xﬁah*hligl ndinerigsice % g?ﬂthB’aﬁsg'ﬁi? Y¢tiaen

t erm nati on W78CHRENT739- a@&:fer in the polynerization, the nean nol ecul ar

wei ght of the polynmer can 15 be controlled via the anbunt of tel ogen used.
The nore tel ogen present in the reaction mxture, the |lower the nean

mol ecul ar weBgfbte wk in ke Piddessoof thT IgFeschatr inverttionethelxthe¢trrdlicateDesgsaysts ag on t he
tel ogen gont Qltera%iy é#ﬁlgfég ¥ R, Z[%E'agﬂvdﬂoﬁtééﬁ%e (ia}rlédSOlR%Q[Ithg @hbeepar e

PTHF, the r evant erivatives or & ner s nmean_ nol ecul ar
wei ghts of fTEipiescare descoibed fareRagwIG, in aJSZ‘ﬁ k, ey thé‘afﬁﬁ@ﬁnceff Kieditocess of

the present EmWenBb9a36. sr}&raeicﬁmi@huoméﬁcba@r@é&mrtg gk of Vixeous@krivant PTHF
derivatives or.TH ners havi ng nean nol ecBI ar,. wei, (gﬁht of from 500 to

5000 Gl t on, PTHEFINE GRAORY o FERSRatGs PF G880 cEBoRISoRidy T e e

pol yneri zat |prafer®13gee1arral fmnﬁﬁn’ergretib ootisisting fof diydfbchlori8Gicid, pnmﬁm adily from
ZSCtot e l|n i nt S I not
critical formlrh %’sﬁli“fSph(? ‘G ﬁ ’po(frp'ﬁc I%Cf%at% ?gélﬁc Eéf@g‘ﬂ%ﬁ thrfc ?&(?renfi{r;}g 1%{ron is

t her ef or e gemefesdnicy iscgivan teguldurtic aaid amdmtslphleqqhb)rp?réesisure or under the

aut ogenous pressure of the polynerization system Exceptions are

copol ynmeri zations of THF with volatile 1,2 30 al kyl ene oxi des ich are
advant ageousl§ &y piicte ggid agtiyation db@r%ﬂsﬁlﬁscplﬁ%rr"rxénwf‘eé% tﬁP%’enq'l‘@mgW"%‘ssur eis
usual 'y fr ongikkcale inposcbeirm iRraefdedndhb Yedcr @i 42tidatk @ lﬂldbﬂknoﬂ'lﬂaﬂtdﬂl(ﬂlst he

out undel anTih e gReay rasihel o Rt 48 Pouly fn d e atedes ™ for
35 exanpl e tmcbs ofjacid, ic aarbsubsetjuenilylbe washedbhdl diasBet orpdeédrézeeinwael mdgl ven to
using nitr OG%8y drie 019 calmﬁf&z Th%oé}?gg%?%@ s]tféat-r ﬂﬁcﬂﬁ l:%;ﬂ?g&ﬂs %ﬁﬁéﬂlﬂtagﬁouslg’ Thi s

particul arl y advan carr en a
enmbodi ment r@sruﬂd s)ut rat aatlpamheuglmssyrel and demmrawmef wm t§k tpAOPRer s

formed. The V{% HoHﬁIGO%'lW@S%Hﬁnﬁqrto% KRAS $tyind ctahelsbadw@arﬁécpm 0.1
to 50 bar. en car out the rrerl zation in g, he presence of

.
hydr oger?0 5 ?‘Hé‘néfifl%gucﬁgﬁ{?é?“r%a‘#l ﬂéowwptﬁweatwm her by doping the
pol ymeri zation catalyst with transition netals or mxing the polynerization

|
Cranst i on ipareht 4 o501 RonpLs) bEPTHEL B kR Wats pilth afhyn, rap o,
for exanpl e pantstefirieapmpleetiielasid eandiedirought anio contaet! with gl sheetisilipatery/ or
pl ati num 10 H(}'?n%%%§ ngwmgnawéamsh'aaﬁg%ld@w&@@ fBEexaRIpId, B wast

bat chwi se or c nuousl y- For econom ¢ reasons, continuous operation is
gener al 13 prafa8f39840 V\hen the process is carried out batchw se, the
reactants THF, the reI evant tel ogen 15 and/or, if desired, the conononer

