:}~e3e] Z262T>M1 1 JUL 2002 ~~ Catalyst and process for prepariny! JUL 2002 ’
polyt etrahydrofuran The present invention relates to an inproved process 5 4
«for preparing polytetrahydrofuran, polytetrahydrofuran copol yners or

di esters or nonoesters of these polyners by polynerizing tetr i n
the pr jmwmwu“ﬁmw east one tel ogen and/or conpbnoner over acm m '“W}MM
calciu ni tes. “LE@Pobytisyindil pf diished" BTHF"), al so known

pol y( oxybutwgdeme gl ycol), is a versatile internediate in the plaé??5§'and
synthetic fibers industry, inter alia for the preparation of polyurethane,
pol yest er aBmbH 3 pol orege sel ebaisioeer s, TNNEMWOBTITE3IPd s useds@gga di ol
conponent. In addition, polytetrahydrofuran and al so sone of its
derivatives are valuable auxiliaries in many applications, for exanple as
di spersants—er—for deinking waste paper—' 20 Iln industry PTHE |s

advant ageouddatgineparatt pyrqodyaefoz aprepading epobpydeobhyanrogueansui t abl e
catal ysts Tn the presence of reagents which nmake 1t possible to conirol the
| ength of the polyner chains and thus to 25 adjust the nean nol ecul ar

wei ght to tTee desiesetitval nreefthann dedratigwmt abs ot tielpagenrs) . pTbeesontrol is
provi ded th g [ f t Y

Plncti onal | ebUpE B ang oRAL0r=Bot RUBRI SR h Sol pHEr - SAF AL 55 be

i ntroduced ®yPekymer$ oAroidisGtseuist abt emoebogenss Plusshdsr pxappees the
monoest ers o5 dihesters 9h PR can, be, pLepAr ad v UISpRGSCRLROXYE i graci ds or
carboxylic anhydrides as tel ogens. Cl%er tel ogens act not just as chain

t er mi nat or st€d3E 35°arte LA | 7D por EPBANPAELS e Igr dM- Aga PTHFEa pefy mer
cpain. So thgycLan Rentheught oQi+as . conononers as wel | 11 ~L ~~~~ - 2
as tel ggens. Exanpl es of such conobnoners are water or telogens having two
hydroxgl groups such as dial cohols. Exanples of such dial cohols are

et hyl ene gl yebytebnayyenetgktynol ,(“"BTdryyt,anedlob, knowhexanwedi pblar | ow 5
nol ecul ar j Syj conQnoper furthermore 1, 2-al kyl ene
oxi des, for@%ggﬁufgt%?ﬁyl]Hgggéfdqur %$8§§ éﬁ%t%iiggF@%medag%e EX

2-net hyl t et ERByRLEPGAGR GNB-FENE Tt r Ahpdirsf tingmwstivt,h imeeexseépei on of
vater, 1, 4-bykanegsol paggaLous oI o6l aboYehoBtnpAEe: LBeylsesd0 ghasuch

conononers leads to t ormati on of tetrahydrofuran polymers. In this
vway, the PTRELEARLIB. CHERTCHNSEE nolPFi ¢ichh Ekaksl ersedt BE Beddplt he

tel ogen 2- bgdypendnd: dinh whidiit 1eads ploa viche rssanee efn a apopaltbon of
CAC triple bonds in the PTHF, o#gmer 5 chains. PTHF nodified in this way
can be furtR8FCcHEm & yORbar R Fadcat TFese B DWeHE Hd FHE S edBtivity
of these trmphe Bgmdsicdwmrorexambe byxdnydlogersat dbspetsthest rapl éobonds to
doubl e bondge; f¥; g4b3eguenL.gEafting with other nonomers to adjust the 20
properties of the gol yner, Bg crosslinking to form pol yners having a
conpar vely rigid structure, or by other conventional mnetheds of polyner
chem stry. Canuhets didr ogemat iign ﬁvémgéé@é%bg&}@@a@%@s%@ F@ll_yLkevvl se
possi bl e and gener ally Qljtga s to PTHF having a 2 articularly [ow col or
nunber. DE-BF11%3818B0 YeslFithaRYETREHEEDs PO p Qg cacalysts

pol yt et r ahydnoftlmearp rk seetat e§. rEaeenarse wbi@h nedkby ipol yoesigieagto

t et r ahydr of HE),. in,th resen of . 30 bl eachi ng earth catal ysts. In
particul ar, Héggrlgg rFE{ldée %ﬁg’ng}:umoﬁfﬁn@%dpggiymegat%%a%gs alat?r% nﬁ%%&éﬁesi um
silicatds okdfhetnmiienoredn onplectype Wi idthtmayobeheci deatrévatvedueFor

exanpl e, an(aghdhC fOALIMIddIonite earibhehayi naridecbradginane plgasil” is
used in con 35 junction wth acetic _anhydride as tel ogen. PTHF di acetates

obt ai ned usiVAGeEhet MM Fdr iAPOGFS eS8 L ad ¥R cAPBe RPAUDE- 128 52405960 -have a
relatively RughtABHAL functional groups at one end or both ends of

the polymer chain may be introduced by selection of

30 suitable telogens. Thus, for example, the monoesters or
diesters of PTHF can be prepared by using carboxylic
acids or carboxylic anhydrides as telogens.

Other telogens act not just as chain terminators, but
35 are also incorporated into the growing PTHF polymer

chain. So they can be thought of as comonomers as well



11~~~ L02 - 3 color nunber. If a |low color nunber product is dbdi ek, 2002
the m xture obtained according to DE-A-1 226 560 nust be subjected to

. additional purification steps. ' 5 WD 94/05719 di scl oses a_process for
prepari ng pol ytetranethyl ene ether glycol diesters over an al um num
silicate catalyst. In addition to anmorphous alum nosilicates or zeolites,

aci d-activated and cal ci ned kaolins are used instead of known natural 10
nmontnorillonites. According to DE-C 195 13 493, pol ytetranet hyl ene et her

gl ycol diegter e u ] r ates of the
attapul gi t%léty%ei?J tg?igrﬁ%%(%t %‘g%@{clgﬂnﬁg%ﬁg? ?‘)r% ﬁ@eéé‘? BE

catal ysts tﬁé@@édsoﬁaﬁh@gkrtmm hysinoxli 19iR®, syeh| a8 edbplrabPlA- cat al ysts

| eads to h |y iz n polyer no iform
properti esEgﬁﬁﬁéggar fmgrw rr%lséekgul g?g\%lo%?sdl stri bﬁ?%l&g% U Qggglb 283