and the cata sI are eraII react a stirred vesse r | pop~reactor
at the tenpe F‘GP%%“ i Ea aea&%/ 5 (PR gl)@egﬁrpg N grﬂ}e %‘Po:’é(gfto'lg&g fras been
reached. Theparéadaryoprefératey deom RO0fto GHA0OC5int pardCulimofrom, 3(Y &f 80GKI, yorf r om 1

to 30 hours df(g&'rﬁ ?cmﬂh%i Engé? TRY HonPh t8%t}?du¥§tBo‘?ﬁﬂﬁl%ruTéh‘?c§ﬁ Hhw S are

generaweg/ |on m xture 1'n an anount roml to 90%
by 20 OghtmatprlelﬁeﬂéDteierfqdmhﬂwdtceta?m/&wew@@tca’&mdpart| cularly

preferably from8 to 60% by wei ght, based on the weight of the THF used. In
the case of a contl nuous .proc actl OR‘?/C&n be carried out t he

S
suspensi on nbifecHrlyROr ?SIIBYe‘%Pe%‘g'Sd ing te SRS BIFSFH AaYentian ds G?hs‘e\éﬁdq?ye act or

assenbl i es smethalid Enown to those skilled in the art. These are, for example, addition of pore
formers (carboxylic acids, nitrates, ammonium salts, guanidinium salts, urotropin,

35 proteins, carbohydrates or modified carbohydrates such as methylcellulose),

inorganic additives (metal oxides, clay minerals) as mentioned in, for example,

DE-A-196 01 861, choice of an appropriate particle size distribution of the catalyst



26 for continuous processes, in the case of the suspension node in, for
exanpl e, loop reactors or stirred reactors and in the case of the fixed-bed
node in tube reactors or fixed-bed reactors. The fixed-bed node is
preferred. In the preferred fixed-bed node, the pol ymerg gajgoo@s2598840r can
be operated in the 30 upflow node, i.e. the reaction mxture Is conveyed
fromthe bottomupward, or r}the dciwnflow node, | t he reachl5 &nxture
i s passed t hPOWEF DRTeament fH theosalalpy Rwe&o%mﬁfeﬁalcﬁiﬁ%"? Q&M ©si ng

THF and tel o ﬁd@al@ﬂﬁﬂ@hapearmaemnd;os af)pdpﬂaetprdwmlramétexsmhﬂleg@bdmsabn zation
reactor,

THE/ (1 % ). OB&*&%‘F E’/"d\f/ r 9#%%’6‘%18“%5#‘%‘31"33’ O%ﬂgﬂ]telmw‘irﬁ o, i i

particul arl ysgepeferably from0.04 to 0.5 kg of THF/ (1*h). - 10 -
0000052596/ Ja Further nore, the polynerization reactor can be carried out in
a single pass, e. without recirculation of product, or in the circulation

nmode, i.e. paﬁrStpqw formerpand pwviliguas am/or addiives, |Ieaf¢rermge fihaiver e thpseiin
recircul at edswhich bR§ 4 fFk &Kl ef 's@lﬁbf@ﬂﬁahﬁehﬁetraf—bt Al Qlﬂ)elr e&istifuieh At WHicheact i on
mxturetofrgshfee is |less qr. equal ﬁ%‘é gwﬁf rabl Iess

t han 80:1 and“{t Fiy the E%‘a]é’ﬂ%xr?cﬁb‘% 1S T’I‘if'ée’&t P r‘satf‘?r “rt%e

car boxylic am’eyum@@le andfed umdet eleograttiom cbxhﬁtuﬁxsed’aft&nilatrky preterped| admwezati on
react or 03 to 30 mol % pref bl

a1 ot 41 y AL PP Bxbory S Rt FAD icoh Ao abihiinid gna 1 ¢ 4
car boxyl i ¢ aclay migenatsedhé pordidly canope, set hethrmltlmrpmémqtmn@lf themhepadncmmoxyl ic
anhydri de i nbE)H'l%S ffﬁ)ﬁrg a&t?v édfﬁ;l)ds}ﬁofnﬁ ?Hh n %Qe %)fbd%ﬂ@pgps}hagg? ﬁﬁgg are