descri bes BUBY&EBSs qldPCOdffephri]h]@u‘Eﬂ"FFd%ﬁ t hé r Frésssceddrlact® ARKydri des

over arg acigiaehiyat edwehgﬁ@hl ngrgarth thatahas be@Bm@ﬂbﬁLbﬁi@d akra
tenperatur%agreater t han 600, C prior tq use The adva gggf this 25

process i s ATRBRFBRTRoI ctl &t Kt {hit Oéﬁlgtersl buf Pbn Bt YLFR§ product,
but the cobmidaunber psopwpl erieducadie, hepebyt hys t4 k2R yalkd fdeser | bes a
D e 10 o MERLTAE NG ol 30,01 | RRERY S TLELAL ulhens: opldg copol ymors

over acid ac i1 1"oni t'es” havi ng an aci 1 to 0.9
mlliequi vél,énbu@fanleldlpér and ahownmpredeasTvaiRr | we Eghbr Pﬁlhirfberthl% Hee

mentiongd here, @éﬁ h%romo%%xr%:tb‘l’ 2284872 Jesqli bes Ah: i BRT Qyenmert LQuer US
4,127,513 whi c I's achi eve ushﬁggrgan acid-activated nontnorillonite

having a pbyereérame o‘FOIBOZLYIE)eBSc thigurfate &hea BFHP20-3160°R2/ g and

an areragecﬁghﬁcallyl dbdk £1@32 - ad éQéMﬁPeOflg ]tﬂb:3dHE Howevene t he
catal yst u

KO f Sudch I b th
initial 563?981’“ t gbn‘]ﬂ)B‘-Il’J?‘%:ref ‘i:‘?’r%ﬂ X’@‘)‘ Eg’mgt‘g?sd épcﬁﬂg‘%mggﬁtsgwg sygtems
are not subffl aCipdd o taiadr V@fth.cnmmuﬁie thends otesshenPaHF pdlytueiral scal e,
| par{{ culgr ien taghni calygrade THF Lysuseq, )L Jss ancobigct gt the

present | nVenti on to provi at al yst for process | ¢h makes
it possi bl sheoigeiileve midihBregol §her theekds sdhgs edowfltlch atPowdghiepol ymer

col or NUMHeL4 $iiRGE heofecof_r}swgec vigbbid tYn9fad, hekgrogenapusky ¢atal yzed
PTHF process is criticall agendent on the productivity of the catalyst
0

and the 15WGHAGRNGC iHe ‘bff et $GHRIE neendte ERaVEP YR AP PREE t RiYs obj ect
i's achi eve(iulbﬁe@;LWrﬁCe@ﬁaf@in@r@lith ek Hoot ymehbmbydrafmraajust the

pol yte;ré %)rofuran cop % s or di esters or sters thtgregcf

pol yme J PESHTdr SFur GRS nPPhE HF esente %‘?Osaﬁ ]r%]éjsl?g “dden and/ or
conononer @eElyrear.s dcadaeyd i aat:empaarlactllurmllyommd | $onuteuns, cataloyst havi ng
e Hhe 2acthyahel BASt SUR ML B0 Miymf Aleadic .02 Mol /g

at pKa < - ore vo
Complete hydrogenation of the triple bonds present 1is

) likewise possible and generally leads to PTHF having a
25 particularly low color number. ‘

DE-B-1 226 560 describes a process for preparing
polytetrahydrofuran diacetates. They are obtained by
polymerizing tetrahydrofuran (THF) in the presence of
30 bleaching earth catalysts. In particular, use is made
of aluminum  hydrosilicates or aluminum/magnesium
silicates of the montmorillonite type which may be
acid-activated. For example, an acidic montmorillonite

®\\

earth having the trade name “Tonsil is used in con-

35 junction with acetic anhydride as telogen.

PTHF diacetates obtained using the montmorillonites as
described in DE-B-1 226 560 have a relatively high APHA



. TR
25 least 0.40 cnB/g for pore sizes in the range from 30 to 200 The11 KL 2022
nmontnorillonites used according to the invention are clays, in particular

. menbers of the snmectite 30 famly. In the process of the invention,

natural ly occurring or synthetic montnorillonites may be used. Preference
is given to using natural calciumnontnorillonites. 35 Montnorillonite
catal ysts are preferably activated in~acid prior to use in the process of
the invention. The activation can be carried out accordlng to processes as

descri bed, g]?cgr eﬁ(&n@%l? P DEionlgﬁ g%m%er ]d[ Oogeszlf, 2y EP-A-0
S

398 636. arlous aci can be use he aC| |vat|on E?efence
bei ng gi vetha omt k& ucenvaritd ioresd m:nelrdllnamm @E-ﬁoloﬁéém&ﬁocamlb@t(yl ic

aci ds. The, @Cé@éjgf@uﬁpr@sem@ie/léﬁéfclgﬁglHe&%@spggggﬁéconsisting of 5

hydrochl oric acid, furic acrd acl ric acid, formec
acid, acetic acid or citric acid. Particular preference is given to

sulfurgc aﬁécbéﬂwﬁﬁﬁ9fU6H§E¥H§Hé<3aacb@oc%QsTh§o§C'ﬁréﬁék!ﬁ&'Oﬁol§ effected
by suspendlng h powdered nontnorillgnite in the acid, "the solids

content of “¢HerRepehei®n ehdekg PtEFet abily Stedm 1079 76% byl WL gAY,

particul arsylpeeter aﬁltxalfyrszm 20nt cad0c byn WeighkmobgBedsonaligihetal wei ght
of the susgef5|on he achd concentr, t|on de qus on.the ?cid gnd t he
Y

type of cl h%%%ﬁs|t°ﬁay298 y ﬁffhlﬁqh(ﬂ§qqﬁﬁ% nd 1S pFRfSFEBTY in the
range fronk1ond00%ardhen wseadg suhisteiact acidf and kmpdrochl patcoratid, a

concenty at 0 50%is preferred. The suspension is 20
prefe?@blyﬁgﬂgc%eiinﬁfg%%13o to 1 20C, particularly preferably from50 to