used in additio rati usual |y
from0.1 to MIWI%acamwhwbmyewbé?ﬁmn@y %@deﬁma%va@anu cuI arI y
preferably from1 to 30 nmol % If the polynerization has been carried out by
a suspen roce f the poI neriza duct is carried out
by separ é[% f §at3 H%S S@T iél? ‘%30'?6 dped e 6‘"§o‘Py£P§r P?g"tq?o‘ﬂv%‘ﬁioﬁl & OFr om t he
pol ymer i zat i @empioyet dorethe bolymexiaatjuinein blye farintafafor examplecayhinddrs,aaxtradates,
centrifugati [ . tion product obtained to further
HhoeS PpRARS el irBE Y BEhles i

wor k-up. In the prete t he pol yneri zation product is
directly worked up further. 25 The work-up of the partlcul arly preferred

PTHF acet at epoQibIf HretcARRLMETBE ttf%%iaﬁ&s@%rec%'r @&nﬁﬁé rdr <B tm&)ﬁs%? hads known
per se. For exanple, unreacted THF and an |c acid

and conorBnesugl as fir g ifjogeauhish dave peen eaé?dsfq W 39@ §n Pé‘?fﬁrap etor&hl ting

PTHF acet at e 180°JHF copol yner acetate is transesterified with nethanol in
the presence of a basic catalyst to form PTHF or 30 THF copol ynmer and

met hyl acetate. If desired, |ow nolecul ar wei ght PTHF and/or

t et r ahydr of urkztogenpsiijambr fdrathe pgemrateanoiBTHE wistars wesi garboxglicfanbpdr&®9 t o 700

dal ton can SYRSBANERLLYIORISEABFRE I muhotld bakibOfiaslnpraRl-aqy! o

wei ght cyclic ol'l goners can-usua rate
di stilla#fon Oirgantqqargi mesganrcraéldauvﬂtwh prgtsobiple iagthey w@cm Bstenp rEdﬁaﬁlsPlf‘éd}fm sts

of PTHF or Tidrgm@PslidBE chdvkVIE #tidMa AHbAie WcRls. MRinghés 6ff inbrgaficGefdist 0

10000 dal ton. are sulfuric acid, hydrochloric acid, phosphoric acid.

Preference is given to using organic carboxylic acids or their anhydrides. Among
30 these, preference is given to aliphatic and aromatic polycarboxylic and/or
monocarboxylic acids containing from 2 to 12, preferably from 1 to 8, carbon
atoms. Preferred examples of aliphatic carboxylic acids are acetic acid, lactic acid,
propionic acid, valeric acid, caproic acid, caprylic acid and pelargonic acid.
Examples of aromatic carboxylic acids are phthalic acid and naphthalenecarboxylic
35 acid. Examples of anhydrides of aliphatic polycarboxylic acids are succinic and

maleic anhydride. Particular preference is given to acetic anhydride.



-+ 11 - P.F. 0000052596/ Ja After use in a batchwi se or continuous PTHF
process, the catalysts of the present invention can be regenerated, for
exanpl e by heat treatnent as described in EP-A-0 535 515 and/or by washi ng
the catal yst with aqueous and/or or gani g .solvents. 5 Thper, '0@&@632596‘/&5
illustrated by the exanples below. [I. Analytical exam nation of the

catal ysts Th ity an re vol une di st ti.on of the catal sts wer e
ot or i ned bynE BBkl Fofesrish wswgaﬁ el ue Gpons oo RE edRsBed RS dat o
wer e eval uat E@HFrbytvaeiols metheds @dd. us desaribal inrld$rA24,460,096)10 , um Reported
maxima in the pore radius distribution are based on a logarithmc plot of
the pore radius. Il. Determnation of the initial activity of the catal yst
in powder foBthetZopalgmgrsost THF rcahdrprepareh bl adlidorad uae of cycliendthets i de are

placed insa g\x@%hr@ nf Be? gﬁ;ﬂ?ﬁze?&e@ftﬁ%géﬂngggtheV\hh%epréfeHb'iOyQ lgbg%lﬁ%ky, > g

of finely po ere cat whi ch drie has a particle
size of < 108vempmbsredygiag. Aord example olid-abisylene pxjdes ft&eeﬁhélge%.%d%oszture i's

continued at phfp{lendGxide, %ﬁémhee%ueémﬁtb@ oXetah&Asichoiy FBlimEByRketah@kie af ter

45 m nut es, 4h a e in h case, i arated from
the catal ystzglg BBl 2 R ESE o5 eﬁflﬂmﬁsﬁi@ﬁr% ed of the
catal yst ar ecamehomas, with datienlar prefdrérese beRHivat tackmathyltetnaitydrdfyrap og. by

distillatgng ers and wei ghing the PTHF di acetate. The
initial |io¢ odag{‘%tﬁlﬁrag&y?ﬁgﬁcat al yst powder is determ ned by extrapolation

of the 25 plot of PTHF diacetate formation versus time. Il11. Determnation
of the activiryy t&&ge%%ﬁeﬂ dedtfeal Ml%tcoi%ﬂbﬁér fie Ja@@anrﬂiﬁéﬁ’é@y?nfn%ﬁééarmﬁr Y1 ded

with a double wall for tenperature control recjrcul ation | oop was
char ged wi t hPlyBrepiFatin agspiugontin bE.Sincq the tteq%'a. lgads\tp chain fIminptieg iopus| y
been dried athdib@endferinZée pslyiherization) thé lm"eenQfolaﬂ(hrgveﬁéhtbeﬂfeqﬁb!@dﬁ@fcuﬁ an and

20 of etic an rlde s subse tl neasured Ln the
Ci rgul at Z% t h%rc%@ﬁg &FH’“PE)PF ?ﬁ e&gﬁﬁmﬁﬁllﬁlye 3%8&(‘ BFGS?IECIPA)E gas

t hrough the madny:mlxﬁumj the lewer theuhedn owlecatae vodight dff the FSEAB|@sPTidFe 35
taken fromt t t , Lout es
and anal yzedlagr ﬁedl)lﬁﬁné’q Xri;gée%dﬁlf gé\ttﬁistgg’gﬁ%?meﬁﬁ Ofg@ﬁzﬂhqﬁﬁg& Fﬁ)ﬁ'
product i vi tynbmut“-hét is POSEIP e tpprpagoibdE2tearlpyanihBBEN desvatisestorbddF es was

det erm ned byogst{héR HawtigOmet IﬁdlébulPJrQbmgﬁtsPT"ionﬂ' 25t 60d00HATRI BNaVer sus
tinme. Thz above- d scri be exa of the determ nation of %Ee activity can

easi |y be05 HIGHEEMPRFry f%ge%ﬁqamaﬁgmwafef%ré\%@ ORFAPBE
conononers, PERFe &t mte&antpl?ﬁﬁs ldéﬁvatﬁ"es: ot THY ddpelyhspraiing mems emotexnthirt i ons

of the cat al vl UF YASE ) So, 405 A8 LI Bt BbLEALAL 130 gndopeact or

times enabl es the process to be ea5| varrous
activities. dalton.

25  The polymerization is generally carried out at from 0 to 80°C, preferably from
25°C to the boiling point of THF. The pressure employed is generally not critical
for the result of the polymerization, and the polymerization is therefore generally
carried out at atmospheric pressure or under the autogenous pressure of the
polymerization system. Exceptions are copolymerizations of THF with volatile 1,2-

30 alkylene oxides, which are advantageously carried out under superatmospheric
pressure. The pressure is usually from 0.1 to 20 bar, preferably from 0.5 to 2 bar.

To avoid the formation of ether peroxides, the polymerization is advantageously
carried out under an inert gas atmosphere. Inert gases which can be used are, for

35 example, nitrogen, carbon dioxide or noble gases; preference is given to using
nitrogen.