H10C, preferably for fromO0.5 to 24 hours, particularly preferably from1l

to 15 hourﬁcc&abnatltwlwtg-cim acy ds §g] | %tl%e@%tm&rﬂyﬂ&mtsthért hen
separated off, for exanple by f iltration, subse 25 quently washed with

distilled 9+YeRt orfl R3Sk ek Péﬁﬁ@éegdh%V?ﬁg W?%%%%le/ééPBlaHH t hen
dried or cayeroedlidhees0BEMBREl bekiab@leatadl WSise alse @ﬂu@nygggousty dried

at anbient, pressure @a t from80 ta C,. preferably from 100 tao |50C,
For "1 %0 2benEaramesh il (REI fees Tar ATSs be arrad uriler 1 etu e
pressure anUeaknb@wemdnnmnrxmhﬂnﬁteJheedlnéd @Mﬁﬂ@&ﬁﬁnacetpigEEBably
cal ci ned aj 0t C, I lard.y. . pr |y o $900C,
espeC|aIIy %%%13%5 Qggg% P%%ﬁﬁéﬁ% (¥g %%ﬁﬁggrsagére 28%3 from1lto
35 5 hour shavh@ga@ioaeactﬂm/%@Jrr@npéaﬁeértG@Sbear@#féctr@crnqw amylépﬁélar
conventiongkigRANGE st FOhueXgAPl e, the acid may be contacted with the
nmontngrillonife by spraying or kneading with concomtant shaping. 11

J~'L J2 - 6 The catalyst is preferably washed free fromal kali netal
i ons by thesaBidlD;eaBnﬁn@crI@ewﬁﬂnpracQSQhfa&ﬂpﬂdgarmh@ pTHFshed

catal yst prELeLalL CQTRS ses, 4 e53nl a0 by, ! At »cPLELEtably fess ¢ han

2% by 5 g bas ot a ySt wei'g netal ions
(as deternp @échﬂﬂéreﬁgﬁhtﬁhgtamaﬁﬂhgenEﬁ&kﬁ#@ﬁ@e@tlé éemﬁﬁégéﬁr@apable(ﬁ

pol ymeri zi ggewt b ThHEn idod T 39 SRbEE 19 eSURIHRCTadieh i MBEI khanri te
25 process 1s a narrow molecular weight distribution of
the resulting product, but the color number is not

reduced thereby.

US 4,127,513 describes a process for minimizing cyclic
30 oligomers in THF/alkylene oxide copolymers over acid-
activated montmorillonites having an acidity of from
0.1 to 0.9 milliequivalent of H' per g; an improvement

in color number is not mentioned here either.

35 US 4,228,272 describes an improvement over US 4,i27,513
which is achieved by using an acid-activated
montmorillonite having a pore volume of 0.4-0.8 cm®/g,

a surface area of 220-260 m’/g and an average pore



10 catal ysts to drying and/or cal cining under the abovedescri bed clnr‘dﬂ{'lr oti2
prior to use, . when telogens/conononers other than water are used. ' The

.~ catalysts which can be enpl oyed according to the 15 invention can be used

in"the THF pol ynerization process of the invention in the formof a powder,
for exanple when carrying out the process in suspension, or advantageously
as shaped bodies, for exanple in t he form of cylinders, spheres, rings or
granul es, 20 especially when the catalyst is arranged in a fixed bed, which
is preferred,when using or, exanp) e, | oop reactors or when the process is
carri ed out°¢HRE; rﬂfgugrkg:gzﬁmsmﬁto V€Lre| DRSS Yire FReEhe Kt eparati on
of PTHF di €sber sSiadchaardjoxyhle anpydiicdestiger cyedrf mumber in the
C2- C20- nongcarboxyl ic acids, .for exanpl e _acetic anhydride, propionic

8 CoLe

anhydri de aRd “Bé ylsitc‘?ggﬁhﬁ _ Ji*é&ter< obt ai ned on usi ng these

tel ogens may be 30 converted into PTHF by various nethods (as described in
US 4, 469, 7 r. ex |l e | o d arati o fe . PTHF
nonoes?grs%gre&%ﬁ6ca?_oxy%?% gcigs %&g§geﬁ%8%ﬁ%§§cg{ th%%o%gggéxylic 35
aci ds, par Fileaitam ypiricteertd| goRduat c L6 Braraas coackl, poysiteriad aci d,

2- et hyl hexapaihe agihdpa3ehyhile aGiHd rand JRLkacr Wil acik is luded ' L 2002 -
7 510 15 20 25730 35 An exanple of a suitable telogen for:the
preparation of THF copolyners is 1,4-butynediol. The resultjng copol yner
may subsequentiy He ebhuett e itHO Plekehy Hydicoganat itvh ptothaet i@ ple
bonds, , but al sq exhibits i estin roperties .as such., O her THE
copolngrscﬁ§f%85toggﬁiﬁ%dg%ggugfﬁﬁgfgzyﬁﬂﬁ§ﬁéﬁ%@%&iﬂ%s?oﬁﬁégéﬁaﬁfy
e}hylene oxictie eoe phapitkenepokiyder 2yieldyl tedwpbydr ofiklan,a lower

3- et hyl t etr ahydr.of yr (ol s t gl yeal .ot .1, 6- anedi ol .
._ Wen usitpr?g%%é: tdél%gr}eggun\%aetorle’r i%#oﬁ?ﬁ%%ﬁgﬁé |§C§F%I5$l}||ﬁ’| gfg%;(ai ned in
one step i Metiegrqgescess of thgailigedt i BREF| tPTecesso ipossimiitd,calilvdesired,
to recycl e Jd-Qunmirec W ar thei Ylod RRER-1GHAI §f PEHE hawi 10, & mehgcuray wei ght
of from 200 tg 700 dalton into the polyrerization reaction to act as a

t el ogeh® an@UTd Yo & fo SiiPe PEEF Ui Rt hol ecul ar wei ght PTHF. Since

1, 4- but anedi ol and | ow nol ecul ar wei ght PTHF have two hydroxyl groups, they
are incorporated in the PTHE chain not only_term nally.as telogens but also
Mhternally e ot et 4, QN Y5 SEM B3aalel, TS (he

pol ymeri zatficon msepasbhat inorl ytretidhyEioderamhe pellogert redusts furen
ternlnatlo%d§5%¥%§ﬂgﬂyggrlégggyérgheogveﬁég%égyéygna£h@@ég@t(gythe PTHF

or of the PTHF ster can be controlled by neans of the anbunt of tel ogen
used. Fhe GEAET 4T DnTEHE B dQ YA pridserfths n RIGSTGRt iTh Akt ure,

the |over tihesaversge My esdar aedght ofbohbBRoREHF ekeef the ralwewant PTHF
derivative. pendi ng_on the tel gﬂen.iﬁntent of the gf%ge i Zati on m xture,
PTHF or th&S%el% B R r PORFMOES THRVRG 3R eraly elG'd" et ght s of
from 250 t BEID,D0fFatzd tanre £ anf bet piepated0idnma/ gontnokkced irgnmer .atThe
phocess of 11ied nyes iR, | 7o PLel ariably Usedd oaPiepar & STiRe Ot e el evant
PTHF derivatives having 3ave(f‘[age ecul ar

25 least 0 /g for pore sizes in the range from 30 to

200 A.

.40 cm

The montmorillonites used according to the invention
are clays, in particular members of the smectite
30 family. In the process of the invention, naturally
occurring or synthetic montmorillonites may bg used.
Preference is given to using natural calcium

montmorillonites.