10 Exanple A: Conparative catalyst 350 g of an acid-activated sheet
silicate (bleaching earth K10, from Sudchem e) 15 having a powder activity
of 7.8 g/g*h was intensively kneaded with 225 m of water in a | aboratory
“kneader for 2.5 hours, subsequently extriguded to give ety ydgh®sH8y4 ng a
dianeter of 2.5 mmand a nean length of 10 nm dried and cal cined at 350C

The pore radjpus djstrjbution (E rosimetr of this catalys i spl ays no

di scerni bl e ?ipﬂl)'melrﬁatt“ﬁ’elspwggfl% Gévar"é?rg(jé‘)‘sﬁy seyrigd %d‘na ed %‘@58’6@ Ry 20 in

t he pore radatasospkorgeThis @mbodinent trosuB900 aparsic@lafp Jow rddi@. nublter aftthyi ty of
Serves as eren %ngor t he

th h d bodi es_of this.C rative. cat al yst r.ef
ot ner cat al y BoweE o “HERRAE nffif Tl ol Bh ROy, ke
i nventi on 350.1godf0 an. Wied -cauying aue thesprdpnersiatipe an ehe(frbeachohbydraganh K10,
f Uy . : thes e g .
knonted v ¢ n oot i) AEAE ARG altherOhy doting M Boi¥hipris BBl Y
subsequent | yWétht HraRfélipn anaialy core Mixing othe spolumpemiptian deasatittewithf a xaglysn and a
(rjr?a{l !gntg_t h @&E%@siﬁ@ntraggiﬁteﬂ ﬁsﬂ}@alsﬂiﬂa&@t ﬁ?nsﬂ?ﬁpmegilﬁ ag@lrtﬁ‘e _refetilﬁéﬁs of t

I Striputli on r | I. . Q) s.cala |. S I nmodal, W T, Xl m a

s R96, SR oP BiscpHdiafle Tl Fet RSt ulhy o rroismbhigkehatins ¢ ange

pore radii of
from 200 A t ocolaltDpaladivn Bndiér amium. The activity of the shaped 35 bodies of
this catglyst is about 2.9 times that of the conparative catal yst from
Exanpl e A - 13 - P.F. 0000052596/ Ja Catal yst 2 according to the present
i nventi on 38Thepufcessrofdbé present invention sireled castied oulttmt¢hiwiseaarhiongjneaustyh K10,

from Sudchem i d Vg . * re firstl
EED 3R e RsoRE W Rfiniab \'(/)g‘%r%/t}f?(rﬁls §§g@3al\% ?rﬁﬂ::g%g y

precal ci ned at 300C, then 5 intensi e m of water in a
| aborat ory kneader for 25 mnutes, subsequently extruded to form extrudates

having a di amaiearth®protess ifvardied oat bRwik&NBE feabtantt A HINthdfelRdnto@lbgen

subsequently cal ci.ned. a 50C. The pore radius distrihutiop,( .

por osiqmapé y{albcﬁoﬁ’ Hi'ncgesgﬁci’ éﬁf‘ygqm(?rgonlﬁr A% ife %9%‘#% érev@é}?aﬁﬁffraﬁ{%ﬂf‘ﬁ Stied r ange

from 20 to 106ssel mrldomredctet aniht terapéramresandidQOd udtil thé desped @sntersiom of he 10
ore radi us FaRge,f A ies 0 o V] t he

g haped blogi es of Srﬁegm(r:%'? gﬁ/gthglqg&g@éﬁl?nef%%ﬁ ﬂn@éq)t%g@%? Swﬁ’ebgg%rrr%%}( ative

cat al yst froffoExhigpBe haurs) Yepeadingianuibe gmounty efeeatalyst iaddedo fThe igtatysisgirg e PTHF

di acet ate 15p&eMIR! Kided 1S REHIRhéVAL6RTALNSE in an amount of from 1 to 90% by

20  weight, preferably from 4 to 70% by weight and particularly preferably from 8 to
60% by weight, based on the weight of the THF used.

In the case of a continuous process, a reaction can be carried out in the suspension
mode or the fixed-bed mode in conventional reactors or reactor assemblies suitable
25  for continuous processes, in the case of the suspension mode in, for example, loop
reactors or stirred reactors and in the case of the fixed-bed mode in tube reactors or

fixed-bed reactors. The fixed-bed mode is preferred.