35 Montmorillonite catalysts are preferably activated in
acid prior to use in the process of the invention. The
activation can be carried out according to processes as
described, for example, in DE-B~10 69 583 or



1 1JCL 202 _s_, weights of from500 to 10,000 dalton, particul arl)] 1 JuL 2092‘;
preferabl y from 650 to 5000 dalton. The pol ynerization is generally carried
cout at 'fromO 5 to 80C, preferably at from25C to the boiling tem perature
of ' THF. The pressure enpl oyed is generally not critical for. the result of
the pol ynerization, which is therefore generally carried out at atnospheric
pressure or under the aut ogeneous pres’%ure of the polymerization 10 system
except for copolynerizations of THF with the volatile 1, 2-al kyl ene oxi des,
whi ch are advanta e%u 9/ carrl ed out under superatnospheric pressure. The
pressure i £Fgendr 78y G3F -t N TiRiGge FFHHF 0530t el%”ﬁbg?r bFR&f éCatsl y from
0.5to 2 baf:tl-‘l;@tfi‘dml d gihefdosmmd | being @uhem nﬁrovshdes:,ontvmtg@nxarrerl zation
i s advant a%eousl car. rdaired O%CP under an i gg at rm@gheérﬁ I_.nert gases
whi ch can P& &ffirofdd & £F f%lfgaerkjaﬁrp?%r ?ﬁ( 0gef ¢ tear bont SdifoRi%Pe or

nobl e gasesrew pzhef\eralogy:n dedieny ur efeomedcthd t glrsuparctmm:sjiatilyg acb\fant ageous
to carry o I rizat.ion u I ydr at re.

enbodi n%nt H%{gﬂrp %r rEe Za%ned?s hg\g’ﬁﬁfé&al artglgzggjl ar Ir?l%%g:\%v col or ndnber The
hydr ogen pahplsahomﬂ@ssacedwayfwm oradd.dl técs(oll@aracmdt s .cegeiathen t he

pol yreri 2a698 | SpL¢ 1 eda PUL LR ARRN Sencev0h Ryl egery tHie Lalor nunber

can be further inproved by doping the calciim30 nmontnorillonite wth
transiti on3ReY &8s NMATRAURE IF (353D of the periodic table of the el enents,
for exanple with ruthenium rhenium nickel, iron, cobalt palladi umand/or

platin The process .of the inventi an b carried out batchw se or
cont i ntéc;nusl € a3t i At W&s&sbeﬁﬁge g yy Sﬁlesfpeef'lrdéd"gf or?h ononi ¢
reasons. pbwhelred Zﬁ)antmergllénmitéle bhat chhar ocmzsd thEhEHF sdlhels el evant
el ogen andotRe AL LY Sk AT &, GS06L ALY 06 o BkoLDR guempNt! Gned

tenperatur€s in a s Trred tan FARal sired
conver si on 76 THF wslﬁhachlpaﬁe?d-cu‘maeflr}ea{creﬁﬁrabhﬁ mmeZ@ 504 dfour s,

pr ef er abl yb}r 3R shaw s, p denendl “Qhﬁgtw%l areygh Ob rCaH ﬁsr%éjrﬁﬁ% The

cat al ysts are generally used Int %/rrerl Zation in an unt” of 1-900 by

wei ght 19 pr éhér st i @W%@r%@%tdew $coPatl§ préferast y-re 60Bdy 10

wei ght, basged @nayh@s\w ght t ofratyhevd iy lwiﬁt(ﬂurﬂ nwia@ hatnGiid senfr ceess, the

reaction efflﬁ\u}ge I.S vvorked'ilup %/ rer‘r?w ng% }labyst resent_in the

ef fl uent, S y 1By TRt %, TE8%an ???fd@saltr?%n The

pol ymer i zatsiudrf wefifd Lferntdfa:ecédhwnmhrmaigsacud, geneoalden twartkiexh ut by

distillati ich ca 2un v I an l.y. distilled off
i 20 P ow DAl oo Al A S P THE oY | goaE e S It

and t hen, red, ow ol e isS renoved from
the pol9nepusfetialy | aerekedo deéromed%eéoprb%%uge PR et @ 54 s whi ch

are particy i Aty Ver S COf dt@Qli@"@hepPé@@@ﬁ%l?f fbhe dapgeng ipn-have been
prepared by ag} id activation of calciu tnorillonites in iuch a 25 way

that they Hiv@SHEET BAFFACE1EFeY &T 866™neY gtoant AR HIESr of at
| east 0. 02 wirth / g tétr ralkay .< '-rBeanajc:adp@d:elva)tude mﬂnmoteamnﬂtéo teB/ g for

bgre sizes JiLd hefange tr g 30 £o. 2004130 Jhe (BEL suctace gueg, (5-poi nt

nmet hod) e pore Une ‘ar'e OBt ai he rom+ ha it o jen
adsorp?ﬁon/@mlml v shest hei b, dlﬂh%tlpblf%d v@lmndeﬂﬁntlﬁ@dr avigeetror® 30 to

200 Ais dextet%rr&}@eda&yelaﬂ%ysusa@ésﬂbefBJalélqﬁesoarrm' %&ast&wg&' ofy To this
end; the 35 cunul ative pore volune_at an average pore dianmeter of 200 Ais

subt r act ed FGmReR: cFRA alPREMesie LB Gfe ‘éﬁtééyﬁ\tsTh%r%mﬁY%n?%‘
det er m ned dupdd 1y atiraedagat Nsinptike tHagp@s suradiert OBt from 80 to

di ci nnanyl i geneacelone. . v1y from 100 to 150°C, for 1 to 20 hours.
30 The catalysts can alsc be dried under reduced pressure
and at lower temperatures. The dried catalysts are pre-
ferably calcined at from 150 to 600°C, particularly
preferably from 200 to 500°C, especially from 300 to
500°C, for from 0.5 to 12 hours, preferably from 1 to
35 5 hours. The acid activation can also be effected in
any other conventional manner. For example, the acid
may be contacted with the montmorillonite by spraying
or kneading with concomitant shaping.



. . o 1 1JUL 2002
11J~L 2002 - to (pKa =-3.0), as described in detail in Tanabe et al.,

New Solid Acids and Bases, Stud. Surf. Sci. Catal. 51, 1989, .Chapter 2, and
Benesi; J. Phys. Chem 61,, 1957, 970-973. To determine the acidity, the
dried catalyst 5 is suspended in an inert aprotic solvent such as tol uene
foll owed by addition of the indicator having a defined pKa of -3 and
n-butylanmine or a simlar base. Since 6he reaction of the solid acid with
the base is slow, the titration cannot be carried out in the 10

conventi onal manner by neans of a burette, ,instead increasing anmounts of
base are adted tetalpistr afist ypoéfbasbhes, wasleedi xixees arenm steaken iover ni ght

and the nexf.Jmornkggs aff e RAuLLEBrati Oendi €. checkedstaedeserfigie whi ch

amount of base has caused a col or change, A 15 quantitative nmeasure of the
nunber of &&tdithEYoentdes EanifbBrdofCdbaLYper REIRTIOL0! PR F el ow t he

pKa of the jididi cahgh, 3% €by 3wehi§hthuSppbtataiety TheLakeawm 23 by
m)ntm)rlllonl_tei:]t referahly "has a BETl 20 surface area of fr%nkg_o:fo 400
n2/g. The dG'@ t?/ i R2PFEr Brabiif fFohfH. 623 Y6 L ¥y aflp 3. The
pore vol umandtl Pres Sizesdé e tienedinget dx ongB30: 1109 200 A008Cpreferably from
0.40 to 1.0 cnB/g. 25 The catal ysts known to date for the polynerization of
THF (Tonsil, K 10, KO KSF, KP 10 etc. (see DE-B-1 226 560, DE-A-28 Ol 792,
US 4, 228, 2R)careapeepadrsed f teimgedi umpmaimitenor f | bodytnes iyingciwi@et i vati on
and do not t the qu of_ t he ti 3 i Qggf : BET
surface arégﬁﬁpo&g v%§u§%£§%? 5%?dff&.g9b$§geE£§%%I§§M %éﬁ% Orﬁg&?

i |1 usttat e qde@livafent fondrying andzerz calrinipgANerEsr Cahgl y&ROTepar ati on

§Cormar atiges catpdyst ViceenRaals ve cgtkabyst Vkgowas ansaci d- agidwyat ed
odiumnontnorillonite (Tonsil ti mum 210 FF from Sudcheni'e) having a BET
surface ar &&fdt9 ‘F@E)é‘i?m%r?)o? $bI HR" o¥2B%B12ER8YSE% n the range from

30 to 200 A an,d zero 10 acidity < pKa -3. Conparative catalyst V2
rom Sudchohi) SREGTHS TS Y05 SoMf 46 S BACOrto At REhrt Ca For &dol unb of
0. 35 ciBg-iinverthiom ange HPeons88 to 20@ AHIhgodymedididtiof ©Proddssmol g-1
< pKa -3. Q§Ea£M§tiﬁvention in the form of a powder, for example
when carrying out the process in suspension, or
advantageously as shaped bodies, for example in the
form of c¢ylinders, spheres, rings or grgnules,
20 especially when the catalyst is arranged in a fixed
bed, which is preferred when using, for example, loop
reactors or when the process is carried out

continuocusly.

25 Suitable telogens for use in the preparation cof PTHF
diesters are carboxylic anhydrides derived from
Cy-Cyp-monocarboxylic acids, for example acetic
anhydride, propionic anhydride and butyric anhydride.
PTHF diesters obtained on using these telogens may be

30 converted into PTHF by various methods (as described in
US 4,460,796, for example).

Telogens used for the preparation of PTHF monoesters of
monocarboxylic acids are generally C;-Czp-monocarboxylic

35 acids, particularly preferably formic acid, acetic
acid, propionic acid, 2-ethylhexanoic acid, acrylic
acid and methacrylic acid.
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20 Catalyst A was an acid-activated calciumnontnorillonite (XMP-4 from
Laporte) having a BET surface area of 327 neg-1, a pore volunme of 0.56
cnBg-1"in the range from30 to 200 A and an acidity of 0.042 mml, g-1 <
pKa -3. 25 Conparative catal yst V3 Conparative catal yst V3 consisted of
extrudates of conparative catalyst V2_ To this end, the K 10 powder was
mixed with water in a kneader and extruded in an extruder. The resul ting
extrudates were then ~~cal cined 30 at 350C. Conparative catal yst V4
Conparative catal yst V4 was an acid-activated sodi um nontnorillonite (KO~
fr om Sudchewi 8¥2REYEngLa2BERIE5PdG! ftégégélnego&f S RipParatiqnio§ | 2092
- 12 5 10Td5 20pfatatyst iB CauabystynBdcensi dtred ofsekt trgatesody-this end,

the XMP-4 powder was .m xed eader and extruded in = ext ruder,_extrudat es
wer e t hen B&F cffied sa‘ib‘%%t?n% yRBr C2AYF %egat]arllg/%t Pi.ﬂFT %.gﬁdﬁﬁfer in a

The resul tgagatkanpl efl 182 g twofiplkd r abyddsf ur @mtanc 1B g ekhabetsc
anhydr|5de %?ekgtsEggggggﬁgkgigﬁffggnghfﬁt| rred flask and heated to 50C. 10

g of catalyst are a S 80 rpm and the mixture is stirred
at 50'C for 45 min. The catalyst is then filtered off using a pressure

filter andotfe colgiy nue@gelg&ekge fidJ rabe isole ergiined,y Thasfihhtrate is
then evaporated_on_a rotary éevaporator (30 mn at 150C/ 1013 nbar and 30 mn

at 150C/ 0. 2. 8-8lkiaene THEISAIF diREREREE bhHt aPhy Lied Swei FREE t 0°Fet er mi ne
the convergiepy1the reswids, are-sBewyliactablyerbrukabl,e 13-methyl-

Cat al yst Conver gf.on [ Color punfier of ({2l e JARHAVAS. 322520, 915434. 45

| 1, 6~hexanediol.

When using the telogens water and/or '1l,4-butanediol,
PTHF is obtained in one step in the process of the

15 invention. It is also possible, if desired, to recycle
low molecular weight, open-chain PTHF having a molecu-
lar weight of from 200 to 700 dalton into the
polymerization reaction to act as a telogen and to be
converted into higher molecular weight PTHF. Since

20 1,4-butanediol and low molecular weight PTHF have two
hydroxyl groups, they are incorporated in the PTHF
chain not only terminally as telogens but also inter-
nally as monomers.