In the preferred fixed-bed mode, the polymerization reactor can be operated in the
30 upflow mode, i.e. the reaction mixture is conveyed from the bottom upward, or in

the downflow mode, i.e. the reaction mixture is passed through the reactor from the

top downward. The feed comprising THF and telogen and/or comonomer is fed

continuously to the polymerization reactor, with the WHSV over the catalyst being

from 0.01 to 2.0 kg of THF/(1*h), preferably from 0.02 to 1.0 kg of THF/(1*h) and
35  particularly preferably from 0.04 to 0.5 kg of THF/(1*h).



20 In"a |laboratory apparatus, a mxture of THF and acetic anhydride (6.9%
based on the total feed) was passed at 45C under protective gas over the
conparative catalyst fromexanple A which had been predri ed at 140C and was
‘installed as a fixed bed in a 250 m regetor (internal %9'6(5@?56?7

The WHSV over the catalyst was 0.2 kg of feed/ (1 of ca *h eact or
was operated_wi th product 25 recjrculation (1 1/h). Tq vvork up the PTHF

di acetate, thwthesnese: M ROINMGHEAUSB: 1SRG CamRe Fi"é’éﬂ Q¥ 1Ry 3y BBRle PASSTIE. and
aceti ¢ anhydwitheutbjecittrdatidn af ippeduci,her liwske Qﬂrcdlaﬁbil |ﬂ1@dd Qﬂ: Vﬁ& Bﬁ%e and t he
mol ecul ar V\Bl(ght M .of txﬁ PTHE d| etatﬁ was_76 1 &’g

Catal yst 3 al ¥ngrizatiop omy ‘ércpkﬁg‘élg% 7 oA gnreﬁﬁﬂl %egﬁ naﬁh EeicHC tt“?’\/at ed
sheet sil i camed¢,Bhe sativi ofgecanddiedKidctidr onxtSrectoHersh ded3is léavthargomequalvder
activity of t t hen intensively
kneaded vaot hé)l 8gllﬁ19ré??r%qesfs ﬂlga?f éé)\/][ Qr{)cg&g{e%b;}?%nea 1:f)%?or 25 m nut es,
subsequently extruded to formextrudates having a dianeter of 2.5 mmand a
mean - 14 Thé e&meﬁ%ﬁ95§5@eﬁéa}ﬁoﬂ thﬁ'yrﬂfe usBd Mel SHeh & iR HASEMENt | Y
cal ci ned at 351 pore ra 8| strib |on F%ﬁ par os| rretr%/% of this
catalyst is B‘?Wﬂaré?at'\ﬂﬂtr?fm&”\/\% ?FﬁJ%QF‘r‘?%’h%‘e B im0t 2Qmolf. A and a
di stinct maxparicolady Befdably fraheo.pw 06 inloy%] bustden fRIEHF asédus range from 200
to 3000 is 0.27 cnB/g. 5 1In a |aboratory apparatus, a m xture of THF and
acetic an(%ydri de §6. 9% based on the total feed) was passed at 45C under
protective gHsa xyliti gcidais absgd tinwhiditionhdbe nadar mtiedof thds a¢ caOLyland was
installed as, KE . jont ernal dianeter: 40 m).
The WHSV overﬁyﬁfé&ég&ttp &se%l%mgsggg?g%gfg?&tfgg%d& of 10 cat. *h). The
reactor was operated with product recirculation (1 1/h). To work up the

PTEF di ?cet atf%onfoh@me%%% ugera lma&a%ﬁ thbtrﬁéllﬁleﬁtx%? tHes€ RATAF iH @H@ﬁ%&@sg 10T/HF g
and ace an ride [ s 0SS i on was 5 an

t he nol etll a'r‘s"égl'gfgﬂ l\"?(1 %‘I feé{lgl' grem (& %(Ed}’“h@lt particanyy ¢ aj m
P. F. 000005psf6dhlyafrdbm lAtocaﬂmb})%t for the prepar atl on of

pol yt et rahydr of uran, pol ytetrahydrofuran 5 copol yners, diesters or

monoesters of these polynmers by polynerization of tetrahydrofuran in the
presence of Hith¢ pelymerizasiondiapheen eand¢choutdyrrosvspansionviiipesiss, |V8)rk-|mptdfeha‘ or m of

shaped cat al tal I
i ndi vi dual %%@Ig%ﬁt%ﬁe&bd&& 8 éﬁ?lg?dtolaglt g§os:‘%ﬁg?€r¥geggft ﬁ1§ @gww pr Ig&er ably
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0.1 cnB/g.
2q5 The work-up of the particularly preferred PTHF acetates or THF copolymer

acetates can be carried out by methods known per se. For example, unreacted THF

and any acetic anhydride, acetic acid and comonomer are firstly separated off by

distillation and the resulting PTHF acetate or THF copolymer acetate is

transesterified with methanol in the presence of a basic catalyst to form PTHF or
30 THF copolymer and methyl acetate.

If desired, low molecular weight PTHF and/or tetrahydrofuran copolymer having a
mean molecular weight of from 200 to 700 dalton can subsequently be separated
off by distillation. Low molecular weight cyclic oligomers can usually also be

35  separated off by distillation in this way. The distillation residue which remains
consists of PTHF or THF copolymer having a mean molecular weight of from 650
to 10000 dalton.



20 2. A catal yst as clainmed in claim1l1, wherein both features a) and b) are
present. 3. A catalyst as clained in claiml or 2, wherein 50% of the total
pore volunme is made up by pores having a dianeter of < 0.1 ,um 25 4. A
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produced from pul verul ent raw materials by methods known per se, preferably
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conti nuousl yIior bpéehwimgionwftheinitialactiony ontheuaklystiiR powdeefanabl y in the
suspensi or fixed-bed node, even nore preferably in the fixed-bed node,
in particular 20 in the upflow | oad. 10. A process as clained in any of
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dal t 0” in pe bﬂoﬁb' btﬁ’hn o Febrohbtion miRARe Badoh@hued A\80AE- 20941 samples of the

AUl (ﬁ& l reactlon mlxture a%e taken after 45 minutes, 2h, 4h and 6h and are in each case
immediately separated from the catalyst powder by filtration. The samples which
have been freed of the catalyst are analyzed to determine their PTHF diacetate
content, e.g. by distillating off the low boilers and weighing the PTHF diacetate.
The initial productivity of the catalyst powder is determined by extrapolation of the

25  plot of PTHF diacetate formation versus time.
III. Determination of the activity of shaped catalyst bodies

A 120 ml tube reactor provided with a double wall for temperature control and a
30  recirculation loop was charged with 100 ml of dried shaped catalyst bodies which
had previously been dried at 150°C for 24 hours. A mixture of 200 g of
tetrahydrofuran and 20 g of acetic anhydride was subsequently pumped at 50°C
(measured in the circulated thermostated liquid for the double wall) under
protective gas through the catalyst bed at a circulation rate of 1 I/h. Samples were
35 taken from the reaction mixture after 15, 30, 45, 60, 90 and 120 minutes and
analyzed for their polymer content (see under IL). The initial productivity of the
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Comparative catalyst

350 g of an acid-activated sheet silicate (bleaching earth K10, from Siidchemie)

15  having a powder activity of 7.8 g/g*h was intensively kneaded with 225 ml of
water in a laboratory kneader for 2.5 hours, subsequently extruded to give
extrudates having a diameter of 2.5 mm and a mean length of 10 mm, dried and
calcined at 350°C. The pore radius distribution (Hg porosimetry) of this catalyst
displays no discernible maximum in the pore radius range > 20 A, ahd the porosity

20  in the pore radius range from 200 A to 3000 A is 0.035 cm®/g. The activity of the
shapecl bodies of this comparative catalyst serves as reference for the other
catalysts.

Example B:
25

Catalyst 1 according to the present invention

350 g of an acid-activated sheet silicate (bleaching earth K10, from Siidchemie)
having a powder activity of 7.8 g/g*h was intensively kneaded with 260 ml of

30 water in a laboratory kneader for 26 minutes, subsequently extruded to give
extrudates having a diameter of 2.5 mm and a mean length of 10 mm, dried and
calcined at 350°C. The pore radius distribution (Hg porosimetry) of this catalyst is
bimodal with maxima at pore radii of 60 A and 1000 A, and the porosity in the
pore radius range from 200 A t0 3000 A is 0.15 cm’/g. The activity of the shaped

35 bodies of this catalyst is about 2.9 times that of the comparative catalyst from
Example A.
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distribution (Hg porosimetry) of this catalyst is bimodal with a weak maximum in
the range from 20 to 100 A and a distinct maximum at 3000 A. The porosity in the

10  pore radius range from 200 to 3000 Ais 032 cm’/g. The activity of the shaped
bodies of this catalyst is about 4.9 times that of the comparative catalyst from
Example A.