25 The telogen is advantageously added toc the polymeriza-
tion as a solution in THF. Since the telogen causes the
termination of the polymerization, the average molecu-
lar weight of the PTHF or of the PTHF diester can be
controlled by means of the amount of telogen used. The

30 greater the amount of telogen present in the reaction
mixture, the lower the average molecular weight of the
PTHEF or of the relevant PTHF derivative. Depending on
the telogen content of the polymerization mixture, PTHF
or the relevant PTHF derivatives having ,average

35 molecular weights of from 250 to 10,000 dalton can be
prepared in a controlled manner. The process of the
invention is preferably used to prepare PTHF or the

relevant PTHF derivatives having average molecular
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i nvention over the prior art conparative catalysts V1, V2 and V4: the
conversion is higher while the color nunber is actually |ower. > > ~~~
z002 - 13 Exanple 2 A circulation reactor was packed with-1.2 liters of
catal yst extrudates in each case. The reactor was charged with 60 m/h of a
. THF/ acetic anhydride mxture 5 (6.9%%y wei ght of acetic anhydride) a's
feed (downfl ow node, flooded systenm); the recirculation rate was 8 1/ h. The
feed was increased to 90 ni/h after 1'3 days and to 120 m/h after 33 days
at the samPeédipghésl atifonfrgme. 58Achtday 10t ABOcORSECAUND R XEHL AR rdHf | uent s

was 10 det grairaedand sfRg &fsfd yentsyomers tdgn evaporated on a rotary
evaporator (30 mn at 150C/ 1013 nbar and 30 min at 150C/ 0.2-0.3 nbar). The

pTHF di acetate thus obtained is weighed to determ ne the conversion. The

resul ts forhehe<amed ysis: Msh and Beate Ay cespeedi vatlaSeEtbngy are

shown in Table 2, No deactivatio S observed wthin the run tinme of 40
days ea h;%PhéﬂﬁéﬁVeP§F%ﬁ§a§ﬂ§ d%}g?rﬂﬂ §?oFotﬁ%m%f?Pbéﬁ9§ WEE const ant
each time. pEhretmeecifi artHEwei THE pass ot e@PDodadt 0n geneach lgaset 20 Tabl e

[ APEA V3605 18 1600057 SONSsobts 5 1S hebonsr BO0US 208y B rsoniotks ‘Foo
Conpar i son tokrefeoneegdner shionscatiated avat yat BtREsabesidi My 43 udte
i nvention proViies: & géﬁéc%ﬁﬂ%&ys Lg%@gs&%%fn%@%otm{éﬁmr@%i ve

catal yst V3 at the sane (e ibriu conversion. In'the initial phase,
catal y5¢ BS¥S§6MrealhelPEhef VquFPPBEYURFEatecsSyrt§ i daift | Yitastde

r)e”eCti?gﬁdl%tflil@hef(,ﬁgfikfj(lé’n% gxi;giestﬁheriQ?q-aié ﬁ\égra(ﬂft@qﬁo@ljylpx
process for__preparing pol ytetrahydrofuran, polytetrahydrofuran copol yners
br di st er ST RS A ARSI L= VIS oHp SRR Bo yrer i 21 ng
tetrahydrofuran in the presence of at |east one tel ogen and/or conononer
over an aci{-acti c i t i Il onj al 1 avi ng a BET
surface areigleofb%%g%ggseti%o%r%glgﬁja%dﬂégo%%ﬁ%aﬁtegéﬁk QT ed!

15 20 bar, preferably from 0.5 to 2 bar.

To avoid the formation of ether peroxides, the poly-
merization is advantageously carried out under an inert
gas atmosphere. Inert gases which can be employed are,
20 for example, nitrogen, carbon dioxide or noble gases,

with nitrogen being preferred.

It is particularly advantageous to carry out the'poly—

) merization under a hydrogen atmosphere. This embodiment

25 leads to polymers having a particularly low color

number. The hydrogen partial pressure may be from 0.1

to 50 bar in this case. When the polymerization 1is

carried out in the presence of hydrogen, the color

number can be further improved by doping the calcium

30 montmorillonite with transition metals of groups 7 to

10 of the periodic table of the elements, for :example

with ruthenium, rhenium, nickel, iron, 'CObalt,
palladium and/or platinum.

35 The process of the invention can be carried out batch-
wise or continuocusly, a continuous process Dbeing

generally preferred for economic reasons.



0.02 mol /g at pKa < -3 and a pore volune of at |east 0.40 cnB/g fol bdb"& 2092{
sizes in the range from30 to 200 ~. 2. A process as clained in claim1, '
wherein the calciumnontnorillonite has a 15 BET surface area of from 300

"to 400 ne/g. 3. A process as clainmed in claim1 or 2, wherein the cal cium
nmontnorillonite has an acidity of from0.02 to 0.1 mmol/g at pKa < -3. 20

4. A process as claimed in any of claifs~1 to 3, wherein the cal cium
nmontnorillonite has a pore volune of fromO0.40 to 1.0 cnB/g for pore sizes

in the range from30 to 200 ~. 5. A process as clained in any of clains 1
to 4, wherefh the RBREROPEPFEASt eths TEEealtéine Vatontaboienm S0OC pri or

to use in tbeepol WaRE1Zak ON)afe A Beaeesd 135 cl abgedeln any of ghains 1 to
5, wherein the cata{%st i,s _doped with at, | east aone transition metal of
groups 7 to>18VSFeRhECReTi SGMECEAbIFECSt hedelSétehes tank105cimop2 - 15
7. A processcas alegmigred i nnany afhel desi red océnvebetenn éhe Taat al yst

conprises | - 3% wei ght, .of al kal | | iaons,.based on the total
cat al yst(:% vvelggﬁfé9§88 kp%r ocree%sctésoncla?lnr%éd inﬁlggny boef c? asngglh?%rsl’, wherein
the tel ogencanfzvebiynohoder hased, i sdeaeeding, 4-dyut artedli cdmount  of

2-but yne- 1, 4z gk ol s PQLYLEL T 3hyd ayi.ng c i ght o from
200 to 700 d?3.| toirq? .a Cl- Qofﬂ%ngggrggg%#l \ér%cig%,ﬂ%a%zﬁcg‘{ﬁgn%n%gatr}g%xyl ic
anhydri de, Boipmardzafkgnehe ari decuptmethylit¥ry dhy drotairtan, prefer-

3-met hyl t et sghyduofigramy asdhi it Orpdr ¥l Xk VE 81 Y hehReleraH1 A dUAPLSS, as

cl ai me gn claim 8, wherein the telogen used is acetic anhydride. ¥L5 10. A

process ’as EFLPREd PASafyOBf tREaVFEIAtt 9T 9thGhEHE HSERe pol ymeri zation is

carried out in the presence of hydrogen.

CAYp. A E. A2-A LA LA AR Ay.ASn. Ae. ASL . A@ A&H. AL.9 .

=>] 12@\ kux ~yt@fee‘ [Qﬂﬁ(?‘glwéa CaFcalcareal Eg]ecafgﬁfgéfga] 85fLEFRE] chf ca) ca] ca

] ca] ca] ca] capruiealer] di] caleoralica] the] ccakelaldtc present in  the

a! RSXY} ~#3$6 de¥% ' ] cal,cal«al :a].cal ¢ ajcalcalcalc
abr1ddhi méahﬁezwg B fgg]tgga}tgg%rp g%g@}@ﬁ{} 8%‘

a] ca] cai] ca] cal ca] ca] ca] ca] cal ca] ca] caJca] cal c _
5 “centrifugatlon. The polymerization effluent freéed from

catalyst 1is generally worked up by distillation, in

which case unconverted THF is advantageously distilled

off and then, 1if desired, low molecular weight PTHF

oligomer is removed from the polymer by distillation
20 under reduced pressure.

The catalysts which are particularly active according

to the process of the invention have been prepared by

) acid activation of calcium montmorillonites iﬂ such a
25 way that they have a BET surface area of at least

300 m?/g, an acidity of at least 0.02 mmol/g at ﬁKa < =3

and a pore volume of at least 0.40 cm’/g for pore sizes

in the range from 30 to 200 A.

30 The BET surface area (5-point method) and the pore
volume are obtained from the nitrogen
adsorption/desorption isotherms. The pore volume in the
range from 30 to 200 A is determined by analysis of the
BJH desorption distribution. To this end;, the

35 cumulative pore volume at an average pore diameﬁer'of
200 A is subtracted from the cumulative pore volume at
30 A. The acidity is determined by titration against

the Hammett indicator dicinnamylideneacetone
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rs}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]c"a! XY\ _gh*+78STV*} xsni d_Z] ca] ca] ca] ca]

" cajca]ca]ca]ca]ca]ca]ca]ca]ca]ca]lca]lca]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

]calcalcalcalca!l !(+
CDe} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca]tal@at ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca! esy 8=@\hi yz:
}xsnid_Z]ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca{R%] cajcalVa] caf capearébadsiia Idetiamt) " in" Tanabeyl ¢ #2¥: §;
$} xsni d_z] awd £absel cahealisaloal aal ca] oad cal caboakoaleal oad sal £l sg) cal cal ca
]c a] ca] ca] g% a] ca] ca] cal.ca] ca] ca] cal ;
$[ % UDBAREERKE O @ ENEPEeT 2g(:qNg )§§nesis I BhyEni GhePca)®a} chPE3] ca] cal ca
] ca] ca] ca] cej ead TR] cabcalard ] ] @ﬂb%]c%h&%ﬂ ca&ﬁ@] ealica] cakealgatcal
al ca] ca]/écaI 2*mkn***x*  +04&+N+Orb+c+++,
> A1, R {155 S—“i&%rh? 7113 o3 ca]%%]"ca]éc%]%%]%a] %%]E%TEa] gafBa] 88) cal c
a] ca] ca] ca] cal carhe af cal cwkdalyal ] ica]wa] cf] tla]acah@a]am]@: Shaving"a#. //;
/ </ 0010: 0; Q 1 1 3 alc alc

(‘Qg‘? %%a?g(g] %g] cafc% %a%u%}‘%g?cg?ﬁg‘] cla] caJ] "’%:ra] %%fca] cajcalc

a)J ca] ca] ca] ca

a] ca] ca] ca] Thjeal tBY33IZIRI4MMUE 518556]:78&!818%919@ \99?:. ; .t,he base is

rrh AN
a] \3';] cg pafigﬂg?cgﬁicad%%ﬁ?%g? fi&]%%:a] ?B% ca caica ca]lca]ca'
<<#-$l{9“”>@f'9 NI - CHEBRREINRIBACKFARAQR {9q|lalar-9<r ga] chPEBFed] ca] ca]

]aca] c"ajc' ﬁrk&@eaécnaubﬁoahea] &3 GRsea] £2d CQJ&&@«]:IC@]DC%] csl ¢ cad gabeal cal cal

FFFFF FEFFF
L S0 RameT XG0T o) T 58] BXAF UAP &P RaP Al oRa O i ) 230 EAF cAFETaU] c. a] o
.al] c. a] ca]rwatcahga] aa]:ea] (mz]tma]]ma]a:ta]a:a] caz]-ea]:hg]cck@d to determine
JKKKKKKKKK® N BS ni G
a] ca] ca] ca]"(!ga ’16115 c’!}%%gj% ((:sa] c ]Lé%%%a] ca] é’% %]a] %L%%]g’%ca] c"a] ca] ca
]Ca]capca]cquantltatlve measure of t e number of acidity centers
2] oa] c"al UG UZZEZRULM bLk] LSS UM xso1 8 gl 6a) eal:..c@?
aJca] ca] ca]cal ca] ¢c”™a] ca]c. aJ ca] ca] ca] ca ca] ca]cca] ca] cal ca] ca] ca] c"a]ca]c
a] ca] ca] ca] E%% c’a‘]“caQ%R‘PFsd - €309 heel e
TymPA0%U& ()-!t T ymdO0%R () -! pOy n?/aoo/& () g;iﬁo/&/g‘o/& (0)- gﬁooﬁg 8 :—|6% wU3! " 3:
"109& ! 10‘V &B10%R' ( &$109
" 10%& 8 \]fh?r %%F‘ky}"ffmj(% atf $%%-Qéa?§ a$°-10fVa &EF?
0%/\& @P- " sd02Ba ¢S - ama100102[rofn$ 3@(@/7&51'4(0(@&1 /mow&é()ac&cslt@c is
10%00&'
$1goo/& 8 &@bﬁ%%&&‘@ 532 $18omke’ (5t h% 1T @¥5F0% h e (FSF10%
h& () - 10% hRO¥§ - JEIRHE: ﬁf?r 1@011@ fG@fO%EP()U@(Jfa@X@b@er 1% Ko
h& ()-"'0 $200 A is preferably from 0.40 to 1.0 cm®/g.

25 The catalysts known to date for the polymerization of
THF (Tonsil®, K 10°, Ko®, KsSF®, KP 10®° etc. (see
DE-B-1 226 560, DE-A-28 01 792, US 4,228,272)) are

prepared from sodium montmorillonites by acid activa-
tion and do not meet the requirements of the invention

30 with regard to BET surface area, pore voluﬁe and
acidity.