IV.  Continuous polymerization of THF to give PTHF diacetate
15
Example C:

Comparative catalyst

20  In a laboratory apparatus, a mixture of THF and acetic anhydride (6.9% based on
the total feed) was passed at 45°C under protective gas over the comparative
catalyst from example A which had been predried at 140°C and was installed as a
fixed bed in a 250 ml reactor (internal diameter: 40 mm). The WHSV over the
catalyst was 0.2 kg of feed/(l of cat.*h). The reactor was operated with product

25  recirculation (1 I/h). To work up the PTHF diacetate, the reaction mixture obtained
was freed of unreacted THF and acetic anhydride by distillation. The loss on
distillation was 36%, and the molecular weight M, of the PTHF diacetate was
760 g/mol.

30 Example D:

Catalyst 3 according to the present invention

300 g of an acid-activated sheet silicate (bleaching earth K10, from Siidchemie)
35 having a powder activity of 5.4 g/g*h were firstly precalcined at 300°C, then
intensively kneaded with 190 ml of water in a laboratory kneader for 25 minutes,

subsequently extruded to form extrudates having a diameter of 2.5 mm and a mean
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(internal diameter: 40 mm). The WHSYV over the catalyst was 0.2 kg of feed/(l of

10  cat.*h). The reactor was operated with product recirculation (1 1/h). To work up the

PTHF diacetate, the reaction mixture obtained was freed of unreacted THF and

acetic anhydride by distillation. The loss on distillation was 51%, and the

molecular weight M, of the PTHF diacetate was 960 g/mol.
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vvv) vIawk=\: 11 w/@ngfngma( Jeast§.2 gm@?&n(par@xom fom’, agd hmt least one of the
10 features a) and b):

a) a pore radius distribution having at least one maximum in the pore
radius range from 100 to 5000 A,

15 b) a pore volume of catalyst pores having radii of 200-3000 A of greater
than 0.05 cm®/g and/or a pore volume of pores having radii of 200-
5000 A of greater than 0.075 cm’/g and/or a pore volume of pores
having radii of > 200 A of greater than 0.1 cm®/g.

20 2 A catalyst as claimed in claim 1, wherein both features a) and b) are
present.
3. A catalyst as claimed in claim 1 or 2, wherein 50% of the total pore volume

is made up by pores having a diameter of < 0.1 um.

25
4. A catalyst as claimed in any of claims 1 to 3 which is produced from a
catalyst precursor in powder form.
5. A catalyst as claimed in any of claims 1 to 4, wherein the catalyst precursor
30 in powder form or the pulverized catalyst has an initial activity of at least

0.5 g of polymer/g of catalyst and hour of reaction time.

6. A catalyst as claimed in any of claims 1 to 5, wherein the active catalyst
composition is selected from among sheet silicates, preferably from among

35 sheet silicates of the montmorillonite/saponite group, the kaolin/serpentine
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extrusion, with auxiliaries, preferably binders, lubricants and/or solvents,
being added during shaping, in particular shaping by agglomeration or

10 extrusion in the presence of water as auxiliary.

8. A process for preparing polytetrahydrofuran, polytetrahydrofuran
copolymers, diesters or monoesters of these polymers, which comprises
polymerizing tetrahydrofuran in the presence of at least one telogen and/or

15 comonomer and using a catalyst as claimed in any of claims 1 to 6.

9. A process as claimed in claim 8 which is carried out continuously or
batchwise, preferably continuously, more preferably in the suspension or
fixed-bed mode, even more preferably in the fixed-bed modeg, in particular

20 in the upflow load.

10. A process as claimed in any of claims 7 to 9, wherein tetrahydrofuran is
polymerized in the presence of carboxylic anhydrides, preferably acetic
anhydride, to give polytetrahydrofuran or derivatives and copolymers

25 thereof having molecular weights of from 250 to 10,000 dalton, preferably
from 50 to 5000 dalton, in particular from 650 to 4000 dalton.