The Examples which follow illustrate the invention.
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montmorillonite (Tonsil Optimum 210 FF® from Siidchemie)

having a BET surface area of 239 H@gﬂ, a pore volume of

0.31 em®g! in the range from 30 to 200 A and zero
10 acidity < pKi -3.

Comparative catalyst V2

Comparative catalyst V2 was an acid-activated sodium
montmorillonite (K 10® from Sidchemie) having a BET

15 surface area of 270 m’g™}, a pore volume of 0.35 cm’g™
in the range from 30 to 200 A and an acidity of
0.037 mmol g™ < pKa -3.

Catalyst A

20 Catalyst A was an acid-activated calcium montmorillo-
nite (XMP-4% from Laporte) having a BET surface area of
327 m?g™}, a pore volume of 0.56 cm’g™* in the range from
30 to 200 A and an acidity of 0.042 mmol g™ < pK, -3.

25 Comparative catalyst V3

Comparative catalyst V3 consisted of extrudates of
comparative catalyst V2. To this end, the K 10 powder
was mixed with water in a kneader and extruded in an

extruder. The resulting extrudates were then balcined
30 at 350°C.

Comparative catalyst V4

Comparative catalyst V4 was an acid-activated sodium
mentmorillonite (KO® from Sudchemie) having a BET
35 surface area of 264 m?g”?
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neade an extruded extrudér. The ‘fesulting

5 extrudates were then calcined at 350°C.

Polymerization

Example 1
10 182 g of tetrahydrofuran and 18 g of acetic anhydride

are introduced into a 500 ml stirred flask and heated
to 50°C. 10 g of catalyst are added with stirring
(180 rpm) and the mixture 1s stirred at 50°C for
45 min. The catalyst 1is then filtered off wusing a
15 pressure filter and the color number of the filtrate is
determined. The filtrate is then evaporated on a rotary
evaporator (30 min at 150°C/1013 mbar and 30 min at
150°C/0.2-0.3 mbar). The pTHF diacetate obtained 1is

weighed to determine the conversion.

20
The results are shown in Table 1.
Table 1
)
Catalyst Conversion [%] Color number of
filtrate
(APHA]
V1 8.3 25
V2 28.9 15
A 34.4 5
V4 15.3 17
25

The Examples clearly demonstrate the advantages of the
catalyst of the 1invention over the prior art
comparative catalysts V1, V2 and V4: the conversion 1is

higher while the color number is actually lower.



1
1113IxY7g\ =11, s*110% /& ()-,s*! 10%& ()-!|  "!10%/ o/ & ()-" "!10%1 Il 202
j& ()-"" 1 f$10%/ o/ & ()-'u f$10% / & () - IKKKKKKKKt UB! , s10%& () - 10%&' ()-' 10%
&'()- 10// 10// 10//!~ SF4!10% /& () -
ySF41 10% & () - KKKKK LoLdEt Us! , s110%& () - y10%& ()-syl0%& {) - sf S#10%& ()-fF
10%& () - SL10% ()- OLLLLNNN} A2t US! " 10983 (3 - $s109%& () - 109%& ()- 109%& ()-!T 910
o0& ()-19109& ()- NNNNOOOOeG 6{) 10% ()-K ' {) 10% ()-K {) 10% ()-K {)
109&' ()-K {) 109& ()-K {) 109& ()-K OO0000OCKL. 6' {) 109 ()-K {)

10%& () - K Ega 'X)-K'" ) 10%& ()-K {) 10%& ()-K O Q&O* O+O. OB0C60oP16{)
109 (- K %ggg&' 6 200 I6! LAWK )07 01D
catalyst extrudates in each case. The reactor was
charged with 60 ml/h of a THF/acetic gnhydride mixture
5 (6.9% by weight of acetic anhydride) as feed (downflow
mode, flooded system); the recirculation rate was
8 1/h. The feed was increased to 90 ml/h after 13 days
and to 120 ml/h after 33 days at the same circulation
rate. Each day, the color number of the effluents was
10 determined and the effluents were then evaporated on a
rotary evaporator (30 min at 150°C/1013 mbar and 30 min
) at 150°C/0.2-0.3 mbar). The pTHEF diacetate thus
obtained is weighed to determine the conversion. The
results for the catalysts V3 and B at their respective
15 settings are shown 1in Table 2. No deactivation was
observed within the run time of 40 days each; the
conversions and color numbers of the effluents were

constant each time. The molecular weight was about
900 dalton in each case.
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Table 2
Catalyst Feed [ml h™] Conversicn Color number
) [%] of filtrate
(APHA]

V3 60 57.5 100

B 60 57.5 90

V3 90 55.5 150

B 90 55.5 90

V3 120 54.0 150

B 120 54.0 90

Comparison of the results shows that <catalyst B

25 according to the invention provides a significantly
lower color number than comparative catalyst V3 at the
same (equilibrium) conversion. In the initial phase,
catalyst B also reached the equilibrium state signifi-
cantly faster, reflecting its higher activity.
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We claim;

1. A process for preparing polytetrahydrofuran, polytetrahydrofuran
copolymers or diesters or monoesters thereof, which comprises
polymerizing tetrahydrofuran in the presence of at least one telogen and/or
comonomer over an acid-activated calcium montmorillonite as catalyst

10 having a BET surface area of at least 300 m%/g, an acidity of at least
0.02 mmol/g at pK, < -3 and a pore volume of at least 0.40 cm/g for pore

sizes in the range from 30 to 200 A.

2. A process as claimed in claim 1, wherein the calcium montmorillonite has a

15 BET surface area of from 300 to 400 m%g.

3. A process as claimed in claim 1 or 2, wherein the calcium montmorillonite

has an acidity of from 0.02 to 0.1 mmol/g at pK, <-3.

20 4. A process as claimed in any of claims 1 to 3, wherein the calcium
montmorillonite has a pore volume of from 0.40 to 1.0 cm*/g for pore sizes

in the range from 30 to 200 A.

5. A process as claimed in any of claims 1 to 4, wherein the montmorillonite

25 is calcined at from 150 to 600°C prior to use in the polymerization.

6. A process as claimed in any of claims 1 to 5, wherein the catalyst is doped
with at least one transition metal of groups 7 to 10 of the periodic table of

the elements.
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1-Cap-monocarboxylic acid, a C;-Cyp-monocarboxylic anhydride, a
10 1,2-alkylene oxide, 2-methyltetrahydrofuran, 3-methyltetrahydrofuran, a

diol or a mixture thereof.

9. A process as claimed in claim 8, wherein the telogen used is acetic
anhydride.
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10. A process as claimed in any of claims 1 to 9, wherein the polymerization is

carried out in the presence of hydrogen.



